




ANALYSIS OF RADIONUCLIDE CONCENTRATIONS 
AND MOVEMENT PATTERNS OF HANFORD SITE MULE DEER 

L. E. Eberhardt  
E. E. Hanson 
L. L. Cadwell 

October 1982 

Prepared f o r  
t h e  U.S. Department o f  Energy 
under Con t rac t  DE-AC06-76RLO 1830 

P a c i f i c  Northwest Laboratory  
Richland, Washington 99352 



ACKNOWLEDGMENTS 

Th i s  study was conducted by t h e  P a c i f i c  Northwest Laboratory  ( P N L ) ( ~ )  

and j o i n t l y  funded by t h e  Environmental  S u r v e i l  lance Program o f  t h e  U.S. - 

Department o f  Energy1 s (DOE) Rich land Operat ions O f f  i c e  and the  Radioecology 

o f  Nuclear Fuel  Cycles program o f  DOE 'S  O f f i c e  o f  Hea l t h  and Environmental 

Research. The Washington S ta te  Game Department prov ided permi ts  t o  conduct 

the  study and severa l  o f  i t s  personnel  (D. N. F loh r ,  T. A. Clausing, and 

J. McIntosh) ass i s t ed  i n  deer-capture e f f o r t s .  The C a l i f o r n i a  F i sh  and Game 

Department's w i l d l i f e  i n v e s t i g a t i o n s  l abo ra to r y  analyzed deer b lood  samples f o r  

severa l  diseases, and two o f  i t s  personnel, D. A. Jessup and W. Clark,  were 

ins t rumenta l  i n  implementing t h e  mass capture technique. NORCUS program stu-  

dents,  S. A. Eisner,  B. L. B i s w e l l  and D. Elwood conducted much o f  the  f i e l d  

work. PNL ve te r i na r i ans ,  S. E. Rowe, R. A. M i l l e r ,  and R. A. Renne ass i s t ed  

i n  deer-capture e f f o r t s  and M. G i l e s  ob ta i  ned t r anqu i  1 i z ing  drugs. We g r e a t l y  

apprecate t he  he lp  f ran o t h e r  Hanford s i t e  personnel who ass i s t ed  i n  t h e  deer- 

cap tu re  e f f o r t s .  Computer a n a l y s i s  o f  deer home range was conducted by 

G. C. White, Los Alamos Nat iona l  Laboratory.  R. E. A u s t i n  and K. R. P r i c e  

ass i s t ed  throughout a l l  phases o f  the study. K. R. P r i c e  and M. J. Sula 

reviewed a d r a f t  o f  t h i s  r epo r t .  

( a )  Operated by  B a t t e l l e  M e m r i a l  I n s t i t u t e  f o r  DOE. 

i ii 



SUMWRY AND CONCLUSIONS 

From 1980 th rough  1982, t h e  movements o f  37 r a d i o - c o l l a r e d  mule deer  

(Odocoileus hemionus) were moni tored f o r  p e r i o d s  o f  3 t o  17 months on t h e  Han- 

f o r d  S i t e  i n  s o u t h c e n t r a l  Washington. The o b j e c t i v e s  were t o  compare r a d i o -  

n u c l i d e  concen t ra t i ons  i n  deer  r e s i d i n g  near  t h e  200 Area waste management 

s i t e s  w i t h  c o n c e n t r a t i o n s  i n  deer occupying areas remote f r o m  waste management 

s i t e s  and t o  docunent movement p a t t e r n s  o f  Hanford S i t e  deer w i t h  p a r t i c u l a r  

emphasis on o f f s i t e  movements. 

Seventeen r a d i  o-col l a r e d  animals o f  known res idence  h i s t o r y  were c o l  l e c t e d  

f o r  r a d i o l o g i c a l  examinat ion,  12 f r o m  t h e  200 Area and 5 c o n t r o l  an imals  f r o m  

Hanford S i t e  areas remote f r o m  waste management zones. Cesium-137 i n  deer  

muscle and l i v e r  and c o n c e n t r a t i o n s  i n  deer  bone were s t a t i s t i c a l l y  

h i g h e r  i n  deer  1 i v i n g  near t h e  200 Area t h a n  i n  c o n t r o l  animals. However, 

r a d i  onuc l  i d e  c o n c e n t r a t i  ons i n deer  f rom b o t h  l o c a t i  ons were lower  than va lues 

observed i n  t h e  pas t  f o r  deer f r o m  t h e  Hanford  S i t e  and o t h e r  DOE f a c i l  i t i e s .  

Dur ing  t h i s  study, t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  1 3 7 ~ s  and i n  200 Area 

deer were i n  those  i n d i v i d u a l s  r e s i d i n g  i n  o r  i m e d i a t e l y  ad jacen t  t o  r a d i a t i o n  

zones. 

Cesium-137 and c o n c e n t r a t i o n s  were more v a r i a b l e  i n  deer  r e s i d i n g  

near  t h e  200 Area t h a n  i n  c o n t r o l  animals, where o n l y  background ( f a 1  l o u t )  

l e v e l  s were observed. T h i s  v a r i a b i  1 i t y  was, presumably, re1  ated t o  many f ac- 

to rs ,  i n c l u d i n g  a nonuni form d i s t r i b u t i o n  o f  contaminants i n  t h e  environment, 

nonuni form h a b i t a t  usage by deer, and d i f f e r e n c e s  i n  b e h a v i o r a l  p a t t e r n s  o f  

i n d i v i d u a l  animals. A comparison o f  t h e  d i s t a n c e  i n d i v i d u a l  200 Area deer 

r e s i d e d  away f r o m  Gable Mountain Pond and t h e  p r o p o r t i o n  o f  t i m e  i n d i v i d u a l  

animals spent near d e f i n e d  r a d i a t i o n  zones r e v e a l e d  t h a t  b o t h  va lues ( d i s t a n c e  

and p r o p o r t i  on o f  t ime)  were s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  r a d i o n u c l i d e  

concen t ra t i ons .  

Movement p a t t e r n s  o f  Hanford s i t e  deer  were analyzed t o  determine home 
2 range s i z e  and usage. The average home range was 0.39 27 km ; however, 

some areas w i t h i n  t h e  home range were used more i n t e n s e l y  t h a n  o the rs .  I n  



a d d i t i o n ,  t e n  (27%) o f  t h e  moni tored deer  made o f f s i t e  movements d u r i n g  t h e  

s t u d y  p e r i o d .  Whi le  most o f  these movements were made i n  t h e  s p r i n g  and 

sumner, some f a l l  and w i n t e r  movements were noted. 

R a d i o t e l  emetry moni t o r i  ng a l s o  he lped i d e n t i f y  t h e  approximate number o f  

deer be ing  harvested each year.  Two o f  t h e  200 Area deer t h a t  moved o f f s i t e  

were harvested,  one l e g a l l y  and one a p p a r e n t l y  i l l e g a l l y .  Based on t h i s  sma l l  

sample s ize ,  i t was es t imated t h a t  approx ima te ly  8% (95% con f idence  i n t e r v a l  

i s  f r o m  0 t o  21%) o f  t h e  Hanford deer  he rd  i s  harvested each year.  As a r e s u l t  

o f  t h e  low h a r v e s t  r a t e ,  t h e  Hanford deer  he rd  appears t o  have a d i s p r o p o r -  

t i o n a t e  number o f  o l d e r  animals, w i t h  24% o f  t h e  17 examined deer  o l d e r  than  

10.5 years .  
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INTRODUCTION 

Mule deer (Odocoi leus hemionus) a r e  an impor tan t  and consp ic ious  p a r t  o f  

t h e  b i o t a  o f  t h e  Hanford  S i t e  i n  s o u t h c e n t r a l  Washington where a  v a r i e t y  o f  

n u c l e a r  f a c i l i t i e s  i n c l u d i n g  r e a c t o r s ,  chemical  p rocess ing  f a c i l i t i e s ,  and 

waste d i sposa l  s i t e s  a re  located.  The r o u t i  ne m o n i t o r i n g  o f  rad ionuc l i d e s  

p resen t  i n  deer k i l l e d  by v e h i c l e s  on Hanford  S i t e  roads ( S u l a  e t  a l .  1982) 

and p a s t  analyses o f  deer c o l l e c t e d  on t h e  Hanford  S i t e  (Eberhardt  e t  a l .  1969, 

UresK and UresK 1980) have i n d i c a t e d  t h a t  t h e  l e v e l s  o f  r a d i o n u c l  i des  i n  deer 

t i s s u e  were g e n e r a l l y  n o t  apprec iab ly  g r e a t e r  than expected f rom n a t u r a l  o r  

f a1 l o u t  c o n t r i b u t i o n  sources. However, i t i s  d i f f i c u l t  t o  i n t e r p r e t  r a d i o -  

n u c l i d e  d a t a  c o l l e c t e d  i n  p rev ious  s t u d i e s  because deer a r e  a  h i g h l y  mobi le  

. spec ies  and t h e  amount o f  t i m e  sampled i n d i v i d u a l s  spent  -in waste management 

s i t e s  i s  unknown. Markham e t  a l .  (1982) r e p o r t e d  a  s i m i l a r  problem a t  t h e  

Idaho N a t i o n a l  Eng ineer ing Laboratory .  

