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PROGRESS REPORT 

SUWRY 

Engineering design and development concentrated on f i v e  aspects during 

the past year: (1)  development o f  h igh power output t ransmit ters for 

monitoring animals from greater distances, (2 )  improvement and updating of 

a sonic t ransmi t t ing and receiv ing system f o r  monitoring f i s h  and marine - 

mamnals, ( 3 )  design and tes t i ng  of corrosive l i n k s  which permit a 

t ransmi t ter  t o  release from an animal a t  a speci f ied time, (4)  development 

o f  high frequency t ransmi t ters  and (5 )  development and tes t i ng  o f  time 

delay transmit ters.  F i e l d  e f f o r t s  resul ted i n  fu r ther  information on 

a c t i v i t y  patterns and movements.of sea o t t e r s  i n  Ca l i f o rn ia  and Alaska and 

o f  walleye p ike i n  experimental channels. Three manuscripts and two 

theses presented as pa r t  o f  t h i s  repor t  describe these aspects i n  d e t a i l .  ' a 



SUBPROJECT ONE 

ENGINEERING DESIGN AND DEVELOPENT 

A s  i n  p rev ious  y e a r s ,  eng inee r ing  e f f o r t  can be d i v i d e d  i n t o  two 

c a t e g o r i e s ;  c o n t i n u i n g  and new des ign  and development. Th i s  r e p o r t  

sumnarizes  f i v e  a r e a s  o f  p r o g r e s s  du r ing  t h i s ' l a s t  yea r .  

1 )  High Power Output  T r a n s m i t t e r s :  Work h a s  cont inued  on t h e  

development of  s m a l l ,  h igh  power o u t p u t  t r a n s m i t t e r s .  The g o a l s  o f  t h i s  

p r o j e c t  a r e  t o  des ign  a t r a n s m i t t e r  t h a t  w i l l  be  r e l i a b l e ,  e f f i c i e n t  and 

have a power o u t p u t  compat ib le  wi th  t h e  maximums al lowed by lifetimes 

~ e q u i r e d .  and b a t t e r y  c a r r y i n g  c a p a b i l i t y  o f  t h e  animal .  Most t ~ a n s m i t t e r s  

i n  c u r r e n t  u se  a r e  two s t a g e  frequency d o u b l i r i y d e s i g n s  whose maximum 

power can  be a l t e r e d  very l i t t l e  by i n c r e a s i n g  c u r r e n t  d r a i n  o r  b a t t e r y  

vo l t age .  

One a l t e r n a t i v e  is t o  purchase a modular a m p l i f i e r  such as t h o s e  

s u p p l i e d  by Avantek, Watkins-Johnson and o t h e r s ,  however a l l  of t h e s e  

d e s i g n s  are l i n e a r  and a r e  des igned  t o  o p e r a t e  a t  s p e c i f i c  v o l t a g e s .  The 

l i n e a r  c h a r a c t e r i s t i c  would p rec lude  t h e i r  o p e r a t i n g  a t  h igh  e f f i c i e n c y  

b u t  t h i s  cou ld  be p a r t i a l l y  a l l e v i a t e d  by us ing  a swi t ch  t o  t u r n  t h e  

t r a n s m i t t e r s  on and o f f ,  s i n c e  most t r a n s m i t t e r s  a r e  ope ra t ed  a t  a low 

du ty  cycle. 

A more s e r i o u s  problem is t h e  requi rement  t o  - o p e r a t e  a t  1 2  v o l t s  or 

h i y l - I ~ L .  Urifor tunately n o t  on iy  would t h e  power o u t p u t  be  reduced bu t  

s t a b i l i t y  problems would occu r  when o p e r a t i n g  a t  reduced v o l t a g e s ,  i . e . ,  

t r a n s m i t t e r s  would t e n d  t o  go i n t o  s p u r i o u s  o s c i l l a t i o h .  T r a n s m i t t e r s  

cou ld  be upe ra t ed  a t  t h e  h ighe r  v o l t a g e s  u s i n g  f o u r  l i t h i u m  cel ls  i n  
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series; however the bulk  o f  these c e l l s  would preclude t h e i r  use i n  most 

applications. This i s  especial ly t rue  when current drains are high, thus 

requ i r ing  a high current output from the bat tery .  This high output 

requires the use o f  la rger  c e l l s  having s u f f i c i e n t  surface area t o  supply 

the current.  
.-. 

Over the l a s t  two years we have worked on several designs t o  meet . 

-. these needs. We have been p a r t i a l l y  successful, although more work needs 

t o  be done. Transistors can be eas i l y  characterized using the technique 
) 

ou t l ined  i n  l a s t  years repor t  t o  measure the input  capacitance and 
3- 

resistance and also the output capacitance. These measurements have 

proven very h e l p f u l  i n  designing the matching 'networks t o  produce the gain 

and high e f f i c iency  we desire. They are also used i n  attempting t o  

s t a b i l i z e  the ampl i f ie rs  t o  prevent spurious osc i l la t ions~when the load 

I changes. Load changes are caused by an animal changing the surroundings 

o f  the antenna. 

We have been successful l  i n  each of these design goals; however, when 

the transmit ters are encapsulated i n  e l e c t r i c a l  res in  f o r  waterproofing 

they are no longer uncondit ional ly stable. We have been able t o  reduce 

the problem somewhat but  have not  been able t o  el iminate i t .  The major 

problem appears t o  be caused by capacitance between the conductors on the 

p r i n ted  c i r c u i t  board. When po t t i ng  i s  added the d i e l e c t r i c  constant of 

the po t t i ng  mater ia l  i s  d i f f e r e n t  from a i r  and thus changes the 

capacitance of the c i r c u i t .  Several approaches were used t o  reduce the 

problem. F i r s t  we attempted t o  reduce the i n te r l ead  capacitance by 

ca re fu l  placement o f  components and ground areas. Secondly wc attempted 

t o  use low loss, low d i e l e c t r i c  constant encapsulants such as those 



s u p p l i e d  by Emerson and Cumnings. These were l a r g e l y  unsucces s fu l  because 

of t h e  t o x i c i t y  and h igh  h e a t  r equ i r ed  f o r  complete  c u r e .  A t  p r e s e n t ,  

t h i s  approach is deemed unacceptab le .  Our t h i r d  e f f o r t  was t o  reduce t h e  

Q1.s between t h e  s t a g e s  t h u s  making them less s u s c e p t i b l e  t o  s p u r i o u s  

o s c i l l a t i o n s  caused by c a p a c i t a n c e  changes.  Again t h i s  has been p a r t i a l l y  

s u c c e s s f u l .  Although we can now ma in t a in  t h e  g a i n  l e v e l s  b e f o r e  and a f t e r  

p o t t i n g  we have n o t  been a b l e  t o  ma in t a in  u n c o n d i t i o n a l  s t a b i l i t y .  

Uncondi t iona l  s t a b i l i t y  means t h a t  t h e  a m p l i f i e r  w i l l  remain s t a b l e  from 

no l o a d  t o  s h o r t  c u r c u i t  c o n d i t i o n s .  Although we would hope such 

Condit.inns would n o t  oecu r ,  Lley may be approached depending on what t h e  

an imal  does  w i t h  t h e  an tenna .  S u f f i c i e n t  s t a b i l i t y  h a s  been ob ta ined  by 

c a r e f u l  ad jus tment  and t e s t i n g  a f te r  p o t t i n g .  S ince  t h i s  is time 

consuming and r e q u i r e s  s o p h i s t i c a t e d  equipment we would l i k e  t o  e l i m i n a t e  

t h a t  problem i n  o u r  n e x t  de s ign  a t t empt .  I n  s p i t e  o f  t h e  above problems, 

h igh  power o u t p u t  t r a n s m i t t e r s  have been used s u c c e s s f u l l y  on a number of 

s p e c i e s  (Fig. 1-1). 

2. -- Ultra Sonic  Rece ive r s  and Transmi t t e r s :  - 
TO meet t h e  needs  f o r  t r a c k i n g  i n  s a l t  water a s o n i c  r e c e i v e r  and 

t r a n s m i t t e r  system was developed. I t  is  an  updated v e r s i o n  o f  an earl ier  

approach us ing  a three hydrophone a r r a y  sys tem t o  l o c a t e  an imals  under 

water. I t  is des igned  f o r  b a t t e r y  o p e r a t i o n  and f o r  u s e  a t  dep ths  t o  a t  

leas t  lr-100 meters. 

The r e c e i v e r  was redes igned  wi th  d i g i t a l  t u n i n g  t o  a l low r a p i d  

f requency  changes t o  accomodate d i f f e r e n t  f i s h .  With d i g i t a l  t un ing  

d i f f e r e n t  f r equenc i e s  can  be  s e l e c t e d  i n s t a n t a n e o u s l y .  The remainder o f  

t h e  r e c e i v e r  is o f  c o n v e n t i u r ~ a l  de s ign .  Gain is purpose ly  kep t  low i n  t h e  
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- 
i n p u t  s t a g e s  t o  reduce  problems wi th  c r o s s  modulat ion and a l s o  because we 

chose  n o t  t o  u s e  t u n i n g  i n  t h e  first s t a g e s .  A h igh  p a s s  f i l t e r  is used 

a t  t h e  i n p u t  t o  reduce  low frequency sea n o i s e ,  e s p e c i a l l y  t h a t  due t o  

s h i p s  and animal  cal ls .  Another unique f e a t u r e  of t h e  r e c e i v e r  is t h e  u se  

of a phase locked loop  a s  t h e  s i g n a l  d e t e c t o r ,  r e s u l t i n g  i n  a very low 

false a l a rm rate.  T h i s  r a t e  is main ta ined  even under h igh  n o i s e  

c o n d i t i o n s .  .... 

The improved t r a n s m i t t e r  u s e s  d u a l  555 c i r c u i t s  f o r  t im ing  and 

f requency  c o n t r o l .  t h i s  r e s u l t s  i n  accuracy  i n  t im ing  c o n t r o l  f o r  

v a r i a t i o n s  i n  v o l t a g e  and tempera ture .  I t  a l s o  r educes  t h e  number of  

p a r t s  r e q u i r e d .  A second improvement is i n  r edes ign  o f  t h e  o u t p u t  power 

t r ans fo rmer  t o  y i e l d  maximum power o u t p u t  wh i l e  s t i l l  ma in t a in ing  l i n e a r  

o p e r a t i o n .  The- d e s i g n  co'uld be  f u r t h e r  improved i n  c a s e s  where h igh  

e f f i c i e n c y  is r e q u i r e d  by adding a induc tance  i n  series wi th  t h e  

t r a n s d u c e r  t o  r e s o n a t e  t h e  approximately 3000 p f  r e a c t a n c e  of t h e  

t r a n s d u c e r .  We chose  n o t  t o  do t h i s  because i n  our case ' t r a n s m i t t e r  l i f e  

was n o t  a c r i t i c a l  d e s i g n  parameter  and because t h e  i nduc t ance  would have 

t o  be d i f f e r e n t  f o r  each t r a n s m i t t e r  f requency ,  a d i f , f i c u l t  t a s k  i f  a 

l a r g e r  number o f  f r e q u e n c i e s  a r e  used.  The t r a n s d u c e r s  a r e  r e sonan t  a t  . 

approximately 60 KHz and t h e  power o u t p u t  o f  t h e  t r a n s m i t t e r s  was measured 

a t  70 db re l u b a r  I1 meter. It  cou ld  be f u r t h e r  i n c r e a s e d  by r edes ign ing  

and i n c r e a s i n g  t h e  s i z e  of t h e  power t r ans fo rmer .  

The p o t t i n g  f o r  t h e s e  t r a n s m i t t e r s  was Produc t s  Research Corpora t ion  

u re thane .  Th i s  m a t e r i a l  is waterproof  and h a s  very good a c o u s t i c  window 

p r o p e r t i e s .  A l l  g a s  bubbles  were evacua ted  b e f o r e . t h e  p o t t i n g  was 

poured. Range f o r  t h e s e  t r a n s m i t t e r s  is about  5 km under  q u i e t  sea 
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conditions and they have been tested to depths of 600 meters w i t h  no 

observable change i n  characteristics.  

3) Corrosive L i n k s :  

A t h i r d  area of ef for t  was the design and test ing of corrosive l i n k s .  

Generally a telemetry s t u d y  involves attaching a device to an animal and 

releasing it back to  its natural environment. I n  most cases the animal's 

l i f e  expectancy is greater than that  of the transmitter. It is therefore 

desirable to  rcmove the transmitter af ter  it I- as expired. T l i i s  is  

becoming especially important when working wi th  endangered species where a 

multiplicity of concerns must be accomodated. I n  many cases the animal 

can be recaptured and the transmitter removed, while in  others t h i s  cannot 

be readily done. To meet these needs we began test ing and developing 

corrosive links that  would decay w i t h  time allowing the device to f a l l  off 

a f te r  a desired time interval.  

We experimented w i t h  both active and passive devices. Active devices 

have the advantage of not being dependent on thei r  environment for 

corrosive action. Although we have experimented wi th  a number of 

electrochemical ce l l s  we have not been successful i n  developing a device 
- that w i l l  work reliably. We believe that  we can b u i l d  a rel iable active 

device b u t  that it w i l l  take more time. 

We have been more successful w i t h  passive devices which depend on s a l t  

water as  the electrolyte and use metals of different potentials to form 

the cathode and anode of the corrosive ce l l .  Metals which do not 

passivate ( for  thei r  own protection) easily are chosen. The time of decay 

can be col- trolled by chosing different metals and by varying the s ize  of 

cathode and anode. The results  of these t e s t s  have been sumnarized (See 
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Appendix B, SUBPROJECT TWO) and several devices are being f ie ld  tested on 

sea o t t e r s ,  polar bear and manatees. They have performed well on sea 

o t t e r ,  releasing in  4-6 weeks, and on manatees, releasing a f te r  one year. 

Data from t e s t s  on polar bears are not yet available. 

4) Development of High Frequency Transmitters - 
A s  more and more telemetry devices corn into use, t h e  FCC is becoming 

more concerned wi th  control. T h i s  has resulted. in a number of frequency 

bands being authorized for use i n  ocean., animal, and medical telemetry. 

These regulations are covered i n  Part I1 paragraph 5.108 and 15.176 of FCC 

Rules and Regulations. The lower frequencies present no problems, however 

new design was required a t  the 216-220 MHz band. 

During the past year we have developed transmitters similar to the 164 

MHz types that operate in t h i s  higher range. Techniques have been 

developed to construct them easily and reliably. The magor problem 

remaining is increasing the power output. For the 164 MHz designs we are 

able to  use 82 MHz crystals  and double t o  the output frequency. However, 

we have not been able to do t h i s  successfully w i t h  110 MHz crystals  and 

t h u s  have had to go to  a t r ip l ing scheme, using a crystal  a t  approximted 

70 MHz. Since the power output is approximately equal to  l / n 2  where n 

i s  the number of the harmonic (2  and 3 i n  our case) ,  it can readily be 

seen that  the power output w i l l  be lower. Two solutions are possible; one 

is to  add a t h i r d  stage to  increase,the power level,  the other is to  f i n d  

a crys ta l  that w i l l  operate a t  these trequencies or develop a different 

osci l la tor  c i rcu i t .  The l a t t e r  seems to hold the most promise. Thus we 

have successfully b u i l t  transmitters a t  220 MHz b u t  have not been able to 

achieve the power output levels of our ear l ier  models. 



5 )  Time Delay Transmitters: - 
Time delay transmitters that w i l l  t u r n  on i n  the f ie ld  a f te r  some 

pre-determined delay time have wide application i n  ecological research. 

They can also be cycled on and off to save power. These devices are 

especially useful for studies where battery s ize  is c r i t i c a l  and l i f e  

inportant. We developed time delay transmitters ea r l i e r ,  using watch 

c i rcui ts .  Unfortunately the s t a t e  of the a r t  in  watch c i rcu i t s  changed 

'rapidly, incorporating new 'features and dropping the older basic ones. 

Thus ,  the c i rcu i t  we were using is no longer manufactured. We have 

developed a new version using standard COSMOS circuitry.  A diagram of our 

current version is shown i n  Figure 1-2. I t  is now being tested on sea 

o t te r s  i n  Alaska. - 
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SUBPROJECT TWO 
I 

APPLICATION OF RADIO TELEMETRY TO SELECTED PROBLEMS IN  

VERTEBRATE CENSUSING AND POPULATION STUDY 

Our long term goal  has been t o  u t i l i z e  the experience, technology and 

equipment developed over the years i n  rad io  telemetry t o  resolve basic 

problems i n  animal census and populat ion studies. Current ly we are 

s h i f t i n g  t h i s  focus somewhat t o  concentrate on s p e c i f i c  problem areas 

c r i t i c a l  t o  new DOE missions. I n  October 1982 we w i l l  i n i t i a t e  studies on 

impacts of the u t i l i z a t i o n  o f  wetland biomass as an energy source and a 

study on quan t i f i ca t i on  o f . s p a t i a 1  use pat terns and foraging s t ra teg ies  

(See Renewal Proposal). 

During the past year we have concentrated on measurement o f  important 

populat ion parameters, p a r t i c u l a r l y  d ispersa l  pat terns,  o f  the sea o t t e r  

and on methods of monitor ing and analyzing movements and behavior o f  

f i s h .  This progress repor t  cons is ts  o f  d r a f t s  o f  2 theses and 3 papers 

which are being prepared fo r  publ icat ion.  These theses and papers, 

presented i n  t h e i r  en t i r e t y ,  are: 

A) Experiments on the response o f  sea o t t e r s  t o  o i l  contamination 

(APPENDIX A) 

6) Corrosive l i n k s  f o r  use w i th  animal biotelemetry' (APPENDIX 6) 

C )  F a l l  movements and a c t i v i t y  pat terns o f  sea o t t e r s  i n  

Ca l i f o rn ia  (APPENDIX C) 

D) Fentanyl and azaperone produced neuroleptanalgesia i n  the sea 

o t t e r  (APPENDIX D) 

E) Behavior o f  walleye p ike  i n  experimental channels as monitored 

by a microprocessor u t i l i z i n g  rad io  telemetry (APPENDIX D) 



APPENDIX A 

Experiments on the response of sea ot ters  (Enhydra l u t r i s )  

to o i l  contamination. 

D.  B. siniff', T. D. williams2, A .  M. ~ o h n s o n ~ ,  and 

D. L. ~arshelis ' .  

l ~ e p t .  of Ecology and Behavioral Biology, University of Minnesota, 

Minneapolis, Minnesota. 55455 

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

3 ~ . ~ .  F i s h  and Wildlife service, 4454 Business Park Blvd.  ~ n c h o r a ~ e ,  

Alaska 99503. 

Abstract 

Two oiling experiments were conducted from 1977-1979 on sea o t te r s  i n  

Prince W i l l i a m  Sound, Alaska. I n  the first experiment, 4 captured ot ters  

were instrumented w i t h  radio-transmitters and released following 

contamination of their  pelage w i t h  25 cc of Prudoe Bay crude o i l ;  a f i f t h  

individual was oiled and cleaned w i t h  detergent prior to being released. 

For a l l  experimental animals activity increased dramatically during the 

f i r s t  week following treatment; t h i s  effect was accentuated i n  the o t te r  

cleaned w i t h  detergent. Most of the increase i n  act ivi ty corresponded to 

increased grooming, whereas frequency of feeding (as measured by dive 

pattern analysis) d i d  not appear to increase. I t  appeared that a l l  

experimental o t ters  survived the f i r s t  experiment, probably because only 

a small portion of the pelage was treated, and because food resources i n  



t h e  s t u d y  a r e a  were abundant .  I n  t h e  second exper iment  we observed 

b e h a v i o r a l  r e a c t i o n s  of  2 o t t e r s  i n  an  above-ground swimning pool  which 

was p a r t l y  covered  w i t h  c rude  o i l .  Both o t t e r s  s p e n t  very l i t t l e  time on 

t h e  o i l e d  s i d e  o f  t h e  pool  ( less than  1 minute  p e r  h o u r ) ,  bu t  

o c c a s i o n a l l y  s u r f a c e d  i n  it f o r  b r i e f  p e r i o d s  and e v e n t u a l l y  became 

contamina ted .  One o f  t h e s e  i n d i v i d u a l s  was n o t  c l eaned  and died'  w i t h i n  

24 h o u r s  o f  first encoun te r  w i t h  t h e  o i l ;  t h e  o t h e r  was c l eaned  and 

r e l e a s e d  with  a r a d i o - t r a n s m i t t e r  t h a t  f a i l e d  s h o r t l y  a f t e r w a r d s .  
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Introduction 

O i l  spills i n  marine environments have increased dramatically over 

the l a s t  decade (Gelder-Ottway and Knight 1976). . The persisent effects  

of o i l  s p i l l s  on marine organisms, often spanning periods of 5-15 years, 

have been well documented (Atlas e t  a l .  1978; Vandemeulen 1978). Sea 

ot ters  (Enhydra l u t r i s )  may be particularly vulnerable to o i l  

contamination because of their  h i g h  metabolic rate and dependence on 

dense fur rather than blubber for insulation (Kenyon 1969). Kooyman e t  

a l .  (1976) have shown that thermal conductivity is greatly increased i n  

o i l  stained sea ot ter  pelts.  Thus ,  fur contaminated w i t h  o i l  causes loss 

of body heat and, i n  compensation, metabolic activity increases. 

Increased metabolism due to o i l  contamination of the pelage has been 

observed i n  fur seals  (Callorhinus ursinus) (Kooyman e t  a l .  19761, 

muskrats (Ondatra zibethica) (McEwan e t  a l .  1974), and various species of 

waterfowl (Hartung 1967; McEwan and Koelink 1973). I n  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 i n  oiled muskrats. Sea ot ters  depend 

on their  abi l i ty  to remain afloat  i n  a resting position for several hours 

a day to  conserve energy; t h u s ,  contamination of the pelage and 

subsequent loss of bouyancy would increase their  daily energy expenditure. 

Sea ot ters  spend considerable time grooming their  pelage to maintain 

insulation and buoyancy (Kenyon 1969), b u t  whether they can remove o i l  

from their  f u r  by vigorous grooming is unknown. 



Barabash-Nikifirov e t  a l .  (1947:115) suggest that sea o t te r s  can 

sense o i l  contaminated surface waters and .avoid contact. However, 

Kooyman e t  a l .  (1976) noted that behavioral responses of sea ot ters  to  

o i l  have not been tested and are t h u s  poorly understood. 

With the recent completion of the Trans-Alaskan Pipeline, o i l  

contamination to Alaskan coastal waters seems inevitable (see Atlas e t  

a l .  1978). A large population of- sea o t te r s  i n  Prince' William Sound, the 

southern terminus of the Alaskan pipeline, invites large scale effects  

from such a sp i l l .  Smaller populations of sea o t te r s ,  such as the newly 

established population off the coast of B r i t i s h  Columbia, may be 

extirpated by an o i l  s p i l l  ( E l l i s  1979). Increased 'mortality may occur 

directly from contamination of the pelage or' ingestion of o i l  * 

contaminated invertebrates, or indirectly due to oil-caused diminished 

densities and retarded growth rates of marine invertebrates comprising 

the sea o t t e r ' s  d ie t  (see Krebs and Burns 1977; Gilf i l lan and 

Vandermeulen 1978). 

The questions and complexities outlined above spurred our ef for ts  t.n 

s t u d y  the reaction of sea o t te r s  to o i l  on the ocean surface and to 

rYi0nieor possible adjustments i n  normal l i f e  patterns to mediate the 

effects  of o i l  contamination of the fu r .  We also were interested in  

determining whether o i l  contaminated f u r  can be cleaned, and animals 

restored t o  normal health. Such cleaning attempts have been generally 

unsuccessful w i t h  seals  (Davis and Anderson 1976) and seabirds (Clark 

1978) . 



METHODS 

Two types  o f  o i l i n g  experiments were conducted during t h e  sumners of 

1977-1979 i n  Pr ince  William Sound, Alaska (Fig .  1 ) .  I n  one experiment, 4 

captured o t t e r s  were ins t runen ted  with r ad io - t r ansmi t t e r s  and r e l e a s e d  

fol lowing contamination of  t h e i r  pelage wi th  25 cc o f  Prudoe Bay crude  

o i l ;  another  o t t e r  was captured,  o i l e d  and cleaned p r i o r  t o  being 

re leased .  I n  t h e  second experiment, behaviora l  r e a c t i o n s  of  o t t e r s  t o  

crude o i l  on t h e  water s u r f a c e  i n  an above-ground swimming pool  were 

observed. 

Experiment 1: O i l  and Release 

Otters were captured f o r  t h e  f i r s t  experiment using 22 cm (8 3/4") 

s t r e t c h  mesh g i l l  n e t s ,  anchored a t  one end and without  weights  on t h e  

l e a d  l i n e .  This technique has been used by s e v e r a l  i n v e s t i g a t o r s  

previously t o  cap tu re  o t t e r s  f o r  t r a n s p l a n t  t o  o t h e r  a r e a s ,  o r  f o r  

s c i e n t i f i c  s tudy.  The unweighted l e a d  l i n e  allowed o t t e r s  entangled  i n  

t h e  n e t  t o  s u r f a c e  and remain t h e r e  u n t i l  e x t r i c a t e d  by research  

personnel.  

After c a p t u r e ,  a rad io - t r ansmi t t e r  weighing 25 t o  30 grams was 

a t t ached  a c r o s s  a d i g i t  on a rear f l i p p e r  (Fig.  2) so t h a t . t h e  whip 

antenna pointed upward when t h e  animal was f l o a t i n g  on its back i n  normal 

r e s t i n g  posture.  During grooming, s w i d n g  o r  feeding,  t h e  antenna would 

d i p  below t h e  su r face  of t h e  water, thereby i n t e r r u p t i n g  t ransmiss ion of  

t h e  r a d i o  s i g n a l .  These occas iona l  i n t e r r u p t i o n s  o f  t h e  r a d i o  s i g n a l  

were used a s  an index o f  a c t i v i t y ,  and could be recorded on a s t r i p  c h a r t  

a t  an automat ic  monitoring s t a t i o n .  For t h e  1977 and 1979 f i e l d  seasons ,  

t h e  system was ad jus ted  t o  sample t h e  a c t i v i t y  of  each o t t e r  f o r  15 



Fig. 1. Map of study area showing locations of f i e ld  camps used during the 
1977, 78 and 79 seasons, and National Marine Fisheries Service 
fac i l i ty  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 
L~ausmitter in place on otter's rear flipper. 



seconds o r  less dur ing each scan through t h e  f requencies  of instrumented 

o t t e r s  programed on t h e  r ece ive r .  The a c t i v i t y  of each o t t e r  was 

sampled 4-8 times every 10 minutes, depending on t h e  nunber o f  o t t e r s  

being monitored. The percentage o f  a c t i v e  readings recorded i n  each 10 

minute per iod  was used a s  a random sample o f  a c t i v i t y .  For t h e  1978 

f i e l d  season,  a 4 minute sampling i n t e r v a l  was used. These longer  

sampling i n t e r v a l s  i n  1978 permit ted d i f f e r e n t i a t i o n  between feeding and 

o t h e r  mdes o f  ect . ivi  t y ,  based on t h e  m o u n t  of  time t h e  radiu siyrlal. was 

i n t e r r u p t e d .  I n t e r r u p t i o n s  of  30 seconds o r  more were considered feeding 

d ives ,  and f o r  each such case, a feeding d ive  t ime was measured. 

Independent obse rva t ions  of  a c t i v i t y ,  made while animals were i n  v i s u a l  

range ,  were used t o  tes t  t h e  accuracy o f  t h e  automat ic  monitoring 

s t a t i o n .  There were many 4 minute i n t e r v a l s  recorded on t h e  s t r i p  c h a r t  

where the a c t i v i t y  could not be c l a s s i f i e d  during t h e  a n a l y s i s ;  however, 

f o r  t h o s e  i n t e r v a l s  where a c t i v i t y  was determined, we considered t h e  mode 

of a c t i v i t y  recorded t o  be independent of  previous and subsequent 

a c t i v i t i e s  (i .e., each recnrrli q was a random s3nplc of a c t i v i t y )  and we 

considered  each o f  t h e  3 c a t e g o r i e s  o f  a c t i v i t y  (feeding,  r e s t i n g ,  o t h e r  

a c t i v i t i e s )  t o  be recorded with equa l  p r o b a b i l i t y  by t h e  recording system 

(i.e. t h e  system was unbiased).  -- - -L- . + -- 
-. *q .-- 

Act iv i ty  d a t a  were recorded both f o r  c o n t r o l  as well as experimental  

animals  contaminated wi th  25 cc Pmdoc Bay crude o i l ,  coverirly 130-260 

an2 of their a n t e r i o r  d o r s a l  surface .  A l l  animals were a d u l t  males 

l i v i n g  i n  al l-male groups and weighed between 20-35 kg. One animal was 

o i l e d  i n  1977, one i n  1978 and two i n  1979. Another animal i n  1979 was 

o i l e d  and then cleaned wi th  Polycomplex-11 before  release. This  c l ean ing  



agent has been used by the Cal i forn ia Department o f  Fish and Game for 

cleaning o i l  contaminated waterfowl, and was highly rated as a general 

cleaning agent fo r  o i l  contaminated w i l d l i f e  by Berkner e t  al .  (1977). 

F ie ld  work i n  1977 was done i n  Sheep Bay, whereas f i e l d  work i n  1978 

and 1979 was conducted i n  Simpson Bay (Fig. 1). 

Experiment. 2: Captive Observations 
- 

F 

. -. 
Studies on behavioral reactions o f  o t ters  t o  o i l  on the water .surface 

were carr ied out i n  1977 i n  a 5 m diameter above-ground swimming pool set 

up on the shore adjacent to  the National Marine Fisheries F a c i l i t y  i n  

Olsen Bay (Fig. 1). The pool was f i l l e d  wi th sea water t o  a depth of 120 

cm and was divided i n  ha l f  by a p a r t i t i o n  extending about 30 an i n t o  the 

water. Two equal sized haul-out platforms were constructed, one a t  each 

end o f  the pa r t i t i on  (Fig. 3). Behavioral observations were made from a 

warehouse adjacent t o  the pool. 

Two male ot ters from Sheep Bay, both weighing 28-29 kg, were used i n  

t h i s  experiment. They were transported t o  a f l oa t ing  holding f a c i l i t y  i n  

Olsen Bay where they were l e f t  fo r  a t  least  3 days t o  become accustomed 

to  eating squid. One morning a t  1000 hours they were placed i n  the 

s w h i n g  pool. Timed behavioral abservations were taken over the next 8 

hours t o  determine which side o f  the pool the o t te rs  preferred. A t  1800 

hours, 2 l i t e r s  of Prudoe Bay crude o i l  was dumped i n t o  the side o f  the 

pool most preferred by the otters. This o i l  rapid ly spread over the 

en t i re  side of the pool, The p a r t i t i o n  worked wel l  i n  r es t r i c t i ng  the 

o i l  t o  one side, but eventually the clean side became contaminated as the 

o t te rs  swam back and fo r th  under the par t i t ion ,  occasionally surfacing i n  

the o i l .  
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Fig. 3. Diagram showing desggn nf fac$.litics fur oil csntaulnatian captive 

study, Julv 1977. 



RESULTS 

Experiment 1: O i l  and Release 

Three of t h e  4 o t t e r s  o i l e d  and re leased  with r ad io - t r ansmi t t e r s  were 

appreciably  more a c t i v e  than c o n t r o l  animals during t h e  f i r s t  week a f t e r  

o i l i n g .  It was o f t e n  d i f f i c u l t  t o  r ece ive  any r a d i o  s i g n a l  a t  a l l  from 

t h e s e  animals during t h i s  f i r s t  week due t o  t h e i r  extreme a c t i v i t y .  The 

o t t e r  o i l e d  i n  1977 was very a c t i v e  f o r  t h e  first 4 days a f t e r  r e l e a s e  

(Fig.  41,  bu t  then moved o u t  o f  range of  t h e  automatic r ece iv ing  s t a t i o n ;  

thus ,  no f u r t h e r  information could  be obtained on t h i s  ind iv idua l .  The 

animal o i l e d  i n  1978 was monitored f o r  about  3 weeks. The first week was 

represented  by a high l e v e l  of  a c t i v i t y  (P  0.01), t h e  second week by a 

seemingly normal l e v e l  o f  a c t i v i t y  (P 0.05), and t h e  t h i r d  week by 

decreased a c t i v i t y  (P  0.01) i n  r e l a t i o n  t o  c o n t r o l  animals (Fig. 5). 

The d a i l y  p a t t e r n  o f  a c t i v i t y  was s i g n i f i c a n t l y  d i f f e r e n t  from t h e  

c o n t r o l  group only dur ing t h e  second week (P 0.05), apparent ly  because 

t h e  o i l e d  animal exh ib i t ed  an unusually high percentage of a c t i v i t y  

dur ing  t h e  hours 2000-2400 (Fig.  5). The a c t i v i t y  p a t t e r n  o f  t h e  c o n t r o l  

group d i d  n o t  vary s i g n i f i c a n t l y  (P  0.05) from a uniform d i s t r i b u t i o n  

dur ing any week of  t h e  study.  

Both i n d i v i d u a l s  o i l e d  i n  1979 were t racked f o r  about  3 weeks. One 

animal was extremely a c t i v e  f o r  t h e  f i r s t  1 1/2 weeks, after which its 

a c t l v i t y  was not  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  o f  t h e  c o n t r o l  group. 

No decrease  i n  a c t i v i t y  comparable t o  t h e  1978 o i l e d  o t t e r  was observed 

p r i o r  t o  t h e  time the t r a n s m i t t e r  f e l l  o f f ,  19 days a f t e r  capture .  The 

o t h e r  animal o i l e d  i n  1979 moved o u t  of  range of  the rece iv ing  s t a t i o n  

s h n r t l y  a f t e r  cap tu re ,  bu t  a c t i v i t y  was sarrpled a t  l e a s t  once d a i l y  us ing 

p o r t a b l e  t r a c k i n g  equipment and v i s u a l  observat ions .  No s i g n i f i c a n t  
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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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Fig. 5. 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. 



a l t e r a t i o n s  i n  a c t i v i t y  were apparent f o r  t h i s  individual  even during the  

first week a f t e r  o i l i ng .  However, the  d i f f e r en t  monitoring procedure 

used f o r  t h i s  individual  made comparisons of its a c t i v i t y  with t h a t  of 

o ther  o t t e r s  d i f f i c u l t .  

The o t t e r  o i l ed  and cleaned i n  1979 was s ign i f i can t ly  more ac t ive  

than cont ro l  o t t e r s  f o r  t he  first 2 weeks a f t e r  re lease  (P 0.011, 

whereas a c t i v i t y  returned t o  near average 1 eve ls  during the  t h i r d  and 

four th  weeks. 

From the standpoint  of t h e i r  a c t i v i t y ,  both o i l e d  and cleaned o t t e r s  

appeared t o  be recovering from the  contamination of t h e i r  pelage. This 

observation is re l a t ed  t o  t he  diminishing l e v e l s  of a c t i v i t y  by these  

ind iv idua ls ,  a s  well a s  t h e  concurrent increase  i n  a c t i v i t y  of con t ro l  

animals t u  which experimental individuals  were compared. I n  1978, 

cont ro l  animals were more ac t ive  t h e  first week of August than t h e  l a s t  

week. of July (P 0.01) (Fig. 5). I n  1979, cont ro l  animals were more 

active '  t he  first 2 weeks af  Sptm-ber than the  last 2 weeks of AugusL 

CP 0.Q5). 

A canparison of t h e  dive times recorded on t h e  s t r i p  cha r t  i n  1978 

fo r  the  o i l ed  animal and 3 cont ro l  animals shows no evident di f ference i n  

d i s t r i b u t i o n  (Fig. 6).  Nevertheless, it. rannot be asswned t h a t  t he  o i l e d  

animal d i d  not change t o  a d i f f e r e n t  feeding s t ra tegy  (e.g. gathering 

more lbod per dive)  or  a d i f f e r e n t  food source. Oiling apparently d id  

a f f e c t  feeding frequency. In  1978 during t he  first week a f t e r  

contamination, t he  o i l e d  individual  spent a smaller proportion of time 

feeding than cont ro l  animals (Table 1). However, because the  o i l ed  o t t e r  

was extremely ac t i ve  (its rad io  antenna was frequently submerged) 



P
E

R
C

E
N

TA
G

E
 O

F 
TI

M
E

 A
C

TI
V

E
 

i-
' 

P
, 
0
 

I-L
 m
 

I-L
 

cc
 
m
 

Y
 

0
 

fD
 

P
.9

 
P

 e
 

E
 8 0
 

0
 *

 
rr
 

r
t 
0
 

2 g Ef 
cn
 

1 0
 
a
 

I-
'. 

e 
P

Y
 

E
 z' 09
 

0
 

r
t 
m
 

rt
 

lD
 

fD
 

fD
 

Y
 a
 

cn
 

I-
'. 

* 
s
 

m
 



16 

and o f t e n  far from t h e  t r a c k i n g  s t a t i o n  ( t h e  r a d i o  s i g n a l  was weak) 

dur ing  t h e  first 4 days after contamination, we t e s t e d  f o r  d i f f e r e n c e s  i n  

a c t i v i t y  dur ing  days 1-4 and days 5-8 independently. During both of t h e  

time per iods ,  t h e  o i l e d  o t t e r  fed  less f requent ly  than c o n t r o l  o t t e r s ,  

al though t h e  d i f f e r e n c e  was less dramatic during t h e  second 4 day period 

than during t h e  first. This sugges t s  t h a t  t h e  feeding regime was 

i n t e r r u p t e d  most j u s t  after o i l i n g .  Grooming was apparent ly  t h e  

p r i n c i p a l  a c t i v i t y  dur ing  t h i s  pe r iod  (Table 1). During t h e  second week, 

after o i l i n g ,  no s i g n i f i c a n t  d i f f e r e n c e s  were observed i n  t h e  frequency 

of feeding,  grooming and r e s t i n g  by o i l e d  and c o n t r o l  animals (Table 1). 

By t h e  t h i r d  week, however, the n i  1 erl animal spen t  1 ~ 3 3  t h e  feedii ~y and 

grooming and more time r e s t i n g  than d i d  c o n t r o l  animals (Table 1). ' 

Experiment 2: Captive Observations 

The c a p t i v e  experiment involving t h e  o i l  contamination of one side of 

a swimning pool  conta in ing 2 sea o t t e r s  ind ica ted  t h a t  t h e  animals were 

aware o f  t h e  o i l  and preferred t a  avoid it. Immediately after a d d i t i o n  

o f  t h e  o i l  t o  the pool aL 1800 hours, t h e  o t t e r s  became nervous and 

cur ious ,  even though t h e  o i l  was contained on t h e  oppos i t e  s i d e  of t h e  

p a r t i t i o n .  I n t e n s i t y  of  feeding and grooming inc reased ,  and occas iona l ly  

t h e  o t t e r s  would rear up an t.he p a r t i t i o n  and s t o r e  a t  the o i l .  They 

a l s o  made what seemed t o  be more determined e f f o r t s  t o  escape than had 

previuus ly  been noted. However, t h e  o i l  was no t  t o t a l l y  avoided. When 

swimning under water around t h e  per imeter  of  t h e  pool,  t h e  o t t e r s  would 

occas iona l ly  s u r f a c e  on t h e  o i l e d  s i d e ,  but would remain f o r  only a few 

seconds,  quickly  d iv ing  back under water. While t h e  o t t e r s  spen t  less 

than one minute per  hour on t h e  o i l e d  s i d e ,  they both even tua l ly  became 
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covered wi th  a  c o a t  o f  o i l .  One o t t e r  i n t e r m i t t e n t l y  r a i s e d  its head and 

s h o u l d e r s  o u t  o f  t h e  water  and shook i t s e l f  v igourous ly ,  presumably i n  

a t t empt  t o  r i d  i t s e l f  o f  t h e  o i l .  Feeding was f a i r l y  f r e q u e n t  f o r  t h e  

f i r s t  s e v e r a l  hou r s  of  t h e  exper iment ,  b u t  r e s t i n g  became more p r e v a l e n t  

a s  t h e  o t t e r s  were observed through t h e  n i g h t .  One of  t h e  o t t e r s  

p r e f e r r e d  r e s t i n g  on a haul-out  p l a t f o r m ,  b u t  t h i s  behavior  was no ted  

p r i o r  t o  t h e  a d d i t i o n  o f  o i l .  

