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ABSTRACT 

The impacts on the  fer rug inous hawk o f  t r e a t -  
ments designed t o  s imulate those encountered,during 
geothermal development were assessed a t  the Raf t  
River Geothermal Test S i te .  The o b j e c t i v e  o f  t h e  
study was t o  ascer ta in  t h e  to lerance l i m i t s  o f  t h e  
d is turbance-sensi t ive hawks t o  human- and develop- 
ment-related a c t i v i t i e s .  Various impact treatments 
were imposed on 10 nests dur ing  t h e  1978 nest ing 
season and on 13 nests dur ing  1979. Three nests 
were deserted i n  1978 and f o u r  i n  1979; treatment 
nests t h a t  successfu l ly  hatched eggs produced s ta -  
t i s t i c a l l y  fewer young than cont ro l  nests. Data 
suggest t h a t  "buf fer  zones" o f  2 1.6 km around each 
nest be establ ished t o  minimize de le te r ious  impacts 
on t h i s  hawk species. U t i l i z a t i o n  o f  b i o l o g i c a l  
systems i n d i c a t i v e  o f  ecosystem s t ress  i s  discussed. 

INTRODUCTION 

The fer rug inous hawk (Buteo r e g a l i s )  i s  t h e  
l a r g e s t  member o f  the  Nor th American hawk f a m i l y  
and i s  recognized as a species s e n s i t i v e  t o  d i s t u r -  
bance and prone t o  nest deser t ion,  espec ia l l y  dur ing  
incubat ion (Olendor f f  and Stoddart, 1974; Fyfe and 
01 endor f f ,  1976; Woff inden and Murphy, 1977). Be- 
cause o f  t h i s  s e n s i t i v i t y  and i t s  apparent d e c l i n i n g  
numbers over par ts  o f  i t s  range, the  fer rug inous 
hawk has been placed i n  a category o f  special con- 
cern by a l l o c a t i n g  i t  t o  the  National Audubon Soci- 
e t y ' s  "b lue l i s t "  (American Bi rds,  1972). This l i s t  
ind ica tes  species t h a t  are, o r  seem t o  be, substan- 
t i a l l y  reduced i n  numbers, e i t h e r  r e g i o n a l l y  o r  
throughout t h e i r  range, due t o  any o f  a number o f  
reasons inc lud ing  h a b i t a t  reduct ion and human i m -  
pact. The U. S. Department o f  t h e  I n t e r i o r  has 
placed t h e  ferruginous hawk i n  t h e  "undetermined 
status." 
dens i t ies  occur i n  i t s  food base, t h e  fer rug inous 
hawk can be common and have h igh  reproduct ive out -  
pu t  (Olendorff ,  1973; Woffinden and Murphy, 1977). 
Thus, the  fer rug inous hawk i s  p o t e n t i a l l y  a good 
b i o l o g i c a l  barometer o f  t h e  e f f e c t s  o f  disturbance 
as may occur dur ing development o f  geothermal 
resources. 

However, dur ing years when h igh populat ion 

The Department o f  Energy's Raf t  River Geother- 
mal Test S i te ,  operated by EG&G Idaho, Inc., i s  
located i n  south cent ra l  Idaho where the  fer rug inous 
hawk e x h i b i t s  a dense nes t ing  populat ion. The hawks 
have been stud ied f o r  several years i n  t h e  Raf t  
River  and adjacent va l leys  (Powers e t  a l . ,  1973; 
Howard, 1975). 
t i e s  and dynamics are known. 

Consequently, their p s u E t i o n  densi - 
Such previous basel ine 

data a re  essent ia l  t o  es tab l i sh ing  trends i n  popu- 
l a t i o n s  and separating the  e f f e c t s  o f  human f a c t o r s  
from environmental vagaries. 

With t h e  i n t e n s i f y i n g  demands o f  m u l t i p l e  land 
use and the  r a p i d l y  expanding e f f o r t s  t o  d i v e r s i f y  
t h e  uses o f  c e r t a i n  renewable and nonrenewable r e -  
sources, c o n f l i c t s  w i t h  w i l d l i f e  are increas ing.  
The obvious meeting ground f o r  such c o n f l i c t  i s  i n  
t h e  wise use o f  each resource and the adjustment 
o f  a c t i v i t i e s  t o  minimize the  impact. Such con- 
cepts o f  in tegra ted  use o f  resources t o  prov ide 
minimal e f f e c t  on any given f a c t o r  have been addres- 
sed e l  sewhere (Rappoport e t  a1 . , 1977; Wagner, 1977). 