Because it i s  u n c l e a r  whether t h e  deer sampled i n  these  p rev ious  s t u d i e s  

were exposed t o  contaminated areas on t h e  Hanford  S i t e ,  PNL conducted a  s p e c i a l  

s tudy w i t h  t h e  p r i m a r y  o b j e c t i v e s  o f :  ( 1 )  o b t a i n i n g  movement d a t a  on Hanford  

S i t e  deer, p a r t i c u l a r l y  200 Area animals, t o  determine whether t h e y  d i s p e r s e  

t o  sur round ing p u b l i c  and p r i v a t e  l ands  where they  a r e  a v a i l a b l e  f o r  h a r v e s t i n g  

b y  man and ( 2 )  e v a l u a t i n g  r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  deer r e s i d i n g  near  t h e  

200 Area waste management s i t e s  conpared t o  concen t ra t i ons  i n  Hanford S i t e  deer 

occupying areas remote f r a n  waste management a c t i v i t i e s .  A secondary o b j e c t i v e  

o f  t h i s  s tudy was t o  c o l l e c t  i n f o r m a t i o n  on t h e  h e a l t h  and a c t i v i t i e s  o f  Han- 

f o r d  S i t e  deer and compare t h i s  d a t a  w i t h  p u b l i s h e d  i n f o r m a t i o n  on o f f s i t e  deer 

popu la t i ons .  

The i nfo rmat ion  c o n t a i  ned i n  t h i s  r e p o r t  i d e n t i f i e s  t h e  range o f  r a d i o -  

n u c l  i d e  c o n c e n t r a t i o n  d a t a  f o r  Hanford deer and p rov ides  a  b a s i s  f o r  t r e n d  

a n a l y s i  s  w i t h  f u t u r e  m o n i t o r i n g  data. The methodologies ( a p p l i c a t i o n s  o f  

r a d i o t e l e m e t r y  t o  m o n i t o r i n g )  p r o v i d e  a  u s e f u l  t o o l  f o r  de te rm in ing  representa-  

ti ve es t imates o f  contaminant c o n c e n t r a t i  ons i n  mob i le  species. L a s t l y ,  t h e  

movement and a c t i v i t y  da ta  ob ta ined  f o r  200 Area deer can p r o v i d e  a  sound 



s c i e n t i f i c  b a s i s  f o r  e v a l u a t i n g  p o t e n t i a l  impacts i n  t h e  u n l i k e l y  event o f  an 

a c c i d e n t a l  spread o f  con tamina t ion  i n  t h e  env i rons  o f  t h e  200 Areas and i s  a l s o  

u s e f u l  i n  e v a l u a t i n g  and d e s i g n i n g  a l t e r n a t i v e  deer sampl ing techn iques f o r  t h e  

r o u t i n e  env i ronmenta l  w i l d 1  i f  e  m o n i t o r i n g  program on t h e  Hanford S i te .  



STUDY AREA 

The study was conducted from 1980 through 1982 on t h a t  p o r t i o n  o f  t h e  Han- 

f o r d  S i t e  bordered by S ta te  Highway 240 on t he  south and west and t h e  Columbia 

R i v e r  on the  n o r t h  and eas t  (F i gu re  1 ) .  The Hanford S i t e  was es tab l i shed  i n  

1943 as a na t i ona l  s e c u r i t y  area and has been c losed t o  pub1 i c  access s ince  

t h a t  date. The area i s  charac te r i zed  by steppe vegetat ion,  sagebrush (A r t em is i  a 
a .  

t r i d e n t a t a ) / g r a s s  (Daubenmire 1970), and an a r i d  c l ima te  w i t h  approx imate ly  

16 cm o f  annual p r e c i p i t a t i o n  (Thorp and Hinds 1977). The c l i m a t e  c o n s i s t s  o f  

hot, d r y  sumners and re1  a t i  ve l  y coo l  w i  n te rs .  

Deer were s tud ied  i n  two general  areas, one a long t h e  western s h o r e l i n e  

o f  t he  Columbia R i ve r  and t h e  o the r  i n  t h e  v i c i n i t y  o f  t he  manmade 200 Area 

waste management ponds, Gable Pond and B Pond ( F i g u r e  1 ) .  These areas cor re -  

spond t o  those reg ions be l ieved  t o  have t h e  h ighes t  deer concen t ra t ions  on t h e  

Hanford S i te .  Deer a r e  presumably a t t r a c t e d  t o  these areas because o f  b e t t e r  

h a b i t a t  cond i t i ons  and t h e  a v a i l a b i l i t y  o f  water. The manmade ponds have 

undergone eco log i ca l  succession and now support  dense stands o f  aqua t i c  and 

r i p a r i a n  species (Rickard,  F i t z n e r  and Cushing 1981). 

Both ponds rece i ve  e f f l u e n t  water  f rom chemical and waste process ing 

f a c i l i t i e s  i n  t h e  200 East Area, which con ta ins  ve ry  low-level  r a d i o a c t i v e  

contaminants (Na t i ona l  Academy o f  Sciences 1978). Past unplanned re leases  p l u s  

the  r o u t i  ne low-level  d ischarge have resu l t ed  i n  some accumulation o f  r ad io -  

nuc l  ides i n  pond sediment s. Low-level contaminants have a l so  been repo r t ed  i n  

some animals known t o  f r equen t  t h e  ponds (Cushing and Watson 1974; Cadwell, 

Schreckhise and F i t z n e r  1979; Rickard,  F i t z n e r ,  and Cushi ng 1981). 
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FIGURE 1. Study Area and Mule  Deer Capture Loca t i  ons 



Deer were cap tu red  by  chemical  i m m o b i l i z a t i o n  us ing  a  r i f l e - f i r e d  d a r t  o r  

a  mass c a p t u r e  techn ique employing a  he1 i c o p t e r  and d r i v e  nets.  A  combinat ion 

o f  e t o r p h i n e  h y d r o c h l o r i d e  (M-99), x y l  a z i  ne (Rompun) , and hya lu ron idase  (Wydase) 

was used f o r  chemical  i m n o b i l i z a t i o n .  The mass c a p t u r e  techn ique descr ibed i n  

d e t a i l  by  Beasom, Evans and Temple (1980), i n v o l v e d  s t r i n g i n g  s i x  3 0 . 5 4  sec- 
. - t i o n s  o f  2.4-m-high n y l o n  ne t  i n  a  cont inuous l i n e ,  g e n e r a l l y  i n  an "L" con- 

f i g u r a t i o n  near  a  herd o f  deer. The deer were t h e n  guided by a  h e l i c o p t e r  i n t o  

t h e  net  and were t h e n  p h y s i c a l l y  r e s t r a i  ned by c a p t u r e  personnel  . A l l  captured 

a d u l t  and some j u v e n i l e  (>6 months o l d )  deer  were f i t t e d  w i t h  a  r a d i o  t rans -  

m i t t e r  o p e r a t i n g  on 148 MHz, i n j e c t e d  w i t h  a  l o n g  a c t i n g  a n t i  b i o t i c  ( F l o c i l l i n ) ,  

and re leased.  The r a d i o  t r a n s m i t t e r s  weighed between 400 and 500 g  and were 

manufactured by  t h e  U n i v e r s i t y  o f  Minnesota o r  Te lon ics ,  I n c .  Blood samples 

were taken  f rm sane deer f o r  d isease ana lys i s .  

Radio-equipped deer  were r e l o c a t e d  f r o m  t h e  ground o r  a i r .  E i t h e r  a  t r u c k  

equipped w i t h  a  r o t a t a b l e  s i n g l e  Yagi antenna o r  a  hand-held Yagi antenna was 

used i n  r a d i o - t r a c k i n g  f r o m  t h e  ground. A  Cessna 172 f i t t e d  w i t h  two Yagi 

antennas was used f o r  r e l o c a t i o n s  f rom t h e  a i r .  L o c a t i o n  e r r o r  was es t imated 

t o  be between 0  and 300 m  f o r  ground t r a c k i n g  and between 0  and 200 m  f o r  aer-  

i a l  t r a c k i n g .  A l l  deer  l o c a t i o n s  were p l o t t e d  on g r i d e d  U.S. Geo log ica l  Survey 

maps ( s c a l e  1:63,000) o r  a e r i a l  photos.  P l o t s  o f  t h e  deer  l o c a t i o n s  and home 

range es t ima tes  were o b t a i n e d  f rom computer programs developed a t  t h e  Univer -  

s i t y  o f  Minnesota  ( S i n i f f  1966) and m o d i f i e d  by Gary C. White, Los Alamos 

Nat i onal Laboratory .  

Home range es t ima tes  were ob ta ined  by t h r e e  techn iques:  t h e  minimum con- 

vex po lygon  (Odum and Kuenz ler  1955), g r i d  square ( S i n i f f  and Tes te r  1965), and 

t h e  95% con f idence  i n t e r v a l  e l  l i p s e  ( J e n n r i c h  and Turner  1969). The mi ninum 

convex po lygon o p t i o n  c a l c u l a t e s  t h e  a rea  conta ined w i t h i n  t h e  smal l  e s t  poss i -  

b l e  convex po lygon t h a t  can be f i t t e d  around t h e  o u t e r  most animal p o s i t i o n s .  

The g r i d  square method e s s e n t i a l l y  o v e r l a y s  t h e  an imal 's  home range w i t h  g r i d  

squares o f  a  s p e c i f i e d  s i z e  (20  ha f o r  200 Area deer and 100 ha f o r  



non-200 Area deer i n  our  case) and sums t h e  number o f  squares t h a t  c o n t a i n  a t  

l e a s t  one r e l o c a t i o n .  The e l l i p t i c a l  technique f i t s  a 95% conf idence e l  1 ipse  

on t he  area used by an an ima 1. 