The o t t e r s  were removed from t h e  pool  a t  0600 t h e  n e x t  morning, 1 2  

hours  a f t e r  encounter ing  t h e  o i l .  One o t t e r  was c l eaned  w i t h  Polycomplex 

-11. The o i l e d  f u r  was wet with t h e  c l e a n i n g  agen t ,  r i n s e d  i n  sea wa te r ,  

and rubbed thoroughly w i t h  t owe l s .  The animal  was then  al lowed t o  dry  

and groom itself  f o r  8 hours  b e f o r e  be ing  p laced  i n  t h e  f l o a t i n g  hold ing  

f a c i l i t y .  The f u r  imned ia t e ly  became s a t u r a t e d  w i th  water, whereupon t h e  

animal  was removed, r e -d r i ed ,  and l e f t  ove rn igh t  i n  a d ry  pen. The n e x t  . 

day a  t r a n s m i t t e r  was a t t a c h e d ,  and t h i s  animal  was r e l e a s e d  back i n  

Sheep Bay. Malfunct ion o f  t h e  t r a n s m i t t e r  24 hours  la ter  prec luded  

. f u r t h e r  o b s e r v a t i o n  o f  t h i s  animal .  

The o t h e r  o t t e r  was n o t  c l eaned ,  b u t  p laced  back i n  t h e  f l o a t i n g  

ho ld ing  f a c i l i t y  where it d i e d  10 hours  l a t e r .  Gross au tupsy  and 

h i s topa tho logy  sugges ted  hypothermia a s  t h e  cause  of  d e a t h ,  a l t hough  

t o x i c i t y  from i n g e s t i o n  of  o i l  groomed o f f  t h e  f u r ,  cou ld  n o t  be e n t i r e l y  

d i scounted .  

DISCUSSICIN 

Inc reased  a c t i v i t y  by o t t e r s  p a r t l y  contaminated wi th  o i l  was 

expec t ed ,  c o n s i d e r i n g  t h e  an ima l s1  needs  t o  ma in t a in  body t empera tu re  and 

weight .  Custa  and Kooyman (1979) nhserved me tabo l i c  r a t e s  40% above 

m 
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ave rage  f o r  s e a  o t t e r s  w i th  o i l . a p p l i e d  t o  20% of  t h e i r  body s u r f a c e .  

These .exper iments  w i th  o i l e d  and r e l e a s e d  o t t e r s  sugges t  t h a t  o t t e r s  

spend c o n s i d e r a b l e  time grooming i n  an e f f o r t  t o  remove t h e  o i l  and 

r e s t o r e  t h e  i n s u l a t o r y  p r o p e r t i e s  o f  t h e  pe lage .  Vigorous grooming by 

one  of t h e  o i l e d  o t t e r s  i n  t h e  pool  experiment  was observed.  Within one 

week a f t e r  contamina t ion ,  grooming appeared t o  subs ide .  Whether by t h a t  

time t h e  an ima l s  had removed a s u b s t a n t i a l  p o r t i o n  o f  t h e  o i l ,  o r  could  

n o t  c o n t i n u e  excessive grooming due t o  cnelyy c o n s t r a i n t s  is unknown. 

One o t t e r  e x h i b i t e d  seemingly normal a c t i v i t y  du r ing  t h e  t h i r d  week a f t e r  

contamina t ion ,  whereas a c t i v i t y  o f  a n o t h e r  o i l e d  i n d i v i d u a l  appeared 

dep re s sed  du r ing  t h e  t h i r d  week. We cou ld  not determine  t h e  f a t e  of  

i n d i v i d u a l s  p a s t  t h e  t h i r d  week a f t e r  o i l i n g ,  b u t  e x t e n s i v e  s e a r c h e s  o f  

t h e  , s h o r e l i n e  i n  1978 and 1979 f a i l e d  t o  r e v e a l  c a r c a s s e s  o f  any of t h e  

o t t e r s  o i l e d  i n  1977 and 1978. '  Normally sea o t t e r s  h a u l  o u t  on l a n d  : just  

p r i o r  t o  d e a t h ,  o r  i f  they d i e  i n  t h e  wa te r ,  a r e  subsequent ly  washed 

a sho re .  Thus, we f e e l  i t  is p robab le  t h a t  t h e s e  o t t e r s  su rv ived  tile 

n i l  i ng exper iments .  

One o t t e r  t h a t  was n o t  p a r t  o f  t h e s e  experiments  was appa ren t ly  

d e b i l i t a t e d  by pleumonia when cap tu red  i n  1979. We fol lowed t h c  

i n d i v i d u a l  u s ing  r a d i ~ - t e l e m e t r y  and no ted  several a b e r r a n t  behaviors .  

A c t i v i t y  was g r e a t l y  depressed  and t h e  a c t i v i t y  p a t t e r n  i t se l f  was 

abnormal.  Social i n t e r a c t i o n s ,  u s u a l l y  q u i t e  e x t e n s i v e  i n  t h i s  p o r t i o n  

o f  P r i n c e  William Sound where males congrega t e  i n  l a r g e  groups ,  were 

avoided as this i n d i v i d u a l  moved i n t o  an a r e a  e n t i r e l y  devoid of  o t h e r  

o t t e r s .  I t  e v e n t u a l l y  d i e d  and was found on t h e  beach. That none of t h e  

o i l e d  o r  o i l e d  and c l eaned  o t t e r s  e x h i b i t e d  a b n o r m a l i t i e s  i n  movement o r  



soc ia l  behavior a t tes ts  t o  our conclusion that ,  a t  l eas t  during the time 

we observed them, these o t te rs  were not  f a t a l l y  ill. 

I n  view of the increased grooming and increased metabolism of o i l e d  

o t te rs ,  both necessary fo r  thennoregulation, a l te ra t ions  i n  the feeding 

strategy o f  these animals t o  compensate for. the greater expenditure o f  

energy were ant ic ipated. No changes were observed i n  the d i s t r i b u t i o n  of 

dive times ( i nd i ca t i ve  o f  the kinds o f  food sought and the area used for 

feeding), whereas the frequency o f  feeding dives ac tua l l y  decreased j u s t  

a f te r  o i l i ng .  Therefore, i t  seems l i k e l y  tha t  o i l e d  o t te rs  were not  able 

t o  increase food consumption i n  response t o  greater energy demands, and 

thus may have been los ing weight. However, because of the recent 

expansion o f  the o t t e r  population i n t o  t h i s  study area, food resources. 

appear t o  be more abundant than i n  other par ts  o f  Prince Wi l l iam Sound 

where o t t e r s  have been established f o r  several years (Ancel Johnson, 

pers. observ.). Thus, o t te rs  are apparently heavier i n  t h i s  study area 

than elsewhere i n  the Sound. I t  i s  l i k e l y  tha t  o i l  contamination could 

have more deleter ious e f fec ts  on o t te rs  i n  areas o f  high density and 

diminished food supplies. I 

The fact t ha t  o i l  was applied t o  less  than 10% of the surface area o f  

experimental o t t e r s  i n  our study a lso may have permitted t h e i r  eventual 

recovery. I n  the capt ive experiment, one animal was. l e f t  completely 

covered w i th  o i l  and died less  than 24 hours a f t e r  soi lage. Complete 

contamination o f  the pelage may be l i k e l y  where o t te rs  encounter o i l  

s p i l l s  under na tura l  s i tuat ions.  

Natural  o i l  s p i l l s ,  however, may' be circumvented by sea o t te rs ,  The 

capt ive experiment indicated a preference t o  escape the o i l ,  although the 

confined area o f  the swimming pool may have precluded t o t a l  avoidance. 



Nonetheless, i t  is probable that a t  l eas t  some ot ters  would be 

contaminated by an o i l  s p i l l  i n  Prince W i l l i a m  Sound. T h i s  possibility 

prompted the cleaning experiments. Results of these experiments 

indicated that o t ters  oiled and cleaned w i t h  detergent are even more 

active than o t te r s  oiled and released uncleaned. Evidently the detergent 

removes natural body o i l s  necessary to prevent saturation of the fur 

(Williams, 1978). Also, Costa and Kooyman (1979) found that metabolic 

rates of o t ters  subjected to cleaning were almost 50% higher than.animals 

subjected only to  oiling. Some seabird cleaning experiments ut i l ized 

synthetic compounds to  replace the natural water repellent compound from 

the preening gland which had been removed by the detergent (Larss~n and 

Odham 1970). Because the micro-structure of b i r d  feathers, destroyed by 

the oiling and cleaning, is probably more important i n  preventing 

saturation than the waxy compound from the preening gland, attempts to 

restore O i l  contaminated seabird feathers have been generally 

unsuccessful (Clark 1978). I n  contrast, natural o i l s  are probably mnre 

important for water repellency i n  aquatic mamnals, Thus,  future cleaning 

studies w i t h  sea ot ters  should seek a substance which could be added to  

the f u r  to  temporarily restore the water repellent properties a f te r  

cleaning. Further studies are also needed t o  improve capture and 

imnobilization techniques if they are to  be used i n  attempts to rescue 

oil-contaminated sea ot ters .  Such rescue a t t e iq t s  may not  be feasible, 

' or ,  i f  o t t e r s  can survive a t  l eas t  par t ia l  soi l ing of the pelage, may not 

even be necessary. Long term studies of oiled ot ters  are needed to 

evaluate the l a t t e r  possibility. 
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Table 1. Frequency of c a t e g o r i e s  o f  a c t i v i t y  o f  an  o i l e d  sea o t t e r  v e r s u s  a 
c o n t r o l  group du r ing  3 s u c c e s s i v e  weeks a f t e r  o i l i n g .  Ac t ive ,  non-feeding 
ca t ego ry  refers p r i m a r i l y  t o  grooming. 

Week 1 Week 2 Week 3 

O i l e d  Con t ro l  O i l e d  Con t ro l  O i l e d  Con t ro l  
i n d i v i d u a l  group i n d i v i d u a l  group i n d i v i d u a l  group 

Feeding 17 136 28 88 12 65 

Act ive ,  no t  
f eed ing  92 179 45 99 26 176 

Hes t lng  20 402 142 474 108 222 

** NS Y * 
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INTRODUCTION 

Radio telemetry techniques have developed in the last 20 years to 

the point where they are consistently providing information to wildlife 

researchers, unobtainable with other methods. Typically, a telemetry 

study involves capturing an animal followed by transmitter application 

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 usually less than the life expectancy of the tagged animal. 

Therefore, when the transmitter's useful life is finished, it is 

desirable to remove the transmitter so that the tagged animal is not 

unnecessarily burdened with carrying a non-functional transmitter. 

~ransmitter,removal is often impractical, especially for marine 

marmnals, because recapture is usually difficult, expensive, time 

consuming, and in some cases impossible. Recapturing externally tagged 

animals with nets also poses problems of transmitter entanglement and 

injury to the animal. All of these problems are magnified in polar ocean 

environmedes where tield seasons are short , animal handling facilities 

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 that would decay with time. Thus, spent 

transmitters would release from an animal precluding the need for 

recapture. 
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EXPERIMENTAL APPROACH AND RATIONALE. 

Both a c t i v e  and pas s ive  r e l e a s e  mechanisms were. conside.red. Act ive  

mechanisms inc lude  t ransponder  devices  such a s  g u i l i t i n e s  o r  exp los ive  

capsules  t h a t  could  seve r  at tachment  connec t ions  upon command from a  

r a d i o  frequency s i g n a l .  The advantage of  such devices  i s  c l o s e  c o n t r o l  

over  r e l e a s e  t iming. However, t h e r e  a r e  s e v e r a l  s i g n i f i c a n t  

d i sadvantages .  Act ive  r e l e a s e  mechanisms could  add cons ide rab ly  t o  

. t r ansmi t t e r  s i z e  and weight ,  and would no t  func t ion  i n  c a s e s  when the  

tagged animal was o u t  of  ' rad io  c o n t a c t .  ' They could  s u b s t a n t i a l l y  

i n c r e a s e  b a t t e r y  d r a i n  and sho r t en  t r a n s m i t t e r  o p e r a t i n g  l i f e .  

Add i t i ona l ly  and p o t e n t i a l l y  the  l a r g e s t  drawback, i s  the  p o s s i b i l i t y  0.f 

i n j u r y  t o  the  tagged animal from a c t i v e  seve r ing  devices .  Pas s ive  

r e l e a s e  mechanisms t y p i c a l l y  depend upon chemical breakdown wi th  time 

such a s  c o r r o s i o n  o r  hydro lys i s .  Advantages o f  chemical  r e l e a s e  dev ices  

i nc lude :  1. smal l  s i z e ,  2. ready i n c o r p o r a t i o n  i n t o  e x i s t i n g  at tachment  

methods, 3 .  no power consumption, 4. no range r e s t r i c t i o n  on tagged 

an imals ,  5. low c o s t ,  6. reduced p o t e n t i a l  f o r  i n j u r y .  The only  

d isadvantage  i s  t h a t  chemical  r e a c t i o n s  s u b j e c t  t o  environmental  

v a r i a b l e s  a r e  n o t  e a s i l y  c o n t r o l l e d .  Due t o  t he  problems and c o s t  of  

a c t i v e  r e l e a s e  mechanisms we decided t o  pursue p a s s i v e  r e l e a s e  mechanisms. 

Two types  of  p a s s i v e  r e l e a s e  were. s e l e c t e d  f o r  i n i t i a l  exper iments ;  

c o r r o s i v e  l i n k s  and absorbable  s u t u r e s .  Corros ive  l i n k s  o p e r a t e  on the  

p r i n c i p l e  o f  ga lvan ic  c o r r o s i o n  when two d i s s i m i l a r  me ta l s  a r e  i n  c o n t a c t  

wi th  s a l t  water .  Metal from the  anode i s  ox id i zed  u n t i l  t h e  i t  

d i sappea r s .  Absorbable s u t u r e s  have been used f o r  many yea r s  i n  t he  

medical f i e l d  and oppe ra t e  by water  hydro lyz ing  t h e  s u t u r e  m a t e r i a l .  



Galvanic  c o r r o s i o n  i s  s u b j e c t  t o  s e v e r a l  v a r i a b l e s  i nc lud ing  

t empera tu re ,  s a l i n i t y ,  me ta l  r a t i o s ,  me ta l  c o n f i g u r a t i o n s ,  meta l  

combina t ions ,  exposure t ime and type ,  and d i f f e r e n c e s  i n  s t r e s s  on the  

c o r r o s i v e  l i n k .  The re fo re ,  i t  i s  d i f f i c u l t  t o  p r e d i c t  w i th  conf idence  

what t he  c o r r o s i o n  r a t e  w i l l . b e .  E s p e c i a l l y  d i f f i c u l t  i s  t h e  problem o f  

exposure t ime and type  because t h e  amount o f  t ime a  t r a n s m i t t e r  i s  

a l t e r n a t e l y  exposed t o  s a l t w a t e r  and/or  a i r  i s  determined by t h e  behavior  

of a  tagged animal .  Furthermore,  behavior  can change wi th  age ,  s ea son ,  

s e x ,  r e p r o d u c t i v e  s t a t u s ,  e t c  . 

The g e n e r a l  approach f o r  t h e  i n i t i a l  t e s t s  was t o  observe  s e v e r a l  

me ta l  combinat ions ho ld ing  a l l  o t h e r  v a r i a b l e s  c o n s t a n t  t o  f i n d  a  

combinat ion o f  meta l s  t h a t  would d e t e r i o r a t e  roughly i n  a  t i m e  frame o f  

two weeks t o  two yea r s .  Secondly,  w e  wanted t o  look a t  t h e  e f f e c t s  of  

ca thode  t o  anode r a t i o ,  t empera ture ,  s a l i n i t y ,  and d i f f e r i n g  

c o n f i g u r a t i o n s  t o  de te rmine  e f f e c t s  o f  t h e s e  v a r i a b l e s  on c o r r o s i v e  

races. The two remaining v a r i a b l e s ;  s tress,  and exposure t i m e  and type  

were n o t  examined because they  were beyond t h e  scope of  i n i t i a l  t e s t i n g .  
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METHODS 

1. Met a 1  Combinations 

S i x  me ta l s ;  b r a s s ,  s t e e l ,  aluminum, z i n c ,  monel, and magnesium were 

s e l e c t e d  f o r  pre l iminary  a n a l y s i s .  These me ta l s  were e i t h e r  purchased 

commercially o r  machined from raw s t o c k  t o  10-24 x 1'' machine screws and 

n u t s .  I n  a l l  c a s e s  screws formed the  cathode and n u t s  formed the  

ox id i z ing  anode. Table 1 p r e s e n t s  t h e  combinations f o r  t h i s  t e s t .  

Combinations were s e l e c t e d  based on the  p o s i t i o n  o f  each component i n  t he  

E.M.F. S e r i e s  (Fontana & Green 1978).  A l l  combinations were immersed i n  

i n s t a n t  ocean s a l t w a t e r  30-35% (normal s e a  water  s a l i n i t y )  i n  a e r a t e d  

. aquar ia  a t  room temperature (21°C nominal).  The exper imenta l  procedure 
,- 

was t o  remove the  c o r r o s i v e  l i n k s  f o r  approximately 8 hours  each day f o r  

a i r  exposure followed by 16 hours  o f  cont inuous immersion. Based on 

p re l imina ry  r e s u l t s ,  b r a s s ,  s t e e l ,  aluminum and magnesium were s e l e c t e d  

f o r  f u r t h e r  t e s t i n g .  Pre l iminary  magnesium t e s t s  were conducted somewhat 

d i f f e r e n t l y  because o f  magnesium's f a s t  c o r r o s i o n  r a t e  i n  s a l t  water .  

F i r s t ,  c i r c u l a r  magnesium 6/32 n u t s  were machined from raw s tock .  These 

n u t s  were then a p p l i e d  t o  b r a s s  and nylon 1" machine screws. The 

combination was cont inuous ly  immersed i n  1' L beakers  of  s a l t  water  a t  

room temperature.  Second, i d e n t i c a l  magnesium n u t s  were dipped i n  

s c o t c h c a s t  e l e c t r i c a l  r e s i n  f o r  c o r r o s i o n  p r o t e c t i o n .  Th i rd ,  i d e n t i c a l  

magnesium n u t s  were coa t ed  wi th  s c o t c h  c a s t  r e s i n  and a  /I56 d r i l l  used t o  

bore 4 h o l e s  through each s i d e  of  t h e  nu t .  This  l a s t  t r i a l  was an  

a t t empt  t o  o b t a i n  f a s t e r  more even c o r r o s i o n  than  was observed wi th  the  

t o t a l l y  coa t ed  n u t s .  The coa ted  and c o a t e d - d r i l l e d  n u t s  were t r e a t e d  t h e  

same as o t h e r  magnesium combinations. 



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

Cathode 
(machine 
screws) 

Brass 

Steel 

Monel 

Anode (nuts) 

Steel Aluminum Zinc Magnesium 

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

Anndes 
Cathodes, .. - 

'Steel Nuts 
(brass machine 2-56 modified 
screws) .... 4740 2-56 6-32 to 4-40 ' 

Table 3. Metal ratios, washer-pin configuration. 

Anodes -- 

Cathodes 
washers 

Brass 518" 

Rods (0.22 Ma). Steel C U L L ~ P  PLUS (Diameter in mj 

Steel Aluminum 0.12 0.'20 0.28 0 .35 

Steel 518" 
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2. Metal Rat ios  

The e f f e c t  o f  cathode t o  anode r a t i o  was t e s t e d  wi th  b r a s s  machine 

screw ca thodes  and s t e e l  n u t  anodes. Varying l e n g t h s  of machine screws 

were equiped wi th  s t anda rd  s i z e  n u t s ,  except  4-40 x 1" and 4-40, x 112" 

screws were a l s o  t e s t e d  wi th  2-56 n u t s  t h a t  had been d r i l l e d  and re tapped  

t o  f i t  4-40 screws. Table 2 summarizes khe combinations. Experimental  

procedure was i d e n t i c a l  t o  t h a t  used i n  the  meta l  combination t e s t s .  

3.  Metal .Conf igu ra t ions  

A second c o r r o s i v e  l i n k  c o n f i g u r a t i o n  c o n s i s t i n g  of  a  l a r g e  washer 

cathode and a  p i n  anode was t e s t e d  t o  observe  c o n f i g u r a t i o n  d i f f e r e n c e s .  

Table 3 summarizes t hese  t e s t s .  Inc luded  i n  t h i s  experiment were va ry ing  
- 

r a t i o s  o f  cathode t o  anode by us ing  d i f f e r e n t  s i z e d  c o t t e r  p ins .  Again 

the  exper imenta l  procedure c o n s i s t e d  o f  immersion i n  room tempera ture  

seawater  f o r  16 hours  followed by an 8 hour a i r  exposure. 

4.  Temperature 

Temperature e f f e c t s  a r e  being t e s t e d  us ing  a  s i n g l e  c o n f i g u r a t i o n  of  
.., 

b r a s s  4-40 x 1" machine screws and s t e e l  4-40 nu t s .  ~ x ~ e r i m e n t a l  

-. procedure remains i d e n t i c a l  t o  t h a t  desc r ibed  f o r  o t h e r  experiments  wi th  

the  a d d i t i o n  of a q u a r i a  a t  7OC and 30°C. 

'5. S a l i n i t y  

Brass  4-40 x 1" machine screws and s t e e l  4-40 n i t s  a r e  a l s o  be ing  

t e s t e d  i n  f r e s h  t a p  water  t o  c o n t r a s t  s a l i n i t y  e f f e c t .  Again 

exper imenta l  procedure remains i d e n t i c a l  t o  t h a t  desc r ibed  f o r  o t h e r  

t e s t s .  

- 6. Miscel laneous t e s t s  

P 
Five  o t h e r  t e s t s  a r e  be ing  conducted. F i r s t  v i c r y l  0 and 4-0 s i z e  

absorbable  s u t u r e  m a t e r i a l  ' (Ethicon carp.) was sewn t o  a  t h i n  p l a s t i c  
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s h e e t  and t e s t e d  wi th  the  same exper imenta l  procedure used f o r  c o r r o s i v e  

l i n k s .  Secondly, 6-32 x  114" nylon ,  b r a s s  and s t e e l  machine screws were 

con t inuous ly  immersed i n  a  beaker  of concen t r a t ed  s u l f u r i c  a c i d  a t  room 

tempera ture .  Based on the  r e s u l t s  from the  a c i d  t e s t ,  s t e e l  b o l t s  were 

s e l e c t e d  f o r  an ac id -bo l t  des ign .  S t e e l  b o l t s  114" x  1 112" were d r i l l e d  

o u t  from the  top  one t h i r d  of  t he  way down the  c e n t e r  l i n e  of  the  b o l t .  

The h o l e  was then tapped s o  a  t e f l o n  coa ted  cap screw could  cover  t he  

ho le .  The r e s u l t i n g  wa l l  t h i ckness  of  t he  b o l t  was .040f1. Haif of  t he  

b o l t s  were then machined down t o  a  w a l l  t h i ckness  of  ,020". Varying 

c o n c e n t r a t i o n s  of  s u l f u r i c  a c i d  were then i n j e c t e d  i n t o  the c a v i t y  and 

t h e  b o l t  s e a l e d  wi th  a  t e f l o n  coa ted  cap screw. Spr ing  t ens ion  was 

a p p l i e d  between the  b o l t  and n u t  t o  a s s i s t  w i th  a  c l e a n e r  break  when ( i f )  

t he  a c i d  had s u f f i c i e n t l y  d e t e r i o r a t e d  t h e  b o l t .  Four th ,  t h r e e  s e a  o t t e r  

t r a n s m i t t e r s  a r e  c u r r e n t l y  on the  usua l  l a b o r a t o r y  t e s t  procedure a t  

5 ' ~ .  These t r a n s m i t t e r s  have two b r a s s  8-32 x  l t i  machine screws 

d r i l l e d  i n  c r o s s  s e c t i o n  and secu red  by 1, 3/32" d iameter  c o t t e r  p in .  We 

have n o t  t e s t e d  t h i s  exac t  cathodelanode c o n f i g u r a t i o n  i n  t h e  

l a b o r a t o r y .  However, t hese  t r a n s m i t t e r s ,  i d e n t i c a l  i n  a l l  r e s p e c t s  t o  

those  c u r r e n t l y  be ing  used i n  C a l i f o r n i a  and Alaska,  w i l l  s e r v e  a s  a  good 

i n d i c a t o r  o f  how c l o s e  our  l a b o r a t o r y  t e s t i n g  procedure e s t i m a t e s  

c o r r o s i v e  r a t e s  i n  t h e  n a t u r a l  environment.  F i n a l l y ,  i n  one s h o r t  term 

experiment  we a t tempted  t o  a c c e l e r a t e  and r e t a r d  ga lvan ic  c o r r o s i o n  by 

p o l a r i z i n g  t h e  cathode and anode. An e x t e r n a l  12 VDC power source  was 

connected t o  a  b r a s s  cathode and magnesium and s t e e l  anodes i n  a  1 L 

beaker of s 'a l  twater .  
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Measurements o f  c o r r o s i o n  r a t e s  were made i n  two ways. F i r s t ,  

anodes were removed from t h e  c o r r o s i v e  l i n k ,  . excess '  ox ides  mechanica l ly  

removed and then the  anode weighed. However, a s  c o r r o s i o n  progressed ,  

anode removal became imposs ib le  s o  anodes were measured wi th  a  c a l i p e r s  

a f t e r  ox ides  had been removed. Each d a t a  p o i n t  g e n e r a l l y  r e p r e s e n t s  one 

sample. S ince ,  removal of  ox ides  f o r  measurement a l t e r s  t h e  t e s t  

c o n d i t i o n s ,  the  measured l i n k  can no longe r  be used f o r  t e s t  purposes .  

The re fo re ,  sampling i n  any one t e s t  group i s  l i m i t e d .  
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RESULTS 

1 )  Metal Combinations 

F i g u r e  1 p r e s e n t s  r e s u l t s  f o r  370 days of  t e s t i n g  v a r i o u s  meta ls  i n  

s a l t w a t e r .  Brass  and monel ca thodes  w i t h ' e i t h e r  s t e e l  o r  aluminum anodes 

appear  t o  cor rode  a t  r a t e s  t h a t  a r e  c l o s e s t  t o  what we need f o r  long l i f e  

t r a n s m i t t e r s .  Zinc anodes show very  slow ( i f  any) co r ros ion .  Monel was 

found t o  be  very  d i f f i c u l t  t o  machine and n o t  r e a d i l y  a v a i l a b l e  i n  most 

c o n f i g u r a t i o n s . '  S ince  t h e r e  was l i t t l e  d i f f e r e n c e  i n  c o r r o s i o n  r a t e s  

between b r a s s  and monel ca thodes ,  we used b r a s s  ca thodes  f o r  f u r t h e r  

t e s t s .  Alumiaum showed l i t t l e  i n i t i a l  co r ros ion .  The nu t  became covered 

and probably i n s u l a t e d  by a  wh i t e  oxide.  Also aluminum c o r r o s i o n  r a t e s  

were more v a r i a b l e  than s t e e l ,  so  s t e e l  was s e l e c t e d  a s  the  anode f o r  

f u r t h e r  t e s  t i n g  . 
Unprotected magnesium n u t s  coupled t o  b r a s s  screws were ox id i zed  i n  

48 t o  96 hours  a f t e r  immersion. Scotch c a s t  p r o t e c t e d  anodes l as ted  

between 25 and 30 days coupled t o  b r a s s  screws. Scotch c a s t  p r o t e c t e d  

magnesium n u t s  a l s o  l a s t e d  approximately 30 days when a p p l i e d  t o  i n e r t  

nylon screws. This  sugges t s  t h a t  t he  s e l f  o x i d a t i o n  of  magnesium i n  

s a l t w a t e r  i s  more impor tan t  than ga lvan ic  e f f e c t s .  When p r o t e c t e d  and 

unpro tec t ed  magnesium n u t s  a l o n e  were immersed i n  s a l  twater  t h e  

unpro tec t ed  n u t s  l a s t e d  longer .  However, amonolous r e s u l t s  were ' ob ta ined  

wi th  t h e  c o a t e d - d r i l l e d  n u t s  i n  t h e  va r ious  t e s t s .  The d r i l l i n g  

inc reased  c o r r o s i o n  r a t e s  i n  some t e s t s  wh i l e  r e t a r d i n g  i t  i n  o t h e r s .  

2)  Metal  Ra t io s  

The meta l  r a t i o  t e s t s  wi th  b r a s s  ca thodes  and s t e e l  anodes i n d i c a t e d  

a  v a r i e t y  o f  c o r r o s i o n  r a t e s  could  be ob ta ined  by s e l e c t i n g  cathode t o  



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 r a t i o  (Fig. 2) .  The f a s t e s t  r a t e  was obtained wi th  4-40 x 1" 

cathode coupled t o  a unders ize  (2-56) nut .  These nuts  were completely 
# 

oxidized approximately 250 days a f t e r  i n i t i a l  immersion. Other 

1 combinations of small s i z e d  b rass  machine screws coupled t o  s t e e l  n u t s  

r e s u l t e d  i n  cor ros ive  r a t e s  expected t o  completely ox id ize  the  anode 

between 280 and > 500 days. 

3) Metal Configurat ions 

The second metal conf igura t ion c o n s i s t i n g  o f  l a r g e  washer cathodes 

and pin  type anodes ind ica ted  a b rass  and s t e e l  l i n k  was b e s t  f o r  t h i s  

conf igura t ion (Fig. 3) .  Corrosive r a t e s  f o r  oxidat ion of t h e  p in  va r ied  

from 120 t o  > 500 days. While combinations o f  s t e e l  with aluminum and 
6 

brass  with aluminum showed very l i t t l e  i f  any corrosion.  

Two s i g n i f i c a n t  r e s u l t s  became apparent  when cor ros ive  r a t e s  a r e  

compared between the  nut-screw conf igura t ion and washer-pin 

conf igura t ions .  The cathode t o  anode r a t i o  was p l o t t e d  a g a i n s t  time 

expected f o r  complete anode oxidat ion f o r  each conf igura t ion (Fig. 4) .  

F i r s t ,  f o r  a  given cathode t o  anode su r face  a r e a  r a t i o ,  the  'washer-pin' 
- 

l i n k  corroded approximately 33% f a s t e r  than the  nut-screw conf igura t ion.  

Secondly, the  l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t  be tween cathode t o  anode 

r a t i o  and t i m e  w a s  -0.96 f o r  the  washer-pin conf igura t ion compared t o  a 

c o e f f i c i e n t  of -.53 f o r  the  nut-screw combination. This i n d i c a t e s  t h a t  

corrosion r a t e s  i n  the  washer-pin conf igura t ion were much more 

p red ic tab le .  

4. & 5. Temperature and S a l i n i t y  

Temperature and s a l i n i t y  tests were begun between Sept. 15 ,  1979 and 

January 29, 1980. S u f f i c i e n t  time has  not  elapsed t o  evaluate  these  

parameters. 



Figure 2. Expected corrosion r a t e s  f o r  various cathodes t o  anode 
r a t i o s  with brass machine screw cathodes and steel nut 
anodes. 
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Figure 3. Expected corrosion rates f o r  var ioui  cathode t o  L o d e  
r a t i o s  with 518" washer anodes and pin type anodes. 





Figure 4. Corrosion rates plotted as a function of cathode to 
anode rat io  for the various rat ios  in the nut-screw 
and pin-washer configurations. 





6) Miscellaneous Tes t s  

Absorbable s u t u r e  m a t e r i a l  appeared t o  remain i n t a c t  f o r  the  f i r s t  

177 days of  the  test. However by the 188th day both  s i z e s  were broken 

very e a s i l y  with t h e  s l i g h t e s t  pu l l .  By the  201st day a f t e r  immersion 

the  s u t u r e  m a t e r i a l  had t o t a l l y  l o s t  i n t e g r i t y ,  only a broken l i n e  of  

powdery substance remained on the  p l a s t i c  p l a t e  where su tu res  had 

previously  been. Nylon, b rass  and s t e e l  10-32 machine screws immersed i n  

concentrated s u l t u r i c  a c i d  r e s u l t e d  i n  t h e  following average r a t e s  of  

decay; nylon 100% 6 days, b r a s s  69% 127 days, steel 2% 127 days. The 

acid-bol t experiment has  n o t  been going long enough for rest11 ts. 

Preliminary a t tempts  t o  c o n t r o l  galvanic corros ion,  by po la r i z ing  the 

anode and cathode inGicated t h a t '  t h e  amount o f  power needed f o r  

observable r e s u l t s  was g r e a t e r  by a t  l e a s t  an order  of  magnitude above 

t h e  c u r r e n t  d r a i n s  t y p i c a l l y  used t o  d r i v e  animal t r ansmi t t e r s .  Since 

t h i s  approach a l s o  has  a r e s t r i c t e d  a p p l i c a t i o n  due t o  cathode and anode 

spacing and e l e c t r i c a l  i n s u l a t i o n  problems i t  was n o t  pursued. 
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DISCUSSION AND APPLICATION 

Resul ts  obtained t o  da te  i n d i c a t e  t h a t  l i f e  expectancies can be  

obtained f o r  cor ros ive  l i n k s  depending on th ree  major f a c t o r s :  metal 

combinations, co r ros ive  l i n k  conf igura t ion and cathode t o  anode r a t i o .  

Temperature and s a l i n i t y  doubt less  have s i g n i f i c a n t  e f f e c t s ;  these 

va r iab les  have n o t  been analyzed ye t .  However, f o r  temperatures near  

20°C and s a l i n i t y  a t  30-35%, a range of  l i f e  expectancies from 24 hours 

t o  > 500. days has  been obtained by varying meta ls ,  r a t i o s  and 

conf igura t ions .  Preliminary t e s  ts with magnesium i n d i c a t e  i t  t o  be the  

metal o f  choice f o r  s h o r t  term l i n k s ,  20 days o r  l e s s .  Laboratory and 

f i e l d  t e s t s  i n d i c a t e  t h a t  combinations of  b r a s s  with s t e e l  and absorbable 

s u t u r e  mate r i a l  form l i n k s  f o r  longer term app l ica t ion .  Ethicon v i c r y l  

absorbable s u t u r e  mate r i a l  has  an added advantage of  an avalanching type 

o f  decay near  the  end of  i t s  l i f e  expectancy. 

Applicat ion of l abora to ry  data  obtained i n  r e l a t i v e l y  s t agnan t  

aquar ia  t o  f i e l d  s i t u a t i o n s  is  d i f f i c u l t  and must be done with severa l  

cautions.  Corrosive l i n k  exposure t i m e  and type t o  s a l t w a t e r  and/or a i r  

may a l t e r  corros ion r a t e s .  I n  a l l  p r o b a b i l i t y  cor ros ive  r a t e s  w i l l  be 

acce le ra ted  i n  the  f i e l d .  Animal born t r a n s m i t t e r s  w i l l  l i k e l y  be 

s u b j e c t  t o  h igh water  v e l o c i t i e s  and j a r r i n g  thereby removing oxides from 

the  anode surface .  I n  the  l abora to ry ,  oxides  tend t o  b u i l d  up, 

i n s u l a t i n g  the anode and reducing corros ion r a t e s .  A s  an anode decays, 

the  cathode t o  anode r a t i o  inc reases ,  the re fo re  corros ions  r a t e s  should 

inc rease  wi th  time. This does no t  appear t o  be the  case  i n  the 

l abora to ry ,  probably because oxides a r e  a l s o  bu i ld ing  up with t i m e  and 

tend t o  counteract  the  expected inc reas ing  caehode t o  anode r a t i o  
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e f f e c t .  Without oxide  b u i l d  up i n  the  f i e l d  corros ion r a t e s  should be 

increased.  Secondly, stress forces  a c t i n g  on metals  inc rease  corros ion 

r a t e s .  So, any a p p l i c a t i o n  of a  cor ros ive  l i n k  under s t r e s s  w i l l  

a c c e l e r a t e  corrosion.  F i n a l l y ,  most co r ros ive  l i n k  designs w i l l  f a i l  

s t r u c t u r a l l y  before  the  anode i s  completely oxidized f o r  two reasons. 

Uneven corros ion has  been observed t o  occur i n  most experiments. One 

s i d e  o f  a  n u t  may completely disappear while the  o t h e r  s i d e  oxidizes  more 

slowly,  s o  the  nut  f a l l s  o f f .  Second, a s  corros ion proceeds, s t r u c t u r a l  

s t r e n g t h  i s  reduced t o  a po in t  where the l i n k  w i l l  f a i l .  It i s  d i f f i c u l t  

to  design t e s t s  t o  determine s t r u c t u r a l  t a i l u r e  points  f o r  the  

conceivable a p p l i c a t i o n s  of  cor ros ive  l inks .  However inc iden ta l  

observat ions  suggest  s t r u c t u r a l  f a i l u r e  w i l l  genera l ly  occur when the  

anode i s  50% t o  75% oxidized.  

Three f i e l d  t r i a l s  with cor ros ive  l i n k s  have been attempted t o  

date .  These include a $8 brass  machine screw-steel bolt l i n k  on manatee 

harnesses  and two t r i a l s  of  a  b r a s s  screw-cotter p in  conf igura t ion f o r  

s e a  o t t e r  t r ansmi t t e r s .  The s e a  o t t e r  conf igura t ion c o n s i s t s  of  two #8 

brass  machine screws connected with a 0 .09  cm dia.  c o t t e r  pin as the 

anode. Prel iminary r e s u l t s  i n d i c a t e  the manatee l i n k  w i l l  l a s t  

approximately 500 days. Sea o t t e r  t r a n s m i t t e r s  l a s t e d  20-40 days on 

Alaska and California s e a  o t t e r s .  Laboratory t e s t i n g  i s  s t i l l  i n  

progress on the  a c t u a l  s e a  o t t e r  t r ansmi t t e r  conf igura t ion.  However very 

pre l iminary  observat ions  suggest  t h a t  the  s e a  o t t e r  l i n k  w i l l  l a s t  a t  

l e a s t  33% longer than i n  t h e  f i e l d  t r i a l s .  Comparing our da ta  



to  prel iminary f i e l d  r e s u l t s  suggests  t h a t  t h e  manatee l i n k  l a b  es t ima te  

i s  about 25% too long. 

The following nomographs (Fig. 5 )  i s  intended t o  a s s i s t  i n  s e l e c t i n g  

cor ros ive  l i n k s  f o r  marine mammals. It represen t s  p red ic t ions  based upon 

prel iminary and should be used with cau t ion ,  e s p e c i a l l y  f o r  

nut-screw l i n k s  a s  s u b s t a n t i a l  v a r i a b i l i t y  was noted f o r  t h i s  

conf igura t ion i n  the  labora tory .  For example, i f  i t  i s  important t o  the  

animal t h a t  a  t r ansmi t t e r  f a l l  o f f  wi th in  a given t i m e  frame, I would 
% 

suggest  choosing a l i n k  with a s h o r t e r  l i f e  es t imate .  Conversely, i f  a  

s tudy r e q u i r e s  maximal t r a n s m i t t e r  r e t e n t i o n  s e l e c t  a  l i n k  with a l i b e r a l  

margin f o r  e r r o r .  The nomographs a r e  const ructed  based on l abora to ry  

d a t a  ad jus ted  f o r  a  25% decrease i n  l i f e  expectancy f o r  use i n  

non-stagnant environments and assuming t h a t  t h e  l i n k  w i l l  f a i l  when 65% 

of  the anode i s  oxidized. I n i t i a l  t e s t i n g  has  ind ica ted  t h a t  some 

v a r i a b i l i t y  can be expected among i d e n t i c a l  co r ros ive  l inks .  Therefore,  

any cor ros ive  l i n k  design should be e i t h e r  a  s i n g l e  l i n k ,  o r  i f  mul t ip le  

l i n k s  a r e  used, they should be  a compound l i n k  a t  one attachment point .  

