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PROGRESS REPORT
SUMMARY

Engineering design and development concentrated on five aspects during
the past year: (1) development of high power output transmitters for
monitoring animals from greater distances, (2) improvement and updating of
a sonic transmitting and receiving system for monitoring fish and marine
mammals, (3) design and testing of corrosive links which permit a
transmitter to release from an animal at a specified time, (4) development
of high frequency trénsmitters and (5) development and testing of time
delay transmitters. Field efforts resulted in further information on'
activity patterns and movements of sea otters in California and Alaska and
of walleye pike in experimentaltchannels. Three manuscripts and two

theses presented as part of this report describe these aspects in detail. *



SUBPROJECT ONE
ENGINEERING DESIGN AND DEVELOPMENT

As in previous years, engineering effort can be divided into two
categories; continuing and new design and development. This report
sutmarizes five areas of progress during this last year.

1) High Power Output Transmitters: Work has continued on the

development of small, high power output transmitters. The goals of this
project are to design a transmitter that will be reliable, efficient and
have a power output compatible with the maximums allowed by lifetimes
required. and battery carrying capability of the animal. Most tTansmitters
in current use are two stage frequency doubling:designs whose maximum
power can be altered very little by increasing current drain or battery
voltage.

One alternative is to purchase a modular amplifier such as those
supplied by Avantek, Watkins-Johnson and others, however all of these
designs are linear and are designed to operate at specific voltages. The
linear characteristic would preclude their operating at high efficiency
but this could be partially alleviated by using a switch to turn the
transmitters on and off, since most transmitters are operated at a low
duty cycle.

A more serious problem is the requirement to.operate at 12 volts or
higher. Unfortunately not only would the power output be reduced but
stability probléms would occur when operating at reduced voltages, i.e.,
transmitters would tend to go into spurious oscillation. Transmitters

could be uperated at the higher voltages using four lithium cells in
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series; however thé bulk of these cells would preclude their use in most
applibations. This is especially true when current drains are high, thus
requiring a high current output from the battery. This high output
requires the use of larger cells having sufficient surface area to supply
the current.

Over the last two years we have worked on several designs to meet
these needs. We have been partially successful, although more work needs
to be doﬁe. Transistors can be easily characterized using the technique
outlined in last years report.to measure the input capacitance anq
resistance and also the output capacitance. These measurements have
proven very helpful in designing the matching networks to produce the gain
and high efficiency we desire. They are also used in attempting to
stabilize the amplifiers to prevent spurious oscillatidns'when the load
changes. Load changes are caused by an animal changing the surroundings
of the antenna.

We have been successfull in each of these design goals; However, when
the transmitters are encapsulated in electrical resin for waterproofing
they are no longer unconditionally stable. We have been ablé to reduce
the problem somewhat but have not been able to eliminate it. The major
problem appears to be caused by capacitanceQDetween the conductors on the
printed circuit board. When potting is added the dielectric constant of
the potting material is different from air and thus changes the
capacitance of the circuit. Several approaches were used to reduce the
problem. First we attempted to reduce the interlead capacitance by
careful placement of components and ground areas. Secundly we attempted

to use low loss, low dielectric constant encapsulants such as those
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" supplied by Emerson and Cummings. These were largely unsuccessful because
of the toxicity and higH heat required for complete cure. At present,
this approach is deemed unacceptable. Our third effort was to reduce the
Q's between the stages thus making them less susceptible to spurious
oscillations caused by capacitance changes. Again this has been pértially
successful. Although we can now maintain the gain levels before and after
potting we have not been able tq maintain unconditional stability.
Unconditional stability means that the amplifier will remain stable from
no load to short curcuit conditions. Although we would Hope such
.COnditions would not oeccur, Ly may belapproached depending on what the
animal does with the antenna. Sufficient stability has been obtained by
careful adjustment and testing after potting. Since this is time
consuming and requires sophisticated equipment we would like to eliminate
that problem in our next design attempt. In spite of the above problems,
high power output transmitters have been used succéssfully on a number of
species (Fig. 1-1). .

2. Ultra Sonic ReceiVers and Transmitters:

To meet the needs for traéking in salt water a sonic receiver and
transmitter system was developed. It is an updated version of an earlier
approach using a threeAhydrophone array system to locate animals under
water. It is designed for battery operation and for use at depths to at
least. 1NND meters. |

The receiver was redesigned with digital tuning to allow rapid
frequency changes to accomodate different fish.4 With'digital tuning
different frequencies can be selected instantaneously. The remainder of

the receiver is of conventional design. Gain is purposely kept low in the
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input stages to reduce problems with cross modulation and also because we
chose not to use tuning in the first stages. A high pass filter is used
at the input to reduce low frequency sea noise, especially that due to
ships and animal calls. Another unique feature of the receiver is the use
of a phase locked loop as the signal detector, resulting in a very low
false alarm rate. This rate is maintainéd even under high noise
conditions.

The improved transmitter uses dual 555 circuits for timing and
frequency control. This results in greate} accuracy in timing control for
variations in voltage and température. It also reduces the number of
parts requi;ed. A secbnd improvement is in redesign of the outpﬁt power
transformer to yield maximum power output while still maintaining linear
operation. The design could be further improved in cases where high
efficiency is required by adding a inductance in series with the
transducer to resonate the approximately 3000 pf reactance of the
transducer. We chose not to do this because in our case transmitter life
was not a critical design parameter and because the inductance would have
to be different for each transmitter frequency, a difficult task if a
larger number of frequencies are used. The transducers are resonant at
approximately 60 KHz and the power output of the transmitters was measured
at 70 db re lubarl@ 1 meter. It could be further increased by redesigning
and increasing the size of the power transformer.

The-potting for these transmitters was Products Research Corporation
urethane. This material is waterproof and has very good acoustic window
properties. All gas bubbles were evacuated before the potting was

poured. Range for these transmitters is about 5 km under quiet sea
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conditions and they have been tested to depths of 600 meters with no
observable change in characteristics.

3) Corrosive Links:

A third area of effort was the design and testing of corrosive links.
Generally a telemetry study involves attaching a device to an énimal and
releasing it back to its natural environment. In most cases the animal's
‘life expectancy‘is greater than that of the transmitter. It is ﬁherefore
desirable to romove the transmitter after it has expired. This is
'becoming especially important when working with endangered species where a
multiplicity of concerns must be accomodated. In many cases the animal
can be recaptured and the transmitter removed, while in others this cannot
be readily done. To meet these needs we began testing and developing
corrosive links that would decay with time allowing the device to fall off
after a desired time interval.

We experimented with botH active and passive devices. Active devices
have the advantage of not being dependent on their environment for

corrosive action. Although we have experimented with a number of

electrochemical cells we have not been successful in developing a device
that will work reliably. We believe that we can build a reliable active
device but that it will take more time.

We have been more successful with passive devices which depend on salt
water as the electrolyte and use metals of different potentials to form
the cathode and anode of the corrosive cell. Metals which do not
passivate (for their own protection) easily-are chosen. The time of decay
can be cuntrolled by chosing different metals and by varying the size of

cathode and anode. The results of these tests have been summarized (See
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Appendix B, SUBPROJECT TWO) and several devices are being field tested on
sea otters, polar bear and manatees. They have performed well on sea
otter, releasing in 4-6 weeks, and on manatees, réleasing after one year.

Data from tests on polar bears are not yet available.

4) Development of High Freguency Transmitters

Aé more and more telemetry devices come into use, thé FCC is becoming
more concerned with control. This has resulted in a number of frequency
- bands being authorized for use in ocean, animal, and medical telemetry.
These regulations are covered in Part II paragraph 5.108 and 15.176 of FCC
Rules and Regulations. The lower frequencies present no problems, however
new design was required at the 216-220 MHz band.

During the past year we have developed transmitters similar to the 164
MHz types that operate in this higher range. Techniques have been
developed to construct them easily and reliably. The major problem
remaining is increasing the power output. For the 164 MHz designs we are
able to use 82 MHz crystals and double to the output frequency. However,
we have not been able to do this successfully with 110 MHz crystals and
thus have had to go to a tripling scheme, using a crystal at approximated
70 MHz. Since the power output is approximately equal to 1/n? where n
is the number of the harmonic (2 and 3 in our case), it can readily be
seen that the power output will be lower. Two solutions are possible; one
is to add a third stage to increase.the power level, the other is to find
a crystal that will operate at these trequéncies or develop a different
oscillator circuit. The latter seems to hold the most promise. Thus we
have successfully built transmitters at 220 MHz but have not been able to

achieve the power output- levels of our earlier models.



5) Time Delay Transmitters:

Time delay transmitters that will turn on in the field after some
pre-determined delay time have wide application in ecological research.
They can also be cycled on and off to save pdwer. These devices are
especially useful for studies where battery size is critical and life
important. We developed time delay transmitters earlier, using watch
circuits. Unfortunately the state of the art in watch circuits changed
rapidly, incorporating new features and dropping the older basic ones.
Thus, the circuit we were using is no longer manufactured. We have
developed a new veféion using standard COSMOS circuitry. A diagram of our
current version is shown in Figure 1-2. It is now being tested on sea

otters in Alaska.
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SUBPROJECT TWO
APPLICATION OF RADIO TELEMETRY TO SELECTED PROBLEMS IN
VERTEBRATE CENSUSING AND POPULATION STUDY

Our long term goal has been to utilize the experience, technology and
equipment developed over the years in radio telemetry to resolve basic
problems in animal cénsus and population studies. Currently we are
'shifting this focus somewhat to concentrate on specific problem areas
critical to new DOE missions. In October 1982 we will initiate studies on
impacts of the utilization of wetland biomass as an enérgy source and a
study on quantification of .spatial use patterns and foraging strategies
(See Renewal Proposal).

Ouring the past year we have concentrated on measurement of important
population parameters, particularly dispersal patterns, of the sea otter
and on methods of monitoring and analyzing moyements and behavior of
fish. This progress report consists of drafts of 2 theses and 3 papers
which are being prepared for publication. These theses and papers,

presented in their entirety, are:

A) Experiments on the response of sea otters to 0il contamination

| (APPENDIX A) |

B) Corrosive links for use with animal biotelemetry’(APPENDIX B)

C) Fall movements and activity patterns of sea otters in
California (APPENDIX C)

D) Feﬁtanyl and azaperone produced neuroleptanalgesia in the sea
otter (APPENDIX D) |

E) Behavior of walleye pike in experimental channels as monitored

by a microprocessor utilizing radio telemetry (APPENDIX D)



APPENDIX A

Experiments on the response of sea otters (Enhydra lutris)

to 0il contamination.

D. B. Siniff}, T. D. williamsZ, A. M. Johnson®, and

D. L. Garshelisl.

lDept. of Ecology and Behavioral Biology, University of Minnesota,
Minneapolis, Nﬁnnesota.. 55455

20cean View Veterinarian Clinic, 109 Central Ave. Pacific Grove, CA
93950

2y.S. Fish and wildlife Service, 4454 Business Park Blvd. Anchorage;

Alaska 99503.

Abstract

Two oiling experiments were conducted from 1977-1979 on sea otters in
Prince William Sound, Alaska. In the first experiment, 4 captured otters
were instrumented with radio-transmitters and released following
contamination of their pelage with 25 cc of Prudoe Bay crude oil; a fifth
individual was oiled and cleaned with detergent prior to being released.
For all experimental animals activity increased dramatically during the
first week following treatment; this effect was accentuated in the otter
cleaned with detergent. Most of the increase in activity corresponded to
increased grooming, whereas frequency of feeding (as measured by dive
pattern analysis) did not appear to increase. It appeared that all
experimental otters survived the first experiment, probably because only

a small portion of the pelage was treéted, and because food resources in
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the study area were ébundant. In the second experiment we observed
behavioral reactions of 2 otfers in an above-ground swimming pool which
was partly covered with crude oil. Both otters spent'vefy little time on
the oiled side of the pool (less than 1 minute per hour), but
occasionally surfaced in it for brief periods and eventually became
contaminated. One of these individuals was not cleaned and died'with;n
24 hours of first encounter with the oil; the other was cleaned and

released with a radio-transmitter that failed shortly afterwards.



Introduction

Oil‘spills in marine environments have increased dramatically ovef
the last decade (Gelder-Ottway and Knight 1976). - The persisent effects
of 0il spills on marine organisms, often spanning periods of 5-15 years,
have been well documented (Atlas et al. 1978; Vandermeulen 1978). Sea

otters (Enhydra lutris) may be particularly vulnerable to oil

contamination because of their high metabolic rate and dependence on
dense fur rather than blubber for insulation (Kenyon 1969). Kooyman et
al. (1976) have shown that thermal conductivity is greatly increased in
0il stained sea otter pelts. Thus, fur contaminated with o0il causes loss
of body heat and, in compensation, metabolic activity increases.
Increased metabolism due to oil contamination of the pelage has been

observed in fur seals (Callorhinus ursinus) (Kooyman et al. 1976),

muskrats (Ondatra zibethica) (McEwan et al. 1974), and various species of

waterfowl (Hartung 1967; McEwan and Koelink 1973). In contrast, aquatic
species which rely on blubber for insulation, such as ringed seals (Phoca

" hispida) and harp seals (P. groenlandica), are much less susceptable to

such effects (Geraci and Smigh 1976).

Bouyancy also may be affected by soiling of the pelage. Wragg (1954)
demonstrated the loss of bouyancy in oiled muskrats. Sea otters depend
on their ability to remain afloat in a resting position for several hours
a day fo conserve energy; thus, contamination of the pelage and
subsequent loss of bouyancy would increase their daily energy expenditure.

Sea otters spend considerable time grooming their pelage to maintain
insulation and buoyancy (Kenyon 1969), but whether they can remove o0il

from their fur by vigorous grooming is unknown.
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Barabash-Nikifirov et al. (1947:115) suggest that sea otters can
sense 0il contaminated surface waters and avoid contaét. However,
Kooyman et al. (1976) noted that behavioral responses of sealotters to
0il have not been tested and are thus poorly understood.

with the recent completion of the Trans-Alaskan Pipeline, oil.
contamination to Alaskan coastal waters seems inevitable (see Atlas et
al. 1978). A large population of sea otters in Prince William Sound, the
southern tefminus of the Alaskan pipeline, invites large scale effects
from such a spill. Smaller populations of sea otters, such as the newly
estéblished population off the coast of British Columbia, may be
extirpated by an o0il spill (Ellis 1979). Increased mortality may occur
directly from contamination of the pelage or ingestion of oil |
contaminated invertebrates, or indirectly due to oil-caused diminished
densities and retarded growth rates of marine invertebrates comprising
the sea otter's diet (see Krebs and Burns 1977; Gilfillan and .
Vandermeulen 1978).

The questions and complexities outlined abave spurred our efforts to
study the reaction of sea otters to oil on the ocean surface and to
monitor possible adjustments in normal life patterns to mediate the
effects of oil contamination of the fur. We also were interested in
determining whether 0il contaminated fur can be cleaned, and animals
restored to normal health. Such cleaning attempts have been generally
unsuccessful with seals (Davis and Anderson 1976) and seabirds (Clark

1978).



METHODS

Two types of oiling experiments were conducted during the summers of
1977-1979 in Prince William Sound, Alaska (Fig. 1). In one experiment, 4
captured otters were instrumented with radio-transmitters and released
following contamination of their pelage with 25 cc of Prudoe Bay crude
0il; another otter was captured, oiled and cleaned prior to being
released. In the second experiment, behavioral reactions of otters to
crude oil on the water surface in an above-ground swimming pool were
observed.

Experiment 1: 0Oil and Release

Otters were captured for the first experiment using 22 cm (8 3/4")
stretch mesh gill nets, anchored at one end and without weights on the
lead line. This technique has been used by several investigators
previously to capture otters for transplant to other areas, or for
scientific study. The unweighted lead line allowed otters entangled in
the net to surface and remain there until extricated by research
personnel.

After capture, a radio-transmitter weighing 25 to 30 grams was
attached across a digit on a rear flipper (Fig. 2) so that the whip
antenna pointed upward when the animal was floating on its back in normal
resting posture. During grooming, swimming or feeding, the antenna would
dip below the surface of the water, thereby interrupting transmission of
the radio signal. These occasional interruptions of the radio signal
were used as an index of activity, and could be recorded on a strip chart
at an automatic monitoring station. For the 1977 and 1979 field seasons,

the system was adjusted to sample the activity of each otter for 15
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Fig. 1. Map of study area showing locations of field camps used during the
1977, 78 and 79 seasons, and National Marine Fisheries Service
facility used for the captive study in 1977.



Fig. 2. Radio transmitter attachment for sea otters. Lower diagram shows
cross—-section of transmitter package. Upper diagram shows
Lransmitter in place on otter's rear flipper.



seconds or less during each scan through the frequencies of instrumented
otters programmed on the receiver. The activity of each otter was
sampled 4-8 times every 10 minutes, depending on the number of otters
being monitored. The percentage of active readings recorded in each 10
minute period was used as a random sample of activity. For the 1978
field season, a 4 minute sampling interval was used. These longer
sampling intervals in 1978 permitted differentiation between feeding and
other modes of artivity, based on the amount of time the radiu siungl was
interrupted. Interruptions of 30 seconds or more were considered feeding
dives, and for each such case, a feeding dive time was measured.
Independent observations of activity, made while animals were in visual
range, were used to test the accuracy of the automatic monitoring
station. There were many 4 minute intervals recorded on the strip chart
where the activity could not be classified during the analysis; however,
for those intervals where activity was determined, we considered the mode
of activity recorded to be independent of previous and subsequent
activities (i.e., each recording was a random samplc of activity) and we
considered each of the 3 categories of activity (feeding, resting, other
activities) to be recorded with equal probability by the recording system
(i.e. the system was unbiased). |

Activity data were recorded both for control as well as experimental
animals contaminated with 25 cc Prudoc Bay crude oil, covering 130-260
cm? of their anterior dorsal surface. All animals were adult males
living in all-male groups and weighed between 20-35 kg. One animal was
oiled in 1977, one in 1978 and two in 1979. Another animal in 1979 was

oiled and then cleaned with Polycomplex-11 before release. This cleaning



agent has been used by the California Department of Fish and Game for
cleaning oil contaminated waterfowl, and was highly rated as a general
cleaning agent for oil contaminated wildlife by Berkner et al. (1977).

Field work in 1977 was done in Sheep Bay, whereas field work in 1978
and 1979 was conducted in Simpson Bay (Fig. 1).

Experiment 2: Captive Observations

Studies on behavioral reactions of otters to oil on the water surface
were carried out in 1977 in a 5 m diameter above-ground swimming pool set
up on the shore adjacent to the National Marine Fisheries Facility in
Olsen Bay (Fig. 1). The pool was filled with sea water to a depth of 120
cm and was divided in half by a partition extending about 30 cm into the
water. Two equal sized haul-out platforms were constructed, one at each
end of the partition (Fig. 3). Behavioral observations were made from a
warehouse adjacent to the pool.

Two male otters from Sheep Bay, both weighing 28-29 kg, were used in
this experiment. They were transported to a floating holding facility in
Olsen Bay where they were left for at least 3 days to become accustomed
to eating squid. One morning at 1000 hours they were placed in the
swimming pool. Timed behavioral observations wcre taken over the next 8
hours to determine which side of the pool the otters preferred. At 1800
hours, 2 liters of Prudoe Bay crude oil was dumped into the side of the
pool most preferred by the otters. This oil rapidly spread over the
cntire side of the pool. The partition worked well in restricting the
0oil to one side, but eventually the clean side became contaminated as the
otters swam back and forth under the partition, occasionally surfacing in

the o0il.



10

BAY

g e e L

PLATFORM
B

NORTH SIDE SOUTH SIDE

.

PLATFORM
A
( WAREHOUSE ’

Fig. 3. Diagram showing design of facilities fur oil contawination captive
study, July 1977.
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RESULTS

Experiment 1: 0il and Release

Three of the 4 otters oiled and released with radio-transmitters were
appreciably more active than control animals during the first week after
oiling. It was often difficult to receive any radio signal at all from
these animals during this first week due to their extreme activity. The
otter oiled in 1977 was very active for the first 4 days after release
(Fig. 4), but then moved out of range of the automatic receiving station;
thus, no further information could be obtained on this individual. The
animal oiled in 1978 was monitored for about 3 weeks. The first week was
represented by a high level of activity (P 0.0l1), the second week by a
seemingly normal level of activity (P 0.05), and the third week by
decreased activity (P  0.0l1) in relation to control animals (Fig. 5).

The daily pattern of activity was significantly different from the
control group only during the second week (P  0.05), apparently because
the oiled animal exhibited an unusually high percentage of activity
during the hours 2000-2400 (Fig. 5). The activity pattern of the control
group did not vary significantly (P 0.05) from a uniform distribution
during any week of the study.

Both individuals oiled in 1979 were tracked for about 3 weeks. One
animal was extremely active for the first 1 1/2 weeks, after which its
activity was not significantly different from that of the control group.
No decrease in activity comparable to the 1978 oiled otter was observed
prior to the time the transmitter fell off, 19 days after éapture. The
other animal oiled in 1979 moved out of range of Lhe receiving station
shortly after capture, but activity was sampled at least once daily using

portable tracking equipment and visual observations. No significant
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Fig. 4. Twenty-four hour activity patterns obtained via telemetry for a

sea otter partially soiled with oil and two control animals,
July 1977.
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Comparison of activity pattern and level of activity for an otter partially oiled
and a control group, during 3 successive weeks after oiling. Data were obtained

by telemetry monitoring. Level of activity of oiled otter was significantly

above control group during first week and significantly below control group during
third week. Level of activity significantly different between successive weeks for
control group. Activity pattern significantly different for oiled and control group
only during second week.

€T



14

alterations in activity were apparent for this individual even during the
first week after oiling. However, the different monitoring procedure
used for this individual made comparisons of its activity with that of
other otters difficult.

The otter oiled and cleaned in 1979 was significantly more active
than control otters for the first 2 weeks after release (P 0.0l1),
whereas activity returned to near average levels during the third and
fourth weeks.

From the standpoint of their activity, both oiled and cleaned otters
appeared to be recovering from the contamination of their pelage. This
observation is related to the diminishing levels of activity by these
individuals, as well as the concurrent increase in activity of control
animals to which experimental individuals were compared. In 1978,
control animals were more active the first week of August than the last
week of July (P 0.01)(Fig. 5). In 1979, control animals were more
active the first 2 weeks of September than the last 2 weeks of Augusl
(P 0.05).

A comparison of the dive times recorded on the strip chart in 1978
for the oiled animal and 3 control animals shows no evident difference in
distribution (Fig. 6). Nevertheless, it rannot be assumed that the oiled
animal did not change to a different feeding strategy (e.g. gathering
more lood per dive) ur a different food source. 0iling apparently did
affect feeding frequency. In 1978 during the first week after
contamination, the oiled individual spent a smaller proportion of time
feeding than control animals (Table 1). However, because the oiled otter

was extremely active (its radio antenna was frequently submerged)
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and often far from the tracking station (the radio signal was weak)
during the first 4 days after contamination, we tested for differences in
activity during days 1-4 and days 5-8 independently. During both of the
time periods, the oiled otter fed less frequently than control otters,
although the difference was less dramatic during the second 4 day period
than during the first. This suggests that the feeding regime was
interrupted most just after oiling. Grooming was apparently the
principal activity during this period (Table 1). During the second week,
after oiling, no significant differences were observed in the frequency
of feeding, grooming and resting by oiled and control animals (Table 1).
By the third week, however, the niled animal spent lcss time feeding and
grooming and more time resting than did control animals (Table 1). *

Experiment 2: Captive Observations

The captive experiment involving the o0il contamination of one side of
a swimming pool containing 2 sea otters indicated that the animals were
aware of the oil and preferred to avoid it. Immediately after addilion
of the oil to the puul al 1800 hours, the otters became nervous and
curious, even though the oil was contained on the opposite side of the
partition. Intensity of feeding and grooming increased, and occasionally
the otters would rear up on the partition and starc at the uil. They
also made what seemed to be more determined efforts to escape tham had
previvusly been noted. However, the oil was not totally avoided. When
swimming under water around the perimeter of the pool, the otters would
occasionally surface on the oiled side, but would remain for only a few
seconds, quickly diving back under water. While the otters spent less

than one minute per hour on the oiled side, they both eventually became
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covered with a coat of oil. One otter intermittently raised its-heéd and
shoulders out of the water and shook itself vigourously, presumably in
attempt to rid itself of the oil. Feeding was fairly frequent for the
first several hours of the experiment, but resting became more prevalent
as the otters were observed through the night. One of the otters
prefefred resting on a haul-out platform, but this behavior was noted
pfior to the addition of oil.

- The otters were removed frﬁm the pool at 0600 the next morning, 12
hours after encountering the oil. One otter was cleaned with Polycomplex
-11. The oiled fur was wet with the cleaning agent, rinsed in sea water,
and rubbed thoroughly with towels. The animal was then allowed to.dry |
and groom itself for 8 hours before being placed in the floating holding
facility. The fur immediately became saturated with water, whereupon the
animal was removed, re-dried, and left overnight in a dry pen. The next
day a transmitter was attached, and this animal was released back in

Sheep Bay. Malfunction of the transmitter 24 hours later precluded

further observation of this animal.

The other ottgr was not cleaned, but placed back in the floating
holding facility where it died 10 hours later. Gross autupsy and
histopathology suggested hypothermia as the cause of death, although
toxicity from ingestion of o0il groomed off the fur, could not be entirely
discounted.

DISCUSSION

Increased activity by otters partly contaminated with oil was

expected, considering the animals' needs to maintain body temperature and

weight. Custa and Kooyman (1979) nhserved metabolic rates 40% above

r
g
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average for sea otters with oil applied to 20% of their body surface. |
These experiments with oiled and released otters suggest that otters
spend considerable time grooming in an effort to remove the o0il and
restore.the insulatory properties of the pélage. Vigorous grooming by
one of the oiled otters in the pool experiment'was observed. Within one
week after contamination, grooming apbeared to subside. Whether by that
time the animalsAhad removed a substantiél'portion of the oil, or could
not. continue excessive grooming due to energy.conétraints is unknown.

One otter exhibited seemingly nommal activity during the third week after
contamination, whereas activity of another oiled individual appeared |
depressed during the third week. Wé could not determine the fate of
individuals past the third week after oiling, but extensive searches of
the shoreline in 1978 and 1979 failed to reveal carcasses of any of the
otters oiled in 1977 and 1978." Normally sea otters haul out on‘land -just
prior to death, or if they die in the water, are subsequently washed
ashore. Thus, we feel it is probable that these otters survived the
niling experimcnts.

One otter that was not part of these experiments was apparently
debilitated by pneumonia when captured in 1979. We followed thc
individual using radig-telemetry and noted several aberrant behaviors.
Activity was greatly depressed and the activity pattern itself was
abnormal. Social interactions, usually quite extensive in this portion
of Prince William Sound where males congregate in large groups, were
avoided as this individual moved into an area entirely devoid of other
otters. It.eventually died and was found on the beach. That‘none of the

oiled or oiled and cleaned otters exhibited abnormalities in movement or
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social behavior attests to our conclusion that, at least during the time
we observed them, fhese otters were not fatally ill.

In view of the increased grooming and increased metabolism of oiled
otters, both neceésary for thermoregulation, alterations in the feeding
strategy of these animals to compensate for the greater expenditure of
energy were anticipated. No changes were observed in the.distribution of
‘dive times (indicative of the kinds of food sought and the area used for
~ feeding), whereas the frequency of feeding dives actually decreased just
after oiling. Therefore, it seems likely that oiled otters were not able
to increase food consumption in response to greater energy demands, and
thus may have been losing weight. However, because of the recent
expansion of the otter population into»this study area, food resources.
appear to be more abundant than in other parts of Prince William Sound
where otters have been established for several years (Ancel Johnson,
pers. observ.). Thus, otters are apparently heavier in this study area
than elsewhere-in the Sound. It is likely that oil contamination could
have more deleterious effects on otters in areas of high density and
diminished food supplies. ,
| The fact that oil was applied to less than 10% of the surface area of
experimental otters in our study also may have permmitted their eventual
recovery. In the captive experiment, one animal was. left completely
qovered with oil and died less than 24 hours after soilage. Complete
contamination of the pelage may be likely where otters encounter oil
spills under natural situations.