Radi o-co l lared deer r e s i d i n g  near t he  200 Area were s y s t e m a t i c a l l y  r e l o -  

ca ted  t h ree  days a week a t  random t imes d u r i n g  the  day. Marked deer r e s i d i n g  

elsewhere on t h e  Hanford S i t e  were r e l oca ted  a t  l e a s t  once a week on a system- 

a t i c  bas is .  I n  add i t i on ,  se lec ted  deer were f o l l o w e d  f o r  extended p e r i o d s  o f  - .  
time, 3 t o  9 hours, throughout t h e  study t o  o b t a i n  in fo rmat ion  on a c t i v i t y  

p a t t e r n s  and h a b i t a t  use. P o s i t i o n a l  data c o l l e c t e d  du r i ng  extended pe r i ods  

o f  t r a c k i n g  were excluded i n  home range s i z e  c a l c u l a t i o n s  s ince  i t  d isp ropor -  

t i o n a l l y  d i s t o r t e d  the number o f  r e l o c a t i o n s  made on some i n d i v i d u a l s  which i n  

t u r n  a f f e c t e d  home range s i z e  (Macdonald, Ba l l ,  and Hough 1980). Confidence 

1 i m i t s  f o r  the  p r o p o r t i o n  o f  t ime  deer spent near' the  waste ponds were obta ined 

f rom the  f o l l o w i n g  formulas (Snedecor and Cochran 1980, page 121): 

where: 5 = est imate o f  p r o p o r t i o n  o f  t ime  deer spent near waste s i t e s  

= 1-5 

r = number o f  t imes deer were loca ted  near waste s i t e s  

n = t o t a l  number o f  t imes waste s i t e s  were searched f o r  deer. 

Se lected deer t h a t  l i v e d  near B and Gable Mountain Ponds f o r  a t  l e a s t  70 d 

based on r a d i o - t r a c k i  ng da ta  were s a c r i f  i ced and analyzed f o r  r ad ionuc l  ides. 

A 70-d pe r i od  was se lec ted  as t h e  minimum requ i r ed  res idence t ime f o r  deer 

s ince  i t  i s  t h e  approximate t ime necessary t o  ensure t h a t  t h e  1 3 7 ~ s  ( t h e  pre- 

d m i n a n t  expected rad ionuc l  i de )  concen t ra t i on  i n  c o l l e c t e d  deer t i s s u e  was near 

e q u i l i b r i u m  w i t h  t h e  sur rounding environment. Th i s  t i m e  p e r i o d  i s  based on t h e  

equa t ion  presented i n  Davis and Fos te r  (1958) f o r  c a l c u l a t i n g  the amounts o f  



r a d i o n u c l i d e s  p resen t  i n  organisms r e s u l t i  ng f rom food consumption and on an 

approximate 14-d b i o l o g i c a l  ha l f - t ime  f o r  1 3 7 ~ s  i n  mule deer (Hakonson and 

Wicker 1969). The equa t ion  i n  Dav is  and F o s t e r  (1958) i s :  

where: 

Q, 
= t h e  amount o f  r a d i o n c l i d e  p resen t  a t  e q u i l i b r i u m  

Qt = t h e  amount o f  r a d i o n u c l i d e  p resen t  a t  some t i m e  t b e f o r e  e q u i l i b r i u m  

i s  reached ( Q t  approaches Qf as t approaches a) 

x = r a d i o a c t i v e  decay c o n s t a n t  ( 0.693 1 
b i o l o g i c a l  h a l f - t i m e  

We used a  p r a c t i c a l  e q u i l i b r i u m  (Qt when t i s  l a r g e  r e l a t i v e  t o  h a l f - t i m e )  

o f  f i v e  r e t e n t i  on ha l f - t imes  o r  97% o f  t r u e  e q u i l i b r i u m  ( Q E ) .  There fo re  

p r a c t i c a l  e q u i l i b r i u m  i s  reached i n  70 d  ( 5  h a l f - t i m e s  x  14-d h a l f - t i m e s ) .  

Samples i n c l u d i n g  m s c l e ,  rumen contents ,  l i v e r ,  t h y r o i d ,  l e g  bone, and 

lower jaw were c o l l e c t e d .  T h y r o i d  and rumen samples were processed and s t o r e d  

f o r  f u t u r e  ana lys i s .  The lower jaw was used t o  es t ima te  age o f  t h e  c o l l e c t e d  

deer (Taber 1969). Muscle and 1  i v e r  samples were oven d r i e d  a t  5 5 ' ~  f o r  a t  

l e a s t  48 h  and ground i n  a  Wi ley  m i l l .  The average dry-to-wet we ight  conver- 

s i o n  f a c t o r  f o r  deer muscle was 0.264. Musc le  and 1  i v e r  samples were t h e n  com- 

pressed i n t o  60-9 p e l  l e t s  w i t h  a  b i n d e r  ( c e l l u l o s e )  m a t e r i a l  added and analyzed 

f o r  gamma-mi tti ng r a d i o n u c l  i d e s  w i t h  a  GeLi de tec to r - -mu l t i channe l  ana lyze r  

system. Bone samples were analyzed f o r  ' O S ~  c o n t e n t  by s tandard rad iochemi-  

c a l  procedures (U.S. Test ing,  I n c .  1980). Muscle samples f rom road-k i  l l e d  deer  

were analyzed on a  c o n t i n u i n g  b a s i s  f o r  gamma e m i t t i n g  r a d i o n u c l i d e s  by U.S. 

T e s t i n g  ( o n  a  wet w e i g h t  b a s i s  w i t h  a  sodium i o d i d e  d e t e c t o r )  as p a r t  o f  t h e  

r o u t i  ne environment a1 m o n i t o r i  ng program. 



RESULTS AND DISCUSSION 

Th i r t y -n i ne  deer (27 a d u l t  females, 3 j u v e n i l e  females, 6 a d u l t  males, and 

3 j u v e n i l e  males) were captured and f i t t e d  w i t h  r a d i o c o l  l a r s  du r i ng  t he  study. 

Capture l oca t i ons  a re  p l o t t e d  i n  F i g u r e  1. Transmi t te rs  q u i t  f u n c t i o n i n g  on 

two o f  t he  deer s h o r t l y  a f t e r  i n s t a l l a t i o n  and da ta  f r om  these animals were 

excluded f rom t h e  analys is .  

DEER HOME RANGE AND MOVEMENTS 

The 37 deer were re loca ted  1,911 t imes (excludes d a t a  c o l l e c t e d  dur i r rg 

extended t r a c k i n g  pe r i ods )  f o r  an average o f  51  25 [l standard d e v i a t i o n  

(SD)] r e l o c a t i o n s l d e e r  ( range 24 t o  150). I n d i v i d u a l  animals were t racked from 

3 t o  17 months (1 = 7.9 4.7). To ta l  mon i t o r i ng  t ime represented 24.75 deer- 

years.  Area est imates o f  deer home ranges, t h a t  i s ,  t he  area used by an animal 

dur ing  i t s  normal d a i l y  a c t i v i t y  ( B u r t  1943), a re  summarized i n  Table 1 (see 

Appendix A f o r  i n d i v i d u a l  va lues) .  Three deer (Nos. 567,890,935) l e f t  t h e  

study area soon a f t e r  they  were captured and are n o t  i nc luded i n  t he  home range 

ana lys is .  

Based on t h e  e l  1 i p t i c a l  technique o f  home range es t ima t i on  (see Methods 

and Appendix B) t h e  average h m e  range s i z e  f o r  Hanford S i t e  deer was 
2 2 39 27 km (range 4 t o  89 km ) .  T h i s  average value i s  cons iderab ly  l a r g e r  

than repo r t ed  i n  s t ud ies  o f  mule deer i n  o t h e r  l o c a t i o n s  (Zalunardo 1965; 

Robi n e t t e  1966; Eberhardt and White 1979). However, d i f f e r i n g  methods o f  da ta  

c o l l e c t i o n  and analys is ,  d i f f e r e n t  hab i ta ts ,  and l e n g t h  o f  study, a l l  o f  which 

a f f e c t  home range s i ze  est imates,  may make such comparisons o f  l i m i t e d  value. 

No s i g n i f i c a n t  (p  = 0.48) d i f f e r e n c e  was observed i n  home range s i z e  f o r  male 

and female deer a t  Hanford ( t  = 0.716, d.f.  = 32, f o r  S tuden t ' s  t - t e s t  assuming 

equal var iances based on F- t e s t  o f  var iances)  , a1 though o t h e r  i n v e s t i g a t o r s  

a t  o ther  s i t e s  have repor ted  t h a t  males are more mobi le  than females (Dasmann 

and Taber 1956; Robi n e t t e  1966). 