(1 )  use t h e  
fer rug inous hawk as a b i o l o g i c a l  i n d i c a t o r  o f  PO- 
t e n t i a l  impacts o f  geothermal development, ( 2 )  c a l -  
c u l  a t e  " b u f f e r  zones" around nest  loca t ions  beyond 
which geothermal development would presumably n o t  
impair nes t ing  success, and (3 )  accumulate informa- 
t i o n  and basel ine data t h a t  w i l l  be usefu l  Lo o ther  
s tud ies  aimed a t  implementing t h e  concepts o f  mul- 
t i p l e  land use. 

The goals o f  t h i s  study were to :  

MATERIALS AND METHODS 

The study area l o c a t i o n  i s  shown i n  f i g u r e  1. 
The most d i s t a n t  nests are 38 km t o  the  n o r t h  o f  
t h e  Known Geothermal Resource Area (KGRA) and 19 krn 
t o  the  southwest. From n o r t h  t o  south, the  study 
area covered about 49 l i n e a r  km and from east  t o  
west about 33 km. For comparative purposes, nest  
surveys were a lso  conducted i n  Black Pine and Cur- 
lew v a l l e y s  on the  east and Almo v a l l e y  t o  t h e  west. 

The h a b i t a t  i s  t y p i c a l  o f  the Great Basin co ld  
deser ts  (Odum. 1971 1. A m ix tu re  o f  saae (Artemisia). 
greasewood (Sarcobatus) , r a b b i t  brush IChiysothamnu;' 
SPP.  1, and o ther  low-arowina shrubs and fo rbs  cover 
t h e  v a l l e y  f l o o r .  Thg gent iy  s lop ing a l l u v i a l  fans 
forming t h e  sides o f  the v a l l e y  are covered w i t h  
j u n i p e r s  (Juniperus). Ferruginous hawks t y p i c a l l y  
nest  i n  the  outermost per iphery o f  the  j u n f p e r  t r e e  
f o r e s t s  where the  t rees extend as f ingers  o u t  i n t o  
t h e  sagebrush f l a t s .  , 

The hawk disturbance study spanned the  1978 
and 1979 nes t ing  seasons. The area was v i s i t e d  i n  
e a r l y  A p r i l  o f  each year t o  l o c a t e  occupied t e r r i -  
t o r i e s ,  a t  which t ime the nests were observed from 
a d is tance o f  a t  l e a s t  0.4 km t o  determine i f  adults 
were present. Nests were designed as cont ro l  and 
treatment loca t ions ,  w i t h  l o g i s t i c s  o f  t h e  study 
determining t h e  random sample o f  t rea ted  nest  s i t e s .  
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Fig.  1 Study area l oca t i on .  

I n  e a r l y  May 1978 and l a t e  A p r i l  1979, impact 
treatments were i n i t i a t e d  on nests chosen f o r  t r e a t -  
ment. During 1978, fou r  treatments were appl ied:  
(1 )  three nests were perturbed by i nves t i ga to rs  on 
foo t ,  (2)  three were impacted by an approaching ve- 
h i c l e ,  (3 )  three were d is turbed by discharging f i r e -  
arms i n  the v i c i n i t y ,  and (4 )  two were d is turbed by 
p lac ing  cont inuously-operat ing,  3-1/2 hp gasol ine 
engines near them. The f i r ea rm (0.22 c a l i b r e  r i f l e )  
was discharged approximately every 20 m as i n v e s t i -  
gators approached the  nest, beginning w i t h  an approx- 
imate distance o f  500 m from the nest, and cont inu- 
i n g  u n t i l  t he  a d u l t  f lushed. 

Treatments were changed i n  1979, r e f l e c t i n g  
d i f f i c u l t y  encountered i n  assessing the  1978 resul ts .  
Thus, t he  1979 treatments were appl ied as fo l lows:  
(1)  f i v e  nests were v i s i t e d  on foo t ,  (2 )  f i v e  nests 
were v i s i t e d  by vehic le,  and (3)  f o u r  were t rea ted  
w i t h  wind o r  battery-powered noisemaker devices 
placed 30-50 m from the nests. Noise i n t e n s i t y  a t  
t he  nest  s i t e s  was designed t o  s imulate noises com- 
mon t o  a geothermal ( o r  o ther  type o f  development) 
s i t e .  