Natural oil spills, however, may be circumvented hy sea otters. The
captive experiment indicated a preference to escape the oil, although the

confined area of the swimming pool may have precluded total avoidance.
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Nonetheless, it is probable that at least some otters would be
contaminated by an o0il spill in Prince William Sound. This possibility
prompted the cleaning experiments. Results of these experiments
indicated that otters oiléd and cleaned with detergent are even more
active than otters oiled and released uncleaned. Evidently the détergent
~ removes natural body oils necessary to prevent saturation of the fur
(Williams, 1978). Also, Costa and Kooyman (l979)4fdund that metabolic
rates of otters subjected to cleaning were almost 50% higher than.animals
subjected only to oiling. Some seabird cleaning experiments utilized
synthetic compounds to replace the natural water repellent compound from
the preening gland which had been removed by the detergent (Larsson and
Odham 1970). Because the micro-structure of bird feathers, destrayed hy
the oiling and cléahing, is probably more important in preventing
séturation'than the waxy compound -from the preening gland, attempts to
restore 0il contaminated seabird feathers have been generally |
unsuccessful (Clark 1978). In contrast, natural oils are probably mnre
important for water repellency in aquatic mammals. Thus, future cleaning
studies with sea otters should seek a substance which could be added to
the fur to temporarily restore the water repellent properties after
cleaning. Further studies are also needed to improve capture and
immobilization techniques if they are to be used in attempts to rescue
oil-contaminated sea otters. Such rescue atlenpts may not be feasible,
'or, if otters éan survive at least partial soiling of the pelage, may not
even be necessary. Long term studies of oiled otters are needed to

evaluate the latter possibility.
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Table 1. Frequency of categories of'activity of an oiled sea otter versus a

control group during 3 successive weeks after oiling.

Active, non-feeding

category refers primarily to grooming.

Week 1 Week 2 Week 3
Oiled Control Oiled Control Oiled Control
individual group individual group individual group
Feeding 17 136 28 88 12 65
Active, not
feeding 92 179 45 99 26 176
Resting 20 402 142 474 108 222
| A *% NS il

** X2 p 0.01
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INTRODUCTION

Radio telemetry techniques have developea in the last 20 years to
the point where they are consistently providing informgtibn to wildlife
researchers, unobtainable with other methods. Typically, a telemetry
study involves capturing an animal followed by transmitter applicéation
and subsequent release of the animal back to its natural surroundings.
Generally, the useful life of a radio transmitter is from 15 days to 3
years depending on the battery size an animal can carry. Transmitter
life is uSuélly less than the life expectancy of the tagged animal.
Therefore, when the transmitter's useful life is finiéhed, it is
desirablé to remove the transmitter so that the tagged animal is not
unnecessarily burdened with carrying a nop—functional transmitter.

Transmitﬁerzremoval is often impractical, especially for marine
mammals, because recapture is usually difficult, expensive, time
consuming, and in some cases impossible. Recapturing extefnally tagged
animals with nets also poses problems of transmitter entangleﬁent and
injury to the animal. All of these problems are magnified in polar ocean
environments where tield seasons are short, animal handling faéilities

are limited and working conditions are subject to drastic weather changes.

In January 1979, as part of ongoing marine mammal research, the
Cedar Creek Bioelectronics Laboratory initiated a limited program to
develop transmitter attachments fhat would decay with time. Thus, spent
transmitters wouid release from an animal brecluding the need for

recapture.
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EXPERIMENTAL APPROACH AND RATIOMALE.

Both active and passive release mechanisms were considered. Active
mechanisms include transponder devices such as guilitines or explésive
capsdles that could sever attachment connections upon command from a
radio frequency signal. The advantage of such devices is close control
over release tiﬁing. However, there are several significant
disadvantages. Active release mechanisms could add considerably to
transmitter size and weight, and would not function in cases when the
tégged animal was out of radio contact. ' They could substantially
increase battery drain and shorten transmitter operating life.
Additionally and potentially the largest drawback, is the possibility of
injury to the tagged animal from active severing devices. Passive
release me;hanisms typically depend upon chemical breakdown with ;ime
such as corrosion or hydrolysis. Aanntages of chemical release devices
include: 1. small size, 2. ready incorporation into existing attachment
methods, 3. no power consumption, 4. no range restriction on tagged
animals, 5. low cost, 6. reduced potential for injury. The only
disadvantage is that chemical reactions éubject to environmental
variables are not‘easily controlled. Due to the problems.and co;t of
active release mechanisms we decided to pursue passive release mechanisms.

Two types of passive release were selected for initiél experiments;
corrosive links and absorbable sutures. Corrosive links operate on the
principle of galvanic corrosion when two dissimilar metals are in contact
with salt water. Metal from the anode is oxidized until the it

disappears. Absorbable sutures have been used for many years in the

medical field and opperate by water hydrolyzing the suture material.



4

Galvanic corrosion is subject to several variables including
temperature, salinity, metal ratios, metal configurations, metai
combinati&n;, exposure timé and type, and differeﬁces in stress on the
corrosive link. Thérefore, it is difficult to predict with confidence
what the corrosion rate will be. Especially diffiéult is the problem of
exposure time and type because the amount of time a trénsmitter is
alternately exposed to sa;twater and/or air is determined by tﬁe behavior
of a tagged animal. Fﬁrthermore, behavior can change with age, season,

sex, reproductive status, etc.

The general approach for the initial tests was to observe several
metal combinations holding all other variables constant to find a
combination of metals that would deteriorate roughly in a time frame of
two weeks to two years. Secondly, we wanted to look at the effects of
cathode to ano&e ratio, temperature, salinity, and differing
configurations to determine effects of these variableg on corrosive
rates. The two remaining variables; stress, and exposure time and type

were not examined because they were beyond the scope of initialvtesting.

N
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METHODS

1. Metal Combinations

Six metals; brass, steel, aluminum, zinc, monel, and magnesium were
selected for pfeliminary analysis. These metals were either purchased
commercially or maéhined from raw stock to 10-24 x 1" machine screws and
nuts. In all cases screws formed the cathode and nuts formed the
oxidizing anode. Table 1 presents the combinations for this test.
Combinations were selected based on the position of each component in the
E.M.F. Series (Fontana & Green 1978). All combinations were immersed in
instant ocean saltwater 30-35% (normal sea water salinity) in aerated
-aquaria at room temperature (21°C nominal). The experimental procedure
was to remove the corrosive iinks for approximately 8 hours each day for
air exposure followed by 16 hours of continuous immersion. Based on
preliminary results, brass, steel, aluminum and magnesium were selected
for further testing. Preliminary magnesium tests were conducted somewhat
differently because of magnesiﬁm's fast corrosion rate in salt water.
First, circular magnesium 6/32 nuts were machined from raw stock. These
nuts were then applied to brass and nylon 1" machine screws. The
combination was continuously immersed in 1' L beakers of salt water at
room temperature. Second, identical magnesium nuté were dipped in
scotchcast electrical resin for corrosion protection. Third, identical
magnesium nuts were coated with scotch cast resin and a #56 drill used to
bore 4 holes through each side of the nut. This last triai was an
attempt to obtain faster more even corrosion than was observed with the
totally coated nuts. The coated and coated-drilled nuts were treatea the

same as other magnesium combinations.



Table 1. Metal combinations, 10-24 X 1" machine screws and nuts.

%:Zigize Anode (nuts)

screws) Steel Aluminum Zinc Magnesium
Brass X X - X X
Steel | X X

Monel X X X

Table 2. Metal ratios, machine screw-nut configuration.

Cathodes ' . Anodes —
(brass m;chine Steel Nuts 2-56 modified
screws) - 4=40 2-56 6-32 to 4-40
4-40 X %" X

4-40 X 1" X

4-40 X %" X
4=40 X 1" X
2=56 X %" X

2-56 X 3/4" X

6=32 X K" X

$-32 X 1" X

b b4
N
>

6-32

Table 3. Metal ratios, washer-pin configuration.

Anodes
Rods (0.22 Dia). Steel Cotler pius (Diameter in mm)
Cathodes ‘
washers Steel Aluminum 0.12 0.20 0.28 0.35
Brass 5/8" X X X X X X

Steel 5/8" X




2. Metal Ratios

The effect of cathode to anode ratio was tested with brass machine
screw cathodes and steel nut anodes. Varying lengtﬂs of machine screws
were equiped with standard size nuts, except 4-40 x 1" and 4-40 x 1/2"
screws were alsp tested with 2-56 nuts that had been drilled and retapped
to fit 4-40 screws. Table 2 summarizes the combinations. Experimental
procedure was identical to that used in the metal combination tests.
3. Metal Configurations

A second corrosive link configuration consisting of a large washer
cathode and a pin anode was tested to observe configufation differences.
Tabie 3 summarizes these tests. Included in this experiment were varying
ratios of cathode to anode by using different sized cotter pins. Again
the experimental procedure consisted of immersion in room temperature
seawater for 16 hours followed by an 8 hour air exposure.
4. Temperature

Temperature effects are being tested using a single configuration of
brass 4-40 x 1" machine screws and steel 4-40 nuts. Experimental
procedure remaips identical to that described.for other experiments with
the addition of aquaria at 7°C and 30°C.
5. Salinity

Brass 4-40 x 1" méchine screws and steel 4-40 nuts are also being
tested in fresh tap water to contrast salinity effect. Again
experimental procedure remains identical to that described for other
tests.
6. Miscellaneous tests

Five other tests are being conducted. First vicryl 0 and 4-0 size

absorbable suture material (Ethicon corp.) was sewn to a thin plastic
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sheet and tested with the same experimental procedure used for corrosive
links. Secondly, 6-32 x 1/4" nylon, brass and steel machine screws were
continuously immersed in a beaker of concentrated sulfuric acid at room
temperature. Based on the results from the acid test, steel bolts were
selected for an acid-bolt design. Steel bolts 1/4" x 1 1/2" were drilled
out from the top one third of the way down the center line of the bolt.
The hole was then tapped so a teflon coated cap screw could cover the
hole. The resulting wall thicknéss of the bolt was .040". Half of the
bolts weré then machined down to a wall thickness of .020". Varying
concentrations of sulfuric acid were then injected into the cavity and
the bolt sealed with a teflon coated cap screw. Spring tension was
applied between the bolt and nut to assist with a cleaner break when (if)
the acid had sufficiently deteriorated the bolt. Fourth, three sea otter
transmitters are currently on the usual laboratory test procedure at
59C. These transmitters have two brass 8-32 x 1" machine screws
drilled in cross section and secured by 1, 3/32" diameter cotter pin. We
have not tested this exact cathode/anode configuration in the |
laboratory. However, these transmitters, identical in all respects to
those currently being used in California and Alaska, will serve as a good
indicator of how close our laboratory testing procedure estimates
corrosive rates in the natural environment. Finally, in one short term
experiment we attempted té accelerate and retard galvanic corrosion by
polarizing the cathode and anode. An external 12 VDC power source was

connected to a brass cathode and magnesium and steel anodes in a 1 L

beaker of saltwater.

Ny
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Mgasurements of corrosion rates were made in two ways. First,
anodes were removed from the corrosive link, .excess' oxides mechénically
removed and then the anode weighed. However, as corrosion progressed,
anode removal became impossible so anodes were measured with a calipers
after oxides had been removed. Each data point generally represents one
- sample. Since, removal of 6xides for measurement alters the test

conditions, the measured link can no longer be used for test purposes.

. Therefore, sampling in any one test group 1is limited.
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RESULTS

1) Metal Combinations

Figure 1 presents results for 370 days of testing various metals in
saltwater. Brass and monel cathodes with either steel or aluminum anodes
appear to corrode at r;tes that are closest to what we need for long life
transmitters. Zinc anodes show very slow (if any) corrosion. Monel was
found to be very difficult to machine and not readily available in most
configurations. Since there was little difference in corrosion rates
between brass and monel cathodes, we used brass cathodes for further
tests. Aluminum showed little initial corrosion. The nut became covered
and probably insula;ed by a white oxide. Also aluminum corrosion rates
were more variable than steel, so steel was selected as the aﬁode for
further testing.

Unprotected magpesium nuts coupled to brass screws were oxidized in
48 to 96 hours after immersion. Scotch cast protected anodes lasted
between 25 and 30 days coupled to brass screws. Scotch cast protected
magnesium nuts also lasted approximately 30 Aays when applied to 1inert
nylon screws. This suggests that the self oxidation of magnesium in
saltwater is more important than galvanic effects. When protected and
unprotectéd magnesium nuts alone were immersed in saltwaterAthe
unprotected nuts lasted longer. However, amonolous results were obtained
with the coated~drilled nuts in the various tests. The drilling
increased corrosion rates in some tests while retarding it in others.
2) Metal Ratios

The metal ratio tests with brass cathodes and steel anodes indicated

a variety of corrosion rates could be obtained by selecting cathode to



11

Figure 1. Expected corrosion rates for various metal combinations.
All combinations are 10-28 machine screw cathodes with
10-28 nut anodes.
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anode ratio (Fig. 2). The fastest rate was obtained with 4-40 x 1"
cathode coupled to a undersize (2-56) nut. These nuts were completely
oxidized approximately 250 days after initial immersion. Other
combinations of small sized brass machine screws coupled to steel nuts
resulted in corrosive rates expected to completely oxidize the anode
between 280 and> 500 days.
3) Metal Configurations

The second metal configuration consisting of large washer cathodes
and pin type anodes indicated a brass and steel link was best for this
configuration (Fig. 3). Corrosive rates for oxidation of the pin varied
from 120 to > 500 days. While combinations of steel with aluminum and
brass with aluminum showed very little if any corrosion.

Two significant results became apparent when corrosive rates are
compared between the nut-screw configuration and washer-pin
configurations. The cathode to anode ratio was plotted against time
expected for complete anode oxidation for each configuration (Fig. 4).
First, for a given cathode to anode surface area ratio, the 'washer-pin'
iink corroded approximately 33% faster than the nut-scéew configuration.
Secondly, the linear correlation coefficient between cathode to anode
ratio and time was —-0.96 for the washer-pin configuratioﬁ compared to a
coefficient of -.53 for the nut-screw combination. This indicates that
corrosion rates in the washer—pin configuration were much more
predictable.

4. & 5. Temperature and Salinity

Temperature and salinity tests were begun between Sept. 15, 1979 and

January 29, 1980. Sufficient time has not elapsed to evaluate these

parameters.
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Figure 2. Expected corrosion rates for various cathodes to anode
ratios with brass machine screw cathodes and steel nut
anodes.
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Figure 3. Expected corrosion rates for various cathode to anode
ratios with 5/8" washer anodes and pin type anodes.
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Figure 4. Corrosion rates plotted as a function of cathode to
anode ratio for the various ratios in the nut-screw
and pin-washer configurations.



UNIVERSITY BOOKSTORES GRAPH MNO. 4 uJs BF A
- d
- H | ; ! }r4: 1 o~ 0% e S ,_l,_. * ; <
: o Seeons o ncd /U,"‘ 3. e e us AR TR

s 2its— 2p0  —HO B s aeans A )

=

i iy -, W Jx_,ﬁ4CL !I__

i
1
T

i = \\ T
f St
1 N
‘.}.
Co Fh ocie -

_—.—7, '

)

£ 9”'8_2_?
==

i T
1 T T +
3 ! L 1 i I
T T T T
: I
= T
SERERIN = e }
‘
S B sas
T == T__ 770 S P, BRI TR I ST T R e
: : - i 1
: o ‘
L + T T T T T = T : H i
! ; . o3 L ! : . : I !
o) 1 I 4 1 b S X 1
A4 Ly
|00 o0 P ico 5o ¢ 700 soo Lo jroer

E;.t/)r;{_rncy do Todel o= lofisn



20

6) Miscellaneous Tests

Absorbable suture material appeared to remain intact for the first
177 days of the test. However by the 188th day both sizes were broken
very easily with the slightest pull. By the 20lst day after immersion
the suture material had totally lost integrity, only a broken line of
powdery substance remained on the plastic plate where sutures had
previously been. Nylon, brass and steel 10-32 machine screws immersed in
concentrated sulfuric acid resulted in the following average rates of
decay; nylon 100% 6 days, brass 69% 127 days, steel 2% 127 days. The
acid-bolt experiment has not been going long enough for resulrs.
Preliminary attempts to control galvanic corrosion, by polarizing the
anode and cathode ingdicated that the amount of power needed for
observable results was greater by at least an order of magnitude above
the current drains typically used to drive animal transmitters. Since
this approach also ha; a restricted application due to cathode and anode

spacing and electrical insulation problems it was not pursued.
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DISCUSSION AND APPLICATION

Results obtained to date indicate that life expectancies can be
obtained for corrosive links depending on three major factors: metal
combinations, corrosive link configuration and cathode to anode ratio.
Temperature and salinity doubtless have significant effects; these
variables have not been analyzed yet. However, for temperatures near
20°C and salinity at 30-35%, a range of life expectancies from 24 hours
to> 500 days has been obtained by varying metals, ratios and
configurations. Preliminary tests with magnesium indicate it to be the
metal of choice for short term links, 20 days or less. Laboratory and
field tests indicate that combinations of brass with steel and absorbable
suture material form links for longer term application. Ethicon vicryl
absorbable suture material has an added advantage of an avalanching type
of decay near the end of its life expectancy.

Application of laboratory data obtained in relatively stagnant
aquaria to field situations is difficult and must be done with several
cautions. Corrosive link exposure time and type to saltwater and/or air
may alter corrosion rates. In all probability corrosive rates will be
accelerated in the field. Animal born transmitters will likely be
subject to high water velocities and jarring thereby removing oxides from
the anode surface. In the laboratory, oxides tend to build up,
insulating the anode and reducing corrosion rates. As an anode decays,
the cathode to anode ratio increases, therefore corrosions rates should
increase with time. This does not appear to be the case in the
laboratory, probably because oxides are also building up with time and

tend to counteract the expected increasing cathode to anode ratio
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effect. Without oxide build up in the field corrosion rates should be
increased. Secondly, stress forces acting on metals increase corrosion
rates. So, any application of a corrosive link under stress will
accelerate corrosion. Finally, most corrosive link designs will fail
structurally before the anode is completely oxidized for two reasons.
Uneven corrosion has been observed to occur in most experiments. One
side of a nut may completely disappear while the other side oxidizes more
slowly, so the nut falls off. Second, as corrosion proceeds, structural
strength is reduced to a point where the link will fail. It is difficult
to design tests to determine structural tailure points for the
conceivable applications of corrosive links. However incidental
observations suggest structural failure will generally occur when the
anode is 50% to 757% oxidized.

Three field trials with corrosive links have been attempted to
date. These include a #8 brass machine screw-steel bolt Tink on manatee
harnesses and two trials of a brass screw-cotter pin configuration for
sea otter transmitters. The sea otter configuration consists of two #8
brass machine screws connected with a 0.09 cm dia. cotter pin as the
anode. Preliminary results indicate the manatee link will last
approximately 500 days. Sea otter transmitters lasted 20-40 days on
Alaska and California sea otters. Laboratory testing is still in
progress on the actual sea otter transmitter configuration. However very
preliminary observations suggest that the sea otter link will last at

least 33% longer than in the field trials. Comparing our data
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to preliminary field results suggests that the manatee link lab estimate
is about 25% too long.

The following nomographs (Fig. 5) is intended to assist in selecting
corrosive links for marine mammals. It represents predictions based upon
preliminary data and should be used with caution, especially for
nut-screw links as substantial variability was noted for this
configuration in the laboratory. For example, if it is important to the
animal that a transmitter fall off within a given time frame, I would
suggest choosing a link with a shorter life estimate. Conversely, if a
study requires maximal transmitter retention select a link with a liberal
margin for error. The nomographs are constructed based on laboratory
data adjusted for a 257% decrease in life expectancy for use in
non-stagnant environments and assuming that the link will fail when 65%
of the anode is oxidized. Initial testing has indicated that some
variability can be expected among identical corrosive links. Therefore,
any corrosive link design should be either a single link, or if multiple
links are used, they should be a compound link at one attachment point.
If multiple links are used at more than one attachment point, the
transmitter could be released from one attachment point while remaining
attached at another. The resulting loose attachment could do
considerable damage to an animal, thus negating the purpose of a release
mechanism.

Future work should include several areas. First we will continue
existing experiments with metal ratios and configurations concentrating
on brass cathodes and steel anodes in an attempt to refine life

expectancy estimates. Second, the recently initiated experiments with
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Figure 5. Nomograph: corrosive link life estimate for nut-
machine screw and pin-washer configurations. Adjusted
to field conditionms.

LS
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temperature and salinity variables will continue. Third, experiments
with the acid-steel bolt configuration will continue and an acid-brass
bolt configuration will be added. These configurations show the most
promise for larger terrestrial vertebrates. The magnesium tests and
absorbable suture experiment will be repeated because these links appear
promising for short term applications and we need more data on
variability. Most importantly, we need more data on field trials to
determine effects of exposure time and type. The cooperation of
researchers applying transmitters to a variety of marine mammals is
essential. The data needed from field work could be easily obtained,
essentially all we need to know is: corrosive link configuration, cathode
surface area, anode surface area, water temperature and, if possible,
salinity. Perhaps an additional approach could be to experiment on
captive animals held at a facili%y such as Sea World. Finally, corrosive
link experiments consist of long term testing. Tn order to even
approximate the life of a specific desi%n we need a minimum time for
tesling equal to the desired lite ot the corrosive link, and additional

time is required to refine these estimates.
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ABSTRACT

Movements and activity patterns of sea otters in the area of San
Simeon and Cayucos Point in California were studied during the fall
~of 1978 and the fall of 1979. Sixteen otters in 1978 and lé in 1979
were equipped with radic telemetry devices and monitored. Average
distance moved by males in 1978 was 2.06 km and, in 1979, 0.39.Mn.
These means reflect the occurrence of some males in 1978 moving from
point of capture to the southern edge of the population's range
north of Port San Luis. Females in 1978 and 1979 had average
moQanents of 1.79 km and 1.22km, respectively. Females tended to
vmove more within their home ranges and were less predictable in
those movements than males who stayed in the vicinity of capture.
Average home range'length for males in 1978 was 20.4 km and, for
females, 14.3 km. Excluding otters who moved greater than 10 km
reduced these lengths to 2.7 km and 6.4 km, respectively. In 1979,
the average length for males was 0.1 km and 4.3 km for females. In
both years, females had the longer hohe range lengths than males who
stayed in the vicinity of their capture.

Individual rhythms were detected though there was a great deal
of variation within an individual. The pattern appeared to be
ultradian rather than circadian. Otters spent half their time being

active and half their time being inactive. The active period was
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broken up into 4 periods of 3 hours in length while the inactive
.period was divided into 3 periods of 4 hours in length. "No tidal
effect was detected. Daytime pattern of the population tended to

follow that of individuals.



INTRODUCTION

Movements of individual sea otters in California over the course
of a season or year are relatively unknown. Woodhouse et. al.
(1977) concluded that otters were not migratory and that movements
resulted from wanderings by young males and from adult males in
search of estrous females. From resightings of tagged individuals
over the course of a year, Wendell (1979) reported movementé of 40
km for a male and about 120 km for a female. One otter moved 48 km
in less than 22 hours (2.2 km/hr)Aand a second moved at a rate of
1.3 km/hr. From a transplant done in4California (Odemar and Wilson
1969), at least 5 of 17 otters travelled 72 km back to the area from
which they were captured in 2 months.

Movements throughout the day have been studied by various
authors (Odemar and Wilson 1969, California Fish and Game 1976,
Loughlin 1977). The otters have appeared to rest in the kelp beds,
coming ipshore to feed, with reéting and feeding areas constant over
time. In‘California, Loughlin (1977) estimated home ranges as 80
ha for females, and 29 ha and 44 ha far ferritnrial and
non-territorial males, respectively .

Activity pattern work has been hampered by the inability to
follow individual otters for a 24 hour period, and most researchers
(Fisher 1939, Hall and Schaller 1964, Shimek and Monk 1977,

Sandegren et. al. 1973) have concentrated on changes in activity of
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groups of unmarked otters throughout the day. Their conclusions;
summarized by Woodhouse et. al. (1977), have been that otters are
active early in the morning, rest and groom during the midday, and
feed in the late afternoon until dark, and have another feeding bout
around midnight. However, Loughlin (1977, 1979) concluded that
individual otters did not have distinct rhythms.

The objectives of this study were to determine 24-hr movements
of individual otters throughout the fall (September-December),
document differences between males and females, and determine the
distancés moved. For activity patterns, the objectives were to
document the circadian pattern for individuals, calculate time
budgets for various activities, and detect differences between males
and females. Behavioral observations were recorded as poééible.to
support the activity studies and to determine effects of tagging on
the otters. |

beécription of Study Area

The study was conducted in the vicinity of Point San Simeon and
Cayucos Point October to mid December 1978 and Point San Simeon
October to November 1979 (Fig. 1). Ocean conditions were considered
to be the best during that time with low swell and small seas. The
wind usually blew from the northwest in the afternocons at abdut 27
km/hr. Temperatures ranged between 100C and 150C during the day
and between -1.10C and 4.40C during the night (Barrett 1966).

Fog in the morning and occasionally lasting all day occurred about



half the tihe during the 1978 field season and large swells of 3;65
m to 3.65 m hampered work during the 1979 season.
The kelp community in which sea otters were found consisted of

Macrocystis pyrifera as the dominant upper canopy kelp, Pterygophora

californica and Laminaria dentigera as the understory kelps and a

red algal turf. Macrocystis pyrifera grows in 9 m to 18.3 m of

water and extends out 650 m to 750 m from shore. At the end of the
1978 season and during the 1979 season, the kelp beds were harvested
by a commercial company so the actual distribution of the beds
changed throughout the season. Common invertebrates (Table 1)

living in the kelp beds included Pisaster giganteus, Pugettia

producta, Cancer antennarius, Balanus crenatus, Tegula spp., and

Calliostoma spp.. Besides the sea otter, common vertebrates

included Sebastes spp., Hexagrammos decagrammos, Ophiodon elongatus,

Scorpaenichthys marmoratus, Phoca vitulina, and many wintering birds

(G. Van Blaricom, personal communication).
| METHODS

Sixteen sea otters in 1978 and 12 in 1979 (Table 2) were
captured with floating gill nets used by the U.S. Fish and Wildlife
Service (Fig. 2) or with a diyer-held trap used by the California
Department of Fish and Game (Fig. 3). The animals were taken from
the net or trap, restrained on board a boat,_and-tagged through the
webbing of the rear feet with temple tags obtained from the

California Department of Fish and Game. The tags were color-coded
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and position-coded so each otter could be uniguely. identified (Fig.
4). Radio telemetry devices (Fig. 4) were attached across the third
digit of either rear foof with corrodable bolts the first year and
with a corrodable cotter pin or iron wire the second year. After
the attachment decayed in the salt water, the radio dropped off.
Average time for radioc loss was 4 months in 1978 (n=6) and, in
1979, 1 month (n=12). The radios, built b§ Cedar Creek
Bioelectronics Laboratory,'University of Minnesota, were 5.5 cm in
length with a 23.5 cm long antennae, and weighed between 20-25
grams. The radios put out a continuous signal, had an expected life
of 4-6 weeks, and had a range of about 6.4 km.

Movement data was gathered by finding the radios an average of
twice a day. All locations were obtained by stopping along the
coast by car at regular pulloffs an average of 2.4 km apart. A
directional four-element Yagi antennae and receiver was uéed.to get
directions. In 1978, lines were drawn directly onto maps for
triangulations, with landmarks and rocks on the coast .for
reference. Directions from a hand-held compass were taken for
triangulations in 1979.

Locations were plotted by hand on separate sets of maps for each
otter. U.S. Geological Service topography maps wefe used in 1978.
In 1979, maps traced-~from aerial photoé were acquired from the
California Department of Fish and Game. Straight line distances

between points were measured by hand and converted intb kilometers.
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Daylight movemeﬁts were defined as those that occurred between
sunrise and sunset and nightly movements as those that occurred
between sunset and sunrise. Most daylight locations were taken an
average of 5 hrs apart and nightly movements an average of 19 hours
apart. Averages of overall movements, then, were based on distances
measured over a variety of time intervals. The greatgst distance
measured between points was used as an estimate of home range
iength. Since sea otters were rarely seen beyond the outer edge of
the kelp beds, which usually corresponds to the 18.3 m depth line
(Loughlin 1977, R. Jameson personal connunication), home range width
was measured out to the 18.3 m depth line. Area of home range was
then calculated by assuming a rectangular shape. Three-dimensional
maps of the percentage of locations per square in an arbitrary x-y
coordinate system (Appendixes A and B) were drawn by computer
utilizing the University of Minnesota FORTRAN subprogram PLOT3D.