I f  mu1 t i p l e  l i n k s  a r e  used a t  more than one attachment po in t ,  the  

t r a n s m i t t e r  could be re leased  from one attachment po in t  whi le  remaining 

a t t ached  a t  another. The r e s u l t i n g  loose  attachment could do 

considerable  damage t o  an animal, thus negating t h e  purpose of a  r e l e a s e  

mechanism. 

Future work should include severa l  areas .  F i r s t  w e  w i l l  continue 

e x i s t i n g  experiments wi th  metal  r a t i o s  and conf igura t ions  concentra t ing 

on b rass  cathodes and s t e e l  anodes i n  an at tempt t o  r e f i n e  l i f e  

expectancy estimates. Second, the  r e c e n t l y  i n i t i a t e d  experiments with 



Figure 5. Nomograph: corrosive link life estimate for nut- 
machine screw and pin-washer configurations. Adjusted 
to field conditions. 
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k ,, 
temperature and s a l i n i t y  v a r i a b l e s  w i l l  continue. Third,  experiments 

wi th  the  acid-s tee1 b o l t  conf igura t ion w i l l  continue and an acid-brass 

b o l t  conf igura t ion w i l l  be added. These conf igura t ions  show the  most 

promise f o r  l a r g e r  t e r r e s t r i a l  ve r t ebra tes .  The magnesium tests and 

absorbable su tu re  experiment w i l l  be repeated because these  l i n k s  appear 

promising f o r  s h o r t  t e r m  a p p l i c a t i o n s  and we need more da ta  on 
' 

v a r i a b i l i t y .  Most importantly,  we need more da ta  on f i e l d  t r i a l s  t o  

determine e f f e c t s  o f  exposure time and type. The cooperat ion of 

r esea rchers  applying t r a n s m i t t e r s  t o  a v a r i e t y  of  marine mammals i s  

e s s e n t i a l .  The da ta  needed from f i e l d  work could be e a s i l y  obta ined,  

e s s e n t i a l l y  a l l  we need t o  know i s :  cor ros ive  l i n k  conf igura t ion,  cathode 

su r face  a r e a ,  anode su r face  a r e a ,  water  temperature and, i f  poss ib le ,  

s a l i n i t y .  Perhaps an a d d i t i o n a l  approach could be t o  experiment on 

cap t ive  animals he ld  a t  a  f a c i l i t y  such a s  Sea World. F i n a l l y ,  co r ros ive  , 

l i n k  experiments c o n s i s t  o f  long term t a s t i n g .  Tn order  t o  even 

approximate the  l i f e  of  a  s p e c i f i c  d e s i p  we need a minimum t i m e  fo r  

t e v  Liuy equal  t o  the des i red  L i k e  ok the cor ros ive  l i n k ,  and a d d i t i o n a l  

time i s  requ i red  t o  r e f i n e  these  es t imates .  

- - 
- L i t e r a t u r e  Cited 

rontana,  M. E. and N. E. Green 1978. Corrosion Engineering. McGraw-Hi11 

New York. 465 p. 
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ABSTRACT 

Movements and a c t i v i t y  patterns o f  sea o t t e r s  i n  the area of San 

Simeon and Cayucos Point  i n  Ca l i f o rn ia  were studied dur ing the f a l l  

o f  1978 and the f a l l  o f  1979. Sixteen o t t e r s  i n  1978 and 12 i n  1979 

were equipped w i th  rad io  telemetry devices and monitored. Average 

distance moved by males i n  1978 was 2.06 km and, i n  1979, 0.39 km. 

These means r e f l e c t  the occurrence o f  some males i n  1978 moving from 

po in t  of capture t o  the southern edge o f  the populat ion's range 

no r th  o f  Por t  San Luis.  Females i n  1978 and 1979 had average 

movements o f  1.79 km and 1.22km, respect ively.  Females tended t o  

move more w i t h i n  t h e i r  home ranges and were less  predic tab le i n  

those movements than males who stayed i n  the v i c i n i t y  o f  capture. 

Average home range leng th  f o r  males i n  1978 was 20.4 km and, f o r  

females, 14.3 km. Excluding o t t e r s  who moved greater than 10 km 

reduced these lengths t o  2.7 km and 6.4 km, respect ive ly .  I n  1979, 

the average length f o r  males was 0.1 km and 4.3 km f o r  females. I n  

both years, females had the longer home range lengths than males who 

stayed i n  the v i c i n i t y  o f  t h e i r  capture. 

I nd i v idua l  rhythms were detected though there was a great deal 

o f  va r i a t i on  w i th in  an ind iv idua l .  The pa t te rn  appeared t o  be 

u l t r ad ian  ra ther  than circadian. Otters spent h a l f  t h e i r  time being 

ac t i ve  and ha l f  t h e i r  time being inac t i ve .  The ac t i ve  per iod was 



broken up i n t o  4 p e r i o d s  o f  3 hours  i n  l e n g t h  wh i l e  t h e  i n a c t i v e  

pe r iod  was d iv ided  i n t o  3 p e r i o d s  o f  4 hours  i n  l e n g t h .  'No t i d a l  

e f f e c t  was d e t e c t e d .  Daytime p a t t e r n  of  t h e  popu la t ion  tended t o  

fol low t h a t  o f  i n d i v i d u a l s .  



INTRODUCTION 

Movements of individual sea ot ters  i n  California over the course 

of a season or year are relatively unknown. Woodhouse e t .  a l .  

(1977) concluded that o t ters  were not migratory and that movements 

resulted from wanderings by young males and from adult males i n  

search of estrous females. From resightings of tagged individuals 

over the .course of a year, Wendell (1979) reported movements of 40 

km for a male and about 120 h for a female. One o t te r  moved 48 km 

i n  less  than 22 hours (2.2 krn/hr) and a second moved a t  a rate of 

1.3 km/hr. From a transplant done i n  California (Odernar and Wilson 

19691, a t  leas t  5 of 17 ot ters  travelled 72 km back to the area from 

which they were captured i n  2 mnths. 

Movements throughout the day have been studied by various 

authors (Odemar and Wilson 1969, California F i s h  and Game 1976, 

Loughlin 1977). The ot ters  have appeared to res t  i n  the kelp beds, 

coming inshore to feed, w i t h  resting and feeding areas constant over 

time. I n  California, Loughlin (1977) estimated home ranges as 80 

ha for females, and 29 ha and 44 ha fnr t.errit.nria1 and 

non-territorial males, respectively .. 
Activity pattern work has been hampered by the inabil i ty to 

follow individual o t ters  for a 24 hour period, and most researchers 

(Fisher 1939, Hall and Schaller 1964, Shimek and Monk 1977, 

Sandegren e t .  a l .  1973) have concentrated on changes i n  activity of 
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groups  o f  unmarked o t t e r s  th roughout  t h e  day.  The i r  conc lus ions ,  

sumnarized by Woodhouse e t .  a l .  (1977) ,  have been t h a t  o t t e r s  a r e  

a c t i v e  e a r l y  i n  t h e  morning, rest and groom dur ing  t h e  midday, and 

feed i n  t h e  l a t e  a f t e r n o o n  u n t i l  d a r k ,  and have a n o t h e r  f eed ing  bout  

around midnight .  However, Loughlin (1977, 1979)  concluded t h a t  

i n d i v i d u a l  o t t e r s  d i d  n o t  have d i s t i n c t  rhythms. 

The o b j e c t i v e s  o f  t h i s  s t udy  were t o  de te rmine  24-hr movements 

o f  i n d i v i d u a l  o t t e r s  th roughout  t h e  f a l l  ( September-December ) , 
document d i f f e r e n c e s  between males  and f ema le s ,  and de te rmine  t h e  

d i s t a n c e s  moved. For  a c t i v i t y  p a t t e r n s ,  the ob ject ives were t o  

document t h e  c i r c a d i a n  p a t t e r n  f o r  i n d i v i d u a l s ,  c a l c u l a t e  time 

budgets  f o r  v a r i o u s  a c t i v i t i e s ,  and d e t e c t  d i f f e r e n c e s  between males 

and females. Behaviora l  o b s e r v a t i o n s  were recorded  a s  p o s s i b l e  t o  

s u p p o r t  t h e  a c t i v i t y  s t u d i e s  and t o  de te rmine  effects o f  t agg ing  on 

t h e  nt.t.ers. 

D e s c r i p t i o n  of Study Area 

The s tudy  was conducted i n  t h e  v i c i n i t y  o f  P o i n t  San Sirneon and 

Cayucos P o i n t  October  t o  mid December 1978 and P o i n t  San Simeon 

October  t o  November 1979 (F ig .  1). Ocean c o n d i t i o n s  were cons idered ,  

t o  be  t h e  b e s t  du r ing  t h a t  t ime wi th  low swell and sma l l  seas. The 

wind u s u a l l y  blew from t h e  nor thwes t  i n  t h e  a f t e r n o o n s  a t  abou t  27 

krn/hr. Temperatures ranged between lOoC and 150C d u r i n g  t h e  day 

and between -1.loC and 4.40C du r ing  t h e  n i g h t  ( B a r r e t t  1966) .  

Fog i n  t h e  morning and o c c a s i o n a l l y  l a s t i n g  a l l  day occur red  about  



3 h a l f  t h e  time dur ing  t h e  1978 f i e l d  season  and l a r g e  swells of 3.05 

m t o  3.65 m hampered work du r ing  t h e  1979 season .  

The k e l p  c o m n i t y  i n  which s e a  o t t e r s  were found c o n s i s t e d  of  

Macrocyst is  p y r i f e r a  as t h e  dominant upper canopy k e l p ,  Pterygophora 

c a l i f o r n i c a  and Laminaria  d e n t i g e r a  as t h e  unde r s to ry  k e l p s  and a 

r ed  a l g a l  t u r f .  Macrocys t i s  p y r i f e r a  grows i n  9 m t o  18.3 m o f  

water  and ex t ends  o u t  650 m t o  750 m from sho re .  A t  t h e  end of t h e  

1978 season  and du r ing  t h e  1979 season ,  t h e  k e l p  beds  were ha rves t ed  

by a conmerc ia l  company s o  t h e  a c t u a l  d i s t r i b u t i o n  o f  t h e  beds  

changed throughout  t h e  season .  Comnon i n v e r t e b r a t e s  (Table  1) 

l i v i n g  i n  t h e  k e l p  beds  inc luded  P i s a s t e r  q i g a n t e u s ,  P u g e t t i a  

p r o d u c t a ,  Cancer a n t e n n a r i u s ,  Balanus c r e n a t u s ,  Tegula spp . ,  and 

Cal l ios toma spp. .  Bes ides  t h e  sea o t t e r ,  comnon v e r t e b r a t e s  

inc luded  S e b a s t e s  spp . ,  Hexagramnos decagramnos, Ophiodon e l o n g a t u s ,  

Scorpaenich thys  marmoratus, Phoca v i t u l i n a ,  and many w i n t e r i n g  b i r d s  

(G. Van Blaricom, pe r sona l  c o m n i c a t i o n ) .  

METHODS 

S i x t e e n  s e a  o t t e r s  i n  1978 and 12 i n  1979 (Tab le  2) were 

cap tu red  wi th  f l o a t i n g  g i l l  n e t s  used by t h e  U.S. F i s h  and W i l d l i f e  

S e r v i c e  (F ig .  2) o r  w i t h  a d iver -he ld  t r a p  used by t h e  C a l i f o r n i a  

Department of F i s h  and G a m e  (F ig .  3 ) .  The an imals  were t aken  from 

t h e  n e t  o r  t r a p ,  r e s t r a i n e d  on board a b o a t ,  and tagged through t h e  

webbing o f  t h e  r e a r  feet wi th  temple t a g s  o b t a i n e d  from t h e  

C a l i f o r n i a  Department o f  F i s h  and Game. The t a g s  were color-coded 
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and position-coded so each o t te r  could be unique1y.identified (F ig .  

4 ) .  Radio telemetry devices (F ig .  4) were attached across the third 

d i g i t  of either rear foot w i t h  corrodable bolts the first year and 

w i t h  a corrodable cotter  pin or iron wire the second year. After 

the attachment decayed i n  the s a l t  water, the radio dropped off .  

Average time for radio loss was 4 months i n  1978 (n=6) and, i n  

1979, 1 month ( ~ 1 2 ) .  The radios, b u i l t  by Cedar Creek 

Bioelectronics Laboratory, University of Minnesota, were 5.5 cm i n  

length w i t h  a 23.5 cm long antennae, and weighed between 20-25 

grams. The radios put out a continuous signal,  had an expected l i f e  

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. A l l  locations were obtained by stopping along the 

coast by car a t  regular pulloffs an average of 2.4 km apart. A 

directional four-element Yagi antennae and receiver was used to get 

directions. I n  1978, l ines  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 i n  1979. 

Locations were plotted by hand on separate se t s  of maps for each 

ot ter .  U.S. Geological Service topography maps were used in  1978. 

In 1979, maps traced-from aer ia l  photos were acquired from the 

California Department of F i s h  and Game. Straight l ine  distances 

between points were measured by hand and converted into kilometers. 



Dayl ight movements were defined as those tha t  occurred between 

sunrise and sunset and n i g h t l y  movements as those tha t  occurred 

between sunset and sunrise. Most day l igh t  locat ions were taken an 

average of 5 hrs apart and n igh t l y  movements an average o f  19 hours 

apart. Averages o f  ove ra l l  movements, then, were based on distances 

measured over a var ie ty  o f  time intervals.. The greatest distance 

measured between points  was used as an estimate o f  home range 

length. Since sea o t te rs  were ra re l y  seen beyond the outer edge o f  

the ke lp  beds, which usual ly corresponds t o  the 18.3 m depth l i n e  

(Loughlin 1977, R. Jameson personal c o m n i c a t i o n )  , home range width 

was measured out t o  the 18.3 m depth l i n e .  Area of home range was 

then calculated by assuming a rectangular shape. Three-dimensional 

maps o f  the percentage o f  locat ions per square i n  an a rb i t ra ry  x-y 

coordinate system (Appendixes A and 6) were drawn by computer 

u t i l i z i n g  the Univers i ty  o f  Minnesota FORTRAN subprogram PLOT3D. 

A na tura l  l o g  transformation was used on a l l  distance 

measurements t o  s a t i s f y  the homogeneity o f  variance assumption i n  

the t - t es ts  and analyses o f  variance, and only o t te rs  w i th  a t  leas t  

f i v e  observations were used i n  subsequent analyses. U t i l i z i n g  the 

SPSS s t a t i s t i c a l  package (Nie e t .  a l .  1975), di f ferences i n  

movements o f  i nd i v idua l  o t t e r s  were tested w i th  standard ANOVA 

analysis w i th  poster ior  contrasts done w i th  Scheffels t e s t  a t  = 



Table 1. Comnon flora and fauna of the giant kelp (Macrocystis 
pyrifera L.) beds i n  the vicinity of Point Piedras Blancas, 
California. Invert. = invertebrates and vert. = vertebrates. ( G .  
Van Blaricom, personal comnunication) . 
Category Scientif ic  Name Comnon Name Source 

Flora ~ a c r o c ~ s t i s  pyrifera giant kelp Abbott and 
' Hollenberg 

( 1976) 
Pteryqophora californica sea palm II 

Laminaria dentiqera II  

Botryoglossum farlowianum red algae I)  

Calliarthron cheilosporioides red algae It 

Fauna 
Invert. Pisaster giganteus 

Patir ia  miniata 
Pu e t t i a  roducta ,... '.-~- ...-, ,- * . ...~ ..s. "-.. 
c e  azennarius 
Loxorhyncus crispatus 
Balanus crenatus 
Cryptochiton s t e l l e r i  
Corynactis californica 
Tequla spp. 

Calliostoma spp. 
Ceratostoma foliatum 

Vcrt . 
Midwater 

F i s h  Sebastes m y s t i n u s  

Sebastes sesranoides 
~ e b a s t e z  melanops 

Bottom 
F i s h  Sebastes atrovirens 

Sebastes chrysomelas -... >.., .... . ,,.. ,.,,. .,.c . ' A >  ,... *.-,. 

Oxylebius pictus 
Hexagramnos decagramnos 
Oohiodon elonaatus 
I 

mbiotoca l a t e r a l i s  

sea s ta r  

11 

kelp crab 
rock crab 
decorator crab 
barnacle 
chiton 
anemone 
turban snail  

snail  
snail  

Smith and 
Cnrlton 
(1975) 

I1 

I1 

11 

11 

Smi th  and 
Carltan 
( 1975) 

11 

blue rockfish Miller and 
Lea (1972) 

olive rock Fish 11 

black rockfish 11 

kelp rockfish 
black-and- 
yellow rockfish 
pointed greenling 
kelp greenling 
lingcod 
s t r i p e d  seapersh 



Table 1 (cont.).  - 

Category Scientif ic  Name Comnon Name Source 
Scorpaenichthys marmoratus cabezon I I 

Brachyistius frenatus kelp seaperch It 

Mmals  Zalophus californianus California sea Walker 
lion (1975 ) 

. harbor seal  I 1  

sea o t te r  I I 



Tab le  2. Sea  o t t e r s  c a p t u r e d  i n  F a l l  1978 and 1979 n e a r  P o i n t  San 
Simeon and Cayucos P o i n t ,  C a l i f o r n i a .  Dates a r e  i n  monyh/day/year/, M 
= male ,  F = f ema le ,  l g t  = l i g h t ,  d r k  = d a r k ,  /I = number, and a l l  
we igh t s  a r e  i n  k i lograms .  

Date - 
09/30/78 

Loca t ion  
n e a r  P t .  P i e d r a s  

R igh t  Tag Left Tag Sex - Wght 

Blancas  
11 

whi t e  
11 

d r k  b l u e  M 
p u r p l e  I! 

n o r t h  o f  P t .  
San Simeon 

I I 
pink  11 

d r k  g reen  " 
F 23 

goad M 
c h a r t r e u s e  
,drk green,  F 
p ink  M 
d r k  b l u e  " 
r e d  11 

l g t  g r een  F 
s i l v e r  M 

wh i t e  
white 
s i l v e r  

11 

II 

I 1  

l g t  g r een  
11 

Cayucos P t .  
I 1  

I 1  

11 

Ii 

d r k  b l u e  
11 

11 

n e a r  Cambr i a  
11 

l g t  b l u e  F 
l g t  g r een  " 
r e d  I 1  

s i l v e r  11 North o f  P i c o  P t .  
South o f  P t  . 
San Simeon 
South o f  P i c o  P t .  
South of  P t .  
Sm 5if1'1eui I 

I 1  

I 1  

11 

gold I 1  

l g t  b l u e  

lgt green  Ii 

r e d  M 
i i  F 

whi t e  I 1  

c h a r t r e u s e  M 

wh i t e  
drk b l u e  

11 

whi t e  n e a r  Cambria 
South  o f  P t  . 
San Simeon 
South o f  P i c o  P t .  

, 19 

I 1  

l g t  g r een  " 
p ink  F 
orange  !I 

c h a r t r e u s e  " 

d r k  b l u e  
II 



.- 
.05 (Snedecor and Cochran 1967). Tests o f  di f ferences between sexes 

and years fo r  average lengths o f  home ranges were done w i th  t - t es ts  

(Snedecor and Cochran 1967) . 
A c t i v i t y  data were co l lected i n  two ways. The f i r s t  was using a 

Rustrak recorder (Fig. 5). With t h i s  device, the rad io  s igna l  was 

transformed i n t o  an e lect ronic  pulse tha t  displaced a needle. The 

needle marked the paper as i t  moved through the machine. Since s a l t  

- water attenuates the rad io  signal,  the machine recorded the pa t te rn  

o f  the rad io  being held above the water (constant s ignal )  or  below 
--. 

the water (no s ignal ) .  Twenty-four hour a c t i v i t y  patterns were 

co l lected by monitoring the machine i n  an area where a radio could 

be c lea r l y  heard. The second method was a systematic sampling 

scheme based on the r e s t r i c t i o n  tha t  only one s igna l  could be 

recorded continuously on the. Rustrak machine. L is tening t o  other 

radios i n  the area a t  h a l f  hour in te rva ls ,  the observer spent a few 

minutes' on each channel not ing i f  the s igna l  was constant, 

in te rmi t tan t ,  or  no signal.  More patterns were co l lected during 

1979 due t o  the help of a second person. Data were analyzed by 

looking a t  lengths o f  ac t ive  and inac t i ve  periods and average percent 

a c t i v i t y  per hour per i nd i v idua l  throughout a 24-hr period. For 

determining lengths o f  the ac t ive  and inac t i ve  periods from the 

half-hour samples, whatever the s igna l  was a t  the time o f  the sample, 

was assumed t o  be the s igna l  f o r  the e n t i r e  h a l f  hour. Thus, only 

periods of greater than a hal f  hour were used i n  the a c t i v i t y  



analysis. After a natural log transformation of the lengths of the 

active and inactive periods, differences between and w i t h i n  sexes 

and between years were tested w i t h  ANOVA analysis as described i n  

the previous paragraph on movement data. For visual comparisons 

among individuals, graphs of the'average percent act ivi ty per hour 

plus and minus one standard deviation were drawn. During the day, 

visual observations were taken on radioed o t te r s  w i t h  a Questar 

, telescope t s  carrelate act ivi ty and inact.ivj,.ty wi..t.b the Rustrak 

signal.  The area where the signal was being recorded was scanned 

hourly w i t h  the Questar telescope on 80X to record unmarked ot ters  

and the i r  ac t iv i t i es  for a general idea of the act ivi ty of t h e  

population. These data were pooled a t  hbu r ly  intervals over the 

ent i re  season, percent act ivi ty per season was plotted, and compared 

visually w i t h  the act ivi ty graphs of individual ot ters .  

I n  1978, behavioral- data were collected on marked and unmarked 

o t te r s  using focal animal samples (Altmann 1974) i n  order to detect 

ef fects  of the transmitters on the ot ters . .  A l l  data were taken 

using a Questar telescope and interval timer w i t h  an audible signal 

to  mark the time. Five general categories of resting, grooming, 

interacting, locomoting and feeding were used and a list of sea 

o t te r  behavioral patterns developed i n  Alaska (Packard and Rihic, 

~llariuscript I n  preparation, Appendix C) was used and amended i n  

California. Samples of 8 min  i n  length were taken as  often as  

possible though some samples wese.less than that  due to visually 
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losing the focal animal. A t o t a l  of 300 8-min samples of radioed 

and non-radioed ot ters  were collected. For nonradiokd ot ters ,  53 

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

obtained. For radioed ot ters ,  30 grooming samples, 64 resting, 28 

feeding', and 7 interacting samples were collected. Only the 

categories of grooming and resting contained enough samples for 

further analysis. For each focal animal sample of 8-min i n  length, 

frequencies of individual behavior patterns were tabulated. Since 

the to ta l  number of 10-sec intervals i n  the sample was 48, each 

pattern could take on a value from 0 to 48. Differences between 

radioed and nonradioed ot ters  were evaluated w i t h  chi-square t e s t s  

(Snedecor and Cochran 1967) and, for each behavior included i n  the 

chi-square analysis, Freeman-Tukey deviates were calculated (Bishop 

e t .  a l .  1975)'. I n  addition, discriminant analysis, done w i t h  the 

SPSS s t a t i s t i ca l  package (Nie e t .  a l .  1975), was used to separate 

groups.' 
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RESULTS 

Movement and Home Range 

Movements 

Looking a t  Table 3, there was a great deal o f  var ia t ion  i n  

averge distance moved over the f a l l  season among ind iv idua ls  i n  both 

years i r regard less of sex. For each year, the tes ts  for equal i ty  o f  

o v e r a l l  movement averages w i th in  sex were re jected (p ,007 i n  a l l  

ca&ec) (Tablc 4).  rrm Schcffe 's ksl, wll;l111 I the 1.978 rml ~ s ,  there 

appeared t o  be two subsets o f  males. One group consisted of two 

males, numbers 222 and 903, who moved t o  the southern edge of the 

populat ion's range and the other containinq males tha t  b i d  not move 

far from t h e i r  capture points  (numbers 416, 803, 395, 350 and 819). 

There were no d i s t i n c t  subsets w i th in  the 1978 females while w i th in  

the 1979 females, there was one female (number 648) separated from 

the other females. This female had an average ove ra l l  movement much 

less  than the other females. The 1979 males were a l l  d i f f e r e n t  from 

one anothcr. I n  view o f  t h i s  i i ~ d i v i d u a l  var la t lun,  tes ts  between 

males and females were not  done. 

Overal l  movements o f  the o t t e r s  were div ided i n t o  dayl ight  and 
I 

n i g h t l y  movements (Table 5) .  Within i nd i v idua l  ot.ters, therp werp 

no s ign i f i can t  differences between average d a y l i ~ h t  and average 

nf gh t l y  movements (paired t - t e s t  , t=-0.19, d. f. =15, p=. 45). There 

d i d  not appear t o  be a la rge  cor re la t ion  between weights o f  the 

o t t e r s  and average o v e r a l l  movement ( r=0.27) . 



19 

. - 
Looking a t  the fas tes t  r a t e  o f  t r a v e l  f o r  o t t e r s  w i th  a t  l eas t  5 

locat ions,  there was a range from .09 km/hr t o  1.74 km/hr (Table 

-- 6). The fas tes t  r a t e  f o r  males i n  1978 was 1.49 km/hr and -77 

km/hr i n  1979. For females, the fas tes t  was .79 km/hr and 1.74 
. - 

I km/hr i n  1978 and 1979, respect ively.  Within years, there were no 

s ign i f i can t  dif ferences between males and females f o r  average r a t e  

o f  t r a v e l  (t=2.21, d.f.=8, .05 p .  .10 f o r  1978; k0.86,  d.f.=8, 

,.. p=.4 f o r  1979),, nor was there a d i f ference between 1978 and 1979 for 

I 
average r a t e  o f  t r a v e l  (k0.09,  d.f .=18, p .50). There was a 

small cor re la t ion  between ra te  o f  movement and weights o f  the o t t e r s  

(r=0.42) w i th  heavier o t t e r s  tending t o  move fas te r  than l i g h t e r  

o t te rs .  

Home Range 

Average lengths o f  home ranges i n  1978 and 1979 were 18.21 km 

and 3.51 km, respect ive ly  (Table 7).  The 1978 average r e f l e c t s  the 

ef fect  of 9 o t t e r s  having ranges w i th  lengths greater than or  equal . 

t o  10 km (Table 8).  I f  these lengths are removed, the 1978 average 

i s  4.4 km. Removing the lengths greater than and equal t o  10 km f o r  

analysis, there were no s i g n i f i c a n t  di f ferences between females i n  

both years (t=0.99, d.f . = l l ,  p . 5 )  though there was a s i g n i f i c a n t  

d i f ference between males (k7.75,  d. f . =6,  p .005). Between 

females and males i n  each year, there were s i g n i f i c a n t  dif ferences 

i n  average lengths o f  home range (k2.38,  d.f.=17 .025 p .05 i n  

1978; t=6.23, d.f.=15, p .005 i n  1979). There was a low 



correlation between lengths of home ranges and weights of the ot ters  

(r=0.43) wi th  heavier o t ters  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, l i s ted  i n  Tables 7 and 8, tend to be 

overestimates as areas not utilized by the ot ters  are included i n  

the estimates due to the assumption nf a rect.ang11lar h m  range. I n  

a d d i t i o n ,  not a1.1 part.s n f  a home range were used w i t h  equal 

intensity by an individual o t ter .  Appendix D contains maps for each 

individual's home range. I n  1978, most of the ot ters  stayed i n  the 

vicinity of  c a p t u r e  but five nf  t.he ntters  d i d  not. Of the five, 

three ot ters  (numbers 903, 222 and 608) were males that moved out of 

the capture area the day of capture and were la te r  found 80 krn down 

the coast i n  the vicinity of the southern edge of the population's 

range. The other two ot ters  were females (numbers 703 and 315). 

Number 703, l a t e r  found to  be pregnant during f a l l  1978 (R, Jarneson, 

personal comnunication), moved between the capture area and three 

different  areas while number 315 moved from the capture area north 

to  a second area. I n  1979, the three males and three of the eight 

females (numbers 648, 605, and 636) d i d  not move far 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 w i t h  number 345 moving north from the capture 
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spot and staying i n  the new area and number 692 moving nor th from 

the capture area and then back t o  the v i c i n i t y  o f  the capture area. 

There appeared t o  be much overlap among females captured i n  

locat ions close together (Fig. 6) while the males1 ranges only 

overlapped when the animals were caught from a large group o f  o t te rs  
-. 

(Fig. 7) or  the radioed o t t e r s  ended up moving long distances from 

t h e i r  capture points.  I n  one instance where two 1979 males (nun-bers 

780 and 746) had adjacent ranges, there was l i t t l e  overlap between 

the ranges (Fig. 8). Number 780 stayed i n  an area t o  the. northeast 

of number.746 and was located w i th in  the range o f  number 746 dur ing 

only one afternoon during the two and a h a l f  months o f  number 780's 

radio l i f e .  Otherwise, number 780 rested i n  a small ke lp patch i n  a 

bay t o  the nor th  o f  a publ ic  p i e r  and fed out i n  the ke lp  beds and 

i n  the v i c i n i t y  o f  and southwest o f  Point  San Simeon. A female, 

number 648 (Fig.  9 ) ,  on the other hand, almost completely overlapped 

w i th  number 746's range and was frequently observed res t i ng  i n  the 

same group as number 746. 

Pattern of use o f  an area appeared t o  be s im i l a r  among o t te rs .  

Most otters that  were observed had separatc locat ions for rest ing,  

which usual ly  were offshore i n  the ke lp beds, and feeding, which 

were usual ly inshore (numbers 746, 803, 416, 648, and 636) (Fig. 

10) .This was not invar iab le  as radioed o t t e r s  were observed feeding 

w i th in  the ke lp  beds (number 703) and i n  i so la ted  ke lp patches 

outside the edge o f  the main ke lp beds (number 780) along w i th  other 

unmarked o t te rs .  



Table 3. Average distance between locations i n  krn over the f a l l  
season for radioed sea o t te r s  i n  California i n  1978 and 1979. s .d .  
= standard deviation and n = sample size.  

Overall Movement 
Year Otter Sex - - Mean s.d.  n - - -  

11 

a l l  
11ldles 
females 

M 
I 1  

I 1  

F 
I I 

I 1  

11 

I 1  

11 

I 1  

11 

a l l  
males 
f males 



Table 4. ANOVA table for average ln(overal1 movements) by sex and 
year of radioed sea otters in California during the fall seasons of 
1978 and 1979. SS = sum of squares and MS = mean square. 

Year Sex -- 
1978 Males 

Females 

1979 Males 

Females 

Among 
Within 
Total 

h n g  
Within 
Total 

Among 
Within 
Total 

Among 
Within 
Total 

MS F Ratio F Prob. 



Table 5 .  Average daylight and n i g h t l y  movements i n  km of radioed 
sea o t te r s  i n  Fall  1978 and 1979 in California. M = male, F = 
female, s . d .  = standard deviation, and n = sample size.  

Year Otter Sex -- - 

11 

a l l  
males 
f males 

M 
11 

I1 

F : 
I1 

I1 

11 

11 

I1 

11 

11 

a l l  
males 
females 

Daylight N i g h t l y  
Mean s .d .  n - - -  Mean s . d .  n - - -  



Table 6. Fastest rates of travel i n  km/hr for radioed sea ot ters  i n  
California i n  Fall 1978 and 1979. M = male, F = female, and 
standard deviations are i n  parentheses. 

Year Otter 

1978 222 
416 
803 
903 
608 
523 . 
703 
106 
242 
315 
- 
- 
- 

Sex - 
M 
I 1  

11 

11 

11 

11 

F 
11 

I 1  

I 1  

a l l  
males 
females 

I 1  

I 1  

a l l  
males 
females 

Rate ' 



Table 7. Average areas  (km2) l eng ths  (km), and widths (km) of 
home ranges of radioed sea o t t e r s  m Fal l  1978 and 1979 i n  
California.  s .d.  = standard deviation, n = sample s i z e ,  and * = 
removed lengths - 10 km. 

length width area 
year sex - mean s.d. n - -- mean s.d. n mean s.d. n - -- -- - 
1978 a l l  18.3 22.2 14 1.5 0.4 14 26.7 33.9 14 

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* a l l  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 
ferrrales 6.4 3.6 4 1.2 0.5  4 6.8 2 .3  4 

1979 a l l  3.5 2.6 12 0.9 0.2 12 3.7 3.1 12 - 
males n.1 1 .  3 0.8 n..~ 3 n.8 n.3 .> 

females 4.3 2'.6 9 1:1 0.2 9 4.7 2.9 9 



Table 8. Areas (kmz), lengths (km) and widths (km) of home ranges 
of radioed sea o t te rs  i n  F a l l  1978 and F a l l  1979 i n  Ca l i fo rn ia .  

Year 

1978 

Ot ter  . Sex - Length Width Area 



A c t i v i t y  

I n t e r p r e t a t i o n  o f  t h e  Rus t rak  s i g n a l  

I n  1978 and 1979,  o t t e r s  w i th  r a d i o s  were s imu l t aneous ly  

observed  and had t h e i r  s i g n a l s  recorded  on t h e  Rus t rak  r e c o r d e r  f o r  

a t o t a l  o f  26.5 h r s .  I n  a l l  c a s e s  when an  o t t e r  was r e s t i n g ,  t h e  

r a d i o  s i g n a l  was con t inuous  ( F i g .  l l a  1. However, behav io r s  ' such a s  

s t rokir ' lg ,  rubbing, rock ing ,  rnwi,ng, and look ing  (gee hppcndix C for 
' 

d e s c r i p t i o n s  o f  behav io r  p a t t e r n s )  were performed wi thout  p u t t i n g  

t h e  rear feet i n  t h e  water .  With t h e  behavior  p a t t e r n  t t r ock ingN,  an 

a u d i b l e  f a d i n g  i n  and o u t  o f  t h e  s i g n a l  a s  p a r t  o f  t h e  an tennae  went 

i n  and o u t  o f  t h e  wa te r  was n o t i c e a b l e .  The Rustrak r e c o r d e r ,  

however, was n o t  s e n s i t i v e  t o  t h e s e  r a p i d  changes i n  t one  and a 

c o n s t a n t  s i g n a l  p a t t e r n  was produced. I f  r ock ing  and slow s t r o k i n g  

and rubbing  a r e  cons ide red  t o  be  p a r t  o f  t h e  r e s t i n g  c a t e g o r y ,  t hen  
4 

t h e  unde re s t ima te  o f  a c t i v i t y  frm the Rus t r a k  r eco rd ing  comc3 

dur  i l - ~ y  grooming bout .  grooming bout  produces p a t t e r n  

c o n s i s t i n g  o f  a p e r i o d  o f  i n t e r m i t t a n t  s i g n a l s  between 2 p e r i o d s  o f  

c o n s t a n t  s i g n a l  p e r i o d s  (F ig .  l l b ) .  An average  grooming bout  was 

21.00 min (n=18) w i t h  an average  of 13.24 min o r  63% s p e n t  i n  

a c t i v i t i e s  where the feet  were h e l d  above t h e  water (Ferm and R i b i c ,  

manuscr ip t  i n  p r e p a r a t i o n ) .  Assuming an  average  o f  6 grooming b o u t s  

i n  a  24 h r  pe r iod  ( s e e  r e s u l t s  on rhy thms) ,  an approximate 1% 

underes t ima te  o f  a c t i v i t y  results from u s i n g  t h e  Rus t rak  r eco rd .  An 
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o t t e r  a c t i v e l y  grooming o r  f eed ing  always produced an i n t e r m i t t a n t  

s i g n a l  . ' Feeding tended t o  produce a c h a r a c t e r i s t i c  p a t t e r n  (F ig .  

l l c )  o f  a s t r a i g h ' t  l i n e  f o r  an  ave rage  o f  2 min a l t e r n a t i n g  wi th  a 

c o n s t a n t  s i g n a l  o f  2 t o  3 min. Th i s  p a t t e r n ,  however, v a r i e d  w i th  . 

t h e  i n d i v i d u a l  o t t e r ' s  h a b i t  o f  ho ld ing  its f e e t  du r ing  f eed ing .  

For example, number 608 c o n s i s t e n t l y  h e l d  its r e a r  f e e t  v e n t r a l  s i d e  

up s o  t h e  an tennae  was submerged and no c o n s i s t e n t  p a t t e r n  was 

produced du r ing  i ts  feed ing  bou t s .  Number 703, on t h e  o t h e r  hand, 

h e l d  its feet v e n t r a l  s i d e  down s o  t h e  an tennae  was l a y i n g  on t o p  of 

t h e  water and a s i g n a l  was produced. Because o f  t h e  i n c o n s i s t e n c i e s  

i n  d i s t i n g u i s h i n g  between grooming and f eed ing  c a t e g o r i e s ,  on ly  t h e  

two c a t e g o r i e s  o f  a c t i v e  (grooming, f eed ing , .  o t h e r  a c t i v i t y )  and 

i n a c t i v e  ( r e s t i n g )  ' were cons ide red .  

A c t i v i t y  P a t t e r n s  

Lengths o f  a c t i v e  and i n a c t i v e  p e r i o d s  by s e x  and y e a r  a r e  

l i s t e d  i n  Table  9 .  There are t o o  few d a t a  p o i n t s  t o  test  f o r  

d i f f e r e n c e s  between s e x  o r  l e n g t h  o f  p e r i o d s  i n  1978. However, i f  

t h e  raw d a t a  o f  1978 a r e  p l o t t e d  by grouping i n d i v i d u a l s  ( F i g .  12) ,  

t h e  g e n e r a l  t r e n d  s u p p o r t s  t h e  r e s u l t s  o f  t h e  tests o f  t h e  1979 

d a t a .  There were no s i g n i f i c a n t  d i f f e r e n c e s  between a c t i v e  and 

i n a c t i v e  p e r i o d s  w i t h i n  females  f o r  e i t h e r  ca t ego ry  ( p  .05) (Table  

1 0 ) .  For  males ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  f o r  the a c t i v e  

pe r iod  (p=.87) though t h e r e  was f o r  t h e  i n a c t i v e  pe r iod  



30 

(p=.04)(Table 10). Lumping the data w i t h i n  sexes, there were no 

significant differences between sexes for ei ther  active or inactive 

periods (L1.91, d.f.=77, p=.06 for active period; t=.27, d.f.=73, 

p=. 79 for inactive period). So, looking a t  active period length 

versus inactive period length, there was no significant difference 

between the lengths of the two periods ( b . 1 2 ,  d.f .=108, p=.9). For 

1979, the average active period was 3.33 h r s .  and the average 

inactive period was 3.75 h r s  (Table 9), Therefore, the ideal 

average o t te r  was active an average of 12 hours broken up into about 

4 h r  periods while the inactive period was broken into approximately 

3 periods of 4 h r s  i n  length. 

There appeared to be a pattern for each o t te r  (Figs. 13-16) 

though individual variation tended to mask any dis t inct  rhythm. 

Most o t t e r s  appeared to be active i n  the early morning from about 

U4UU-U8UU w i t h  ac t iv i ty  increasing in  the mid afternoon (1300-17UU) 

w i t h  a t h i r d  variable period around 2300-0200. Population activity 

1cvcJ.s (F ig .  17) for both ycar3 ahowcd an incrcascd act ivi ty lcvcl 

during the early morning and l a t e  afternoon. Variability between 

individuals was seen by pooling onset of act ivi ty over a l l  o t ters .  

Lumping i n  2-hr. blocks, onset of act ivi ty d id  not differ  from a 

uniform distribution ( ~ 2  = 12.94, d.f .dl, .25 p 5 There d i d  

not appear to be any t i da l  cffcct  on onsct of act ivi ty ( ~ 2  = .71, 

d .  f .  = 2, .5 p .75) b u t  due to lack of data on weather and ocean 

conditions, no other environmental effects  were tested for. 



Table 9. Average lengths i n  hours.of active and inactive periods 
for radioed sea o t te r s  i n  Fall 1978 and 1979 i n  California. Mmale, 
F=female, s . d .  = standard deviation, and n=sample size. 

Active Inactive 
Year Otter Sex - - - Mean s .d .  n - - -  Mean - s .d .  n - - 

F 
I 1  

a l l  

M 
11 

F 
I 1  

I 1  

I t  

11 

a l l  
males 
females 



. Table 10. ANOVA tab le  f o r  ac t i ve  and i nac t i ve  periods by sex o f  
radioed sea o t t e r s  i n  Ca l i fo rn ia  dur ing the 1979 f a l l  season. SS = 
sum of squares and.MS = mean square. 

