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IMTRODUCTION 

A s  p a r t  o f  Southern C a l i f o r n i a  Edison's  (SCE) goa l  t o  develop 

a l t e r n a t e  and renewable energy resources ,  wind energy development is 

planned f o r  t h e  San Gorgonio Pass Wind Resource Area (Figure  1). This  

development may encompass a s  much a s  186 km2 and involve  t h e  

i n s t a l l a t i o n  of  over 32,000 wind t u r b i n e s  (Wagstaff and Brady 1982). 

The u t i l i z a t i o n  of wind t o  produce e l e c t r i c a l  power, a l though n o t  new, 

has  never been c a r r i e d  o u t  on such a l a r g e  s c a l e .  A s  a  r e s u l t  t h e  

environmental hazards  of wind t u r b i n e  g e n e r a t o r s  (WTG's) and t h e  

suppor t ive  t r ansmiss ion  network a r e  r e l a t i v e l y  unknown. 

Two major environmental concerns of wind energy u t i l i z a t i o n  a r e  

whether WTG's w i l l  a f f e c t  seasonal  movements o r  o t h e r  behavior of 

migratory b i r d s ,  and whether c o l l i s i o n s  w i l l  r e s u l t  i n  s i g n i f i c a n t  

avian  m o r t a l i t y .  Although t h e  p r o b a b i l i t y  of av ian  c o l l i s i o n s  with 

wind t u r b i n e s  is unknown, high l e v e l s  of m o r t a l i t y  from c o l l i s i o n s  

with numerous o t h e r  man-made s t r u c t u r e s  (TV towers ,  smoke s t a c k s ,  l i g h t  

houses, t ransmiss ion and d i s t r i b u t i o n  l i n e s ,  e t c . )  have been documented 

( f o r  a  review s e e  Banks 1979). Es t imates  of  av ian  m o r t a l i t y  from 

c o l l i s i o n s  with r a d i o  and TV towers a lone  range  from 1 t o  1.25 m i l l i o n  

b i r d s  per  year  (Banks 1979, Mayfield 1967). 
I 

Few s t u d i e s  a r e  a v a i l a b l e  f o r  developing e f f e c t i v e  environmental 

c r i t e r i a  f o r  t h e  San Gorgonio WTG park. Information on t h e  





d i s t r i b u t i o n  of n o c t u r n a l  mig ran t s  a t  t h e  lowes t  a l t i t u d e s  is n o t  

c u r r e n t l y  a v a i l a b l e  and n o c t u r n a l  mig ra t ion  h a s  n o t  been examined under 

t h e  unique p h y s i c a l  c o n d i t i o n s  c h a r a c t e r i s t i c  of t h e  Wind Resource 

Study Area (WRSA). A f u r t h e r  h inderance  i s  a g e n e r a l  l a c k  of 

i n fo rma t ion  on n o c t u r n a l  b i r d  mig ra t ion  i n  s o u t h e r n  C a l i f o r n i a .  

I n  accordance w i t h  its p o l i c y  t o  p r o t e c t  t h e  environment whi le  

g e n e r a t i n g  and d i s t r i b u t i n g  e l e c t r i c a l  power, SCE has  funded a number 

of s t u d i e s  on b i r d s  i n  t h e  Coachel la  Val ley  and sur rounding  areas s i n c e  

1979. P r i o r  t o  s p r i n g  1981 t h e s e  s t u d i e s  concen t r a t ed  on d e n s i t i e s  and 

u t i l i z a t i o n  p a t t e r n s  of  d i u r n a l  r e s i d e n t  and migra tory  b i r d s .  However, 

as most b i r d s  m i g r a t e  a t  n i g h t  (Able 1973, Emlen 1975),  t h e  emphasis of 

r e s e a r c h  i n  t h e  WRSA w a s  s h i f t e d  t o  n o c t u r n a l  s t u d i e s  of  migra tory  

b i r d s .  Th i s  r e s e a r c h  i s  in t ended  to :  1 )  g a i n  a  thorough unders tanding  

of  t h e  dynamics o f  b i r d  mig ra t ion  i n  t h e  Coachel la  Val ley ,  2)  provide  

in fo rma t ion  neces sa ry  f o r  p r e d i c t i n g  t h e  p o t e n t i a l  impact t o  av i f auna  

r e s u l t i n g  from wind t u r b i n e  c o n s t r u c t i o n  and o p e r a t i o n  i n  t h e  WRSA, and 

3 )  develop g e n e r i c  i n fo rma t ion  on b i r d  i n t e r a c t i o n s  w i t h  WTGVs. These 

s t u d i e s  are o n l y  a p o r t i o n  of  SCE's l ong  term commitment t o  

environmental  r e s e a r c h  i n  r e g a r d s  t o  a l t e r n a t e  energy development. 

Research on n o c t u r n a l  mig ra t ion  w a s  i n i t i a t e d  i n  A p r i l  1981 and h a s  

cont inued  du r ing  f o u r  mig ra to ry  p e r i o d s  ( s p r i n g  and f a l l  1981, s p r i n g  

and f a l l  1982). Our i n i t i a l  o b s e r v a t i o n s  were conf ined  t o  v i s u a l  
t 

s i g h t i n g s  on low a l t i t u d e  n o c t u r n a l  mig ra t ion .  These d a t a  provided 

p r e l i m i n a r y  e s t i m a t e s  o f  m i g r a t i o n  magnitude, f l i g h t  d i r e c t i o n ,  and t h e  



i n f l u e n c e  o f  wind on migra t ion  (McCrary e t  al. 1981). With t h e  

I equipment employed dur ing  t h i s  per iod  ( s p r i n g  and f a l l  1981), t h e  

a l t i t u d e  of n o c t u r n a l  av ian  f l i g h t s  could n o t  be determined, an  

obvious ly  impor tant  a s p e c t  i n  e v a l u a t i n g  t h e  p o ~ e n t i a l  impact of t h e  

WTG park on b i r d s .  I n  s p r i n g  1982 we i n c o r p o r a t e d  a modified v e r t i c a l  

beam r a d a r  ( s e e  methods) i n  t h e  noc tu rna l  r e s e a r c h  which provided 

e s s e n t i a l  d a t a  on t h e  a l t i t u d i n a l  d i s t r i b u t i o n  of noc tu rna l  b i r d  

migrat ion.  I n  t h i s  r e p o r t  w e  summarize s p r i n g  1982 b i r d  migra t ion  i n  

t h e  WRSA. 

Our p r i n c i p a l  r e s e a r c h  o b j e c t i v e s  were to :  

1) Measure t h e  magnitude of  noc tu rna l  migra t ion  i n  t h e  Wind 

Resource Study Area (WRSA). 

2) Measure t h e  a l t i t u d e  of n o c t u r n a l  migra t ion .  

3) Obtain d a t a  on weather c o n d i t i o n s  (wind speed and d i r e c t i o n ,  

tempera ture ,  cloud cover ,  barometr ic  p r e s s u r e )  and determine how 

t h e s e  f a c t o r s  i n f l u e n c e  noc tu rna l  b i r d  migra t ion  i n  t h e  WRSA. 

4 )  Evaluate  t h e  e f f e c t s  of topography (change i n  r e l i e f ,  e l e v a t i o n ,  

e t c . )  on noc tu rna l  b i r d  migra t ion  ( a l t i t u d e ,  f l i g h t  d i r e c t i o n ,  

magnitude, e t c . ) .  



5) Conduct.experiments on methods f o r  determining t h e  e f f e c t  of t a l l  

s t r u c t u r e s  on b i r d  behavior and m o r t a l i t y .  

6) Develop a b a s e l i n e  d a t a  set  (eg. a l t i t u d e )  necessary  t o  p r e d i c t  

t h e  i n f l u e n c e ,  if any, of t h e  proposed WTG park on migratory 

b i rds .  

7) Develop recommendations f o r  m i t i g a t i n g  t h e  p o t e n t i a l  e f f e c t s  of 

t h e  proposed WTG park on migratory b i r d s .  



STUDY AREA 

Location and General Desc r ip t ion  

The San Gorgonio P a s s  and northwest  end of t h e  Coachella  Valley 

where w e  conducted t h i s  s tudy ,  a r e  located  i n  n o r t h e r n  Rive r s ide  County 

i n  t h e  Colorado Desert of  southern  C a l i f o r n i a .  Th i s  a r e a  of 

approximately 453 kma i s  n o r t h  of  Palm Spr ings  and east of  Banning 

(Figure  I ) .  

The east-west l y i n g  San Gorgonio Pass  is bounded by t h e  San 

Bernardino Mountains (3,350 m) t o  t h e  n o r t h  and t h e  San J a c i n t o  

Mountains (3 ,050 m) t o  t h e  sou th  (F igure  2 ) .  The e l e v a t i o n  of t h e  

f l o o r  of t h e  pass  i s  approximately 365 m ,  dec reas ing  from w e s t  t o  east. 

The pass  i s  about  5 km i n  width and i t s  borders  are d ramat ica l ly  

a b r u p t ,  r i s i n g  i n  p l a c e s  t o  over 3,000 m i n  less than 8 km. 

The northwest  t o  s o u t h e a s t  l y i n g  Coachella  Val ley  is loca ted  t o  

t h e  e a s t  of t h e  San Gorgonio Pass ,  between t h e  L i t t l e  San Bernardino 

Mountains (1,220 m) t o  t h e  n o r t h e a s t  and t h e  San J a c i n t o  and Santa  Rosa 

Mountains (1,980 m) t o  t h e  southwest .  The v a l l e y  f l o o r  v a r i e s  from 

approximately 300 m i n  e l e v a t i o n  a t  i ts nor thwest  end t o  70 m below sea  

l e v e l  a t  t h e  Sa l ton  Sea (F igure  3 ) .  
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The c l i m a t e  of t h e  WRSA is c h a r a c t e r i z e d  by moderate w i n t e r s  and 

h o t ,  dry  summers. Temperatures a t  Palm Spr ings  range  from a  mean 

I 
win te r  low of  4.4 C0 (40 FO) (January)  t o  a  mean summer high of 42.2 C0 I 
(108 FO)  ( J u l y )  (Aldr i ch  and Meadows 1966). Average annual  r a i n f a l l  

i n  Palm Spr ings  is 1 6  c m  (6.3 i n )  (N.O.A.A. 1974) i n d i c a t i n g  t h e  x e r i c  
I 

n a t u r e  of t h i s  a r e a .  Most r a i n f a l l  occurs  from December through March 1 
a t  Palm Spr ings ,  wi th  February averaging t h e  h i g h e s t  (Aldr ich  and 

Meadows 1966). I 
During s p r i n g ,  daytime tempera tures  i n  t h e  WRSA average  from 25'- I 

34OC with n igh t t ime  t empera tu res  averaging from 10' - 1 5 O C  (Aldr ich  and 

Meadows 1966). Storms o r i g i n a t i n g  t o  t h e  northwest  of t h e  s tudy a r e a ,  
I 

dur ing  March and e a r l y  A p r i l  can be q u i t e  e x t e n s i v e ,  cover ing  most of 

t h e  Coachella  Val ley ,  bu t  g e n e r a l l y  d i s s i p a t e  near  t h e  pass.  Usual ly ,  