Each nest  was approached t o  the p o i n t  a t  which 
the  a d u l t  f lushed ( l e f t )  the nest, regardless of 

the form o f  treatment. The distance between the i n -  
ves t i ga to r  and t h e  nest  was estimated and recorded 
as the l e v e l  o f  s t ress  o r  anx iety  a t  which the hawks 
could no longer t o l e r a t e  the presence o f  the d i s t u r -  
b ing fac to r .  

A l l  nests contained eggs a t  the i n i t i a t i o n  o f  
the var ious t reatments and were perturbed d a i l y  
u n t i l  the young hatched, a t  which t ime the frequercy 
o f  v i s i t s  was reduced. Data co l l ec ted  a t  each v i s -  
i t  included f l u s h i n g  distance, presence o r  absence 
o f  adul ts,  general behavior o f  adul ts,  and unusual 
c l i m a t i c  condi t ions.  A l l  young were banded when 
they were 2-3 weeks o f  age. Since populat ion dyna- 
mics o f  fer rug inous hawks i s  c lose ly  re la ted  t o  the  
prey base (Woffinden and Murphy, 1977), hawk feca l  
p e l l e t s  and the dens i t y  o f  the r a b b i t  populat ion 
were a1 so assessed. 

RESULTS AND DISCUSSIONS 

The s e n s i t i v i t y  o f  ferruginous hawks t o  p e r t w -  
bat ion dur ing the  nes t i ng  season has been wel l  doc- 
umented; however, l i t t l e  nest f a i l u r e  was witnessed 
a t  Raf t  River  caused by the treatments o f  t h i s  study. 
During 1978, th ree  p a i r s  (out  o f  10 t o t a l  t reatment 
nests)  deserted eggs from what appeared t o  be our 
impact, wh i l e  4 o u t  o f  13 treatment p a i r s  deserted 
dur ing the 1979 season ( tab les  1 and 2).  Approach- 
i n g  the nests on foot  resu l ted  i n  two and one de- 
se r t i ons  dur ing 1978 and 1979, respect ive ly ,  wh i l e  

Table 1. 1978 treatments and resu l t s .  
Number Mean F1 ushing 

o f  Distance and 
Treatment V i s i t s  Range (m) Results 
\!a1 k 18 31 Fledged !I 

Walk 8 110 Deserted 

Walk 6 53 Deserted 

Motor 8 65 Fledged 4 

(14-137) (3 young depre- 
dated) 

(23-1 83) 

(37-91 ) 

(37-201 ) 
Motor 8 101 Fledged 4 

(37-320) 
Gunshots 18 71 Fledged 2 

Guns hots 22 96 Fledged 2 

Gunshots 19 74 Fledged 4 

Dr ive 7 21 7 Deserted 

Dr ive 6 221 Destroyed by 

Dr ive 25 62 

d r i v i n g  t o  the nests  caused one p a i r  t o  desert  dur-  
i n g  each study season. 
f i rearms i n f r e q u e n t l y  i n  the  v i c i n i t y  o f  the nests 
nor p lac ing cont inuously  operat ing motors near them 
resu l ted  i n  nest  desert ions dur ing 1978, two o f  t he  
f o u r  nests impacted by low i n t e n s i t y  noise l e v e l s  
dur ing 1979 were deserted by adul ts .  

I nd i v idua l  v a r i a b i l i t y  o f  the hawks and re -  
sponse v a r i a b i l i t y  w i t h i n  each se t  of treatments 

(23-230) 

(5-274) 

(5-320) 

( 1 8-484 ) 

(1 37-366) wind 
Fledged 1 

(1 8-484) 

While ne i the r  discharging 
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Table 3. Fledging ra tes  f o r  1978 and 1979 nes t ing  

seasons. 
were l a r  e. Flushing response data d u r i n  the  incu-  
b a t i o n  pzase, when evaluated chronologicaqly, i n d i -  
cated t h a t  most p a i r s  d i d  not  increase i n  to lerance 
nor  were sens i t i zed  by the  presence o f  the  i n v e s t i -  
gators. 
present  a t  the nest  o r  f lushed a t  distances > 500 m 
24% o f  t h e  t ime inves t iga tors  approached treatment 
nests  on f o o t  and 18% o f  the  t ime when approached 
by vehic le .  