A natural log transformation was used on all distance
measurements to satisfy the hoﬁogeneity of variance assumption in
the t-tests and aﬁalyses of variance, and only otters with at least
five observations were used in subsequent analyses. Utilizing the
SPSS statistical package (Nie et. al. 1975), differences in
movements of individual otters were tested with standard ANOVA

analysis with posterior contrasts done with Scheffe's test at =



Table 1.

California.

12

Common flora and fauna of the diant kelp (Macrocystis
pyrifera L.) beds in the vicinity of Point Piedras Blancas,

Invert.

Van Blaricom, personal communication).

VCI‘t;
Midwater
Fish

Bottom
Fish

Calliarthron cheilosporioides

= invertebrates and vert

Category Scientific Name
‘Flora Mabrocystis pyrifera
Pterygophora californica
Laminaria dentigera
Botryoglossum farlowianum
Fauna
Invert.

Pisaster giganteus

Patiria miniata
Pugettia producta
Cancer antennarius
Loxorhyncus crispatus
Balanus crenatus
Cryptochiton stelleri
Corynactis califeornica

Tegula spp.

Calliostoma spp.
Ceratostoma foliatum

Sebastes mystinus

Sebastes serranoides
Sebastes melanops

Sebastes atrovirens
Sebastes chrysomelas

Oxylebius pictus
Hexagrammos decagrammos
Ophiodon elongatus

Common Name

- giant kelp

sea palm

red algae
red algae

sea star

kelp crab

rock crab
decorator crab
barnacle
chiton

anemone

turban snail

snail
snail

blue rockfish
olive rockfish
black rockfish

kelp rockfish
black-and-

yellow rockfish:
pointed greenling

kelp greenling
lingcod

striped seaperch

= vertebrates. (G.

Source

Abbott and
Hollenberg
(1976)

1"

"
"
"

Smith and
Carlton
(1975)

Smith and
Carlton
(1975)

\1

Miller and
Lea (1972)



Table 1 (cont.). -

Category Scientific Name
Scorpaenichthys marmoratus

Brachyistius frenatus

Mammals Zalophus californianus

Phoca vitulina
Enhydra lutris

13

Common Name
cabezon
kelp seaperch

California sea
lion

harbor seal
sea otter

Source
[1]

walker
(1975)
1]
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Table 2. Sea otters captured in Fall 1978 and 1979 near Point San
Simeon and Cayucos Point, California. Dates are in monyh/day/year/, M
= male, F = female, 1gt = light, drk = dark, # = number, and all
weights are in kilograms. :

Date Location Right Tag Left Tag Sex Wght #
09/30/78 near Pt. Piedras
Blancas white drk blue M 29.5 903
" " " purple " 34 803
10/06/78 north of Pt.
San Simeon " pink " 29.5 416
" " oon drk green " 28 222
10/09/78 1lgt green white F 23 703
11/04/78 " white gnld M 30.5 608
11/14/78 Cayucos Pt. silver chartreuse " 14.5 819
" " " drk green F 17 595
" " " pink M 23 350
11/15/78 " " drk blue " 25 523
1" " " red n 18 440
11/16/78 " " 1gt green F 17 . 850
11/17/78 " " silver M 29.5 395.
" near Cambria drk blue 1gt blue F 18 315
" " " 1gt green " 18.5 242
" " " red " 17 106
11/01/79 North of Pico Pt. " silver " 20 585
11/02/79  South of Pt.
" San Simeon " gold " 20 298
" South of Pico Pt. " 1gt blue " 16.4 605
11/03/79  South of Pt.
San Simeun " lgt green " 18.6 453
"o " white red M 12.7 780
11/0%/79 " drk blue i F 20 706
" " " white " 21.8 648
11/11/79 near Cambria white chartreuse M 33:6 821
11/12/79  South of Pt.
San Simeon " lgt green " 30.4 746
" South of Pico Pt. drk blue pink F22.7 636
" " " orange " 18.2 692
" " " chartreuse " 13.2 345

I
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.05 (Snedecor and CochrénAl967). Tests of differences between séxes
and years for average lengths of home ranges were done with t-tgsts
(Snedecor and Cochran 1967). | |

Activity data were collected in two ways. The first was using a
Rustrak recorder (Fig. 5). With this device, the radio signal was
transformed into an electronic pulse that displaced a needle. The
needle marked the paper as it movéd-through the machine. Since salt
water attenuates the radio signal, the machine recorded the pattern
of the radio being held above the water (constant signal) or below
the water (no signal). Twenty-four hour activity patterns were
collected by monitoring the machine'in an area where a radio could
be clearly heard. The second method was a systematic sampling
scheme based on the restriction that only one signal could be
recorded continuously on the Rustrak machine. Listening to other
radios in the area at half hour intervals, the observer spent a few
minutes on each channel noting if the signal was constant,
intermittant, or no signal. More patterns were collected during
1979 duelto the help of a second person. Data were analyzed by
looking ét lengths of active and inactive periods and average percent
activity per hour per individual throughout a 24-hr period. For
determining lengths of the active and inactive periods from the
half-hour samples, whatever the signal was at the time of the sample
was assumed to be the signal for the entire half hour. Thus, only

periods of greater than a half hour were used in the activity
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analysis. After a natural log transformation of the lengths of the
active and inmactive periods, differences between and within sexes
and between years were tested with ANOVA analysis as described in
the previous paragraph on movement data. For visuai comparisons
among individuals, graphs of the average percent activity per hour
plus and minus one standard deviation were drawn. Ouring the day,
visual observations were taken on radioed otters with a Questar
. telescope to correlate activity and inactivity with the Rustrak
signal. The area where the signal was being recorded was scanned
hourly with the Questar telescope on 80X to record unmarked otters
and their activities for a general idea of the activity of the
population. These data were pooled at hourly intervals over the
entire season, percent activity per seéson was plotted, and compared
visually with the activity graphs of individual otters.

In 1978, behavioral data were collected on marked énd unmarked
otters using focal animal samples (Altmann 1974) in order to detect
effects of the transmitters on the otters. All data were taken
using a Questar telescope and interval timer with an audible signal
to mark the time. Five general categories of resting, grooming,
interacting, locomoting and feeding were used and a list of sea
otter behavioral patterns developed in Alaska (Packard and Ribic,
manuscript in preparatioﬁ, Appendix C) was used and amended in
California. Samples of 8 min in length were taken as often as

possible though some samples were .less than that due to.visually
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losing the focal animal. A total of 300 8-min samples of radioed

and non-radioed otters were.collected. For nonradioed otters, 53

grooming, 81 resting, 37 feeding, and 9 interacting samples were

~ obtained. For radioed otters, 30 grooming samples, 64 resting, 28

feeding, and 7 interacting samples were collected. Only the g
categories of grooming and resting contained enough samples for
further analysis. For each focal animal sample of 8-min in'length,
frequencies of individual behavior patterns were tabulated. Since
the total number of 10-sec intervals in the sample was 48, each
pattern could take on a value from O to 48. Differences between
radioed and nonradioed otters were evaluated With chi-square tests
(Snedecor and Cochran 1967)'and, for each behayior included in the
chi—sqﬁare analysis, Freeman-Tukey deviates were calculated (Bishop
et. al. 1975). In addition, discriminant analysis, done with the
SPSS statistical package (Nie ef. al. 1975), was used to separate

groups.
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RESULTS
" Movement and Home Range
Movements
~ Looking at Table 3, there was a great deal of variation in

averge distance moved over the fall season among individuals in both
years irregardless of sex. For each year, the tests for equality of
overall movement averages within sex were rejected (p ,007 in all
cacec)(Tablc 4). From Scheffe's Lesl, wlthln the 1978 malas, there
appeared to be two subsets of males. One group consisted of two
males, numbers 222 and 903, who moved to the southern edge of the
population's range and the other containing males that did not move
far from their capture points (numbers 416, 803, 395, 350 and 819).
There were no distinct sﬁbsets within the 1978 females while within
the 1979 females, there was one female (number - 648) separated from
the other females. This female had an average overall movement much
-less than the other females. The 1979 males were all different from
one another:. In view of this irndividudl varlabtlon, tests between
males and females were not done.

Overall movements of the otters were divided into daylight and
nightly movements (Table 5). Within individual otters, there were
no significant differences between éverage daylight and éverage
nightly movements (paired t-test, t=-0.19, d.f.=15, p=.45). There
did not appear to be a large correlation between weights of the

otters and average overall movement (r=0.27).
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Looking at the fastest rafe of travel fof otters with at leaét 5
locations, tHere was a range from .09 km/hr to 1.74 km/hr (Table
6). The fastest rate for males in 1978 was 1.49 km/hr and .77

km/hr in 1979. For females, the fastest was .79 km/hr and 1.74

km/hr in 1978 and 1979, respectively. Within years, there were no

significant differences between males and females for average rate

of travel (t=2.21, d.f.=8, .05 p. .10 for 1978; t=0.86, d.f.=8,
p=.4 for 1979), nor was there a difference between 1978 and 1979 for
average rate of travel (t=0.09, d.f.=18, p .50). There was a
small correlation between rate of movement and weights of the otters
(r=0.42) with heavier otters tending to mo?e faster than lighter
otters.
Home Range

Average lengths of home ranges in 1978 and 1979 were 18.21 km
and 3.51 km, respectively (Table 7). The 1978 avefage reflects the
effect of 5 otters having ranges with lengths greater than or equal
to 10 km (Table 8). If these lengths are removed, the 1978 average
is 4.4 km. Removing the lengths greater than and equal to 10 km for
analysis, there were no significant differences between females in
both years (t=0.99, d.f.=11, p .5) though there was a significant
difference between males (t=7.75, d.f.=6, p .005). Between
females and males in each year, there were significant differences
in average lengths of home range (t=2.38, d.f.=17 .025 p .05 in

1978; t=6.23, d.f.=15, p .005 in 1979). There was a low
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correlation between lengths of home ranges and weights of the otters
(r=0.43) with heavier otters tending to have the longer home range
lengths. There was a smaller correlation between lengths of home
ranges and rates of movements.

Areas of home ranges, listed in Tables 7 and 8, tend to be
overestimates as areas not utilized by the otters are included in
the estimates due to the assumption of a rentangular home range. In
additian, not all parts nf a home range were used with squal
intensity by an individual otter. Appendix D contains maps for each
individual's home range. In 1978, most of the otters stayed in the
vicinity of capture but five of the ntters did not. Of the fivse,
three otters (numbers 903, 222 and 608) were males that moved out of
. the capture area the day of capture and were later found 80 km down
the coast in the vicinity of the sbuthefn edge of the population's
range. -The other two otters were female§ (numbers 703 and 315).
Number 703, later found to be pregnant during fall 1978 (R. Jameson,
personal communication), moved between the capture area and three
different areas while number 315 moved from the capture area north
to a second area. In 1979, the three hales and three of the eight
females (numbers 648, 605, and 636) did not move faf from their
capture locations. Three of the remaining five females (numbers
585, 298, and 453) moved up and down a-3.57 km length of coast which
included their capture areas. The other two (numbers 692 and 345)

were captured together with number 345 moving north from the capture

-

4l
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spot and staying in the new area and number 692 moving north from
the capture area and then back toc the vicinity of the capture area.
There appeared to be much overlap among females captured in
locations close together (Fig. 6) while the males' ranges only
overlapped when the animals were caught from a large group of otters
(Fig. 7) or the radioed otters ended up moving long distances from
their capture points. In one instance where two 1979 males (numbers
780 and 746) had adjacent ranges, there was little overlap between
the ranges (Fig. 8). Number 780 stayed in an area to the.northeast
of number- 746 and was located Qithin the range of number 746 during
only one afternoon during the two and a half months of number 780's
radio life. Otherwise, number 780 rested in a small kelp patch in a
bay to the north of a public pier and fed out in the kelp beds and
in the vicinity of and southwest of Point San Simeon. A female,
number 648 (Fig. 9), on the other hand, almost completely overlapped
with number 746's range and was frequently observed resting in the
same group as number 746. |

‘ Pattern of use of an area appeared to be similar among otters.
Most qtters that were observed had separatc locations for resting,
which usually were offshore in the kelp beds, and feeding, which
were usually inshore (numbers 746, 803, 416, 648, and 636) (Fig.
10).This was not invariable as radioed otters were observed feeding
within the kelp beds (number 703) and in isolated kelp patches
outside the edge of the main kelp beds (number 780) along with other

unmarked otters.
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season for radioed sea otters in California in 1978 and 1979.
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.

Average distance between locations in km over the fall

= standard deviation and n = sample size.

Year

1978

1979

Otter

416
819
350
395
608
903
222
803
850
242
104
703
315

821

746
585
605
345
298
A48
453
692
636

Sex

Overall Movement

Mean

0.55
0.59
0.55
0.46
7.16
4.81
1.86
0.50
0.62
0.91
0.98
2.98
3.46
1.96
2.06
1.79
0.63
0.32
0.23
2.73
u.51
2.13
1.07
Q.31
1.02
1.11
0.89
0.99
0.39
1.22

S

.d.

HFNNWAEHOOOHRWHOOOO

O0o0OCOoOO0OOoOoONMNCP+HDOO

.38
.35
.39
.25
44
.61
.5

.58
.36
.67
.11
.39
.09
.09
.34
.32

.22
.21
.15
.67
34
.05
.80
.21
.68
.91
.82
.79
.21
.81

n_
28
20

9
15

-3

3
9
52
15
13
21
37
4
13
8
5

5
75
54
13
22
10
28
74
26
27
32
11

3

8

s.d.
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Table 4. ANOVA table for average ln(overall movements) by sex and
year of radioed sea otters in California during the fall seasons of
1978 and 1979. 5SS = sum of squares and MS = mean square.

Year Sex Source d.f. SS MS F Ratio F Prob.
1978 Males Among 6 41.09 6.85 10.54 .01
Within 121 78.17 .65
Total 127 - 119.26
Females Among 3 15.63 5.21 4.41 .01
Within 77 90.98 1.18
Total 80 106.61
1979 Males Among 2 4,81 2.41 8.36 .01,
' wWithin 115 33.11 .29
Total 117 "37.92
Females Among 7 44.74 6.39 11.09 .01
within 207 119.32 .58

Total 214 . 164.06
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Table 5. Average daylight and nightly movements in km of radioed
sea otters in Fall 1978 and 1979 in California. M = male, F =
female, s.d. = standard deviation, and n = sample size.

Daylight Nightly

Year Otter Sex Mean s.d. n Mean s.d. n
1978 803 M 0.52 0.69 32 0.48 0.36 19
416 . " 0.50 0.37 12 0.59 0.40 16

395 " 0.50 0.17 5 0.44 0.29 10

819 " 0.42 0.29 7 0.68 0.35 13

350 " 0.32 0.09 3 0.67 0.43 6

222 " 2.03 2.1 2 1.08 0.59 2

703 F 1.21 0.92 11 2.79 4.58 22

106 " .74 0.52 6 1.15 1.29 14

242 " .87 0.6l 5 0.93 0.74 8

850 " 0.57 0.19 4 0.64 0.42 11

- all Q.77 0,31 10 0.24 0.672 10

- males 0.71 0.65 6 0.66 0.23 6

- females 0.8 0.27 4 1.28 0.96 4

1979 821 M - - - 0.59 0.24 4
780 " 0.35 0.22 40 0.29 0.20 35

746 " 0.23 0.16 27 0.2 0.15 27

585 F 1.57 0.87 7 1.12 1.04 6

605 " 0.59 0.33 10 0.45 0.35 12

345 " .41 0.19 3 2.87 2.23 6

298 " 1.13 0.81 14 1.01 0.82 14

648 " 0.30 0.23 4l 0.33 0.18 33

453 " 1.01 0.52 14 1.03 0.86 12

692 " 0.80 0.73 8 1.15 0.51 18

636 " 0.93 0.79 12 0.88 0.8 20

- all 0.72 0.43 10 0.0 0.74 11

- males 0.29 0.08 2 0.37 0.19 3
females 0.84 0.41 8 1.10 0.77 8
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Table 6. Fastest rates of travel in km/hr for radioced sea otters in
California in Fall 1978 and 1979. M = male, F = female, and
standard deviations are in parentheses. -

~ Year Otter Sex - Rate’
1978 222 M . 0.88
416 " 0.36
803 " 1.49
903 " 0.99
608 " 1.71
523 " 0.55
703 F 0.79
106 " 0.17
242 0.09
315 ", 0.34
- all 0.74 (0.54)
- males 0.99 (0.52)
- females 0.35 (0.31)
1979 746 M 0.17
780 " 0.77
636 F 0.82
453 " 0.72
692 " 0.37
345 " 0.21
298 " 1.14
648 " 1.74
605 " 0.53
585 " 0.77
- all 0.72 (0.46)
- males 0.47 (0.42)
= females 0.79 (0.48)
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Table 7. Average areas (km2), lengths (km), and widths (km) of
home ranges of radioed sea ot%ers h Fall 1978 and 1979 in
California. s.d. = standard deviation, n = sample size, and * =
removed lengths _ 10 km.

length width area
year sex mean s.d. n mean s.d. n mean s.d. n
1978 all 18.3 22.2 14 1.5 0.4 14 26.7 33.9 1l4
males 20.4 24.9 9 1.6 0.3 9 29.8 36.5 9
females 14.3 17.9 5 1.3 0.5 5 21.1 31.9 5
1978*  all 4.4 2.7 9 1.5 0.4 9 5.6 1.9 9
males 2.7 0.5 5 1.7 0.2 5 4.6 0.8 5
Pemales 6.4 3.0 4 1.2 0.5 4 6.8 2.3 4
1979 all 3.5 2,612 0.9 0.212 3.7 3.1 12
males 0.1 0.1 3 n.a n.l 3 n.a 0.3 3
females 4.3 2.6 9 1.1 0.2 9 4.7 2.9 9
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Table 8. Areas (km2), lengths (km) and widths (km) of home ranges
of radioed sea otters in Fall 1978 and Fall 1979 in California.

Year Otter - Sex Length Width Area

4,
4,
65.
3.
5.
5.
60.
102.

1978 . 416 M 3.
803 " 3
222 " 5
395 " 1.
350 " 2
gl - v 2
903 " 50
608 " 60
523 " 10

. 106 F 7.6
- 703 " 46
242 " 8.
850 " 1.
315 " 7.
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1979 780 M
746 "
821 "
585 F
298 "
605 "
453 n
706 "
648 "
636 "
692 "
345 "
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Activity

Interpretation of the Rustrak signal

In 1978 and 1979, ottefs with radios were simultaneously
observed and had their signals recorded on the Rustrak recorder for
a total of 26.5 hrs. In allﬂcases when an otter was resting, the
radio signal was continuoys (Fig. 1lla). However, behaviors such as
stroking, rubbing, rocking, rnwing, and leoking (eee Appcndix C for
descriptions of behavior patterns) were performed withoUt putting
the rear feet in the water. With the behavior pattern "rocking", an
audible fading in and out of the signal as part of the antennae went
in and out of the water was noticeable. The Rustrak recorder,
however, was not sensitive to these rapid changes in tone and a
constant signal pattern was produced. If rocking and slow stroking
and rubbing are considered to be part of the resting category, then
the underestimate of activity fram the Rustrak recording comcs
duriny Lhe grooming bout. A grooming bout produces a pattern
consisting of a period of intermittant signals between 2 periods of
constant signal periods (Fig. 1lb). An avefage grooming bout was
21.00 min (n=18) with an average of 13.24 min or 63% spent in
activities where the feet were held above the water (Ferm and Ribic,
manuscript in breparation). Assuming an average of 6 grooming bouts
in a 25 hr period (see results 6n rhythms), an approximate 1%

underestimate of activity results from using the Rustrak record. An
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otter actively grooming or feeding always produced an intermittaht
signal . Feeding tended to produce a characteristic pattern (Fig.
llc) of a straight line %or an average of 2 min alternating with a
constant signal of 2 to 3 min. This pattern, however, varied with .
the individual otter's habit of holding its feet during feeding.
For example, number 608 consistently held its rear feet ventral side
uﬁ so the antennae was submerged and no consistent pattefn was
produced during its feeding bouts. Number 703, on the other hand,
held its feet ventral side down so the antennae was layihé on top of
the water and a signal was produced. Because of the inconsistencies
in distinguishing between grooming and feeding categories, only the
two categories of active (grooming, feedihg,.other activity) and

inactive (resting) were considered.

Activity Patterns

Lengths of active and inactive periods by sex and year are
listed in Table 9. There are too few data points to test for
differences between sex or length of periods in 1978. However, if
the raw data of 1978 are plotted by grouping individuals (Fig. 12),
the general trend supports the results of the tests of the 1979
data. There were no significant differences between active and
inactive periods within females for either category (p. .05) (Table
10). For males, there was no significant difference for the active

period (p=.87) though there was for the inactive period
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(p=.04)(Tabie_lO). Lumping the data within sexes, there were no
significant differences between sexes for either active or inactive
periods (t=l;9l, d.f.=77, p=.06 for active period; t=.27, d.f.=73,
p=.79 for inactive period). So, looking at active period length
versus inactive period length, there was'no significant difference
between the lengths of the two periods (t=.12, d.f.=108, p=.9). For
1979, the average active period was 3.33 hrs. and the average
inactive period was 3.75 hrs (Table 9). Therefore, the ideal
average otter was active an average of 12 thrs broken up into about
4 hr périods while the inactive period was broken intb approximately
3 periods of 4 hrs in length.

There appeared to be a pattern for each otter (Figs.'13-16)
though individual variation tended to maék any distinct rhythm{
Most otters appeared to be active in the early morning from about
0U400-0800 with activitylincreasing in the mid afterﬁoon (1300-1700)

with a third variable period around 2300-0200. Population activity
| levels (Fig. 17) for both ycars showed an increascd activity level
during the early morning and late afternoon. Variability between.
individuals was seen by pooling onset of activity over all otters.
Lumpihg in 2-hr. blocks, onset of activity did not differ from a
uniform distribution (X2 = 12.94, d.f.=1l, .25 p .5). There did
not appear to be any tidal effect bn onset of activity (X2 = .71,
d.f. =2, .5 p .75) but due to lack of data on weather and ocean

conditions, no other environmental effects were tested for.
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Table 9. Average lengths in hours. of active and inactive periods
for radioed sea otters in Fall 1978 and 1979 in California.

F=female, s.d.

= standard deviation, and n=sample size.

Year Otter Sex
1978 416 M
350 "

395 "

803 "

608 "

222 "

703 F

106 "
- all

1979 746 M
. 780 "
648 F

453 n

605 "

636 "

692 n

- all

- males

females

Active
Mean s.d. n
4.72 . 3.61 2
5.36 0.70 4
1.8 0.66 2
2.01 1.9 3
2,79 2.6 4
3.34 1l.61 5
4,12 1.6 17
4,04 2.36 26
2.68 1.27 24
3.21 0.59 6
3.79 1.9 9
3.09 2.02 27
2.55 1.42 10
3.33 0.59 7
3.00 1.2 2
3.08 0.44 5

M=male,

Inactive

Mean s.d. n
3.52 l1.29 3 .
2.4 1. 2

4.26 1.6 2
2.99 0.31 3
4.56 5.06 3
6.79 4.12 4
2.42 0.24 3
3.85 1.9 7
4.07 2.3 15
3.32 2.55 32
5.10 2.68 21
4.78 2.33 6
2.46 1l.16 9
2.86 2.30 28
4.12 2.04 13
3.75 0.92 7
3.69 0.53 2
3.76 1.07 5
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. Table 10. ANOVA table for active and inactive periods by sex of

radioed sea otters in California during the 1979 fall season. SS =
sum of squares and.MS = mean square.
Sex Type Source d.f. .SS MS " F-Ratio F-Prob.
Female Active Among 5 1.99 .39 1.22 31
Within 65 21.15 .32
Total 70 23.14
Female Inactive Among 5 3.42 .68 1.95 .09
Within 65 22.84 .35
Total 70 26.26
Male Active Among 1 .01 .01 .03 .87
Within 36 11.76 .33 :
Total 37 11.77
Male Inactive Among 1 1.66 1.66 4.44 .04
. Within 36 13.43 1.37
Total 37 15.09
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" BEHAVIOR
Behavioral Effects of Transmitters

In the resting category, floating was the most frequent behavior
seen (Table 11). Other behaviors such as'rocking and rubbing
occurred with a leéser frequency. Graphical separation of the
radiced and non-radioed otters was hot distinct (Fig. 18) but the
X2 value was significant (p. .005)(Table 12). Looking at the
Freeman-Tukéy deviates (Table 12), radioced otters did not appear to
niﬁgle-and rub as much as non-radiced otters. Using discriminant
analysis, the separation between radioced and non-radioced otters
(Fig. 19a) was significant (p = .001).

In grooming, the most frequent behaviors were stroke, nibble,
rock, rub/stroke, logroll, and somersault (Table 13). As in
resting, graphicaléseparation of the 2 types of otters was not
distinct (Fig. 20) but the X2 value was significant (p
.005)(Table 14). Using nonradioed otters as the norm, radioed
otters can be seen, from the Fréeman-Tuqu deviates (Table 14), to
engage in rub/strokiné more often than non-radioed otters. However,
the separation of groups from discriminant analysis .(Fig. 19b) was

]

not significant (p = .186).
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Table 11. Counts and percentages in parentheses of behavior
patterns seen in the resting category for nonradioced and radioed sea
otters in Fall 1978 in California.

- Behavior Pattern Nonradioed Otters Radioed Otters
float 311 (94) 2702 (98)
nibble 6 ( 2) 5 (0.2)
Tub 7(2) 4 (0.1)
rock 4 (1) 6 (0.2)
stroke 2 (1) 16 (0.6)
look 0(0) 1 (0.03)
shake 0(0) 1 (0.03)
rub/stroke 0 (0 1 (0.03)
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Table 12. Expected values for the contingency table from the data
in table 11 for all behaviors with values greater than zero in both
categories of radioed and nonradioed otters. Freeman-Tukey deviates
are in parentheses. '

Behavior Pattern Nonradiced Otters Radioced Otters

- float 324.61 (-0.74) 2688.39 ( 0.27)
nibble 1.19 ( 2.36) 9.81 (-1.66)
Tub 1.19 ( 3.1) 9.81 (-2.1)
rock : ©1.08 (1.9) 8.92 (-0.96)

. stroke 1.94 (0.19) 16.06 ( 0.04)
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Table 13. Counts and percentages in parentheses of behavior

patterns seen in the grooming category for nonradioed and radioed

sea otters in Fall 1978 in California.

Radioed Otters

Behavior Pattern Nonradioed Otters

dive 0 (=) 1 - (0.1)
float 31 (5) 59 (7)
look 5 (0.8) 21 (3)
logroll 21" (3.5) 46 (6)
nibble 104 (17) ‘160 (20)
periscope 1 (0.2) 0 (=)
porpoise 1 (0.2) 5 (0.6)
Tub 31 (5) : 20 (2)
rock 108 (18) 80 (10)
scull 8 (1.3) 6 (0.7)
shake 14 (2.3) 7 - (0.9)
submerged U (-) 3 (0.4)
somersault 28 (4.6) 50 (6)
stroke 174 (29) 150 (19)
swim 3 (0.5) 21 (3)
tuckroll 7 (1.2) 13 (2)
nibble/rub 5 (0.8) 1 (0.1)
nibble/stroke 0 (=) 6 (0.7)
rub/stroke 60 (10) 154

(19)
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Table 14. Expected values for the contingency table from Table 13
for all behaviors with values greater than five in both cells.
Freeman-Tukéy deviates are in parentheses.