I 
however, dur ing  most of t h e  year  low c louds  and fog are uncommon i n  t h e  I 
area of t h e  WRSA. A northwest  - s o u t h e a s t  g r a d i e n t  i n  temperature and 

r a i n f a l l  i n  s p r i n g  occurs  through t h e  WRSA r e s u l t i n g  from t h e  
I 

rainshadow e f f e c t  of t h e  San J a c i n t o  - San Bernardino Mts. and a  NW-SE I 
decrease  i n  e l e v a t i o n  through t h e  Coachella  Val ley .  I 

The most prominent c l i m a t i c  f e a t u r e  of t h e  s tudy  a r e a  i s  t h e  

c o n s i s t e n t  h igh w e s t e r l y  winds which a r e  e s p e c i a l l y  s t r o n g  a t  n i g h t  

I 
dur ing  s p r i n g  and summer (Zambrano and Arcemont 1981). Generated by I 



t h e  d i f f e r e n t i a l  befween coo l  c o a s t a l  cond i t ions  and t h e  

c h a r a c t e r i s t i c a l l y  h igher  tempera tures  of t h e  Colorado Desert, t h i s  

wind flow p a t t e r n  averages  20 mph (8.9 m/s) on t h e  f l o o r  of t h e  pass  

dur ing  s p r i n g  and more than 24 mph (10.7 m / s )  on we l l  exposed r i d g e s  

(Zambrano and Arcemont 1981). Daily averages can occas iona l ly  exceed 

45 mph (20.0 m/s), with g u s t s  of  more than 60 mph (26.8 m/s) no t  

unusual when storm f r o n t s  pass  through southern C a l i f o r n i a .  The drop i n  

e l e v a t i o n  from t h e  west end of t h e  pass  (700 m) t o  t h e  east end (183 m) 
I 

produces a west-east  i n c r e a s e  i n  wind speed wi th  wind v e l o c i t y  peaking 

near  Whitewater (Figure  3) .  Winds are e s p e c i a l l y  s t r o n g  a long t h e  

southern edge of t h e  pass  east of Whitewater, r e s u l t i n g  from a f u r t h e r  

drop i n  e l e v a t i o n  from n o r t h  t o  s o u t h  (Zambrano and Arcemont 1981). 

Although we were unable t o  measure winds a l o f t  during t h i s  s tudy ,  

da ta  c o l l e c t e d  i n  previous  yea r s  i n d i c a t e  t h a t ,  up t o  a t  least 600 m,  

t h e  d i r e c t i o n  of winds a l o f t  i s  highly  c o r r e l a t e d  wi th  s u r f a c e  winds 

but  may occur a t  even g r e a t e r  v e l o c i t i e s  (Zambrano and Arcemont 1981). 

Vegetat ion 

:I The vege ta t ion  of t h e  s tudy  a r e a  i s  dominated by s p e c i e s  

c h a r a c t e r i s t i c  of t h e  Upper Colorado Deser t ,  a l though s e v e r a l  p l a n t  

communities a r e  p r e s e n t  ( see  Thorne 1982). These a r e  a r e s u l t  of 

I extremes i n  r a i n f a l l ,  tempera ture ,  s o i l  cond i t ions ,  and topographic 

r e l i e f  which occur i n  t h e  a r e a .  By f a r  t h e  most ex tens ive  h a b i t a t  i s  

c reoso te  bush sc rub  which occurs throughout most of t h e  WRSA on d e s e r t  



s l o p e s ,  a l l u v i a l  f a n s ,  and v a l l e y  f l o o r s  below 1,200 m. Th i s  h a b i t a t  

i s  overwelmingly dominated by c r e o s o t e  bush (Larrea  d i v a r i c a t a )  and 

a l s o  i n c l u d e s  impor tan t  components of bursage (Ambrosia dumosa) and 

b r i t t l e  bush (Ence l i a  f a r i n o s a ) .  Th i s  vege ta t ion  i s  t y p i c a l l y  low, 

windswept, and s p a r s e  over most o f  t h e  area. 

Other h a b i t a t  t y p e s  i n c l u d e  d ry  wash, [ c r e o s o t e  bush, pa lo  verde 

(Cercidium floridurn),  and ironwood (Olneya t e s o t a ) ] ,  sand dunes 

[ c reoso te  bush, s a l t  bush ( A t r i p l e x  canescens)  , and mesquite  (P rosop i s  

glandulosa)], and s m a l l  but  important  components of mountain and 

r i p a r i a n  vege ta t ion .  

Nocturnal Study S i t e s  

We s t u d i e d  noc tu rna l  b i r d  migra t ion  f o r  38 n i g h t s  (368 hours)  a t  7 

sites wi th in  o r  nea r  t h e  per imeter  of t h e  WRSA from 15 March - 24 May 

1982 (Figure  3 ) .  On most n i g h t s  obse rva t ions  began approximately 45 

minutes a f t e r  s u n s e t  and continued u n t i l  2315 (PST). We then  moved t o  

another  s i t e  where w e  resumed obse rva t ions  a t  0030 and continued u n t i l  

45 minutes be fo re  s u n r i s e .  Appendix A lists t h e  schedule  of  

obse rva t ions  f o r  t h i s  s tudy.  

The 7 n o c t u r n a l  s tudy  s i tes  were: 

S i t e  1. Approximately 0.5 km w e s t  of t h e  me teoro log ica l  tower on t h e  

f l o o r  o f  t h e  pass ,  1 km SE of Whitewater,  e l e v a t i o n  366 m ( 9  

n i g h t s ,  48  hours ) .  The pass  a t  t h i s  s i t e  is  approximately 

5  km wide. 
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S i t e  2. Approximately 0.5 km e a s t  o f  t h e  Bendix wind t u r b i n e  n e a r  

Devers S u b s t a t i o n ,  7 , 5  km w e s t  o f  Desert Hot Sp r ings ,  

e l e v a t i o n  335 m (13 n i g h t s ,  90  h o u r s ) .  T h i s  s i t e  i s  a t  t h e  

NW end o f  t h e  Coache l la  Va l l ey ,  approximate ly  4  km from t h e  

e n t r a n c e  t o  t h e  pass .  The t e r r a i n  i s  r e l a t i v e l y  open and 

f l a t  and t h e  v a l l e y  at  t h i s  s i t e  is approximate ly  13 km wide. 

S i t e  3. P a i n t e d  H i l l ,  approximate ly  2 km NW of t h e  i n t e r s e c t i o n  of  

I n t e r s t a t e  Highway 1 0  and S t a t e  Highway 62 (4.5 km NE o f  

Whitewater) ,  e l e v a t i o n  518 m ( 9  n i g h t s ,  38 hour s ) .  T h i s  s i t e  

is on t h e  s l o p e  of  a nor th-south  l y i n g  r i d g e  t h a t  ex t ends  

p a r t i a l l y  i n t o  t h e  east end of t h e  San Gorgonio Pass .  The 

s l o p e  of  t h i s  s i t e  i n c r e a s e s  approximate ly  100  m/km.  

S i t e  4. Approximately 0.5 km east of I n d i a n  Avenue i n  t h e  Whitewater 

River  wash, 6 km n o r t h  of Palm S p r i n g s ,  e l e v a t i o n  183 m (9 

n i g h t s ,  51 hour s ) .  T h i s  s i t e  i s  i n  t h e  d ry  f l o o d p l a i n  of t h e  

r i v e r ,  app rox ima te ly  8 km from t h e  east e n t r a n c e  t o  t h e  pass .  

S i t e  5. Approximately 0 .5  km n o r t h  of  I n d i a n  Avenue, 5 km NW of 

Desert Hot S p r i n g s ,  e l e v a t i o n  434 m (8 n i g h t s ,  3 9  hou r s ) .  

T h i s  s i te  i s  on t h e  v a l l e y  f l o o r  a l o n g  t h e  s o u t h e r n  edge of  

t h e  L i t t l e  San Bernard ino  Mountains.  Although t h e  t e r r a i n  of  

t h e  s i t e  i t s e l f  i s  r e l a t i v e l y  f l a t ,  t h e  f o o t h i l l s  of t h e s e  

mountains  ar ise  a b r u p t l y  j u s t  n o r t h  o f  t h e  s i te .  



S i t e  6. Approximately 1 km n o r t h  of Ramon Rd. nea r  Thousand Palms, 

13 km e a s t  of Palm Spr ings ,  e l e v a t i o n  91 m (8 n i g h t s ,  79 

hours) .  T h i s  s i t e  is loca ted  nea r  t h e  c e n t e r  of t h e  v a l l e y  

on t h e  e a s t e r n  edge of t h e  WRSA. 

S i t e  7 .  Palm Canyon, 7 km sou th  of Palm Spr ings ,  e l e v a t i o n  213 m ( 6  

n i g h t s ,  30 hours ) .  Th i s  s i t e  is on t h e  f l o o r  of a  narrow 

( 2  km), north-south l y i n g  canyon d r a i n i n g  t h e  NE s l o p e  of t h e  

San J a c i n t o  Mountains. Although o u t s i d e  t h e  WRSA, t h i s  s i t e  

was s e l e c t e d  t o  test  hypotheses on migra t ion  d e n s i t i e s  a c r o s s  

t h e  v a l l e y .  

We s e l e c t e d  t h e s e  s tudy sites based on t h e i r  l o c a t i o n  i n  r e l a t i o n  

t o  proposed wind t u r b i n e  developments and/or  t o  tes t  hypotheses on how 

noc tu rna l  b i r d  migra t ion  i n  t h e  WRSA is r e l a t e d  t o  topographic  f e a t u r e s  

and a i r  f low p a t t e r n s .  Although d a t a  were c o l l e c t e d  a t  t h e s e  s p e c i f i c  

sites,  t h i s  in fo rmat ion  a p p l i e s  t o  most o t h e r  a r e a s  i n  t h e  WRSA and i s  

probably r e p r e s e n t a t i v e  of  s p r i n g  migra t ion  throughout much of t h e  

Coachella  Valley.  

4- 



METHODS 

Equipment 

We employed a combinat ion of  e l e c t r o n i c  v i s u a l  and r a d a r  

t echno log ie s  ( F i g u r e  4)  t o  o b t a i n  d a t a  on t h e  a l t i t u d e ,  magnitude, and 

d i r e c t i o n  of n o c t u r n a l  b i r d  movement. A h igh  r e s o l u t i o n  X band (3 cm), 

10 kW marine r a d a r  (Decca 150) was used t o  de te rmine  t h e  a l t i t u d e  and 

magnitude of  b i r d  f l i g h t s  above 19  m ( s e e  below). We modif ied t h i s  

r a d a r  by r e p l a c i n g  t h e  s t a n d a r d  r o t a t i n g  T-bar an tenna  normally used 

f o r  marine a p p l i c a t i o n  wi th  a 76 cm p a r a b o l i c  an t enna  p o s i t i o n e d  i n  a 

v e r t i c a l ,  f i x e d  beam mode (Gauthreaux pe r s .  cornm.). The an tenna  and 

t r a n s c e i v e r  were mounted i n  a small t r a i l e r ,  wh i l e  t h e  r a d a r  d i s p l a y  

console  was mounted i n  a u t i l i t y  van p o s i t i o n e d  about  20  m from t h e  

t r a i l e r  (F igu re  5).  A c l o s e d  c i r c u i t  t e l e v i s i o n  camera c e n t e r e d  over  

t h e  r a d a r  d i s p l a y  s c r e e n  w a s  used t o  s t o r e  d a t a  on v ideo  t a p e  ( F i g u r e s  

4 and 6 ) .  The r a d a r  f i e l d  of view was 5.56', and t h e  range  of 

observed a l t i t u d e s  w a s  19 - 1 ,483  m (0.01 - 0.80 n.m.), i n  increments  

o f  19 m (0.01 n.m.). We s e l e c t e d  t h i s  r ange  scale ove r  o t h e r s ,  as it is 

d i f f i c u l t  t o  s e p a r a t e  b i r d  echoes  wi th  longe r  r a n g e s ,  and based on 

o c c a s i o n a l  u s e  of h i g h e r  s e t t i n g s ,  very  l i t t l e  mig ra t ion  ( l e s s  t han  

0.5%) occurred above 1 , 4 8 3  m. 