Factors  i n f l u e n c i n g  home range usage p a t t e r n s  are no t  c l e a r l y  understood, 

nor  was i t an o b j e c t i v e  of t h i s  s tudy t o  i d e n t i f y  such f a c t o r s .  However, l o c a l  

h a b i t a t  q u a l i t y ,  phys i ca l  t e r r a i  n features,  and water a v a i l a b i l i t y  may have 
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i n f luenced  t h e  area used by  Hanford deer. Radio-col l a r e d  deer d i d  no t  use 

t h e i r  home range i n  a un i fo rm pa t t e rn .  Deer would use a smal l  area i n t e n s i v e l y  

f o r  a per iod  o f  t ime rang ing  f rom a few days t o  severa l  months and then move 

t o  another area. Nonuniform home range use has been observed elsewhere f o r  

mule deer (Dasman and Taber 1956; Eberhardt  and White 1979) and wh i t e - t a i l ed  

deer (Odocoi leus v i r g i n i  anus) (Rongstad and Tester  1969; Sparrowe and Spr inger  

1970; D r o l e t  1976). Trees, a1 though re1  a t i v e l y  r a r e  on t h e  Hanford S i te ,  

appeared t o  a t t r a c t  deer and t o  i n f l uence  t h e i r  home range usage pa t te rns .  

Areas near t he  o l d  townsi tes  o f  Hanford and White B l u f f s ,  as we1 1 as an o l d  

orchard near the  100-0 Area, were h e a v i l y  used by deer. The a v a i l a b i l i t y  o f  

f r e e  water a lso may have a f fec ted  home range usage pa t t e rns  by Hanford deer. 

Deer d e n s i t i e s  (based on observat ions)  appeared t o  be r e l a t i v e l y  h i gh  a long t he  

Columbia R i ve r  and near t h e  Gable and B-Pond areas, which represent  t h e  major 

sources o f  f r e e  water a v a i l a b l e  t o  deer i n  the  s tudy  area. We d i d  not,  how- 

ever, observe d i r e c t i o n a l  movements o f  c o l  l a red  deer o r  a s h i f t i n g  o f  o v e r a l l  

a c t i v i t y  by deer t o  these water sources du r i ng  t he  d r y  summer months. Two deer 

(Nos. 530 and 830) occupied an area devoid  o f  f r e e  water midway between B Pond 

and t h e  Columbia R i ve r  du r i ng  J u l y  and August' and d i d  n o t  appear t o  make regu- 

l a r  movements t o  e i t h e r  water source desp i te  t h e  f a c t  t h a t  these animals were 

i n t e n s i v e l y  t racked  ( ten,  6-to 8-h-long t r a c k i n g  per iods  i n  a d d i t i o n  t o  t he  

random r e l o c a t i o n s  t h r e e  days a week). Deer a re  repor ted  t o  r e q u i r e  f r e e  water 

r e g u l a r l y  dur ing  per iods  o f  h igh  ambient temperatures and low avai l a b i l  i ty  o f  

succu lent  vege ta t ion  (Short  1981). It i s  unknown whether we f a i l e d  t o  de tec t  

movements t o  water through inadequate sampling o r  whether deer were ob ta i n i ng  

s u f f i c i e n t  water from t h e i r  fo rage  desp i t e  t h e  f a c t  t h a t  most vege ta t ion  i s  

r e l a t i v e l y  dormant du r i ng  t h i s  season on the Hanford S i t e .  

The Columbia R ive r  was no t  a b a r r i e r  t o  deer movements, a l though undoubt- 

ed l y  i t  d i d  r e s t r i c t  the  f r e e  movement o f  deer r e s i d i n g  along t he  shore l ine .  

O f  t h e  14 deer r e s i d i n g  a long t h e  r i v e r ,  s i x  (43%) swam across t h e  r i v e r  o r  

moved t o  i s l ands  a t  some pe r i od  du r i ng  the study. E i g h t  (22%) o f  the 

37 monitored deer ( r i v e r  and i n l a n d  animals) made a t  l e a s t  one t r i p  across t h e  

r i v e r .  Deer No. 755 swam across t h e  r i v e r  and back a minimum of e i g h t  t imes 

du r i ng  19 months o f  t r ack i ng .  Other i n v e s t i g a t o r s  have shown t h a t  mule deer 



(Rob ine t te  1966) and wh i t e - t a i  l e d  deer ( I n g l  i s  e t  a1 . 1979) r egu l  a r l y  cross 

l a r g e  bodies o f  water. None o f  t h e  deer moni tored du r i ng  our  s tudy  appeared 

t o  use t h e  Columbia R ive r  i s lands  as fawning s i t e s ,  a l though such use by Han- 

f o r d  deer i s  common (Hedl und 1975; S te i  ge r s  1978; Eberhardt, Hedl und, R i  ckard 

1979). 

Some Hanford deer shwed a  marked f i d e l i t y  t o  a  p a r t i c u l a r  area. Deer 
b 

Nos. 770 and 755 were bo th  ear-tagged as fawns seven and e i g h t  years  e a r l i e r  . - 
(Hedlund 1975; Eberhardt ,  Hedlund, R ickard  1979), r espec t i ve l y ,  i n  t h e  same 

area t h a t  they  were captured and rad io - co l l a red  as adu l t s  d u r i n g  our  study. 

Other deer (Nos. 567, 890, and 935), however, d ispersed f rom t h e  area we o r i g -  

i n a l l y  captured them i n  du r i ng  our  i n v e s t i g a t i o n  (F i gu re  2). These animals, 

one 2-year o l d  male and two 1-year o l d  females moved f r cm  19 t o  25 km d u r i n g  

d i spe rsa l .  These movements were made between e a r l y  May and e a r l y  Ju ly ,  a  

pe r i od  o f  t ime  when a d u l t  females a re  hav ing  young and are aggress ive toward 

assoc ia ted year1 i ngs  ( L i  nsdale and Tomi ch 1953; Ge i s t  1981). 

A t  l e a s t  seven o f  t h e  37 monitored deer (19%) wandered t e m p o r a r i l y  ou t s i de  

t h e i r  normal home range and subsequent ly re turned.  These apparent e r r a t i c  

movements, c a l l e d  " t r i p s "  by  I n g l i s  e t  a l .  (1979) f o r  w h i t e - t a i l e d  deer, ranged 

up t o  20 km f rom home range centers  and l a s t e d  from a few hours t o  severa l  

days. T r i p s  and d i spe rsa l  t ype  movements d i d  n o t  appear t o  be r e l a t e d  t o  cap- 

t u r e  a c t i v i t i e s  as noted elsewhere by Rob ine t te  (1966) and Eberhardt  and White 

(1979). Those movements took p lace  severa l  months f o l l o w i n g  cap tu re  and d i d  

n o t  appear t o  be t r i g g e r e d  by our  r ad io te l eme t r y  mon i t o r i ng  a c t i v i t i e s .  

Ten rad io -co l  l a r e d  deer (27%) made movements o f f  t h e  Hanford S i t e  d u r i n g  

24.75 deer-years o f  mon i t o r i ng  if bo th  d i s p e r s a l  and t r i p  movements a re  con- 

s ide red  (F i gu re  2). These movements were made i n  a1 1  d i r e c t i o n s  f rom t h e  Han- 

f o r d  S i t e  and ranged up t o  7  km beyond Hanford S i t e  boundaries. O f f s i t e  move- 

ments o f  up t o  113 km were recorded d u r i n g  a  s tudy o f  346 fawns ear-tagged on 

i s l ands  and shore1 i n e  h a b i t a t  assoc ia ted w i t h  t h e  Col u h i a  R i ve r  (Eberhardt  , 
Hedlund, and Rickard 1979). O f f s i t e  movements by deer d u r i n g  our s tudy were 

t y p i c a l l y  made d u r i n g  t h e  sp r i ng  and summer, a l though a  few were made i n  t he  

f a l l  and w i n t e r  months. 
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ACTIVITY PATTERNS 

The average d i s t a n c e  moved per  hour b y  r a d i o - c o l l a r e d  deer was used as a  

measure o f  deer a c t i v i t y .  Th is  i n f o r m a t i o n  was based on 205, 2- t o  9-h-long 

r a d i o - t r a c k i n g  sessions on i n d i v i d u a l  animals. A  p l o t  o f  t h e  d i s t a n c e  moved 

p e r  hour by  deer versus t h e  t ime  o f  day i s  presented i n  F i g u r e  3  and uses da ta  

from a l l  deer and a l l  seasons. Two peaks i n  a c t i v i t y  were observed, one i n  

t h e  morning and another i n  t h e  evening. The peak i n  a c t i v i t y  recorded between 

2300 and 2400 h  i s  p robab ly  due t o  t h e  smal l  number o f  samples f rom t h i s  

pe r iod .  S i m i l a r  morning and evening peaks i n  a c t i v i t y  were observed on a  sea- 

sonal  (summer, f a l l ,  and w i n t e r )  bas is .  Crepuscular ( t w i l i g h t )  a c t i v i t y  pat -  

t e r n s  have been observed elsewhere f o r  mule deer ( M i l l e r  1970) and whi t e - t a i  l e d  

deer (Kammermeyer and Marchinton 1977), a l though  r e l a t i v e 1  y  l i t t l e  q u a n t i t a t i v e  

da ta  a re  a v a i l a b l e .  