During 1979, a t tending adu l ts  were n o t  

During 1978, 1 o f  the  o r i g i n a l  11 treatment 
nests was destroyed by wind dur ing  egg incubat ion.  
Nest f a i l u r e  was thus no t  due t o  human impact and 
t h e  f l e d g i n g  r a t e  o f  0 was no t  included i n  data 
analys is .  A second treatment nest was a f f e c t e d  
when t h e  three young were approximately 14 days old; 
t h e  nest  was blown from the t r e e  and the  young sur- 
v ived f o r  4 days p r i o r  t o  apparent l o s s  t o  av ian 
predators. Since t h i s  nest  was s t i l l  i n t a c t ,  the  
young were unharmed, and ferruginous hawks are docu- 
mented ground nesters, the  adu l ts  could s t i l l  have 
pro tec ted  the young had they a c t i v e l y  attended the  

Table 2. 1979 treatments and r e s u l t s .  
Mean Flushina 

Treatment 

Walk 

Walk 

Walk 

Walk 

Walk 

Dr ive  

Dr ive  

Dr ive  

Dr ive  

Noise 
Noise 
Noise 
Noise 

Distance and4 
Range2 (m) 

138 
(20-400) 

66 
(20-1 50) 

164 
(70-300) 

196 
(1 0-350) 

118 
(25-255) 

90 
(1 5-270) 

162 
(35-400) 

54 
(15-180) 

153 
(20-400) 

Results 
Fledged 3 

Fledged 2 

Deserted 

Fledged 3 

Fledged 3 

Fledged 3 

Fledged 3 

Fledged 2 

Deserted 

Deserted 
Fledged 2 
Fledged 3 
Deserted 

1Number i n  parentheses ind ica tes  those v i s i t s  when 
t h e  a d u l t s  f lushed a t  > 500 m o r  were no t  present. 

2Calculated on ly  on values when adu l ts  f lushed a t  
e 500 m. 

3Not appl icable;  nests perturbed by no ise  were n o t  
r e g u l a r l y  v i s i t e d  by inves t iga tors .  

nest; there fore  the product ion data were inc luded i n  
t h e  data analysis. O f  the  10 a c t i v e  1978 t reatment  
nests, 7 were successful i n  f ledging 17 young f o r  a 
f l e d g i n g  r a t e  o f  2.43 young per successful nest  
( t a b l e  3 ) .  Inc lud ing  the  three nests t h a t  were de- 
serted, t h e  f ledg ing  r a t e  f o r  t h e  10 nests was 1.70 
young per attempted nesting. The 15 c o n t r o l  nests 
f ledged a t o t a l  o f  53 young, f o r  a f l e d g i n g  success 
o f  3.53 young per nest. The c o n t r o l s  there fore  
f ledged more young than successful treatment nests; 
t h e  d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i f i c a n t  (P=O. 10) 
as evaluated by the  independent t - t e s t  (Croxton et 
fl., 1967). O f  greater  importance i s  the  b i o l o g i c a l  

No. o f  Nests Fledging Rate 
1978 1979 -- - -  

A l l  treatment nests 10 13 1.70 1.85 
Successful treatment 

nests  7 9 2.43 2.67 
Control nests 

R a f t  River  Val ley 15 21 3.53 3.81 
Curl ew/B1 ac k P i  ne 

Val 1 eys 5 8 3.00 3.16 
Almo Val ley - 3  -- 2.66 

s i g n i f i c a n c e  o f  con t ro l  nests f ledg ing  an average 
o f  one young more than t h e i r  successful treatment 
counterpar ts  o r  tw ice  as many young as a l l  t r e a t -  
ment nests ( t h e  d i f f e r e n c e  r e s u l t s  from the  deser- 
t i o n  o f  nests as a r e s u l t  o f  human i n s u l t ) .  