Radioced Otter

Behavior Pattern Nonradioed Otter

float 39.19 (-1.33) 50.81 (1.13)
look 11.32 (-2.12) 14.68 (1.54)
logroll 29.18 (-1.58) . 37.82 (1.29)
nibble 114.98 (-1.02) 149.02 (.90)
Tub 22.21 (1.75) 28.79 (-1.72)
rock 81.88 (2.71) -106.12 (-2.68)
scull 6.10 (.79) 7.9 (-.61)
shake 9.15 (1.48) 11.85 (-1.48)
somersault 33.97 (-1.02) 44,03 (.90)
stroke 141.11 (2.64) 182.89 (-2.53)
truckroll 8.71 (-.51) 11.29 (.55)
rub/stroke 93.20 (-3.78) 120.80 (2.85)

Test statistic X2 = 78.72 d.f.

11 p

.005
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DISCUSSION

Movements
To clarify terms used in the following discussion, the following
definitions from Baker (1978) were used:
migration - the act of moving from one spatial unit to
" another.
familiar area - total area ever visited by an animal during
its lifetime. Usually a number of discrete areas connected
to one another by relatively narrow tracks.
homé rangé - probortion of the habitats within a familiar area
visited during any particular limited period of time.
In addition, two types of sea otters were recognized: resident (did
not move from vicinity of capture) and nonresident (did move from
vicinity of capture).

Because of the limitation of the study to thc fall scason, the
movemente of 4 of the 6 males in 1978 to an arca €0 lm from point of
capture could be given af least two interpretations. The first is
that these otters have large fall home ranges or the second is that
a transition between a summer and winter range was observed. The
latter interpretation is supported by observations made by R.
Jameson that the 2 resident males in 1978 (numbers 803 and 416)
moved to the same area the nonresident males moved to 1 to 2 months

later. This movement by resident otters may be analogous to
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movemenﬁs made by breeding Peromyscus maniculatus males out of their
territories-at the end of the breeding season (Fairbairn 1978). 1In
addition, from counts of concentrations of otters by the California
Dept. of Fish and Game, there is an increase in otters at the
southern edge of the range during the fall and winter to a winter
peak of about 200 with the numbers decreasing to about half that
number during the spring (California Dept. Fish and Game, personal
communication). Thus, there is some indication that male sea otters
are seasonally migratory. The females in this study, however,
ténded to stay near their areas of capture. Only one female (number
703) moved long distances but she moved between three areas on an
approximate 2 week basis rather than moving to one area and
remaining there.

From looking at the maps in Appendix D, females .appeared to
utilize their home ranges more evenly than resident males. Areas of
rest appeared to correspond with concentrations of otters. Most
feeding was solitary though otters were observed feeding in the same
general area. Movements of resident males appeared to be more
restricted and more predictable. Once feeding and resting areas of
the resident males were located, visual observations of these males
could almost always be made. This did not hold for the females or
nonresident males.

Since area of home range depends on the outermost distribution

of the kelp beds, the home ranges reported here are much larger than
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those reported by Loughlin (1977) and his average home range length
of 2.5 km is less than 4.4 km for 1978 and 3.5 km for 1979 found in
this study. The two areas studied by Loughlin (1977) and this study
were different in the frequency of human disturbance experiénced by
both otter groups. The amount of human disturbance in the Monterey
area (Loughlin 1977) was quite a bit more compared to the San Simeon
area and could have affected the movements of the otters. However,
in agreement with Loughlin (1977), females tended to have larger
home ranges than resident males. .The nonresident males had home
ranges that appeared to be a group of small areas linked by travel
corridors. This corresponds more to the description of a familiar
area and the nonresidents' home ranges are not strictly comparable
to the fall home ranges of females and resident males.

The importance of movement on population dynamics and population
genetics is just beginning to be examined critically (Gadgil 1971,
Roff 1975, Baker 1978, Waser and Haven Wiley 1980). The movements
of sea otters throughout thelr ranye is relatively umknown though
this study points out that otters may move long distances in
relatively short periods of time. Rates of travel found in this
study were less than the maximum of 2.5 km/hr reported by Kenyon
(1969). But, one male otter moved 70 km in two days as well as one
female moving between areas about 25 km apart in about a day.
Information on the sea otter social system is limited (Vandevere

1970, Calkins and Lent 1975), but perhaps there is.a more distinct
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breeding eeason than previously thought (Woodnouse et. al. 1977) as
evidenced by the movements of the resident males during the winter.
Some of the questions brought up by the movement data include what
determines which otters are residents, what is the amount of site
fidelity for resident males,‘what the contribution of nonresident
males to the gene pool is relative to resident males, and how far
into the range nonresident males will travel. Many of these
questions should be anewered by long term studies that follow a
variety of individuals over time. The movements, however,~of the
sea otters in California'abpear to be similar to those of sea etters
in Alaska (Schneider 1978) in that dominant adult males move less
and more predic¢tably than other males in search of estrous females

and that adult females move the least.

Activity Pattern

Due to small sample size, no differences due to sex were tested
for. Contrary to Loughlin (1977), individual otters appeared to
have a rhythm though the pattern was ultradian rather than
circadian. But individual variation tended to mask a strong
pattern. This variation could have been due, in part, to the
sampling frame of a menth. There are many types of rhythms
including weekly, menthly, seasonal, and yearly (Halberg et. al.
1977), many of which may be confounded with a circadian pattern.

Any shifting in a pattern due to these other rhythms would
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contribute largely to the variation when ldokidg for a daily
pattern. ‘From the graphs, the frequency of the rhythm may be on the
order of 6 to 8 hours which appears to tie in most closely with the
physiology and thermoiegulation capabilities of the sea otter.
Physioldgical studies are lacking but of the ones published (Stulken
and Kirkpatrick 1955, Morrison et. al. 1974, Costa, manuscript in.
preparation), the rate of passage of food through the digestive
system is on the order of 3 hours, absorption of nutrients is low,
- and energy needed for thermoregulation is high. The apparent
Similarity between an otter's active/inactive periods add
physiological capabilities is an area for further research.

An otter spends approximately half its time resting and half
being active. In addition to the finding that movements throughout
the day and night appear to be the same, sea otters engage in the
same type of activity irregardless of illumination. This is in
agreement with Loughlin (1977). Since most of the other studies
looked at groups of otters during the day, the pefcentages reported
by authors such as Shimek and Monk (1977) and Estes and Smith (1973)
are not directly comparable for individual time budgets.

The overall population pattern, during the daylight hours, of
active in the morning and evening appears to be a result of a
summation of individual otter patterns. Shimek and Monk (1977)

" reported that only 50% of the group in view would be engaged in a

certain activity during an hour. This points to great individual
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variation in time of starting and dﬁration of an acﬁivity so that
' looking at the activity of groups of otters during the daylight
hours is probably not adequate for estimating total energy budgets
of individual otters.

The variation within an individual does not preclude a rhythm,
however, and this study points to the possibility of such rhythms.
Various authors have speculated as to the evolutionary significance
of rhythms and the main ideas‘are (1) timing behavior in relation to
the external environment for, say, the onset of breeding, and (2) in
relation to competitors and predators (Cloudsley-Thompéon 1970,
Bunning 1973, Ruéak and Zucker 1975,’Saunders 1977). The
possibility of a physiological constraint producing the rhythm of
otters has already been mentioned but there are other possibilities,
not mutually exclusive. Cueing on the rhythms of prey to facilitate
prey capture is a possibility. However, little is known of the
rhythms of benthic organisms on which the otters in California
primarily feed (F. Barnwell, personal communication). There is some
evidence for this explanation in the Alaskan work of Estes et. al.
(1978). They found that otters that fed on fish tended to have a
distinct morning and afternoon foraging peak which might have been
correlated with the time both day-active and nightfactive fish were
present and chances of catching fish were maximized. However, they
looked at rhythms of the population rather than of individuals. A

second idea is that of reducing competition between species though,
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with sea otters, the competitors would probably be conspecifics.
Loughlin (1977) felt that some individuals tended to feed at night,
others during the day, and others both day and night. With this
study, the clearest discrepancy between individuals was the onset of
early morning feeding. Some of the 6tters tended to start feeding
between 0300 and 0500 while others tended to feed between 0500 and
0800. Since therg is some evidence for food stealing by individuals
(Fiéher 1939, Packard and Ribic, manuscript in preparation), feeding
before or after others may reduce the risk of losing prey to
othérs. Thé magnitude of food loss by stealing and, thus, the
importance of avoiding others during feeding is unknown. There
needs to be a longer étudy of many individual sea otters with a more
detailed breakdown of activity into the various categories, such as
feeding and grooming, to fully assess the importance of such rhythms

for the individual otter.

effect ul' Lransmitters

Determining the effect of radios on otters is important for the
applicability of results to the rest of the otter population. In
the grooming category, there were no clear cut effects from the
radios. Specific behaviors such rub/stroke increased significantly
in freqguency but the overall importance of this on an individual
otter was not clear. The discriminant analysis suggests that no

consistent differences between radioced and nonradioed otters could
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be detected. In the resting category, tﬁe radioed otters did not
appear to nibble or rub as much as nonradioed otters. But, on
average, the discriminant function separated'the radioed and
nonradioed otters on the basis of rub and stroke, which are grooming
behaviors. From the observations, the radioed otters appeared to
increase rubbing and stroking the rear feet and transmitter before
‘floating for long periods of time. So perhaps the transition
between grooming and resting was prolonged. The effect of this on
an otter is probably not significant in terms of additional energy
expended'doing these behaviors more frequently than nonradioed

otters compared to the overall energy expended over a 24-hr. period.
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Figure Legends

Map of study area during Fall 1978 and Fall 1979 in

California.

‘Floating gill nets used by the U.S. Fish and Wildlife

Service to capture sea otters.

Diver-held trap used by the California Department of Fish
and Game to capture sea otters.

Color-coded temple tags and radio telemetry device
attached to the rear feet of a sea otter.

Rustrak event recorder used to monitor activity of sea
otters.

Comparison of the home ranges of number 453 (a), and
number 298 (b) during Fall 1979 in California.
Comparison of the home ranges of number 819 (a), and
nunber 3%0 (b) durlny Fall 1978 in California.
Comparison of the home ranges of numbers 746 (a) and 780
(b),vboth males captured in Fall 1979 in California.
Comparison of the home ranges of number 746(3), a male,
and number saé(b), a female, during Fall 1979 in

California.
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Composite map of all observations of feeding and resting
sea otters in Fall 1978 (a) and Fall (1979). Blank areas
represent feeding observations, striped areas resting, and

dotted areas both feeding and resting.
Examples of Rustfak recordings of resting (a), grooming
(b), and feeding (c) from radioed sea otters Fall 1979 in
California.
Histograms of lengths of active (a) and inactive (b)
periods for éll sea otters monitored in Fall 1978 in
California.
Graphs of percent activity per hour + one standard
deviation for number 780 (a) and number 746 (b) Fall 1979
in 6alifornia.' |
Grgph of percent activity per hour + one standard
deviation for number 692 (a) and number 636 (b) Fall 1979
in California.
Graph of percent activity per hour + one standard
deviation for %umber 453 (a) and number 605 (b) Fall 1979
in California.
Graph of ﬁercent activity per hour + one standard .
deviation for number 298 (a) and number 648 (b) Fall 1979
in California.
Graph of percent activity per hour for groups of sea

otters during Fall 1978 and Fall 1979 in California.



Fig. 18

Fig. 19

Fig. 20
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Graph of percent behavior for behaviors seen dq:ing the
resting category for radiced (a) and nonradioed sea
otters (b) Fall 1978 in California.

Discriminant analysis of the resting category (a) and .
grooming category (b) for radioced and nonradioed sea
otters (b) Fall 1978 in California.

Graph of percent behavior for behaviors seen during the
grooming category for radioed (a) and nonradioed sea

otters (b) Fall 1978 in California.
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Appendix A. Grid system used to plot locations of sea otters
followed during the fall seasons of 1978 and 1979 using the

University of Minnesota FORTRAN subprogram PLOT3D.
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APPENDIX B. Number of locations per grid per sea otter tagged with
radio-telemetry devices located during fall 1978 and 1979 in

California.



Year

Number

Grid #
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Grid Coordinates (x,y)

# pts. per grid

1978

1978 .

1978

1978

803

416

106

242

1

(48,24)
(49,23)
(49,24)
(50,22)
(50,23)
(50,24)
(51,22)
(51,23)
(52,23)
(54,22)
(54,23)
(56,23)

(38,21)
(39,21)
(10,21)
(41,21)
(41,22)
(42,20)
(42,21)
(42,22)
(43,21)
(45,22)

(6,28) -
(10,28)
(12,27)
(13,26)
(13,27)
(14,28)
(14,27)
(15,25)
(15,26)
(15,27)
(16,25)
(17,25)
(21,23)
(22,23)

(4,29)
(6,28)
(6,29)
(7,28)
(8,27)
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Number

Grid #
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Grid coordinates (x,yj :

# pts. per grid

1978

1978

1978

1978

315

819

350

850

(8,28)
(8,29)

- (9,27)
(9,29)
(12,26)
(13,27)
(16,25)

(1,29)
(5,28)
(6,28)
(7,28)
(9,27)
(16,25)
(16,26)

(43,10)
(43,11)
(44,7)
(44,8)
(44,9)
(44,4)
(44,7)
(44,12)
(45,9)
(45,10)
(45,11)
(45,12)

(43,9)

(44,10)
(44,11)
(44,12)
(45,11)
(45,12)

(43,9)
(43,11)
(44,9)
(44,10)
(44,11)
(44,12)
(45,9)
(45,11)
(45,12)
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Year

Number

Grid #

86

Grid coordinates (x,y)

# pts. per grid

1978

1978

1978

1978

395

903

222

703

2

(44,10)
(44,11)
(44,12)
(44,13)
(45,11)
(45,12)
(40,12)

(45,22)
(52,23)
(6,13)
(8,12)
(2L,3)
(33,2)

(41,21)
(6,13)
(7912)’
(9,11)
(10,9)
(11,10)
(13,9)
(13,10)

(10,28)
(22,22)
(23,21)
(24,22)
(24,23)
(25,23)
(26,2%)
(27,21)
(27,22)
(28,20)
(28,21)
(31,20)
(32,19)
(32,20)
(39,22)
(40,19)
(41,20)
(42,19)
(42,20)
(42,21)
(43,21)
(44,20)
(44,21)
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Year Number  Grid # Grid coordinates (x,y) # pts. per grid
' — (&47,21)
2 (8,12)

(9,12)

(10,10)

(44,18)

=

1978 608 1 (19,25)
(43,21)

2 (45,11)

(45,12)

3 (14,11)

' (15,9)

—

1979 648 1 (44,4)
(45,4)
(46,2)
(46,3)
(46,4)
(46,5)

=AU N

(47,2)
(47,3)
(47,4)
(47,5)
(48,3)
(48,4) : 1
(48,5)
(49,2)
(49,3)
(49,4) 1
(50,2)
(50,3)
(50,4)
(51,2)
(51,3)
(51,4)
(52,3)

WHEULWWERFROONWRFEANVWOVN K

1979 780 1 (49,3)
. (50,3)
(51,4)
(51,5)
(52,5)
(52,6)
(53,3) .
(53,4)
(53,7)
(54,3)
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Year Number  Grid # _‘ Grid Coordinates (x,y) # pts. per grid

(54,4) 1
(54,5)

(54,6)

(54,7)

(55,3) .

(55,4) _ 4
(55,5)

(55,6)

(46,3)

HFNOANNEHEWANO

1979 746 1 . (47,3)
' (48,2)
(48,3)
(48,4)
(49,3)
(49,4)
(50,2)
(50,3) ' 1
(50,4)
(51,2)
(51,3)
(51,4)
(52,3)
(52,4)

-

N .
WWOAUMNF O W

1979 298 1 (34,6)
(36,6)
(36,9)
(37,5)

= (37,7)
(38,6)
(39,6)
(39,7)
(39,9)
(40,4)
(40,6)
(41,5)
(41,6)

- (41,7)
(41,8)
(42,4)
(45,2)
(46,3)
(47,2)
(47,3)
(47,4)
(47,7)

NP RN NN
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Year  Number Grid # Grid Coordinates (x,y) # pts. per grid

(48,2)
(48,3)
(48,4)
(46,1)
(49,3)
(49,4)
(50,2)
(50,4)

Gl b N S

1979 605 1 (25,5)
(25,8)
(28,7)
(28,8)
(29,5)
(29,7)

. (30,5)
(30,6)
(20,7)
(30,8)
(30,10)
(31,5)
(31,6)
(31,7)
(32,7)
(33,7)
(34,4)

FEHFWWRNERERNRNERNNDE

1979 636 1 (11,5)
(18,7)
(19,6)
(20,7)
(21,6)
(21,7)
(22,6)
(22,7)
(22,8)
(22,9)
(23,7)
(24,6)
(24,7)
(25,6)
(25,7)
(26,6)
(26,7)
(29,10)
(30,6)
(30,7)

H R RN NN = N
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Year  Number Grid # Grid Coordinates (x,y) # pts. per grid

(31,5)
(31,6)
(32,6)
(32,7)
(34,6)
(34,8)
(37,6)
(37,7)
(39,4)
(39,5)
(39,5)
(40,4)

= = = = b = = N = = N

1979~ 453 1 (33,5)
(34,5)
(36,6)
(39,4)
(39,5)
(39,6)
(40,6)
(40,7)
(41,6)
(42,5)
(42,7)
(42,8)
(43,4)
(43,6)
(44,2)
(44,4)
(44,6)
(45,3)
(45,6)
(46,5)
(47,3)
(48,2)
(48,3)
(48,4)
(49,3)
(49,4)
(50,3)

NN RFERRRRERRENWRRN SN -

1979 585 1 (13,8)
(19,7)
(20,7)
(23,8)
(24,6)
(25,6)

NN
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Year Number Grid # Grid Coordinates (x,y) # pts. per grid

(27,8)
(29,5)
(30,5)
(31,5)
(31,6)
(32,7)
(32,9)
(34,6)
(36,6)
(47,3)
(48,4)

T N S S S SN Y ST S Sy e

1979 345 1 (4,6)

, (19,6)
(23,6)
(23,7)
(24,6)
(36,5)
(38,8)
(45,3)
(48,3)
(49,2)
(49,3)
(49,4)
(53,3)

[ P S S e

1979 692 1 (9,5)
(9 7)
(10,5)
(11,5)
(12,4)
(12,5)
(14,6)
915,5)
(17,7)
(17,9)
(18,7)
(19,7)
(19,8)
(20,6)
(20,7)
(21,7)
(22,8)
(23,6)
(23,7)
(23,8)

- (24,7)

HFRENEFEFENRFFERNHERFENDHEN P
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Year - Number Grid # Grid Coordinates (x,y) # pts. per grid

(25,8)
(25,9)
(37,6)

1979 82l 2 (2,9)
' (3,10)
(4,12)
(5,11)
(8,10)
(10,10)

N RN e
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Appendix C. Behavioral repetoire, adapted from Packard and Ribic
(manuscript in preparation), used to record sea otter behavioral

sequences during Fall 1978 and Fall 1979 in California.
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Teorso

Rear Feet

Tall

wmay clasp the

forward push pare of body

helng nibbled

Repetitious
cambing or
Tubbing
Covement

May avorm
head ve chesk

Usually not
visible -may

* be stroxing

X Functional Category: COMFORT BEHAVIOQUR
Behavior
Setiavs Behav Inz Oby Ceneral Deserliszica Head
Nibble or .
Liex Nt - Mouth contact is made Nibblling: a
vich some pact of the
otter’s own body, imn  “nosing” or
a nibblianx or licking biting with
voven2nt. Cormon teeth.
objects includa: ltcking:
p Paus . tepeatad up/
, b Bellv dowa meve-
T TFeel wents wicth
1 Tail tongue
7z Transmictaer !
Strowing ' St Front pavs repeatadly Poaitlion
: #TKDY%e pome area nt depandent.
the otter’s own body. on area of
l.....-low iIntensicy: slow :Z?y gruem=,
. movenent
2......high inzensicy: rapid
’ Cocmoa body poxka
ioclude:
c Chest
b Rezad
. . x. Rear fest
- : "B Belly
1 Tafl
B Side
k Back
Rubbing Rd . Rear feet rub some
avea of otcer's Uwa
body ) o
l...v low iateaslecy: the on surface
2 rear feat. are rub-
bed against each
other, usually slow-
ly, i{n a "hand wash—
ing’’ novemant ’
2...k Uigh lntensliy: raptd un vur ahovse
h povam2nt of one foor surface
s .similar to a dog
scratching -~ diracted
toward back, neck, or
side of body.
Sooeraault Sa = Forwaiil somsrsanlt ase Beld nearw
: the head is tucked belly -cay
close to the belly. be nibbling
Often only the cutved or licking
back is visible until
the head reappu4acs at
the end of tha roll;
Full 360° forward roll.
Floating F1 Otter floats belly up Above sur-

on the sucface, reat
feet up, no sculllng,
feeding or grooming
novements

l.e....low intenaity - bady
" potionless

2..cvchigh Lncenslety - nove

nent of paws, head or
feet

face

Folded on
chese, tuckad
under chin,
covering eyea
ot cheeks, or
held vertically
separately.

Flexed or
straight
depending
on which
area of

body is
pibbled

Belly up
on surface

May he
twisted

Curvad tn
a circle
head to
toe

Belly up

poalzion

On or above

" surfacde whila

nibbling focru—
part of body;
spread ovr
waving when
reatr pulled.
tovard wouth

On or abov=
water surface
pulled to-
ward head

Rubping -

On or below
waver suriace
when nibbling
other body
parts.

Pulled to
nouth when
tail fand
tsually rearv.
feet) grocmed

sane

Ou or below

" surface

Serarching
by one

. Pulled up

toward
head

Hay be fanned
saeparacely;
vertical and
placed ona

May bha above
surface’

Curled vo-
ward h=ad
or flips to
aid in
turning

over the orchee;

toes. tipped
toward nose;

or digles flexed

toward pala
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SOCTAL INTERACTION (continued)

Behavicr
pattarn
Chinningz Ch
Rosing ¥o

" Tu=bling Tu

Behav Int Ob) Cenaral Descristison

The otter swvias 5lou1y
towazd i{ts partner,
and places chia on
chesr, belly, or near’
the head of the otherc

Nosa/acuch contact
made wizh anothsr
otter. Diificulc ta
discingulish betwszn
nibbliang aad salffing
as the two =ovedanls
are ofren intermixed.
Area of body which is
rosed nay be indicaced
in object coluzn

l......Lov fazensicy: brief
duratlon (<2 sec).

2.._...2133 {atenslty: longer

Curatioa (>2 sac).

. wm Mutcal nosing dberween
.two otters - oA

The otter places ita
body on the bzlly of
another oztec. This
may ba accoxplishad
by swizainz up slowly
and over the belly of
the partnz:. The fore—
PLas mAy.Ir Aay not
be used to pull the
otter onto the bally
of ita partner. Oc-
casionally che octer
way roll sidzways
canto its partner.

The other otter wmay
wmove away or Temain
statlonavy.

Xeee...low intensity: front
half of body covars
head and fronr half
of partmer’s body

2......Elgh Intensicy: full
body contact

Two otters roll over
and ovsr each other.
The arched backs are
usually visible, with
an vccasional glimpse
of feer, tails, or
keadw. The budy con-
tact 13 highly vari-
able — somatimes It
appears they aze
wreatling, at other
tices cakiag jaw
contact

Baad

Contact with
the' partner

Mouth/nose
contact
with an-
other
otter

Above water

Usually be-
low surface,
occasionally
appearing
briefly as
a new lunpe
{c inttiated

Front PaJs Torso Rear Feat
tiot visible Usually Ou.or below
: belly down  thz sucface

position

May grasp Variable Variable,
partner . usually be=
low surface
May be used Belly dova  On ot below

to pull otter
onto belly of .
partnar

.

Half of
torsgo

contacts
parctaer

entire
torso
contacts
pastirar

NoiL always Flaxed
distinguishable ventrally
Appear to nake actively
contact with turning
the other otter and twist—
. : int. Arch-
ed back
‘usually
visible.

surface

Usually be-

low surface, .

occasloanally
protrude

Tail

On or balaw
the surface

Sane as feel

On or balow
surface

May stick

out at odd

angles 1if
_ visible
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‘AP?ENDIX (:(continuéd)

COMFORT BEHAVIOUR (continued)

Behavior
pattem

Tuck Roll

K Dliake

Behav Inz Chi Ce=naral Descriotlon
Ir ~ Head 1s brought toward
chest, but bent over
to side while otter
does a 360° side roll.

Internzdiane betiracn
8 sgm2raaclt and a
l1og raoll.

Frem a belly up
posicion, the otter
rotatea ro the side
like a rolling log.
Differs frox rocking
ia that feez and paws
are suboerzed.

Rk Froo a bally up poal—
tion, the otter doas
a side roll with
torso arched such
that the feet and
paws remals out of
" " the wvater

l......20v incensizy: otter
rockd fXea slde to
side (180%)

2..c...high fntensity: otter
rolls 350° in una
dlreceion

The head 1s Totated
rapidly from side to
side 13 a typleal
shaking covement;
wvater flies; the nose
pay be outstretched;

the ohake may involve |

part of the body as

well. '
Ex - ~ Be2lly doun with both
rear and head sub-
perged. Tha arched
back rematins visible
BT the surface vutlon—
less for a few seconds

Rear Feet

Dk - Whlle floating on the
back, otter bricily
dips the head 1a and

out of tha warter. The

Eead Front Paws . Torso Tatl
Tumed to Usually not Initially Submerged Subnerged
one side, visible ~may belly uvp,
may ba ba stroking then twist—
nibbling . ed vith
belly, shoulders ’
back; or to belly
side. ) or aide
On, above May be held Exzended On.or above - On surface
or undar near chesct’ horizeontal— suszface :
water sur-~ or be involved 1ly. Di{ffera
face in grooming or from rock-

feeding. ing 1in that
torso i3 ’
not arched.
. .
Above Above surface, Flexed Above warer Above oz
surface nay be held ventrally on surface
: to wouth while ’
belly up,
. then dor-
. oally while
. tha-bally
is down
___________ - T o K e e R o n e . e o e e
Rapid side ‘Acriviey s In several  Dependant Dapendear
to side ro~ inorerrupted posicions on preceding on pzeceding
tacion. - ~horizontal behavior. behavior.
- Nose wmay to vertical
be ant- depending
stretched. on precading
behaviar,
Subrmerged Subaerged Arched back Subnarged Subnmerged
- abova surfacs R
Above. sur- Variable, above Beily up Vaziable Ia uater

face, sub-
nergad, then
above surfaca

water

chin Is extended.moving

the back of the head
dorsally



APPENDIX O (continued)

Functional Category: FEEDING BEdAVIOUR

.
‘Behavior
pattemn

Bzhav Iat Ob) Ceneral Deascription

Pounding

?d

Rapid up and down
pounding novements
are cade coto tha
chest victh or vith-
out an object held
between the fore-
pavs. A hard ob-
ject ray be balancad
on the chest as the
otter floats on its
back. O3serves can
often hear pounding

While floating on che
back, the fora paws
are brought repeatedly
to tha wouth. Sowe=—

H tizea the nmovem:at
looks lika "cramming”
socething into the
mouth, at other times
it resambles biting
off pieces.

Cn surface

Above sucr-—
face; biting
or chewing
movenencts

Head Froat Pada

Torso Rear F=et Tatl

Pounding
wovenenis
and grasp
object

Hold object
{not alwvays
visidbla) to
nouth

it

Oa or above
surfaca

Belly up

On surface
position : .

On or balow
surface

On or balcw

surface with

.occasslonal

wave —pos—

sibly scul-
. ling

Belly up
position

Functional Category: INVESTIGATION

.Behavior
pattern

- Behav Iat Obj General Dascriptica

Head Pront Paws

Torso Rear Feet | Taill

Jooking

Lo

Belly up or on sida,
the otter turms its
head in various direec-
tiocs. If irs gaze is
orlented primarily iam
direction, that wmay
be indicated in object
coluon.

l......low inteusicy: slow
movenents; occasional
haad tumms.

Zeveoetilzh luteualty: wapid
agitated movements of
head from side to side

- Only the shoulders
and head are visible
above the water, as
the otter takzs a
few geconds to "look
around'. Usually
precedes a high=
intensity dive.

Above surfaca Variadble

Turned as 1£
scanning

Turped as 1f
alarmed

Above sur-
face; cay
be turnad
as if che
animal
seaks via=-
ual artlan-
tation cues.