I n  c o n j u n c t i o n  w i t h  t h e  marine r a d a r ,  w e  used a v e r t i c a l l y  

d i r e c t e d  image i n t e n s i f i e r  ( an  e l e c t r o n i c  155 mm t e l e s c o p e  which 





METHODS 

Equipment 

We employed a  combina t ion  of e l e c t r o n i c  v i s u a l  and r a d a r  

t e c h n o l o g i e s  ( F i g u r e  4) t o  o b t a i n  d a t a  on t h e  a l t i t u d e ,  magnitude, and 

d i r e c t i o n  of n o c t u r n a l  b i r d  movement. A h i g h  r e s o l u t i o n  X band ( 3  cm), 

10 kW mar ine  r a d a r  (Decca 150) w a s  used t o  de te rmine  t h e  a l t i t u d e  and 

magnitude of b i r d  f l i g h t s  above 19  m ( s e e  below). We modif ied t h i s  

r a d a r  by r e p l a c i n g  t h e  s t a n d a r d  r o t a t i n g  T-bar an t enna  normal ly  used 

f o r  marine a p p l i c a t i o n  wi th  a 76 c m  p a r a b o l i c . a n t e n n a  p o s i t i o n e d  i n  a  

v e r t i c a l ,  f i x e d  beam mode (Gauthreaux p e r s .  comm.). The an t enna  and 

t r a n s c e i v e r  were mounted i n  a small t rai ler ,  w h i l e  t h e  r a d a r  d i s p l a y  

conso le  w a s  mounted i n  a  u t i l i t y  van p o s i t i o n e d  abou t  20  m from t h e  

t ra i ler  (F igu re  5 ) .  A c l o s e d  c i r c u i t  t e l e v i s i o n  camera c e n t e r e d  over  

t h e  r a d a r  d i s p l a y  s c r e e n  was used t o  s t o r e  d a t a  on v ideo  t a p e  ( F i g u r e s  

4  and 6 ) .  The r a d a r  f i e l d  of  view was 5-56', and t h e  r ange  of  

observed  a l t i t u d e s  was 1 9  - 1 , 4 8 3  m (0.01 - 0.80 n.m.), i n  i nc remen t s  

o f  19  m (0.01 n.m.). We s e l e c t e d  t h i s  r ange  scale ove r  o t h e r s ,  as it i s  

d i f f i c u l t  t o  s e p a r a t e  b i r d  echoes  w i th  l onge r  r a n g e s ,  and based on 

o c c a s i o n a l  use  of h i g h e r  s e t t i n g s ,  very  l i t t l e  m i g r a t i o n  (less than  

0.5%) occur red  above 1 , 4 8 3  m. 

t 

I n  con junc t ion  w i t h  t h e  marine r a d a r ,  we used a v e r t i c a l l y  

d i r e c t e d  image i n t e n s i f i e r  (an e l e c t r o n i c  155 nun t e l e s c o p e  which 
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F i g u r e  5. - ~ t i l i t j  van used  f o r  o b s e r v i n g  n o c t u r n a l  b i r d  m i g r a t i o n  
( u p p e r ) .  T r a i l e r  w i t h  r a d a r  t r a n s c e i v e r ,  p a r a b o l i c  a n t e n n a ,  and 
g e n e r a t o r  ( l o w e r ) .  





F i g u r e  6. I n t e r i o r  of  u t i l i t y  van showing m o n i t o r i n g  equipment:  
a )  v i d e o  m o n i t o r ,  b) TV camera, c )  r a d a r  (PPI )  s c r e e n ,  d )  v i d e o  r e c o r d e r .  





a m p l i f i e s  ambient  l i g h t  up t o  30,000 times) t o  v i s u a l l y  observe  

n o c t u r n a l  mig ran t s .  T h i s  t e l e s c o p e  w a s  a t t a c h e d  t o  a c l o s e d  c i r c u i t  

t e l e v i s i o n  camera connec ted  t o  a v ideo  monitor  l o c a t e d  i n  t h e  van 

(F igu re  4 and 6) (Gauthreaux 1980). A v e r t i c a l l y  d i r e c t e d  narrow beam 

ce i lome te r  (500  w a t t )  i l l u m i n a t e d  b i r d s  pas s ing  overhead (Gauthreaux 

1969).  The image i n t e n s i f i e r  and camera were mounted on t h e  t rai ler  

and a l i g n e d  w i t h  t h e  f i e l d  of  view o f  t h e  r a d a r ,  w i th  t h e  c e i l o m e t e r  

p o s i t i o n e d  abou t  20  m away. The ave rage  maximum a l t i t u d e  a t  which most 

p a s s e r i n e s  a r e  v i s i b l e  w i th  t h e  image i n t e n s i f i e r / c e i l o m e t e r  system i s  

about  300 m ,  w h i l e  l a r g e r  b i r d s  and f l o c k s  are v i s i b l e  t o  ove r  1 ,000  m. 

For e a s e  of o b s e r v a t i o n  and d a t a  s t o r a g e ,  t h e  o u t p u t  of  bo th  t h e  r a d a r  

and image i n t e n s i f i e r  cameras were s imu l t aneous ly  d i s p l a y e d  on t h e  same 

monitor u s ing  a v ideo  s c r e e n  s p l i t t e r  ( F i g u r e  7 ) .  A v i d e o  r e c o r d e r  

connected t o  t h e  moni tor  provided s t o r a g e  of a l l  d a t a  f o r  l a t e r  review 

when necessary .  

During 1981 r e s e a r c h ,  w e  r e l i e d  e n t i r e l y  on t h e  image 

i n t e n s i f i e r / c e i l o m e t e r  sys tem t o  de te rmine  both  t h e  magnitude and 

d i r e c t i o n  of m i g r a t i o n  (Gauthreaux 1980).  I n  s p r i n g  1982, however, w e  

determined t h e  magnitude o f  mig ra t i on  from t h e  combined radar-image 

i n t e n s i f i e r  system. Because of t h e  s e n s i t i v i t y  of  t h e  marine r a d a r  t o  

a  v a r i e t y  of f l y i n g  i n s e c t s ,  w e  recorded  on ly  t h o s e  r a d a r  echoes  i n  t h e  

band of  f l y i n g  i n s e c t s  (19 - 185 m) f o r  which t h e r e  w e r e  cor responding  

v i s u a l  s ight ings. .  We used a  c u t o f f  of  185  m f o r  t h e  image 

i n t e n s i f i e r ,  as most i n s e c t s  were observed f l y i n g  below t h i s  a l t i t u d e  

and t h e  d e t e c t a b i l i t y  of  small p a s s e r i n e s  w i th  t h e  image i n t e n s i f i e r  









d e c l i n e s  above 185 m. A l l  r a d a r  echos above 185 m were recorded  

r e g a r d l e s s  of whether cor responding  v i s u a l  s i g h t i n g s  were observed.  

Most i n s e c t s  appeared o u t  of focus  o r  e x h i b i t e d  erratic f l i g h t  behavior  

and were e a s i l y  d i s t i n g u i s h a b l e  from b i r d s .  We a l s o  used c u e s  r e l a t e d  

t o  t h e  r e l a t i v e l y  g r e a t e r  speed and b r i g h t n e s s  of  b i r d s  and t h e  

f r e q u e n t  presence  of  wingbeats  t o  d i f f e r e n t i a t e  b i r d s  from i n s e c t s .  

However, i n s e c t s  o c c a s i o n a l l y  occurred  a t  a l t i t u d e s  above 185 m ,  and on 

t h e s e  n i g h t s  a l l  r a d a r  e n t r i e s  below 300 m have been excluded.  

Add i t iona l ly ,  t h e  image i n t e n s i f i e r  malfunct ioned on 1 May and w i t h  t h e  

l a c k  of  v i s u a l  con f i rma t ion ,  we have n o t  i nc luded  any r a d a r  e n t r i e s  

below 300 m recorded  d u r i n g  May. ( A l l  mean t r a f f i c  rates and  a l t i t u d e s  

g iven  i n  t h i s  r e p o r t  are based on o n l y  t h o s e  n i g h t s  when a l l  equipment 

was f u n c t i o n i n g  p r o p e r l y  and t h e r e  were no i n s e c t s  above 185 m u n l e s s  

o the rwi se  s t a t e d . )  

Observa t ions  were conducted by two f i e l d  b i o l o g i s t s  exper ienced  a t  

o p e r a t i n g  t h i s  t y p e  of equipment. They viewed t h e  v ideo  monitor  and 

recorded  t h e  e x a c t  t ime  (PST) a b i r d ( s )  was s i g h t e d ,  t h e  number of  

i n d i v i d u a l s ,  and t h e  a l t i t u d e ( s )  of  b i r d s .  A l l  i n fo rma t ion  w a s  

recorded  on p o r t a b l e  mic ro -cas se t t e  t a p e  r eco rde r s .  

The behavior  o f  b i r d s  f l y i n g  n e a r  a h i g h  t e n s i o n  t r a n s m i s s i o n  

tower a t  s i t e  2 was observed  w i t h  t h e  image i n t e n s i f i e r  and c e i l o m e t e r  

d i r e c t e d  h o r i z o n t a l l y  a t  t h e  t o p  of t h e  tower.  The behavior  of  each 

b i r d  was recorded  as no r e a c t i o n  (no  appa ren t  change i n  t h e  b i r d ' s  

f l i g h t  pa th  o r  b e h a v i o r ) ,  moderate r e a c t i o n  ( s i n g l e  change i n  f l i g h t  



path  as i f  t o  avoi-d s t r i k i n g  t h e  s t r u c t u r e ] ,  o r  h igh r e a c t i o n  ( a  change 

near  a s t r u c t u r e  from normal t o  erratic f l i g h t ,  i n c l u d i n g  c i r c l i n g  of 

t h e  s t r u c t u r e ) .  We a l s o  used b inocu la r s  and 20X s p o t t i n g  scopes  i n  

p lace  of t h e  image i n t e n s i f i e r  t o  observe b i r d s  a t  ' t h i s  tower. 

