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Abstract: W e used simulation model ing to estimate the effect o f low-f ly ing military jet aircraft on the productivity o f 
caribou. The base model ( C A R I B O U , C W S Whitehorse, Y u k o n Territory) uses daily intake and expenditure o f ener­
gy to assess the condit ion o f female caribou throughout the annual cycle. The activity budget o f the model caribou was 
adjusted based on field observations o f responses to noise disturbance. A subroutine was added that predicted the l i k e l i ­
hood o f conception based on fall body fat weight. Car ibou responses to overflights were evaluated by equipping free-
ranging caribou wi th radio collars and activity sensors that could distinguish between resting and active periods. 
Col lared animals were exposed to 110 overflights by A - 1 0 , F-15 and F - 16 jet aircraft during late-winter, post-calving 
and the insect season. Noise exposure levels for individual animals either were measured directly w i th collar-mounted 
dosimeters or were estimated based on the proximity o f the caribou to the aircraft during the overflight. A Time-avera­
ged Sound Level (L T ) was calculated from the total daily noise exposure for each animal and linear regression was used 
to evaluate the influence o f daily noise exposure on daily hours spent resting. Results o f these analyses then were used to 
modify the time budgets i n the C A R I B O U model. That is, i f time spent resting declined, then time spent i n the two 
rest classes (lying and standing) were proportionately redistributed into the three active classes (foraging, walking and 
running). M o d e l simulations indicated that caribou increased forage intake i n response to increased noise exposure, but 
it also predicted that increased noise exposure w o u l d cause a reduced accumulation o f body fat. Because body fat in fall 
has successfully been used to predict the probability o f pregnancy (see Gerhart et al, 1993), this relationship was used i n 
the model. Preliminary model simulations indicate that increased noise exposure decreases the probability o f pregnancy 
and that unfavorable environmental conditions (e.g., deep snow and severe insect harassment) exacerbate the situation. 
The threshold at wh ich point the caribou fail to conceive has not been determined at this time, but appears to be wel l 
beyond the exposure to aircraft that caribou i n the Delta herd are currently experiencing. 
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Introduction 
T h i s repor t describes the use o f the c o m p u t e r s i m u ­
l a t i o n m o d e l C A R I B O U (Kremsater et al, 1989) to 
estimate the effects o f l o w flying m i l i t a r y j e t aircraft 
o n the b r e e d i n g success o f a female c a r i b o u 
(Rangifer tarandus granti). U s e o f l o w f l y i n g j e t aircraft 
associated w i t h m i l i t a r y t r a in ing has associated c o n ­
ce rn for the effects o f these overf l ights o n w i l d l i f e . 
N o r t h e r n residents a n d resourcemanagment a g e n c i ­
es have c o n c e r n for the effects these t r a in ing e x e r c i ­
ses m a y have o n p r o d u c t i v i t y o f c a r i b o u ( W a d d e n , 
1989) . S o m e energy expendi tures (Fancy & W h i t e , 
1985; L u i c k & W h i t e , 1986; W h i t e & F a n c y , 1986) 
a n d seasonal energy budgets (Russe l l et al, 1993) 
have b e e n d o c u m e n t e d for c a r i b o u and effects o f 
energy a n d n u t r i t i o n o n f ecund i ty have b e e n est i ­
m a t e d ( C a m e r o n et al, 1993; Gerha r t et al, 1993) . 
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T h e D e l t a C a r i b o u H e r d ( D C H ) o f i n t e r i o r A l a s k a 
was selected for the study o f short t e m m effects o f 
noise dis turbance o n ac t iv i ty budgets because o f its 
p r o x i m i t y to E i e l s o n A i r F o r c e Base . L o n g t e r m 
effects i n c l u d i n g f ecund i ty w e r e t hen p r ed i c t ed 
us ing c o m p u t e r s i m u l a t i o n . T h e cur ren t v e r s i o n o f 
C A R I B O U was d e v e l o p e d as part o f a contract to 
the U n i t e d States A i r F o r c e ( U S A F ) i n c o n n e c t i o n 
w i t h the U S A F N o i s e a n d S o n i c B o o m Impac t 
T e c h n o l o g y ( N S B I T ) p r o g r a m . 