During 1979, 9 o f  the  13 treatment nests were 
successful and f ledged 24 young f o r  a f l e d g i n g  r a t e  
o f  2.67, compared t o  r a t e s  o f  1.85 f o r  a l l  t r e a t -  
ment nests (successful and unsuccessful ) and 3.81 
f o r  con t ro l  nests. The d i f fe rence o f  1.1 young per 
n e s t i n g  attempt between successful treatment and 
c o n t r o l  nests was found t o  be s i g n i f i c a n t  (P=O.Ol). 
O f  p a r t i c u l a r  i n t e r e s t  i s  the  t rend t h a t  appears i n  
t h e  data ( t a b l e  4); 14 o f  the 21 1979 c o n t r o l  nests 
( o r  71%) f ledged e i t h e r  4 o r  5 young per nes t  wh i le  
t h e  maximum number o f  young f ledged by any t r e a t -  
ment nest  was 3. 

Table 4. 

Number Number o f  Nests Number o f  Nests 

D i s t r i b u t i o n  o f  the number o f  young 
fledged per nest. 

Yolli7g 1973 , 

F1 edaed Control Treatment 
i 979 

Control Treatment 

5 (24) 0 (0) 

1 (5 )  3 (23) 
1 (5 )  0 (0) 
0 (0) 0 (31) 

10 (48) 0 (0)  
4 (19) .6 (46) 

Vercentage o f  nests i n  each category. 

Three o f  the  f o u r  t e r r i t o r i e s  deserted dur ing 
t h e  1978 phase o f  the study were no t  reoccupied dur- 
i n g  1979, an observation t h a t  cpuld have long-range 
populat ion imp1 i c a t i o n s  i f  t h a t  t rend were fo l lowed 
over seval years. 
subs tan t ia te  the 1979 observations. 

Add i t iona l  study i s  requ i red  t o  

Behavioral data c o l l e c t e d  dur ing each v i s i t  t o  
t h e  nests  suggested t h a t  adu l ts  became sens i t i zed  
t o  t h e  presence o f  the  inves t iga tors  and were n o t  as 
a t t e n t i v e  t o  t h e i r  young. 
ness may have cont r ibu ted  t o  the  lowered f l e d g i n g  
success o f  treatment nests. Although f l u s h i n g  d i s -  
tance was used as an i n d i c a t i o n  o f  the c r i t i c a l  
s t ress  threshold, and nest desert ions as a manifes- 
t a t i o n  thereof, the hawks might wel l  have reached a 
c r i t i c a l  s t ress  l e v e l  long  before they f lushed. 
Busch, deGraw, and Clampi t t  (1978) recorded a t h r e e  
f o l d  increase i n  hear t  ra te ,  as an i n d i c a t i o n  o f  
s t ress,  a t  the  s i g h t  o f  a human approaching a caged 
fer rug inous hawk. Under our f i e l d  condi t ions,  hear t  
r a t e s  might we l l  have increased a t  much grea ter  d i s -  
tances than t h a t  d is tance a t  which the hawk f lushed. 

This  lowered a t t e n t i v e -  
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The food supply v a r i a b i l i t y  may a l s o  have con- 
t r i b u t e d  t o  the outcome o f  t h i s  study s ince  the 
threshold o f  s e n s i t i v i t y  may be lowered s i g n i f i c a n t -  
l y  when the adu l ts  a r e  i n  a poor phys io log ica l  s t a t e  
as a f u n c t i o n  o f  food s t ress.  Woffinden and Murphy 
(1977) repor ted t h a t  such lowered phys io log ica l  con- 
d i t i o n  i n  poor food years i s  evidenced by smal ler  
c l u t c h  s izes and fewer nes t ing  pa i rs .  Food hab i ts  
o f  t h e  fer rug inous hawk were p a r t l y  assessed by 
i d e n t i f i c a t i o n  o f  prey remains i n  nests. On a b io -  
mass basis, 89.4% o f  the  prey i n  1978 were rabb i ts .  
Based on t ransects  (methods o f  Hayne, 1949; Gross 
-- e t  a l . ,  1974) w i t h i n  Raf t  River  v a l l e y  proper (area 
o f  about 309 km2), t h e  r a b b i t  dens i ty  was high, 
w i t h  about 309 r a b b i t s  per km2 i n  1978. The 1978 
Curlew Val ley dens i ty  was about 50 r a b b i t s  per km2. 
This  i s  h igh  by most standards, bu t  inc ludes the 
year 's  crop o f  new j u v e n i l e s  which most counts do 
n o t  inc lude (Gross e t  al. ,  1974) since they are 
taken when on ly  the  a d u l t  breeding populat ion i s  
counted i n  e a r l y  spr ing  o r  l a t e  autumn. Highs i n  
the  a d u l t  breeding populat ion a t  these t imes are 
ind ica ted  by counts on the  order  o f  100 t o  200 i n -  
d i v i d u a l s  per km2. 