Analys is  

We use t h e  concept  of Migrat ion T r a f f i c  Rate (MIX) (Lowery 1951) - 
t h e  number of  b i r d s  c r o s s i n g  a l i n e  1 km long i n  1 hour - t o  express  

t h e  magnitude of migra t ion .  MTRss a r e  c a l c u l a t e d  from b i r d s l h r  by 

mul t ip ly ing  c o r r e c t i o n  f a c t o r s  ( s e e  below) based on t h e  dimensions of  

t h e  conal  a r e a  sampled wi th  t h e  radar l image i n t e n s i f i e r  system (Figure  

8 ) .  To determine a l t i t u d e s  of  migrants ,  t h e  v e r t i c a l  range of t h e  

r a d a r  beam a s  observed on t h e  r a d a r  s c r e e n  w a s  d iv ided i n t o  80 

increments of 19  m (0.01 n.m.) each. I n  o rde r  t o  determine EITRt s, we 

c a l c u l a t e d  c o r r e c t i o n  f a c t o r s  f o r  each of t h e s e  80 a l t i t u d i n a l  

increments.  Below 185 m we used c o r r e c t i o n  f a c t o r s  based on t h e  f i e l d  

of view of t h e  image i n t e n s i f i e r  (4.41°) ,  whi le  above 185 m c o r r e c t i o n  

f a c t o r s  were based on t h e  width of t h e  r a d a r  beam (5.56O). 

We c a l c u l a t e d  c o r r e c t i o n  f a c t o r s  by a complex method invo lv ing  

s imul taneously  recorded obse rva t ions  on both  t h e  r a d a r  and image 

i n t e n s i f i e r .  The f i r s t  s t e p  i n  t h i s  process  was t o  video t a p e  t h e  f u l l  

moon wi th  t h e  image i n t e n s i f i e r .  The width, i n  degrees ,  of t h e  image 

i n t e n s i f i e r  f i e l d  of view was measured from t h e  known width of t h e  moon 

(0.5'). We then reviewed video t a p e s  of s i n g l e  b i r d s  and f l o c k s  



Figure 8. Radar and image intensifier fields of view with selected 
MTR correction factors. 



t h e  c e n t e r  of t h e  a l i g n e d  f i e l d  of view of  t h e  r a d a r  and image 

i n t e n s i f i e r  a t  s e v e r a l  d i f f e r e n t  a l t i t u d e s .  By measuring t h e  e l a p s e d  

f l i g h t  t ime a c r o s s  t h e  image i n t e n s i f i e r  and  t h e  co r r e spond ing  f l i g h t  

time a c r o s s  t h e  r a d a r ,  t h e  wid th  of t h e  r a d a r  beam was c a l c u l a t e d .  

From t h e s e  measurements t h e  a v e r a g e  beam wid th  of  t h e  r a d a r  w a s  

determined (5.56' + 0.32 SE, n = 29).  The a c t u a l  d i ame te r  of  t h e  

r a d a r  was c a l c u l a t e d  f o r  each  a l t i t u d i n a l  increment  by t h e  

t r i g o n o m e t r i c  f u n c t i o n  (d i ame te r  = h e i g h t  x t a n g e n t  o f  a n g l e )  and 

c o r r e c t i o n  f a t t o r s  are equa l  t o  t h e  number o f  d i a m e t e r s  of  t h e  sample 

a r e a  i n  1 km; c o r r e c t i o n  f a c t o r s  range  from 682 a t  1 9  m t o  7 a t  1 ,483  

m. Thus, MTR's are c a l c u l a t e d  by summing t h e  c o r r e c t e d  number o f  b i r d s  

a t  each  h e i g h t  i nc remen t  i n  a n  hour .  A f u r t h e r  c o r r e c t i o n  accounted 

f o r  p e r i o d s  of less t h a n  1 hour .  

Azimuth f l i g h t  d i r e c t i o n s  ( exp res sed  as d i r e c t i o n s  b i r d s  were 

f l y i n g  t o  i n  d e g r e e s  from t r u e  N )  were c a l c u l a t e d  from c l o c k f a c e  d i r e c -  
I 

t i o n s  w i t h  i n f o r m a t i o n  provided  by Gauthreaux (1980).  With t h i s  1 
method, f l i g h t  d i r e c t i o n s  are grouped i n  7.5' i n t e r v a l s .  

I 
We determined  mean f l i g h t  d i r e c t i o n s  and d i s p e r s i o n s  by v e c t o r  

a n a l y s i s  ( B a t s c h e l e t  1965) .  The s ta t i s t ic  ( r )  r e p r e s e n t s  t h e  l e n g t h  of 
I 

t h e  sample mean v e c t o r .  T h i s  is a u n i t l e s s  measure o f  c o n c e n t r a t i o n  I 
around t h e  mean r a n g i n g  i n  v a l u e  from 0 (unde f ined  mean a n g l e )  t o  1 

( a l l  d a t a  c o n c e n t r a t e d  i n  t h e  same d i r e c t i o n ) .  The s i g n i f i c a n c e  of a l l  
I 

ave rage  f l i g h t  d i r e c t i o n s  w a s  determined w i t h  t h e  Rayle igh  test,  which I 
tests t h e  n u l l  h y p o t h e s i s  of  a random d i s t r i b u t i o n  of  f l i g h t  

I 



d i r e c t i o n s .  

A l l  n o c t u r n a l  b i r d  d a t a  were compiled and seg rega ted  on an  IBM 

3033 computer u s i n g  S t a t i s t i c a l  A n a l y t i c a l  Systems (SAS) so f tware .  We 

used s e v e r a l  m u l t i v a r i a t e  t e c h n i q u e s  t o  ana lyze  t h e  d a t a  on mig ra t ion  

d e n s i t y ,  s i t e ,  and weather .  Analyses of v a r i a n c e  were used t o  

de te rmine  i f  d i f f e r e n c e s  occu r red  between sites i n  m i g r a t i o n  magnitude. 

Th i s  was performed on r e s i d u a l s  determined from smooth c u r v e s  which 

removed t h e  e f f e c t  of d a t e  on MTR's. A similar a n a l y s i s  o f  va r i ance  

was performed on  mig ra t ion  magnitude, a l t i t u d e ,  and s y n o p t i c  weather 

p a t t e r n s .  S tepwise  m u l t i p l e  r e g r e s s i o n  was used t o  examine t h e  

r e l a t i o n s h i p  between mig ra t ion  d e n s i t y ,  a l t i t u d e ,  and 15 s p e c i f i c  

weather v a r i a b l e s .  



PART 1. BIOLOGICAL ASPECTS OF NOCTURNAL BIRD MIGRATION I N  THE 
COACHELLA VALLEY 

RESULTS 

During 38 n i g h t s  of  s t u d y ,  w e  r eco rded  over  30,000 e n t r i e s  on 

r a d a r  and 2,134 b i r d s  v i s u a l l y .  Based on behav io r ,  v i s u a l  o b s e r v a t i o n s  

were s e p a r a t e d  i n t o  2 groups: s i n g l e  b i r d s  o r  b i r d s  i n  very  l o o s e  

a s s o c i a t i o n s  and f l o c k s .  S i n g l e  n o c t u r n a l  m i g r a n t s  are cons ide red  as 

mainly s o n g b i r d s  ( o r d e r  P a s s e r i f o r m e s ) ,  w h i l e  f l o c k s  are e i t h e r  

s h o r e b i r d s  ( o r d e r  C h a r a d r i i f  orrnes ) o r  water fowl  ( o r d e r  Anser i f  ormes ) 

(Able 1974) ,  a l t h o u g h  b i r d s  i n  t h e s e  o r d e r s  may a l s o  f l y  s i n g l y .  T h i s  

c l a s s i f i c a t i o n  i s  suppor t ed  by d u r  o b s e r v a t i o n s  on t h e  f l i g h t  

d i r e c t i o n s  o f  s i n g l e  m i g r a n t s  v s  f l o c k s  under h i g h  winds ( > 7  mph) ( s e e  

below). A l i s t  o f  n o c t u r n a l  mig ran t s  observed  d u r i n g  d i u r n a l  

o b s e r v a t i o n s  i n  t h e  WRSA and su r round ing  areas i s  shown i n  Appendix B. 

S i n g l e  m i g r a n t s  were t h e  most common d u r i n g  t h i s  s t u d y  (88%),  as 

i n  s p r i n g  1981 (McCrary e t  a l .  1981).  S i n c e  t h e  mig ra to ry  f l i g h t  

behavior  of water fowl  and s h o r e b i r d s  is known t o  be d i s s i m i l a r ,  s i n g l e  

mig ran t s  and f l o c k s  have been cons ide red  s e p a r a t e l y .  It should  be 
C 

no ted ,  however, t h a t  w e  were unable  t o  d i f f e r e n t i a t e  f l o c k s  from s i n g l e  

mig ran t s  w i t h  r a d a r  on ly ,  b u t  v i s u a l  o b s e r v a t i o n s  wi th  t h e  image 

i n t e n s i f i e r  i n d i c a t e  t h a t  t h e  v a s t  m a j o r i t y  of  r a d a r  echoes  were s i n g l e  

b i r d s .  

A s  i n  o t h e r  s t u d i e s  of  n o c t u r n a l  m i g r a t i o n ,  (Able 1972, Gauthreaux 



1971, Lowery 1951, McCrary e t  a l .  1981, Moorhouse 1980),  we found 

c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  number of mig ran t s  observed from hour-to- 

hour and night- to-night .  The mean MTR f o r  s i n g l e  mig ran t s ,  a l l  hours  

and s i tes  combined, was 4,006 + 562 SE ( r ange  42 - 24,477). A s  i n d i -  

ca t ed  by t h e  r a n g e  of MTR's, a t  least some m i g r a t i o n  occurred  dur ing  

a l l  hour s  of  o b s e r v a t i o n ,  w i t h  s u b s t a n t i a l  v a r i a t i o n  f r e q u e n t l y  

occu r r ing  w i t h i n  a s i n g l e  n i g h t .  For example, on 15-16 A p r i l  1982 a t  

s i t e  6 ,  MTR's v a r i e d  from 8,127 a t  1900 t o  612 a t  0300. The range  of 

MTR's i n  t h i s  s t u d y  w a s  g r e a t e r  t han  t h a t  observed i n  s p r i n g  1981 (62 - 
14,136)  (McCrary e t  a l e  1981).  Much of  t h e  observed  v a r i a t i o n  i n  MTRPs 

can be expla ined  through a n  a n a l y s i s  of h o u r l y ,  s e a s o n a l ,  and topo- 

g raph ic  p a t t e r n s  of  mig ra t ion ,  as w e l l  as by t h e  i n f l u e n c e  of weather.  