The average d i s t a n c e  moved p e r  hour b y  deer was 205 * 409 m. Males 

appeared t o  move g r e a t e r  average d is tances  ( i  = 280 * 517 mlh, N=268 observa- 

t i o n s )  than females ( i  = 183 * 368 m, N  = 881 observat ions) ;  however, t h e  cor -  

r e l a t e d  n a t u r e  o f  t h e  data, t h a t  i s ,  what a  deer was do ing one hour d u r i n g  

m o n i t o r i n g  was l i k e l y  t o  have i n f l u e n c e d  what i t  was do ing  t h e  next ,  makes 

s tandard s t a t i s t i c a l  comparisons d i f f i c u l t .  The mean d i s t a n c e  moved p e r  hour 

b y  deer d u r i n g  t h e  s u m e r ,  f a l l ,  and w i n t e r  was 211 * 459 (N = 831), 274 * 307 

( N  = 93), and 158 * 185 (N = 224) km, r e s p e c t i v e l y .  Again, t h e  c o r r e l a t e d  

n a t u r e  o f  t h e  d a t a  p r o h i b i t s  s tandard s t a t i s t i c a l  t e s t s .  However, i f  t h e  d i f -  

fe rences i n  t h e  mean d i s t a n c e  moved a re  r e a l ,  our  d a t a  would compare w i t h  t h a t  

o f  Kammerrneyer and Marchington (1977), who found t h a t  t h e  mean d i s t a n c e  moved 

p e r  t ime p e r i o d  by w h i t e - t a i l e d  deer was g r e a t e r  i n  t h e  f a l l  t han  summer. T h i s  

a c t i v i t y  was due, a t  l e a s t  i n  pa r t ,  t o  f a l l  b reed ing  a c t i v i t i e s .  The v a r i a -  

b i l i t y  i n  movements by Hanford S i t e  deer appeared t o  be g r e a t e r  i n  t h e  summer 

than i n  t h e  f a l l  and w i n t e r .  
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HERD HEALTH 

Based on i n f o r m a t i  on obta ined f rom t h e  rad io -co l  l a r e d  deer and deer Sam- 

p l e d  f o r  r ad ionuc l i des ,  severa l  aspects o f  herd h e a l t h  were monitored, i nc l ud -  

ing:  m o r t a l i t y ,  age s t r u c t u r e ,  rep roduc t ion ,  and disease incidence. 

M o r t a l i t y  Est imates 

The 37 rad io - co l l a red  deer were monitored a  t o t a l  o f  297 deer-months 

(24.75 deer-years). Dur ing t h i s  p e r i o d  two animals (Nos. 890 and 567) d ied.  

Deer No. 890 was harvested l e g a l l y  by  a  hunter  on t h e  Rat t lesnake  Mountain 

W i l d l i f e  Recreat ion Area ad jacent  t o  and southwest of the  Hanford S i t e  i n  \ 

October, 1981, approx imate ly  f i v e  months a f t e r  moving away f rom t h e  200 Area. 

Deer No. 567 was k i l l e d  i l l e g a l l y  along t he  Hanford S i t e  sho re l i ne  near t h e  

Washington Pub l i c  Power Supply System f a c i l i t y  sometime i n  September-October, 

1981, approx imate ly  f o u r  t o  f i v e  months a f t e r  d i spe rs i ng  from t h e  200 Area. 

Based on t h i s  smal l  sample s i ze ,  t h e  p r o b a b i l i t y  o f  a  deer be ing  l e g a l l y  o r  

i l l e g a l l y  harvested dur ing  a  year i s  0.08; t h e  95% conf idence i n t e r v a l  i s  0  t o  

0.21 per year.  I n  o the r  words, 8% o f  t h e  Hanford deer herd may be harvested 

each year; h w e v e r ,  t h i s  es t imate  i s  based on a  smal l  sample s i z e  and should 

be i n t e r p r e t e d  c a r e f u l l y .  There were no o the r  m o r t a l i t i e s  ( v e c h i l e  k i l l e d ,  

p reda t ion ,  disease, e t c . )  observed d u r i n g  t h e  study. 

Based on t o o t h  wear (Taber 1969), fou r  o f  t h e  17 (24%) deer c o l l e c t e d  f o r  

r a d i o n u c l i d e  ana lys is  were o l de r  than  10.5 years. Th is  percentage o f  o l d  ani-  

mals appears t o  be cons iderab ly  g rea te r  than t h a t  observed f o r  o the r  mule deer 

herds i n  Washington where f rom 2  t o  9% o f  h u n t e r - k i l l e d  female deer were o l d e r  

than 10.5 years  ( Z e i g l e r  1978, pg. 56) and i n  Colorado where f r o m  9  t o  11% o f  

hun te r -k i  l l e d  female deer were o l d e r  than  9.3 years  (Medin and Anderson 1979, 

pg. 22).  Small sample s i zes  and cap tu re  techniques may have b iased  our e s t i -  

mate o f  age s t r u c t u r e ;  however, because t h e  Hanford deer herd  i s  l i g h t l y  har-  

vested, one would expect a  l a r g e  number o f  old-age animals. 

Eleven female deer were c o l l e c t e d  du r i ng  t h e i r  ges ta t i on  per iod,  10  o f  

which were examined f o r  pregnancy. A l l  10 i n d i v i d u a l s  (>1.5 years  o l d )  were 

pregnant, e i g h t  w i t h  two p rena ta l  young and two w i t h  one p rena ta l  young. 



Overa l l  f e t a l  r a t e  was 1.80, which i s  s i m i l a r  t o  t h a t  observed f o r  re1 a t i v e l y  

p roduc t i ve  herds (Zwank 1976). Eberhardt ,  Hedlund, and R ickard  (1979) observed 

an apparent decrease i n  fawn p roduc t ion  f o r  deer r e s i d i n g  along the  Columbia 

R i ve r  sho re l i ne  o f  t he  Hanford S i t e .  I t  was unknown whether t h i s  was r e l a t e d  

t o  fewer female a d u l t  deer present,  a  drop i n  ac tua l  p roduc t ion  o f  young, o r  

pos tna ta l  m o r t a l i t y .  Data f rom t h e  present  s tudy i n d i c a t e  t h a t  t h e  observed 

drop i n  fawn p roduc t ion  was probably  not  r e l a t e d  t o  r ep roduc t i ve  success ( f rom 

concept ion t o  b i r t h )  o f  i n d i v i d u a l  deer. 

Disease 

Blood f rom sollie captured deer was t es ted  f o r  t h e  presence o f  an t ibod ies  

f o r  severa l  d isease inc lud ing :  anaplasmosis (N = 10  deer examined), b ruce l  lo -  

s i s  (N = l o ) ,  l e p t o s p i r o s i s  (N = l o ) ,  i n f e c t i o u s  bovine r h i n o t r a c h e i t i s  (N = 

l o ) ,  pa ra i n f l uenza  type 3 (N = l o ) ,  and the b l u e  tongue-epizoot ic hemorrhagic 

disease complex ( N  = 13). Ant ibod ies were detected o n l y  f o r  t h e  b l ue  tongue- 

e p i z o o t i c  hemorrhagic disease (BT-EHD) complex (N = 12 o f  13 samples examined), 

i n d i c a t i n g  o n l y  t h a t  these animals had been exposed t o  t he  disease sometime i n  

t he  past.  No b l ue  tongue v i r a l  i s o l a t e s  were obtained i n  s i x  animals examined. 

BT-EHD i s  gene ra l l y  f a t a l  i n  mule deer when a c t u a l l y  con t rac ted  (Lance 1981). 

RADIOLOGlCAL CONSIDERATIONS 

Twelve rad io-co l  l a red  deer f rom t h e  200 East  Area waste management opera- 

t i o n s  s i t e s  t h a t  met o r  exceeded t h e  70-d minimum res idency  requirement f o r  

1 3 7 ~ s  body burdens and f i v e  c o n t r o l  deer i n h a b i t i n g  areas remote from waste 

management a c t i v i t i e s  were s a c r i f i c e d .  

Radionucl ide Concent ra t ion i n  Radio-Collared Deer 

Gamma spec t ra l  ana lys is  o f  muscle and l i v e r  samples i d e n t i f i e d  on l y  1 3 7 ~ s  

above an t i c i pa ted  background l e v e l s  (Tab1 e 2). Strontium-90 was detected i n  

bone samples (Table  2).  

The concen t ra t ion  o f  any ingested rad ionuc l i de  i n  animal t i s s u e  depends 

on severa l  b i o l o g i c a l  and phys ica l  f ac to r s .  These f a c t o r s  inc lude :  t h e  con- 

c e n t r a t i o n  o f  r ad ionuc l i de  i n  t h e  ingested ( f ood )  ma te r i a l ,  t h e  amount o f  



TABLE 2. Concentrations o f  1 3 7 ~ s  and 90~r i n  Mule Deer Muscle and Bone, Respeci t ive ly ,  
f rom 17 Radio-Collared Animals Co l lec ted  on t h e  Hanford S i t e  

Deer 
Number 

L oc at i on 
Co 11 ec ted  

A 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
C 
C 
C 
C 
C 

Propor t ion of  Time 
Spent Wi th in  2 km 

of  a Radiat ion 
Zone ( X )  

52 
54 
% 
53 
100 
87 
16 
3 7 
3 
3 0 
3 5 
0 
0 
0 
0 
0 
0 

Average Distance 
o f  Home Range 

Center f rom 
Gable Pond (km) - 

Muscle 
Concentrat ion o f  

Cs (pCi1g-dry 
weight)  

0.24 
0.20 
2.91 ~ 4 . 2 6  
3.43 *1.43 
1.75 
0.23 
0.07 
0.06 x4.09 
0.08 *0.05 
0.19 
0.06 
0.08 
0.04 x=0.04 
0.03 W.01 
0.04 
0.03 
0.04 

Bone 
Concentrat ion of  

Sr ( ~ C i l g )  

5.30 
65.00 
20.00 x=28.4 
39.00 *20.9 
21.00 
20.00 
0.10 
5.30 x=2.7 
1.00 *2.2 
4.70 
4.00 
1.10 
3.00 x4.l 
0.69 *1.1 
0.59 
0.52 
0.88 

(a )  A = deer spending >50% o f  t h e i r  t ime w i t h i n  2 km o f  r a d i a t i o n  zones; B = deer r e s i d i n g  near 
200 Area but  spending t50% o f  t h e i r  t ime w i t h i n  2 km o f  r a d i a t i o n  zones; C = c o n t r o l  deer 
r e s i d i n g  away from the 200 Area. 