Below surface

Belly up Variable Variable

or on side

In vertical Below surface
plane

Below surfa.
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" APPENDIX ( (continued)

Functional category: LOCOMOTION

Bzhavior )
patcetn Rahav Int Dbt Careral Nescriordion Yoz oot Tows Torso f.ear Teet Ta'l
Sidescroke St + Thz otter movas alony Above .surface One nmay be One= stdea One above or 0n or balow
~ the surface on its visible down -on sucrface, surface
side. One foot nauy be - ‘ohe below
waved above surface surface
acd head may be orien— '
ted toward an objact
Schmerged Sb + EBody totally submecg~ Not visible lNot visible Yot visible MNot visible Not visible’
-~ ed, the otter ye— .
appears at a distance - '
indicating it has °
swum .uader water. :
Porpolise Po
1 4 Low datenslcy: As Submerged Subnerged Arched Submerged Submarzed
- the otter swiny just ’ : back ' )
below the surface, - visldle
the arched back re- . ' at in-
peatedly appeara on tervals
the surfaca ’ . . .
2 + High {ntensity: Re— Appeara 1in Held close Arched 1n May or wmay Sama. as feek
- peatedly the atter the arrhing  to Chest faveresd U not come
leaps out of thewatar wmovement of duriag leap, above sur-
with back arched inaa the leap, below sur— face in leap
- tnuertad T, Canarvald beluw sur face i foce betw=zen .
wovemear 1s L{a tha between leaps leaps ©T
forwavrd direction as
contrastad with the
leap precedinz a
feeding dive.,
Swlsming ’ Sz 4+ Bally cdown. the head Abova sutr-  Below surface Back abova - Belew surface Below or oo
’ ~ and back ave vislble face, chin surface urface
- moving along the in wvacer - . '
surface T
Sculling Sc + Belly up, the otter Above sur— On chest or Belly up Above or on Below or on -
. - moves aiotng the sut—‘:‘fdce,fchin . touching position suxfaée} may surface
face propelicd by = out uf N ehin/nzad poddle ooving fre=
povement of the tall water . B '+ gida to 8ida
acd/or faet. .
Dive D% 1 <~ low intensficy: From a Submerged Variabla Mioimal * Submerged - Sane as
. belly down poslitcion, first T arch as as rarso feet
the otter submerges . feet fol- follows
bead thea feer. Arch- Jow head head
iag of the back is ’ .
minizal. R .
2 High Lluteusliy. Ourie: 3Submergad Tuckad to Inicially Subaecged Saz2 as
leaps out of water In first chest vertical, as torso feet
a single porpoise. flexes follows
Archicd tuisu cleasly ventrally head
visibla. : ar peak
of leap
Tolding :
diva Fd - - From a belly up Above sur- May stick Flexed Above sur- Same asa
posicion, the rear face, poves up vertically ventrally face, rove feat
feet and shouldars - toward feet, or be tucked from a toward shoul-
vove teward the cen-  Anhmerged .o chase Lelly up gers, sub-
ter of the body and after the position nerged at
the otter sinks back- belly ) same time as
ward into water head
Rowing Rw - 1lying belly up, otter Held above Held vp ver- Flexes Above surface In water
folds ventrally in a surface tically above ventrally
V sehape then straligh- surface in V shape
tens. Head, rear feet : then straigh~ -
and fore paws hald tens )

out of water slmilar
to folding dive, but
nay be repeated and
otter does not sub-
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"APPENDIX  (continuad)

_SOCIAL INTERACTION (contiuued)

Bahavior
pattera

Shove

Crab

Cenecal Dascristioa

Otter forcafully
pushes anather otter
gvay with forepaws

Qtzer attaopts to move
body between. two other
teractiag otcars

Bolding food or an
oblect, atter coves
paws _ tovard aaother
otter. The object i1
reliaquished vhan the
othacr otter takes L.

%ith paws or oouth,
occer grasps an objecc
held by another ottac

l...-..lov intensfty: not

succesaful at ob—
tatalaz object

2-..:..H13h Intensicy:

.

succeasfully obtains
object

Otter remalns naar
the aide or head of
of a feeding otrer.
Baad 1. orlented to—
-ward the feeding
otrer, Paus nmay or
eay not rake coatact.

Pup has zouth in area
of female's oipples

Y......Lov intensicy:

2.....

ot p

J

or x

suckliog inter=~
Tuptad

.Hizh fnteastcy:
continnuous coan—
tact with nipplas

Fesale usas front
arrs to hold pup to

-her chest. The pup

19 usually clasped
aragund the chest,
neck, or head and
becoces licp.

Jawa are closed on
the body of another
atrer, wafaraining
prolonged contace

Pemale grabs pup by
neck .

Hale grabs femala
by nose '

Head

Above water

Usually above
water

Peeding wove—
ments cocmon

May grasp
objzcc wich
mouth

Above wacer,
orientad to—
ward feeding
otler

At inguinal
area of fe—
male

Above sur—
face

Front Paus

Tail

Push anotherc
otter

Bold an objact,

woye Loward
other otter

Hay grasp
objecc wich
paws otr’ coa-
tace body of
other otlter

May rest on
chest or
shouldars
of otaer
olter

Usually
contact
fenale -

Torso Peac Teat
Variadle Subaergad
Variadble Variable
Usually Variable
belly up
Variable Variaole-

If vertical Usually

shouldars suboerged
nay be above
surtaca. May ™ .t
be belly .
. down
Belly down, Subwmergsd or

£ay rest on
female, or
float per-
pendlcularly
to femala

on female

Submarged

Variable

Subnerged or
on female

Encircle
upper part
of pup’s
body

Usually sub-
nerged

Variable .Submérged
Usually Usually aub-
belly down rmerged

Subrerged

Useally sub-
merged
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APPENDIX ( (continued)

SOCTAL INTERACTION

Functional Category:

Behav Iat Gb] General TDascristiosn Bead Front aws Torso

Wrestling vr Tvo orters actlively Above water Crasp the
grasp each other with partamar around
forearms around the veck or shoul- .
head aad shoulders, ders
and twistc to braak
the hold. B

l.....-low tnteosficy: 1a a Vertical
, a verctical posicion, .posizion
bead and shoullers uvsually
above thae water. shoulders
] are visible
2......H4zh {ntenstey: wore . Variatioo
rapld wovemeacs, al- betweaen ver—
ternatiag with cum— tical and
.bliagz at the water horizontai
suzface.

Gape Ca Otter holds the mouth Above surfaca May be used in Llunging
open, usually orfent- Op=2n mouth, wrestling wove— covemant-
ed tovard partrec’s no viting ceat varies from
head. It nmay lunge vertical to
withoost cakinz coa— horizontul.

. ’ . . tact, or parry lunges Shoulders

: ’ ‘ ‘mada by partoer: : sbove water
1......low int=nafty: brisf )
duration, qualicy of
a threat
" 2ecs..-Righ intensity: pro~
lomzed intacaction
sinllar tu the jawlag
play of dogs.
Lusys Lo caddan Farward hady Orirntad Prohably - De2andent
: poverent tcward ., toward above sur-— on previous
another otrer other face ‘behavior
1......low iotensicy: oo otter
countact :
2......HBi¢h intanairy: biting con
‘Luage acd nip, tact of
mouth contact short dura- .
tion

Mytual »

porpolsiag Po o Porpolse as da- See loco— See loco- See loco~
scrided under notion votion rotion
locoxotion.

Syachronously ot

in close sagquence

with a partaar moving .
" 4n mame dicection

Pawlng Pa With one forepaw, the Usually eyes Above water— Dapendent on

otter réaches out ro’ dicected vo= uwue reaches precedlug
. contact 1ts partasr, ward partner out behavior

¥ay be a shoving or

patting movement.

Spiesh s1. Belly up, orter rmoves Above water Shoving Belly up
partly submerged front oriented %o- wovemant
paus sway from body ward another splashea
towards another animal wvater
enicmal, making wuier
splash.

Rear Feat

Tafil

Below surfaca Below sur—

Belew sur-
face

Usually ha-

low surfaca

See loco-
cotion

Sace as
Lurso

Balow sux-
face

face

Below sur-
face

ICinaddy ba
199 surfac

Sea loco-
zotion

— e, e e . e T e —— ———

Sanz as
Lorso

Belaw

face
.
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Appendix D. Maps of locations of sea otters tagged with
radio-telemetry devices tracked during Fall 1978 or Fall 1979 in

California.
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APPENDIX D

Fentanyl and Azaperone Produceé Neuroleptanalgesia in the Sea Otter

Thomas D. Williams, DVM, A. Lesley Williams, and Donald B. Siniff, Phd

SUMMARY
.' Fentanyl, given intramuscularly (I.Mf) at dosages of .05 to .1l mg/kg ‘
of body weight and in cdmbination with azaperone at dosages of .il to
RIS mg/kg was used to effectively produce neuroleptanalgesia in sea otters
under field conditions. Thus in general, fentanyl at a dosage of .05 mg/kg
when combired with azaperoﬁe at é dosage of .20 mg/kg met most of the

requirements for a safe, short.acting, reversible immobilizing agent

used under field conditions.

Chemical immobillzation of the sea otter (Enhydra lutris) is essential prior

to field investigation requiring manipulation. Previcus deseription of the

fatal use of sodium pentobarbital and ketamine hydrochloride in the sea otter,

emphasize the need for ac immobilizing agent with a wide sefa2ty margin,
rapid reversibility and no undesirable side-effects. 1,2
‘ From the Ocean View Veterinary Koépital, 109 Central Ave, Pacific Grove,
Calif. 93950 (Williams,AWilliams); Dept. of Ecolcgy and Behavioral Biology

(Siniff), 318 Church Street S.E. Minneapolis, Minnesota 55455.

" .This prcject was partially funded by the Dept. of Ersrgy DOE-EY T6-8-02-1332

and the California Dept. of Fish and Game.

The autkors thank Dave Garshells, Jzack Ames, Robert Hardy , Fred Wendel,...

and Pitman-Moore,Inec. for supplying fentanyl and azaperone.,
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CIThl, etorphine and halothaze kave all been used successfuily in tke

2 Btorghiae, at a

sea otter but eéch has limitations for field applicaticn.
dbse‘df 29.75 =g per adult otter met most of the requirements for field
use, but chroanic convulsions and cyaﬁbsis‘défé undesirable side effects.2
Fentanyl has been tested in searotters in éésagés{as highk as 0.0k—mg/kg‘with.to
immobilization occurring.2 Haigh has reportéd the successful use of fentanyl
in hooded seals (Cystophora crisﬁata) at dosages of 0.3 to 0.5 mg/ﬁg,
enabling tagging>and blocd sampling in the field.3

Fentanyl (0.5 ml/kg) bas also produced profound neuroleptanalgesia
in ferrets (iMustela putorius furo) suggesting its further apélicafion

b ' :

in the sea otter,

Materials and Metheds .

Twenty-two sea otters were captured in mcdified gill nets in'Prince
William Sound, Alaska, and 6 sea otters were capthred with a diver kheld
-net in Monterey Bay, Califormia, during the summer and fall of 1379. '

While the ottérsAremained entangled in the net a rear limb was
secured and fentanyl or fentanyl and azaperone were injected I.M,  The
dosage of fentanyl ranged from .05 to .1l mg/kg (1lOmg/ml) of body waight,
with or without a concurrentl& administered dose of .1l to .45 mg/kg

(%0 mg/ml) of ezapercre.



After capture in Alaska, otters were sﬁbjected to biological sampling,
-Pitted witk rad;d-telemetry devices, sive;nan antagonist snd released. In
California, the otters were subjected tc blological sampling, given an
antagonist and confined in a holding pen for 3 to 5 days, after which
fhey'were released. buring confinement otters ﬁere fed squid aund abalone.

Ngufoleptanalgesia was reﬁersed in 22 cases with naloxore at dosages
cf 010 to .053 ﬁg/ké and in 6 céses with diprencrphine at dosages of
.052 to .113 mg/kg. |

After immobilization was achievéd, otters were removed from the ret,
rectal temperatures were recorded, respiratory rate was determiﬁed visually,
and heart rate was established by palpation. Twenty-three of the otters
were males, 5 were‘females, body weights ranged from 15,0 tov38.6 kg. All
were adults.

Effectiveness of the dosage was Judged by the otters rgsistance to
handiing, its amounf of woluntary movement, its response to external

stimuli and its reflex respoase.

Results

The results of the immobilizatioz of 28 sea oﬁters are presented in
table I, In 10 trials with fentanyl, induction occurred within 3:40 minutes
and 9:CO minutes, with an average induction time of 5:29 minutes. Induction
time wes not dose relsted. The totéi icmobilization time varied from 2b

3.



minutes to 37 minutes and was dose related. The total immobilization time
was 30.2 zminutes. In 18 trials using fentanyl in combination with azaperone
inductior occurred within 2:45 minutes and Ii:ls minutes; uith an aferage

icduction time of 5:58 minutes. The.total time of immobilization rangsd

‘from 2% to 73 minutes with an averege of 4O mirutes. The tuwo antagonists used

were nalaxone hydrochloride ard diprenorphine. Naloxone-hydrochldride in
dosages from .010 to .053 mg/kg I.M. resulted in recovery from 30 seconds

to 46 minutes with an average of 4:50 minutes, with the exception of trial |
#2U4, Diprerorphine was used as an éntagonist in 6 trials in dosages of

052 to .113 mg/kg and resulted in'récovery timas frox 1:&5 fb T:30 minutes,
with an average of 6:20 minutes,

With extreme values omitted and a 95% confidence interval, tbé mean
respiratory rate'wés 14.9 to 17 respirations per minute, the mean heart rate
was 133.4 to 157.2 beats per minute and the mean temperature was 3€.7T ¢
to 374 c.

All otters returﬁed to pre-immobilization motor funétion and behzvior

after recovery.

Discussion

Neuroleﬁtanélgesia is a useful technique in sea otter immobilization.
It produces a state of analgesia and sedation without complete unconsciousnesé,
allcvwing for biological sampling and surgery without anesthesia.s’s | Fentanyl

is more potent, faster and relatively sheorter acting than other analgesics

L~



in cliniczl use ard ifs stiéngth is approximately 100 timé§ that of '
morphine.s’T’8 Under fleld conditions, estimation of tke weight of the
animal for dcse celculation is s major probieﬁ.g In se2a otters, there is-i
the additional factor of qccasional"hypothe}mia resﬁlting from capture,
which decreases the metabolic rate and tﬁe ability to metabolize tﬁe
immobilizing agent, necessitating a lower dose. Therefore, the use of en
immobilizing agént such as fentanyl witk a wide margin of safety, thus
allowing for miscalculations, is critical.’?

Azapercne is used as a neuroléptic with its action potentlated by the
.immobilizing compound , fentanyl.lo The safgty margin of fentanyl is higher
when given in combination withk azaperone.lo Azaperone is virdually non-
toxic, does not reduce body temperature at low therapeutic éoses and appears
to have no adverse effects on heart rate, cardiac output and aortic blood'

10,11
W .

flo Azaperone also counteracts the respiratory depressanf eflects

of fentanfl and érevents traumatic shock. 7’19’12

In this study,.fentaﬁyl used alone provided rapid induction,'adequaﬁe
immobilizatioﬁ an ro adverse side effects. Recovery time was short but upon
recovery the otters behévior seemed to indicate anxiety as tkey dove for
long periocds of time upon releass., Two otiers with high fentanyl doses
experienced short, mild clonic contractions indicating the desirability of

a reduced dose, even though a higher dose did not appear life thrzatening.

Fertanyl and Azaperone, in ccmbination, had a number of desirable



features. Inducoion time was slightly increased but was well within
an acceptable range. Ctters receiving.a.605° of azaperone above .20
mg/&g, regardless of the fentanyl dose frequently exhibited clonic
contracticns and had a prolonged recovery time. The great advantage
to the addition of azaperone was that recovery was smooth znd otters
exhibited little anxiety. At the highest dose sfudied, (.llmg/kg
fentanyl and .45 mg/kg azapérone ). respiration was significantly
;ncroased, heart rate was higker than average and temperaturs was elevated.
Recovery time was prolonged and necessitoted an additionai.dose of
antagonist but no after effects were noticed.

The results of this study indicate that = dosage of .C5 ug/ug of
fentanyl combined~w;th a dosage of .10 to .20‘mg/kg-of azaperooo provides
safe, uncompliceted, easily reversible immobilization in sea otters;

A distinet advantage to tﬁis drug combilnation is that the dose can
be administered intramuscularly while the otters remain ir the water.
After injectiorn tho otter floats safely until immobilization ccecurs
then the animal con be oandled with no danger %o Ilnvestigators.

Naloxore and diprenorphine, both rarcotic antagonists, reédily'
reverse the neuroleptanalgesio state produced by fontanyl and azaperone.
The dosage of naloxono used was calculated on the basis that 1 mg

was sufficient to antagonize 10 mg cf fentanyl. It Is krown thzt



doublirg the dose of naloxone incrsases'the'prgtective effact, therefore
suggesting a dosage of et laést .01 mg/ké;lh

Thermoregulatioﬁ in an immob;;ized otter éan bsccme unbalanced,
therefore any izmobilized sea otter must have its teﬁperature closely
monitored. When temperature is above 101° F, 1% should be reduced with
cold water, Converseiy, otters left in the capture nets for long
ceriods (as a result of captﬁring more than ore 2t 2 time) sometizes
experience profound temperature drops. Eerdling immediately after
capture 1is ideal, ‘

Two of the otters used in this study, numbers 7 and 26; died sub-
sequenfly in 21'én¢ 14 days respectively. Necrcpsy of otter #7 »zvealed
interstitial emphysema that had been present for 1 to 2 weeks, pulmonary -
congestion and severe seminiferoﬁs tubular atrophy and aspermatogenesis.
Otter #24 was found in an advanced state of decomposition after being
" seen dead but not recovered one week previously. Cause of death iIn both
animals was undétermined. It is reéognized, however, that the.stress
of capture and handling can lead to death in sea otters, especially if
they are debilitated. In the field, adequate assessment of the otters
state of health is suéerficial.

Subsequent to the study reported here, the California Department of
Fish and Game have successfully immobilized 2L sea otters with the

recommended fentanyl and azaperone combination.



TABLE I. - Results of 28 trials with Fentanyl and Azaperome

* Nelcrorne - T,

digrenorphine -~ D

+ MCC - M11d clonic contractions

Irduc- Recov~

Otter Sex 'i;ight Fe-;:tanyl Azap.erone :i?—.zel Antagonist® t::Z Resp- Beart Tewp -

Ho. Sex (¥z) =mz/kz zg/kg  (min)  me/kg " (min) _irstion Rste ‘¥ __Coments .
‘1 M 28,6 07 - s 014 § 1:30 10:1% 9k-108 101.5 -
2 M 295 .07 . 5 LomN 30 12 104-140  99.0 McC +
3 M 38.6 .05 - L:30 .00 ¥ 3:15 15 124 99.0 )
L M. 30.9 S5 - 5930 .C26 N 2:00 16-20 1hos150 1016 MG
s H 25.0 .08 - bibs 032 X 3:30 12 104 99.0
6 M 29.1 .07 - 5:15 .02 N 2:b5 16 1o 97.0
7 M- 322 .06 - 9:00 .25 N 1:20 16 1c0 98.4
8 M. 32.7 .C6 - - T30 .061..9 3:30 12 16 101.5
9 M 38.6 .05 - 3:50  .052D 1:b5 20 100 101.k
0 u 277 .o - ko .e29W  k:il0 16 100 99.5
n M 36.3 06 A1 8:00 022 N 2:50 12-16 136-152 97.0
12 M 2u.1 .08 33 10:00 L033 K 5:15 16 1k-172  99.0  MCC
13 M 27.7 o7 L9 11:15 009 N k130 16 1h-168  98.0  weC
% M 28,1 07 A3 T:00 028 N 10:00 16 -168- 95.0 MCC
15 M 32.7 .06 .37 6:20  .C61 D L:30 16-20 132-168 95.2 icC
10 W 23.2 .e9 .24 10:c0 .03k W 4100 20 156-173 97.3 LG
17 M 25.0 .08 2k 6:00 .080 D 7:30 6 172 $9.2 MCC
1B M 29.1 .07 | 21 T:85 027 N 2:45 20 16 9.5
19 M 25.3 .c8 23 25 .030N  lo:c0 12 ek 91 MmcC
20 ® 201 .07 21 3bs et X 55 20 184 99.%
21 M 22,7 .09 .26 T:00 .090 D T:00 16 16 97.0
22 4 34.5 .06 17 6:60 .02 § b:bs 15 1712 97.6
23 # 27.2 .07 .29 8:00 .029 ¥ 5:30 16 178 100.k  MCC
2h T 17.7 A1 s 6:60 023 1 46:00 b 200 102.8 Qverdose

113 L0 3:00 :

25 F  20.9 05 12 5:C0 038 N 3:00 2 192 97.0

© 26 F 15.C .07 27 7:0C .C53 N %:00 16 156 2.0
27 F  20.0 .05 .20 7:00 .00 X 4:00 20 136 $9.b
28 7 164 .c5 .2h 6:00 .08 W 2:00 16 18k 98.0
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4
'PREFACE

The Monticello Ecological Résearch‘station (Monticello,
Minnesota), was established to gather data on complex freshwater
systems under semi-natural‘conditions, Experimental channels are
used to study the effects of pollutant stresses on populations,
communities, and ecosystems. The emphasis of research conducted at
the station is on defining responses to toxicant stress that are
then used as the basis for evaluating water quality standa}ds. One
research technique is to observe the response of free ranging
vertebrates to the manipulation of environmental parameters.
Because of the difficulties of direct observation underwater,
telemetry is a useful tool for monitoring movement patterns of -
aquatic animals. In order to evaluate and measure the responses of.
free-ranging fish to environmental stimuli, the Monticello
Ecological Research Station awarded a two phase contract to the
Cedar Creek Biocelectronics Laboratory for the. development and
testing of an automatic fish tracking/monitoring system.

Previous underwater telemetry studies involved manual monitoring
of radio frequency (rf) transmitters by hand-held receivers from
shore or boat with sUbsequent plotting of triangulated locations on
a map (Winter et al., 1978; Ross, 1978). The Monticello Remote
Sensing System records one location per fish every fifteen minutes
by comparing signal intensity and is accurate to the nearest pool or
riffle in the channel. Therefore, it is now possible to monitor
closely movement pattefns of rf-tagged fish in response to the

manipulation of environmental factors. The development of this
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system required research in the areas of automatic recording of
position information, filtering of interference from random noise
sources, and accessing data for analysis.

The major design difficulty in phase I was surmounting the high
level of background eleétrical noise in the vicinity of the power
plant and transmission lines. Monitoring reference transmitters and
open channels (noise) proved useful in determining system
reliability. Other problems addressed were transmitter
characteristics and the difficulty that the system antennas were not
equally distant from the receiver/conversion device. As defined by
the original proposal, phase Ii of the Monticello project required:
(1) testing the system with rf-tagged fish in the channel for
accuracy and resolution of any other problems primarily connected
with data recording; (2) determining behavioral responses of study
species.after the attachment of rf-transmitters.

Solutions to specific problems encountered in phase I are
discussed in Chapter One. Chapter Two describes how the Monticello
Remote Sensing. System was used during performance testing to
determine overall location selection by individual rf-tagged fish
and to investigate patterns of movement.behavior, especially in

response to light cues. The walleye pike, Stizostedion vitreum

vitreum, was selected as the test species because published data
were available and because the fish tolerated transmitter attachment
well in preliminary studies. Other goals of the field performance
experiment were to measure tagging recovery times, feeding behavior,

and pre-morté}ity movements.
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STUDY SITE

The Monticello field station of the National Water Quality
Laboratory (Duluth, Minnesota) was designed tobfaCilitate field
studies of aquatic organisms under controlled conditions. Eight -
experimental channels each 487 meters in length and composed of
alternating pools and riffles (Figure 1) are located on 34 acres of
land leased from the Northern States Power company adjacent to the
Monticello Nuclear Generating Plant. The average dimensions of a
pool are 33 meters long by 4.0 meters wide by 0.6 meters deep; the
riffles are approximately 33 meters long by 2.6 meters wide by .33
meters deeb. Mississippi river water is pumped in at one end of
each channel and returned to the river through a'culvert at the
lower end of the channel. Flow rates, pH, and water temperature are
all under experimental control; light intensity can be manipulated
by installing shades or covers over part or all of the channél
system. Separate instrumentation systems monitor pH, temperature,
dissolved oxygen, and light intensity at various locations along a
selected channel.

Experiments planned at the>anticello Research Statioﬁ involving
manipulation of light intensity, pH, temperature, and dissélved O2
necessitate a high degree of precision and reliability in monitoring
fish movement. To achieve the design specifications and to allow
easy adaptation to different experimental situations, a monitoring

system controlled by a micro-processor was designed. The
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development of MRSS (Monticello Remote Sensing System) was carried
out by the University of Minnesota under E.P.A. Contract
R-805-290-01-0 "Development and Testing of an Automatic Fish

.Tracking and Monitoring System for the Monticello Ecological
Research Station". Design and construction of electronic hardware
was performed at the Cedar Creek Bioelectronics Laboratory and
field tests were conducted at the Monticello field station during

May 1979.
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CHAPTER ONE
Operational Characteristics‘of the System
INTRODUCTION
Developmental aspects of the Monticello Remote Sensing System

(MRSS) discussed in Chapter One are: tHe system hardware
configuration together with the software program implementation, the
characteristics of MRSS in operation, and an evaluation of the data
from the field tésting of the system dpne during May, 1979. The
conceptual model for the engineering design of the hardware is
discussed in the materials section, while the framework for the
software implementation is discussed in detail in the methods
section. The results and discus§idn sections focus on the
operational characteris€ics of MRSS, examining the accuracy of
position information cobtained with the system and also the
vexperimental difficulties with reépect to extepnal conditions at

Monticello.

AR 28 day performance test using 1l walleyes, Stiznstedinn

vitreum vitreum, with surgically implanted radic-transmitters was

made in order to provide baseline data on the operation of MRSS and
guidelines for interpreting the position infommation recorded.
Manual testing of accuracy was also done to verify that both the
hardware and software were operating according to specification. To
continuously 'monitor reliability, transmitters in fixed, known

locations were used as references. For the first 36 hours of
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operation of MRSS, there were reference transmitters at each pool
(antenna #'s 2,4,6,8,10, and 12). Then the transmitters at pool #8
and #12 were attached to cement blocks and submerged in the center
of the channel until May 29th, the termination of the field tests.
Also monitored were 4 "opeh channels", i.e. frequencies without
actual transmitters, but within the range of the operating
frequencies. These were used to determine whether interference from

external electrical noise could disrupt operation of MRSS.
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Materials: Engineering Design of Hardware Components

The organization and operation of MRSS was designed around the
RCA COSMAC microprocessor (CDP1802) central processor unit (CPU), a
small component that fetches and executes binary instructions. The
COP1802 was selected because CMOS (complementary metal oxide
semiconductor) technology has provided components that consume less
power than those of TTL désign and have maximum noise immunity, thus
allowing construction of hardware suitable for field situations.
Most of the 91 available microprocessor instructions (including 14
input/output instructions) are one memory word (8 bits) in length,
but some require 2 or 3 words per operand (Appendix A). All eight
classes of CDP1802 instruction functions were used by MRSS, memory
reference, register operation, logic operations, -arithmetic
operations, branch, skip, CPU control, and I/0 byte transfer.

MRSS instructions reside in two types of memory; read only (ROM)
and read/write (RAM). The Monticello Remote Sensing System has
three 256, byte RAM locations in Page Zero (Q000-QOFF), Page One
(0100-01FF), and Page Two (0200-02FF); and one 512 byte ROM at
addresses 8000-81FF for the utility program that controls the system
micro-terminal. In addition, there is another 32-byte RAM that is
used for register storage by the utility ROM at memory addresses
8200-821F. Along with the six peripheral devices shown in Figure 2,
the microprocessor and the memory components comprise a simple

computer system.
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Figure 2. The Monticello remote sensing system hardware
device organization and information flow. :
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MRSS software was written in RCA COSMAC assembly language. The
University of Minnesota Cyber 74 time-sharing facility, under the
NOS 1.2 operating system, was used to generate the hexadecimal
machine language code from the RCA support package, a
cross-assembler and debugger written in FORTRAN. Assembly language
allows programs to be written and modified using mnemonic symbols
rather than manipulating machine binary instructions. Moreover, the
Cyber 74 time-sharing system provides facilities for archiving
previous, current, and future versions of programs as well as
simulating opération of the programs before field testing.