Night ly  P a t t e r n  of Mig ra t ion  

Although tremendous d i f f e r e n c e s  i n  t h e  amount of  mig ra t ion  

f r e q u e n t l y  occu r red  du r ing  a n i g h t ,  t h e  n i g h t l y  p a t t e r n  of  change i n  

mig ra t ion  magnitude w a s  h i g h l y  c o n s i s t e n t  from night - to-n ight  and  site- 

t o - s i t e  ( F i g u r e  9 ) .  A s t r o n g  n e g a t i v e  c o r r e l a t i o n  e x i s t s  between mean 

MTR's and hour o f  t h e  n i g h t  ( r  = -0.950, n  = 10, p  < 0.001) w i th  most 

migra t ion  o c c u r r i n g  d u r i n g  t h e  f i r s t  4  hours  (1900 - 2200) of t h e  n i g h t  

(61%); over 20% o c c u r r i n g  d u r i n g  t h e  f i r s t  hou r ,  and t h e  l o w e s t  l e v e l  

of  mig ra t ion  occurred  a t  0300 (4.2%). Mean M T R ' s  f o r  hour s  be fo re  

midnight were g r e a t e r  t h a n  those  a f t e r  midnight  a t  a l l  sites (Table l ) ,  

and t h e  mean MTR b e f o r e  midnight ,  a l l  sites combined, was s i g n i f i c a n t l y  

g r e a t e r  t han  t h e  mean MT'R a f t e r  midnight  ( p  < 0.01) .  Although n o t  





T a b l e a .  Mean p a s s e r i n e  M T R V s  observed i n  t h e  Wind Resource Study Area 
dur ing  s p r i n g  1982. 

Mean MTR f SE Mean MTR 2 SE 
be fo re  midnight  a f t e r  midnight  Mean MTR 2 SE 

S i t e  ( 1900 - 2300) n (0000 - 0400) n a l l  hour s  

A l l  4,846 + 423 89 2,317 + 170 90 4 , 0 0 6 + 5 6 2  



e n t i r e l y  c o n s i s t e n t ,  1900 was usua l ly  t h e  peak hour of migra t ion  (47% 

of n i g h t s ) ,  wi th  t h e  peak on o t h e r  n i g h t s  d i s t r i b u t e d  evenly through 

most of t h e  remaining -. hours (2000 - 0400) (Table 2 ) -  Migrat ion 

a c t i v i t y  u s u a l l y  decreased s h a r p l y  a f t e r  1900, wi th  a more gradual  

d e c l i n e  through t h e  remainder of t h e  n igh t .  A s  i n d i c a t e d  e a r l i e r ,  t h e  

a c t u a l  change i n  magnitude dur ing t h e  n i g h t  w a s  sometimes dramatic.  

Seasona l i ty  

Although migra t ion  was recorded dur ing a l l  n i g h t s  i n  t h i s  s tudy ,  

t h e  a c t u a l  degree of  migra t ion  va r i ed  considerably  through t h e  season.  

F igure  1 0  shows mean n i g h t l y  PlTR's f o r  hours  be fo re  midnight.  Hean 

n i g h t l y  MTR's be fo re  midnight were s i g n i f i c a n t l y  c o r r e l a t e d  wi th  J u l i a n  

d a t e  ( r  = 0.534, p  < 0.01). Both mean and peak (Table 2) MTR's were 

low t o  moderate i n  l a t e  March and e a r l y  A p r i l ,  i n c r e a s i n g  a f t e r  9 Apr i l  

t o  a peak mean MTR (14,204) and h i g h e s t  s i n g l e  MTR (24,477) on 22 Apr i l  

a t  s i t e  6. T h i s  peak c o i n c i d e s  p r e c i s e l y  wi th  t h e  peak n i g h t  observed 

i n  t h e  WRSA dur ing s p r i n g  1981 (peak MTR = 22,800 a t  s i t e  6 on 22 A p r i l  

1981) (McCrary e t  a l e  1981). 

Because of equipment f a i l u r e s  and i n s e c t  c l u t t e r ,  i n  Figure  10 we 

show only a  p o r t i o n  of t h e  n i g h t s  a c t u a l l y  covered i n  t h i s  s tudy.  

Observations dur ing  t h e  remaining n i g h t s  of s tudy  a r e  l i m i t e d  t o  only 

a l t i t u d e s  above 300 m (Figure  11). Although t h e  n i g h t l y  mean NTR's 

above 300 m a r e  n o t  r e p r e s e n t a t i v e  of t h e  a c t u a l  mean r a t e s  of 

migra t ion  dur ing t h e  s tudy ,  t h e  seasona l  p a t t e r n  of migra t ion  i s  very 



Table  2. N igh t ly  peak p a s s e r i n e  MTR's observed  i n  t h e  Wind Resource 
Study Area d u r i n g  s p r i n g  1982. 

-- 

- -. . 
Date S i t e  Hour Peak MTR 

- 24 March 

27 March 

31 March 

3 A p r i l  

4  A p r i l  

6 A p r i l  

8 A p r i l  

12  A p r i l  

13 A p r i l  

14  A p r i l  

15 April 

17 A p r i l  

21 A p r i l  

22 A p r i l  

24 A p r i l  

25  A p r i l  

28 A p r i l  

29 A p r i l  6 

30  A p r i l  4  







similar t o  t h a t  shown i n  F igure  10 and i n c l u d e s  t h e  per iod  from 15 

March - 25 March and from 1 May through t h e  end of t h e  s tudy  (23 May). 

Only low l e v e l s  of migra t ion  occurred i n  m i d - ~ a r c h ,  and t h e  peak per iod  

of  migra t ion  a c t u a l l y  continued through t h e  end of  t h e  s tudy  

(Figure  11). - 

Resu l t s  of  d i u r n a l  s t u d i e s  i n  t h e  WRSA and surrounding a r e a s  

dur ing  s p r i n g  1979 and 1980 show a similar seasona l  p a t t e r n  of 

migra t ion  (McKernan e t  a l . ,  i n  prep . ) .  These data  i n d i c a t e  t h a t  

moderate numbers o f  s p r i n g  migrants  occur i n  t h e  s tudy  a r e a  through 1 

June,  with abundance dropping sha rp ly  t h e r e a f t e r .  From both noc tu rna l  

and d i u r n a l  o b s e r v a t i o n s ,  s p r i n g  migra t ion  i n  t h e  WRSA appears  t o  begin 

f o r  some s p e c i e s  i n  e a r l y  March bu t  occurs  a t  only low t o  moderate 

l e v e l s  through mid-April. High l e v e l s  of migra t ion  begin from about  

mid-April and may con t inue  through t h e  end of May, wi th  migra t ion  

d ropp ing 'o f f - rap id ly  dur ing  t h e  f i r s t  week of June. 

Geographical Var ia t ion  i n  Migrat ion Magnitude 

The sites s e l e c t e d  f o r  s tudy  dur ing  s p r i n g  1982, a l though q u i t e  

d i f f e r e n t  i n  topography, showed only  s l i g h t  v a r i a t i o n  i n  mean M T R ' s ,  

which .ranged from 2,919 + 583 SE a t  s i t e  1 t o  4,082 + 676 SE at  s i t e  6 

(Table 1 ) .  Problems i n  comparing s i tes  i n  t h i s  f a s h i o n  a r i s e ,  however, 

because of t h e  dynamic n a t u r e  of b i r d  migra t ion .  Although we at tempted 

t o  equa l ly  d i s t r i b u t e  sampling p e r i o d s  among sites through t h e  season,  

we were n o t  t o t a l l y  s u c c e s s f u l .  Because of equipment f a i l u r e s  and 



i n s e c t  c l u t t e r ,  some sites were covered more du r ing  A p r i l  when g r e a t e r  

numbers of mig ran t s  were a l o f t  t h a n  i n  March when less migra t ion  

occurred.  T h i s  t e n d s  t o  skew t h e  mean MTR's  a t  t h e s e  s i t e s  toward t h e  

h igh  end ,  w h i l e - s i t e s  covered more i n  March would have  lower means. 

F i g u r e  10 shows a c l u s t e r i n g  of some sites when samples  were c o l l e c t e d  

- 
under similar c o n d i t i o n s  w i t h i n  a few days o f  each  o t h e r .  Mean 

n i g h t l y  MTR's be fo re  midnight  on 3, 4 ,  and 8 A p r i l  i n d i c a t e  a h igh  

degree  of s i m i l a r i t y  between sites 1, 4 ,  and 6 r e s p e c t i v e l y .  The same 

is  t r u e  f o r  s i t es  2 ,  3, 6, and 7  dur ing  t h e  p e r i o d  from 12-15 Apr i l .  

The s i m i l a r i t y  between sites i s  s t a t i s t i c a l l y  v e r i f i e d  through a n  

a n a l y s i s  of v a r i a n c e  on mean n i g h t l y  MTR r e s i d u a l s  determined from 

smooth c u r v e s  which remove t h e  e f f e c t  of  d.ate. No s i g n i f i c a n t  

d i f f e r e n c e  between sites e x i s t s  e i t h e r  be fo re  midnight  ( F  = 0.79, p  > 
0.5)  o r  a f t e r  midnight  ( F  = 1.09, p  > 0.4) f o r  t h o s e  n i g h t s  when MTR's 

were determined f o r  a l l  a l t i t u d e s  (19  - 1,483)  (F igu re  1 0 ) .  Nor were 

t h e r e  d i f f e r e n c e s  between s i tes  be fo re  midnight  ( F  = 1.26, p  > 0.3) o r  

a f t e r  midnight  ( F  = 0.34, p  > 0.9)  f o r  a l l  n i g h t s  o f  o b s e r v a t i o n  above 

300 m (F igu re  11 ) .  T h i s  indicates t h a t  p a s s e r i n e  mig ra t ion  i n  t h e  WRSA 

occur s  i n  a  broad f r o n t  r a t h e r  t h a n  i n  s p e c i f i c  pathways. However, it 

is  d i f f i c u l t  t o  account  f o r  t h e  extreme d i f f e r e n c e  i n  migra t ion  

observed between s i tes  4  and 6 on t h e  n i g h t s  of 21 and 22 A p r i l  d e s p i t e  

t h e  occurrence  of  very  low winds on both  n i g h t s  ( F i g u r e  1 0 ) .  

Apparent ly,  a wave-like movement of mig ran t s  o c c u r s  i n  t h e  Coachel la  

Val ley  d u r i n g  s p r i n g ,  s i m i l a r  t o  t h a t  observed i n  t h e  e a s t e r n  United 

S t a t e s ;  t h i s  is e s p e c i a l l y  n o t i c e a b l e  du r ing  May ( F i g u r e  11) .  