(b) Home range center  i s  average of  a l l  x y coordinates f o r  each i n d i v i d u a l  deer. Po in t  on 
Gable Pond corresponds t o  area o f  h ighest  1 3 7 ~ ~  g a m  exposure r a t e  (Tipton, 1974). 



m a t e r i a l  ingested,  t h e  f r a c t i o n  o f  i nges ted  r a d i o n u c l i d e  ass im i la ted ,  t h e  b i o -  

l o g i c a l  r e t e n t i o n  ha l f - t ime ,  and t h e  p h y s i c a l  h a l f - l i f e  o f  t h e  r a d i o n u c l  ide.  

Free rang ing  animals, such as deer, move about i n  t h e i r  fo rag ing  a c t i v i t y  and 

use t h e i r  home ranges i n  a  nonuni form p a t t e r n .  Thus, he te rogene i t y  o f  contami- 

n a n t  l e v e l  i n  t h e  environment may r e s u l t  i n  d i f f e r e n t  concen t ra t ions  o f  r a d i o -  

n u c l i d e s  i n  an i n d i v i d u a l  w i t h  t ime  and a  v a r i a t i o n  i n  c o n c e n t r a t i o n  f rom 

animal t o  animal depending on i n d i v i d u a l  feed ing  preferences o r  hab i t s .  I f  

f r e e  rang ing  animals a1 t e r n a t e  anlong foods hav ing d i f f e r e n t  l e v e l s  o f  contami- 

na t ion ,  then  t h e  contaminant c o n c e n t r a t i o n  i n  t h e i r  t i s s u e s  may v a r y  cons ider -  

a b l y  depending on t h e  l e n g t h  o f  t ime  t h e y  feed a t  each contaminant l e v e l  and 

t h e  t ime  lapsed s ince  t h e y  s h i f t e d  f rom one food source t o  t h e  other.  

The d a t a  i n  Table  2  show un i fo rm concen t ra t ions  [ c o e f f i c i e n t  o f  v a r i a t i o n  

(CV) = 0.15 and 0.551 o f  1 3 7 ~ s  i n  t h e  muscle and l i v e r ,  r e s p e c t i v e l y ,  f o r  t h e  

c o n t r o l  deer. T h i s  suggests a  u n i f o r m  c o n c e n t r a t i o n  i n  t h e  environment such 

as m igh t  occur  f rom w i d e l y  d i s t r i b u t e d  ( i  .e. f a 1  l o u t )  rad ionuc l ides .  The 

200 Area, however, show cons ide rab le  v a r i a t i o n  o f  1 3 7 ~ s  i n  muscle and l i v e r ,  

w i t h  CV's o f  1.57 and 2.16, r e s p e c t i v e l y .  A l though we do n o t  know t h e  exac t  

l o c a t i o n  o r  source ( f o r a g e  type, d r i n k i " g  water, o r  s o i l )  o f  i nges ted  137~s ,  

i t  appears t o  be l o c a l i z e d  and nonun i fo rm ly  d i s t r i b u t e d  i n  t h e  an ima l ' s  home 

range. 

The d a t a  ( C V  = 0.92) f o r  t h e  c o n t r o l  deer was more v a r i a b l e  than t h e  

1 3 7 ~ s  in format ion.  Th is  was m a i n l y  due t o  one animal (Deer No. 665, Tab le  2) 

t h a t  had 3  p C i l g  (d ry )  bone c o n c e n t r a t i o n  compared t o  values r a n g i n g  f rom 

0.52 t o  0.88 p C i l g  f o r  t h e  remain ing f o u r  samples. Th is  animal was e i t h e r  

exposed t o  a  l o c a l  source o f  ''~r, o r  moved f rom such a  l b c a t i o n  (200 Area f o r  

example) a t  some t ime p r i o r  t o  rad io- tagg ing,  b u t  w i t h i n  l e s s  than f i v e  b i o l o g i -  

c a l  hal f - t imes f o r  ' O S ~  e l i m i n a t i o n .  The c r i t e r i a  f o r  i n c l u d i n g  i n d i v i d u a l  

animals i n  the  samples f o r  b o t h  t h e  waste management v i c i n i t y  and t h e  c o n t r o l  

s i t e  was based on t h e  b i o l o g i c a l  ha l f - t ime f o r  1 3 7 ~ s  (- 14 days) and n o t  9 0 ~ r  

(- 170 days). Thus any animal hav ing l e f t  a  contaminated s i t e  f o r  more than  

10 weeks ( 5  ha l f - t imes  o f  1 3 7 ~ s )  b u t  l e s s  than 120 weeks ( 5  hal f - t imes f o r  



''5,) cou ld  be a t  env i ronnen ta l  e q u i l i b r i u m  f o r  f a l l o u t  137~s ,  which t h i s  

p a r t i c u l a r  deer was, and ye t  show r e s i d u a l  concen t ra t ions  i n  bone f rom t h e  

p rev ious  area v i s i t e d .  

Two sample t - t e s t s  (assuming unequal va r iances)  f o r  d i f fe rences  between 

t h e  lognormal t rans fo rmat ions  o f  t h e  1 3 7 ~ s  and concen t ra t ions  between 

t h e  12 deer f rom near t h e  200 Area and t h e  5  c o n t r o l  deer t h a t  i nhab i t ed  areas 

from 7  t o  17 km away revea led  s i g n i f i c a n t  (p  t0.05) d i f f e r e n c e s  and suggested 

t h a t  t he  200 Area deer do con ta i n  1 3 7 ~ s  and i n  excess o f  t h a t  con- 

t r i b u t e d  by f a1 l o u t  sources. 

Two methods were used t o  f u r t h e r  examine r a d i o n u c l i d e  concen t ra t ions  i n  

Hanford deer. These inc luded  a  comparison o f  1 3 7 ~ s  and t i s s u e  da ta  

w i t h :  1)  t he  p r o p o r t i o n  o f  t ime marked deer spent i n  o r  near t h e  r a d i a t i o n  

zones assoc ia ted w i t h  Gable and B Ponds, and 2) t h e  average d is tance  sampled 

deer r es i ded  away f rom Gable Pond. Since rad io - co l l a red  deer were de tec ted  

o n l y  i n f r e q u e n t l y  w i t h i n  r a d i a t i o n  zones and because t h e  e r r o r  assoc ia ted w i t h  

r e l o c a t i n g  r ad io - co l l a red  deer o f t e n  prec luded de tec t i on  w i t h i n  a  narrow rad ia -  

t i o n  zone, t h e  p r o p o r t i o n  o f  t ime  spent w i t h i n  l and 2  km o f  t h e  zones was ca l -  

cu l a ted  f o r  a  comparison w i t h  t i s s u e  contaminant da ta  (Table  2). I n  add i t i on ,  

t h e  d is tance  f rom t h e  cen te r  o f  each dee r ' s  home range (as ca l cu l a ted  by  aver- 

ag ing  a l l  XY coord inates f o r  t h a t  animal ) t o  Gable Pond (Table  2) was compared 

w i t h  t i s s u e  contaminant data. Gable Pond was se lected because rad io -co l  l a red  

deer spent cons iderab ly  more t ime near  Gable Pond than  near B Pond. 

A  p o s i t i v e ,  s i g n i f i c a n t  (p t0.01) c o r r e l a t i o n  was obta ined between t h e  

p r o p o r t i o n  of t ime  deer spent near r a d i a t i o n  zones and concen t ra t ions  o f  r a d i o -  

nuc l i des  i n  t h e i r  t i ssues .  The r e l a t i o n s h i p  was a l s o  s i g n i f i c a n t  (p t0.01) and 

p o s i t i v e  when t h e  r e c i p r o c a l  o f  the  d i s t ance  deer r es i ded  f rom Gable Pond and 

r a d i o n u c l i  de concen t ra t ions  were compared. The r e c i p r o c a l  o f  d i  stance was used 

as a  t r ans fo rma t i on  t o  o b t a i n  a  more n e a r l y  1  i nea r  r e l a t i o n s h i p .  A comparison 

o f  t h e  c o r r e l  a t i o n  c o e f f i c i e n t s  (Snedecor and Cochran 1980, pg. 186-187) i n  

Table  3  revea led  t h a t  they  were no t  s i g n i f i c a n t l y  (p> 0.05) d i f f e r e n t  f rom one 

another, t h a t  i s ,  t h e  p r o p o r t i o n  o f  t ime  deer spent near r a d i a t i o n  zones was 

n o t  a  b e t t e r  p r e d i c t o r  o f  contaminant l e v e l s  than  was d i s t ance  o f  a  deer ' s  home 

range from Gable Pond. 