A portable data entry/readout device designgd to operate with
the CDP1802 central processor unit and utility program (UT5) is
- referred to as the microterminal (Figure 2). This "notepad“ is a
low power, low cost, small-size alternative to the teletypewriter
frequently used aé an input devibe with small computer systems. It
is particularly effective in a field situation where portability is
a major objective.

The programmable scanning RF receiver is manufactured at Cedar
Creek as described by Tester and Siniff (1976) and Kuechle et al.
(1971); and is used to detect radio-transmitters funcfioning in the
53 MHz band. After a transmitter has been attached to a fish, its
frequency is entered into the memory of the receiver to the nearest

KHz, which is thereafter associated with a particular selection code ‘
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known as a "channel". MRSS allows 32 channels to be scanned per
cycle, but the potential system capability allows a maximum of 64
channels. Cedar Creek receivers are built to cover a 1 MHz
frequency range, which discriminates 100 different frequencies at
recommended spacings of 10 KHz intervals.

Twelve horizontally polarized whip antennas were installed along
one of the eight experimental channels at Monticello, so as to
center one antenna by each poocl or riffle. Antenna tests were
performed to determine optimal signal reception at close distances
(Figure 3). A switching network connected one antenna at a time to
the receiver, in response to a unique selection code issued by the

‘microprocessor control unit. An analog to digital (A/D) conversion
of the signal intensity at the selected antenna was initiated by the
micro-processor after allowing for "settling" time, and the
resulting binary value was stored in an array for subseguent
analysis.

To record time of day, a binary minute counter was tied to the 2
MHz clock on the CPU board. The microprocessor reads the binary
minute counter és a peripheral device to determine elapsed time
(Figure 2). Both time and location information were recorded by a
Datel Thermal printer, model DPP-Q7. This six character per line,
non-impact printer was TTL (transistor-transistor logié) rather than
CMOS, but also had a low power consumption characteristic suitable

for field installations.
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Methods: Software Design and Implementatibn

MRSS has twelve distinct software modules, each performing a
particular task, that together comprise the application program. |
This section discuéses the function, timing ana organization of each
module; a complete listing can be found in Appendix B. In order of
program origin, the modules are defined as: Bootstrap, Channel Ready
List, Delay Loop, Binary to BCD Conversion, Initialization, Reset
for Cycle, Print Cycle Headings,'Pass Initialization, Channel Skip,
Antenna Switéhing, Result Calculation, and Update System Clock. The
program also contains areas of memory uéed as data storage buffers
and can be modified via installation parameters.

MRSS is initiated by pressing "Reset" and "Run Program'" on the
micro-teminal notepad. This is effectively a "Master Clear" and
begins execution at location 0000 with scratch pad register zero as
the program counter. The bootstrab segment of code sets up scratch
pad register 3 as the application P-counter and transfers control to
the initialization segment. Memory is organized so that the more
mutable locations are in Page Zero, but the bulk ofvthe code resides
in Page One.

The Chanpel Ready List is an array of permissable frequency
select codes. During field testing of MRSS, codes O to 31 were

‘defined, having the same function as the memory channel selector
switch on the front panel of a radic tracking receiver. The Cedar

Creek programmable receiver used with MRSS has a BCD memory which
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allows frequency to be paired with channel select codes. After
establishing the best frequency to bé used for a particular radio
transmitter, the three front panel frequency selector switches and
the memory write selector are used to enter the frequency in KHz.
The corresponding frequency select code is then turned on in the
Channel Ready List via the notepéd. This is done by changing bif‘7
from one to zero. For example, to track a fish whose frequency is
selected by channel 00 on the receiver, the contents of the list
location (4F) must be changed from 8016 to 00j4. The current
day, hour, and minute are entered in hexidecimal into locations
6415, 6316 and 62]¢ respectively. MRSS will update these time
parametérs_while running, but can be stopped and reset at any time
by using the "Reset" and "Run Utility" keys of the notepad.

To control the timing of events such as issuing freguency select
codes, switching antennas, initiating A/D conversions, and waiting
for the printer, the micro-processor executes a "delay" function.

- The Delay Loop subroutine takes 980 milli-seconds (msecs) to
execute, and is used primatily while waiting for the completion of
an external event, such as printing a line. This is iﬁportant
because if a print command is issued less than 330 msecs after the-
previous print command, the data are lost because the printer is
hbusy"- Thers are only two scrateh pad memory registers used by the
delay subroutine, R(D)‘as the p-counter and R(2) as the delay

counter.
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The Binary to BCD Conversion subroutine is used to convert
binary data values to their BCD equivalent which is necessary for
the recording of data by the thermal printer. Usage of four scratch
pad menory.registers is required for this purpose: the p-counter
(R(7)), a pointer to the address of the data value to be converted
(R(B)), another register pointing to where in memory to store the
BCD result (R(C)), and also a register for intermediate arithmetic
results (R(A)).

The Initialization module insures that a current clock reading
is obtained from the binary minute counter each time the application
program starts. The user is responsible for entering the correct
time before starting, but the system updates these values at the end
of each cycle by comparing previous and current readings of the
binary minute counter.

The Reset for Cycle module is always executed at the begining of
each cycle which occurs dnly at fixed intervals. Because the
Monticello [E.P.A.] Research Station specified 4 readings per hour,
each active frequency is sampled with all twelve antennas once every
15 minutes and the results printed. However, this is an
inétallation parameter with a maximum limit of one cycle every 4
hours and a minimum of one cyclé every 7 minutes for 32 channels or
15 minutes for 64 channels. Reinitialization of all operating
registers occurs at the beginning of each cycle of the main program.

A blank line to separate data recorded for each cycle, followed

by the time, is printed at the beginning of each cycle. Because of
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the need to convert data to BCD and the wait for the printer to go
"not busy", this segment takes around 2500 msecs to execute.
Scratch pad register E is used as a pointer for the printer output
'buffer, plus the other registers required for passing parameters to
the delay and coﬁversion subroutines.

R pass consists of a sequential scan of all 12 antennas on one
particular frequency corresponding to a channel in the ready list.
The antennas are sampled beginning with #13, which is located
farthest away from the ADP room, the location of the microprocessor
and feceiver, and ending the pass with the antenna located at the
closest station, #2. Before the pass is made, the frequency select
code in the channel ready list is tested for bit 7 being set; if it
is not, the pass is initiated. If bit 7 of the select code is set,
this indicates the frequency for this channel is not to be used this
cycle. Instead, the microprocessor proceeds to the next frequency
select code in the channel ready list. The channel select code for
a particular pass is output via I/0 port #1, followed by a 1 second
delay while the microprocessor waits for the receiver to lock on to
the requested frequency. At the beginning of each pass the memory
storage location for the sum of the signal intensity readings (VSUM)
is sef to zero.

The antenna select codes are output to the network over 1/0 port
#2; followed by a delay of 2 seconds before initiating the A/D

conversion, thus allowing the signal to settle. After initiating a
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conversion, the CDP1802 waits until error flag #1 (EF1) goes zero
before reading the A/D result for that antenna latched into I/0 port
#5. Each unit resulting from the A/D conversion represents 20
millivolts of signal intensity. The reading obtained for each
antenna is compared against the current maximum value for the pass
.in progress and, if the value just read exceeds the current maximum,
scratch pad register B is set to the ﬁemory address where the just
read signal intensity value was stored. Nekt this value is divided
by sixteen and added to the current pass total in memory location
VSUM. If the address pointer in scratch pad register A is not equal
to the end of the antenna select code array, the program branches
back to select the next antenna in the list.

If the end of the list is reached, the pass is complete. Then
the number of the antenna with the maximum A/D reading is computed
by a logical 'and' of a four bit mask with the memory address of the
maximum A/D reading. This antenna ordinal is then converted to BCD
and stored in the printer output buffer as characters 3 and 4. This
number, which corrésponds to a physical pool or riffle, is the
location of the transmitter. The quantity contained in VSUM is a
meésure of the level of background noise occuring durihg the just
cohpleted pass. As shown by Figure 4a, a distinct signal has a
pronounced center of mass around the antenna with the strongest
signal while an open channel with only noise appears as in Figure

4b. Because an average of the 12 A/D values obtained from a normal
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transmitter would give an unreasonably high estimate of the
background noise, as each neighboring antenna also registered some
signal; the sum of the 12 A/D values is divided by 16 instead of 12.

This background noise level estimate (vSum/16) is then
subtracted from the maximum A/D reading obtained from the antenna
corresponding to the location of the transmitter to calculate the
"level of signal distinctness". The larger this value, the more
distinct the signal was at the antenna number reported as the
transmitter location. The formula used for calculating level of
signal distinctness when recording locations allows even weak
transmitters to be distinguished from backgfound noise. The level
of signal distinctness is then converted to BCD and stored in the
printer output buffer as characters 5 and 6. Finally the channel
number that corresponds to the frequgncy used for the péss is
converted to BCD and stored in the printer outpgt buffer as
characters 1 and 2. Subsequently, the line is output to the printer
using I/0 ports 5, 6, and 7; with the six characters being latched
into a holding buffer until the activity on port 7 initiates
pfinting;

After the results of the pass are printed (Figure 5), the
address in scratch pad register 8 is compared to the last address of
the Channel Ready List. If it is not equal, the program begins a
new pass with the next frequency select code. If the last frequency

select code has been reached the cycle is complete. The clock
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‘value for the start of the last cycle is stored into the previous clock
memory location and é new value for the next cycle is obtained by reading
a value from the binary minute counter on I/0 port #6. The number of
minutes elapsed since the beginning of the last cycle is calculated and
used to update the memory locations reserved for the day, hour and minute
information. If the maximum value for day (99) is reachéd,.it is reset
to zero. fhe values for hour and minute are kept in standard military
time. A one second delay for the completion of-printing is executed
before branching back to the beginning of the main program to begin a new

cycle.
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RESULTS

Data recorded by MﬁSS for each transmitter consist of a channel
number, the antenna designation for the pool/riffle determined to be
the location of the transmitter, and the level of signal
distinctness, a signal to noise ratio amalog for the frequency
aséigned to the channel (Figure 5). When the data tapes Were
transcribed, each location determination became a computer card
(case containing) the following information: date and time at the
beginning of the cycle, a unique designation assigned to each
frequency sampled, channel code used by MRSS, antenna ordinal of the
transmitter location, signal level of distinctness, transmitter type
and transmitter frequency. Following the encoding process, the raw
data cards were read into a 'permanent file' on the Cyber 74 and
prepared for analysis.

To prepare the raw data for input to SPSS (a Statistical
Package),'a computer program was used to calculate movement
information., First thc raw data were serted inte ascending
sequential order according to the following hierarchy:
identification number, date, time and receiver channel number. To
insure that movement parameters weré generated only for location
determinations with the required temporal spacing, a julian date waé
calculated using JDATE = (DAYX24X€0)+(HOUR¥E0)+MINUTE. Muvenent was
defined as a change in position as denoted by the. absolute

difference (moves) in station number between two successive location
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deteminations no more thah 15 minutes apart for the same
identificétion nunber‘unique to each transmitter or open channel
- frequency. Another parameter (DIRECTION) was set to 0 if no
movement was indicated, to 1 if the change of position indicated
movement up the channel towards station #2, or to 2 if the movement
was down the channel toward station #13.

The third parameter (CHANGE) denoted change of direction of
movement and was only calculated for 3 successive location
. determinations in a 30 minute period. The change parameter was
blank if there was no movement, O if there was only one isolated
movement, 1 if the three location detemminations indicated two
sequential movements in the same direction, or 2 if the two
sequential movements were in opposite directions.

Finally,.the composite data were processed into an SPSS system
file for subsequent analysis. At this time, if any variables were
found to have invalid parameters (possibly garbled in the
transcription process) the entire case was deleted. The 36,290
cases used for analysis fall into 3 categories as summarized in
Table l:‘(l) reference transmitters (identification number
calculated as 4000 plus the number of fhe pool where they were
stationed), (é) walleyes (identification numbers correspond to
actual Atkin's tag attached to dorsal fin, 4038-4047), and (3) open
channels (identification number calculated as 4100 plus channel

number (0-3) used to record on printout).
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Table 1. Summary of the information produced by MRSS during field testing.

: Number of Average

53 MHZ Atkin's Tag Locations Signal Level S.D. of Transmitter
Frequency Designation Determinations in A/D Units Signal Level Type
.030 4002 79 43.5 8.4 SP
.020 4004 79 43.3 3.6 FP
.040 4006 79 38.9 4.7 MP
.450 4008 2490 15.0 | 2.2 CN
.100 4010 ~ 79 36.8 4.6 MP
.200 4012 2491 53.1 8.4 SP
.210 4038 2123 44.6 19.2 CN
.180 4039 1877 35.5 7.2 FP
.220 4040 2489 24,2 4.8 MP
.220 4041 2492 25.6 8.6 FP
.240 4042 2492 42,3 10.3 SP
.060 4043 2492 26.9 4.9 MP
.100 4044 1135 30.4 7.0 MP
.020 4045 2402 31.1 7.7 FP
.030 4046 2401 28.8 7.3 SP
.040 4047 1136 25.8 7.1 MP
.010 4100 2489 9.3 1.8 " oC
.120 4101 2487 18.0 5.7 ocC
. 260 : 4102 2488 12.4 3.9 oc
.380 4103 2490 0.7 3.2 oc
'CN' = Continuous 'SP' = Slow pulsing

'act Upen channel 'MP!

lFPl

Medium pulsing
Fast pulsing
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DISCUSSION

To measure the performance characteristics of transmitters,
consider the standard deviation of the average level of signal
distinctness for reference transmitters from Table 1 as an
indication of variability in the signal level for the different
transmitter typés. Continuou; transmitters are the least variable,
fast ﬁulsing are slightly less variable than the medium pulsing, and
the slow pulsing transmitters are four times more variable than the
continuous types. Calculation of the coefficient of variation for
the signal levels of each transmitter indicated that variability for
transmitters in fish, or for open channels, was twice that of

transmitters used as references. However, when the éoefficients of
variation were compared for the references versus fish and for the
reference versus open channels using the t-statistic, there were no
significant differences.

Rs the field testing progressed, there appeared to be a slight
tendency for signal levels to gradually become lower, présumably a
function of water temperature, water conductivity changes, or the
hattery being drained of power. This was confirmed by analysis of
covariance on the data for signal level for six walleyes that
. survived the entire period. The most significant factor was the
inherentAsignal level of each transmitter, with the date (i.e.
length of time in operation) half as important. The lowest levels

of signal distinctness occurred during the 1200-1559 time period and
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the highest during 2000-2359. Effect for time-of-day was not
significant, only varing by 2.25 units. Average levels of signal
distinctness for individual walleyes could vary by 20 units of
signal intensity, depending upon where the fish were positiohed in a
pool. Comparing average:levels of signal distinctness for each
transmitter in each pool/riffle suggested that riffles generally had
lower signal levels than pools, but analysis of covariance did not
detect a significant effect.

Location determinations can be further classified according to
the signal level of distinctness recorded when assigning the
location of the transmitter to a_particular pool/riffle. The
frequencies with which signal levels were found to occur during
field testing suggest a trimodal distribution such that'a 'poor’
quality location determination is defined as having a level 6?
distinctness less than 20 A/D éonversion units. 'Good' gquality
fixes fall in the range of greater than 20 but less than 50 A/D
units, while signai levels greater than 50 are 'excellent' quality
fixes; and, as discovered by manual accuracy testing, these only
occur when a strong transmitter is difectly in front of an antenna
installation.

Table 2 summarizes the data‘on signal quality incldding the
percent of location determinations in each usage category achieving
a particular level of distinctness, and also the percent of each

quality category attributed to usage. These data indicate signal
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levels for walleye transmitters were much more distinct than the
open channelé, i.e. high enough to override interference. There
were a few good and excellent quality signal levels for the open
channels which were probably a result of a vehicle with an
unshielded ignition system being used too close to the instrumented
channel.

Because two factdrs, signal level and variability, affect the
accuracy of MRSS, a weak but continuous type transmitter
(4008=53.450 MHz) was used for the reference at station # 8, and a
strong but slow pulsing type (4012=53.200 MHz) was used for the
reference at station #12. As can be seen from Table 3, almost ali
the fixes for reference 4008 were "poor" while the fixes for
variable reference 4012 were either "good" or "excellent". In order
to answer the question "Does a low level of signal distinctness
affect accuracyé", it is neceésary to conéider the signal levels of
the 68 errors that occurred during the 28 day test period. Errors
were defined as a location determination recorded for a reference
transmitter at some pool or riffle other than the true location.‘

Including all the reference transmitters from Table 1, there
were 5297 location determinations on reference transmitters with 68
errors occurring, i.e. 98.72% accuracy. Moreover, 46.7% of all
location determinations on reference transmitters were of "poor"

quality and 61.8% of the errors occurred at these low levels of
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Table 2. Comparison of the three categories of location determinations
(fixes) as a function of quality as determined by level of signal
distinctness expressed in analog to digital- conversion units.

Statistic Reference Walleye Open Channel
Average Signal: 34.45 31.47 12.69
S.D. for Signal: 19.51 11.69 5.20
N of fixes: 5297 21,039 : 9,954

Percent of total location determinations.

Signal Quality  Reference Walleye Open Channel
Poor 6.76 6.90 25.05
Good ' 3.74 47.04 2.46
Excellent 3.96 4.04 . 0.03

Percent of each usage category

Quality Reference Walleye Open Channel
Poor 46.7 11.5 91.2
Good 25.9 8l.1 8.7
Excellent 27 .4 7.0 0.1

Percent of each quality category

Usage ____Poor Good Excellent
Reference A 17.5 7.0 49.3
Walleyes 17.8 88.3 50.3
Open Channels 64.7 4.7 0.4




Table 3. Summary of location determminations on primary reference
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transmitters.
Quality 4008 (%) 4012 (%)
Poor 2472 (49.63) 1 ( 0.02)
Good 17 ( 0.34) 1065 (21.38)
Excellent 1(0.02) 1425 (28.61)

Total Fixes 2490

2491

All errors occurring for reference transmitters.

Signal Quality 4008(%) 4010(%) _ 4012(%) TOTALS(%)

Poor 42 (61.8) 0 (0.0) 0 (0.0) 42 (61.8)

Good 12 (17.6) 2 (2.9) 5 (7.4) 19 (27.9)

Excellent 1 (1.5) 0 (0.0) 6 (8.8) 7 (10.3)
11 (16.2) 68

Total Errors 55 (80.9)

2 (2.9)
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signal distinctness (Table 3). Correspondingly, 25.9% of the fixes were of
""good" quality and accounted for 27.9% of the errors; while 27.4% of the
reference location determinations were of "excellent" quality but included
only 10.3% of the errors. To test whether transmitters with signal levels
greater than 20 units are more accurate, a X< test with 1 df was made using
the observed accuracy results for the reference transmitters. Expected
values were calculated under the hypothesis of independence given the
accuracy rate of 98.72%. From the results shown by Table 4, Ho can'bc
_rejected, concluding that there is a slightly higher error rate for "poor"
signal level determinations ( £ 20 units of signal intensity).

Assumihg that the same proportion of errors would occur with low signal
levels for rf-tagged fish, accurate data would be assured by selecting for
implantation only those transmitters producing levels of signal distinctness
greater than 20 units. Fortunately, Table 2 indicates that data recorded for
~ walleyes during field testing of MRSS are priharily of good or excellent
signal'level quality. Moreover, a weak transmitter used as a refe&ence'
(4008) contributed 61.8% of all reference errors from the half of those
location determinations which were of poor quality. Since only 12% of the
walleye'data were of "poor" quality, it is probable that accuracy is closer
to 99% for walleye location determinations.

Reliability of pdsition information is also a function of each antenna in
the network. Ditferences in sensitivity to radio signals or susceptibility
to interference could cause erroneous results. If this were the case during

field testing, the pattern of location determinations for the open channels
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~Table 4. Chi-square test of accuracy for low signal level of distinctness.

Treatments Accurate Erroneous Totals
Signal levels Obs. Exp. Obs. Exp.

LT, 20 A/D units 2432 2442 42 32 2474
.GE. 20 A/D units 2797 2787 26 26 2823
Totals © 5223 68 5297

Ho: Occurence of errors is the same in the two different signal level

groups: i.e. P, - Po.

5.98 = $ ((obs. - exp)2/exp); X3(x= .025) = 5.02
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would result from random noise and reflect antenna malfunction. As
can be seen in Table 5, the percentages of the 3 quality levels of
fixes which occur at‘eaéh antenna were quite different for the open
channels versus walleye location determinations.

If the locatidn deteminations maﬁe by MRSS for the walleyes
were random noise like the open channels, then they should have the
same pattern of distribution. Using the actual number of locations
occurring at each antenna from Table 5, where both fish data and
open channel data were for the whole test period, a G2
goodness-of-fit test (Fienberg 1977) can be calculated as G2 =2 é;
Obs x (10g,(Obs/Exp)). The resulting value for 6% is 9226.5
with 11 d.f., and can be tested by the values of the X2
distribﬁtion.

. The value for X8, (¢ = .005) = 40., which signifies that
the pattern of distribution of fixes for the open channels and the
walleyes are definitely not equivalent. Since the probability of
the null hypothesis being correct is much less than .OOl,'the
individual antennas in the network were reliable and accurate to the
nearest pool or rifflé even though they were not equally distant

from the receiver and conversion devices.
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Table 5. Percent of location determinations of each signal level category

occurring at each antenna in the network for walleyes and open channels.

% Poor % Good % Excellent N of Locations

Antenna Open " Fish Open Fish Open Fish Open Fish*
2 60.24  2.53 2.94 1.15 0.01 0.02 6341 597
3 5.79 0.26  2.14 0.55 0.01 0.0l 766 128
4 7.33 0.8 0.55  7.68 - 1.57 766 1435
5 0.45 0.44 0.03 1.1l6 - 0.03 50 242
6 0.79  1.39 0.04 14.83 0.01  0.52 80 1279
7 9.51 . 1.34 0.5 3.93 0.0l 0.12 1005 824
8 0.52 1.40 ~ 0.05 21.18 0.0l 3.51 60 4858
9 0.71 0.8l 0.06  3.95 - '0.16 79 838
10 0.38 1.40 0.0l 15.22 - 0.25 40 2898
11 0.6l 0.80 0.42  2.31 - 0.06 100 327
12 0.18 3.34 0.05 3.62 - 0.50 20 554
13 4.76 3.63 1.74 5.54  0.05  0.20 647 227

~ Total 91.23 11.91 8.67 8l1.12 0.10 6.97 9954 14207

* locations used only for surviving fish
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Conclusions

The Monticello remote sensing system has been shown to report
accurate position information by time of day for individual radio
transmitters. No insurmountable experimental difficulties were
associated with either the hardware or software. Location
determinations on reference transmitters were 98.72% accurate and
the level of signal_distinctness was a reliable indicator of the
quality of any location determination. Therefore, MRSS can provide
reliable information on the location of free—ranging walleyes with
;mplanted radio transmitters. These data are comprehensive enough
to discern movement patterns in response to daily, or even hourly,

fluctuations of light intensity or other external factors.
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CHAPTER TWO
Walleye Behavioral Responses
INTRODUCTION
The walleye is a temperate mesothermic fresﬁwater fish of the

family Percidae, a dominant species of the boreal forest zone (Scott
and Crossman 1973). The Percidae lack the specific adaptations to
lacustrine life apparent in the laterally compressed Centrarchidae
and Cichilidae, having divergéd less from their anadromous ancestors
(Collette et al. 1977). Although walleyes are tolerant of a great
range of environmental situations, their riverine physiological
characteristics limit the optimum habitat available. The critical
factors include ultimate upper incipient lethal temperatures from
290 to 350C, limited osmo-regulatory capacity, and less
efficient swimming performance. Large shallow turbid lakes support
abundant walleye populations, but large streams or rivers provide
suitable habitat if they are deep or turbid enough to reduce light
penetration (Scott and Crossman 1973).

" The Monticello experimental channel system is well suited for
walleyes with conditions equivalent to those in temperaté rivers or
in the littoral and sub-littorél environment of lakes proposed as
the preferred habitat (Kitchell et al. 1977). The analogous habitat
cohditions present at Monticello include sand and/or gravel |
substrate, low current velocity (Figure 1), reduced light

penetration (Figure 6), and temperature optimal for growth in adults

(less than-270C).
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Walleyes observed by'divers in lakes are most often (98%)
observed swimming in that portion of the lake where perceptible
currents exist (Ryder 1977). Furthermore, flow rates in a running
water system, the supposed walleye ancestral habitat, undergo -
seasonal fluctuations depending on geographic location. Water
temperature is also directly affected by solar insolation, following
a daily cycle with a maximum in the early afternoon corresponding to
the maximum in total incident radiation and varying with the rate of
change of incident sunlight (Figure 7).

Thus within a running water e¢osystem theré are several types of
stimulus that could provide an organism with information about the
24-hour day. Because biotic processes are affected, aquatic
vertebrates would be expected to show a distinct temporal
organization correlated with the rotation of the earth (both
seasonal and time-of-day). Periodic movements of walleye involve a
spring spawning run, daily changes in depth in response to light
intensity, and daily or seasonal movements in response to
temperature or food availability (Scott and Crossman, 1973).

Therefore, the analysis of "time niches" in a running water
ecosystem should be a neéessary complement to the studies of "space .
niches" in determining the effects of pollution stress on aquatic
vertebrates. From the location information produced by MRSS,
temporal movement patterns can be analyzed. Repeated observations
of the same individuals are possible without disturbance and the

sampling method is instantaneous.
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‘Materials and Methods

Eleven male walleyes were obtained from the U.S. Fish. and
Wildlife Service at New London, Minnesota, transported by truck to
Monticello and placed in covered outdoor tanks on April 27, 1979.
The fish were rf-tagged with 9 gm transmitters and released in pool
#4 to swim freely in experimental channel 5 on May 2nd and May 3rd.
The method of transmitter implantation was to surgically open the
body cavity of the anesthetized fish along the linea alba, placing
the mass of the transmitter into the peritoneal cavity midway
between the ventral énd anal fins under the ventral muscles (Hart &
Summerfelt 1975). A modification of this technique allowed the nine |
inch whip antenna to exit via a second opening cut about 2 cm in
front of the anal opening. After carefully positioning the antenna
using a "tunnel" of surgical tubing, the openings were sutured with
5.0 ethilon thread at 3-5 mm intervals (Ross and Kleiner 1980).
Before release, weight and length measurements were taken and a
yellow Atkin's tag was attached to the dorsal fin.

On June 1, 1979, the 7 fish stil; living were recaptured and the
transmitters recovered. All surviving walleyes had healed well,
showed no infection of the sutures, and appeared not to have had
internal ruptures or bleeding from the presence of the
transmitters. Sutures on one fish had worn or torn at the antenna
exit hole. At the beginning of the field test, the average weight

of all 11 fish was 710 gms (S.D. = 180) and the average léngth was
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43.5 cm (S.D. = 3.24). At the time of capture after the experiment,
the average weight loss for 4 fish was 26 gms but one fish gained 10
grams and a fifth fish was too large for the scale and couldn't be
weighed. Weight and length measuraﬁents were not obtained for all
survivors, or for the walleyes that died before May 29th.

- The four rf-tagged waileyes that died during field testing had
Atkin's tag designationé 4039, 4044, 4045, and 4047. One
transmitter (4037) failed at the beginning of the experiment even
though the walleye survived and was recéptured at the temmination of
testing. Five of the surviving fish (4038, 4040, 4041, 4042, 4043)
were tracked by MRSS for 28 days and the sixth (4046) for 27.
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Location Distribution Patterns

Figures 8 througﬁ 17 summarize the location determinations
recorded by MRSS during field testing at Monticello. The y-axis
units represent the station nunbers (2-13) of the antenna
installationé and correspond to the arrangement of the experimental
channel system. For the x-axis, each unit represents a 24 hour time
period defined from noon to noon. The conter lines depict the
percentage of location determinations occurrihg at each antenna
during each périod; i.e. usage of each individual pool or riffle by
each walleye over time. In addition, the caption for eéch figure
gives the weight‘and length measurements of that fish taken at the
time of tagging.