In f luence  of Weather on Migrat ion Magnitude 

Bird migra t ion  i n  t h e  e a s t e r n  United S t a t e s  has  been shown t o  be 
- -. 

heav i ly  in f luenced  by s y n o p t i c  weather p a t t e r n s  ( f o r  a review see 

Richardson 1978); however, t h i s  phenomenon h a s  rece ived l i t t l e  - 
a t t e n t i o n  i n  t h e  western  U.S. ( s e e  Moorhouse 1980). I n  genera l ,  u n l i k e  

t h e  east, synop t i c  weather p a t t e r n s  i n  sou the rn  C a l i f o r n i a  seem t o  have 

only  marginal  i n f l u e n c e  on migra t ion  (McKernan, unpubl. d a t a ) .  We 

examined t h e  r e l a t i o n s h i p  between migra t ion  magnitude and synop t i c  

weather i n  t h e  WRSA by c l a s s i f y i n g  each n i g h t  of obse rva t ion  i n t o  1 of 

4 synop t i c  weather c a t e g o r i e s  (A = P a c i f i c  h igh p ressure ,  B = low 

pressure  cold  f r o n t  over sou the rn  C a l i f o r n i a ,  C = low pressure  f r o n t  

e a s t  of sou the rn  C a l i f o r n i a  over Nevada, D = complex weather p a t t e r n ;  

s e e  Appendix C  f o r  a  more d e t a i l e d  d e s c r i p t i o n ) .  The most f r equen t  

p a t t e r n s  dur ing  s p r i n g  1982 (11 March - 26 May) were P a c i f i c  high 
- 

(32.5%) and low p r e s s u r e  c o l d  f r o n t  (34.9%) wi th  complex weather 

occurr ing  only i n f r e q u e n t l y  (4.8%). Low p r e s s u r e  cold  f r o n t s  i n  t h e  

a r e a  of t h e  WRSA a r e  usua l ly  n o t  a s s o c i a t e d  with p r e c i p i t a t i o n  and 

extreme tempera ture  changes as tend t o  occur i n  o t h e r  geographica l  

a r e a s ;  t h u s ,  co ld  f r o n t s  may n o t  impede b i r d  migra t ion  i n  t h e  WRSA t o  

t h e  same degree as occurs  i n  t h e  e a s t e r n  U.S. L i t t l e  d i f f e r e n c e  i n  

mean m's occurred  between synop t i c  p a t t e r n s  (Table 3) and an  a n a l y s i s  

of va r i ance  on MTR r e s i d u a l s  shows no s i g n i f i c a n t  r e l a t i o n s h i p  between 

MTR' s  and synop t i c  weather e i t h e r  f o r  a l l  a l t i t u d e s  (F = 0.05, p  > 
0.9)  or  above 300 m (F = 0-64,  p  > 0.60). 



Table 3. Mean p a s s e r i n e  MTR's before  midnight i n  r e l a t i o n  t o  synop t i c  
weather. 

Synoptic 
ca tegory  

(Appendix C) 

19 - 1,483 m 

Mean MI?? 2 SE 



Although s y n o p t i c  weather  p a t t e r n s  seem t o  have l i t t l e  o r  no 

i n f l u e n c e  on m i g r a t i o n ,  r e l a t i o n s h i p s  between M T R V s  and weather  do 

e x i s t  f o r  i n d i v i d u a l  weather  v a r i a b l e s  (Table  4 ) -  For t h o s e  n i g h t s  

when a l l  a l t i t u d e s  were surveyed ,  o n l y  n i g h t  d a t e  ( r  = 0,568, p < 0.01, 

n  = 20) and t empera tu re  ( r  = 0.602, p  < 0.01, n  = 20) were 

s i g n i f i c a n t l y  c o r r e l a t e d  wi th  n i g h t l y  mean MTR's, w i th  wind d i r e c t i o n  

north-south c l o s e l y  approaching  s i g n i f i c a n c e  ( r  = -0.478, p  = 0.053, 

n  = 17).  S i n c e  d a t e  and t empera tu re  are h i g h l y  c o r r e l a t e d  i n  t h e  WRSA 

dur ing  s p r i n g  ( r  = 0.830, p  < 0.0001, n  = 20) ,  it i s  d i f f i c u l t  t o  

de te rmine  which i s  t h e  more impor t an t  f a c t o r  i n  b i r d  mig ra t ion .  The 

r e s u l t s  of  a s t e p w i s e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  (Table  5) i n d i c a t e  

t h a t ,  f o r  t h o s e  n i g h t s  when a l l  a l t i t u d e s  were surveyed ,  d a t e  is t h e  

more impor t an t  f a c t o r  i n  e x p l a i n i n g  t h e  v a r i a n c e  observed i n  mean 

n i g h t l y  MTR's, w h i l e  f o r  f l i g h t s  above 300 m ,  t empera tu re  i s  t h e  more 

o v e r r i d i n g  i n f l u e n c e .  T h i s  a n a l y s i s  a l s o  p o i n t s  t o  a s l i g h t  

r e l a t i o n s h i p -  between wind d i r e c t i o n  and m i g r a t i o n  magnitude i n  t h e  

WRSA. 

The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  m i g r a t i o n  magnitude is 

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  i n c r e a s i n g  t empera tu re ,  d a t e ,  and a 

r e d u c t i o n  i n  nor th-south  wind d i r e c t i o n  components. Thus, h i g h e ~  

mig ra t ion  magnitudes may be expected t o  occur  on w a r m e r  n i g h t s  i n  A p r i l  

and May when t h e  wind i s  blowing from t h e  w e s t .  S u r p r i s i n g l y ,  a lmost  

no c o r r e l a t i o n  e x i s t s  between mean MTR's and wind speed i n  t h e  WRSA 

dur ing  s p r i n g  1982 as compared t o  t h e  s i g n i f i c a n t  c o r r e l a t i o n  wi th  wind 

speed determined f o r  s p r i n g  1981 mig ra t ion  (McCrary e t  a l .  1981).  I n  

3 7 



Table  4. Product-moment c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  between mean 
MTR's b e f o r e  midnight  and weather  v a r i a b l e s .  The v a r i a b l e s  are de f ined  
i n  Appendix D. 

V a r i a b l e  r P  n  r P  n 

n i t e d a t e  

c loudcover  

c l o u d h e i g h t l  
( 1 s t  l a y e r )  
c loudhe igh t2  
(2nd l a y e r )  
s i t e c l d c o v  

p r e c i p  

p r e s s u r e  

presschangg 

temp 

tempchange 

v i s i b  

winddirec(E-W) 

winddi rec  (N-S) 

windvector(E-W) 

windvector(N-S) -0.330 0.155 20 -0.272 0.104 3 7  

windspeed -0.086 0.719 2  0 0.001 0.998 3 7  



Table 5. Stepwise m u l t i p l e  r e g r e s s i o n  a n a l y s i s  f o r  mean p a s s e r i n e  
MTRvs before  ritidnight observed i n  t h e  Wind Resource Study Area dur ing  
s p r i n g  1982. The v a r i a b l e s  are def ined i n  Appendix D. 

v a r i a b l e  B F P 

tempchange 527 

n i t e d a t e  162 

o v e r a l l  R = 0.669 
F = 7.57 
p = 0.002 

temp 

tempchange 

o v e r a l l  R = 0.24 
F = 5.37 
p = 0.0094 



s p r i n g  1981 h i g h e s t  s i n g l e  MTR's and mean MTR's occurred  on calm n i g h t s  

a t  s i t e s  1 ,  2 ,  and 6 d u r i n g  la te  A p r i l  and e a r l y  b y ,  r e s u l t i n g  i n  

n e g a t i v e  c o r r e l a t i o n s  between wind speed and MTR's a t  t h e s e  sites. 

However, du r ing  s p r i n g  1982, no  calm n i g h t s  occurred  a t  sites 1 and 2  

dur ing- tha t  pe r iod .  But ,  as mentioned earlier,  t h e  g r e a t e s t  n i g h t l y  

mean MTR and s i n g l e  MTR occurred  on a  calm n i g h t  a t  s i te  6 (22  A p r i l ) .  

Thus, a l though h i g h  MTR's occurred  i n  both  s p r i n g  1981 and 1982 a t  

s i t e s  I and 2  even under h igh  w e s t e r l y  winds, peak migra tory  movements 

a r e  a p p a r e n t l y  more l i k e l y  t o  occur  on calm n i g h t s ,  which may 

o c c a s i o n a l l y  occur  i n  t h e  WRSA dur ing  mid t o  l a te  sp r ing .  

A l t i t u d e  of Sp r ing  Migra t ion  

A t  l e a s t  some m i g r a t i o n  occurred  a t  a l l  a l t i t u d e s  observed  du r ing  

t h i s  s tudy  (19 m - 1 ,483  m) (F igu re  1 2 ) .  The s l i g h t l y  lower amount of 

mig ra t ion  from 100 - 200 m probably r e s u l t e d  from t h e  reduced 

e f f i c i e n c y  of t h e  image i n t e n s i f i e r  i n  d e t e c t i n g  s m a l l  p a s s e r i n e s  above 

100 m. Most m i g r a t i o n  was below 400 m (65%) and 12.9% was below 100 m;  

on ly  0.3% of mig ra t ion  occurred  above 1 ,300  m. However, t h e r e  was 

cons ide rab le  v a r i a t i o n  i n  t h e  a l t i t u d i n a l  d i s t r i b u t i o n  o f  mig ran t s  from 

hour-to-hour, n ight - to-n ight ,  and s i t e - t o - s i t e ,  

The mean a l t i t u d e  above ground l e v e l  o f  a l l  p a s s e r i n e  migra tory  

f l i g h t s  was 35i m k 1.9 SE with means a t  most sites i n  t h e  r ange  of 

300 - 400 m (Tab le  6). A h i g h l y  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  

e x i s t s  between mean f l i g h t  a l t i t u d e  above s e a  l e v e l  and s i t e  e l e v a t i o n  

40 

3 



P e r c e n t  

Figure 12. Altitudinal distribution o f  passerine birds in the Wind 
Resources Study Area during spring 1982, all sites combined. 



Table  6. Mean n o c t u r n a l  f l i g h t  a l t i t u d e s  o f  p a s s e r i n e  b i r d s  dur ing  
s p r i n g  1982 mig ra t ion  i n  t h e  Wind Resource S tudy Area. - 

Mean A l t i t u d e  + SE E l e v a t i o n  Mean a l t i t u d e  
S i t e  (me te r s )  of s i t e  above sea l e v e l  

ALL 



j a ~ a ~  e a s  a ~ o q e  s ~ a l a ~ y  



(F igu re  13; r = 0.956, p  < 0.001, n = 7)  i n d i c a t i n g  t h a t  b i r d s  main ta in  

a  r e l a t i v e l y  c o n s t a n t  a l t i t u d e  above ground. T h i s  p a t t e r n  may be 

d i s r u p t e d ,  however, by a b r u p t  changes i n  topography,  as i n d i c a t e d  by 
-- 

t h e  lower mean a l t i t u d e  above ground l e v e l  a t  s i t e  3 (Table  6).  Th i s  

s i te  i s  l o c a t e d  on t h e  s i d e  of a  north-south l y i n g ,  s t e e p  r i d g e  which - 
b i s e c t s  t h e  W-E f l i g h t  p a t h s  c h a r a c t e r i s t i c  of  most s p r i n g  p a s s e r i n e  

mig ran t s  i n  t h e  WRSA ( s e e  F l i g h t  D i r e c t i o n s ) .  Apparent ly ,  b i r d s  f l y i n g  

over  t h i s  740 m r i d g e  i n c r e a s e  t h e i r  f l i g h t  a l t i t u d e s  o n l y  enough t o  

s a f e l y  avoid  t h e  o b s t a c l e .  

A g e n e r a l  i n c r e a s e  i n  a l t i t u d e  occurred  du r ing  t h e  e a r l y  evening 

as mig ran t s  climbed i n  h e i g h t  ( F i g u r e  14 ) .  T h i s  w a s  e s p e c i a l l y  

appa ren t  dur ing  t h e  f i r s t  hour (1900) when a s h a r p  i n c r e a s e  i n  a l t i t u d e  

occurred  i n d i c a t i n g  a  r a p i d  a s c e n t  of mig ran t s  a f t e r  t h e  i n i t i a t i o n  of 

f l i g h t .  T h i s  i s  similar t o  t h e  n i g h t l y  p a t t e r n  of mig ra t ion  observed - 
by Able (1970) i n  t h e  e a s t e r n  United S t a t e s .  The h i g h e s t  hour ly  mean 

a l t i t u d e  (389  m) occurred  a t  2300 fo l lowed by a  s t e a d y  d e c l i n e  i n  

a l t i t u d e  u n t i l  0400. 