C A R I B O U has b o t h energy and g r o w t h m o d u ­
les that w o r k sequent ia l ly to s imulate g r o w t h o f a 
c a r i b o u at a da i ly t i m e step t h r o u g h o u t a year. T h e 
m o d e l begins an e x e c u t i o n cyc l e b y ca lcu la t ing d a i ­
l y in t e rpo la ted values f r o m seasonally co r r ec t ed 
tables o f ac t iv i ty budgets , forage qua l i ty a n d q u a n t i ­
ty, a n d e n v i r o n m e n t a l parameters such as s n o w 
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dep th a n d insect harassment o f a free r a n g i n g female 
c a r i b o u . F o r the purposes o f m o d e l i n g , i t was 
assumed that noise disturbance inf luenced the activity 
budget. In C A R I B O U , forage class intake is de te rmi ­
ned as a p r o d u c t o f t i m e and ef f ic iency o f fo rag ing 
and preva lence o f forage class. L i k e w i s e , nu t r i en t 
absorp t ion is d e t e r m i n e d as a p r o d u c t o f forage class 
in take , d iges t ib i l i ty a n d c o m p o s i t i o n . C o n s i d e r a ­
t ions o f nu t r i en t eff ic iency o f u t i l i z a t i o n are 
e m p l o y e d b y C A R I B O U to calculate a da i ly energy 
credi t against w h i c h da i ly energy demands are 
d r a w n . T h e s e demands m a y i n c l u d e rest ing m e t a ­
b o l i c rate, gestation, lac ta t ion , and phys i ca l ac t iv i ty . 
A n energy credi t surplus can result i n g r o w t h and 
fat tening, a defici t i n sacrifice o f b o d y fat a n d p r o ­
t e in . Cons t ra in t s l i m i t i n g the m o d e l i n c l u d e ava i la ­
b i l i t y o f forage a n d avai lab i l i ty o f t i m e for forag ing , 
r u m e n capaci ty a n d m e t a b o l i c demands o n energy 
supplies. T h e m o d e l p roduces 83 ou tpu t variables 
i n c l u d i n g b o d y , fat, musc le , c a l f a n d fetus we igh t s 
a n d m i l k p r o d u c t i o n for each day s imula ted . 

Materials and methods 
T h e s i m u l a t i o n m o d e l C A R I B O U was ob ta ined 
f r o m the C a n a d i a n W i l d l i f e Se rv ice , W h i t e h o r s e , 
Y T C a n a d a . In i t i a l c o n d i t i o n variables s u c h as b o d y 
w e i g h t a n d seasonal dates w e r e adjusted to resemble 
animals o f the D C H . T h e p r o g r a m was m o d i f i e d to 
read a schedule o f j e t aircraft overf l ights and associa­
ted s o u n d exposure levels ( S E L , d B ) a n d t hen c a l c u ­
late a noise adjusted dai ly ac t iv i ty budget . T h e noise 
adjustment was based o n the obse rved da i ly hours 
spent res t ing i n free r a n g i n g c a r i b o u exposed to 
v a r y i n g intensit ies j e t aircraft overf l ights . B r i e f l y , u p 
to t en D C H c a r i b o u w e r e f i t ted w i t h Wildlink Inc . 
rad io collars bea r ing r e c o r d i n g ac t iv i ty m o n i t o r s 
(mercu ry tip swi tch) a n d somet imes a no ise d o s i m e ­
ter f r o m w h i c h an S E L was d e t e r m i n e d . In cases 
w h e r e a co l l a r ed a n i m a l e i ther d i d no t have a d o s i ­
me te r o r the dos imeter was no t t r iggered, an e m p i -
racal ly d e r i v e d est imated S E L was p r o v i d e d b y the 
U S A F . A g r o u n d c r e w d i rec ted j e t aircraft to the 
precise l o c a t i o n o f the animals u n d e r observa t ion 
and r e c o r d e d v isua l observat ions o f the o v e r f l o w n 
animals . E v a l u a t i o n o f the d i rec t observat ions o f 
o v e r f l o w n c a r i b o u has b e e n s u m m a r i z e d elsewhere 
( M u r p h y et al, 1993) . S ince i n d i v i d u a l ac t iv i ty clas­
ses (foraging, l y i n g , s tanding, w a l k i n g , runn ing ) 
c o u l d no t be i den t i f i ed f r o m the ac t iv i ty m o n i t o r s , 
the ex i s t ing emper i ca l l y d e t e r m i n e d ac t iv ty d i s t r i ­
bu t ions o f the c o n t r o l animals w e r e app l i ed to the 
o v e r f l o w n animals . T h a t is, m o t i o n detected i n 
c o n n e c t i o n w i t h noise dis turbance was assumed to 
have the same relat ive d i s t r i bu t i on o f foraging, w a l ­
k i n g a n d r u n n i n g as m o t i o n r e c o r d e d for und i s tu r ­
b e d animals (K i t chens et al, 1993) . A l l S E L S f r o m 