TABLE 3. C o r r e l a t i o n  ( r 2 )  o f  Radionucl ides i n  Deer Tissue 
Wi th  Propor t ions  o f  Time Deer Spent Near Rad ia t i on  
Zones and With Distances Deer Resided f rom Gable Pond. 

Normal Log Norm 1 Log Normal Log 
o f  1 3 7 ~ s  o f  f37Cs o f  9 0 ~ r  

i n  Muscle i n  L i v e r  i n  Bone 

P ropo r t i on  o f  t ime  deer 0.54 0.47 0.34 
spent w i t h i n  1 km o f  
r a d i a t i o n  zone 

Propor t ion  o f  t ime  deer 0.69 0.53 0.63 
spent w i t h i n  2 km o f  
r a d i a t i o n  zone 

Reciproca l  o f  d i s tance  0.36 0.18 0.48 
f rom cen te r  o f  deer ' s  
home range t o  Gable 
Pond 

Based on t h e  p r o p o r t i o n  o f  t ime  deer spent w i t h i n  2 km o f  r a d i a t i o n  zones, 

t he re  were t h ree  bas i c  groups o f  deer: 1 )  200 Area deer spending g rea te r  than 

50% o f  t h e i r  t ime  near r a d i a t i o n  zones (Group "A") ; 2) 200 Area deer spending 

l ess  than 50% o f  t h e i r  t ime  near r a d i a t i o n  zones (Group "B" ) ;  and 3) non-200 

Area deer t h a t  d i d  not  v i s i t  t h e  v i c i n i t y  o f  r a d i a t i o n  zones w i t h i n  70-d p r i o r  

t o  c o l l e c t i o n  (Group "C"). A comparison between the  l o g  normal t ransformed 

rad ionuc l i de  da ta  f o r  t he  t h r e e  groups o f  deer us i ng  Scheffe' ls Tes t  (Snedecor 

and Cochran 1980, pg. 232) showed t h a t  t h e  r a d i o n u c l i d e  content  i n  each o f  t h e  

var ious t i ssues  was s i g n i f i c a n t l y  d i f f e r e n t  (p t0.05) f o r  a l l  intercomparisons 

between t h e  t h r e e  groups except f o r  t h e  comparison o f  1 3 7 ~ s  i n  the  l i v e r s  o f  

" B n  and "C"  Group animals ( p  >0.05). Therefore, 200 Area deer spending g rea te r  

than 50% of t h e i r  t ime  near t h e  Gable and B Pond r a d i a t i o n  zones had s t a t i s t i -  

c a l l y  h i ghe r  radiocontaminant l e v e l s  than d i d  200 Area deer spending l ess  than  

50% o f  t h e i r  t ime near r a d i a t i o n  zones. Th is  i nd i ca tes  t ha t ,  a t  l e a s t  f o r  t h e  

deer we studied, t h e  major source(s)  o f  1 3 7 ~ s  and 'OSr a v a i l a b l e  t o  deer 

were near t h e  r a d i a t i o n  zones. However, we d i d  no t  examine deer f rom a l l  

v i c i n i t i e s  o f  t h e  200 Area and t h e r e  may be other  contaminant sources 

a v a i l a b l e  t o  deer. 



Comparisons With Other Studies 

Table 4  prov ides a  h i s t o r i c a l  sumary  o f  1 3 7 ~ s  data from Hanford deer 

muscle samples. Comparisons o f  our da ta  w i t h  t h e  r e s u l t s  f rom prev ious  sampl- 

ings  i s  d i f f i c u l t .  S i t e  cond i t i ons  have changed through t he  more than t h ree  

decades du r i ng  which samples were co l lec ted .  For  example, du r i ng  t h e  p e r i o d  

o f  1958-1969 atmospheric weapons t e s t i n g  t h a t  con t r i bu ted  t o  world-wide f a1  l o u t  + 

was most ac t i ve .  I n  add i t ion ,  Hanford S i t e  f u e l  reprocess ing was occu r r i ng  and 

severa l  once-through cooled p roduc t ion  r e a c t o r s  were operat ing. A l l  o f  these - .  
* 

a c t i v i t i e s  dec l ined  du r i ng  t he  1960's and e a r l y  1970's. Also, t h e  bas i s  f o r  

deer sampling has changed. 

Much o f  t h e  e a r l y  sampling (1958-1969) was prompted by  a  d e s i r e  t o  ob ta i n  

i n fo rma t i on  on f a l l o u t  r ad ionuc l i de  concentrat ions i n  deer; whereas, t h e  rou- 

t i n e  mon i t o r i ng  o f  t h e  1970's a t  Hanford was conducted t o  moni tor  ambient 

r a d i o n u c l i d e  concentrat ions i n  deer. Our s tudy  emphasized deer r e s i d i n g  near 

t h e  environmental  r a d i a t i o n  zones i n  t h e  200 Area. The average concen t ra t i on  

of  1 3 7 ~ s  ( 0  - 8  - + 1.2 pC i lg -d ry )  observed i n  deer muscle d u r i n g  our s tudy i s  

based on a  h i g h  p ropo r t i on  o f  animals (12 o f  17) i n t e n t i o n a l l y  c o l l e c t e d  f rom 

waste management environs. Thus, t h e  "average" i s  h e a v i l y  weighted w i t h  i n d i -  

v idua ls  hav ing a  g rea te r  p r o b a b i l i t y  o f  be ing  above background 1 3 7 ~ s  concen t r a -  

t i ons .  The observed concent ra t ion  i s  t h e r e f o r e  n o t  r ep resen ta t i ve  o f  a l l  Han- 

f o r d  S i t e  deer, whereas t h e  e a r l i e r  samplings may have been. 

We be1 ieve  t h a t  t h e  maximum concent ra t ions  (Table 4) are more representa-  

t i v e  o f  1 3 7 ~ s  o f  Hanford o r i g i n  wh i l e  t h e  average values more accu ra te l y  

r e f l e c t  changes i n  f a 1  l o u t  concentrat  ions. Improved waste management p r a c t i c e s  

implemented over t h e  past 30 years combined w i t h  a  dec l i ne  i n  waste opera t ion  

and reprocess ing a c t i v i t y  probably  accounts f o r  t h e  more than  10- fo ld  r e d u c t i o n  

i n  maximum observed 1 3 7 ~ s  muscle concen t ra t ions  i n  deer. The decrease i n  t h e  

average va lues may r e f l e c t  t h e  d imin ished a v a i l a b i l i t y  o f  f a 1  l o u t  137~s .  

The 1981-82 1 3 7 ~ s  concent ra t ions  i n  muscle t i s s u e  f rom rad io -co l  l a r e d  

deer were compared w i t h  r o u t i n e  environmental  mon i t o r i ng  samples c o l l e c t e d  f rom 

s i x  road-k i l  l ed  animals du r i ng  1981. I nspec t i on  o f  t i l e  mon i to r ing  da ta  

revea led  t h a t  t he re  was a  s i n g l e  sample w i t h  a  "h igh"  concen t ra t i on  



TABLE 4. Cesium-137 Concentrat ions i n  Muscle o f  Mule Deer f rom the  
Hanford S i t e  

1 3 7 ~ s  Concent ra t ion 
T ime N umber o f  (pC i lg -d ry  weight * 150) 
Per iod  Study Deer Sampled Average Maximum 

1958-1969 Fa1 l o u t  

1971-1980 Rout i ne Mon i t o r i ng  3  5 0.3 * 0.9 17.4 
. - 

1981 Rout ine Mon i t o r i ng  6  0.3 * 0.7 1.8 

1981-1982 Present  Study 17 0.8 0.7 3.4 

(1.8 pCi lg-dry)  and t h a t  t h e  remain ing f i v e  had an average (0.07 pC i lg -d ry )  

s i m i l a r  t o  t h a t  of ou r  c o n t r o l  group (0.04 pCi lg-dry) .  Thus, i t  appears t h a t  

t h e  maximum 1 3 7 ~ s  concen t ra t ion  observed i n  our s tudy f o r  Hanford deer 

(3.4 pCi lg-dry)  i s  comparable w i t h  t h e  maximum concent ra t  i o n  observed i n  t h e  

Hanford S i t e  r o u t i n e  mon i t o r i ng  (1.8 pCi lg-dry) .  The "high" value observed 

dur ing  r o u t i n e  mon i t o r i ng  was from a deer k i l l e d  near t h e  200 Eas t  Area, and 

it i s  poss ib l e  t h a t  t h i s  animal was a r e s i d e n t  o f  the  waste management 

env i rons.  

Mon i t o r i ng  da ta  f rom o ther  DOE s i t e s  f o r  1 3 7 ~ s  i n  deer muscle showed 

t h a t  several  hundred Savannah R i ve r  P l a n t  deer  had average concen t ra t ions  o f  

32 and 40 pC i /g  ( co r rec ted  t o  d r y  weight )  f o r  1980 and 1981, r espec t i ve l y ,  

(duPont Company, 1982). Muscle f rom 37 Oak Ridge deer were r epo r t ed  t o  average 

0.67 - + 0.88 pCi lg-dry  f o r  1981 (Union Carbide Company, 1982). Thus our  va lue 

i s  w i t h i n  t h e  range o f  average concen t ra t ions  r e p o r t e d  f o r  Savannah R i ve r  P l a n t  

and Oak Ridge Nat iona l  Laboratory .  