Sex - Type, Source 

Fema'le Act ive Among 5 1.99 .39 1.22 .31 
Within 65 21.15 .32 
Tota l  70 23.14 

Female Inac t i ve  Among 5 3.42 .68 1.95 .09 
Wi th in  65 22,84 .35 
Tota l  70 26.26 

Male Act ive Among 1 .O1 .O1 -03 .87 
Within 36 11.76 -33 
Tota l  37 11.77 

Male Inac t i ve  Among 1 1.66 1.66 4.44 .04 
Wi th in  36 13.43 1.37 
Tota l  37 15.09 



BEHAVIOR 

Behaviora l  E f f e c t s  o f  T ransmi t t e r s  

I n  t h e  r e s t i n g  c a t e g o r y ,  f l o a t i n g  was ' t h e  most f r equen t  behavior  

seen  (Table  1 1 ) .  Other behaviors  such as rocking  and rubbing 

occurred  wi th  a lesser frequency.  Graphica l  s e p a r a t i o n  of t h e  

rad ioed  and non-radioed o t t e r s  was n o t  d i s t i n c t  (F ig .  18) b u t  t h e  

~2 va lue  was s i g n i f i c a n t  (p  .005)(Table 1 2 ) .  Looking a t  t h e  

Freeman-Tukey d e v i a t e s  (Table 1 2 ) )  r ad ioed  o t t e r s  d i d  n o t  appear  t o  
8 9  

n i b b l e . a n d  rub a s  much as non-radioed o t t e r s .  Using d i s c r i m i n a n t  

a n a l y s i s ,  t h e  s e p a r a t i o n  between rad ioed  and non-radioed o t t e r s  

(F ig .  19a) was s i g n i f i c a n t  ( p  = .001).  

I n  grooming, t h e  most f r equen t  behav io r s  were s t r o k e ,  n i b b l e ,  

rock ,  r u b / s t r o k e ,  l o g r o l l ,  and somersaul t  (Table 13). A s  i n  
0 

r e s t i n g ,  g r a p h i c a 1 . s e p a r a t i o n  o f  t h e  2 t y p e s  o f  o t t e r s  was n o t  

d i s t i n c t  (F ig .  20) b u t  t h e  ~2 va lue  was s i g n i f i c a n t  ( p  

.005)(Table 1 4 ) .  Using nonradioed o t t e r s  a s  t h e  norm, rad ioed  

o t t e r s  can be seen ,  from t h e  Freeman-Tukey d e v i a t e s  (Table 1 4 ) ,  t o  

engage i n  rub / s t rok ing  more o f t e n  than  non-radioed o t t e r s .  However, 

t h e  s e p a r a t i o n  of groups from d i s c r i m i n a n t  a n a l y s i s  . (F ig .  19b)  was 
0 

no t  s i g n i f i c a n t  (p  = .186). 



Table  11. Counts  and pe rcen t ages  i n  p a r e n t h e s e s  o f  behavior  1 

p a t t e r n s  s een  i n  t h e  r e s t i n g  c a t e g o r y  f o r  nonradioed and r ad ioed  s e a  
o t t e r s  i n  F a l l  1978 i n  C a l i f o r n i a .  

Behavior '  P a t t e r n  Nonradioed Otters 

f l o a t  311 (94 )  
n i b b l e  6 ( 2) 
r u b  7 ( 2) 
rock  4 ( 1) .  
s t r o k e  2 ( 1 )  
l ook  0 ( 0) 
shake  0 ( 0) 
r u b / s t r o k e  0 ( 0 )  

Radioed Otters 



Table 12. Expected values for the contingency table from the data 
i n  table 11 for a l l  behaviors w i t h  values greater than zero i n  both 
categories of radioed and nonradioed otters .  Freeman-Tukey deviates 
are i n  parentheses. 

Behavior Pattern Nonradioed Otters Radioed Otters 

f loat  324.61 (-0.74) 2688.39 ( 0.27) 
nibble 1.19 ( 2.36) 9.81 (-1.66) 
rub 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) 

t e s t  s t a t i s t i c  X 2  = 63 . lo d.f. = 4 p ,005 



Table  13. Counts  and pe rcen t ages  i n  p a r e n t h e s e s  o f  behavior  
p a t t e r n s  s e e n  i n  t h e  grooming c a t e g o r y  f o r  nonradioed and r ad ioed  
sea o t t e r s  i n  F a l l  1978 i n  C a l i f o r n i a .  

Behavior  P a t t e r n  

d i v e  
f l o a t  
l ook  
l o g r o l l  
n i b b l e  
pe r i s cope  
p o r p o i s e  
rub  
rock 
s c u l l  
shake  
s u b m r g e d  
somer sau l t  
s t r o k e  
s w i m  
t u c k r o l l  
n i b b l e / r u b  
n i b b l e / s t r o k e  
r u b / s t r o k e  

Nonradioed Otters Radioed Otters 



Table 14. Expected values for the contingency table from Table 13 
for a l l  behaviors w i t h  values greater than five i n  both cel ls .  
Freeman-Tukey deviates are i n  parentheses. 

Behavior Pattern 

f loa t  
look 
logroll  
nibble 
rub  
rock 
scul l  
shake 
somersault 
stroke 
truckroll 
rub/stroke 

Nonradioed Otter Radioed Otter 

Test s t a t i s t i c  X 2  = 78.72 d.f. = 11 p .005 
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DISCUSSION 

Movements 

To clarify terms used i n  the following discussion, the following 

definitions from Baker (1978) were used: 

migration - the act  of moving from one spatial  u n i t  to  

another. 

familiar area - t o t a l  area ever visited by an animal during 

its lifetime. Usually a number of discrete areas connected 

to one another by relatively narrow tracks. 

home range - proportion of the habitats w i t h i n  a familiar area 

visited during any particular limited period of time. 

I n  addition, two types of sea o t te r s  were recognized: resident ( d i d  

not move from vicinity of capture) and nonresident ( d i d  move from 

vicinity capture). 

Because of the limitation of the s t u d y  to  thc f a l l  scason, the 

 movement^ of -/I of the 6 males i n  1978 t o  an arca 80 Im from point of 

capture could be given a t  leas t  two interpretations. The first i s  

that  these o t te r s  have large f a l l  home ranges or the second is that  

a transition between a sumner and winter range was observed. The 

l a t t e r  interpretation is supported by observations made by R. 

Jameson that the 2 resident males i n  1970 (numbers a03 and 416) 

moved to  the same area the nonresident males moved to 1 to 2 months 

l a te r .  T h i s  movement by resident o t t e r s  may be analogous to 
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movements made by breeding Peromyscus maniculatus males out of t h e i r  

t e r r i t o r i e s ' a t  the end o f  the breeding season (Fai rbai rn 1978). I n  

addit ion, from counts o f  concentrations o f  o t t e r s  by the Ca l i fo rn ia  

Dept. of Fish and Game, there i s  an increase i n  o t t e r s  a t  the 

southern edge o f  the range during the f a l l  and winter t o  a winter 

peak of about 200 w i th  the numbers decreasing t o  about h a l f  t h a t  

number during the spr ing (Ca l i f o rn ia  Dept. F ish and Game, personal 

c o m n i c a t i o n ) .  Thus, there i s  some ind ica t ion  tha t  male sea o t t e r s  

are seasonally migratory. The females i n  t h i s  study, however, 

tended t o  stay near t h e i r  areas o f  capture. Only one female (number 

703) moved long distances but  she moved between three areas on an 

approximate 2 week basis rather  than moving t o  one area and 

remaining there. 

From looking a t  the maps i n  Appendix D, females appeared t o  

u t i l i z e  t h e i r  home ranges more evenly than resident males. Areas of 

r e s t  appea,red t o  correspond w i th  concentrations o f  o t te rs .  Most 

feeding was s o l i t a r y  though o t t e r s  were observed feeding i n  the same 

general area. Movements o f  res ident  males appeared t o  be more 

r e s t r i c t e d  and more predictable. Once feeding and res t i ng  areas of 

the res ident  males were located, v isua l  observations o f  these males 

could almost always be made. This d id  not  hold f o r  the females or  

nonresident males. 

Since area of home range depends on the outermost d i s t r i b u t i o n  

o f  the ke lp  beds, the home ranges reported here are much la rger  than 
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those reported by Loughlin (1977) and h i s  average home range length 

of 2.5 km i s  less  than 4.4 km f o r  1978 and 3.5 km f o r  1979 found i n  

t h i s  study. The two areas studied by Loughlin (1977) and t h i s  study 

were d i f f e ren t  i n  the frequency o f  human disturbance experienced by 

both o t t e r  groups. The amount o f  human disturbance i n  the Monterey 

area (Lbughlin 1977) was qu i te  a b i t  more compared t o  the San Simeon 

area and could have af fected the movements o f  the o t te rs .  However, 

i n  agreement w i th  Loughlin (1977), females tended t o  have la rger  

home ranges than resident males. The nonresident males had home 

ranges tha t  appeared t o  be a group of small areas l inked by t r a v e l  

corr idors.  This corresponds more t o  the descr ipt ion o f  a fami l ia r  

area and the nonresidents' home ranges are not s t r i c t l y  comparable 

t o  the f a l l  home ranges o f  females and resident males. 

The importance of movement on population dynamics and population 

genetics i s  j u s t  beginning t o  be examined c r i t i c a l l y  (Gadgil 1971, 

Roff 1975, Baker 1978, Waser and ~ a v e n  Wiley 1980). The movements 

o f  sea o t te rs  throughout t h e l r  railye is r e l a t i v e l y  unknown though 

t h i s  study points out t ha t  o t te rs  may move long distances i n  

r e l a t i v e l y  shor t  periods o f  time. Rates o f  t r a v e l  found i n  t h i s  

study were less than the maxirmm o f  2.5 h / h r  reported by Kenyon 

(1969). But, one male o t t e r  moved 70 km i n  two days as we l l  as one 

female moving between areas about 25 km apart i n  about a day. 

Information on the sea o t t e r  soc ia l  system i s  l i m i t e d  (Vandevere 

1970, Calkins and Lent 1975), bu t  perhaps there i s  a more d i s t i n c t  



breeding season than previously thought (Woodhouse e t .  a l .  1977) as 

evidenced by the movements o f  the resident males during the winter.  

Some o f  the questions brought up by the movement data include what 

determines which o t te rs  are residents, what i s  the amount of s i t e  

f i d e l i t y  f o r  resident males, what the cont r ibu t ion  o f  nonresident 

males t o  the gene pool i s  r e l a t i v e  t o  resident males, and how far 

i n t o  .the range nonresident males w i l l  t rave l .  Many o f  these 

questions should be answered by long term studies tha t  fo l low a 

var ie ty  o f  ind iv idua ls  over time. The movements, however, of the 

sea o t te rs  i n  Cal i forn iaappear  t o  be s im i l a r  t o  those o f  sea o t t e r s  

i n  Alaska (Schneider 1978) i n  tha t  dominant adul t  males move less 

. and more predic tably  than other males i n  search o f  estrous females 

and t h a t  adu l t  females move the leas t .  

A c t i v i t y  Pattern 

Due t o  small sample size, no di f ferences due t o  sex were tested 

fo r .  Contrary t o  Loughlin (1977), i nd i v idua l  o t t e r s  appeared t o  

have a rhythm though the pa t te rn  was u l t rad ian  rather  than 

circadian. But i nd i v idua l  va r ia t i on  tended t o  mask a strong 

pattern. This var ia t ion  could have been due, i n  par t ,  t o  the 

sampling frame o f  a  month. There are many types o f  rhythms 

inc luding weekly, monthly, seasonal, and yearly (Halberg e t .  a l .  

19771, many o f  which may be confounded w i t h  a c i rcadian pattern. 

Any s h i f t i n g  i n  a pa t te rn  due t o  these other rhythms would 



c o n t r i b u t e  l a r g e l y  t o  t h e  v a r i a t i o n  when look ing  f o r  a d a i l y  

p a t t e r n .  F r m  t h e  g raphs ,  t h e  frequency o f  t h e  rhythm may be  on t h e  

o r d e r  o f  6 t o  8 hour s  which appea r s  t o  t i e  i n  most c l o s e l y  w i th  t h e  

physiology and the rmoregu la t i on  c a p a b i l i t i e s  o f  t h e  s e a  o t t e r .  

P h y s i o l o g i c a l  s t u d i e s  a r e  l a c k i n g  b u t  o f  t h e  .ones publ i shed  (S tu lken  

and K i r k p a t r i c k  1955, Morrison e t .  a l .  1974, Cos t a ,  manuscr ip t  i n .  

p r e p a r a t i o n ) ,  t h e  r a t e  o f  passage o f  food through t h e  d i g e s t i v e  

sys tem is on t h e  o r d e r  o f  3 hours ,  a b s o r p t i o n  o f . n u t r i e n t s  i s  low, 

and energy  needed f o r  thermoregula t ion  is h igh .  The appa ren t  

s i m i l a r i t y  between an o t t e r ' s  a c t i v e / i n a c t i v e  p e r i o d s  and 

p h y s i o l o g i c a l  c a p a b i l i t i e s  is  an a r e a  f o r  f u r t h e r  r e s e a r c h .  

An o t t e r  spends  approximate ly  h a l f  i ts t ime r e s t i n g  and h a l f  

be ing  a c t i v e .  I n  a d d i t i o n  t o  t h e  f i n d i n g  t h a t  movements th roughout  

t h e  day and n i g h t  appear  t o  be t h e  same, sea o t t e r s  engage i n  t h e  ' 

same t y p e  o,f a c t i v i t y  i r r e g a r d l e s s  o f  i l l u m i n a t i o n .    his is i n  
I 

agreement w i th  Loughl in  (1977).  S ince  most o f  t h e  o t h e r  s t u d i e s  

lookea  a t  g roups  o f  o t t e r s  du r ing  t h e  day,  t h e  pe rcen tages  r e p o r t e d  

by a u t h o r s  such  a s  Shimek and Monk (1977) and E s t e s  and Smith (1973) 

are n o t  d i r e c t l y  comparable f o r  i n d i v i d u a l  time budgets .  

The o v e r a l l  popu la t i on  p a t t e r n ,  d u r i n g  t h e  d a y l i g h t  hours ,  o f  

a c t i v e  i n  t h e  morning and evening  appea r s  t o  be  a r e s u l t  06 a 

s u m t i o n  o f  i n d i v i d u a l  o t t e r  p a t t e r n s .  Shimek and Monk (1977) 

' r e p o r t e d  t h a t  on ly  50% o f  t h e  group i n  view would be engaged i n  a 

c e r t a i n  a c t i v i t y  d u r i n g  an  hour.  Th i s  p o i n t s  t o  great ir .1dividua1 
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va r ia t i on  i n  time o f  s t a r t i n g  and durat ion o f  an a c t i v i t y  so tha t  

look ing a t  the a c t i v i t y  o f  groups o f  o t t e r s  dur ing the dayl ight  

hours i s  probably not adequate f o r  estimating t o t a l  energy budgets 

of i nd i v idua l  o t ters .  

The var ia t ion  w i th in  an i nd i v idua l  does not preclude a rhythm, 

however, and t h i s  study points  t o  the p o s s i b i l i t y  o f  such rhythms. 

Various authors have speculated as t o  the evolutionary signi f icance 

of rhythms and the main ideas are (1)  t iming behavior i n  r e l a t i o n  t o  

the external  environment for ,  say, the onset o f  breeding, and (2)  i n  

r e l a t i o n  t o  competitors and predators (Cloudsley-Thompson 1970, 

Bunning 1973, Rusak and Zucker 1975, Saunders 1973). The 

p o s s i b i l i t y  o f  a physiological  constra int  producing the rhythm of 

o t t e r s  has already been mentioned but  there are other p o s s i b i l i t i e s ,  

not  mutually exclusive. Cueing on the rhythms o f  prey t o  f a c i l i t a t e  

prey capture i s  a p o s s i b i l i t y .  However, l i t t l e  i s  known o f  the 

rhythms of benthic organisms on which the o t t e r s  i n  Ca l i f o rn ia  

p r imar i l y  feed (F. Barnwell, personal comnunication ) . There i s  some 

evidence f o r  t h i s  explanation i n  the Alaskan work of Estes e t .  a l .  

(1978). They found tha t  o t t e r s  tha t  fed on f i s h  tended t o  have a 

d i s t i n c t  morning and afternoon foraging peak which might have been 

correlated w i th  the time both day-active and night-act ive f i s h  were 

present and chances o f  catching f i s h  were maximized. However, they 

looked a t  rhythms of the population rather  than o f  ind iv iduals .  A 

second idea i s  t ha t  o f  reducing competit ion between species though, 
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wi th  s e a  o t t e r s ,  t h e  compe t i t o r s  would probably be c o n s p e c i f i c s .  

Loughl in  (1977) f e l t  t h a t  some i n d i v i d u a l s  tended t o  feed a t  n igh t , ,  

o t h e r s  du r ing  t h e  day ,  and o t h e r s  bo th  day and n i g h t .  With t h i s  

s t u d y ,  t h e  clearest d iscrepancy  between i n d i v i d u a l s  was t h e  o n s e t  o f  

e a r l y  morning f eed ing .  Some o f  t h e  o t t e r s  tended t o  s t a r t  f eed ing  

between 0300 and 0500 wh i l e  o t h e r s  tended  t o  feed  between 0500 and 

0800: S ince  t h e r e  is some ev idence  f o r  food s t e a l i n g  by i n d i v i d u a l s  

(Fisher 1939, Packard and R i b i c ,  manuscr ip t  i n  p r e p a r a t i o n  1, f eed ing  

b e f o r e  o r  a f t e r  o t h e r s  may reduce t h e  r i s k  o f  l o s i n g  prey t o  

o t h e r s .  The magnitude o f  food l o s s  by s t e a l i n g  and,  t h u s ,  t h e  

importance o f  avo id ing  o t h e r s  d u r i n g  f e e d i n g  is unknown. There 

needs  t o  be a l o n g e r  s t u d y  o f  many i n d i v i d u a l  s e a  o t t e r s  w i th  a more 

d e t a i l e d  breakdown o f  a c t i v i t y  i n t o  t h e  v a r i o u s  c a t e g o r i e s ,  such  a s  

Feeding and grooming, t o  f u l l y  assess t h e  importance o f  such  rhythms 

f o r  t h e  i n d i v i d u a l  o t t e r .  

Determining t h e  effect  o f  r a d i o s  on o t t e r s  is impor t an t  f o r  t h e  

a p p l i c a b i l i t y  of  r e s u l t s  t o  t h e  rest o f  t h e  o t t e r  popula t ion .  I n  

t h e  grooming c a t e g o r y ,  t h e r e  were no clear c u t  e f f e c t s  from t h e  

r a d i o s .  S p e c i f i c  behav io r s  such r u b / s t r o k e  i n c r e a s e d  s i g n i f i c a n t l y  

i n  frequency b u t  t h e  o v e r a l l  importance o f  t h i s  on an i n d i v i d u a l  

o t t e r  was n o t  c l e a r .  The d i s c r i m i n a n t  a n a l y s i s  s u g g e s t s  t h a t  no 

c o n s i s t e n t  d i f f e r e n c e s  between r ad ioed  and nonradioed p t t e r s  cou ld  
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be  d e t e c t e d .  I n  t h e  r e s t i n g  c a t e g o r y ,  t h e  r ad ioed  o t t e r s  d i d  n o t  

appear  t o  n i b b l e  o r  rub  a s  much a s  nonradioed o t t e r s .  But ,  on 

ave rage ,  t h e  d i s c r i m i n a n t  f u n c t i o n  s e p a r a t e d  t h e  r ad ioed  and 

nonradioed o t t e r s  on t h e  b a s i s  o f  rub  and s t r o k e ,  which a r e  grooming 

behaviors .  From t h e  o b s e r v a t i o n s ,  t h e  r ad ioed  o t t e r s  appeared t o  

i n c r e a s e  rubbing  and s t r o k i n g  t h e  rear feet and t r a n s m i t t e r  b e f o r e  

f l o a t i n g  f o r  l ong  p e r i o d s  o f  time. So perhaps  t h e  t r a n s i t i o n  

between grooming and r e s t i n g  was prolonged.  The effect o f  t h i s  on 

an o t t e r  is probably n o t  s i g n i f i c a n t  i n  terms o f  a d d i t i o n a l  energy 

expended doing these behav io r s  more f r e q u e n t l y  t han  nonradioed 

o t t e r s  compared t o  t h e  o v e r a l l  energy expended ove r  a 24-hr. pe r iod .  
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and Game t o  c a p t u r e  s e a  o t t e r s .  
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Color-coded temple t a g s  and r a d i o  telemetry dev ice  

a t t a c h e d  t o  t h e  rear feet o f  a sea o t t e r .  

Rus t rak  e v e n t  r e c o r d e r  used t o  monitor  a c t i v i t y  o f  s e a  

o t t e r s .  

Fig.  6 Comparison o f  t h e  home ranges  o f  number 453 ( a ) ,  and 

nun-ber 298 ( b )  du r ing  F a l l  1979 i n  C a l i f o r n i a .  

F ig .  7 Comparison of t h e  home ranges  of  number 819 ( a ) ,  and 

riurrber 330 (b)  d u ~ ' 1 1  IY Fall  1978 i l  I Cali C ' U ~ I - I ~ ~ .  

F ig .  8 Comparison of t h e  home ranges  o f  numbers 746 ( a )  and 780 

( b ) ,  bo th  males  cap tu red  i n  F a l l  1979 i n  C a l i f o r n i a .  

F ig .  9 Comparison o f  t h e  home ranges  of number 7 4 6 ( a ) ,  a male,  

and number 6 4 8 ( b ) ,  a  female,  du r ing  F a l l  1979 i n  

C a l i f o r n i a .  
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Fig .  12 

Fig.  13 

Fig.  14 

Fig.  15 

Fig.  16 

Fig.  17 
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Composite map o f  a l l  o b s e r v a t i o n s  o f  f eed ing  and r e s t i n g  

sea o t t e r s  i n  F a l l  1978 ( a )  and F a l l  (1979).  Blank a r e a s  

r e p r e s e n t  f eed ing  o b s e r v a t i o n s ,  s t r i p e d  a r e a s  r e s t i n g ,  and 

d o t t e d  a r e a s  bo th  f eed ing  and r e s t i n g .  

Examples o f  Rustrak r e c o r d i n g s  o f  r e s t i n g  ( a ) ,  grooming 

( b ) ,  and feed ing  ( c )  from rad ioed  s e a  o t t e r s  F a l l  1979 i n  

C a l i f o r n i a .  

Histograms of l e n g t h s  of a c t i v e  ( a )  and i n a c t i v e  ( b )  

p e r i o d s  f o r  a l l  sea o t t e r s  monitored i n  F a l l  1978 i n  

C a l i f o r n i a .  

Graphs o f  p e r c e n t  a c t i v i t y  pe r  hour + one  s t a n d a r d  

d e v i a t i o n  f o r  number 780 ( a )  and number 746 (b) F a l l  1979 

i n  C a l i f o r n i a .  

Graph p e r c e n t  a c t i v i t y  p e r  hour 2 one s t a n d a r d  

d e v i a t i o n  f o r  number 692 ( a )  and number 636 ( b )  F a l l  1979 

i n  C a l i f o r n i a .  

Graph o f  p e r c e n t  a c t i v i t y  p e r  hour - + one s t a n d a r d  
1 

d e v i a t i o n  f o r  nurrber 453 ( a )  and number 605 (b )  F a l l  1979 

i n  C a l i f o r n i a .  

Graph o f  p e r c e n t  a c t i v i t y  p e r  hour 2 one s t a n d a r d  

d e v i a t i o n  f o r  nurrber 298 ( a )  and number 648 ( b )  F a l l  1979 

i n  C a l i f o r n i a .  

Graph of p e r c e n t  a c t i v i t y  p e r  hour f o r  g roups  of s e a  

o t t e r s  du r ing  F a l l  1978 and F a l l  1979 i n  C a l i f o r n i a .  



F i g .  18 Graph o f  p e r c e n t  behavior  f o r  behav io r s  seen  du r ing  t h e  

r e s t i n g  ca t ego ry  f o r  r ad ioed  ( a )  and nonradioed s e a  

o t t e r s  ( b )  F a l l  1978 i n  C a l i f o r n i a .  
a - 

Fig.  19 Di sc r iminan t  a n a l y s i s  o f  t h e  r e s t i n g  ca t ego ry  ( a )  and . 
grooming ca t ego ry  ( b )  f o r  r ad ioed  and nonradioed s e a  

o t t e r s  ( b )  F a l l  1978 i n  C a l i f o r n i a .  

F ig .  20 Graph o f  p e r c e n t  behavior  f o r  behav io r s  seen  du r ing  t h e  

grooming ca t ego ry  f o r  r ad ioed  ( a )  and nonradioed sea 

o t t e r s  ( b )  F a l l  1978 i n  C a l i f o r n i a .  
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Discriminant Analysis 1978  Calif oxnia No Tx vs Tx 
r \  

Resting ( s ign i f icance  = .001) 

Group 1 1.80713 ins/') 
Group 3 -.28398 Cn=ir~) 

Grooming 

- - . -. . '- 
( s ign i f i cance  = .136) 

Group 1 1.07803 C nZ2.3) . 
Group 3 -.a2649 ~ n s 3 o )  I 





Appendix A. Grid system used t o  p lo t  loca t ions  o f  sea o t t e r s  

followed during t h e  f a l l  seasons of 1978 and 1979 using t h e  

University of Minnesota FORTRAN subprogram PLOT3D. 
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APPENDIX B. Number of locations per g r i d  per sea o t te r  tagged w i t h  

radio-telemetry devices located during f a l l  1978 and 1979 in 

California. 



Year Number Gr id  11 Gr id  Coord ina t e s  (x,y) - 11 p t s .  p e r  g r i d  



Year - Number Gr id  # Grid  c o o r d i n a t e s  (x,y) 
(8.28) 

pts. p e r  q r i d  
2 



Year Number Grid /I Grid coord ina tes  (x,y) /I 6ts. per  g r i d  



Year Number Grid 11 Grid coord ina tes  ( x , y )  
(47,21) 

11 p t s .  per  g r i d  
1 
1 
1 
1 
1 



Year Number Grid // Grid Coordinates ( x ,  y ) // p t s .  per  g r i d  



Year Number Gr id  i/ Grid  Coord ina t e s  (x,y) // p t s .  p e r  q r i d  



Year ' Number Grid /I Grid Coordinates '  (x,y) /I p t s .  per  g r i d  



Year Number Grid I/ Grid Coordina tes  ( x  , y ) i/ pts.  pe r  g r i d  

1 
1 
1 
1 
2 
1 
1 
1 
1 
2 
1 



Year . Number Gr id  I/ Grid  Coord ina t e s  (x.v) I/ .pts. p e r  g r i d  



Appendix C. Behaviora l  r e p e t o i r e ,  adapted  from Packard and R i b i c  

(manuscr ip t  i n  p r e p a r a t i o n ) ,  used t o  r eco rd  sea o t t e r  b e h a v i o r a l  

sequences du r ing  F a l l  1978 and F a l l  1979 i n  C a l i f o r n i a .  
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n a n t  of  paws. head o r  . I 

f e e c  . ________-_-_-______---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -_--- -  : 



. . 3 .  . .. 
Erhav io r  . 
~ ~ t t z n  --- &hav I n t  Obl C e n a r s l  D e s c r L ~ c i . i n  - Fead Fror.c PZJS T o r s o  Rear  F e ~ t  , - . . . T a i l  

.Chiarilaa Ch R..r o t t e r  s v l ~ s  s l o v l y  Contact  v l t h  !lot v i s i b l e  U s a l l y  h . o r  b a l o v  On o r  b z l o r  
tuda:d its ? a r c n e r .  th2' pazcner  b e l l y  dovn t h ?  s u r f a c e  t h e  r turfac-  
and p l a c e s  c k i ?  a n  p o s i t l o n  
c h e s t ,  b e l l y ,  o r  n e a r '  =. 
t h e  head oE t h e  ocir*r 
o c t e t  ___________________------------------------------------------ 

Ros ins  80 hioszlskuih c o n c a c t  ~ o u c h l n o 3 e  Yay g r a s p  V a r l a b l e  V a r i a b l e ,  Saue na f e e t  
mads v i z 5  arioch-.r contacC p a r t n e r  . u e u a l i y  be- 

l w  s u r f a c e  o t c e r .  D l t f i c u i r  t o  w l t h  an- . . 
dLsringuLsh Setwe.-n o t h e r  
d b b l i n y  a a d  s n L f E i n ~  o t F e r  

. as r h e  t v o  x v r ~ ~ + ~ r t $  
are o f c e n  lxcr t rnixed.  
A r e a  c f  body v h i c h  is 

I -and MY be i n d i c a t e d  
Ln o b j e c t  c o l u n  

I...- - .La, 2n:ensicy: b r i e f  
l u r a c l o n  CcZ s e c ) .  

2. . - . .  .:is1 i n t e n s i t y :  l o n g ~ r  
C u r a t i b a  (>Z s a c ) .  

. . . .  - .  .. r Eutol  n o s i n g  b e r a e e n  , . . ... . . . . . . .. - . .ND o t t e r 3  . .... ' ;.. . . . . . . . (., .. . 
_.  . -- 

- : . . - - - - - - - - _ - _ - _ _ ~ _ . _ _ - _ - - - - - - - - - - i - - - - - - - - - ~ - - - - - - - - . - - - - - ' - - - - - - - - - -  . . .  

Ri The o t t e r  ? l a c e s  i c o  Above v a i e r  b y  b e  used & l l p  down OR O r  helm On o r  b e l w  
body on t h e  b e l l y  o f  to p u l l  o t t e r  s u r  f a c e  s u r E a c e  
a n o t h a r  o c t e c .  T h i s  o n t o  b e l l y  o f .  
nay b+  a c c o q S i s h e ~ l  p a r t n e r  
by avL=lf-3 up s l o v l y  
and o v e r  :ha b e l l y  of 
t h e  p a r t n e r .  The f o r e  . . 
p u s  ~ a y  -ar v y  n o t  
b e  used  t o  p u l l  t h e  . . 
o t t e r  o n t o  t h 5  b a l l y  
of  i t s  p a r t a e c .  Oc- . 
c a s i o n a l l y  t h e  o t t e r  
MY r o l l  s i d e s a y s  
m t o  i r s  p e r t z s r .  
The o t h e r  o c t c r  m y  . 
w v e  avay  o r  rePaLn 
s t a t i o n a r y .  

' 1, .....k i n t e n s i t y :  f r o n t  naif o f  
h a l f  of  body c o v e r s  t o r s o  
head and Eronr  h a l f  c o n t a c t s  

. . o f  p a r t c e r ' s  body . p a r c n z r  

2.. .... Eigh i n t e n s l t p :  f u l l  ' . erltire 
b d y  c o n t a c z  t o r s o  

c o n z a c t s  . 
p e l f i \ e r  ------------------------------------------------------------- 

.Lug Tu Tvo o t t e r s  r o l l  ove r  
and o v e r  each  o t h e r .  
The a r z h ~ d  b3ck.s a r e  
u s r u l l y  v i s i b l e .  u l t h  
an u c c a s i o n ~ l  r.l.i.mP*a 
o f  f e e t ,  C a i i s ,  o r  
head,. The body con- 
t a c t  i s  h!xhly v a r i -  
a b l e  - somat:m?5 It  
a p p e a r s  t h e y  3:r 
vreacLi23 .  a t  o t h e r  
ti=. r-?kLnd fan 

U ~ r u l l y  be- KOL u l v o y s  Flexed U s u a l l y  b r -  
l r ~  S U K E J C ~ ,  d l s t l n g u i s h a b l e  v e n t r a l l y  low surface. . 
o c c a s i o n a l l y  hppsac t o  m k e  a c t i v e l y  occasionally 
appeor inx  c o n t a c t  v l t h  t l i r n l n ~  p r o t r u d e  . - 
brief1.y 3s. t h e  other o t t e r  and t.-iist- 

a  new lunpe ' int. Arch- 
i c  i a t t i a t e d  ed back  

u s u a l l y  
v i e i b l e .  

ray S ~ I C ~  

o u t  at odd 
a n g l e s  i f  
v i s i b l e ?  

c o n t n c t  _-_________________------------------------------------------  



.W?ENDLX C (continued) 

. . .  CO:.FOBT BEY-9VIOUR (continued) . .: 

.. . 
, ; >.: 

i k h s r i o r  
p a t z e x  h h a v  In: Csnara l  Dascr io t ion  Fead -- Profit Pn%s . Torso  Rear  Fee t  T a i l  - - 
Tuck Boll . T r  - Bead is brouahc touacd fu rxed  t o  Usual ly n o t  In i t i eLLp Submerged S u b ~ r g t d  

ches:. Euc bent  over  one s i d e ,  v i s i b l e  -MY b e l l y  up, 
t o  s i d e  v h t l e  o t t e r  m y  be ' ba s t ro 'dng  . then  t - ~ L s t -  
daes  a 36CJ0 s i d e  r o l l .  n lbb l fng  . ed wi th  

b e l l y .  '*L back; o r  
 shoulder^ . _ .. 

, t o  b e l l y  
I n c e r n d i a c r  be6rarn $id=- 0s aide 
g a ~ p r - a ~ : l r  -qd n 
log t o l l -  , 

_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - -  

Ips 3nLl L r  - F r m  e b e l l ~  up On, above b y  be held &rend& h . o r  above . On s u r f a c e  
pos ic ton .  rhe  o t t e r  ' o r  under  n e a r  ches t '  h o r i z m c a l -  surEace 
r o t a t e s  ro  thu slcle WaLrr s u t -  o r  be  involved ly. DLffern 
l i k e  a roll.Lng log. face In grocmlng o r  from rock- 
D i f f e r s  F r o a  rocking f e e d h a .  ing i n  t h a t  
l a  t h a c  i e e c  and paus t o r s 0  13 ' 

a r e  o u b a r ~ d .  . . no2 nrched. 
. _ - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

PO~- Mc R3a a bs l ly  up pas t -  Above Above s u r f s ~ ~ ,  F l e a 4  A ~ O V ~ . M C ~ T  MOV= 05  
c ion .  t h e  o t t e r  d w s  s u r f a c e  nay be h a M  v e n t r a l l y  on s u r f a c - ~  
e s i d e  r o l l  wi th  t o  much  w h i l s  
t o r s o  arched such belly up. 
t h a t  t h e  fe-c and ' then  dor- . . .. . . 

' p a w  remain o u t  of  . . 1' ." . , . . oo?.ly w h i l e  ' 

. . 
. . 

r h s  v a c e r  
. .  . 

t h r . b = l l y  

I... ... l w ~  inc~nsi : - j :  o t t e r  ' 16 d r i  
zoc'rs :roo oldit t o  
s i d e  (180') 

Z......high i a t e n s l t y :  o t t e r  
r o l l 3  350° I n  une. 
r lL~~ece ia f l  

--TI--.--.--------------.---- --------- ----- --- a---D=,-..... ----=---,__,__- 

D l l l r L  . Sh . - - The t e a 4  is x ~ t a t e d  . b p i d  s iZf  ,Xcr.fvlty ls , I n  s e v z r a l  Dependent D e p + w l s n ~  
rn)idLg fro= s l d *  t o  t o  side ro- i n ~ o r n t p t e d  . posiC16ns ' on p r e c e d i a s  on p reced ing  
s i d e  i a  a tnlul cncion. .. -hor.izoncal behavior. behavior .  
sha ' r ina oovensec; Nose r a y  t o  ver: ical  
v a c e r  f l i e s ;  t h e  nose be out- depending 
c a y  be  ou:stretched: s t r e t c h e d .  

. . 
on p r e c a d i n g  

che shake nay invo lve  . behav ior ,  
pate  o t  t h e  body a s  
v e l l .  ' ---------------------------- l . y I . ' - - - - - - _ _ - - - _ _ - ~ _ - - _ - _ _ _ _ _ _ _ _ _ _ _  

& n ~ i n a  h - - Z c l l y  da-m wi th  both Subrrrged Subeerged Arched back  Suboetged Sub-e rg4  
r e a r  and head sub- ' nbove s u r f a c +  
w r g e d .  P.2 s rchzd  
back renafn?  v i s i b l e  
a t  t h e  ourEa~c c!uCion- 
l e s s  f o r  a feu seconds ---_----_---------------------------------------------------- 

P ~ n k  Dk - L?zLle f l o a t i n g  on t h e  Abov+.snr- Variable .  above ~ e l l ~  up ' Vnr lab le  Ia w a t e r  
bnck. o t t e r  b r l c f l y  face.  sub- u a t e r  
d i p s  t h e  head i n  and nsrgsd.  chen 
o u t  of t h e  water .  The above surFar? 

. . ch in  Is aatendeJ.novLn;: 
t h e  back o f  t h e  head 
d o r s a l l y  

_ - _ C - - - _ - - - _ _ - _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  



. . 

.M'PENDIX$~ (continued) 

Functional Category : - FEEDZ?;C; BE'LiV1,OIlR 

'BeLavla: 
p a c t e x  -- k h a v  13: General 2zszrip: t?n - Head Fronr PJ-3 

. . 

. ~ o ~ ~ ~  ?d Xapid up and dobn ' Cn .surface PaU.Z.2t-a 
??u?dlng lovs-n'c= zov+?en:s 
a r e  m d e  onco the  and grasp  
c h s s t  wich o r  v.Lth- obf ec t 
o u t  an ob jec t  held 
betvaen t h e  fore- . 
paws. A hard ob- 
j e c t  r a y  be balanced 
on t h e  che3c a s  t h e  
occer f l o a t s  on its 
back. Observer can 
o f t e n  hear pounding 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - _ _ _ _ - - - - - ' - - - - - - -  

. : 
Torso ; f Rear F r e t  - Taf 1 . :.- - 

Belly up . 03 o r  Bbovr On a u r f n c e  
p o r i t i o n  s u r f a c e  

a-25 Ea L h i l e  f l o a t i o g  on t k e  Above SUE- 

back. the  :or+ paws Pace: b i t i n s  
a r e  b r o u ~ h t  repaatedly o r  chevLng 
t o  t h s  w u t h .  Some- move?wncs 
tiaes the  novewnc 
l o o k  l i k a  "crazntny" 
socethlna Inca t h e  
much. a t  o t h s r  r i % s  
i t  r e s w b l e a  b i t i n g  
o f f  p.Leces. _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - _ - - - - - - -  

Hold objec: '' Belly up & o r  belaw On o r  below 
(no t  a lvays  p o r l t i o n  surEace w i t h  s u r f a c e  
v i s l b l s )  t o  . occasu iona l  . 
mouth vave -poa- 

s i b l y  acul- 
. l t n g  

'.FunctZonal Category: INVESTIGATION -- . . 
. . 

.Behavior 
p a t t e r n  Behav Int Ceneral  D a s c r i ~ i i e n  Front  Pawe - Torso ' Re3.r Feet , i a i  1 -- Head 

Lo Belly up o r  on s ide .  Above s u r f a c e  Variable EeLly up Var iab le  V a r f  a S l e  Looking 
t h e  o t t e r  tu rns  Its , o r  on  s i d e  
head i n  vaciou3 dLrec- 
t i o c s .  I f  its gaze is  . . 
or ien ted  primarily i n  . . . . 

' d i r e c t i o n ,  thac m y  
. . 

be ind ica ted  i n  ob jec t  
co lum.  

1 ...... IN i n t r t ~ r i t y :  slow Turned .+S i f  
o o v e x n t s ;  occasicnal  scannina . 
head turns.  

2......Uigh 1 l u t ~ ~ s L t y :  rnpld T U W ~  a s  I f  
a g i t a t e d  mvrm+nts of a l a m e d  
head from s i d e  t o  s i d e  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - - - - - - - - - _ _ _ - _ _  
Perfscope Pe - Only t h e  shoul{~rv Above sur -  B e l w  s u r f a c e  I n  vrCCicaL Below s u r f a c e  Below s u r f n t  

and head o r e  v. ls ible face ;  cay p lane  
' above the water, a s  be turnzd 

the  occer tokrs  a as i E t h e  
f-J seconds t o  "look o n i n a l  
around". Usually seeks v l s -  
preceJer  n hlgh- ua1. nrt+r.- 
i n t e n s i t y  ILve. tatLon cues. 

- - - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - - - _ - - - - - - - - - - - - - - - . - _ - - - - - - - - - - - - -  



APPEhDIX C (cont inued)  

F u n c t i o n a l  ca tegory :  LOCOE!OTION 

I k h a v i o r  
.=---- , D ~ : c c ~ -  P ~ h a v  P b +  Gsrcr=' nrscrlz'iz: --.-- 7;:s~ ;,ear Fee t  Ta!l 

--A- 
Un-.J 
..-A- - - - 

Side.rcroke S i + ihe o t t e r  m v + a  a long  Xbovz . s u r f a c e  One l a y  b e  Uns = i d +  .@e above o r  O n  o r  be l -v  - t h e  s u r f a c r  on i t s  v i s i b l e ,  d a--n :on s r ~ r f a c e ,  s u r f a c e  
s i d e .  One f o o t  w y  be ' o h r  b e l w  
waved above s u r f a c e  e u r f a c e  
a=d haad m y  ba orlan- 
t e d  .toward an o b j  s c t  ------------------------------------------------------------- 

S c h e r g e d  S b  + b d y  t o t a l l y  subnrc~- t:ot v i a i b l e  Not v i s i b l e  Xot v f a i b l e  :lot v i s i b l e  Not v i s i b l e '  - ed. t h a  o c c e r  r c  
a p p e a r s  a t  a  d l s c a n c e  
i n d i c a t t 2 g  i c  h a s  
wls -under  r a c e r -  ____-__-_---------------------------------------------------- 

P J ~ ~ O I S +  PO 
1 + LW .izicenslzy: A s  Subnef,ged S u b ~ e r g e d  Arched Submergd  S u b s e r ~ e d  - t h e  o t t e r  s u i y  j u s t  back 

below t h e  surface. .  v i e l 3 1 e  . :  
t h e  a rch& back r e -  a t  i n -  . 
peezedly  a p p e a r s  o n  t c r v a l s  
t h e  s u r E a c a .  

2 + efgh intensLcy:  Re- Appear3 in Reld c l o n e  
- peatedly  the occar t h e  arrkf.ns to ~ 1 8 - s l  

l e a p s  ou: of  c h a u a c r r .  noveaenc of  
vlch back  a rched  i n  an. the leap.  
inrrerra-l F. C i n a r n L  L c l u r  e:ull"dcr 
movelco: is L> cha b e t d e n  l w p s  
f o r d r r d  df  recc ion  3s 
c o n r r a s i d  w i t h  t h e  
l e a p  p r e c e d i x ~  a  
feed:og d i v e .  

- - - - - - - - , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , -  . * .  . . 

Arched lu Hay o r  bay S a w .  ns  f e ~ c  
invcrci;r U n o t  C& 

d u r i n g  leap .  above s u r -  
below eur- f a c e  f ~ ,  l e a p  
face b e t u l e n  
l e a p s  . - 

- .  . . . . 
Sid-arLc.3 5-2 + B e l l y  2ua. t h e  heacl Abova auk- - Below o u r f a c t  Back above . B e l c v  s u r f x e  Rc.Low o r  on - and back ace v l s l b l e  f a c e ,  c h i n  s u r f a c e  s u r f ~ c e  

novlng  a l o n x  t h s  i n  vacer . 
, . surEace 
. . 

________----_-_-4--------------------A----------------------- 

SclLLlina Sc + B e l l y  up. t h e  o c t e r  Above aur- On cheac  o r  B e l l y  up A b o v ~  o r  on  Below o r '  on - - naves a iong  S U S - , ~ .  f i c e , ;  c h i n  . touch.1.13 p o s i t i o n  surfac;, w , ~  s ~ r f . i r . e  
facb gwo?elic-d by ' uii: uf . cti3:;lead p a d d l e  m v i n g  frcl 
nuvemmt oi? t h e  t a n  vat27 slda co sia* 
a c d / o r  f2et. ------------------------------------------------------------- 

Diva 1 - Luu i n c e o s f t y :  Fron a S u b w r g d  V a r i a b l e  
b e l l y  durn p o s l c i o n ,  f i r s t  
t l ~ r  u t t e r  s u b a e t g r s  
head- then Eeec. Arch- 

. . igg of t h e  back i s  
~fni.3al. . . 

H l n i z ~ ~ J  ' Subcerged Sac a s  
a r c h  n s  ns ~ Q C S O  f e e t  
f e e t  f o l -  f o l l o w s  
103 head head 

2 U<&?i l u t c u s l i g .  O L L ~ :  Y U U C S ? ~ & ~  Tuckad to I o i  t i a l l y  S u S i z + r g ~ l  Sa.zd a s  
l e a p s  o u t  of vacer  in f i r s t  chcst v e r t i c a l ,  a s  t a r 3 0  f e e t  
a s i n g l e  por?o ise .  f l e x e s  fo&L9wa 
Jdc l iuJ  LULS'U c l e a ~  ly v e n t r a l l y  head 

, v i s i b l a .  tar p e n t  
o f  l e a p  --------------_--------------------------------------------- 

FolCing 
d i v s  Fd - - Froa  a  b e l l y  up Above sur -  Pay s t i c k  Flexed Above sur -  S a w  n s  

p-osltion. t h e  rear f a c e .  moves up vertically v r n c r a l l y  f a c e ,  cove f e e t  . 
f e e t  arid s h o u l d e r s  ' t cvard  f r e t ,  o r  b+ cuiked From a  toward shoul- 
pore t w a r d  t h e  con- nl1hmrry,s4 . t o  chzac L e l l y  uy 2er5, sub- 
t e r  of the bocly ond a f t e r  t h e  p o s i c t u n  n e r g r d  a t  
t h e  o t t e r  y inks  back- b e l l y  rrane t i n e  o s  
vard i n t o  water  head ___-____--_________------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

R w i ~ g  P.v - Lying b e l l y  up, o c t e c  Held nhove Held cp ver -  Flexes Above surface I n  w a t e r  
f o l d #  vcncrolLy i.n a e u r f a c e  t i c a l l y  nbovc v e n t r a l l y  

. . V ahape then  ucra iah-  s u r f a c e  i n  V shape  
t e n s .  Head. rear f e e t  t h+n  straigh- 
and f o r e  paws l!eld t e n s  

I 
o u t  of w , ~ r r r  s l m l l a r  
to  fo ld in) :  cllvc. hu t  

. . m y  be repzaccd and 

o t t e r  d o e s  noc eub- 
o e r g e  ----_---------__-__------------------------------------------  



APPEPGIX (ZI (continued) 

ackavlor 
p a c t e x  Echm I n t  C51 Cecacai  D?scrioLiao - Head Franc P x ~ s  Torso P.ear F a s t  T a i l  - - 
Shove s v  . O c t e r  f o r c s f u l l y  Above w a t e r  Push anachpr Vdr iab l s  Submerged . Submerged 

pushes a n a t h e r  o c c e r  ' o t t e r  
=day vL:h fo rspavs  

bt&f e r e  I n  0:tcr a : t e q t s  t o  w v r  U ~ u a U y  above V a r i a b l s  Var iab le  , V a r i a b l =  V a r i a b l e  
body b e r ~ e e n .  r a o  0Cb.w wate r  
i n t r r a c c i n g  o c c s r s  

Give C i  Eolding focd o r  a n  Feeding move- Bold a n  o b j e c t ,  Usual ly V a r i a b l e  , V a r i a b l e  
o h l e c t ,  occer  oover e n t s  c o e n  cove Cudard belly up 
paws. coward actoc'nsr o t h e r  ot t o r  

, o t c e r .  n . e  o b j e c t  i 3  

r e l i z t q u i a h d  vhen t h e  - .  .... o t h a r  o t t e r  t a k e s  It. 
___________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  

. . Take ' I n  K i t h  paus o r  nouch. Y->y g r a s p  Yay grasp  V a r i a b l e  V a r i a b l e .  V a r i n b l e  
o c c e r  g:a3ps a n  ob jecc  ob jzcc  v i c h  o b j a c c  v l c h  . . 
h e l d  by anocher oC:+c mouth paws o r '  con- . . 

l.,.-..Lor i n t c n a l c g t  n o t  
muccesa:ul a c  ob- 

t ~ c c  hod7 oE 
o t L a s  o t c e r  . . . . .  . . .  . . . . .  . . . .  t a l n i ? ~  o b j r c r  . . . . . . 

. . .  . . - .  ... 2.. .K1~S 1o:ensl cg: 
~ u c c e ~ s f u l l y  o b ~ a i n s  
o b J r c t  

s .  . _____________--____-----_------------------------------------ 
,Beg . Be O t t e r  r e m l n s  near  Above ;racer. Yay r e s t  on 

t h ~  oiCr o r  head of o r ienced  c* c h e s t  o r  
oE a feed in2  o t z e r .  va rd  Eeading shou ldars  

, Basil  i r .  oclenteci ZZ- o t f e r  o f  oc;>er 
. v a r d  t h r  f eed ing  , o:ter 

. . 
otter .  P a w  a y  o r  
s e y  noc cake  c o n t a c t .  

----------------------.----------------- 

I£ v c r c i c a l  U s u a l l p  Subsr rged  
shou ldzrs  s u b n r g e d  
nay b e  above 
qurfoce. Pay' . ' 
be b s l l y  

, dam, 

..................... 
Suckle  ' Su Pup h a s  ~ o u c h  i n  a r e a  At i n g u i n a l  Usu3lly Be l ly  d o n ,  Subcrrg-1 o r  S u b d e r g d  o r  

of f e z a l e ' s  n i p p l e s  a r e a  of fe-- concac t  m y  r e s t  on on  female o n  female 

1.. ....Lou incensicy:  
male , f e d e  ' female, o r  . 

auclr l iug i n c e r -  f l o a t  per- 

m p t z d  pendLcular ly , 
Lo .fecale 

2......High inceaslcy:  
conCin81ous con- 
t a c t  v i t h  n i p p l e s  

_ _ _ _ _ _ - - - - - - - - - _ _ _ - - - - - - - - - - - ~ - - - & - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

C l  - F e x l e  ~ s p y  Eronc Above sur- E n c i r c l e  Var iab le  . Submerged Subcerged 
arcs t o  hold pup t o  f a c e  upper p a r t .  

. h e r  cbesc. The pup oE pup's 

. . i s  u s a l l y  c lasped  
I 

body 
around the  c h e a t ,  
neck.  o r  head and 
b e c o m s  1 L r p .  

Gr Jnve a r e  c losed  on 
t h e  body of anocher  
ntc?r, c n l n t a i n i n a  
prolonged concsc: 

Uslrally sub- Usual ly U s u a l l y  sub- U y i a l l y  sub- 
n r g e d  b e l l y  do- c e r s e d  n e r p d  

. P Female ~ r a b s  pup by 
o r  .p neck 



Functional Category : . SOCIAL IEITEkICTIOS 

&havia= 
o a t t z m  -- Eehav I n t  3 C e n t r a l  Cescrlo;:on - R e d  Front  P w b  Torso Rear  Fret T a i l  

Tim o t t e r s  a c t i v e l y  Above va:er 
g r a s p  each o t h e r  v i t h  

.' f o r e a m  a r o u d  che 
head and s h o u l l a r s .  
and mist t a  br+ak  
t h e  hold.  

....,Low fnc.?a9Lc-f: Lo a 
a w r c l s a l  p o s i t i o n .  
head and s h o u l i e r s  
above t h a  vacar .  

Crarp t h e  Eelow s u r f a c e  Ezlov s u r -  
p a r t n e r  around f n c e  
neck o r  shoul- 
d e r s  

V e r t i c a l  
poaFzion 
u s u a l l y  
e h o u l l e r s  
n r e  v l s i b l e  

2..... .Ul& i n t c n s L t y r  wore V a r i n t i n o  
r a p i d '  mveczm:s. o l -  be tveen  ver- . . 

C r r r w c h g  w i t h  c u v  . t i c a l  and 
. b h g  a c  t h e  water  h o r i = o r i t a i  - - .. 
su::ace. . . ............................................................. 

'Gape Ga O t t e r  k o l d s  t h e  ~ o u c h  Abovo sur facs .Hay be used i n  L ~ ? g l n g  B e l h r  Bur- B + l w  s u r -  
o p n .  usul ! . l y  orf . rn t -  O p ~ n  nouih,  vrestl.Lng ;-five- cov?m-nc- f ~ c e  f a c e  
d t s n r d  parcn i l r ' s  no bLti.?g c e n t  v a r i e s  f r o s  
b d .  Ic a a y  lrvrae v e r t i c a l  co 
v lchouc  r a i i n z  con- hor izont r t l .  

. . .. - t a c t .  o r  p s r r y  lunses. ,.. . . . Shoulders  . . .  - . , '.aaZc by' par&=. , . ' , nbove -a t e r  . . 
. . 

I....  ..lm incensl'cy: b r l a f  
eur3z:on. q u l i t y  oL 
r t h r e a t  

. . 
2-.....Ri5!1 i n r e n . s i q :  pro- 

longed i n t a c a c c i o n  
a i n l l a ~  ru t l ~ r  jawlug 
p l a y  of  dogs. 

_ _ _ _ _ - _ _ _ - - _ - - - _ . . _ - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  . . 
Lwgu I. rr t a t A A s n  fnruar;l hndy drli:n;cd Pr~hably ' De~andunk V S ~ Z ~ U Y  57.- Vrc;!.ly 'ba 

novenenc tcward , t w a r d  above sur -  on p r e v i o u s  low s u r f a c a '  l o v  s u r f a c  
a n o t h e r  o t t s r  o t h e r  f a c e  'be,havior  

o t t e r  
l...-..tor i n t e n s i t y :  n o  

COnCJCt . . 

. '  2......Ei+ int+nrricy:  bit;ng con- . 
'1u3ge and nip, t a c t  o t  
m u c h  c o n t a c t  s h o r t  dura- 

tion 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,  

flCt'~al 
Pr)r; loisi~.% Po a P o q o i s e  a s  d+- See locc- See loco- See  l l c *  S e e  loco-  See loco-  

s c r i b e d  under n o t i o n  c o  t i o n  M t i o n  c o t i o n  c o t i o n  
X ~ C B - O C L ~ R .  
Sy~ch- ; snous ly  o r  
in c l o s e  sequence 
w i t h  a  p a r c a e r  m v i n g  . 

' i n  same d i r e c t i o n  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - -  

Pawilg Pa Ui th  one forepaw, t h e  Usually e y e s  Above -dater- Depsndonc on Sacs a s  Sa?e as 
o t t e i  i e i s h e s  oilc t o '  2 l r r c t e d  EF u : ~ r  L - ~ ~ C ! I F S  y ~ e c e d . ~ ~ ; y  LUL.SU . ~0190 

c o n t a c t  i t s  p a r t n e r .  ward p a r t n e r  o u t  bshavf ar 
t!;iy'be a shavlng  o t  
p a t t i n g  nova?er.t. 

s 2 i a s h  S l  Belly up. o t t e r  m v r r  Aho,~r water  Shoving Belly up EeLow s u r -  &-.lov 
p a r c l y  subm%:yrd f r o n t  o r i e n t e d  to- novemcint f a c e  f a c e  
paws away from body ward another  spli1shc.s 
t w e r d s  nnot 'nir  a n i n ~ l  w a t e r  

s n l c a l .  a a k l q  va:er 
s p l a s h .  



Appendix D. Maps of loca t ions  of  s ea  o t t e r s  tagged with 

radio-telemetry devices tracked during F a l l  1978 o r  F a l l  1979 i n  

Cal i fornia .  * 
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APPENDIX D 

Fentenyl and Azaperone Produced Neuroleptanalgesia i n  the Sea Otter  

Thomas D. Williams, DVM, A. Lesley Williams ,,.. and Donald B. S in i f f ,  Phd 
, - 

S W Y  

Fentanyl, given intramuscularly (I.M.) a t  dosages of .05 t o  .ll mg/kg I 

of body waight and i n  c&nbination with azaperone a t  dosages of .I1 t o ,  

.45 mg/kg was used t o  effect ively produce neuroleptanalgesia i n  sea o t te r s  

under f ield.  conditions. Thus i n  general, ' fentanyl a t  a dosage o'f .05 mg/kg 

.hen cos3iced with aztgerone a t  a dosagz of .20 mg/% met m ~ s t  of the  

requizenents f o r  a safe, short ac t  iag, reversible immobilizing sgent 

nsed undsr f i e ld  conditions. 

Chemical inmo3ilizatior, of the sea o t t e r  (Enhy5rs l u t ~ i s )  i s  e s s e n t i a l  pr ior  

t o  f i e ld  investigation requizing aanipulation. Previous descriptior,  of the  

f 3 t a l  use cf sod im pen3obarbital and keta-sine hydrochloride in  the  sea  o t t e r ,  

enphasize the peed f o r  ac  immobilizicg zgent with a wide safe ty  margin, 

192 r a p i j  r e ~ r s i b i l i t y  and no uzldesirable side-effects . 
Fro= the Ocean View Veterinary Hospital, 109 Cestra l  Ave, Tacif i e  Grom, 

CaliL" , 93950 (Vi l l i am , Willizms ) ; Dept . of Ecolcgy anC Behavioral Biology 

( s in i f? ) ,  318 Church Street  S .E. Mia~eapolis,  Mi~nescta 55455 - 
This prciect was pa r t i a l l y  f undad by the Dept, of Ezsrgf DOE-EX 764-02-1332 

and the CalZfomia Dept . of Fish and Game. 

The z u t h o ~ s  t b r k  Dave Garshelis, J ~ c k  Axes, Robert Xardy , Fred Wendel,-. .. 

and Pitman-24oo~e , Inc . f a r  supplying fentenyl and azaperone . 
- 



CI744, ef or2khe aad halothaze Lave sll been use6 success full^ in tks 

sea o t t e r  bu* each has l i m i e ~ t i o n s  fo r  f i e ld  --. appliceticn. E to r~h iae ,  a t  a 

dose of 3.7j ag per adult  o t t e r  net most of the r e g u i r e z e ~ t s  for f i e ld  
.. . 

use, but ch-mic convul.sions and cyanosis we& =desirable s ize  effects .  
2 

Fentanyl has been tested in sea ot te r s  in dosages as  high as 0.04 irg/k4uith rr, 

imobi l i za t ion  accurring.' Haigh has reported the successful use of fen t sny l  

i n  hooded seals  (Cystophora c r i s t a t a )  a t  dosages of 0.3 t o  0.5 mgps, 

3 enab lbg  tagging -and blood saopling b the f ie ld .  

Fentanyl ( 0.5 ml/kg) has a l so  produced profound neuroleptanalgesia 

i n  f e r r e t s  (t41stela autorius fuo) suggestiag i t s  fc r ther  apglicztion 
4 

i n  the  sea at tez.  

*.tarials and Yithcds 
:.,.' 

fi.nty-tvo sea o t t e r s  were captured in modcied g i l l  nets i n  Prince 
. . 

.:' . . . .' 

W i l l i a m  Sound, Alaska, and 6 sea o t te r s  vere captured v i t h  a d iver  k e l 6  

net  i n  Mortarey Bcy, California, d u r i ~ g  the s m r  and f a l l  of 1979. 

While the o t t e r s  remained %tangled in  the net a rear limb vas 

seccred and fentanyl or fentanyl and azapercme were injected 1.M: Th,e 

dosage of fentanyl ranged from -05 t o  .U mg/& ( l ~ n g / d )  of body 'J+ight, 

with or without a concurrently administered dose of -11 t o  -45 =/kg 



After capture i n  Alaska, o t t e r s  were subjected b io log ica l  sampling, ' ' 

-.. 
f i t t s d  v i t h  r ad io - t e l e~e t ry  devlces , given an antagonist snd zeleased , In 

California, the  o t te r s  were subjected tc biological  sampling, given an 

an t a smis t  and confined in a BoSdhg pen f o r  3 t o  5 days, a f t e r  t~hich 

they 'were rsleased, During conf inemat  o t te r s  were fed squid arid abaloce. 

Necroleptaaalgesia was reversed in 22 cases with naloxoze a t  dosages 

of 810 t o  .053 r ~ l g / ' l  and in  6 cases with diprsncrphirie a t  dosages of 

.052 t o  .U3 mg/kg, 

After inmobilization was achfeved, o t ters  were removed. f ro= the ce*, 

r e c t a l  temperatures were rscorded , respiratory ra te  was determined vis.ually, 

and heart r a t e  was established by palpation. Twenty-three of thz  o t t e r s  

were, pales, 5 ware females, body weights ranged from 15.0 t o  38.6 kg. A l l  

vere adults  . 
Effectivecess of the  dosage was judgsd by the o t t e r s  res is tance t:, 

hacdling, i t s  arnomt of v o l w t e r ~  movement, i t s  rasponse t o  ex-t;ernal 

strmuli and i t s  ref lex  respoase. 

Re s u l t  s 

The resu l t s  of the '  immobilizatios of 28 sea oSters are presented i n  

table  I. In 10 t r i a l s  with fentsnyl, inductior. occurred u i t h i n  3:40 ninutes 

and 9:CO minutes, with an avezzge iaduction t i n e  of j:29 ninutes. Induction 

time wes rzot doss rekited. The t o t a l  imobi l iza t ion t i n e  varied from 21 



~ i c u t a s  t o  37 mhctes and was dose related. The t o t a l  immobilization t f m  . . 

;,as 30 -2 -.i.mtes. i3 18 t r i a l s  using f er tznyl  i n  corrbiaation v i t h  azeperona . . 3 
indu&ion occ~r r ed  u i th in  2:45 sinutes and E:15 miautes, %it3 en average 

irduction t3a  of 5:58 minutes. The-total t.iple of imobi l i zz t ion  range2 

' f r o m  24 t o  73 d u f e s  with an avzrege of 40 uihutos. The t vo  antagonists ussd 

vere nalasone k~ydrochloride and diprenorphins . Naloxone hydrochloride i n  

dosages from -010 t o  -053 mg/kg I.M. resulted in  recovery front 30 seconds 

t o  46 miautes with an average of 4:50 minutes, with the  exception of t r f a l  

#4. Diprecorphine vas used as  an antagonist ia 6 t r i a l s  i n  dosages of 

-052 t o  .U3 w/kg and resulted i n  r.comry t imes  f r o ~  l:45 t b  7: 30 minutes, 

with zn average of 6:20 minutes. 

With e x t r e ~ e  values omitted and a 95% confidence interval ,  the  mean 

respizatory r e t e  was la.9 t o  17 respirations p e r  minute, the mean heart r a t e  

was 133.4 t o  157.2 beats per minute and the man temperature was 36.7 c 

t o  37.4 c *  

A l l  o t t e r s  returned t o  pre -immobilizat ion not o r  function and b e k v i o r  

a f t e r  recoverj.. 

'3iscussion I 

Newoleptanalgesia is  a useful technique in sea o t t e r  immabilizztion. 

It produces a s t a t e  of analgesia and sedation without complete unconsciousness, 

allcsr2ag f o r  biological  saapling and surgery without aneathes ia , 5?6 rentany1 

i s  more poteat, f a s t e r  and re la t ive ly  E o r t e r  a c t i r g  than other analgesics 



in c l i n i c a l  use ard i t s  strength is approxiratslJ 100 t i ne s  t h a t  of 

morphine, 59718 , Under f i e ld  conditions, istimation of the veight.of the  -- . 

k n i m 1  i d =  disc calculation is a major I n  sea ot te r s ,  t5e re  is ' 
the  add i t i o a s l  fac tor  02 occasdona1'~hypothermia resul t ing from capture, 

which decreases the metabolic r a t e  and the a b i l i t y  t o  metabolize t?~e 

inmobilizing agefit, necessitating a lower dose. T5erefore, t he  use of an 

immobilizing agent su=h as fentanyl with a s idc  margin of safety,. thus 

allowing f o r  miacalcubtions , is  c r i t i c a l O 5  

Azapercne is used as a neuroleptic with i t s  act ion potentiated by the  

immobilizing compod,  fentanyl.10 The safety margin of fsntanyl  i s  highsr 
10 

uhen given in  combinatiol; with azaperoae. Azaperone is virtually non- 

toxic, does not r e d u c ~  body temperature a t  low therapeutic doses snd appears 

t o  have no adverse e f fec t s  on heart ra te ,  cardiac outpu-ad a o r t i c  blood 

flow. 10'11 Azaperone a lso  counteracts the respiratory depressact e f f ec t s  

of fentanyl  and prevents tralanat i c  shock, 
7,10,12 

. . 

In  t h i s  study, fentnnyl used alone provided rapid induction, a d a q u t e  

ismobilization an co adverse side effects .  2ecovery time was short  but upon 

recover; the o t te r s  behavior seemed t o  isdicate anxiety a s  they dove f o r  

long periods of ta-  upon releasa,  Two o t te r s  with high fentanyl  doses 

experienced short,  mild clooic contractions iadiczt ing t he  d e s i r a b i l i t y  of 

a  reduced Cose, ever though a kiigher dose ai:! ro t  appear l i f e  thrzatening, 

F e ~ t a n y l  and Azaperone , i n  ccmbinstion, 'had- a number of des*Lra'ola 



f e a t w e s .  I d u c t i o n  tie. uaf s l i g h t l y  Lacreased b u t  was well  within 
. . 

an acceptable range. Gttars  receiving a-,boss .of azaperone above .20 

-/'kg, r e g a d l s s s  of the  fentanyl  dose, frequently exhibited clonic.  
. .. '-. - 

contract icns and had a prolonged recovery ti-. The grea t  advantage 

t o  the  additfon of azaperone was that recoverJ was smooth and o t t e r s  

exhibited l i t t l e  anxiety. A t  the  h i g h s t  dose s tudisd,  ('.1hg/kg 

f entanyl  and .45 =/kg azaperone ) .  respi ra t ion  was s i g c i f  i c a n t l y  

increased, hes r t  r a t e  was higher than average and temperaturs was elevated. 

3ecovery time w s s  prolonged and necessitated an add i t iona l  dose of 

antagonist  but no a f t e r  e f fec t s  were noticed. 

The r e s u l t s  of this study indicate t h a t  z dosage of -05 zg/lkg of 
* 

fentanyl  combined wi th  a dosage of .lo t o  .20'ag/kg of azaperone provides 

szf  e ,  uncorpliceted , e a s i l y  reversible  immobilization i n  saa o t t e r s ,  

A d i s t i n c t  azvantage t o  t h i s  drug coabinotioa is t h c t  the  dose can 

be administered intramuscularly while the  o t t e r s  r e m i n .  ir, t h e  water. 

Af ter  i c j e c t  ioc the  o t t e r  f l o a t s  sa fe ly  u n t i l  innobi l iza t  ion ~ c c l l r s  

the3  the  zninal  can be hsndled with no danger t o  ioves t igs tors .  

Xaioxoce an3 diprenorphine , both cercot ic  antagonists  , r a a d i l y  

rev3rse t2e  neuroleptanalgesic s t a t e  produced by feittanyl and azaperone. 

The dosags of naloxone used ?as calculated on t h s  bas is  t h a t  I mg . 

13 
was sllff i c i e n t  t o  antagonizs 10 ug cf l e n t a ~ y l .  It is Iicown thzt 



d o u b l i ~ g  t k e  dose of naloxoae ircrzeses t!is 2 ~ o t e c t  ive ef fzcf ,  theref ore 
14 

suggestkg a dosage of e t  1gzst -01 q/'kg. . . 

Tbe~oregc l a t i on  in zn imm03ilizei .. . .. o t t e r  . can b3cc;re uzbakaced, 

thersfore a q  imob&lized sea o t t e r  ;nust have i t s  temperature cfosePj 

aonftored . When temperature is  above 191' F, i'l should be rzduced vi?A 

cold water. Conversely, o t t e r s  l e f t  in  the capture nets f o r  long 

periods (as a resul t  of capturing more than ooe a t  z t i n e )  some t i z s  

experfeace profound tsmperature drops. Eecjling imediate l .~ .  a f t e r  

capture i s  ideal. 

PJO of the o t te r s  used i n  t h i s  atui?y, zunbers 7 and 2 6 ,  died scb- 

sequently in 21 'in2 14 dsys respectively. Necro~sy o f . o t t e r  #7 z-rveale5 

i n t e r s t i t i a l  emphysema tha t  had been present f o r  1 t o  2 weeks,, pulmonary . 

congestion and severe seminiferous tubular atrophy and aspermatogenesis. 

Otter  #24 wzs found in  an advanced s t a t e  of decomposition a f t e r  being 

seen dead but not recovered one week previously. Cause of death i n  both 

animals was undetermined. It is recognized, however, t h a t  t he  s t r e s s  

of capture and handling can lead t o  death i n  sea ot ters ,  especia l ly  if 
1 

they are  debil i tated.  In  the f i e ld ,  adeqkte  assessment of t he  o t t e r s  

s t a t e  of heal th is superficial .  

Subsequent t o  the study reported here, the ' California Department of 

Fish and Game have successfully immobilized 24 sea o t te r s  w i t h  the  

recommended fentanyl and azaperone combination. 



TGLZ I. - Results of 28 t r i a l s  with Fontany1 and Azaperoile , 

/. 

Icd uc - Recov- 
t ion  ery 

Ottar Sex ;le%ht Feztanyl dzagerone t i r e  Antagonist* .-- t ine  Resp- Heart T e q  . 
Pro. Sex ('s) =?/kg (nin) tratioc Rete F Comments . . . (oin) nclka 

2a.6 .W - ' 5 .Cl4H 1:30 10-14 94-108 101.5 - 

?iprenorphige - + FCC - Mild  clonic contractions 

100 -4 3ICc 

102 -8 Overdose 
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PREFACE 

The Monticello Ecological Research' Station (Monticello , 
Minnesota), was established to gather data on complex freshwater 

systems under semi-natural conditions. Experimental channels are 

used to s t u d y  the effects  of pollutant s tresses on populations, 

comnunities, and ecosystems. The emphasis of research conducted a t  

the station is on defining responses to toxicant s t ress  that are 

then used as the basis for evaluating water quality standards. One 

research technique is to observe the response of free ranging 

vertebrates to the manipulation of environmental parameters. 

Because of the di f f icul t ies  of direct observation underwater, 

telemetry is  a useful tool for monitoring movement patterns of 

aquatic animals. I n  order to evaluate and measure the responses of 

free-ranging f i s h  to environmental stimuli, the Monticello 

Ecological Research Station awarded a two phase contract to the 

Cedar Creek Bioelectronics Laboratory for the. development and 

testing of an automatic f i s h  tracking/monitoring system. 

Previous underwater telemetry studies involved manual monitoring 

of radio frequency ( r f )  transmitters by hand-held receivers from 

shore or boat w i t h  subsequent plotting of triangulated locations on 

a map(Winter e t  a l . ,  1978; Ross, 1978). The Monticello Remote 

Sensing System records one location per f i s h  every f if teen minutes 

by comparing signal intensity and is accurate t o  the nearest pool or 

r i f f l e  i n  the channel. Therefore, it is now possible to  monitor 

closely movement patterns of rf-tagged f i s h  in  response t o  the 

manipulation of environmental factors. The development of t h i s  



system required research i n  the areas of automatic recording of 

position information, f i l t e r ing  of interference from random noise 

sources, and accessing data for analysis. 

The major design diff iculty i n  phase I was surmounting the h i g h  

level of background e lect r ica l  noise i n  the vicinity of the power 

plant and transmission l ines.  Monitoring reference transmitters and 

open channels (noise) proved useful i n  determining system 

re l iab i l i ty .  Other problems addressed were' transmitter 

characterist ics and the diff iculty that the system antennas were not 

equally distant from the receiver/conversion device. A s  defined by 

the original proposal, phase I1 of the Monticello project required: 

(1) testing the system w i t h  rf-tagged f ish i n  the channel for 

accuracy and resolution of any other problems primarily connected 

w i t h  data recording; ( 2 )  determining behavioral responses of s t u d y  

species af ter  the attachment of rf-transmitters. 

Solutions to specific problems encountered i n  phase I are 

discussed i n  Chapter One. Chapter Two describes how the Monticello 

Remote Sensing.. System was used'during performance test ing to 

determine overall location selection by individual rf-tagged f i s h  

and to investigate patterns of movement behavior, especially i n  

response to l igh t  cues. The walleye pike, Stizostedion vitreum 

v i t r e c ,  was selected as the t e s t  species because published data - 

were available and because the f i s h  tolerated transmitter attachment 

well in preliminary studies. Other goals of the f ie ld  performance 

experiment were to measure tagging recovery times, feeding behavior, 

and pre-nar<ality movements. 
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STUDY SITE 

The Mon t i ce l l o  f i e l d  s t a t i o n  o f  t h e  Na t iona l  Water Q u a l i t y  

Labora tory  (Duluth,  Minnesota) was des igned  t o  f a c i l i t a t e  f i e l d  

s t u d i e s  of  a q u a t i c  organisms under c o n t r o l l e d  c o n d i t i o n s .  E i g h t  ' 

.- expe r imen ta l  channels  each  487 meters i n  l e n g t h  and composed of 

-- a l t e r n a t i n g  poo l s  and r i f f l e s  (F igu re  1) a r e  I l o c a t e d  on 34 a c r e s  o f  

l a n d  l e a s e d  from t h e  Northern S t a t e s  Power company a d j a c e n t  t o  t h e  

Mont ice l lo  Nuclear Genera t ing  P l a n t .  The average  dimensions of a 

pool  a r e  33 meters l o n g  by 4.0 meters wide by 0.6 meters deep;  t h e  
I 

-, . r i ff les  a r e  approximately 33 mters long  by 2 . 6  meters wide by .33 

meters deep. M i s s i s s i p p i  r i v e r  wa te r  is pumped . in  a t  one end of  

, each channel  and r e t u r n e d  t o  t h e  r i v e r  th rough a c u l v e r t  a t  t h e  

lower end o f  t h e  channel .  Flow r a t e s ,  pH, and water t empera tu re  are 
-\ 

a l l  under expe r imen ta l  c o n t r o l ;  l i g h t  i n t e n s i t y  can be manipula ted  

by i n s t a l l i n g  shades  o r  c o v e r s  ove r  p a r t  or a l l  o f  t h e  channel  

I system. S e p a r a t e  i n s t r u m e n t a t i o n  sys tems  monitor  pH, t empera tu re ,  

--. 
d i s s o l v e d  oxygen, and l i g h t  i n t e n s i t y  a t  v a r i o u s  l o c a t i o n s  a long  a 

s e l e c t e d  channel .  
... . 

Experiments planned a t  t h e  Mon t i ce l l o  Research S t a t i o n  i nvo lv ing  

man ipu la t i on  o f  l i g h t  i n t e n s i t y ,  pH, tempera ture ,  and d i s s o l v e d  O2 

n e c e s s i t a t e  a h igh  deg ree  of p r e c i s i o n  and r e l i a b i l i t y  i n  mon i to r ing  

f i s h  movement. To ach ieve  t h e  des ign  s p e c i f i c a t i o n s  and t o  a l l ow  

easy  a d a p t a t i o n  t o  d i f f e r e n t  expe r imen ta l  s i t u a t i o n s ,  a moni tor ing  

system c o n t r o l l e d  by a micro-processor  was des igned .  The 
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development o f  MRSS (Mont icel lo Remote Sensing System) was car r ied  

out by the Univers i ty  o f  Minnesota under E.P.A. Contract 

R-805-290-01-0 "Development and Testing o f  an Automatic F ish  

Tracking and Monitoring System fo r  the Mont ice l lo  Ecological  

Research Stationn. Design and construct ion o f  e lec t ron ic  hardware 

was performed a t  the Cedar Creek Bioelectronics Laboratory and 

f i e l d  tes ts  were conducted a t  the Mont icel lo f i e l d  s ta t i on  during 

May 1979. 
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Figure 1. Diagrammatic representation of experimental channel /I5 
at the E.P.A. field station, Monticello Minnesota. 
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CHAPTER ONE 

Operational Characteristics of the System 

INTRODUCTION 

Developmental aspects of the Monticello Remote Sensing System 

(MRSS) discussed i n  Chapter One are: the system hardware 

configuration together w i t h  the software program implementation, the 

characteristics of MRSS i n  operation, and an evaluation of the data 

from the f ie ld  test ing of the system done during May, 1979. The 

conceptual model for the engineering design of the hardware is 

discussed i n  the materials section, while the framework for the 

software implementation is discussed i n  de ta i l  i n  the methods 

section. The results  and discus~ion sections focus on the 
L 

operational characteristics of MRSS, examining the accuracy of _ 
position information obtained w i t h  the system and also the 

experimental d i f f i cu l t i es  w i t h  respect to external conditions a t  

Monticello. 

A 28 day performance t e s t  us ing  11 walleyes, Stiznstedinn. 

vitreum vitreum, w i t h  surgically implanted radio-transmitters was 

made i n  order to provide baseline data on the operation of MRSS and 

guidelines for interpreting the position information recorded. 

Manual testing of accuracy was also done to  verify that  both the 

hardware and software were operating according to  specification. To 

continuously'monitor r e l i ab i l i t y ,  transmitters i n  fixed, known 

locations were used as references. For the f i r s t  36 hours of 



operation o f  MRSS, there were reference t ransmi t ters  a t  each pool 

(antenna / I t s  2,4,6,8,10, and 12).  Then the transmit ters a t  pool +I8 

and /I12 were attached t o  cement blocks and submerged i n  the center 

of the channel u n t i l  May 29th, the terminat ion o f  the f i e l d  tests .  

Also monitored were 4 "open channelst1, i . e. frequencies without 

I ac tual  t ransmit ters,  but  w i th in  the range o f  the operating 

frequencies. These were used t o  determine whether interference from 
. . 

, ex ternal  e l e c t r i c a l  noise could d isrupt  operation o f  MRSS. 
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Mate r i a l s :  Eng inee r ing  Design o f  Hardware Components 

The o r g a n i z a t i o n  and o p e r a t i o n  o f  MRSS was designed around t h e  

RCA COSMAC microprocessor  (CDP1802) c e n t r a l  p roces so r  u n i t  (CPU), a 

s m a l l  component t h a t  f e t c h e s  and e x e c u t e s  b ina ry  i n s t r u c t i o n s .  The 

CDP1802 was s e l e c t e d  because CMOS (complementary me ta l  ox ide  

semiconductor )  t echnology  h a s  provided components t h a t  consume less 

power t han  t h o s e  o f  TTL des ign  and have maximum n o i s e  imnuni ty ,  t h u s  

a l l owing  c o n s t r u c t i o n  o f  hardware s u i t a b l e  f o r  f i e l d  s i t u a t i o n s .  

Most o f  the '  91 a v a i l a b l e  mic ropmcesso r  i n s t r u c t i o n s  ( i n c l u d i n g  1 4  

i n p u t / o u t p u t  i n s t r u c t i o n s )  a r e  one memory word (8 b i t s )  i n  l e n g t h ,  

b u t  some r e q u i r e  2 o r  3 words pe r  operand (Appendix A ) .  A l l  e i g h t  

c l a s s e s  o f  CDP1802 i n s t r u c t i o n  f u n c t i o n s  were used by WSS, memory 

r e f e r e n c e ,  r e g i s t e r  o p e r a t i o n ,  l o g i c  o p e r a t i o n s ,  . a r i t h n e t i c  

o p e r a t i o n s ,  b ranch ,  s k i p ,  CPU c o n t r o l ,  and I / O  b y t e  t r a n s f e r .  

MRSS i n s t r u c t i o n s  r e s i d e  i n  two t y p e s  o f  memory; read  o n l y  (ROM) 

and r e a d / w r i t e  (RAM). The Mon t i ce l l o  Remote Sens ing  System h a s  

three 25610 b y t e  RAM locations i n  Page Zero (0000-OOFF), Page One 

(0100-OlFF), and Page Two (0200-02FF); and one 512 b y t e  ROM a t  

a d d r e s s e s  8000-81FF f o r  t h e  u t i l i t y  program t h a t  c o n t r o l s  t h e  system 

micro- te rmina l .  I n  a d d i t i o n ,  t h e r e  is a n o t h e r  32-byte RAM t h a t  is 

used f o r  r e g i s t e r  s t o r a g e  by t h e  u t i l i t y  ROM a t  memory a d d r e s s e s  

8200-821F. Along w i t h  t h e  s i x  p e r i p h e r a l  d e v i c e s  shown i n  F i g u r e  2 ,  

t h e  microprocessor  and t h e  memory components comprise a s imple  

computer system. 