each day for a g i v e n a n i m a l w e r e c o m b i n e d to es t i ­
mate a t i m e averaged s o u n d l e v e l (L-p, A N S I S 
12 .40-1990) . A regression o f da i ly hours spent 
res t ing o n L y was used to m a k e adjustments to the 
default ac t iv i ty budge t o f C A R I B O U for noise 
exposure s imula t ions . 

Results and discussion 
T h e S E L S e x p e r i e n c e d b y c a r i b o u as generated b y 
j e t aircraft noise w e r e measured o r es t imated f r o m 
near zero for animals l oca t ed a great distance f r o m 
the jets, to 130 d B . Over f l i gh t s o c c u r r e d i n three 
seasons o f the year, late w i n t e r (early A p r i l ) , pos t -
c a l v i n g (early June) and insect season (late J u l y / e a r l y 
A u g u s t ) . Separate regressions o f t i m e ave raged 
s o u n d l e v e l ( L T ) o n h o u r s spent r e s t i ng w e r e 
d e v e l o p e d for a l l seasons, bu t o n l y p o s t - c a l v i n g h a d 
a s ignif icant slope (0.03 L T , n = 50 , P= 0.03, S .E .= ), 
therefore m o d e l i n g was l i m i t e d to this t i m e o f 
year . T h e range o f L x s e x t e n d e d f r o m near ze ro to 
8 4 . T h e cur ren t s imula t ions e m p l o y e d the re la t ively 
h i g h L T o f 80 i n o rde r to generate a detectable ye t 
realistic response b y the m o d e l . C o n s e c u t i v e s i m u ­
l a t i o n exposure days w e r e set f r o m O (control) to 
40 i n 5 day increments. T h e simulations were repea­
ted w i t h the e n v i r o n m e n t a l variables set to p o o r 
c o n d i t i o n s (deep s n o w , p o o r forage, heavy insect 
harassment). A p r o b a b i l i t y o f p r egnancy p r e d i c t i o n 
was made for each s i m u l a t i o n based o n fall fat 
w e i g h t ( Gerha r t et al, 1993) arbi t rar i ly taken as the 
m i d - r u t date o f O c t o b e r 15 as s h o w n i n T a b l e 1. 
T h e c o n t r o l runs o f C A R I B O U i n d i c a t e d that 
energy demands o n a lac ta t ing c o w w e r e no t b e i n g 

Table 1. A tabulation o f body (BW) and fat weights 
(FW) and probability o f pregnancy (PP) as pre­
dicted by the computer model C A R I B O U 
when increasing consecutive days o f a single 
event noise disturbance are simulated under 
both good and poor environmental conditions. 