Radionuc 1 i de Transpor t  P o t e n t i a l  by Hanford Deer 

Lands w i t h i n  t h e  Hanford S i t e  boundary a r e  c losed  t o  pub1 i c  hunt ing.  The 

lack o f  a  l ega l  harvest,  coupled w i t h  t h e  expanse o f  t h e  Hanford S i t e  
2  (1,476 km ), which he lps i s o l a t e  animals i n  t h e  i n t e r i o r  o f  t h e  S i te ,  and 

t he  s e c u r i t y  p a t r o l s ,  which m in im ize  trespass, should c o n t r i b u t e  t o  a  smal l  

p r o b a b i l i t y  o f  ha r ves t  f o r  Hanford deer. The age d i s t r i b u t i o n  da ta  (see Herd 

Hea l th  sec t i on )  suggest t h a t  t h i s  i s  t h e  case. There seems t o  be a h i g h  



percentage o f  o l d  deer among t h e  17 animals sampled f o r  t h i s  study, suggest ing 

1 i t t l e  annual turnover,  which i n d i c a t e s  low harvest  by man. 

We do not have t he  k inds  o f  da ta  necessary t o  est imate t he  numbers o f  

Hanford deer t h a t  may be harvested i n  any one year. That would r e q u i r e  e s t i -  

mates o f  both t h e  numbers o f  deer present  and t h e  l ega l  and i l l e g a l  harvest .  

Our data do i n d i c a t e  t h a t  a  s i z a b l e  p r o p o r t i o n  o f  deer t h a t  spend a t  l e a s t  some 

t ime i n  t h e  200 areas move t o  l oca t i ons  o f  p o t e n t i  a1 harvest.  E igh t  o f  21 

(38%) deer captured and rad io - co l l a red  i n  t h e  200 Area v i c i n i t y  made movements 

t o  areas where they had increased p r o b a b i l i t y  o f  be ing  harvested and two o f  

them were k i l l e d  by  hunters.  Four o f  those deer moved t o  o f f s i t e  l o c a t i o n s  and 

f o u r  moved t o  t h e  r i p a r i a n  zone along t h e  Columbia River.  

The two 200 Area deer t h a t  were harvested moved away f r o m  t h e  200 Area 

f ou r  t o  f i v e  months p r i o r  t o  be ing k i l l e d .  Thus, e s s e n t i a l l y  99.7% o f  t he  

1 3 7 ~ s  t h a t  may have been i n  t h e i r  muscle as a r e s u l t  o f  occupying t h e  200 

Area, would have been b i o l o g i c a l l y  e l  imi  nated be fo re  t h e  animals were k i  l l e d .  

O f  t h e  e i g h t  200 Area deer making movements t o  areas o f  p o t e n t i a l  harvest,  f i v e  

moved more than t h ree  months p r i o r  t o  t he  l ega l  hun t ing  season. Thus those 

deer, i f  harvested d u r i n g  t h e  regu la r  l e g a l  October hun t ing  season, would have 

l i t t l e  p o t e n t i a l  f o r  i n j e s t i o n  by man o f  1 3 7 ~ s  o r i g i n a t i n g  f rom t h e  200 Area. 

Mor i i tor ing Imp1 i c a t i o n s  

V a r i a t i o n  i n  r ad ionuc l i de  concent ra t ion  da ta  and t h e  general  l e v e l  o f  

m o b i l i t y  d isp layed by  t h e  Hanford deer herd have imp1 i c a t i o n s  f o r  r a d i o l o g i c a l  

moni tor ing.  The r a d i o l o g i c a l  concen t ra t ion  da ta  shows ranges o f  2  t o  3  o rders  

o f  magnitude f o r  1 3 7 ~ s  and 9 0 ~ r  i n  muscle and bone, r e s p e c t i v e l y  (Table 2) .  

Day-to-day movements o f  severa l  k i lometers  w i t h i n  i n d i v i d u a l  animal I s  home 
2 range (39 km ) were observed as we1 1 as d i s p e r s a l  movements (one-way) o f  up 

t o  25 km and t r i p s  (round t r i p  movements o f  sho r t  dura t ion)  o f  up t o  20 km. 

Previous fawn tagg ing  s tud ies  (Eberhardt, Hedlund, Rickard 1979) have shown 

movements up t o  113 km. A c o l l e c t i o n  o f  samples from severa l  deer by random 

o r  o p p o r t u n i s t i c  methods (such as "road k i l l "  sampling) may show "h igh"  o r  

" low" concentrat ions,  w i t h i n  t h e  2-3 order  o f  magnitude range, depending on t h e  

recen t  s i t e  residence h i s t o r y  o f  deer i n  t h e  sanple. Thus year-to-year sarrple 



v a r i a t i o n s  w i l l  r e f l e c t  chance occurrence o f  the  va r ious  p o p u l a t i o n  c o h o r t s  i n  

t h e  sample. Trend a n a l y s i s  o f  general  r a d i o n u c l  i d e  c o n c e n t r a t i o n  i n  deer on a  

year-to-year basi  s  would be i m p r a c t i c a l  and t h e  de te rm ina t ion  o f  s i z a b l e  

changes i n  r a d i o n u c l i d e  concen t ra t ions  (say by a  f a c t o r  o f  10) would no t  be 

poss ib le .  

Data obta ined d u r i n g  our s tudy demonstrate t h a t  Hanford mule deer r e s i d i n g  

near t h e  200 Area waste management ponds, Gable Pond .and B Pond, have e leva ted  

1 3 7 ~ s  and concen t ra t ions  i n  t h e i r  t i s s u e s  r e l a t i v e  t o  deer l i v i n g  i n  Han- 

f o r d  Si  t e  areas remote f r o m  waste management zones. However, t h e  r a d i o n u c l  i de 

concen t ra t ions  we observed i n  Hanford deer a r e  low and appear t o  have decreased 

f rom l e v e l s  observed i n  Hanford deer d u r i n g  t h e  1960's and 1970's. 
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APPENDIX A 

HOME RANGE S I Z E  ESTIMATES FOR A L L  RADIO-COLLARED 
MULE DEER MONITORED ON T H E  HANFORD S I T E  



Number Number o f  Home Range S i z e ,  km2 
Deer of Months Minimum Convex 95 E l l i p s e  Gr id  Square 

Number Sex Fixes Monitored Polygon Estimate Estimate - - -  Estimate 

( a )  Based on g r i d  square s ize  of 447 m x 447 m. 
( b )  Based on g r i d  square s i z e  of 1000 m x 1000 m. 



APPENDIX 6 

COMPARISON OF HOME RANGE ESTIMATION TECHNIQUES 



APPENDIX B  

COMPARISON OF HOME RANGE ESTIMATION TECHNIQUES 

A number o f  both n a t u r a l  (e.g. topography, season, avai 1  a b i l i t y  o f  food, 

breeding a c t i v i t y ,  popu la t i on  dens i ty ,  cover d e n s i t y )  and computat ional  (e.g. 

number o f  r e l oca t i ons ,  l eng th  o f  s tudy)  f ac to r s  a f f e c t  home range s i z e  e s t i -  

mates (Rob ine t te  1966; Macdonald, Ba l l ,  and Hough 1980). Home range s i z e  e s t i -  

mates obtained by t h e  minimum convex polygon and g r i d  square methods can be 

. in f luenced  by t h e  number o f  r e l o c a t i o n s  made on an i n d i v i d u a l ,  w h i l e  es t imates  

obtained by t h e  95% e l l i p t i c a l  technique a re  l e s s  a f f ec ted  by sample s i z e  

. _. (Macdonald, B a l l ,  and Hough 1980). Data c o l l e c t e d  du r i ng  t h i s  study a l so  dem- 

ons t ra te  t he  i n f l uence  o f  t h e  number o f  r e l o c a t i o n s  and, correspondingly,  t he  

l eng th  o f  s tudy on home range s izes  obta ined by t h e  va r ious  es t imato rs .  A  com- 

pa r i son  o f  home range est imates obtained by t h e  t h ree  techniques f o r  fou r  deer 

t h a t  were c o n s i s t a n t l y  together ,  b u t  were rad io - t racked  f o r  d i f f e r e n t  leng ths  

o f  time, shows l i t t l e  v a r i a t i o n  i n  home range s i z e  est imates obtained by t h e  

e l l  i p t i c a l  technique b u t  cons iderab le  v a r i a b i  1  i t y  i n  r e s u l t s  obtained by t h e  

minimum convex polygon and g r i d  square methods o f  ana l ys i s  (Table  B-1). S ince 

t h e  number o f  r e l o c a t i o n s  p e r  i n d i v i d u a l  va r i ed  cons iderab ly  dur ing  our  study, 

comparisons o f  home range s i z e  between i n d i v i d u a l s  o r  groups o f  animals are 

based on t he  e l l i p t i c a l  technique. 

TABLE 0-1. Comparison o f  Home Range Sizes Obtained by Three Es t imat ion  
Techniques f o r  Four C lose l y  Associated Hanford S i t e  Deer. 

Number Number o f  Home Range Size, km2 
Deer of Months Minimum Convex 95% E l l i ~ s e  G r i d  Square 

Number Relocat ions Followed Polygon Est imate Est imate ~ s t i  mate 

53 0  150 17 9  3  83 18 
540 46 4  52 84 7  
860 40 4  5  3  89 7  
88 5  47 4 5  1 81 7  
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