T h i s  p a t t e r n  was r e v e r s e d  a t  t h e  lower a l t i t u d e s ,  e s p e c i a l l y  below 

100 m .  I n  F i g u r e  15  w e  i l l u s t r a t e  t h e  change i n  q u a n t i t y  of n o c t u r n a l  

mig ra t ion  from 1 9  - 100 m. The dec rease  i n  pe rcen tage  of p a s s e r i n e  

b i r d s  below 100 m i n d i c a t e s  a n  a s c e n t  a f t e r  i n i t i a t i n g  f l i g h t .  The - - 

d e c l i n e  i n  numbefs i n  t h i s  a l t i t u d e  r ange  con t inued  u n t i l  2300 when t h e  

lowes t  (6.9%) l e v e l  occurred .  T h i s  w a s  fo l lowed by a n  i n c r e a s e  i n  

numbers u n t i l  0400 when 22.7% of  mig ra t ion  was concen t r a t ed  below 







100 m. A s  expec ted ,  t h e  r e v e r s e  of t h i s  p a t t e r n  occurred  a t  h i g h e r  

a l t i t u d e s  

-- . 

Although t h e  n i g h t l y  p a t t e r n  of a l t i t u d i n a l  change w a s  g e n e r a l l y  

t r u e  f o r  - most n i g h t s  and s i tes ,  d i f f e r e n c e s  i n  t h e  a l t i t u d i n a l  

d i s t r i b u t i o n s  occu r red  between s i t e s ,  e s p e c i a l l y  below 100 m 

( F i g u r e  1 6 ) .  The major  d i f f e r e n c e s  between sites were i n  t h e  0-100 m 

r ange  w i t h  S i t e  2  (19%) and S i t e  3 (20.4%) showing t h e  g r e a t e s t  amount 

o f  mig ra t ion  below 100 m;  o t h e r  sites ranged from 11.2 - 13% of  

m i g r a t i o n  below 100 m. 

I n f l u e n c e  of Weather on A l t i t u d e  

We examined t h e  r e l a t i o n s h i p  between n i g h t l y  mean p a s s e r i n e  

a l t i t u d e  b e f o r e  midnight  and s y n o p t i c  weather  (Appendix A )  and between - 

mean a l t i t u d e s  and  15 weather  v a r i a b l e s  (Appendix B) i n  t h e  same manner 

as MT.R1s were ana lysed .  A s  w i th  MTRfs, a n  a n a l y s i s  o f  v a r i a n c e  on mean 

a l t i t u d e  r e s i d u a l s  shows no s i g n i f i c a n t  r e l a t i o n s h i p  between a l t i t u d e  

and s y n o p t i c  weather  (F = 2.47, p  = 0.114). However, s i g n i f i c a n t  

r e l a t i o n s h i p s  do e x i s t  between mean a l t i t u d e  and s p e c i f i c  weather  

v a r i a b l e s .  A u n i v a r i a t e  a n a l y s i s  of mean a l t i t u d e  i n d i c a t e s  t h a t  o n l y  

c loud  cover  w a s  s i g n i f i c a n t l y  ( n e g a t i v e )  c o r r e l a t e d  wi th  a l t i t u d e  

(Table  7 ) .  T h i s  may be  somewhat s p u r i o u s ,  a s  a s t e p w i s e  m u l t i p l e  

r e g r e s s i o n  a n a l y s i s  does  n o t  p o i n t  t o  a  s t r o n g  r e l a t i o n s h i p  between 

a l t i t u d e  and c loud  cover  (Table  8). I n s t e a d ,  t h i s  m u l t i v a r i a t e  

a n a l y s i s  i n d i c a t e s  t h a t  a  complex a s s o c i a t i o n  of weather  v a r i a b l e s  
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02 
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Table 7. Product-moment c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  between mean 
p a s s e r i n e  a l t i t u d e s  before  midnight and weather v a r i a b l e s .  Var iab les  
a r e  def ined i n  Appendix B. - -. 

I 

Number of 
I: 

Yar iab le  r prob n i g h t s  

I 
n i t e d a t e  0.333 0.151 20 

cloudcov -0.541 0.014 10  I 
c loudhe igh t l  0.377 
( 1 s t  l a y e r )  
s i t ec loudcov  -0.342 

p r e c i p  0.401 0.080 20 I 
pressure  

presschange 

temp 0.274 

tempchange 0.038 
- 

v i s i b  -0.084 

windspeed 0.049 0.839 20 
P I 



Table 8. Stepwise m u l t i p l e  r e g r e s s i o n  a n a l y s i s  f o r  mean passe r ine  
a l t i r u d e s  be fo re  midnight observed i n  t h e  Wind Resource Study Area 
during sp r ing  1982 

v a r i a b l e  s l o p e  F prob 

p rec ip  253 

presschange 332 

temp 1 0  

windvector (E-W) 6 

windvector(N-S) 447 

ABpresschange 226 

Overa l l  R = 0.871 
F = 9.24 
p = 0.0006 



I 
i n f l u e n c e s  t h e  a l t i t u d e  of noc tu rna l  p a s s e r i n e  migra t ion  i n  t h e  WRSA 

wi th  t h e  s t r o n g e s t  f a c t o r s  being p r e c i p i t a t i o n ,  p ressu re  change, 

I 
tempera ture ,  and wind. Thus, mean a l t i t u d e s  tend t o  be h igher :  1 )  with 

- - 
I 

+ 

t h e  occurrence of rain, 2) under l a r g e  p r e s s u r e  changes, 3) with h igher  

tempergtures,  and 4 )  wi th  h igh n o r t h  - sou th  wind vec to r  components. 
I 
I 

Flock Migrat ion I 
Unlike p a s s e r i n e  b i r d s ,  f l o c k s  of s h o r e b i r d s  and waterfowl 

occurred only  s p o r a d i c a l l y  through t h e  s tudy ,  and on s e v e r a l  n i g h t s  w e  

I 
recorded no f l o c k  movement (Table 9).  We v i s u a l l y  recorded 44 f l o c k s  I 
dur ing  t h e  s tudy ,  most of  which were smal l  (mean number of 

i n d i v i d u a l s  = 6 ,  range  = 3 - 30). The mean MTR f o r  f l o c k s  w a s  only  
I 

44.4 + 25 SE b i r d s  ( r ange  0 - 2,004),  a l though  cons ide rab le  v a r i a t i o n  

occurred  between - si tes  (Table 10) .  Apparently, f l o c k  movement 

I 
concentra ted  a long  t h e  n o r t h e a s t e r n  edge of t h e  WRSA ( s i t e s  3 and 5,  I 
Tables  9 and l o ) ,  s k i r t i n g  t h e  f o o t h i l l s  of t h e  L i t t l e  San Bernardino 

and San Bernardino Mountains. Of t h e  44 f l o c k s  observed,  25 were 
I 

recorded a t  sites 3 and 5, whi le  only 1 0  were recorded a t  s i tes  1, 2, 

I ,  and 7, combined. Another a r e a  of  moderate f l o c k  movement w a s  s i t e  6 

I 
(9 f l o c k s ) .  S i m i l a r l y ,  mean M T R P s  a t  sites 3 and 5 were h igher  than 

I 
o t h e r  s i tes  (Table 10) .  I 

The occurrence  of f l o c k s  through t h e  n i g h t  (Figure  17) was I 
d i f f e r e n t  from p a s s e r i n e s  (F igure  9 ) .  The n i g h t l y  d i s t r i b u t i o n  

p a t t e r n  of f l o c k s  was bimodal wi th  peaks occur r ing  a t  2000 and 0100 and 
I 

51 I 
I 



Table  9. Timing, l o c a t i o n ,  size and a l t i t u d e  of  f l o c k s  observed i n  t h e  
Wind Resource Study Area d u r i n g  s p r i n g  1982. 

Date  

1 9  March 
1 9  March 
24 March 
24 March 
24 MKrch 
31 March 
31 March 
8 A p r i l  

12  A p r i l  
13 A p r i l  
14  A p r i l  
14  A p r i l  
14  A p r i l  
14  A p r i l  
14  A p r i l  
14 A p r i l  
1 4  A p r i l  
14  A p r i l  
17  A p r i l  
1 8  A p r i l  
1 8  A p r i l  
18 A p r i l  
21 A p r i l  
22 A p r i l  
22 Apri-1 
22 A p r i l  
22 A p r i l  
22 A p r i l  
22 A p r i l  
24 A p r i l  
24 A p r i l  
25 A p r i l  
25 A p r i l  
26 A p r i l  
26 A p r i l  
26 A p r i l  
26 Ap-ril  
26 A p r i l  
26 A p r i l  
26 A p r i l  
26 A p r i l  
26 A p r i l  
29 A p r i l  
30 A p r i l  

Number o f  
S i t e  Hour i n d i v i d u a l s  A l t i t u d e  (rn) MTRa 

abased on mean f l o c k  s i z e  f o r  a l l  f l o c k s  



- -. . 
Table  10. Mean MTRvs and a l t i t u d e s  of f l o c k s  d u r i n g  s p r i n g  i n  t h e  WRSA. 1' 

- 
S i t e  Mean MlX f SE n  Mean A l t i t u e  + SE n  

(me te r s )  
I 



A 
U 
0 .  - PJ 

rcw 
CT. - - 



l u l l s  a t  2300 and 0400, and t h e r e  w a s  no d i f f e r e n c e  between t h e  number 

of f l o c k s  observed be fo re  (22) and a f t e r  midnight (22) .  Th i s  p a t t e r n  

may be expla ined from t h e  p o i n t s  of o r i g i n  of t h e  observed f l o c k s .  The 
-. 

c l o s e s t  l o a f i n g  a r e a  f o r  wa te rb i rds  t o  t h e  sdu th  of t h e  WRSA is  t h e  

Sa l ton  Sea where f lock ing  migrants  occur i n  l a r g e  numbers. Flocks - 
l e a v i n g  t h e  S a l t o n  Sea i n  t h e  e a r l y  evening would n o t  appear i n  t h e  

WRSA u n t i l  sometime a f t e r  w e  began our obse rva t ions ,  t h u s  producing a  

peak f l o c k  movement a t  2000. S i m i l a r l y ,  t h e  peak a t  0100 may have been 

composed of f l o c k s  t h a t  i n i t i a t e d  migra t ion  from t h e  Sea of Cor tez  

which i s  t h e  n e x t  a r e a  sou th  of t h e  S a l t o n  Sea where l a r g e  

concen t ra t ions  of  f l o c k s  occur.  

A s  with s i n g l e  migrants  (Figure  l o ) ,  most f l o c k  movement occurred I 
a f t e r  12  A p r i l  (F igure  18).  Peak f l o c k  movements occurred a t  sites 2  I 
and 5  on t h e  n i g h t  of 13 A p r i l  (mean NI'R = 315) and 25 Apr i l  (mean - 
MTR = 264). 