Figure 2. The Monticello remote sensing system hardware 
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MRSS software was written i n  RCA COSMAC assembly language. The 

University of Minnesota Cyber 74 time-sharing fac i l i ty ,  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 i n  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 f ac i l i t i e s  for archiving 

previous, current, and future versions of programs as well as 

simulating operation of the programs before f ie ld  testing. 

A portable data entry/readout device designed to operate wi th  

the CDP1802 central processor unit and u t i l i t y  program (UT5) is 

referred to as the microterminal (Figure 2 ) .  T h i s  l1notepadl1 is a 

low power, low cost,  small-size alternative to  the teletypewriter 

frequently used as an i n p u t  device w i t h  small computer systems. It 

is particularly effective i n  a f ie ld  situation where portability is  

a major objective. 

  he‘ p r o g r m b l e  scanning RF receiver is manufactured a t  Cedar 

Creek as described by Tester and Siniff (1976) and Kuechle e t  a l .  

(1971); and is used to detect radio-transmitters functioning i n  the 

53 MHz band. After a transmitter has been attached to a f i sh ,  its 

frequency is entered into the memory of the receiver to  the nearest 

KHz, which is thereafter associated wi th  a particular selection code 



known as a "channel1'. MRSS allows 32 channels to be scanned per 

cycle, b u t  the potential system capability allows a maximum of 64 

channels. Cedar Creek receivers are b u i l t  to  cover a 1 MHz 

frequency range, which discriminates 100 different frequencies a t  

recomnended spacings of 10 KHz intervals.  

Twelve horizontally polarized whip antennas were instal led along 

one of the eight experimental channels a t  Monticello, so as to 

center one antenna by each pool or r i f f l e .  Antenna tes t s  were 

performed to  determine optimal signal reception a t  close distances 

(Figure 3 ) .  A switching network connected one antenna a t  a time to  

the receiver, i n  response to a unique selection code issued by the 

'microprocessor control unit. An analog to d ig i ta l  ( A D )  conversion 

of the signal intensity a t  the selected antenna was in i t ia ted  by the 

micro-processor af ter  allowing for l lset t l ingN time, and the , 

resulting binary value was stored i n  an array for subsequent 

analysis. 

To record time of day, a binary minute counter was t ied to the 2 

MHz clock on the CPU board. The microprocessor reads the binary 

minute counter as a peripheral device to determine elapsed time 

(Figure 2 ) .  Both time and location information were recorded by a 

Date1 Thermal printer ,  model DPP-Q7. T h i s  s ix character per l ine ,  

non-impact printer was TTL (transistor-transistor logic) rather than 

CMOS, b u t  also had a low power consumption characterist ic  suitable 

for f ie ld  instal lat ions.  
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Methods: Software Design and Implementation 

MRSS has twelve dis t inct  software modules, each performing a 

particular task, that together comprise the application program. 

T h i s  section discusses the function, timing and organization of each 

module; a complete l i s t i ng  can be found i n  Appendix B. I n  order of 

program' origin, the modules are defined as: Bootstrap, Channel Ready 

L i s t ,  Delay Loop, Binary to BCD Conversion, In i t ia l iza t ion,  Reset 

for Cycle, P r i n t  Cycle Headings, Pass Ini t ial izat ion,  Channel Skip, 

Antenna Switching, Result. Calculation, and Update System Clock. The 

program also contains areas of memory used as data storage buffers 

and can be modified via instal lat ion parameters. 

lvRSS is in i t ia ted  by pressing "Resetn and "Run Program" on the 

micro-terminal notepad. T h i s  is effectively a I1Master Clear1' and 

begins execution a t  location 0000 w i t h  scratch pad register zero as  

the program counter. The bootstrap segment of code s e t s  up scratch 

pad register  3 as the application P-counter and transfers control to  

the in i t ia l iza t ion segment. Memory is organized so that the more 

mutable locations are i n  Page Zero, b u t  the bu lk  of the code resides 

i n  Page One. 

The Channel Ready L i s t  is an array of permissable frequency 
.. 

select  codes. During f ie ld  test ing of MRSS, codes 0 to  31 were 

defined, having the same function as the memory channel selector 

switch on the front panel of a radio tracking receiver. The Cedar 

Creek programmable receiver used w i t h  WSS has a BCD memory which 



a l l o w s  frequency t o  be  p a i r e d  w i th  channel  select codes .  After 

e s t a b l i s h i n g  t h e  b e s t  f requency t o  be used f o r  a p a r t i c u l a r  r a d i o  

t r a n s m i t t e r ,  t h e  t h r e e  f r o n t  pane l  f requency s e l e c t o r  s w i t c h e s  and 

t h e  memory write s e l e c t o r  are used t o  e n t e r  t h e  frequency. i n  KHz. 

The cor responding  f requency  select  code  is then  tu rned  on i n  t h e  

Channel Ready L i s t  v i a  t h e  notepad. T h i s  is done by changing b i t  7 

from one t o  z e r o .  Fo r  example, t o  t r a c k  a f i s h  whose frequency is  

s e l e c t e d  by channe l  00 on the r e c e i v e r ,  t h e  c o n t e n t s  o f  t h e  l ist  

l o c a t i o n  (4F) must be changed from 8016 t o  0ol6. The c u r r e n t  

day ,  hou r ,  and minute  a r e  e n t e r e d  i n  hexidecimal  i n t o  l o c a t i o n s  

6416, 6316 and 6216 r e s p e c t i v e l y .  WSS w i l l  upda te  these time 

pa rame te r s  wh i l e  running ,  b u t  can be  s topped  and reset a t  any time 

by us ing  t h e  "Resetn and "Run u t i l i t y u  keys o f  t h e  notepad.  

To c o n t r o l  t h e  t im ing  of  e v e n t s  such a s  i s s u i n g  frequency select 

codes ,  sw i t ch ing  an t ennas ,  i n i t i a t i n g  A/D conve r s ions ,  and w a i t i n g  

f o r  t h e  p r i n t e r ,  t h e  micro-processor  execu te s  a Itdelay" func t ion .  

' The Delay Loop s u b r o u t i n e  t a k e s  980 milli-seconds (msecs t o  

e x e c u t e ,  and is used p r i m a r i l y  whi le  w a i t i n g  f o r  the complet ion of  

an  e x t e r n a l  e v e n t ,  such  a s  p r i n t i n g  a l i n e .  Th i s  is impor tan t  

because  i f  a p r i n t  comnand is i s s u e d  less than  330 msecs a f t e r  t h e  

p rev ious  p r i n t  comnand, t h e  d a t a  a r e  l o s t  because  t h e  p r i n t e r  is 

"busy". Thgre are o n l y  two sprat-ch pnd mcmosy r e g i s t e r 3  u3ed by t h e  

d e l a y  s u b r o u t i n e ,  R ( D )  as t h e  p-counter and R(2) a s  t h e  d e l a y  

c o u n t e r .  



The Binary t o  BCD Conversion s u b r o u t i n e  is used t o  conve r t  

b inary  d a t a  va lues  t o  t h e i r  BCD e q u i v a l e n t  which i s  necessary  f o r  

t h e  r e c o r d i n g  of  d a t a  by t h e  thermal  p r i n t e r .  Usage o f  f o u r  s c r a t c h  

pad memory r e g i s t e r s  is  r equ i r ed  f o r  t h i s  purpose:  t h e  p-counter 

( R ( 7 ) ) ,  a p o i n t e r  t o  t h e  a d d r e s s  o f  t h e  d a t a  va lue  t o  be conver ted  

(R(B)) ,  ano the r  r e g i s t e r  p o i n t i n g  t o  where i n  memory t o  s t o r e  t h e  

BCD r e s u l t  ( R ( C ) ) ,  and a l s o  a register f o r  i n t e r m e d i a t e  a r i t h m e t i c  

r e s u l t s  (R(4 ) ) .  

The I n i t i a l i z a t i o n  module i n s u r e s  t h a t  a c u r r e n t  c l o c k  r ead ing  

is ob ta ined  from t h e  b i n a r y  minute  c o u n t e r  each  time t h e  a p p l i c a t i o n  

program s t a r t s .  The u s e r  is r e s p o n s i b l e  f o r  e n t e r i n g  t h e  c o r r e c t  

time b e f o r e  s t a r t i n g ,  b u t  t h e  sys tem upda te s  t h e s e  v a l u e s  a t  t h e  end 

o f  each  c y c l e  by comparing p rev ious  and c u r r e n t  r e a d i n g s  o f  t h e  

b i n a r y  minute  coun te r .  

The Reset f o r  Cycle module is always executed  a t  t h e  begin ing  o f  

each  c y c l e  which o c c u r s  on ly  a t  f i x e d  i n t e r v a l s .  Because t h e  

Mont ice l lo  [E. P. A. ] Research S t a t i o n  s p e c i f i e d  4 r e a d i n g s  p e r  hour ,  

each  a c t i v e  frequency is sampled w i t h  a l l  twelve  an tennas  once every  

15 minutes  and t h e  r e s u l t s  p r i n t e d .  However, t h i s  is an  

i - n s t a l l a t i o n  parameter  w i t h  a maximum limit o f  one c y c l e  every  4 

hours  and a minimm o f  one c y c l e  every  7 minutes  f o r  32 channe l s  o r  .- 

15 minutes  f o r  64 channels .  R e i n i t i a l i z a t i o n  o f  a l l  o p e r a t i n g  

r e g i s t e r s  o c c u r s  a t  t h e  beginning o f  each  c y c l e  o f  t h e  main program. 

A b lank  l i n e  t o  s e p a r a t e  d a t a  recorded  f o r  each  c y c l e ,  followed 

by t h e  time, is p r i n t e d  a t  t h e  beginning  o f  each  c y c l e .  Because of  
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the need t o  convert data to  BCD and the wait for the printer to  go 

"not busyu,  t h i s  segment takes around 2500 msecs to execute. 

Scratch pad register  E is used as a pointer for the printer output 

buffer, p l u s  the other registers  required for passing parameters to  

the delay and conversion subroutines. 

A pass consists of a sequential scan of a l l  12 antennas on one 

particular frequency corresponding to a channel i n  the ready l ist .  

The antennas are sampled beginning w i t h  #13, which is located 

farthest  away from the ADP room, the location of the microprocessor 

and receiver, and ending the pass w i t h  the antenna located a t  the 

closest s tat ion,  #2. Before the pass is made, the frequency select 

code in  the channel ready l ist  i s  tested for b i t  7 being s e t ;  i f  it 

is not, the pass i s  in i t ia ted .  I f  b i t  7 of the select  code is se t ,  

t h i s  indicates the frequency for t h i s  channel is not to be used t h i s  

cycle. Instcad, the microprocessor proceeds to the next frequency 

select code i n  the channel ready list. The channel select code for 

a particular pass is output via I / O  port #1, followed by a 1 second 

delay while the microprocessor waits for the receiver to lock on to  

the requested frequency. A t  the beginning of each pass the memory 

storage location for the sum of the signal intensity readings (VSUM) 

is s e t  to zero. 

The antenna select codes are output to  the network over I / O  port 

112; 'followed by a delay of 2 seconds before in i t ia t ing the A/D 

conversion, t h u s  allowing the signal to se t t l e .  After in i t i a t ing  a 
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conversion, the CDP1802 waits u n t i l  er ror  f l a g  #1 (EFl) goes zero 

before reading the A/D r e s u l t  fo r  t ha t  antenna latched i n t o  I / O  por t  

#5.  Each u n i t  resu l t i ng  from the A/D conversion represents 20 

m i l l i v o l t s  of s igna l  i n tens i t y .  'The reading obtained for each 

antenna i s  compared against the current maximum value for the pass 

i n  progress and, i f  the value j u s t  read exceeds the current maximum, 

scratch pad reg i s te r  B i s  set  t o  the memory address where the j u s t  

read s igna l  i n t e n s i t y  value was stored. Next t h i s  value i s  d iv ided 

by sixteen and added t o  the current pass t o t a l  i n  memory loca t ion  

VSUM. I f  the address pointer  i n  scratch pad reg i s te r  A i s  not equal 
" . 

t o  the end o f  the antenna select  code array, the program branches 

back t o  se lect  the next antenna i n  the l i s t .  

I f  the end o f  the l i s t  i s  reached, the pass i s  complete. Then 

the number o f  the antenna wi th  the maximum A/D reading i s  computed 

by a l o g i c a l  land1 o f  a four b i t  mask w i th  the memory address of the 

maximum A/D reading. This antenna o r d i n a l  i s  then converted .to BCD 

and stored i n  the p r i n t e r  output bu f fe r  as characters 3 and 4. This 

number, which corresponds t o  a phys ica l  pool  or r i f f l e ,  i s  the 

l oca t i on  o f  the transmit ter.  The quant i ty  contained i n  VSUM is a 

measure o f  the l e v e l  o f  background noise occuring during the j u s t  

completed pass. As shown by Figure 4a, a d i s t i n c t  s ignal  has a 

pronounced center o f  mass around the antenna wi th  the strongest 

s igna l  while an open channel w i th  only noise appears as i n  Figure 

4b. Because an average o f  the 12 A/D values obtained from a normal 
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t ransmi t ter  would give an unreasonably high estimate o f  the 

background noise, as each neighboring antenna also regis tered some 

s ignal ;  the sum,of the 12 A/D values i s  div ided by 16 instead o f  12. 

This background noise l e v e l  estimate (VSUM/16) i s  then 

subtracted from the maximum A/D reading obtained from the antenna 

corresponding t o  the loca t ion  o f  the t ransmi t te r . to  ca lcu late the 

" l eve l  o f  s ignal  dist inctnessI1. The la rger  t h i s  value, the more 

d i s t i n c t  the s igna l  was a t  the antenna number reported as the 

t ransmi t ter  locat ion.  The formula used for ca lcu la t ing  l e v e l  of 

s igna l  d is t inctness when recording locat ions allows even weak 

t ransmi t ters  t o  be dist inguished from background noise. The l e v e l  

of s igna l  dist inctness i s  then converted t o  8CD and stored i n  the 

p r i n t e r  output bu f fe r  as characters 5 and 6. F i n a l l y  the channel 

number tha t  corresponds t o  the frequency used f o r  the pass i s  

converted t o  BCD and stored i n  the p r i n t e r  output bu f fe r  

characters 1 and 2. Subsequently, the l i n e  i s  output t o  the p r i n t e r  

using I/O por ts  5, 6, and 7; w i th  the s i x  characters being latched 

i n t o  a holding bu f fe r  u n t i l  the a c t i v i t y  on po r t  7 i n i t i a t e s  

p r i n t i n g .  

A f te r  the resu l t s  o f  the pass are pr in ted  (Figure 51, the 

address i n  scratch pad reg i s te r  8 i s  compared t o  the l a s t  address of 

the Channel Ready L i s t .  If it is nut equal, the program begins a 

new pass w i th  the next frequency se lect  code. I f  the l a s t  frequency 

select code has been reached the cycle i s  complete. The clock 



- - 
40 - .+. 

37 = SIGNAL LEVEL 
30 - 
20- 7 BACKGROUND 
- - NOISE. 

10- 

2 3 4. 5 6 7 8 9 10 1 1 .  12 13 
ANTENNA 

! 
Figure  4a. Raw d a t a  from each antenna f o r  a  good q u a l i t y  t r a n s m i t t e r  

. l o c a t e d  i n  pool /I8 dur ing one pass.  
i 

50 
V) 

40 
Z 
3 

30 n 
2 20 

10 

2 3 4 5 6 7 8 9 10 1 1  12 13 
ANTENNA 

F i g u r e  4b. Raw d a t a  from each antenna f o r  an open channel  w i t h  i 
no t r a n s m i t t e r  dur ing  one pass .  



RECEIVER 

'i DAY 

Figure 5. Data recorded by the Monticello remote sensing 
system on thermal paper. 



24 

' .value fo r  the s t a r t  o f  the l a s t  cycle i s  stored i n t o  the previous clock 

memory loca t ion  and a new value fo r  the next cycle i s  obtained by reading 

a value from the binary minute counter on 1/0 po r t  # 6 .  The number of 

minutes elapsed since the beginning o f  the l a s t  cycle i s  ca lcu lated and 

used t o  update the memory locat ions reserved f o r  the day, hour and minute 

information. I f  the maximum value fo r  day (99) i s  reached, i t  i s  reset  

t o  zero. The values f o r  hour and minute are kept i n  standard m i l i t a r y  

time. A one second delay fo r  the completion o f  p r i n t i n g  i s  executed 

before branching back t o  the beginning o f  the main program t o  begin a new 

cycle. 
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RESULTS 

Data recorded by bRSS 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 ra t io  analog for the frequency 

assigned 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 a t  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 f i i e l  on the Cyber 74 and 

prepared for analysis. 

To prepare the raw data for i n p u t  to SPSS (a S ta t i s t i ca l  

Package), a computer program.was used to calculate movement 

informtion.  First thc row dote wcre sorted i n t o  ascending 

sequential order according to the following hierarchy: 

identification number, date, time and receiver channel number. To 

insure that movement parameters were generated only for location 

determinations w i t h  the required temporal spacing, a julian date was 

ealeulated using JDATE = (DAYx24x80)+(HOUR.~(;O)+MINUTE. Muve~wl-~t was 

defined as a change in  position as denoted by the absolute 

difference (moves) i n  s tat ion number between two successive location 



determinations no more than 15 minutes apart for the same 

identification nunber unique to each transmitter or open channel 

frequency. Another parameter (DIRECTION) was s e t  to 0 if no 

movement was indicated, to 1 i f  the change of position indicated 

movement up the channel towards station 112, or to  2 i f  the movement 

was down the channel toward stat ion 1/13, 

The t h i r d  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 i f  there was no movement, 0 i f  there was only one isolated 

movement, 1 i f  the three location determinations indicated two 

sequential movements in  the same direction, or 2 i f  the two 

sequential movements were i n  opposite directions. 

Finally, the composite data were processed into an SPSS system 

f i l e  for subsequent analysis. A t  t h i s  time, i f  any variables were 

found to have invalid parameters (possibly garbled i n  the 

transcription process) the ent i re  case was deleted. The 36,290 

cases used for analysis f a l l  into 3 categories as  summarized i n  

Table 1: (1) reference transmitters (identification number 

calculated as 4000 plus the number of the pool where they were 

stationed), (2)  walleyes (identification numbers correspond to 

actual A t k i n ' s  tag attached to dorsal f i n ,  4038-4047), and (3)  open 

channels (identification number calculated as 4100 p l u s  channel 

number (0-3) used to record on printout).  



Table 1. Sumnary of the information produced by MRSS during field testing. 

53 MHz 
Frequency 

,030 
.020 
.040 
.450 
.loo 
.zoo 
.210 
.180 
.230 
.220 
.240 a 

.060 
,100 
.020 
.030 
.040 
.010 
.120 
,260 
.380 

Atkin1s Tag 
Designation 

Number of 
Locations 
Determinations 

Average 
Signal Level 
in A/D Units 

43.5 
43.3 
38.9 
15.0 
36.8 
53.1 
44.6 
35.5 
24.2 
25.6 
42.3 
26.9 
.30.4 , 

31.1 
28.8 
25.8 
9.3 
18.0 
12.4 
3,n. 7 

S.D. of Transmitter . 
Signal Level Type 

ICNt = Continuous "5P1 = Slow pulsing 
100 I = Open channel IMP1 = Medium pulsing 

'FP1 = Fast pulsing 



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 variabil i ty the signal level for the different 

transmitter types. Continuous transmitters are the leas t  variable, 

f as t  pulsing are s l i g h t l y  less  variable than the medium p u l s i n g ,  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 i n  f i s h ,  or for open channels, was twice that of 

transmitters used as references. However, when the coefficients of 

variation were compared for the references versus f i s h  and for the 

reference versus open channels using the t - s t a t i s t i c ,  there were no 

significant differences. 

A s  the f ie ld  testing progressed, there appeared to be a s l igh t  

tendency for signal levels to gradually become lower, presumably a 

function of water temperature, water conductivity changes, or the 

battery being drained of power. T h i s  was confirmed by analysis of 

covariance on the data for signal level for s ix  walleyes that 

survived the ent i re  period. The most significant .factor was the 

inherent'signal level of each transmitter, w i t h  the date ( i .e .  

length of time i n  operation) half as important. The lowest levels 

of signal distinctness occurred during the 1200-1559 time period and 
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t h e  h i g h e s t  du r ing  2000-2359. E f f e c t  f o r  time-of-day was n o t  

' s i g n i f i c a n t ,  on ly  v a r i n g  by 2.25 u n i t s .  Average l e v e l s  o f  s i g n a l  

d i s t i n c t n e s s  f o r  i n d i v i d u a l  wa l l eyes  cou ld  vary by 20 u n i t s  of 

s i g n a l  i n t e n s i t y ,  depending upon where t h e  f i s h  were i n  a  

pool .  Comparing a v e r a g e  l e v e l s  o f  s i g n a l  d i s t i n c t n e s s  f o r  each  

t r a n s m i t t e r  i n  each  p o o l / r i f f l e  sugges ted  t h a t  r i f f l e s  g e n e r a l l y  had 

lower s i g n a l  l e v e l s  t h a n  p o o l s ,  bu t  a n a l y s i s  of  cova r i ance  d i d  n o t  

detect a s i g n i f i c a n t  e f f e c t .  

Loca t ion  d e t e r m i n a t i o n s  can  be f u r t h e r  c l a s s i f i e d  acco rd ing  t o  

t h e  s i g n a l  l e v e l  o f  d i s t i n c t n e s s  recorded  when a s s i g n i n g  t h e  

l o c a t i o n  of  t h e  t r a n s m i t t e r  t o  a p a r t i c u l a r  p o o l / r i f f l e ;  The 

f r e q u e n c i e s  w i th  which s i g n a l  l e v e l s  were found t o  occu r  du r ing  

f i e l d  t e s t i n g  s u g g e s t  a t r i m o d a l  d i s t r i b u t i o n  such  t h a t  a ' poo r '  

q u a l i t y  l o c a t i o n  de t e rmina t ion  is d e f i n e d  a s  having a l e v e l  o f  

d i s t i n c t n e s s  less than  20 A/D convers ion  u n i t s .  'Good1 q u a l i t y  

f i x e s  f a l l  i n  t h e  range  o f  g r e a t e r  t han  20 b u t  less than  50 A/D 

u n i t s ,  whi le  s i g n a l  l e v e l s  g r e a t e r  t han  50  a r e  ' e x c e l l e n t 1  q u a l i t y  

f i x e s ;  and,  as d i scove red  by .manual accuracy  t e s t i n g ,  t h e s e  on ly  

occu r  when a s t r o n g  t r a n s m i t t e r  is d i ;ec t ly  i n  f r o n t  o f  an  an tenna  

i n s t a l l a t i o n .  

Table  2 sumnarizes  t h e  d a t a  on s i g n a l  q u a l i t y  i n c l u d i n g  t h e  . 

p e r c e n t  o f  l o c a t i o n  d e t e r m i n a t i o n s  i n  each  usaye ca t ego ry  ach i ev ing  

a  p a r t i c u l a r  l e v e l  o f  d i s t i n c t n e s s ,  and a l s o  t h e  p e r c e n t  o f  each' 

q u a l i t y  ca t ego ry  a t t r i b u t e d  t o  usage.  These d a t a  i n d i c a t e  s i g n a l  



levels for walleye transmitters were much more dist inct  than the 

open channels, i. e. h igh  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 w i t h  an 

unshielded ignition system being used too close to the instrumented 

channel. 

Because two factors, signal level and var iabi l i ty ,  affect the 

accuracy of MRSS, a weak b u t  continuous type transmitter 

(4008=53.450 MHz) was used for the reference a t  station i/ 8, and a 

strong b u t  slow p u l s i n g  type (4012=53.200 MHz) was used for the 

reference a t  station ik12. A s  can be seen from Table 3, almost a l l  

the fixes for reference 4008 were llpoorll while the fixes for 

variable reference 4012 were either I1goodw or wexcellentll. I n  order 

to answer the question I1Does a low level of signal distinctness 

affect  accuracy?I1, it is necessary to consider the signal levels of 

the 68 errors that occurred during the 28'day t e s t  period. Errors 

were defined as a location determination recorded for a reference 

transmitter a t  some pool or r i f f l e  other than the true location. 

Including a l l  the reference transmitters from Table 1, there 

were 5297 location determinations on reference transmitters w i t h  68 

errors occurring, i .e .  98.72% accuracy. Moreover, 46.7% of a l l  

S.ncat..i.on dateminatinns on reference transmitters were o f  "poor" 

quality and 61.8% of the errors occurred a t  these low levels o f  



Table 2. Comparison of t h e  thr.ee categories of location determinations 
(f ixes)  as a function of quality as determined by level of signal 
distinctness expressed i n  analog t o  digital~conversion u n i t s .  

S t a t i s t i c  Reference Walleye Open Chanhel 

Average Signal: 34.45 
S.D. for Signal: 19.51 
N of fixes: 5297 

rereen€ o f  to ta l  l o c a t i ~ n  determinations. 

Siqnal Quality Reference Walleye Open Channel 

Poor 
Good 
Excellent 

Percent of each usage category 

Quality Reference Walleye Open Channel 

Poor 46.7 11.9 91.2 
nr Good L J . ~  81.1 8.7 

Excellent 27.4 7.0 0.1 

Percent of each quality category 

Usage Poor Good Excellent 

Reference 17.5 7.0 49.3 
'Walleyes 17.8 88.3 50.3 
Open Channels 64.7 . 4.7 0.4 



Table 3. Sumnary of location determinations on primary reference 

transmitters.  

Quality 4008 (%) 4012 (%) 

Poor 2472 (49.63) 1 ( 0.02) 

Good 

Excellent 1 ( 0.02) 

Total Fixes 2490 

A l l  e r rors  occurring for  reference t ransmit ters .  

Signal Qual i ty  4008 ( %) 4010 (%) 4012(%) TOTALS (% ) 

Poor 

Good 

Excellent 

Total Errors 55 (80.9) 2 (2.9) 



33 

signal distinctness (Table 3).  Correspondingly, 25.9% of the fixes were of 

"goodIt quality and accounted for 27.9% of the errors, while 27.4% of the 

reference location determinations were of Mexcellentn quality b u t  included 

only 10.3% of the errors. To t e s t  whether transmitters w i t h  signal levels 

greater than 20 u n i t s  are more accurate, a ~2 t e s t  w i t h  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 38.7291. Prom the results shown by Tablc 4, Iio can be 

"rejected,  concluding that there is a s l i g h t l y  higher error rate for "poor" 

signal level determinations ( <20 u n i t s  of signal intensity) .  

Assuming that the same proportion of errors would occur w i t h  low signal 

. levels for. rf-tagged f i sh ,  accurate data would be assured by selecting for 

implantation only those transmitters producing levels of signal distinctness 

greater than 20 u n i t s .  Fortunately, Table 2 indicates that data recorded for 

walleyes during f ie ld  testing of MRSS are primarily of good or excellent 

signal level quality. Moreover, a weak transmitter used as a reference 

(4008) contributed 61.8% of a l l  reference errors from the half of those 

location determinations which were of poor quality. Since only 12% of the 

walleye data were of "poorM quality, it is probable that accuracy is closer 

to 99% for walleye location determinations. 

Reliability of position information is also a function of each antenna i n  

the network. Differences i n  sensit ivi ty to  radio signals or susceptibiiity 

to  interference could cause erroneous results.  I f  t h i s  were the case during 

f ie ld  testing, the pattern of location determinations for the open channels 
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Table 4. Chi-square test  o f  accuracy  f o r  low s i g n a l  l e v e l  of d i s t i n c t n e s s .  

Treatments  Accurate  Erroneous T o t a l s  

S i q n a l  l e v e l s  Obs. Exp. - Obs. Exp. - 
.LT. 20 A/D u n i t s  2432 2442 42 32 2474 

.GE. 20 A/D u n i t s  2797 2787 26 36 2823 

T o t a l s  5223 68 5297 

Ho: Occurence o f  e r r o r s  is  t h e  same i n  t h e  two d i f f e r e n t  s i g n a l  l e v e l  

groups:  i .e .  P1 = p2, 



would r e s u l t  from random n o i s e  and r e f l e c t  an tenna  mal func t ion .  As 

can  be  s e e n  i n  Table  5, t h e  pe rcen tages  o f  t h e  3 q u a l i t y  l e v e l s  of  

f i x e s  which occu r  a t  each an tenna  were q u i t e  d i f f e r e n t  f o r  t h e  open 

channe l s  ve r sus  wal leye  l o c a t i o n  de t e rmina t ions .  

If t h e  l o c a t i o n  d e t e r m i n a t i o n s  made by MRSS f o r  t h e  wa l l eyes  

were random n o i s e  l i k e  t h e  open channe l s ,  then  they  shou ld  have t h e  

same p a t t e r n  of  d i s t r i b u t i o n .  Using t h e  a c t u a l  number o f  l o c a t i o n s  

o c c u r r i n g  a t  each an t enna  from Table  5,  where both f i s h  d a t a  and 

open channe l  d a t a  were f o r  t h e  whole t es t  p e r i o d ,  a G~ 

goodness-of - f i t  test (F ienbe rg  1977) can be c a l c u l a t e d  a s  G~ = 2 2 
Obs ( l 0 g e ( 0 b s / ~ x p ) ) .  The r e s u l t i n g  v a l u e  f o r  G' is 9226*5 

wi th  11 d . f . ,  and can be t e s t e d  by t h e  v a l u e s  o f  t h e  x2 

d i s t r i b u t i o n .  

The for x$o (4 = .005) = 40., which s i g n i f i e s  t h a t  

t h e  p a t t e r n  o f  d i s t r i b u t i o n  o f  f i x e s  f o r  t h e  open channels  and t h e  

walleyes a r e  d e f i n i t e l y  n o t  e q u i v a l e n t .  S ince  t h e  p r o b a b i l i t y  of  

t h e  n u l l  hy~othesis being correct is much less t h a n  .001, t h e  

i n d i v i d u a l  an t ennas  i n  t h e  network were r e l i a b l e  and a c c u r a t e  t o  t h e  

n e a r e s t  pool  o r  r i f f l e  even though they were n o t  e q u a l l y  d i s t a n t  

from t h e  r e c e i v e r  and conve r s ion  dev ices .  



Table 5. Percent o f  l oca t i on  determinations o f  each s igna l  l e v e l  category 

occurr ing a t  each antenna i n  the network fo r  walleyes and open channels. 

Antenna 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 - 
Tota l  

% Poor 

Open F i sh  - 
60.24 2.53 

5.79 0.26 

7.33 0.84 

0.45 0.44 

0.79 1.39 

9.51 . 1.34 

0.52 1.40 

0.71 0.81 

0.38 1.40 

0.61 0.80. 

0.18 3.34 

4.76 3.63 - - 
91.23 11.91 

% Good 

Open F ish  - 
2.94 1.15 

% Excel lent 

Open F ish  - 
0.01 0.02 

N o f  Locations 

Open Fish* 

6341 597 

766 128 

766 1435 

50 242 

80 1279 

1005 824 

- 

* locat ions used only f o r  surv iv ing  f i s h  



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 d i f f i cu l t i es  were 

associated w i t h  e i ther  the hardware or software. Location 

determinations on reference transmitters were 98.72% accurate and 

the level of s igal-dist inctness was a rel iable indicator of the 

quality of any location determination. Therefore, MRSS can provide 

rel iable information on the location of free-ranging walleyes w i t h  

implanted radio transmitters. These data are comprehensive enough 

to discern movement patterns i n  response to daily, or even hourly, 

fluctuations of l i g h t  intensity or other external factors. 
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CHAPTER TWO 

Walleye Behavioral Responses 

INTRODUCTION 

The walleye is a temperate mesothermic freshwater f ish of the 

family Percidae, a dominant species of the boreal forest zone (Scott 

and Crossman 1973). The Percidae lack the specific adaptations to  

lacustrine l i f e  apparent i n  the lateral ly compressed Centrarchidae 

and Cichilidae, having diverged less  from their  anadromous ancestors 

(Collette e t  a l .  1977). Although walleyes are tolerant of a great 

range of environmental situations, their  riverine physiological 

characteristics l i m i t  the optimum habitat available. The c r i t i ca l  

factors include ultimate upper incipient lethal  temperatures from 

290 to 350C, limited osmo-regulatory capacity, and less  

eff icient  swimning performance. Large shallow turbid lakes support 

abundant walleye populations, b u t  large streams or rivers provide 

suitable habitat i f  they are deep or turbid enough to reduce l i g h t  

penetration (Scott and Crossman 1973). 

The Monticello experimental channel system is well suited for 

walleyes w i t h  conditions equivalent to  those i n  temperate rivers or 

i n  the l i t t o r a l  and sub-littoral environment of lakes proposed as 

the preferred habitat (Kitchell e t  a l .  1977). The analogous habitat 

conditions present a t  Monticello include sand and/or gravel 

substrate, low current velocity (Figure l ) ,  reduced l i g h t  

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

( l ess  than-270C). 
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Figure  6. Summary of l i g h t  p e n e t r a t i o n  through t h e  water  of 
pool 810 a t  Mont ice l lo  on May 23rd, 1979. 



40 

Walleyes observed by divers i n  lakes are most often (98%) 

observed swimning i n  that  portion of the lake where perceptible 

currents exis t  (Ryder 1977). Furthermore, flow rates i n  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 w i t h  a maximum in  the early afternoon corresponding to  

the maximum in  t o t a l  incident radiation and varying w i t h  the ra te  of 

change of incident sunlight (Figure 7 ) .  

Thus w i t h i n  a runn ing  water ecosystem there are several types of 

s t i m u l u s  that could provide an organism w i t h  information about the 

24-hour day. Because biotic processes are affected, aquatic 

vertebrates would be expected to  show a dis t inct  temporal 

organization correlated w i t h  the rotation of the earth (both 

seasonal and time-of-day). Periodic movements of walleye involve a 

spring spawning run, daily changes i n  depth i n  response to l igh t  

intensi ty,  and daily or seasonal movements i n  response to 

temperature or food availabil i ty (Scott and Crossman, 1973). 

Therefore, the analysis of "time nichestt i n  a running water 

ecosystem should be a necessary complement to  the studies of 'Ispace 

niches" i n  determining the effects  of pollution s t ress  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. 



- ... . .  _ _ .  _ _  _ .. ..- .... " . ' 
. . . . .  

Figure  7 .  Inc ident  s o l a r  r a d i a t i o n  a t  s u n r i s e  and sunset  from 
May 4th  t o  May 24th,  1975 .  Unlabeled y-axis t i c  mark rep resen t s  
a  d a i l y  average fo,r l i g h t  u n i t s  recorded from 1 0 : O O  t o  15:OO.. 



Mater ials and Methods 

Eleven male walleyes were obtained from the U.S. Fish. and 

W i l d l i f e  Service a t  New London, Minnesota, transported by t ruck t o  

'. Mont icel lo and placed i n  covered outdoor tanks on A p r i l  27, 1979. . . 

The f i s h  were rf-tagged w i th  9 grn transmit ters and released i n  pool 

114 t o  swim f ree ly  i n  experimental channel 5 on May 2nd and May 3rd. 

The method o f  t ransmi t ter  implantat ion was t o  surg ica l l y  open the 

body cav i ty  of the anesthetized f i s h  along the l i n e a  alba, placing 

the mass o f  the t ransmi t ter  i n t o  the per i toneal  cav i ty  midway 

between the vent ra l  and anal f i n s  under the vent ra l  muscles (Hart & 

Sumnerfelt 1975). A modi f icat ion o f  t h i s  technique allowed the nine 

inch  whip antenna t o  e x i t  v i a  a second opening cut  about 2 em i n  

f ront  of the anal opening. A f te r  ca re fu l l y  pos i t ion ing the antenna 

using a I1tunnelf1 o f  surg ica l  tubing, the openings were sutured wi th  

5.0 e th i l on  thread a t  3-5 mn in te rva l s  (Ross and Kleiner 1980). 

Before release, weight and length measurements were taken and a 

yellow Atk in1s  tag was attached t o  the dorsal  f in .  

On June 1, 1979, the 7 f i s h  s t i l l  l i v i n g  were recaptured and the 

t ransmi t ters  recovered. A l l  surv iv ing walleyes had healed wel l ,  

showed no i n f e c t i o n  o f  the sutures, and appeared not t o  have had 

i n t e r n a l  ruptures or bleeding from the presence of the 

transmit ters.  Sutures on one f i s h  had worn or t o rn  a t  the antenna 

e x i t  hole. A t  the beginning o f  the f i e l d  tes t ,  the average weight 

of a l l  11 f i sh  was 710 gms (S.D. = 180) and the average length was 



43.5 cm (S.D. '= 3 .24 ) .  A t  t h e  time of  c a p t u r e  a f t e r  t h e  exper iment ,  

t h e  average  weight  l o s s  f o r  4 f i s h  was 26 gms b u t  one f i s h  ga ined  10 

grams and a f i f t h  f i s h  was t o o  l a r g e  f o r  t h e  scale and c o u l d n ' t  be  

weighed. Weight and l e n g t h  measurements were n o t  ob t a ined  f o r  a l l  

s u r v i v o r s ,  o r  f o r  t h e  wa l l eyes  t h a t  d i e d  b e f o r e  May 29th .  

The f o u r  r f - tagged  wa l l eyes  t h a t  d i e d  du r ing  f i e l d  t e s t i n g  had 

A t k i n ' s  t a g  d e s i g n a t i o n s  4039, 4044, 4045, and 4047. One 

t r a n s m i t t e r  (4037) f a i l e d  a t  t h e  beginning o f  t h e  experiment  even 

though t h e  wa l l eye  su rv ived  and was r ecap tu red  a t  t h e  t e rmina t ion  of  

t e s t i n g .  F ive  o f  t h e  s u r v i v i n g  f i s h  (4038, 4040, 4041, 4042, 4043) 

were t r acked  by MRSS f o r  28 days and t h e  s i x t h  (4046) f o r  27. 



Locat ion  D i s t r i b u t i o n  P a t t e r n s  

F igu re s  8 through 17 sumnarize t h e  l o c a t i o n  d e t e r m i n a t i o n s  

recorded by MRSS dur ing  f i e l d  t e s t i n g  a t  Mont ice l lo .  The y-ax is  

u n i t s  r e p r e s e n t  t h e  s t a t i o n  nurrbers (2-13) of  t h e  an t enna  

i n s t a l l a t i o n s  and correspond t o  t h e  arrangement o f  t h e  expe r imen ta l  

channel  system. For t h e  x-ax is ,  each u n i t  r e p r e s e n t s  a 24 hour  time 

pe r iod  de f ined  from noon t o  noon. The contour  l i n e s  d e p i c t  t h e  . 

percentage  o f  l o c a t i o n  d e t e r m i n a t i o n s  occu r r ing  a t  each an t enna  

du r ing  each  p e r i o d ;  i .e .  usage of  each i n d i v i d u a l  pool  o r  r i f f l e  by 

each wal leye  ove r  time. I n  a d d i t i o n ,  t h e  c a p t i o n  f o r  each f i g u r e  

g i v e s  t h e  weight  and l e n g t h  measurements o f  t h a t  f i s h  t aken  a t  t h e  

time o f  tagging .  