G o o d year Bad year 
Days B W F W P P B W F W P P 

kg kg % kg kg % 

0 76.1 6.52 70.2 65.2 3.59 47.7 
5 76.0 6.48 70.0 65.1 3.56 47.5 
10 75.9 6.45 69.8 64.9 3.52 47.2 
15 75.7 6.41 69.5 64.7 3.46 46.7 
20 75.5 6.35 69.0 64.4 3.37 46.0 
25 75.3 6.30 68.7 64.1 3.30 45.5 
30 75.1 6.25 68.3 63.8 3.21 44.7 
35 74.9 6.18 67.9 63.3 3.09 43.8 
40 74.6 6.11 67.4 62.8 2.95 42.7 
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m e t o v e r the course o f the s u m m e r . T h e over f l igh t 
s i m u l a t i o n p r o d u c e d a d o w n w a r d shift i n the t i m e 
course o f total b o d y and fat we igh t s w h i c h i n d i c a t e d 
that the " c o w " d i d no t c o m p l e t e l y compensa te for 
the add i t i ona l energy demands . 

T h e p r ed i c t ed l i k e l i h o o d o f c o n c e p t i o n d e c l i n e d 
w i t h increas ing noise exposure w i t h an accelerated 
effect as the d u r a t i o n o f exposure increased. P lo t s o f 
b o d y a n d fat w e i g h t (not s h o w n ) revea led the same 
re la t ionsh ip , i n d i c a t i n g that the m o d e l increas ing ly 
d r e w o n b o d y reserves to mee t the demands o f l a c ­
t a t ion a n d increased phys ica l ac t iv i ty . S imu la t i ons o f 
a n o n - p r e g n a n t / n o n - l a c t a t i n g c o w p r e d i c t e d that a 
c a r i b o u is capable o f inc reas ing b o d y w e i g h t a n d fat 
o v e r the same p e r i o d w i t h these levels o f noise 
exposure . 

A s noise exposure increased, the ca lcula ted 
p r egnancy rate u n d e r p o o r e n v i r o n m e n t a l c o n d i t i ­
ons fel l o f f m o r e sharply than u n d e r g o o d e n v i r o n ­
m e n t a l c o n d i t i o n s . T h e m o d e l a t tempted to m a i n ­
ta in m i l k p r o d u c t i o n i n the face o f a d e c l i n i n g ener­
gy balance, u l t ima te ly resu l t ing i n the " c o w " attai­
n i n g a l o w p r o b a b i l i t y o f c o n c e i v i n g . S imula t ions o f 
a n o n - p r e g n a n t c o w p r e d i c t e d a r a p i d r e c o v e r y o f 
b o d y c o n d i t i o n at the e n d o f l ac ta t ion and based o n 
p r e d i c t e d fat w e i g h t , the a n i m a l w o u l d be l i k e l y to 
c o n c e i v e the f o l l o w i n g year . 

T h e effects o f dis turbance o n c a r i b o u varies 
d e p e n d i n g o n the type o f dis turbance, t ime o f year 
a n d g r o u p c o m p o s i t i o n (nursery bands, b u l l groups , 
m i x e d aggregations) ( G u n n et ah, 1985; M u r p h y & 
C u r a t o l o , 1987; H a r r i n g t o n & V e i t c h , 1991; 1992) . 
T h e cur ren t i m p l e m e n t a t i o n o f C A R I B O U p r e ­
dicts a m i n i m a l effect o f j e t aircraft over f l igh t o n 
c a r i b o u fecund i ty . I n the u n l i k e l y event o f 4 0 c o n ­
secut ive days o f severe noise exposure a c a r i b o u is 
p r e d i c t e d to have a 4 o r 5 % decrease i n the p r o b a ­
b i l i t y o f b e c o m i n g pregnant u n d e r n o r m a l o r p o o r 
e n v i r o n m e n t a l cond i t i ons , respect ively . 
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