Each walleye févored one pool on a given day, or series of
consecutive days. However, there was a great deal of variation
among individuals as to the primary pool utilized, and the degree of
movement into other pools. For example, Figure 15 shows that fish

4045 died in pool #6 on the eighth day of field testing, but because
the decomposing body was lodged in pool #6, this fact was not |
discovered until after termination of testing. In effect,. there was
an additional reference transmitter at pool #6 for most of the
experiment.

In contrast, data for 4039 (Figure 9) .and 4044 (Figyre 14) show
-that the current in‘the experimental channel carriedla weakened or

"dead fish downstream until it encountered the barrier across the
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bottom end of riffle #13. Thus, compact contour lines indicate that
the fish was staying in a particular pool, as illustrated by Figure
12 (4042). As verified during the course of the experiment, 4042
would swim back and forth in pool #8 but seldom ventured outside.
In comparison, 4040 moved extensively, showing spread-out contour
lines and concehtrations seldom exceeding 70% (Figure 10).

If one examines the contour maps in order of increasing walleye
weight, the five larger individuals seemed to move away from the
initial release pool much sooner than the smaller fish. Of the
walleyes that survived the entiré test period, 2 were small (567
gms, 580 gms), 2 were medium sized (606 gms, 649 gms) and 2 were
. very large (916 gms, 1116 gms). Ouring the last five days of the
experiment, pool #8 was the primary pool used by 1 sﬁall, 1 medium,
gnd 1 large fish. Pool #10 was the major area used by 1 medium and
1 large walleye while -pool #6 was being utilized primarily by 1
small fish. Ryder (1977) reported that schools of active walleyes
usually consisted of 3 or 4 individuals, but may contain as many as
50 fish. Scott and Crossman (1973) characterized walleyes as
remaining in loose but discrete schools with separate spawning
grounds and summer territories.

Examination of tﬁe data for 4046 (Figure 16) and 4043 (Figure
13), the 2 lafgest fish, illustrates their utilization of mutually
exclusive primary pools for most of each time period. The usage

patterns for the medium-sized fish (4038, 4040) were also mutual;y

exclusive
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over almost all the experimental period, as was also the situation
for thé 2 smallest fish, 4042 and 4041. Although the sample size i§
tod small to provide conclusive evidence, there was the strong
suggestion of a partitioning of available habitat on the basié of
body size. Because of limited optimum habitat in the experimental
channel, avoidance or exclusion may have been directed towards
individuals.

To investigate whether avoidance or association existed between
pairs of walleyes, a computer program was used to analyze the data
for the 6 survivor walleyes by comparing position information for
the exact same fifteen minute interval and tabulating how many
stations separated each 2 walleyes. The resulting 15 comparisoné
are sunﬁarized by Figure 18, and Table 6 defines the comparison
assigned to each X-axis ordinal. The comparisons have been ranked
according to the percent of time intervals each pair of walleyes was
together in the same pool or riffle at the same time. In addition,
fhe body size information from Table 6 is depicted relative to
amount of association by Figure 19.-

Apparently walleyes 4U42, 4U38, and 4U43 formed a discrete group
of heterogeneous-sized fish. Another sub-group, 4046 and 4040, was
strongly associated and of different size; while 4041 was a loner.
All comparisons of equivalent body size fall in the region of 20%
association except 4038 vs 4042. This was interpreted as being the

normal probability of association as there were 5 pools and the
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walleyes normally were found in the pools, moving through the
riffles only when necessary to get from pool to pool. The high
incidence of association between 4038 (606 gms) and 4042 (567 gms)
results from their status as "familiars" or preferred companions of
the largest walleye, 4043. Overall, these patterns of association
seem to indicate non-random selection of location by individual
walleyes, preferred aggregations, and avoidance of non-group members.

The two largest walleyes, 4043 (11le ¢ms) and 4046 (916 gms),
appear to be focal individuals, separatéd by at least 35 meters 80%
of the time. Thus a distinct polarity existed between the two
largest walleyes, 4043 (1116 gms) and 4046 (916 gms). The only
occurrence of their utilization of the same primary pool (#10) was
during May 4-6th, the tagging recovery period. Apparently 4046 was
displaced into pool #12 during May 7-9th, returning to pool #10 only
after 4043 had moved to podl #8 (Figures 13 & 16). Competition for
the limited food available would explain avoidance behavior
occurring between these two walleyes for the rest of the field test
experiment. .

Besides looking at overall patterns of distribution of locations
in a 24 hour period, MRSS can be used to detect movement or changes
in position, thus allowing determination of temporal movement
patterns ot walleyes. Table 7 presents the percent of all location
determinations that represented or simulated changes of position

occurring during a four hour time-of-day period, summarized for each



Figure 18. Summary of percent of time intervals that each pair of the six survivor walleyes were
associated, X-axis ordinal definitions of the pairs of walleyes compared are found in Table 6.
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Table 6. Comparison of the percent of time intervals spent in the same pool
and respectiye weights for pairs of surviving walleyes.

Figure 18. : Percent Respective
X-axis Walleyes of Time Weights
Ordinal Compared . Associated in Grams
1 » 4038 vs 4042 47.0 606, 567
2 4038 vs 4043 43.1 606, 1116
3 4042 vs 4043 37.5 567, 1116
4 4046 vs 4040 26.5 916, 649
5 4040 vs 4042 24.3 649, 567
6 n041 vs 4042 23.2 580, 547
7 4046 vs 4043 21.0 916, 1116
8 4038 vs 4040 20.1 606, 649
9 4041 vs 4038 19.5 580, 606
10 : 4046 vs 4042 17.2 916, 567
11 4040 vs 4041 15.7 649, 580
12 4041 vs 4043 16.6 580, 1116
13 4040 vs 4043 13.4 649, 1116
14 4038 vs 4046 12.3 606, 916
15 4041 vs 4046 7.8 580, 916
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Figure 8.

Contour map of the percent of location determinations in a 24 hour time period occurring
in each pool or riffle for walleye 4038 (606 gms, 41.0 cm).
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Figure 9.

Contour map of the percent of lccation determinations in a 24 hour time ﬁeriod occurring
in each pool or riffle for walleye 4039 (532 gms, 40.9 cm),
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Figure 10.

Contour map of the percent of locatlion determinations in a 24 hour time period'occurfing
in each pool or rifflr for walleye 4040 (649 gmd, 42.0 cm).
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Contour map of the percent oZ location determina : [
E z tions in a 24 { :
in each pool or riffle for walleye 4C41 (580 gms, 40.5 cm) ke Sy
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Figure 12,

Contour map of the percent of location determinations in a 24 hour time period Sccurring.
in each pool or riffle for walleye 4042 (567 gms, 40.6 cm).
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Figure 13.

Contour map cf the percent of location determinations in a 24 hov b
: r time period oc i
in each pool cr riffle for walleys 4043 (1116 gms, 49.3 cm). A e
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Figure 14,

Contour map of the percent of lacation determinations in a 24 hour time period occurring
in each pool or rifile for walleye 4044 (696 gms, 44.0 cm).
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Figure 15,

Contour map of the percent of location ceterminations in a 24 hour time period'occuffinﬁ
in each fpool cor riffle for walleye 4045 (581 gms, 41.5 cm).
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Figure 16.

Conzour map of the percent of location determinations in a 24 hour time period:occurring
in each pool or riffle for walleye 4046 (916 gms, 48.3 cm).
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Contour map of the percent ot location determinations in a 24 hour time period occurring
in each pool or riffle for wallaye 4047 (841 gms, 46.9 cm),
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Figure 19. Percent of time pairs of survivor walleyes spent in the same
pool or riffle versus their body-weight ratio.
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usage category. Reference transmitters are nof expected to show
movement whereas the random noise on the open channels fluctuates
widely, frequently simulating movement.

'As shown in Table 7, movements by walleyes do not show the same
temporal pattern of distribution as either reference errors
simulating movement or opén channel background noise interference
detected as change of position. The patterns of simulated movements
caused by reference errors indicate that no particular time-nf-day
was more error prone than any other. Contrasting walleye movements
with open ¢hannels demonstrates a walleye preference fér nocturnal
activity whereas noise on the open channels simulates a constant
high frequency of movement at all times of the day;

In addition to the temporal distribution, another technique for
analyzing movement involves comparing the intensity or frequency of
changes in position és reported by MRSS. For this reason, an
analysis of covariance of the number of stations that fish moved hy
4-hour period was Derfoﬁ.ned with the signal level of distinctness
and the date (expressed as elapsed hours) as covariates. The grand
mean of the 14207 fixes used was .5 stations, which is roughly
equivalent to 18.5 meters. Table 8 summarizes average distance
moved by each walléye and Table 9 averages movement by time of day
for the same 6 fish from least to most movement. Overall, the
variation betweeﬁ the intensity and frequency of movements by
individual fish was not significant.

Time of day had a significant effect on movement as the two

major periods of activity shown by the raw data were post sunset and
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Table 7. Percent of total fixes during the specified time period that

represent or simulate changes in position.

Usage Category

Time Walléyes Reference Open channels
2000-2359 30.3 2.2 25.1
- 0000-0359 23.5 . 3.0 23.6
0400-0759 16.0 | | 1.5 24.8
0800-1159 11.6 2.3 28.3
1200-1559 | 13.8 2.5 34.4

1600-1959 12.9 . 1.6 28.1
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Table 8. Comparison of movement intensity for individual survivor walleyes.

Fish Size Rank Avefage Movement (meters)

4042 6 (567 gms) 9.6
4038 4 (606 gms) 12.7
40481 5 (580 gms) 13.6
4043 1 (1116 gms) . 18.3
4040 3 (649 gms) 18.9
4046 2 (916 gms) 19.5

Table 9. Composite temporal pattern of movement intensity for survivor

walleyes.
Time of day Average Movement (meters)
1200-1559 _ 9.0
1600-1959 9.6
0800-1159 '9.9
0400-0759 ' 14.3
0000-0359 22.3

2000=2253

]
o]
I~
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_ pre-dawn, as previously reported for walleyes by Kelso (1976). In
'addition, there was a very significant effect for the covariate,
signal level of distinctness, but not for elapsed time. As
determined by manual accuracy checks, when the fish are near the
extreme ends of the pools, the signals can often be picked up better
by the neighboring riffle antennas. However the signal levels are
lower than if the fish had actually been in the riffle.

An analysis of covariance was also done on the number of
stations moved with time of day and direction of movement as
explanatory variables and the elapsed time in hours as covariate.
There was no significant effect for time of day or elapsed time
affecfing direction of movement as it affects frequency and
intensity of movement. Ryder (1977) reported observing most schools
of walleyes oriented with their heads facing upstream. When
disturéed'they_would often swim or drift rapidly downstream, then
gradually work'their way back upstream to their original pesition in
the current or eddy. The equivalent number of cases in
complementary categories of movement types from Table 10 confirms
Athis same paftern of behavior from the experimental walleyes.
Moreover, Table 10 indicates walleyes usually move from pocol to pool
as the modal value for the number of stations moved is consistently
2. In summary, although movement appears continuous at a low level,
telemetry has been used to demonstrate that walleyes in an
experimental channel situation exhibit diel periodicity with respect

to changes of position.
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Table 10. Analysis of direction of movement for -3 successive locations no

"~ more than 30 minutes apart for all walleyes.

Move type category N of cases Av. # of stations moved

Stationary ' 17,108 0
Isolated move north 878 ‘ 2.41
Isolated move south - 798 2.18
North-North , 282 2.38
South-South 255  2.su
South-North 771 | 2.46

North-South 788 2.97
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Correlation of Walleye Movement and Light

Since the major environmental factor of interest at Monticello
was light, this experiment focused on fish movements with respect to
total light available and the rate of change of light intensity.
During most of the field testing, a Lambda Quantum Sensor (190-M)
was.used to detect total incident solar radiation. Units of lighf
(23.4 langleys) incoming during the previous hour were recorded by a
Lambda voltage integrator (L1-550). For purposes of this analysis,
total incident sunliéht énd rate of change at sunrise and sunset
were calculated on a daily basis (Figure 7).

Muntz & Wainwright (1978) reported that light of short
wavelengths and long wavelengths affect fish habitat condifions
differently. Downwelling light intensity was strongly correlated
with incident sunlight (short wavelengths); attenuation of
downwelling light was strong in water discolored by suspended mud.
At the surface with long wavelengths (i.e. sunset and sunri§e) there
was more upwelling light than on even the clearest of days at noon.
This was presumably caused by the high degree of backscatter from
suspended material. Short wavelengths attenuate gquickly, not
penetrating beydnd a depth of 0.6 meters (Muntz & Wainwright 1978).
Because of the Qarying transmission of light through the water at
Monticello (Figure 6), a non-linear relationship, such as a

threshold effect, was indicated in the relationship between activity
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phasing and light. Theitapetum lucidum in walleyes (Underhill &
Eddy 1974), an adaptation for visQal perception in dim light,v
results in scotopic vision permitting nocturnal activity (Ryder
1977) at levéls_of illumination insufficient for percids with

photopic vision such as yellow perch, Perca flavescens.

Under natural light conditions, activity maxima in crepuscular
fish, such as Atlantic salmon (Salmo salar) and brown trout (S..
trutta), are always closely related to dawn and dusk independent of
season (Eriksson 1977). Variations in photic behavior among percids
can probab;y be accounfed'fof by differences in the structural
organization of the eye. It is generally known that adult and
sub-adult walleyes make crepuscular or nocturnal feeding forays on
submerged boulder shoals, beds of macrophytes, or other shallow
areas (Ali and Anctil 1977). Apparent diurnalism or nocturnalism in
fish is thoughf to depend on the season (i.e., the distance between
dawn and dusk) and the amount of activity appearing at either side
of the daily light maximum and minimum (Eriksson 1977).

Feeding forays in 3 age classes of walleyes have been shown to
be invefsely proportional to ambient subsurface illumination, which
in turn is governed by a variéty of exogenous factors including
turbidity, water color, wave action, and ambient illumination at the
surface (Ryder 1977). In turbid lakes where transparency is at or
below 2 m on a Secchi disc, feeding occurs throughout the day; but

in clear water the sensitivity of the tapetum lucidum restricts
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feeding to dark periods (Scott and Crossman'l9f3). A pertinent
question would be whether there is any indication of an endogenous
timing component governing nocturnal rhythmic activity behavior,
sﬁch as a pronounced onset and cessation of activity. As shown by

data from 902 bullheads (Ictalurus nebulosus), only about 2% of all

activity onsets take place before dusk and 40% of all activity ends
before dawn for these nmocturnal fish (Eriksson l978). |

wWhen the data from Table 7 are arranged it so as to contrast
~light and dark periods, it appears that walleyes show a dichotomous
pattern of movement behavior. These values are the percent of
location determinations in the specified time period interpreted as
changes in position and suggest aApreference for nocturnal
movement.'~It is also important to noté that the walleyes used in
this experiment were in spawning condition, which is thought to
partially disrupt the negative phototaxis through hormonal changes
initiated through photoperiodic control (Ryder 1977).

Spawning normally begins shortly after ice breakup (April-June)
but is temperature dependent. Males move to the spawning ground
before females but are not territorial and no nest is built.
Spawning grounds are rocky areas in white water of streams or shoals
of lakes with coarse gravel to boulder substrate. Spawning occurs
at. night in groups of one larger female with one dr two smaller
males, or two females and up to six males. Courtship behavior

occurs prior to spawning but hatching success depends on dissolved
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02 (2 mg/1) with no parental care of the eggs or fry.
VCannibalism occurs frequently and overall fry mortality is 99%
(Scott & Crossman 1973). HoweverAno spawning could have occurred
during field testing at Monticello because all the walleyes used
were males.
| ‘Analysis of Covariénce was used to determine if there was
significant temporal variation in movement versus resting behaVior,
using the antenna number (location) and the elapsed time (in hours)
of the experiment as covariates. There was significant (P < .001)
variation between treatments, allowing the conclusion that the usual
period of morning activity is- just before sunrise and the pronounced
period of evening activity follows sunset (Table llj. This model
showed a very good fit with r = .874. Neither covariate was
significant, indicating no effect for location or sequence. The
amount of movement on any given day for individuél walleyes was
highly variable but was approximately edually divided between clock
phasc (AM/MM) a3 shown by Figures 20 and 21.

To evaluate effects for light intensity, certain aggregate
statistics were used in conjunction with analysis of.variance
procedures. First the average AM and PM time of location
determination for each walleye were calculated on a daily basis.
Although only the daily AM/PM averages for May 4 through May 24th
were later used, Figures 22-27 show the composite times for

surviving fish from May 3rd through May 27th as hexagon symbols.
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Table 11. Frequency and average time of occurrence for location
determinations classified according to clock phase and behavior using data

for six survivor walleyes.

Treatment N of cases ' CST

A.M. Resting 5599 ) 0607
A.M. Movement 1378 0432
P.M. Resting 5695 1732

P.M. Movement 1535 1507
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After the avefage AM time of activity, AM timerof resting, PM tihe
of activity, and PM time of resting were calculéted on a daily
basis, the response variables, i.e. offsets, were computed by
subtracting each AM/PM average time of activity or resting from that
day's corresponding AM or PM average time of location
determination. Since the standard deviations for all fish in each
"bffset" category were very similar, the daily averageé were used
for offset calculation Without‘weighting factors in subsequent
analysis (Tahle 12).

Figures 22 through 27 show all the values used for calculating
Effsets from the average AM or PM time of location determination for
activity and resting behavior. The hexagons represent the average
daily time of location determination for the morning or the |
afternoon peridd.b The "propellor" symbols locate the average time
of movement for each 12 hour period and triangles describe the
average time of resting for the same period. The distance
separating the triangles and hexagons is directly proportional to
the amount of movement occurring during that period.

Generally, activity offsets were displaced towards midnight and
the resting offsets were displaced towards noon. As May progressed,
the offsets becéme further apart. However, thére was much more
variation in activity offsets than in resting offsets, and not all
fish were active every period. One of the significant explanatory

variables was thought to be the rate of change of light at sunset
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Table 12. This table demonstrates the homogeneous variance [S.D.] expressed in

minutes around the average daily time of resting or activity. The number of

cases in each category is in parenthesis.

AM RESTING AM ACTIVITY PM RESTING | PM ACTIVITY
4038 203.751( 920) 193.359( 88)  204.055( 877) 217.031 (105)
4040 200.949( 919) 201.256(282) -196.890( 858) 201.560 (398)
4041 203.238( 992) 211.782(212) 203.199( 992) 203.628 (265)
4042 207.576(1008) 197.699(194)  205.053(1061) 204.938 (197)
4043 205.141( 919) '206.832(285)  200.742(1039) 196.984 (216)
4046 197.026( 841) 191.598(317) 192.988( 868) 203.615 (354)
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Figure Z2. Movement and resting behavior for survivor walleye £038. Hexagons represent the
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Figure 23. Movement and resting behavior for survivor walleye 4040. Hexagons represent the
average time for all location determinations in a 12 hour period. Triangles represent.the
average time for resting fixes and propellor symbols define the average time for movement.
The distance separating the triangle and hexagon is proportional to the # of position changes.
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Figure 25. Movement and resting behavior for survivor walleye 4042, Hexagons represent the
average time for all location determinations in a 12 hour period. Triangles represent the
average time for resting fixes and propellor symbols define the average time .for movement.
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Figurz 27. Movement and resting behavior for survivor walleye 4046, Hexagons represent the
average time for all location determinations in a 12 hour period. Triangles represent the
average time for resting fixes and propellor symbols define the average time for movement.
The distance separating the triangle and hexagon is proportional to the # of position changes.
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which increased as May progressed (Figure 7). For some walleyes a
high rate of change of light at sunset, appeared to correlate with a
larger displacement of the evening activity center towards
midnight. Also, when the previous day's total incident sunlight was
high, the following morning's acfivity center appeared to be shifted
more towards midnight. However, the amount of total sunlight
received in a day apparently had no effect on that afternoon's
resting offset or the same.evening's activity offset.

Initially, one-way analysis of variance was done for individual
factors (Table 13), to decide on the forms of the models
subsequently tested by analysis of covariance procedures.(Tables 14
and 15). A one-way anova of the morning resting offset by calendar
date seemed to indicate a significant non-linear component, but the
Student-Newman-Keuls procedure (X = .05) described the morning
resting offsets on all 21 days as falling in the same homogeneous
subset. Ihe corresponding one-way anova of morning activity offset
by calendar date had no significant terms, and the
Student -Newman-Keuls procedure (o< = .05) again determined all days
as part of the same homogeneous subset. The one-way anovas for the
evening regting offset and activity offset followed the same pattern
as for the morning offsets. There appeared to be no significant
variation in these temporal hapﬁenings, suggesting an endogenous
timing mechanism. MRSS would be extremely useful in a laboratory
situation where movements could be detected and recorded under total

light or total dark regimes to test this type of hypothesis.
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Table 13. The following list defines the factors which were tested with

analysis of covariance procedures for having an effect on activity or resting

behavior.
LABEL USAGE * DEFINITION
DAY CAT Day of May 1979
FISH CAT Individual survivor walleyes
PPMOSAC cov Previous evening activity offset
PLIGHT cov Previous days incident sunlight .
SLIGHT ‘ cov Total daily incident sunlight
DPM cov : Rate of change of light at sunset
AMOSINA -Cov Morning resting offset
AMOSACT cov Morning activity offset
PMOSINA cov Evening resting offset
PMOSACT ‘ COV Evening activity offset
AM5toAMS cov Units of light incoming during the
hour preceeding:
0500,0600, 0700, 0800, 0900
PM1l6toPM20 cov ' Units of light incoming during the

hour preceeding:

1e00,1700, 1800, 1900, 2000

*CAT=categorical, COV=covariate
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Variation in temporal movement patterns for individuals was also
examined with one-way analysis of variance. There was significant
variation in the morning resting offset (F5,114 =3.6); P <
.0044. Acco;ding to the Student-Newman-Keuls procedure (< = .05),
individual walleyes fall into 2 distinct homogeneous subsets with
the large fish at opposite ends:

Atkin's #

4046 4040 4041 4038 4042 4043

Weight in gms. = 916 649 580 606 567 1116

Considering the morning activity offset in the same manner, there is
again significant variation between fish (F5’114 = 2.85;13<C

.0199. Moreover, grouping fish into homogeneous subsets by the

" Student-Newman-Keuls procedure (<X = .05), the large walleyes again
are distinctly different in behaviocr.

Atkin's # 4043 4041 4038 4042 4046 4040

1116 580 606 567 916 649

Weight in gms

Dne-Qay anova of the afternbon resting offset by individual fish
showed signiticant individual variation (Fs 114 = 2.4756); P &L
.0358 at the<u{= .05 level. However, according to the
Student-Newman-Keuls procedure (X = .05); all fish fall in the same
homogeneous subset. There was no significant variation in the
evening activity offset for individual fish (Fs;lla = 1.3396); P<
.2523. Thus, all walleyes seem to initiate activity concurrently in
the evening.

Results of the analysis of covariance models tested (Tables 14

and 15) indicate cyclic crepuscular patterns of movement. The
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significance of explanatory factors was tested at the X = .05 level;
each line in the table represents one model, with p-values in
parenthesis. Since the lowest leVels of movement occur during the
daylight hours, it is logical to begin discussing the cycle with the
PM resting offset. The resting that walleyes do from 1200-2359 each
day is dependent onn when movement occurred that morning and the
morning average time of resting; but there_was significant variation
among individual fish. There was no significant variation in the
evening average time of movement for individual fish; all became
active after sunset. Morning movement and resting offsets were
found to be dependent upon the evening activity, implying that
movement in the morning is inversely correlated with activity
occurring the preceeding evening (?igures 20 and 21). Note that the
total light incident during the day and the rate of change of light
at sunset do not affect either resting or movement behavior from
1200-2359 on that day.

Mqrning (0000-1159) average'time of movement or resting behavior -
varieq significantly for individual walleyes. Total incident light
for the previous day and the average time for the pfevious evening's
movement activity were significant explanatory variables for both AM
resting and activity offsets. Perhaps there may be a time delay for
the running water system to react to the abiotic variation. It is
Kriown thét photosynthesis causes daily variation in O, CUp and
pH, whereas algal metabolic processes result in variation in the

concent:ation of nitrate, phosphate, iron and silicon (Muller, 1978).
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Table 14. Variables affecting morning movement behavior* as determined by

analysis of covariance on data for six survivor walleyes.

Effect: Yes No Effect

Resting ‘ Movement Resting Movement
PPMOSAC(.045) PPMOSAC(.004) DAY(.130) DAY(.422)
PLIGHT(.044),FISH(.007) PLIGHT(.025) ' FISH(.051)
PPMOSAC,FISH(.OBA)A PPMDSAC,FISH(.137)
FISH(.005) FISH(.021) AMS(.518)  AM5(.731)
FISH(.OOS) FISH(.021) AME(.992) AME(.753)
FISH(.005) FISH(.021) AM7(.873)  AM7(.919)
FISH(.005) FISH(.021) AMB(.892)  AM8(.918)
FISH(.005) .FISH(.OZl) AMS(.732)  AM9(.669)

*The numbers in parenthesis are the p-values for the null hypothesis: no

difference in treatment effects. The variables are defined in Table 13.
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Table 15. Variables affecting evening movement behavior* as determined by

analysis of covariance on data for six survivor walleyes.

Effect: Yes No Effect:
Resting Movement Resting Movement
AMOSINA(.00L1) .AMOSINA(.OOB) DAY (.632) DAY (.807)
AMOSACT(.001) AMOSACT(.002) DAY(.562).  DAY(.782) '
'FISH(.037) SLIGHT(.902) SLIGHT(.705),FISH(.256)
FISH(.023) | DPM( . 386) DPM(.917) ,FISH( .149)
FISH(.037) ' PM16(.961) PMlé(.609),FISH(.256)
FISH(.037) PM17(.854)  PM17(.355),FISH(.253)
FISH(.037) ; PM18(.547) PM18(.370),FISH(.253)
FISH(.036) PM19(.365) ., PM19(.470),FISH(.254)
FISH(.036)  PM20(.356)  PM20(.217) ,FISH(.25)
AMOSINA(.0OL) AMOSINA(.002) FISH(.100) FISH(.402)
AMOSACT(.001) ,FISH(.030) AMOSACT(.0OL) FISH(.243)

*The numbers in parenthesis are the p-values for the null hypothesis: no

difference in treatment effects. The variables are defined in Table 13.
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Atypical Behavior Identification

Investigation of the behavior of rf-tagged fish with respect to
feeding, periodicity, and mortality was possible from the data
produced by MRSS because there were no subjective differences in the
way data were obtained for individual walleyes and all samples'weie
instantaneocus. The first question to be considered is whether fish
that did not survive were too small to support the weight of the
transmitter packages since the average ﬁercent of body weight'was
1.3% and Hart and Summerfelt (1975) reported using transmitters that
were only 0.6% of body weight. Using the measurements taken at the
time of rf—tagginq, the 11 fish were divided intn ? treatments,
those that survived to the end of field testing and those that died
(Table 16).

Jo test Ho: No difference in average weight (A4,=Ad,) between
thé two groups of fish; a t-test with independent sampleé, unequal
sample sizes, ahd‘unequal variance was performed. In order to use
the correct variance'estimate,'it was first necessary to test for
homogeneity (Table 16). Since F 05(7,14) = 6.09, Ho was accepted
and a pooled variance estimate was used in the t-test of the null

hypothesis; Al (4, at the K= .05 level. Since the P-value of
Ho is less than .25 but greater than .10, there was no significant
difference in the.average weights of fish that died and fish that

survived which would affect their capacity to carry a transmitter.
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Table 16. Comparison of average weights of walleyes that survived and

- walleyes that died using the t-statistic.

Measurement Walleye Mortality
NO Yes
Weight 737.6 gms 662.5 gms
wt. S.D. 205.8 137.4
length 43,6 cm 43.3 cm
1. s.D. 3.7 2.7
# of fish 7 4
H0:<51 =<5
F 7,14 S } = 2.24
2
>3
Therefore: sg = 34528.68, and
ty = 737.6 - 662.5 = 4.04 .