Each wal leye  favored one poo l  on a g iven  day,; o r  series o f  

c o n s e c u t i v e  days.  However, t h e r e  was a g r e a t  d e a l  o f  v a r i a t i o n  

among i n d i v i d u a l s  a s  t o  t h e  primary pool  u t i l i z e d ,  and t h e  deg ree  o f  

movement i n t o  o t h e r  pools .  For  example, F igu re  15 shows t h a t  f i s h  

4045 d i e d  i n  p o o l  !I6 on t h e  e i g h t h  day o f  f i e l d  t e s t i n g ,  b u t  because  

t h e  decomposing body was lodged i n  pool  #6, t h i s  f a c t  was n o t  

d i s cove red  u n t i l  af ter  t e r m i n a t i o n  of  t e s t i n g .  I n  e f f e c t , . t h e r e  was 

an a d d i t i o n a l  r e f e r e n c e  t r a n s m i t t e r  a t  pool  {I6 f o r  most o f  t h e  

exper  b e n t  . 
I n  c o n t r a s t ,  d a t a  f o r  4039 (F igu re  9),and 4044 ( F i g u r e  14) show 

t h a t  t h e  c u r r e n t  i n  t h e  expe r imen ta l  channel  c a r r i e d  a weakened o r  

dead f i s h  downstream u n t i l  it encountered t h e  b a r r i e r  a c r o s s  t h e  
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bottom end o f  r i f f l e  #13. Thus, compact con tou r  l i n e s  i n d i c a t e  t h a t  

t h e  f i s h  was s t a y i n g  i n  a p a r t i c u l a r  poo l ,  a s  i l l u s t r a t e d  by F igu re  

12 (4042) .  A s  v e r i f i e d  d u r i n g  t h e  c o u r s e  of t h e  exper iment ,  4042 

would s w i m  back and f o r t h  i n  pool  /I8 bu t , s e ldom ventured  o u t s i d e .  

I n  comparison, 4040 moved e x t e n s i v e l y ,  showing spread-out  con tou r  

l i n e s  and c o n c e n t r a t i o n s  seldom exceeding 70% ( F i g u r e  10). 

If one examines t h e  con tou r  maps i n  o r d e r  o f  i n c r e a s i n g  wal leye  

weight ,  t h e  f i v e  l a r g e r  i n d i v i d u a l s  seemed t o  move away from t h e  

i n i t i a l  r e l e a s e  pool  much sooner  t han  t h e  s m a l l e r  f i s h .  Of t h e  

wa l l eyes  t h a t  su rv ived  t h e  e n t i r e  test p e r i o d ,  2 were srnall  (567 

gms, 580 gms), 2 were medium s i z e d  (606 gms, 649 gms) and 2 were 

very l a r g e  (916 gms, 1116 gms) . During t h e  l as t  f i v e  days  of  t h e  

exper iment ,  poo l  /I8 was t h e  primary pool  used by 1 small, 1 medium, 

and 1 l a r g e  f i s h .  Pool  /I10 was t h e  major  a r e a  used by 1 medium and 

1 l a r g e  wal leye  wh i l e  pool  /I6 was be ing  u t i l i z e d  p r i m a r i l y  by 1 

sma l l  f i s h .  Ryder (1977) r e p o r t e d  t h a t  s c h o o l s  o f  a c t i v e  wa l l eyes  

u s u a l l y  c o n s i s t e d  o f  3 o r  4 i n d i v i d u a l s ,  but may contain as many a s  

50 f i s h .  S c o t t  and Crossman (1973) c h a r a c t e r i z e d  wal leyes  as 

remaining i n  l o o s e  b u t  d i s c r e t e  s c h o o l s  w i th  s e p a r a t e  spawning 

grounds and s u m e r  t e r r i t o r i e s .  

Examination o f  t h e  d a t a  f o r  4046 ( F i g u r e  16) and 4043 ( F i g u r e  

13), the 2 l a r g e s t  f i s h ,  i l l u s t r a t e s  t h e i r  u t i l i z a t i o n  o f  mut l~al ly  

e x c l u s i v e  primary poo l s  f o r  most o f  each  time per iod .  The usage 

p a t t e r n s  f o r  t h e  medium-sized f i s h  (4038, 4040) were a l s o  mutual ly  

e x c l u s i v e  



over almost a l l  the experimental period, as  was also the situation 

for the 2 smallest f i s h ,  4042 and 4041. Although the sample size is 

too small to  provide conclusive evidence, there was the strong 

suggestion of a partitioning of available habitat on the basis of 

body size.  Because of limited optimum habitat i n  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 fif teen minute interval and tabulating how many 

stations separated each 2 walleyes. The resulting 15 comparisons 

are sumnarized 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 r i f f l e  a t  the same time. I n  addition, 

the body size information from Table 6 is depicted relat ive to  

amount of association by Figure 19. 

Apparently walleyes 4U42, 4U58, and 4045 formed a discrete group 

of heterogeneous-sized f ish.  Another sub-group, 4046 and 4040, was 

strongly associated and of different s ize ;  while 4041 was a loner. 

A l l  comparisons of equivalent body s ize  f a l l  in  the region of 20% 

association except 4038 v s  4042. T h i s  was interpreted as being the 

normal probability of association as there were 5 pools and the 



wal l eyes  normally were found i n  t h e  poo l s ,  moving through t h e  

r i f f l e s  on ly  when neces sa ry  t o  g e t  from pool  t o  pool .  The h igh  

i n c i d e n c e  o f  a s s o c i a t i o n  between 4038 (606 gms) and 4042 (567 gms) 

r e s u l t s  from t h e i r  s t a t u s  a s  " f a m i l i a r s n  o r  p r e f e r r e d  companions o f  

t h e  l a r g e s t  wa l l eye ,  4043. O v e r a l l ,  t h e s e  p a t t e r n s  o f  a s s o c i a t i o n  

seem t o  i n d i c a t e  non-random s e l e c t i o n  o f  l o c a t i o n  by i n d i v i d u a l  

wa l l eyes ,  p r e f e r r e d  a g g r e g a t i o n s ,  - .  and avoidance o f  non-group members. 

The two l a r y e s t  wa l l eyes ,  4043 ( 1116 gms and 4U46 (916 gms) , 
appea r  t o  be f o c a l  i n d i v i d u a l s ,  s e p a r a t e d  by a t  least 35  meters 80% 

of t h e  time. Thus a d i s t i n c t  p o l a r i t y  e x i s t e d  between t h e  two 

l a r g e s t  wa l l eyes ,  4043 (1116 gms) and 4046 (916 gms) . The only  

occur rence  of t h e i r  u t i l i z a t i o n  o f  t h e  same primary pool  (#lo) was 

du r ing  May 4-6th,  t h e  t a g g i n g  recovery  pe r iod .  Apparent ly  4046 was 

d i s p l a c e d  i n t o  pool  /I12 d u r i n g  May 7-9th,  r e t u r n i n g  t o  pool  /I10 on ly  

a f t e r  4043 had moved t o  poo l  /I8 ( F i g u r e s  13 h. 1 6 ) .  Competit ion f o r  

t h e  l i m i t e d  food a v a i l a b l e  would e x p l a i n  avoidance behavior  

o c c u r r i n g  between t h e s e  two wal leyes  f o r  t h e  rest of t h e  f i e l d  test 

experiment .  

Bes ides  l ook ing  a t  o v e r a l l  p a t t e r n s  o f  d i s t r i b u t i o n  o f  l o c a t i o n s  

i n  a 24 hour p e r i o d ,  MRSS can  be  used t o  d e t e c t  movement o r  chanqes 

i n  p o s i t i o n ,  t h u s  a l l owing  de t e rmina t ion  o f  temporal  movement 

p a t t e r n s  o f  wal l eyes .  Table  7 p r e s e n t s  t h e  p e r c e n t  o f  a11  l o c a t i o n  

de t e rmina t ions  t h a t  r e p r e s e n t e d  o r .  s imu la t ed  changes of p o s i t i o n  

o c c u r r i n q  du r ing  a f o u r  hour  time-of-day p e r i o d ,  s u m r i z e d  f o r  each  



Figure 18. Summary of percent  of time i n t e r v a l s  t h a t  each p a i r  of t h e  s i x  su rv ivor  walleyes were 
as soc ia ted .  X-axis o r d i n a l  d e f i n i t i o n s  of the  p a i r s  of walleyes compared a r e  found i n  Table 6. 



Table 6. Comparison of the percent of time intervals spent i n  the same pool 
and respective weights for pairs of s u r v i v i n g  walleyes. 

Figure 18. Percent Respective 
X-axis Walleyes of Time Weights 
Ordinal Compared . Associated i n  Grams 



ANTENNA DRY CRLCULATED FROM NOON TO NOON 

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 em). 



RMTENNA DAY CRLCULRTED FROM NOON TO NOON 

STAT I O N S  
4 6 8 10  12 14 16 18 2 0 2 2  

Figure 9. 

: Contocr map of the percent of lccation determinations in a 14 hour time $eriod occurring 
in each pool Dr riffle for walleye 4039 (532 gms, 40.9 a n ) .  



RNTENNR DRY CRLCULATED FROM NOON TO NOON 
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Figure 10. 

Contour map of the percent of locat ion determinations i n  a 24 hour time period 'occu&ing 
i n  each pool or r i f f l r  for  walleye 4040 (649 gmd, 42.0 cm). 
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DRY CRLCULATED FROM NOON TO NOON 

Figure 11. 

) :i: . Cantour ma? of the percent 05 location determinations in a 24 hour ti* period occurring 
in each pool or riffle for valleye 4C41 (580 gms, 40.5 em). 
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Figure 12. 

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



DRY CRLCU-RTED FROM NOON TO NOON 

STFITIONS 4 6 8 10 12 54 16 18 10  22 24 26 2 8 

Figure 13. 

Contour map 01 the percent of loeation determinations in a 24 horr time period o ~ c u r r i k ~  ' 

in each pool cr riffle for wa;leyp, 4043 (1116 gms; 49 .3  cm). 



RNTENNA DAY CALCGLR'ED FROM NOON TO NOON 

STRT IONS 2 

Figure 14. 

Contour map of the ?ercent of lacation determinations in a 24 hour time period occurring 
in each pool or riffle for walleye 4044 (696 gms, 44.0 cm). 



FINTENNR 
STATIONS 

DRY CALCULATED FROM NOOh TO NOON 

Figure 15. 

. 
Contour map of the  percent of locat ion  ceterminations in a 24 hour time period 'occur2.inp, 
i n  each Foal or r i f f l e  f o r  walleye 4045 (581 gms, 41.5 cn) .  



DRY CALCULATED FROM NOON TO NOON 

STFITIONS s 6 8 10 1 2  14 16 18 20 22 24 

Figure 16. 

Conzour map of the percent of locat ion determinations i n  a 24 hour time p e r i ~ d ~ o c c u j r i n g  
i n  each pool or r i f f l e  for walleye 4046 C916 gms, 48.3 cm), 



ANTENNFI DRY CALCULFITED FROM NOON TO NOON 
STRTLONS 4 6 8 10 12 14 16 

Contour ma? of the percent of location determinations in a 24 hour time period occurring 
in each pool or riffle for walleye 4047 (841 gms 9 4 6 * 9  cm)* 
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F i g u r e  19.  Pe rcen t  of t ime  p a i r s  of s u r v i v o r  wa l l eyes  s p e n t  i n  t h e  'same 
pool  o r  r i f f l e  v e r s u s  t h e i r  body-weight r a t i o .  
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usage category. Reference transmitters are not expected to show 

movement whereas the random noise on the open channels fluctuates 

widely, frequently simulating movement. 

As shown i n  Table 7, movements by walleyes do not show the same 

temporal pattern of distribution as ei ther  reference errors 

simulating movement or open channel background noise interference 

detected as change of position. The patterns of simulated movements 

caused by reference errors indicate that  no particul.ar t.i.me-nf-(lay 

was more error prone than any other. Contrasting walleye movements 

wfth  Open channels demonstrates a walleye preference for nocturnal 

ac t iv i ty  whereas noise on the open channels simulates a constant 

high frequency of movement a t  a l l  times of the day. 

I n  addition to the temporal distribution, another technique for 

analyzing movement involves comparing the intensity or frequency of 

changes i n  position as reported by MRSS. For t h i s  reason, an 

analysis of covariance of the nuher  of s tat inns that. f ish moved by 

&hour period was perfomed w i t h  the signal level of rl~.st.inct.ness 

and the  date (expressed a s  elapsed hours) as covariates. The grand 

mean of the 14207 fixes used was .5 stat ions,  which is roughly 

equivalent to 18.5 meters. Table 8 sumnarizes average distance 

moved by each walleye and Table 9 averages movement by time of day 

for the same 6 fish from leas t  to  most movement. Overall, the 

variation between the intensity and frequency of movements by 

individual f i s h  was not significant.  

Time of day had a significant e f fec t  on movement as the two 

major periods of act ivi ty shown by the raw data were post sunset and 



Table 7. Percent o f  t o t a l  f i x e s  dur ing the spec i f ied  time per iod tha t  

represent o r  simulate changes i n  pos i t ion .  

Usage Category 

Time Walleyes Reference Open channels 



Table 8. Comparison of movement intensity for individual survivor walleyes. 

Fish Size Rank Average Movement (meters) 

4042 6 (567 gms) 9.6 

4038 4 (606 gms) 12.7 
I 

4041 5 (580 ps) 13.6 

4043 1 (1116 grns) 18.3 ~ 

4040 3 (649 ps) 18.9 

4046 2 (916 gms) 19.5 

Table 9. Composite temporal pattern of movement intensity for survivor . 
walleyes. 

Time nf day Average Movement (meters) . 
_I7 
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pre-dawn, as previously reported for walleyes by Kelso (1976). I n  

addition, there was a very significant effect  for the covariate, 

signal level of distinctness, b u t  not for elapsed time. A s  

determined by manual accuracy checks, when the f ish are near 'the 

extreme ends of the pools, the signals can often be picked up better 

by the neighboring r i f f l e  antennas. However the signal levels are 

lower than i f  the f ish had actually been i n  the r i f f l e .  

An analysis of covariance was also done on the nurrber of 

s tat ions moved w i t h  time of day and direction of movement as 

explanatory variables and the elapsed time i n  hours a s  covariate. 

There was no significant effect  for time of day or elapsed time 

affecting direction of movement as  it affects  frequency and 

intensity of movement. Ryder (1977) reported observing most schools 

of walleyes oriented w i t h  their  heads facing upstream. When . 
disturbed they would often swim or d r i f t  rapidly downstreamj then 

gradually work thei r  way back upstream to their  original position i n  

the current or eddy. The equivalent number of cases i n  

complementary categories of movement types from Table 10 confirms 

t h i s  same pattern of behavior from the experimental walleyes. 

Moreover, Table 10 indicates walleyes usually move from pool to  pool 

as the modal value for the number of stat ions moved is consistently 

2. I n  sumnary, although movement appears continuous a t  a low level ,  

telemetry has been used to demonstrate that walleyes i n  an 

experimental channel situation exhibit die1 periodicity w i t h  respect 

t o  changes of position. 



Table 10. Analysis of direct ion of movement for -3 successive locations no 

more than 30 minutes apart  for a l l  walleyes. 

Move type category N of cases Av. of s t a t ions  moved 

Stationary 17,108 0 

Isolated move north 8 78 2.41 

Isolated move south 

North-North 

South-South 

South-North 

North-South 788 2.97 
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Corre lat ion o f  Walleye Movement and L igh t  

Since the major environmental fac to r  o f  i n t e r e s t  a t  Mont icel lo 

was l i g h t ,  t h i s  experiment focused on f i s h  movements w i th  respect t o  

t o t a l  l i g h t  avai lab le and the ra te  o f  change o f  l i g h t  i n tens i t y .  

During most o f  the f i e l d  test ing,  a Lambda Quantum Sensor (190-M) 

was used t o  detect t o t a l  inc ident  so lar  rad iat ion.  Units of l i g h t  

(23.4 langleys) incoming during the previous hour were recorded by a 

Lambda voltage in tegra tor  (Ll-550). For purposes o f  t h i s  analysis, 

t o t a l  inc ident  sunl ight  and r a t e  o f  change a t  sunrise and sunset' 

were calculated on a d a i l y  basis (Figure 7). 

Muntz & Wainwright (1978) reported tha t  l i g h t  o f  short  

wavelengths and long wavelengths a f f e c t  f i s h  hab i ta t  condit ions 

d i f f e r e n t l y .  Downwelling l i g h t  i n t e n s i t y  was strongly correlated 

w i th  inc ident  sunl ight  (short  wavelengths); at tenuat ion o f  

downwelling l i g h t  was strong i n  water discolored by suspended mud. 

A t  the surface w i th  long wavelengths ( i .e .  sunset and sunrise) there. 

was more upwell ing l i g h t  than on even the c learest  o f  days a t  noon. 

This was presumably caused by the high degree o f  backscatter from 

suspended mater ial .  Short wavelengths attenuate quickly,  not 

penetrating beyond a depth o f  0.6 m t e r s  (Muntz & Wainwright 1978). 

Because o f  the varying transmission o f  l i g h t  through the water a t  

Mont icel lo (Figure 6),  a non-linear re la t ionship,  such as a 

threshold e f fec t ,  was ind icated i n  the re la t ionsh ip  between a c t i v i t y  



phas ing  and l i g h t .  The tapetum lucidum i n  wa l l eyes  (Unde rh i l l  & 

Eddy 1 9 7 4 ) ,  an  a d a p t a t i o n  f o r  v i s u a l  pe rcep t ion  i n  dim l i g h t ,  

r e s u l t s  i n  s c o t o p i c  v i s i o n  p e r m i t t i n g  n o c t u r n a l  a c t i v i t y  (Ryder 

1977) a t  l e v e l s  o f  i l l u m i n a t i o n  i n s u f f i c i e n t  f o r  p e r c i d s  wi th  

pho top ic  v i s i o n  such a s  yel low pe rch ,  Perca  f l avescens .  

Under n a t u r a l  l i g h t  c o n d i t i o n s ,  a c t i v i t y  maxima i n  c r e p u s c u l a r  

f i s h ,  such  a s  A t l a n t i c  salmon (Salmo -- s a l a r )  and brown t r o u t  (2." 

t r u t t a ) ,  a r e  a lways c l o s e l y  r e l a t e d  t o  dawn and dusk independent  of  

s ea son  (Er iksson  1977) .  V a r i a t i o n s  i n  p h o t i c  behavior  among p e r c i d s  
. . 

can probably be  accounted f o r  by d i f f e r e n c e s  i n  t h e  s t r u c t u r a l  

o r g a n i z a t i o n  o f  t h e  eye .  It  is g e n e r a l l y  known t h a t  a d u l t  and 

sub-adul t  wa l l eyes  make c r e p u s c u l a r  o r  n o c t u r n a l  f eed ing  f o r a y s  on 

submerged boulder  s h o a l s ,  beds o f  macrophytes,  o r  o t h e r  sha l low 

areas ( A l i  and A n c t i l  1977). Apparent d i u r n a l i s m  o r  noc tu rna l i sm i n  

f i s h  is thought  t o  depend on t h e  season  ( i . e . ,  t h e  d i s t a n c e  between 

dawn and dusk)  and t h e  amount o f  a c t i v i t y  appear ing  a t  e i t h e r  s i d e  

o f  t h e  d a i l y  l i g h t  maximum and minimum (Er iksson  1377). 

Feeding f o r a y s  i n  3 age  c l a s s e s  of  wa l l eyes  have been shown t o  

be  i n v e r s e l y  p r o p o r t i o n a l  t o  ambient subsu r f ace  i l l u m i n a t i o n ,  which 

i n  t u r n  is .governed by a v a r i e t y  o f  exogenous f a c t o r s  i n c l u d i n g  

t u r b i d i t y ,  water c o l o r ,  wave a c t i o n ,  and ambient i l l u m i n a t i o n  a t  t h e  

s u r f a c e  (Ryder 1977) .  I n  t u r b i d  i a k e s  where t r anspa rency  is  a t  o r  

below 2 m on a Secch i  d i s c ,  f eed ing  occu r s  throughout  t h e  day; bu t  

i n  clear water  t h e  s e n s i t i v i t y  o f  t h e  tapetum lucidum restricts 
. - 



f eed ing  t o  da rk  per iods '  ( S c o t t  and Crossman' 1973). A p e r t i n e n t  , 

ques t ion  would be whether t h e r e  is  any i n d i c a t i o n  o f  an endogenous 

t im ing  component govern ing  n o c t u r n a l  rhythmic a c t i v i t y  behav io r ,  
. . 

such a s  a pronounced o n s e t  and c e s s a t i o n  o f  a c t i v i t y .  A s  shown by 

d a t a  from 902 bu l lheads  ( I c t a l u r u s  n e b u l o s u s ) ,  on ly  about  2% o f  a l l  

a c t i v i t y  o n s e t s  t a k e  p l a c e  b e f o r e  dusk and 40% o f  a l l  a c t i v i t y  ends  

b e f o r e  dawn f o r  t h e s e  n o c t u r n a l  f i s h  ' ( ~ r i k s i o n  1978). 

When t h e  d a t a  from Table  7 a r e  a r ranged  it s o  a s  t o  c o n t r a s t  

l i g h t  and da rk  p e r i o d s ,  it appears  t h a t  wa l l eyes  show a dichotomous 

p a t t e r n  of  movement behavior .  These va lues  a r e  t h e  p e r c e n t  o f  

l o c a t i o n  de t e rmina t ions  i n  t h e  s p e c i f i e d  t ime  pe r iod  i n t e r p r e t e d  a s  

changes i n  p o s i t i o n  and s u g g e s t  a p r e f e r e n c e  f o r  n o c t u r n a l  

movement. I t  is a l s o  impor t an t  t o  n o t e  t h a t  t h e  wa l l eyes  used i n  

t h i s  experiment  were i n  spawning c o n d i t i o n ,  which is thought  t o  

p a r t i a l l y  d i s r u p t  t h e  n e g a t i v e  p h o t o t a x i s  through hormonal changes 

i n i t i a t e d  through pho tope r iod i c  c o n t r o l  (Ryder 1977). 

Spawning normally beg ins  s h o r t l y  a f t e r  ice breakup (Apri l -June)  

bu t  is  tempera ture  dependent.  Males move t o  t h e  spawning ground 

b e f o r e  females bu t  are n o t  t e r r i t o r i a l  and no n e s t  is b u i l t .  

Spawning grounds are rocky a r e a s  i n  wh i t e  water o f  s t r e a m s  o r  s h o a l s  

o f  l a k e s  w i th  c o a r s e  g r a v e l  t o  boulder  s u b s t r a t e .  Spawning occu r s  

a t  night.  i n  grallps nf one l a r g e r  female wi th  one o r  two s m a l l e r  

males, o r  two females  and up t o  s i x  males. Cour t sh ip  behavior  

occu r s  p r i o r  t o  spawning b u t  ha t ch ing  s u c c e s s  depends on d i s s o l v e d  



O2 ( >2  mg/l) w i th  no parental  care o f  the eggs or  f r y .  

Cannibalism occurs frequently and o v e r a l l  f r y  mor ta l i t y  i s  99% 

(Scott & Crossman 1973). However no spawning could have occurred 

dur ing f i e l d  tes t i ng  a t  Mont icel lo because a l l  the walleyes used 

were males. 

Analysis of covariance was used t o  determine i f  there was 

s i g n i f i c a n t  temporal va r ia t i on  i n  movement versus res t i ng  behavior, 

using the antenna number ( locat ion)  and t h e  elapsed time '( in hours) 

o f  the experiment as covariates . There was s i g n i f i c a n t  (P < .001) 

va r ia t i on  between treatments, al lowing the conclusion tha t  the usual 

per iod o f  morning a c t i v i t y  i s - j u s t  before sunrise and the pronounced 
. . 

period o f  evening a c t i v i t y  fol lows sunset (Table 11 ) . This. model 

showed a  very good f i t  w i th  r = .874. Neither covariate was 

s ign i f icant ,  i nd i ca t i ng  no e f f e c t  f o r  loca t ion  o r  sequence. The 

amount o f  movement on any given day f o r  i nd i v idua l  walleyes was 

h ighly  var iable but was approximately equally div ided between clock 

To evaluate ef fects  f o r  l i g h t  i n tens i t y ,  ce r ta in  aggregate 

s t a t i s t i c s  were used i n  conjunction w i th  analysis o f  variance 

procedures. F i r s t  the average AM and PM time o f  loca t ion  

determination f o r  each walleye were calculated on a  d a i l y  basis. 

Although only the d a i l y  AM/PM averages f o r  May 4 through May 24th 

were l a t e r  used, Figures 22-27 show the composite times for 

surv iv ing f i s h  from May 3rd through May 27th as hexagon symbols. 



Table 11. Frequency and average time of occurrence for location 

determinations classified according to clock phase and behavior u s i n g  data 

. for s i x  survivor walleyes. 

Treatment N of cases CST 

A.M. Resting 5599 . 0607 

A.M. Movement 1378 

P.M. Resting 5695 

P.M. Movement 1535 
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After t h e  ave rage  AM time o f  a c t i v i t y ,  AM time o f  r e s t i n g ,  PM time 

o f  a c t i v i t y ,  and PM time o f  r e s t i n g  were c a l c u l a t e d  on a d a i l y  

b a s i s ,  t h e  response  v a r i a b l e s ,  i . e .  o f f s e t s ,  were computed.by 

s u b t r a c t i n g  each  AM/PM ave rage  time of  a c t i v i t y  o r  r e s t i n g  from t h a t  

d a y ' s  cor responding  AM o r  PM average  time of  l o c a t i o n  

de t e rmina t ion .  S ince  t h e  s t anda rd  d e v i a t i o n s  f o r  a l l  f i s h  i n  each  

l l o f f s e t M  ca t ego ry  were very s i m i l a r ,  t h e  d a i l y  ave rages  were used 

f o r  o f f s e t  c a l c u l a t i o n  wi thout  weight ing  f a c t o r s  i n  subsequent  

a n a l y s i s  (Tah1.e 1.2). 

Figu re s  22 through 27 show a l l  t h e  v a l u e s  used f o r  c a l c u l a t i n g  

o f f s e t s  from t h e  ave rage  AM o r  PM time o f  l o c a t i o n  de t e rmina t ion  f o r  

a c t i v i t y  and r e s t i n g  behavior .  The hexagons r e p r e s e n t  t h e  average  

d a i l y  time o f  l o c a t i o n  de t e rmina t ion  f o r  t h e  morning o r  t h e  

a f t e rnoon  pe r iod .  The v p r o p e l l o r t l  symbols l o c a t e  t h e  average  time 

o f  movement f o r  each  12 hour  pe r iod  and t r i a n g l e s  d e s c r i b e  t h e  

ave rage  time of res t i ng  for the same period. The distance 

s e p a r a t i n g  t h e  t r i a n g l e s  and hexagons is d i r e c t l y  p r o p o r t i o n a l  t o  

t h e  amount o f  movement o c c u r r i n g  du r ing  t h a t  pe r iod .  

Gene ra l l y ,  a c t i v i t y  o f f s e t s  were d i s p l a c e d  towards midnight  and 

t h e  r e s t i n g  o f f s e t s  were d i s p l a c e d  towards noon. A s  May p rog re s sed ,  

t h e  o f f s e t s  became f u r t h e r  a p a r t .  However, t h e r e  was much more ' 

v a r i a t i o n  i n  a c t i v i t y  o f f s e t s  than  i n  r e s t i n g  o f f s e t s ,  and n o t  a l l  

f i s h  were a c t i v e  eve ry  pe r iod .  One o f  t h e  s i g n i f i c a n t  exp lana to ry  

v a r i a b l e s  was thought  t o  be  t h e  r a t e  o f  change of  l i g h t  a t  s u n s e t  



. . < 
Figure 20. Daily relative occurrence of movement from-0000 to 6600 
for the six survivor walleyes. 





Table 12. This tab le demonstrates the homogeneous variance [S.D.] expressed i n  

minutes around the average d a i l y  time o f  res t i ng  o r  a c t i v i t y .  The number of 

cases i n  each category i s  i n  parenthesis. 

AM RESTING AM A C T I V I T Y  PM RESTING PMACTIVITY % 

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) 209.628 (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  22. Movement and r e s t i n g  behavior  f o r  s u r v i v o r  waBleye C038..:Hexagons r e p r e s e n t  t h e  
average  t i n e  f o r  a l l  l o c a t i o n  de t e rmina t ions  i n  a  12 hour perlcld. ~ r i a n g l e s  r e p r e s e n t  t h e  
average  t i n e  f o r  r e s t i n g .  f i x e s  and p r o p e l l o r  symbols def : lne t h e  average  t ime f o r  movement. 
The d i s t a n c e  s e p a r a t i n g  t h e  t r i a n g l e  and hexagon is  p r o p o r t i n s 1  t o  t h e  i/ of p o s i t i o n  changes. 



Figure  23.  Movement and r e s t i n g  behavior  f o r  s u r v i v o r  wal leye  4040. Hexagons r e p r e s e n t  t h e  
average  t ime f o r  a l l  l o c a t i o n  de t e rmina t ions  i n  a  12 hour pe r iod .  T r i a n g l e s  r e p r e s e n t . t h e  
average  time f o r  r e s t i n g  f i x e s  and p r o p e l l o r  symbols d e f i n e  t h e  average  t i m e  f o r  movement. 
Ths d i s t a n c e  s e p a r a t i n g  t h e  t r i a n g l e  and hexagon i s  p r o p o r t i o n a l  t o  t h e  i/ of p o s i t i o n  Changes. 
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DAY OF MRY . 

F i g u r e . 2 4 .  M.3vens,nt and' rest:llg behavior  f o r  s u r v i v o r  wa l l eye  4041. Hexagons r e p r e s e n t  t h e  
average  t ime f o r  a l l  l o c a t i o n  d z t e r m i n a t i o n s  i n  a  12 hour p e r i o c .  T r i a n g l e s  r e p r e s e n t  t h e  
average  t 3ne  f o r  r e s t i n g  f i x e s  and p r o p e l l o r  symbols d e f i n e  t h e  average  t ime  f o r  movement; 
The d i s t a n c e  s e p a r a t i n g  t h e . t r i a n g l e  and hexagon i s  p r o p o r t i o n a l  t o  t h e  i/ of p o s i t i o n  changes.  
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F i g u r e  25. Movement and r e s t i n g  behavior  f o r  su rv ivo r  wal leye  4042. Hexagons r e p r e s e n t  t h e  
average  t ime f o r  a l l  l o c a t i o n  de t e rmina t ions  i n  a 1 2  hour pe r iod .  ~ r i a n ~ l e s  r e p r e s e n t  t h e  
average  t ime f o r  r e s t i n g  f i x e s  and p r o p e l l o r  symbols d e f i n e  t h e  average  t i m e - f o r  movement. 
The d i s t a n c e  s e p a r a t i n g  t h e  t r i a n g l e  and hexagon i s  p r o p o r t i o n a l  t o  t h e  il of p o s i t i o n  changes. 
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F i g u r e  26. Movement and r e s t . i ng  5 s h a v i o r  f o r  s u r v i v c ~ r  wal leye  4C.43. Hexagons r e p r e s m t  t h e  
average  t ime f o r  a l l  l o c a t i o n  d e t = r m i n a t i o n s  i n  a 12, hour ge r ioc .  T r i a n g l e s  r e p r e s e n t  t h e  
average t ime f o r  r e s t i n g  f i x e s  a ~ l d  p r o p e l l o r  symbols def in? .  t h e  average  t ime f o r  movement. 
The d i s t a r - c e  s e p a r a t i n g  t h e  t r i a ~ g l e  and hexagon i s  p r o p o r t i o n a l  t o  t h e  I/ of pos i t i on .  changes. 
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DRY OF MRY :. c .  ,,. . 
Figu re  27 .  Movement and r e s t i n g  behavior  f o r  s u r v i v o r  wa l l eye  4046..,Hexagons r e p r e s e n t  t h e  
ave rage  t ime f o r  a l l  l o c a t i o n  de t e rmina t ions  i n  a  1 2  hour pe r iod .  T r i a n g l e s  r e p r e s e n t  t h e  
average  t ime f o r  r e s t i n g  f i x e s  and p r o p e l l o r  symbols d e f i n e  t h e  average  t ime  f o r  movement. 
The d i s t a n c e  s e p a r a t i n g  t h e  t r i a n g l e  and hexagon i s  p r o p o r t i o n a l  t o  t h e  # of p o s i t i o n  changes.  



which increased as May progressed (Figure 7 ) .  For some walleyes a 

high ra te  of change o f  l i g h t  a t  sunset, appeared t o  corre late wi th  a 

l a rge r  displacement o f  the evening a c t i v i t y  center towards 

midnight. Also, when the previous day's t o t a l  inc ident  sunl ight  was 

high, the fo l lowing morning's a c t i v i t y  center appeared t o  be sh i f t ed  

more towards midnight. However, the amount o f  t o t a l  sunl ight  

received i n  a day apparently had no e f f e c t  on tha t  afternoon's 

res t i ng  offset or the same evening's a c t i v i t y  o f f se t .  

I n i t i a l l y ,  one-way analysis o f  variance was done f o r  i nd i v idua l  

factors (Table 13), t o  decide on the forms o f  the models 

subsequently tested by analysis o f  covariance procedures (Tables 14 

and 15). A one-way anova o f  the morning res t i ng  o f f s e t  by calendar 

date seemed t o  ind ica te  a s i g n i f i c a n t  non-linear component, but the 

Student-Newrnan-Keuls procedure (o( = .05) described the morning 

res t i ng  o f f se ts  on a l l  21 days as f a l l i n g  i n  the same homogeneous 

subset. lhe corresponding one-way anova o t  morning a c t i v i t y  ot'f'set 

by calendar date had no s i g n i f i c a n t  terms, and the 

Student-Newman-Keuls procedure (o( = .05) again determined a l l  days 

as p a r t  o f  the same homogeneous subset. The one-way anovas for the 

evening res t i ng  o f f s e t  and a c t i v i t y  o f f s e t  followed the same pat tern 

as f o r  the morning o f fse ts .  There appeared t o  be no s ign i f i can t  

va r ia t i on  i n  these temporal happenings, suggesting an endogenous 

t iming mechanism. MRSS would be extremely use fu l  i n  a laboratory 

s i t ua t i on  where movements could be detected and recorded under t o t a l  

l i g h t  o r  t o t a l  dark regimes t o  t e s t  t h i s  type o f  hypothesis. 



Table 13. The following list defines the factors which were tested w i t h  

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

behavior. 

LABEL USAGE* DEFINITION 

DAY CAT Day of May 1979 

FISH 

PPMOSAC 

PLIGHT 

SLIGHT 

DPM 

AMOSINA 

AMOSACT 

PMOSINA 

PMOSACT 

AM5toAM9 

CAT 

cov 

cov 

cov 

cov 

cov 

cov 

cov 

Cov 

cov 

Individual survivor walleyes 

Previous evening activity offset 

Previous days incident s u n l i g h t  

Total daily incldent s u n l i g h t  

Rate of change of l i g h t  a t  sunset 

Morning resting offset 

Morning activity offset 

Evening resting offset 

Evening activity offset 

U n i t s  of l ight  incoming during the 

hour preceeding: 

0500,0600, 0700, 0800, 0900 

COV U n i t s  of l i g h t  incoming during the 

hour  preceeding: 

1600,1700, 1800, 1900, 2000 
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Variation i n  temporal movement patterns for individuals was also 

examined w i t h  one-way analysis of variance. There was significant 

variation i n  the morning resting offset (F5,114 = 3.6); p < 

.0044. According to the Student-Newman-Keuls procedure (q = .05) , 
individual walleyes f a l l  into 2 dist inct  homogeneous subsets w i t h  

the large f i s h  a t  opposite ends: 

A t k i n 1 s  .1/ = 4046 4040 4041 4038 4042 4043 

Weight i n g m s .  = 9 1 6  649 580 606 567 1116 

Considering the morning activity offset i n  the same manner, there is 

again significant variation between f i s h  (F5, 114 = 2.8) ; p < 
.0199. Moreover, grouping f i s h  into homogeneous subsets by the 

' Student-Newman-Keuls procedure (d = .05), the large walleyes again 

are dist inctly different i n  behavior. 

Weight i n  gms = 1116 580 606 567 916 649 

One-way anova of the afternoon resting offset by individual fish 

showed significant individual variation (F5, 114 = 2.4756) ; 'p < 
.0358 a t  the a(.= .05 level. 'However, according to the 

Student-Newman-Keuls procedure ( W = .05) ; a l l  f i s h  f a l l  i n  the same 

homogeneous subset. There was no significant variation i n  the 

evening activity offset  for individual f i s h  (F5,114 = 1.3396); p <  

.2523. Thus ,  a l l  walleyes seem to i n i t i a t e  activity concurrently i n  

the evening. 

Results of the analysis of covariance models tested (Tables 14 

and 15) indicate cyclic crepuscular patterns of movement. The 



84 

s i g n i f i c a n c e  o f  exp lana to ry  f a c t o r s  was t e s t e d  a t  t h e  A= .05 l e v e l ;  

each l i n e  i n  t h e  t a b l e  r e p r e s e n t s  one model, w i th  p-values  i n  

p a r e n t h e s i s .  S ince  t h e  lowes t  l e v e l s  o f  movement occu r  du r ing  t h e  

d a y l i g h t  hours ,  it is l o g i c a l  t o  begin d i s c u s s i n g  t h e  c y c l e  wi th  t h e  

PM r e s t i n g  o f f s e t .  The r e s t i n g  t h a t  wa l l eyes  do from 1200-2359 each  

day is dependent upon when movement occur red  t h a t  morning and t h e  

morning ave rage  time of  r e s t i n g ;  b u t  t h e r e  was s i g n i f i c a n t  v a r i a t i o n  

among i n d i v i d u a l  f i s h .  There was no s i g n i f i c a n t  v a r i a t i o n  i n  t h e  

evening  average  time o f  movement f o r  i n d i v i d u a l  f i s h ;  a l l  became 

a c t i v e  af ter  s u n s e t .  Morning movement and r e s t i n g  o f f s e t s  were 

found . t o  be dependent upon t h e  e v e n i n g a c t i v i t y ,  implying t h a t  

movement i n  t h e  morning is i n v e r s e l y  c o r r e l a t e d  wi th  a c t i v i t y  

o c c u r r i n g  t h e  preceeding  evening  ( ~ i g u r e s  20 and 21 ) .  Note t h a t  t h e  

t o t a l  l i g h t  i n c i d e n t  du r ing  t h e  day and t h e  r a t e  o f  change o f  l i g h t  

a t  s u n s e t  do n o t  a f f e c t  e i t h e r  r e s t i n g  o r  movement behavior  from 

1200-2359 on t h a t  day. 

Morning (0000-1159) average  t ime  o f  movement o r  r e s t i n g  behavior  

v a r i e d  s i g n i f i c a n t l y  f o r  i n d i v i d u a l  wal leyes .  T o t a l  i n c i d e n t  l i g h t  
I 

f o r  t h e  p rev ious  day and t h e  average  t ime  f o r  t h e  p rev ious  e v e n i n g ' s  

movement a c t i v i t y  were s i g n i f i c a n t  exp lana to ry  v a r i a b l e s  f o r  bo th  AM 

r e s t i n g  and a c t i v i t y  o f f s e t s .  Perhaps t h e r e  may be a t ime de l ay  f o r  

t h e  running water sys tem t o  react t o  t h e  a b i o t i c  v a r i a t i o n .  I t  is 

kr~uwrl that' phu tosyn thes i s  causes  d a i l y  v a r i a t i o n  i n  02, w2 and 

pH, whereas a l g a l  me tabo l i c  p r o c e s s e s ' r e s u l t  i n  v a r i a t i o n  i n  t h e  

c o n c e n t r a t i o n  of n i t r a t e ,  phosphate ,  i r o n  and s i l i c o n  (Mul le r ,  1978). 



Table 14. Variables a f fec t i ng  morning movement behavior* as determined by 

analysis o f  covariance on data fo r  s i x  survivor walleyes. 

Effect: Yes No E f fec t  

Rest ing Movement 

PPMOSAC(.045) PPMOSAC ( .004 ) . 

PLIGHT ( .044) , FISH ( .007) PLIGHT ( .025) 

Rest ing Movement 

FISH ( .005 ) FISH(. 02i) A~5(.518) AM5(.731) 

*The numbers i n  parenthesis are the p-values f o r  the n u l l  hypothesis: no 

difference i n  treatment e f fec ts .  The variables are defined i n  Table 13. 



Table 15. Variables a f fec t i ng  evening movement behavior* as determined by 

analysis o f  covariance on data f o r  s i x  survivor walleyes. 