Although incubat ion  may be successful and young 
hawks raised, t h e  presence o f  humans too near nests 
may cause the added problem o f  premature f ledg ing  
o f  young, which may increase the m o r t a l i t y  ra te.  
A t  one nest, presence o f  i n v e s t i g a t o r s  caused a 
young hawk, on ly  r e c e n t l y  o u t  o f  the nest, t o  make 
an exerted and lens thy  premature f l i q h t .  Wi th in  
20 minutes a coyote (Canis l a t r a n s )  i a s  scout ing 
t h e  area where the y o G C j T a m d .  This  coyote 
may have seen t h e  ybung-in i t s  unstable f l i g h t ,  o r  
i t s  presence might have been a chance event. 
e r  p u b l i c  u t i l i z a t i o n  o f  t h e  ferruginous hawk habi- 
t a t  might increase t h i s  premature departure r a t e  
from nests; m o r t a l i t y  f a c t o r s  such as predat ion on 
t h e  inexperienced young could exact a subs tan t ia l  
t o l l  and u l t i m a t e l y  impact populat ion l e v e l s .  

Great- 

CONCLUSION 

A? i s  o f t e n  c h a r a c t e r i s t i c  o f  b i o l o g i c a l  sub- 
j e c t s ,  there does n o t  appear t o  be a s i n g l e  stand- 
a rd  formula o r  1 eve1 o f  development-re1 ated impact 
t h a t  can be appl ied t o  the fer rug inous hawk. 81- 
though a v a r i e t y  o f  impacts from geothermal develop- 
ment have been suggested (Ermak and Phelps, 1978), 
l i t t l e  i s  known about the  d is tance the impact i s  
e f f e c t i v e .  Under t h e  cond i t ions  o f  t h i s  study, i t  
i s  suggested t h a t  normal human a c t i v i t i e s  a t  d i s -  
tances greater  than 0.8 km and cons t ruc t ion  a c t i v i t y  
a t  d is tances o f  1.6 km should no t  adversely a f f e c t  
t h e  most s e n s i t i v e  p a i r s  o f  fer rug inous hawks. 
A1 though .data c o l l e c t i o n  and analys is  are n o t  y e t  
complete a t  t h i s  w r i t i n g ,  t h e  pre l im inary  " b u f f e r  
zone" suggested i s  thus 1.6 km. 

Continued observat ion and experimentation are 
requ i red  t o  adequately understand and p r e d i c t  the 
long-range impacts t h a t  geothermal development nay 
have on the  populat ion dynamics o f  fer rug inous hawks 
i n  t h e  Raf t  River  Val ley. The concept o f  u t i l i z i n g  
b i o l o g i c a l  subjects  as ' " i n d i c a t o r  organisms" i s  n o t  
new, and use o f  such in fo rmat ion  by developers i n  
s e l e c t i n g  loca t ions  f o r  f u t u r e  development could 
m i t i g a t e  p o t e n t i a l  problems and/or delays i n  devel- 
opment associated w i t h  des t ruc t ion  o f  c r i t i c a l  hab- 
i t a t .  I n  t h i s  study, we have attempted t o  observe 

t h e  na tura l  behavior o f  a sens i t i ve  r a p t o r  under 
both d is tu rbed and undisturbed cond i t ions  t o  de ter -  
mine the l e v e l  o f  per tu rba t ion  t h a t  they w i l l  t o l -  
e r a t e  w i thout  decreasing nest ing success o r  produc- 
t i o n  rates.  
c r i t e r i a  f o r  w e l l  and/or power p l a n t  l o c a t i o n s  
should enable development t o  take place compatibly 
w i t h  species normally sens i t i ve  t o  such development. 

U t i l i z i n g  such in format ion as s i t i n g  
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