°q
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Postoperative tagging recovefy times reported by other authors

include 36 hours for flathead catfish, Pylodictis olivaris, (Hart &

Summerfelt 1976), and 14 days for Guadalupe bass, Micropterus
treculi, (Manns & Whiteside l9795. Although using walleyes with
extérnally attached transmitters, Kelso (1976) reports that
"immediately following release, a period of continuous movement
occurred followed by a mid-day decline in activity. After sunset
activity increased rapidly, primarily short, rapid bursts of speed;
and then dropped off to low levels until just prior to dayn when
another period of increased activity was apparent." These walleyes
were being returned to their original capture sites, so it was
assumed that their movements were in response to the transmitter
package.

Generally, as displayed by Figures 8 through 17, most walleyes
at Monticello showed an initial adjustment period during which
movements seemed more frequent and intense. Follﬁwing surgery the 5
smaller tish took longer, on the average, to leave the release pool
(3;2 days) and explore the environment than the 5 largest walleyes
(0.5 days). Perhaps the initial period of movement following
release was not only related to the surgery but also to
familiarization with the available habitat. For the surviving fish,
there was a definite rest and recovery period (5.0 days average)
following the initial exploratory period (4.6 days average). Each

fish that died during the experiment showed & unigue individual
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response so that the only generalizations that can be made about
pre-moftality movements (4.5 days average) are: (1) the current
pushes the sick fish towards the barrier at riffle #13 and (2) a
"last-gasp" attempt was often made to get to pool #2 where the
oxygen content of the water was more stable because of the pump.

Event records of intensity of movement on.an hourly basis were
used to quantify differences in locbmotory behavior between sick and
healthy fish. Five successive locations were used for each hour,
and the sum of the absolute value of the differences between the
* previous and current location was multiplied by 1 + Log, (number
of 15 minute periods in which movement was indicated) so as to
weight continuous movement higher than an isolated change of
position.

 To evaluate rhythmicity of movement from these data,

periodograms (Enright 1965) were calculated for all animals for
period lengths ranging from 10 to 40 hours. Where the animal was
known to die, data were used only up to 48 hours before death. Wave
form estimates were calculated for 24 hour periods, and for any
other period lengths whose amplitudes exceeded that of the 24 hour
serial correlation value. . These wave torm estimates are average
curves describing the intensity and freguency of movement activity.

The bimodal pattern for surviving fish clearly indicates
crepuscular activity (FigureéAZB and 29) while the fish that died

have no clear cut periodicity (Figuoe 30). Two surviving fish (4041
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and 4042) apparently adjusted their period length to 23 hours; as
shown by a higher amplitude for their 23 thr period and a very
vdifferent, spiked wave form estimate. Even the amplitudes of the
second and third best period estimates (36 and 39 hours) for these 2
smallest fish were higher than their corrésponding 24 hour serial
correlation value. Despite different dominant periods, both 4841
and 4042 show the pronounced evening movement onset at 20:00 CSf
(Figure 28). The amplitudc of the scrial éorrelation'value for 24
Hours was twice that of the other periodsvfor the four largest
survivor walleyes, indicating pronounced periodicity. .None of the
non-survivors had maximum amplitude at twenty-four hours, but fhe
dominant periods were not significantly abové the values for the
other periods. As shown by grouping the wave form estimates
according to the Student-Neuman-Keuls homogeneous subsets calculated
by one-way analysis of variahce of the average time of mbrning
movement, walleyes 4038 and 4042 dverlap both groups which differ
primarily in théir pre-dawn temporal movement pattern.

Feeding behavior is an important factor in determining when
movements may be atypical. Kelso & Ward (1977) analyzed food
ingested by walleyes and found them to be highly opportunistic.
Walleyes apparently eat Mayfly larvae when present and amphipods
when abundant in spring. ln early summer they preyed more heavily‘
upon yellow perch fry. Older perch, essentially littoral throughout -

the year, are consistent contributors to walleye nutrition. MacLean
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Figure 28. 24 hour wave form estimates for surviving walleyes
subset characterised by variablz early morning activity.
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I'igure 29. 24 hour wave form estimates for surviving walleyes in second S$-N-K homogeneous

subset characterised by precise pattern of early morning activity.
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Figure 30. 24 hour wave form estimates for the walleyes that did not survive.
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& Magnuson (1977) reported that young walleyes ate small
crustaceans, dipteran larvae, minnows, and darters. Scott and
Crossman (1973) describe walleyes as utilizing any species of fish
readily available to them as food. Other items such as crayfish,
snails, frogs, mud puppies and small mammals are taken when fish and

insects are scarce; but in general winter food is not particularly

different from summer food.

There was no precise estimate of the food supply present in the
experimental channel for the walleyes, but it was limited. Since
the daily ration of predatory percids during the growing season
under optimal feeding conditions (food consumption also depends on
temperature) amounts to 3-7% of the body weight (Collette et al.
1977), by May 15th it was assumed that these fish were probably
hungry. Also by this time it was apparent that the walleyes were
mainly night active. Response to the presence of prey during
daylight was investigated by releasing 15 dozen large tathead

minnows (Pinnephales promelas) at Ll:3U US| on May leth.

The four largest of the survivor walleyes responded to the
presence of the minnows with changes of position during the
afternoon of May 16th despite the bright sunlight (Figure 7) when
they normally would have been resting. For walleyes 4038, 4040, and
4043 the resting and movement offsets are transposed (Figures 22,
23, and 26). Although this pattern of reversal is not shown for

4046 in Figurc 27, thc raw data show late afternoon activity
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out of context for the usual pattgrn of this fish at this time.
There was also more late night movement to counteract the afﬁernoon
activity when calculating the offset.

For the highly photonegative walleye, light has been described
as the most significant exogenous factor in initiating the movement
that subsequently results in feeding (Ryder 1977). Also, as
described above, total incident sunlight of the previous day was
found to have a significant effect. Conseguently, the rate of
change of illumination would be expected tc be the major factor that
stimulates the initiation of feeding; however, hungry walleyes ho
not wait for sunset. Perhaps this is a seasonal (spring) variation
in the level of stimulus required to elicit the response. This
would be analagous to the adaptation for walleye's feeding in winter
that allows the level of illumination required to be one order of

magnitude lower (Ryder 1977).
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CONCLUSIONS

Analysis of aduatic vertebrate behavior is a potentially useful
‘technique for describing fhe effects of pollutant stress, a primary
ecological concern of today. Because mortality is easy to detect
and to correlate with significant changes in environmental
conditions, the ways in which toxicants disrupt the biochemistry of
an organism are easy to establish. Evaluating the effects of
suglethal changes is harder but more valuable in the long run
because the questiéns'considered are relevant to the function and
organizatibn of individuals and groups of organisms. Whether a
toxicant disrupts behavibr in an individual, and whether this
affects survival of groups in an ecosystem, afe essential criteria
for independent assessment of pollutant effects.

Small physiological changes in an organism are not necessarily
deleteriou§ and could well be within the normal range of adaptation
for the species. However, a lack of organization in movement or
feeding behavior or inhibifion of' courtship behavior definitely
compromise survival probabilities in aquatic vertebrates. A reduced
scope of activity, a change in feeding, and avoidance reactions to
introduced toxicants have been‘demonstrated in the laboratory
(Cha;;in 1973). Changes in social interactions of fish when exposed
to pollutants may provide the most sensitive and precise indicator |
of toxicant stress yet developed (Warner et al. 1966).

Most of the problems of interpreting avoidance reactions in

nature can be attributed to the lack of continuous guantitative
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field obsefvations. Subjectiveness of observers must be overcome
and observatidns for different animals must be concurrent. But
along with increased*sample size comes the problem of evaluating the
total set of results. MRSS represents an application of
micro-computer technology to the problem of biological data
acquistion. A sampling technique utilizing radio-telemetry is not
subjective and provides reliable comparative data for‘measuring
behavior.

During field testing, walleyes selected certain preferred
locations. From the data recorded by MRSS, oVerall usage of
available habitat was summarized as the percent of time spent in
each pool or riffie. Location data were recorded continuously (15
minute intervals) and instantaneously, negating the usual problems
with behavioral sampling techniques. Intensity and-periodicity of
movement (changes in position) were summarized for individual
walleyes and a crepuscular activity .pattern was characteristic of
healthy fish. From paired samples of data produced by MRSS, social
interaction between pairs of walleyes was investigated by
summarizing the distance separating.each pair fofleach hour of the

day. These results demonstrated association between group members

and avoidance of non-group individuals. MRSS was also useful for

evaluating tagging recovery times, feeding behavior and

pre-mortality movements.
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Appendix A (Glossary)
This appendix describes the CDP1802 CPU architecture, modes, and
states necessary to the understanding of the microprocessor

instruction set utilization.

ALU - The Arthmetic and Logic Unit. The ALU performs the arithmetic

and logic operations.
CMOS - Complementary Metal Oxide Semi-conductor.

D - The Data register (8 bits). This register is the machine
accumulator used in performing arithmetic and'logic operations. -
Data passing between memory and the scratch-pad registers go

through D.

DF

The Data Flag (1 bit). Used and set or reset by the add,
subtract, and shift imstiucliuns. IL Is alsu Lesled by the

branch instructions.

IE - The Interrupt Enable flip-flop (1 hit). When TF is set to 1,

interrupts are enabled; when IE is 0, interrupts are disahled.
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I,N - The Instruction code and N field (4 bits each). These cbmbined
registers‘hold the operation code byte of the fefched
instructidn; I holds the higher four bits and N the lower four
bits. In many cases, I specifies an instruction and N
designates a scratch-pad register; otherwise, I and N together.

specify an instruction.

INC/DEC ~ The Increment/Decrement logic unit. This unit is used to

either increment or decrement a designated register.
M - Memory (up to 800 eight-bit bytes each of RAM and/or ROM).

P - The P designator register (4 bits). Its contents_ specify which
. of the scratch-pad registers is the current Program Counter,
R(P). The program counter (P-counter) holds the address of the

next instruction to be executed.

Q - The Q flip-flop (1 bit). 1Its contents can be set or reset by
instructions and are available externally. It can be tested by
certain branch instructions and is used as a general purpose

flag.
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R - An array of 16 scratch-pad Registers (16 bits each). All

TTL

references to memory are made with the registers in R used as

pointers. These registers may also be used to hold data and

loop counters. The entire array is often referred to as a

scrétch-pad memory (SPM).

. .
The Temporary register (8 bits). T can receive the contents of X

in its higher four bits and the contents of P in its lower four
bits, X and P can take new values and those saved in T can take

new values and those saved in T can eventually be restored.
- Transistor-Transistor Logic.

The X designator register (4 bits). Its contents specify which
of the scratch-pad registers is used to address data. Data
addressed by R(X) is used by many instructions, especially the -

arithmetic and logic ones.
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Appendix B (Program)

FL LOC . COSMAC CODE LNNO SOURCE LINE
0000 1 ORG *
0000 F8FO 2 INIT: LDI A.1(BGIN) .. BOOTSTRAP
0002 B3 3 PHI R3
0003 F850 4 LDI A.O(BGIN)
0005 A3 5 PLO R3 -
0006 D3 6 SEP R3  ..R3. IS MAIN P-COUNTER .
0007 00 7. DL ..SHOULD NEVER GET HERE
0008 8.. CONSTANTS USED
0008 9 ZERO = 00 . .CONSTANT ZERO
0008 10 ONE = 01l . .CONSTANT ONE
0008 11 TWO = 02
0008 12 FOUR = 14
0008 13 FIFN = 15
0008 14 TEND = 10 . . TEN DECIMAL
0008 15 CTEN = #l0 . .HEX(BCD) TEN
0008 16 SIXT = 60 . .CONSTANT DECIMAL SIXTY
0008 17 XXIV = 24 . .CONSTANT DECIMAL TWENTY-FQU
0008 18 MSK4 = #OF ..FOUR BIT MASK
0008 19 Cloo = 100 . .MAXIMUM DAY COUNTER
0008 : 20 NINT = #90 . .BCD NINETY
0008 21 FILL = #fF . ..BLANK FILL CHARACTER
0008 22 MAX = {FF . .MAXIMUM 8 BIT VALUE
0008 23 ..
0030 : 24 ORG #30
0030 1F1E1DIC1Bl1A1S918 25 FQTB: ,31,30,29,28,27,26,25,24
0038 17161514131211 26 ,23,22,21,20,19,18,17
003F 100FOEODOCOBCAQS 27 ,16,15,14,13,12,11,10,9
0047 0807060504030201 28 ,8,7,6,5,4,3,2,1,0
0050 OF 29 ENDF: ORG *
0050 30 ANTB: = ENDF-13..TWELVE ANTENNAS TO SCAN
0050 31 ENDT: ORG * :
0050 32 NVLD: ..INVALID ANTENNA SELECT CODE
0052 33 ..
005D 34 ORG #5D . .RESERVE A/D STORAGE ARRAY
005D 35 ATOD: ORG * ..LWA+1 OF A TO D VALUES
005D 35 ..
0060 37 . ORG #60
0060 QO 38 CCLK: ,0 ..CURRENT CLOCK READING
0061 00 39 PCLK: ,0 ..PREVIOUS CLOCK READING
0062 00 40 MINS: ,0 ..BINARY MINUTE COUNTER
0U63 0U ‘ 41 HOUR: ,0 ..BINARY HOUR COUNTER
0064 00 42 DAYS: ,0 ..BINARY DAY COUNTER
0065 000000 43 PRNT: ,0,0,0 . .PRINTER BUFFER
0068 00 44 HOLD: ,0 ..HOLDS VALUES FOR CBCD SUBROUTINE
0069 00 45 ASEL: ,0 ..CODE TO INIATE A/D CONVER
006A OO0 46 VSUM: ,0 ..A/D SUM



0068
0080
0080
0082
0083
0085
0086
0088
0089
008A
008C
008D
008E
008E
0090
0091
0092
00932
0094
0096
0098
0099
009A
009C
009D
009F
00AL
00A2
00A3
00A4
00A4
QUA7
00A8
00AA
00AB
0DAC
00AD
00AE
00FO
00FO
Q0F2
00F3
0OF5
00F6
0OF7
00F8
0OFA

FEFF
A2
FFOL
C4
3083
22
82
3A83
D3
00

F800
5C
0B
R4
04
FFOA
3BAl
A4
ocC
FC10
5C
FF90
3893
oC
A5
84
32AA
15

30A3
85
5C
D3
00

-F800

BE
F860
RE
EE
6E
F800
B2

WAIT:
LOPR:

CBCD:

LPCV:

RNEG:

TRYM:

FINIS:

BGIN:

MAIN:
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ORG
LDI
PLO
SMI
NOP
BNZ
DEC
GLO
BNZ
SEP
I0L

LDI
STR
LDN
PLO
GLUO
MI
BM

PLO
LDN
ADI
STR
SMIL
BNF
LDN
PLO
GLO
BZ

INC
DEC
BR

GLO
STR
SEP
IDL

ORG
LDI
PHI
LDI
PLO
SEX
INP
LDI
PHI

-#80 :

MAX  ..WAIT KILLS TIME
R2

ONE

LOPR

R2

R2

LOPR

R3 ..RETURN TO MAIN PROGRAM

ZERO  ..CONVERT BINARY TO BCD
RC

RB ..RB HAS ADDRESS OF VALUE TO

R4 ..R4 IS SCRATCH REGISTER
R4 « « REMRLINUER

TEND  ..SUBTRACT OFF DECIMAL TEN
RNEG  ..UNTIL RESULT NEGATIVE °
R4

RC

CTEN

RC

NINT

LPCV

RC ..QUIT IF RESULT NEGATIVE
RS

R4

FINIS

RS

R4

TRYM

RS

RC A

R3 ..RETURN TO MAIN PROGRAM

#0
A.1(CCLK)..INITIALISE CLOCK
RE

A.0(CCLK)

RE

RE

6

A.1(INIT)

R2



110

OOFB B4 - 94 PHI R4

OOFC B5 95 PHI RS

OOFC B6 96 PHI R6

OCFC B7 97 PHI R7

OOFC B8 98 PHI R8

0100 B9 99 PHI R9

0101 BA © 100 PHI RA

0102 BB 101 PHI RB

0103 BC 102 PHI RC

0104 8D ) 103 PHI RD

0105 BE : 104 PHI RE

0106 F800 105 LDI ZERO

0108 A2 106 PLO R2 .

0109 A4 107 - 'PLO R4

010A A5 108 PLO R5

0108 A6 109 PLO R6

010C F867 , 110 LDI A.O)PRNT+2)

Ol0E AE 111 PLO RE ..PRINT A BLANK LINE
0lOF EE 112 SEX RE  ..BEFORE TIME AT BEGINNING OF
0110 F&FF ' 113 LDI FILL ..STORE BLANKS

0112 73 114 STXD ..IN PRINT BUFFER
0113 73 115 STXD

0114 SE 116 STR RE

0115 65 117 OUT 5

0116 66 118 ouT 6

0l17 67 119 ouT 7 '

0118 F880 120 LDI A.O(WAIT)..DELAY FOR PRINT
Ol1A AD 121 . PLO RD

0118 DD 122 SEP RD

011C F865 123 LDI A.O(PRBT)

OllE AC 124 PLO RC

0l1F AE 125 PLO RE

0120 F864 126 LDI A.O(DAYS)

0122 AB 127 PLO RB

0123 F88E . 128 LDI A.Q(CBCD)...CONVERT DAYS TO BCD
0125 A7 129 PLO R7

0126 D7 130 SEP R7

0127 2B 131 DEC RB

0128 1C 132 INC RC

0129 F88E 133 LDI A.O(CBCD)...CONVERT HOURS TO BCD
0128 A7 134 PLO R7

0l2C D7 135 SEP R7

012D 2B 136 DEC RB

012E 1C 137 INC RC

012F F88E 138 LDI A.0(CBCD)...CONVERT MINUTES TO BCD
0131 A7 139 PLO R7

0132 D7 140 SEP R7



0133
0134
0135
0136
0137
0139
O13A
0138
013D
013E
0140
0l4l
0142
0143
0145
0l46
0147
0149
0l4A
014C
014D
014E
0150
0151
0152
0153
0153
0154
0155
0157
0158
0l5A
0ls8
015C
015k
O15F
0160
0162
0l63
0l64
0165
0l67
0158
0le9
106éB
0leéC
01éD

EE
65
66
67
F880
AD
0D
F830
A8
F843
A9
E9
62
F880
AD
0D
F86A
AE
F85D
AA
AB
F800
5E
SA
5B

08,
7E
3B5A
18

E8
¢l
F880
AD
0D
F869
RC
E9
09
F910
5C
62
F880
RD
0D
F880

30C1L

141
142
143
144
145
146
147
148
149
150
151
152
153
154
155

156

157
158
159
160
161
162
163
164
165

CYCL:

le6. .

167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182

183

184
185
186
187

OKTU:

AGIN:

111

SEX
ouT
QuT
QuT
LDI
PLO
SEP
LDI
PLO

. LDI

PLO
SEX
ouT
LDI
PLO
SEP
LDI
PLO
LDI
PLO
PLO
LDI
STR
STR
STR

LDON

RE
5

6

7
A.O(WAIT)
RD

RD

A.O(FOTB)

R8
A.O(ANTB)
RS

R9

2
A.O(WAIT)
RD

RD
A.0(VSUM)
RE
A.0(ATOD)
RA

RB

ZERG

RE

RE

RB

R8

SHLC

BNF
INC

OKTU
R8

BR SKIP

SEX

-OUT

LDI
PLO
SEP
LDI
PLO
SEX
LDN
ORI
STR
auT
LDI
PLO
SEP

R8
1

.. (RE)=PRINT FWA

..CHARS 1 and 2 PRINTED
..CHARS 3 AND 4 TO PRINTER
..CHARS 5 AND 6 QUT AND ALL P
..A.O(WAIT)FOR I/0 TO FI

. .START NEW PASS

..MAKE SURE BIT 4 NOT SET
. .WHEN FREQUENCY CHANGES

..CLEAR A/D SUM

..SET UP A TO D STORAGE
..SET UP HOLDER FOR MAX A TO
. .CLEAR REGS

..CLEAR VSUM

..CLEAR FIRST A/D

..CLEAR MAX A/C

..IF BIT 7 OF FREQUENCY SELEC
..DO NOT USE THIS FREQUENCY

..SET TO NEXT FREQUENCY

..OUTPUT FREQUENCY SELECT COD

A.O(WAIT)FOR I/0 TO COM

RD

RD
A.O(ASEL)
RC -

R9

R9

CTEN

RC

2
A.O(WAIT)
RD

RD

. .SAVE CONVERSION INITIATION
..SELECT ANTENNA TO READ
..(D) = ANTENNA

»+(D) = ANTENNA # PLUS HEX 10
..SAVE IN ASEL

..A.O(WAIT) FOR I/0 TO FIN

..JUMP TO DELAY SUBROUTINE

LDI A.O(WAIT):..WAIT FOR 2 SECS



OleF
0170
0171
0172
0173
0174
0175
0177
0178
0179
Ol7A

0l78B

017C
017
0l7F
0180
018l
0183
0184
0185
0186
0187
0188
1089
Ol8A
0188
018c
018D
Ol8F
0191
0192
0193
0194
0196
0198
0199
0198
019C
019D
019F
01A0
0lA2
01A3
0lA4
OlA5
OlA7
OlA8
01A9

RD
0D
EC
62
C4
Ca
3C73

6D
Al
EB

3880
8A
AB

F86A
AC
EC
8l
Fé
Fé
Fé6 -
Fé
Fa
5C
89
FF50
B60

F7
Al

3399

F800
Al
F866
AC
88
FAOF

F868

188
189

- 190

151
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
2310
231
232
233
234
235

LTEQ:

NOTN:

112

PLO
SEP
sex
ouT
NOP
NOP
BN1
SEX
INP
PLO
SEX
M

BNF
GLO
PLO
DEC
LDI

RD
RD
rd

*-2
RA
5
Rl
RB

LTEQ
RA
RB
RA
A.O(VSUM)

PLO RD

SEX
GLO
SHR
SHR
SHR
SHR
ADD
STR
GLO
SMI
BNF
LDN
sm

PLO
BOF
LDI
PLO
LDI
PLO
GLO
ANI
OKI
LDI
PLO
GLO
str
LDI

‘PLO

SEP
INC

RC
R1

RD
R9

A.O(ENDT) ..
.. IS PASS DONE?

..YES, GET MAX A/D

..RX POINTS TO VSuM

. .SAVE DIFFERENCE

..DF IS SET IF NO BORROW

AGIN
RB

R1
NOTN
ZERO
Rl

A.O(PRNT+1)

RC

RB

MSK4

R2
A.0(HOLD)
RB

R?

D

A.0(CBCD)
R7

R7
RC

..R(C) POINTS TO ASEL
. .REQUEST A/D CONVERSION

..WAIT TILL EF1 GOES ZERO
..READ A/D FOR ANTENNA SELECT

..SAVE A/D IN Rl
..SEE IF NEW READING IS LARGE

. .BRANCH IF LESS THAN OR EQUA
..SET NEW MAX A/D ADDRESS

. .DECREMENT A/D STORAGE ADDRE
. .DIVIDE A/D BY 16

. .RESTORE A/D VALUE

. .STORE SUM BACK

HAVE ALL ANTENNAS BEEN R

..GET SET TO PRINT RESUL

. .COMPUTER ANTENNA DEFINITION
..LOWER 4 BITS OF ANTENNA ADD

. .CONVERT ANT # TO BCD
. .FOR OUTPUT AS CHARS 3&4



%

0lAA
0lAB
01AC
OlAE
Ol1AF
0180
01B2
01B3
0lB4
0185
0lBs6
01B8
0189
01BA
0lBB
018C
018D
0lBF
01Co
01Cl
01C2
0lC4
01Cs
01C7
0ics
01CA
o1cs
0lCC
01CD
ClCE
01D9
0101

- 01D2

0103
0lD4
01D5
01D6
0107
01D9
0108
01bC
OlDE
010F
01EO
0lE2
OlE3

0lE4
01E5

81
5B
F88
A7
D7
F865
AC
88
AB
2B
F88E
R7
D7
65
66
67
F880
AD
DD
88
FF50
3B3E
ES
62
F800
A4
A5
R&

F860
AE
72
73
6E
1E

Al
FFOF
33E2
2E
F880
AD
oo

3003

1E
81

Fa
A4

236
237
238
239
240
241
242
243

244

245
246
247
248
249
250
251
252
253
254
255
256

257

258
259
260
261
262
2673
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283

SKIP:

MN15:

NBRW:

113

GLO Rl

STR RB

LDI A.0(CBCD)
PLO R7

SEP R7

LDI A.Q)PRNT)
PLO RC

GLO R8

PLO RB

DEC RB

LDI A.O(CBCD)
PLO R7

DEP R7

ouT 5

AT 6

ouT 7

LDI A.O(WAIT)
PLO RD

SEP RD

GLO R8

SMI A.O(ENDF)
BNF CYCL

SEX R9

ouT 2

LDI ZERO

PLO R4

PLO RS

PLO Ré6

SEX RE

LDI A.0(CCLK)
PLO RE

LDXA

STXD

INP 6

INC RE

SM

PLO R1

SMI FIFN

BDF NBRW

DEC RE

LDI A.O(WAIT)
PLO RD

SEP RD

BR MN15

INC RE

GLO Rl

ADD

PLO R4

. .PRINT DIFF -
..STORE IN HOLD
. .CONVERT DIF = MAX - BIAS

. .NOW CHANNEL NMBR

. .CONVERT FREQUENCY #
..OUTPUT AS CHARS 1&2

..DELAY FOR PRINTER

..SEE IF CYCLE DONE

..CLEAR A/D CONVERT
.. INVALID ANTENNA CODE
. .CLEAR COUNTERS

. .MAKE CURRENT CLOK PREVIQOUS
..STORE VIA X AND DECREMENT

. .READ CURRENT CLOCK

..R(X) = ADDRESS OF VALUE STO
. .SUBTRACT PCLK FROM A.O(CCLK
. .SAVE MINS ELAPSED

..WAIT FOR 15 MINS

..DF = 1 IF NO BORROW

..POINT TO CCLK

..DONT HIT BMC TOO FAST

..READ CLOCK AGAIN
. .NOW ADD MINS ELAPSED

..TO SYSTEM MINUTE COUNTER



OlEé6
OlEs
OlEA
OlEB
OlEC
0l1ED
OlEE
OlEF
01F9
01F1
0lF2
0lF4
01F6
01F7
OlF8
01F9
O1FA
OlFB
OlFC
01FD
OlFE
0200
0202
0204
0205
0206
0207
0208
020B
020C

FF3C
3BEC
R4
15
84
5E
1E
85
Fa
A5
FF18
3BF8
A5
NS
85
5E
1E
86
F4
R6
FFe4
3B05
F800
Ré6
86
5E
C4
COOCF8
Q0

- 284

285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313

CHUR:

CDAY :

DONE :

114

MI
BNF
PLO
INC
GLO
STR
INC
GLO
ADD
PLO
SMI
BNF
PLO
INC
GLO
STR
INC
GLO
ADD
PLO
SMI
BNF
LKI
PLO
GLO
STR
NOP
LBF
IDL
END

SIXT
CHUR
R4
R5
R4
RE
RE
R5

R5
XXIV
CDAY
R5
Ré6
R5
RE
RE
R6

R6
Cloo
DONE
ZERO
R6
R6
RE

MAIN

. .SUBTRACT SIXTY MINUTES
..UNTIL LESS THAN A.O(HOUR)
. .SAVE REMAINDER

.. INCREMENT HOUR COUNTER

. .GET REMAINDER

. .UPDATE MINUTE COUNTER

. .POINT TO HOURS

..GET VALUE TO ADD TO HOURS
. .UPDATE HOUR COUNTER

. .SUBTRACT 24

. .BRANCH IF LESS THAN DAY
..SAVE REMAINDER

. .BUMP DAY SCRATCH

. .GET HOURS REMAINING

. .UPDATE SYSTEM HOUR COUNTER
..NOW LOOK AT DAY COUNTER
..ADD NEW A.P(DAYS)
..RESULT IN D-REG

..SAVE IN Ré6

. .MAX DAY IS 99

..IF .LT. 99, PASS DONE

. .RESET DAY COUNTER TO O

. .START NEW CYCLE
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