E f fec t :  Yes No Ef fec t :  

Rest ing Movement Rest ing Movement 

AMISACT ( ,001 ) , FISH( ,030) AMOSACT ( .001) FISH(.243) 

*The numbers i n  parenthesis are the p-values f o r  the n u l l  hypothesis: no 

' d i f ference i n  treatment ef fects .  The variables are defined i n  Table 13. 
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Atypical Behavior Identification 

Investigation of the behavior of rf-tagged f i s h  w i t h  respect to 

feeding, periodicity, and mortality was possible from the data 

produced by WSS because there were no subjective differences i n  the 

way data were obtained for individual walleyes and a l l  samples were 

instantaneous. The first question t o  be considered is whether f i s h  

that  d i d  not survive were too small to support the weight of the 

transmitter packages since the average percent of body weight 'was 

1.3% and Hart and S m e r f e l t  (1975) reported using transmitters that 

were only 0.6% of body .weight. Using the measurements taken a t  the 

time of sf- tagging,  the 11 f ish  were div ided i n t o  7 ts~atrrvlnts, 

those that  survived to the end o f . f i e ld  testing and those that died 

(Table 16) . 
To t e s t  Ho: No difference i n  average weight ( A 4 , = A d L )  between 

the two groups of f i sh ;  a t - t es t  w i t h  independent samples, unequal 

sample sizes,  and unequal variance was performed. I n  order to use 

the correct variance'estimate, it was first  necessary to  t e s t  for 

(Table 16) Since FeO5(7,14) . 6-09, Ho was accepted 

and a pooled variance estimate was used i n  the . t - t es t  of the n u l l  

hypothesis; U1=h2 a t  t h e  &= -05 level. Since the P-value of 

Ho is less  than .25 b u t  greater than . lo,  there was no significant 

difference i n  the average weights of f i s h  that died and f ish  that 

survived which would affect  thei r  capacity to carry a transmitter. 



Table 16. Comparison of average weights of walleyes that survived' and 

walleyes that died using the t - s ta t i s t i c .  

Measurement 

Weight 

W t .  S.D. 

length 

1. S.D. 

of f ish  

Therefore : 

Walleye Mortality 

No Yes 

737.6 gms 662.5 gms 

S; = 34528.68, and 



Postoperative tagging recovery times reported by other authors 

include 36 hours for flathead cat f ish ,  Pylodictis o l ivar is ,  (Hart & 

Sumnerfelt 1976) , and 14 days for Guadalupe bass, Micropterus 

t recu l i ,  (Manns & Whiteside 1979). Although using walleyes w i t h  

externally attached transmitters, Kelso (1976) reports that  

"imnediately following release, a period of continuous movement 

occurred followed by a mid-day decline i n  act ivi ty.  After sunset 

act ivi ty increased rapidly, primarily short,  rapid b u r s t s  of speed; 

and then dropped off to  low levels u n t i l  just prior t o  dawn when 

another period of increased act ivi ty was apparent." These walleyes 

were being returned to thei r  original capture ' s i tes ,  so it was 

assumed that thei r  movements were i n  response to the transmitter 

package. 

Generally, as displayed by Figures 8 through 17, most walleyes 

a t  Monticello showed an i n i t i a l  adjustment period during which 

movements seemed more frequent and intense. Following surgery the 5 

smaller f i sh  took ,longer, on the average,' t o  ieave the release pool 

(3 .2  days) and explore the environment than the 5 largest walleyes 

(0.5 days). Perhaps the i n i t i a l  period o f  movement following 

release was not only related to the surgery b u t  also to 

familiarization w i t h  the available habitat. For the surviving f i s h ,  

there was a defini te  res t  and recovery period (5.0 days average) 

following the i n i t i a l  exploratory period (4.6 days average). Each 

f i s h  that  died during the experiment showed a unique individual 



response  s o  t h a t  t h e  on ly  g e n e r a l i z a t i o n s  t h a t  can be made about  

p r e -mor t a l i t y  movements (4 .5  days  ave rage )  are: ( 1 )  t h e  c u r r e n t  

- pushes t h e  s i c k  f i s h  towards t h e  b a r r i e r  a t  r i f f l e  1/13 and ( 2 )  a 

" l a s t -gaspw a t t empt  was o f t e n  made t o  g e t  t o  pool  #2 where t h e  

oxygen c o n t e n t  of t h e  water  was more s t a b l e  because of t h e  pump. 

Event r e c o r d s  o f  i n t e n s i t y  o f  movement on an hour ly  b a s i s  were 

used t o  q u a n t i f y  d i f f e r e n c e s  i n  locomotory behavior  between s i c k  and 

h e a l t h y  f i s h .  F ive  s u c c e s s i v e  l o c a t i o n s  were used f o r  each  hour ,  

and t h e  sum o f  t h e  a b s o l u t e  va lue  o f  t h e  d i f f e r e n c e s  between t h e  

p r e v i o u s a n d  c u r r e n t  l o c a t i o n  was m u l t i p l i e d  by 1 + Loge (number 

of  15 minute  p e r i o d s  i n  which movement was i n d i c a t e d )  s o  a s  t o  

weight  cont inuous  movement h ighe r  t han  an i s o l a t e d  change of 

p o s i t i o n .  

To e v a l u a t e  rhy thmic i ty  o f  movement from t h e s e  d a t a ,  

periodograms (Enr igh t  1965) were c a l c u l a t e d  f o r  a l l  an imals  f o r  

pe r iod  l e n g t h s  ranging  from 10 t o  40 hours .  Where t h e  an imal  was 

known t o  d i e ,  d a t a  were used only  up t o  48 hours  b e f o r e  dea th .  Wave 

form estimates were c a l c u l a t e d  f o r  24 hour p e r i o d s ,  and f o r  any 

o t h e r  p e r i o d  l e n g t h s  whose ampl i tudes  exceeded t h a t  o f  t h e  24 hour 

serial  c o r r e l a t i o n  value.  . These wave form estimates a r e  ave rage  

cu rves  d e s c r i b i n g  t h e  i n t e n s i t y  and frequency o f  rmvement a c t i v i t y .  

The bimodal p a t t e r n  f o r  s u r v i v i n g  f i s h  c l e a r l y  i n d i c a t e s  

.- . c r e p u s c u l a r  a c t i v i t y  ( F i g u r e s  28 and 29)  wh i l e  t h e  f i s h  t h a t  d i e d  

have no c l e a r  c u t  p e r i o d i c i t y  (F iguce  30). Two s u r v i v i n g  f i s h  (4041 
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and 4042) a p p a r e n t l y  a d j u s t e d  t h e i r  pe r iod  l e n g t h  t o  23 hours ;  a s  

shown by a  h ighe r  ampl i tude  f o r  t h e i r  23  hour pe r iod  and a  very 

d i f f e r e n t ,  sp iked  wave form e s t i m a t e .  Even t h e  ampl i tudes  of t h e  

second and t h i r d  b e s t  pe r iod  e s t i m a t e s  (36 and 39 hours )  f o r  t h e s e  2 

s m a l l e s t  f i s h  were h ighe r  t han  t h e i r  cor responding  24 hour s e r i a l  

c o r r e l a t i o n  va lue .  Desp i t e  d i f f e r e n t  dominant p e r i o d s ,  bo th  4041 

and 4042 show t h e  pronounced evening  movement o n s e t  a t  20:OO CST 

(F igu re  28). The m p l i t u d c  o f  t h c  cicrial c o r r e l a t i o n  v a l u e  for  24 

hour s  was twice t h a t  o f  t h e  o t h e r  p e r i o d s  f o r  t h e  f o u r  l a r g e s t  

s u r v i v o r  wa l l eyes ,  i n d i c a t i n g  pronounced p e r i o d i c i t y .  None of t h e  

non-surv ivors  had maximum ampl i tude  a t  twenty-four hou r s ,  bu t  t h e  

dominant p e r i o d s  were n o t  s i g n i f i c a n t l y  above t h e  va lues  f o r  t h e  

o t h e r  p e r i o d s .  As shown by grouping t h e  wave form estimates 

acco rd ing  t o  t h e  Student-Neuman-Keuls homogeneous s u b s e t s  c a l c u l a t e d  

by one-way a n a l y s i s  o f  v a r i a n c e  o f  t h e  average  time o f  morning 

movement, wa l l eyes  4038 and 4042 o v e r l a p  bo th  groups which d i f f e r  

p r i m a r i l y  i n  t h e i r  pre-dawn temporal  movement p a t t e r n .  

Feeding behavior  is a n  impor t an t  f a c t o r  i n  de te rmin ing  when 

movements may be  a t y p i c a l .  Kelso & Ward (1977) ana lyzed  food 

i n g e s t e d  by wa l l eyes  and found them t o  be  h iqh ly  o p p o r t u n i s t i c .  

Walleyes a p p a r e n t l y  . . eat Mayfly l a r v a e  when p r e s e n t  and amphipods 

when abundant i n  sp r ing .  I n  e a r l y  surrmer they  preyed more I-~eavi ly  

upon yel low perch  f r y .  Older  perch ,  e s s e n t i a l l y  l i t t o r a l  th roughout  

t h e  y e a r ,  a r e  c o n s i s t e n t  c o n t r i b u t o r s  t o  walleye n u t r i t i o n .  MacLean 



Figure 28. 24 hour wave form estimates for surviving walleyes i n  f i r s t  S-N-K homogeneous 
subset charaqterised by variablc early nornirig activity. 
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Bigure 29. 2 4  h ~ u r  ;rave form estimates for surviving walleyes in second S-N-K homogeneous 
subset characterised by precise pattern af early morning act iv i ty .  
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Bigure 30. 24 hour wave foim estimates for the walleyes that d id  not survive. 
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& Magnuson (1977) repor ted  t h a t  young walleyes ate small  

c rus taceans ,  d i p t e r a n  l a r v a e ,  minnows, and d a r t e r s .  S c o t t  and 

Crossman (1973) d e s c r i b e  walleyes as u t i l i z i n g  any s p e c i e s  of f i s h  

r e a d i l y  a v a i l a b l e  t o  them a s  food. Other items such a s  c r a y f i s h ,  

s n a i l s ,  f r o g s ,  mud puppies and small mamnals are taken when f i s h  and 

i n s e c t s  a r e  s c a r c e ;  b u t  i n  genera l  winter  food is not  p a r t i c u l a r l y  

d i f f e r e n t  from sumner food. 

There was no p r e c i s e  estimate o f  t h e  food supply p resen t  i n  the 

experimental  channel  f o r  t h e  walleyes, bu t  it was l imi ted .  S ince  

t h e  d a i l y  r a t i o n  of predatory  pe rc ids  dur ing  A F  e growing season 

under optimal  feeding cond i t ions  (food consumption a l s o  depends on 

temperature)  amounts t o  3-7% of t h e  body weight ( C o l l e t t e  e t  al. 

1977), by May 1 5 t h  it was assumed t h a t  t h e s e  f i s h  were probably 

hungry, Also by t h i s  time it was apparent  t h a t  t h e  walleyes were 

mainly n i g h t  a c t i v e .  Response t o  t h e  presence o f  prey during 

d a y l i g h t  was i n v e s t i g a t e d  by r e l e a s i n g  15 dozen l a r g e  Vathead 

minnows (Pinnephales promelas) a t  il:JU CS 1 On W y  16th .  

The four l a r g e s t  o f  t h e  su rv ivor  walleyes responded t o  t h e  

presence of  t h e  minnows w i t h  changes o f  p o s i t i o n  during the 

af ternoon of  May 1 6 t h  d e s p i t e  t h e  b r i g h t  s u n l i g h t  (Figure  7) when 

they normally would have been r e s t i n g .  For walleyes 4038, 4040, and 

4043 t h e  r e s t i n g  and movement o f f s e t s  are transposed (Figures  22, 

23, and 26). Although t h i s  p a t t e r n  o f  r e v e r s a l  is n o t  shown f o r  

4046 i n  Figurc  27, t h e  raw d a t a  show late af ternoon a c t i v i t y  

- 

.. 'I- 
- .  



out o f  context f o r  the usual pat tern o f  t h i s  f i s h  a t  t h i s  time. 

There was also more l a t e  n igh t  movement t o  counteract the afternoon 

a c t i v i t y  when ca lcu la t ing  the o f f se t .  

For the h ighly  photonegative walleye, l i g h t  has been described 

as the most s i g n i f i c a n t  exogenous fac tor  i n  i n i t i a t i n g  the movement 

tha t  subsequently resu l t s  i n  feeding (Ryder 1977). Also, as 

described above, t o t a l  inc ident  sunl ight  o f  the previous day was 

found t o  have a s i g n i f i c a n t  e f fec t .  Consequently, the r a t e  of 

change o f  i l l um ina t i on  would be expected t o  be the major fac to r  t ha t  
I 

stimulates the i n i t i a t i o n  o f  feeding; however, hungry walleyes do 

not wait  f o r  sunset. Perhaps t h i s  i s  a seasonal (spr ing) var ia t ion  

i n  the l e v e l  o f  stimulus required t o  e l i c i t  the response. This 

would be analagous t o  the adaptation f o r  walleye's feeding i n  winter 

t ha t  allows the l e v e l  o f  i l l um ina t i on  required t o  be one order of 

magnitude lower ( Ryder 1977 ) . 
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CONCLUSIONS 

Analysis of aquatic vertebrate behavior is a potentially useful 

technique for describing the effects  of pollutant s t ress ,  a primary 

ecological concern of today. Because mortality is  easy to detect 

and to  correlate w i t h  significant changes in  environmental 

conditions, the ways i n  which toxicants d i s r u p t  the biochemistry of 

an organism are easy to  establish. Evaluating the effects  of 

su?lethal changes is harder b u t  more valuable i n  the long r u n  

because the questions considered are  relevant to the function and 

organization of individuals and groups of organisms. Whether a 

toxicant disrupts behavior i n  an individual, and whether t h i s  

. affects  survival of groups i n  an ecosystem, are essential c r i t e r i a  

for  independent assessment of pollutant effects .  

Smal l  physiological changes i n  an organism are not necessarily 

deleterious and could well be within the normal range of adaptation 

for the species. However, a lack of organization i n  movement or 

feeding behavior or inhibition of courtship behavior definitely 

compromise survival   rob abilities in  aquatic vertebrates. A reduced 

scope of ac t iv i ty ,  a change i n  feeding, and avoidance reactions to  

introduced toxicants have been demonstrated i n  the laboratory 
P/ 

(Chagvin 1973). Changes i n  social interactions of f i sh  when exposed 

t o  pollutants may provide the most sensitive and precise indicator 

of toxicant s t r e s s  yet developed (Warner e t  al'. 1966). 

Most of the problms of interpreting 'avoidance reactions in 

nature can be attributed to  the lack of continuous quantitative 
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f ie ld  observations. Subjectiveness of observers must be overcome 

and observations for different animals mus t  be concurrent. B u t  

along w i t h  increased.sample s ize  comes the problem of evaluating the 

to ta l  se t  of results .  MRSS represents an application of 

micro-computer technology to the problem of biological data 

acquistion. A sampling technique ut i l iz ing radio-telemetry is not 

subjective and provides rel iable comparative data for measuring 

behavior. 

During f ie ld  testing, walleyes selected certain preferred 

locations. From the,data recorded by MRSS, overall usage of 

available habitat was sumnarized as the percent of time spent i n  

each pool or r i f f l e .  Location data were recorded continuously (15 

minute intervals) and instantaneously, negating the usual problems 

w i t h  behavioral sampling techniques. Intensity and*periodicity of 

movement (changes i n  position) were sumnarized for individual 

,- walleyes and a crepuscular act ivi ty ,pattern was characteristic of 

healthy f ish.  From paired samples of data produced by MRSS, social - 

interaction between pairs of walleyes was investigated by 

s m a r i z i n g  the distance separating each pair for each hour of the 

day. These results  demonstrated association between group members 

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

evaluating tagging recovery times, Peeding behavior and 

pre-mortality movements. 
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Appendix A (Glossary  ) 

Thi s  appendix d e s c r i b e s  t h e  CDP1802 CPU a r c h i t e c t u r e ,  modes, and 

s t a t e s  neces sa ry  t o  t h e  unde r s t and ing  o f  t h e  microprocessor  

i n s t r u c t i o n  set u t i l i z a t i o n .  

ALU - The Arthmetic  and Logic Uni t .  The ALU performs t h e  a r i t h m e t i c  

and l o g i c  o p e r a t i o n s .  

CMOS. - Complementary Metal  Oxide Semi-conductor. 

D - The Data r e g i s t e r  (8  b i t s ) .  This  r e q i s t e r  is the machine 

accumulator  used i n  performing a r i t h m e t i c  and l o g i c  o p e r a t i o n s .  

Data pas s ing  between memory and t h e  sc ra tch-pad  r e g i s . t e r s  go 

th rough D.  

DF - The Data F l a g  (1 b i t ) .  Used and set o r  reset by t h e  add,  

s u b t r a c t ,  and s h i f t  i n s t r u c L i u ~ ~ s .  IL 1s a l s u  LesLed by the 

branch i n s t r u c t i o n s .  

IE - The I n t e r r u p t  Enable f l i p - f l o p  (1 h i t ) .  Wh~n TF i s  s ~ t  t o  1, 

i n t e r r u p t s  a r e  enab led ;  when I E  is  0, i n t e r r u p t s  a r e  d i s a h l e d .  
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I ,  N - The I n s t r u c t i o n  code and N f i e l d  ( 4  b i t s  each )  . These cbmbined 

r e g i s t e r s  hold t h e  o p e r a t i o n  code b y t e  o f  t h e  f e t ched  

i n s t r u c t i o n ;  I ho lds  t h e  h i g h e r  f o u r  b i t s  and N t h e  lower fou r  

b i t s .  I n  many c a s e s ,  I s p e c i f i e s  an  i n s t r u c t i o n  and N 

d e s i g n a t e s  a sc ra tch-pad  r e g i s t e r ;  o t h e r w i s e ,  I and N t oge the r .  

s p e c i f y  an i n s t r u c t i o n .  

INC/DEC - The Increment/Decrement l o g i c  u n i t .  Th i s  u n i t  is used t o  

e i t h e r  increment  o r  decrement a des igna t ed  r e g i s t e r .  

M - Memory (up  t o  800 e i g h t - b i t  b y t e s  each o f  RAM and/or  ROM). 

. I 

P - The P d e s i g n a t o r  r e g i s t e r  ( 4  b i t s ) .  Its c o n t e n t s -  s p e c i f y  which 

. o f  t h e  sc ra tch-pad  r e g i s t e r s  is t h e  c u r r e n t  Program Counter ,  

R(P).  The program c o u n t e r  (P-counter)  ho lds  t h e  a d d r e s s  of t h e  

n e x t  i n s t r u c t i o n  t o  be executed .  

Q - The Q f l i p - f l o p  ( 1  b i t ) .  Its c o n t e n t s  can be  set o r  reset by 

i n s t r u c t i o n s  and are a v a i l a b l e  e x t e r n a l l y .  I t  can be t e s t e d  by 

c e r t a i n  branch i n s t r u c t i o n s  and is used a s  a g e n e r a l  purpose 

f l a g .  



R - An a r r a y  o f  16 scra tch-pad  R e g i s t e r s  (16  b i t s  each ) .  A l l  

r e f e r e n c e s  t o  memory are made wi th  t h e  r e g i s t e r s  i n  R used a s  

p o i n t e r s .  These r e g i s t e r s  may a l s o  be  used t o  ho ld  d a t a  and 

loop  coun te r s .  The e n t i r e  a r r a y  is o f t e n  r e f e r r e d  t o  a s  a 
I 

scra tch-pad  memory (SPM) . 

* 
T - The Temporary r e g i s t e r  (8 b i t s ) .  T can  r e c e i v e  t h e  c o n t e n t s  o f  X 

i n  i ts h i g h e r  f o u r  b i t s  and t h e  c o n t e n t s  o f  P i n  i ts  lower f o u r  

b i t s ,  X and P can t a k e  new va lues  and t h o s e  saved i n  T can take 

new v a l u e s  and t h o s e  saved  i n  T can e v e n t u a l l y  be  r e s t o r e d .  

TTL - T r a n s i s t o r - T r a n s i s t o r  Logic .  

X - The X .  d e s i g n a t o r  r e g i s t e r  ( 4  b i t s ) .  Its c o n t e n t s  s p e c i f y  which 

o f  t h e  sc ra tch-pad  r e g i s t e r s  is used t o  a d d r e s s  d a t a .  Data 

addressed  by R(X) is used by many i n s t r u c t i o n s ,  e s p e i i a l l y  t h e  

a r i t h m e t i c  and l o g i c  ones .  



F L  LOC COSMAC CODE 
0000 
0000 F8FO 
0002 8 3  
0 0 0 3 '  F850 
0005 A3 
0006  0 3  
0007 00 
0008 
0008 
0008 
0008 
0008  
0008 
0008  
0008 
0008  
0008 
0008  
0008 
0008  
0008 
0008  
0008 
0030  
0030  l F l E l D l C l B l A 1 9 1 8  
0038  17161514131211 
003F 100FOEODOCOBOA09 
0047 0807060504030201 
0050  OF 
0 0 5 0  
0050  
0050  
0052 
0050  
0 0 5 0  
005D 
0060  
0060 00 
0061 00 
0062 00 
UU63 OU 
0064  00 
0065 000000 
0068 00 
0069 00 
006A 00 

Append ix  B (Program)  
LNNO SOURCE L I N E  
1 ORG * 
2 INIT : LDI A. 1 (BGIN) . . BOOTSTRAP 
3 P H I  R3 
4 L D I  A.O(BGIN) 
5 PLO R3 

SEP R3 ' 6 ..R3. I S  MAIN P-COUNTER 
7 IDL ' ..SHOULD NEVER GET HERE 
8.. CONSTANTS USED 
9 ZERO = 00 ..CONSTANT ZERO 

10 ONE = 01 ..CONSTANT ONE 
11 Two = 02 
12 FOUR = 1 4  
1 3  F I F N  = 15 
1 4  TEND = 10 ..TEN DECIM4L 
1 5  CTEN = i l l0  ..HEX(BCD) TEN 
1 6  S IXT  = 6 0  ..CONSTANT DECIMAL SIXTY 
1 7  XXIV = 2 4  ..CONSTANT DECIMAL TWENTY-FOU 
1 8  MSK4 = //OF ..FOUR B I T  MASK 
1 9  ClOO = 100 ..MAXIMUM DAY COUNTER 
2 0  NINT = I190 ..BCD NINETY 
2 1  FILL = I/FF . . . BLANK F I L L  CHARACTER 
2 2  MAX = i/FF ..MAXIMUM 8 B I T  VALUE 
2 3  .. 
2 4  ORG i /30 
25 FQTB: 
26 
2 7  
2 8  
2 9  ENDF: 
3 0  ANTE: 
3 1  ENDT: 
3 2  NVLD: 
3 3  .. 
3 4  
3 5  ATOD: 
36 .. 
37 
3 8  CCLK: 
3 9  PCLK: 
4 0  MINS: 
41 HOUR: 
4 2  DAYS : 
4 3  PRNT: 
4 4  HOLD: 
4 5  ASEL: 
46 VSUM: 

,31,30,29,28,27,26,25,,24 
,23,22,21,20,19,18,17 
,16,15,14,13,12,11,10,9 
,8,7,6,5,4,3,2,1,0 
ORG * 
= ENDF-13..TwELVE ANTENNAS TO SCAN 
ORG * 

..INVALID ANTENNA SELECT CODE 

ORG I/5D ..RESERVE A/D STORAGE ARRAY 
ORG * ..LWA+l OF A TO D VALUES 

ORG 4/60 
,O ..CURRENT CLOCK READING 
,O ..PREVIOUS CLOCK READING 
,O ..BINARY MINUTE COUNTER 
,O ..BINARY HOUR COUNTER 
,O ..BINARY DAY COUNTER 
YO,O,O ..PRINTER BUFFER 
,O ..HOLDS VALUES FOR CBCD SUBROUTINE 
,O ..CODE TO I N I A T E  A/D CONVER 
,O ..A/D SUM 



0068 
0080 
0080 F8FF 
0082 A2  
0083 F F O l  
0085 C4 
0086 3A83 
0088 22 
0089 82 
008A 3A83 
008C  D 3  
0080 00 
0 0 8 E  
008E F800 
0090 5C 
0091 OB 
0092 A 4  
0033 04 
0094 FFOA 
0096 3 B A l  
0098 A 4  
009s oc 
009A F C l O  
009C 5C 
009D FF90  
009F 3 8 9 3  
OOHl OC 
QOA2 A5 
0 0 A 3  84 
0 0 A 4  32AA 
QOA6 15 
UOA7 24 
0088 fbA3 
OOAA 85 
OOAB 5C 
OOAC D 3  
OOAD 00 
OOAE 
OOFO 
OOFO , F800 
00F2 BE 
00F3 F 8 6 0  
0 0 F 5  AE 
00F6 EE 
00F7 6 E  
00F8 F800 
OOFA 82 

4 7  .. 
4 8  
49  WAIT : 
50 
5 1  LOPR.: 
5 2  
5 3  - 
5 4  
5 5  
5 6  

' ,  5 7  
58 
5 9  
6 0  CBCD: 
61 
6 2  
63 
64 LPCV: 
65 
6 6  
67 
68 
6 9  
7 0  
7 1  
7 2  
7 3  RNEG: 
7 4  
7 5  TRYM: 
76 
7 7  

' 7 8  
7Y 
8 0  F I N I S :  
81 
82 
83 
84 .. 
85 
86 BGIN: 
8 7  
88 
89 
9 0  
91 
92 MAIN: 
33 

ORG 
L D I  
PLO 
%I 
NOP 
BNZ 
DEC 
GLO 
BNZ 
SEP 
I D L  

.1/80 
MAX . .WAIT K I L L S  TIME 
R 2  
ONE 

LOPR 
R 2  
R 2  
LOPR 
R 3  ..RETURN TO MAIN PROGRAM 

L D I  ZERO 
STR RC 
LDN RB 
PLO R 4  
GLO H4 
,341 TEND 
BM RNEG 
PLO R 4  
LDN RC 
AD1 CTEN 
STR RC 
%I NINT 
BNF LPCV 
LDN RC 
PLO R5 
GLO R 4  
BZ F I N I S  
INC R5 
DEC R 4  
BH TRYM 
GLO R 5  
STR RC 
SEP R 3  
I D L  

..CONVERT BINARY TO BCD 

..RB HAS ADDRESS OF VALUE TO 

..R4 I S  SCRATCH REGISTER . . K W l N U t H  

..SUBTRACT OFF DECIMAL TEN 

. .UNTIL RESULT NEGATIVE 

. .QUIT I F  RESULT NEGATIVE 

. . RETURN TO MAIN PROGRAM t 
ORC /IF0 
L D I  A . l ( C C L K ) . . I N I T I A L I S E  CLOCK 
P H I  RE 
LDI A.O(CCLK) 
PLO RE 
SEX RE 
I N P  6 
L D I  A . l ( I N I T )  
P H I  R 2  



OOFB 84  
OOFC 85 
OOFC 86  
OOFC 87 
OOFC 88 
0100 69 
0101 BA 
0102 BB 
0103 BC 
0104 BD 
0105 BE 
0106 F800 
0108 A2 
0109 A4 
OlOA A5 
0106 A6 
OlOC F867 
OlOE AE 
OlOF EE 
0110 F8FF 
0112 73 
0113 73 
0114 5E 
0115 65 
0116 66 
0117 67 
0118 F880 
O l l A  AD 
0116 DD 
O l l C  F865 
O l l E  AC 
O l l F  AE 
0120 F864 
0122 AB 
0123 F88E 
0125 A7 
0126 D7 
0127 28 
0128 1C 
0129 F88E 
0128 A7 
012C 07 
012D 28 
012E 1C 
012F F88E 
0131 A7 
0132 07 

PHI R4 
PHI R5 
PHI R6 
PHI R7 
PHI R8 
PHI R9 
PHI RA 
PHI RB 
PHI RC 
PHI RD 
PHI RE 
L D I  ZERO 
PLO R2 
PLO R4 
PLO R5 
PLO R6 
L D I  A.O)PRNT+2) 
PLO RE ..PRINT A BLANK LINE 
SEX RE ..BEFORE TIME AT BEGINNING OF 
L D I  F I L L  ..STORE BLANKS 
STXD . . IN PRINT BUFFER 
STXD 
STR RE 
OUT 5 
OUT 6 
OUT 7 
L D I  A.O(WAIT). .DELAY FOR PRINT 
PLO RD 
SEP RD 
L D I  A.O(PRBT) 
PLO RC 
PLO RE 
L D I  A.O(DAYS) 
PLO RB 
LDI A.O(CBCD) ... CONVERT DAYS TO BCD 
PLO R7 
SEP R7 
DEC RB 
INC RC 
L D I  A.O(CBCD) ... CONVERT HOURS TO BCD 
PLO R7 
SEP R7 
DEC RB 
INC RC 
C D I  A.O(CBCD) ... CONVERT MINUTES TO BCD 
PLO R7 
SEP R7 



1 4 1  
1 4 2  
1 4 3  
1 4 4  
1 4 5  
1 4 6  
1 4 7  
1 4 8  
1 4 9  
1 5 0  CYCL: 
1 5 1  
1 5 2  
1 5 3  
1 5 4  
1 5 5  
156 
1 5 7  
1 5 8  
1 5 9  
1 6 0  
1 6 1  
i 6 2  
1 6 3  
l b 4  
1 6 5  
166. . 
1 6 7  
1 6 8  
1 6 9  
1 7 0  
1 7 1  
1 7 2  OKTU : 
173  
1 7 4  
1 7 5  
1 7 6  
1 7 7  AGIN: 
1 7 8  
179 , 

1 8 0  
1 8 1  
1 8 2  
183 
1 8 4  
1 8 5  
1 8 6  
1 8 7  

SEX RE . . (RE)=PRINT FWA 
OUT 5 ..CHARS 1 and 2 PRINTED 
OUT 6 ..CHARS 3 AND 4 TO PRINTER 
OUT 7 ..CHARS 5 AND 6 OUT AND ALL P 
L D I  A.O(WAIT). .A.O(WAIT)FOR I / O  TO F I  
PLO RD 
SEP RD 
L D I  A.O(FOTB) 
PLO R8 
L D I  A.O(ANTB)..START NEW PASS 
P ~ O  ~9 
SEX R? ..MAKE SURE B I T  4 NOT SET 
OUT 2 ..WHEN FREQUENCY CHANGES 
L D I  A.O(WAIT) 
PLO RU 
SEP RD 
L D I  A. O(VSUM) . .CLEAR A/D SUM 
PLO RE 
L D I  A.O(ATOD)..SET UP A TO D STORAGE 
PLO RA 
PLO RB ..SET UP HOLDER FOR MAX A TO 
L D I  ZERO ..CLEAR REGS 

I 
STR RE ..CLEAR VSUM 
STR RE ..CLEAR FIRST A/D 
STR RE ..CLEAR MAX A/C 

LDN R8 . . I F  B I T  7 OF FREQUENCY SELEC 
SHLC ,.DO NOT USE THIS FREQUENCY 
BNF OKTU 
INC R8 ..SET TO NEXT FREQUENCY 
BR SKIP 
SEX R8 ' 

OUT 1 ..OUTPUT FREQUENCY SELECT COD 
L D I  A.O(WAIT)FOR I / O  TO COM 
PLO RD 
SEP RD 
L D I  A.O(ASEL) 
PLO RC - ..SAVE CONVERSION I N I T I A T I O N  
SEX R9 ..SELECT ANTENNA TO READ 
LDN R9 . . (D). = ANTENNA 
ORI  CTSN , , (0) = ANTENNA V PLUS HEX 10 
STR RC ..SAVE I N  ASEL 
OUT 2 ..OUTPUT SELECT CODE TO NETWO 
L D I  A.O(WAIT) :.A.O(WAIT) FOR I / O  TO F I N  
PLO RD 
SEP RD . ..JUMP TO DELAY SUBROUTINE 
L D I  A.O(WAIT):..WAIT FnR 2 SECS 



016F AD 
0170 DD 
0171 EC 
0172 62 
0173 C4 
0174 C4 
0175 3C73 
0177 EA 
0178 6D 
0179 A1 
017A EB 
0178- F7 
017C 3880 
017E 8A 
017F AB 
0180 2A 
0181 F86A 
0183 AC 
0184 EC 
0185 8 1  
0186 F6 
0187 F6 
0188 F6 . . 

1089 F6 
018A F4  
0188 5C 
018c 89 
0 1 8 ~  FF50 
018F 3860 
0191 OB 
0192 F7 
0193 A1 
0194 3399 
0196 F800 
0198 A1 
0199 F866 
0198 AC 
019C 88 
019D FAOF 
019F A2 
OlAO F868 
01A2 A8 
01A3 82 
01A4 58 
n lA5  F88E 
0 1 ~ 7  A7 
01A8 07  
01A9 1C 

188 
189 
190 
1 9 1  
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 LTEQ: 
204 
205 
206 
207 
208 
209 
210 
211  
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 NOTN: 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 

PLO RD 
SEP RD 
sex rd 
OUT 2 
NOP 
NOP 
BN1 "-2 
SEX RA 
INP 5 
PLO R1 
SEX RB 
SM 
BNF LTEQ 
GLO RA 
PLO RB 
DEC RA 

..R(C) POINTS .TO ASEL 

..REQUEST A/D CONVERSION 

..WAIT T ILL  EF1 GOES ZERO 

..READ A/D FOR ANTENNA SELECT 

. .SAVE RID I N  R1 

..SEE I F  NEW READING I S  LARGE 

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

..DECREMENT A/D STORAGE ADDRE 
L D I  A.O(VSUM) ..DIVIDE A/D BY 1 6  
PLO RD 
SEX RC 
GLO R1 ..RESTORE A/D VALUE 
SHR 
SHR 
SHR 
SHR 
ADD 
STR RD ..STORE SUM BACK 
GLO R9 
SMI A.O(ENDT) . .HAVE ALL ANTENNAS BEEN R 
BNF AGIN . . I S  PASS DONE? 
LDN RB ..YES, GET MAX A/D 
sm ..RX POINTS TO VSUM 
PLO R1 ..SAVE DIFFERENCE 
BDF NOTN ..DF I S  SET I F  NO BORROW 
L D I  ZERO 
PLO R1 
L D I  A.O(PRNT+l) ..GET SET TO PRINT RESUL 
PLO RC 
GLO RB ..COMPUTER ANTENNA DEFINITION 
AN1 MSK4 ..LOWER 4 BITS OF ANTENNA ADD 
OK1 R2 
L D I  A.O(HOLD) 
PLO RB 
GLQ R 7  
str rb 
L D I  'A.O(CBCD) 
PLO R7 ..CONVERT ANT V TO BCD 
SEP R7 ..FOR OUTPUT AS CHARS 3&4 
INC RC 



OlAA 8 1  
OlAB 5 0  
OlAC F88E 
OlAE A7 
OlAF 0 7  
0100 F865 
0 1 8 2  AC 
0163  8 8  
0184 AB 
0165  28 
0186  F88E 
0168 A7 
0169 0 7  
OlBA 6 5  
UlBB 66 
OlBC 6 7  
OlBD F880 
O lBF  AD 
OlCO DD 
O l C l  8 8  
01C2 FF50 
01C4 3B3E 
01C6 E9 
01C7 62 
01C8 F800 
OlCA A4 
OlCB A5 
O lcC  A6 
OlCD EE 
OlCE F860 
01D9 AE 
O l D l  72 
0 1 0 2  73 
01D3 6E 
0 1 0 4  1 E  
01D5 F7 
01D6 A 1  
01D7 FFOF 
01D9 33E2 
OlDB 2E 
OlDC F880 
OlDE AD 
OlDF DO 
OlEO ' 3 0 ~ 3  
01E2 1 E  
01E3 8 1  
01E4 F4 
01E5 A4 

236 
237 
238 
239 
240 
2 4 1  
242 
243 
244 
245 
246 
247 
248 
249 
350 
2 5 1  
252 
253 
254 
255 SKIP: 
256 
257' 
258 
259 
260  
2 6 1  
262 
263 
264 
265  
266 
26 / 
268 
269  MN15: 
270  
2 7 1  
272  
273 
274  
275 
276 
277 
278 
279 
280  NBRW: 
2 8 1  
282  
283 

GLO R 1  ..PRINT D IFF  
STR RB . .STORE I N  HOLD 
LO1 A.O(CBCD) ..CONVERT D I F  = MAX - BIAS 
PLO R7 
SEP R7 
L D I  A.O)PRNT) ..NOW CHANNEL NMBR 
PLO RC 
GLO R8 
PLO RB 
DEC RB 
L D I  A.O(CBCD) ..CONVERT FREQUENCY // 
PLO R7 ..OUTPUT AS CHARS 1&2 
DEP R7 
OUT 5 
CllJT 6 
OUT 7 
L D I  A.O(WAIT) ..DELAY FOR PRINTER 
PLO RD 
SEP RD 
GLO R8 ..SEE I F  CYCLE DONE 
SMI A.O(ENDF) 
BNF CYCL 
SEX R9 ..CLEAR A/D CONVERT 
OUT 2 .. INVALID ANTENNA CODE 
L D I  ZERO ..CLEAR COUNTERS 
PLO R4 
PLO R5 
PLO R6 
SEX RE 
L D I  A.O(CCLK) 
PLO RE 
LDXA ..MAKE CURRENT CLOK PREVIOUS 
S-I'XD ..STORE VIA x AND DECREMENT 
I N P  6 ..READ CURRENT CLOCK 
INC RE ..R(X) = ADDRESS OF VALUE ST0 
% ..SUBTRACT PCLK FROM A.O(CCLK 
PLO R 1  ..SAVE MINS ELAPSED 
%I F I F N  ..WAIT FOR 1 5  MINS 

1 
BDF NBRW ..DF = 1 I F  NO BORROW 
DEC RE ..POINT TO CCLK 
L D I  A.O(WAIT) . .DONT H I T  BMC TOO FAST 
PLO RD 
SEP RD 
BR MN15 ..READ CLOCK AGAIN 
INC RE ..NOW ADD MINS ELAPSED 
GLO R 1  
ADD ..TO SYSTEM MINUTE COUNTER 
PLO R4 



01E6 FF3C 
01E8 3BEC 
OlEA A4 
OlEB 1 5  
OlEC 84  
OlED 5E 
OlEE 1E  
OlEF 8 5  
01F9 F 4  
O l F l  A5 
01F2 FF18 
01F4 3BF8 
01F6 A5 
01F7 1 6  
01F8 8 5  
01F9 5E 
OlFA 1E  
OlFB 8 6  
OlFC F 4  
OlFD A6 
OlFE FF64 
0200 3805 
0202 F800 
0204  A6 
0205 8 6  
0206 5E 
0207  C4 
0208 COOOF8 
0208 00 
020C 

284 
285 
286 
287  
288 CHUR: 
289 
290  
2 9 1  
292  
293 
294 
295 
296  
297 
298 CDAY : 
299 
3 0 0  
3 0 1  
302  
303 
3 0 4  
305 
306  
307  
3 0 8  DONE: 
309 
310 
3 1 1  
312  
313  

SMI S IXT  
BNF CHUR 
PLO R4 
INC R5 
GLO R4 
STR RE 
INC RE 
GLO R5 
ADD 
PLO R5 
SMI XXIV 
BNF CDAY 
PLO R5 
INC R6 
GLO R5 
STR RE 
INC RE 
GLO R6 
ADD 
PLO R6 
SMI ClOO 
BNF DONE 
L K I  ZERO 
PLO R6 
GLO R6 
STR RE 
NOP 
LBF MAIN 
I D L  
END 

..SUBTRACT SIXTY MINUTES . .UNTIL LESS THAN A. O(H0UR) 

..SAVE REMAINDER 

..INCREMENT HOUR COUNTER 
..GET REMAINDER 
..UPDATE MINUTE COUNTER 
..POINT TO HOURS 
..GET VALUE TO ADD TO HOURS 
..UPDATE HOUR COUNTER 

..SUBTRACT 2 4  

..BRANCH I F  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 I N  D-REG 
..SAVE I N  R6 . . MAX DAY I S  9 9  
. . I F  .LT. 99, PASS DONE 
..RESET DAY COUNTER TO 0 

..START NEW CYCLE 
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