The a l t i t u d i n a l  d i s t r i b u t i o n  of f l o c k s  (Figure  19) was s i m i l a r  i n  I 
many r e s p e c t s  t o  p a s s e r i n e  b i r d s  (Figure  12).  Most f l o c k s  (70.8%) were 

below 400 m ,  wi th  t h e  g r e a t e s t  amount of migra t ion  from 100 - 200 m 
I 

(21.3%). L i t t l e  f l o c k  movement occurred above 1,100 m (0.5%). a l though I 
t h i s  may be an underes t imat ion  t o  some degree  because of  t h e  p o s s i b l e  

i n e f f i c i e n c y  of t h e  image i n t e n s i f i e r  i n  d e t e c t i n g  smal l  f l o c k s  a t  t h e  
I 

higher  a l t i t u d e s .  The mean a l t i t u d e  of a l l  f l o c k s  w a s  362 m + 43.4 SE, 

with t h e  range of means varying from 246 m a t  s i t e  5  t o  775 m at  s i t e  4 

I 
(Table 10) .  No f l o c k s  were observed below 93 m (Table 9 ) .  I 
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F l i g h t  D i r e c t i o n s  

Most p a s s e r i n e  b i r d  f l i g h t  t r a c k s  (76%) observed i n  t h e  WRSA 

du r ing  s p r i n g  1982 were n o t  i n  t h e  a p p r o p r i a t e  n o r t h e r l y  (315" - 45') 

d i r e c t i o n  f o r  s p r i n g  m i g r a t i o n  (Table  11, F i g u r e  20).  The mean of a l l  

pooled i n d i v i d u a l  t r a c k s  w a s  68.2' ( r  = 0.108; p  < 0.001, Rayleigh 

t e s t ;  n  = 2 ,134) ,  and t h e  mean o f  t h e  n i g h t l y  means w a s  82.2' ( r  = 

0.392; p  < 0.002, Rayle igh  t e s t ;  n  = 39) .  Although bo th  means are 

s i g n i f i c a n t l y  grouped,  c o n s i d e r a b l e  f l i g h t  d i s p e r s i o n  is e v i d e n t  from 

t h e  low r v a l u e s .  Most of  t h i s  d i s p e r s i o n  can  be exp la ined  by a n  

a n a l y s i s  of  winds (p re sence  o r  absence ,  d i r e c t i o n ,  and speed) .  

The ea s tward  movement of  most s i n g l e  mig ran t s  (68.2') roughly  - 
cor responds  t o  t h e  s t r o n g  w e s t e r l y  winds (291°) ,  ( r  = 0.981, mean wind 

speed  = 11.0 mph f 0.5 SE) observed  i n  t h e  WRSA d u r i n g  t h i s  s t udy .  A 

c l o s e r  r e l a t i o n s h i p  e x i s t s  between wind speed and d i r e c t i o n  and f l i g h t  

t r a c k s  when t h e  mean n i g h t l y  f l i g h t  t r a c k s  are p l o t t e d  i n  r e l a t i o n  t o  

downwind (0') ( F i g u r e  21) ,  Under h i g h  winds (>7 mph), grouping of mean 

n i g h t l y  f l i g h t  t r a c k s  is h i g h l y  s i g n i f i c a n t ,  and t h e  mean of  t h e  

n i g h t l y  means c l o s e l y  approximates  t h e  downwind d i r e c t i o n  (mean of 

means = 351.1'; r = 0.972, p  < 0.0001, Rayle igh  t es t ;  n = 19) .  Under 

moderate winds ( 4  - 7 mph) mean n i g h t l y  f l i g h t  t r a c k s  are still  

s i g n i f i c a n t l y  grouped n e a r  t h e  downwind d i r e c t i o n  bu t  d i s p e r s i o n  i s  

g r e a t e r  (mean o f  means = 352.5'; r = 0.732; p  < 0.05, Rayle igh  t e s t ;  



Table 11. Nocturnal f l i g h t  t r a c k s  of passe r ine  migrants i n  t h e  Wind 
Resource Study Area during spr ing  1982. I 

Wind 
Date n (degrees mph 

Mean t r a c k  
(degrees) r 

S i t e  L - 
284 ( 1 0 4 ) ~  23.4 
293 (113) 6.6 
293 (113) 26.8 
300 (120 )  25.0 
282 (102) 15.3 
278 (98) 13.6 

15 March 
19 March 
4 Apri l  

13 Apri l  
17 Apri l  
25 Apri l  

S i t e  2 

18 March 
23 March 
28 March 
13 April  
21 Apri l  
25 Apri l  

S i t e  3 

337 (157) 2 
279 (99) 24.8 
282 (102 )  20 
276 (96) 4 
281 (101) 19 

20 March 
5 Apri l  

12 Apri-1 
18 Apri l  
24 Apri l  

S i t e  4' 

16 March 
25 March 
31 March 

5 April  
15 A p r i l  
21 A p r i l  
29 Apri l  
30 Apri l  

S i t e  5 

24 March 89 23 (203) 0.2 
27 March 2 3 260 (80) 1.8 
14 Apri l  7 8 0 
20 Apri l  50 15 (195) 6.0 
26 A p r i l  60 0 



Tab le  11. cont inued  

Wind Mean t r a c k  
Date n (deg rees  mph ) (deg rees )  r - -  - . -. 

- 
3 A p r i l  
8 A p r i l  

15 A p r i l  
22 A p r i l  
25 A p r i l  

6 A p r i l  
14 A p r i l  
22 A p r i l  
28 A p r i l  

S i t e  6 

S i t e  7 

a d i r e c t i o n  toward which wind was blowing 



F igu re  20. D i s t r i b u t i o n  o f  a l l  n i g h t l y  mean passer ine  b i r d  f l i g h t  
t r a c k s  observed i n  t h e  Wind Resource Study Area du r ing  s p r i n g  1982 
(open arrow = mean f l i g h t  t r a c k ,  c losed arrow = mean d i r e c t i o n  toward 
which wind was b lowing) .  I 



Figure  21. N i g h t l y  mean f l i g h t  t r a c k s  under: 9 h i g h  winds (>7 mph), 
r moderate winds ( 4  - 7 mph) , and 0 low winds (2 - 4  mph) i n  r e l a t i o n  
t o  downwi nd s e t  a t  ( o O ) .  

6 2 



n  = 6) .  Under low winds (0.5 - 4  mph), ,mean n i g h t l y  f l i g h t  t r a c k s  are 

randomly d i s t r i b u t e d  wi th  r e s p e c t  t o  downwind (mean of  means = 311.1"; 

r = 0.524; p  > 0.1, Rayleigh test;  n  = 7) .  A h igh ly  s i g n i f i c a n t  

p o s i t i v e  c o r r e l a t i o n  exists between mean n i g h t l y  wind d i r e c t i o n  and 

mean n i g h t l y  f l i g h t  t r a c k s  ( r  = 0.961; p  < 0.001, 2 - t a i l  tes t ;  n  = 

19)  (Figure  22a) under h igh winds, while i n s i g n i f i c a n t  c o r r e l a t i o n s  

occurred f o r  moderate ( r  = 0.807; p  > 0.05, 2 - t a i l  test;  n  = 6) (Figure  

22b) and low winds (r-0.588; p  > 0.1, 2 - t a i l  test ;  n  = 7) (Figure  2 2 ~ ) .  

The r e l a t i o n s h i p  between wind d i r e c t i o n  and f l i g h t  t r a c k s  is 

f u r t h e r  shown by an  a n a l y s i s  of t h e  d i r e c t i o n  o f  migra t ion  under no o r  

very low winds ( 0  - 0.7 mph) (Figure  23; mean of  n i g h t l y  means = 305"; 

r = 0.906; p  < 0.001, Rayleigh t e s t ;  n  = 8) .  Under t h e s e  cond i t ions  

t h e  d i r e c t i o n  of migra t ion  w a s  a p p r o p r i a t e  f o r  s p r i n g  and was very 

s i m i l a r  t o  t h e  d i r e c t i o n  observed under t h e  same cond i t ions  i n  t h e  WRSA 

dur ing s p r i n g  1981 (McCrary e t  a l .  1981). The mean of a l l  i n d i v i d u a l  

pooled f l i g h t  t r a c k s  w a s  301.2' ( r  = 0.483; p  < 0.0001, Rayleigh test ;  

n  = 807). Th i s  d i s t r i b u t i o n  i s  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  f l i g h t  

t r a c k  d i s t r i b u t i o n  under h igh ,  moderate, and low winds ( p  < 0.001, 

Watson-Williams t e s t ) .  

The i n f l u e n c e  of wind on s i n g l e  migrant  f l i g h t  t r a c k s  i s  

p a r t i c u l a r l y  apparen t  from s i t e - t o - s i t e  and night- to-night .  During t h i s  

s tudy ,  some s i tes  w i t h i n  t h e  WRSA were c h a r a c t e r i z e d  by almost  cons tan t  

s t r o n g  (mean = 16.4 mph) wes te r ly  s u r f a c e  winds ( s e e  sites 1 and 3 ,  

Table 11) .  F l i g h t  t r a c k s  a t  t h e s e  s i tes  (Figure  24a) were c o n s i s t e n t l y  

i n  an e a s t e r l y  (downwind) d i r e c t i o n  (combined mean of n i g h t l y  means f o r  



NIGHTLY MEAN FLIGHT TRACK 
Figure 22. A plot of passerine nightly mean flight tracks on the 
corresponding directions toward which surface winds were blowing: 
a. high winds (>7 mph), b. moderate winds (4 - 7 mph), c. low winds 
(0.2 - 4 mph). 



J North 

Figure 23. Distribution o f  nightly mean passerine flight tracks 
under n o  o r  very low winds (0 - 0.7 mph) (open arrow = mean o f  
nightly mean flight tracks. 



Figure 24. Variations between sites in the distribution of nightly mean 
passerine flight tracks: a) Sites 1 and 3 under strong (mean = 16.4 rnph) 
westerly surface ,winds, b) Site 6 under variable wind velocity (0 - 17 mph) 
but constant direction, c) Site 7 under consistent low wind speeds (mean = 
0.3 mph) (shaded area represents range of directions which winds were blowing ' 

toward, open arrow indicates mean of nightly mean flight tracks, (e) = nightly 
mean flight tracks under high winds (>7 mph), (0) = nightly mean flight tracks 
under very low winds ( < I  rnph)). 



sites 1 and 3 = 96.5'; r = 0.95; p  < 0.001, Rayleigh test;  n  = 11).  A t  

s i t e  6 wind speed was v a r i a b l e  from night-to-night ( range  o f  n i g h t l y  
- -. 

means 0-17 mph), whi le  a n d  d i r e c t i o n  was c o n s i s t e n t l y  from t h e  

northwest  (313'). Correspondingly,  mean n i g h t l y  f l i g h t  t r a c k s  at  t h i s  - 
site show a  b i p o l a r  d i s t r i b u t i o n  (Figure  24b). I n  c o n t r a s t  t o  t h e  

above, almost  no wind (mean = 0.3 mph) occurred a t  s i t e  7 ,  and mean 

n i g h t l y  f l i g h t  t r a c k s  a t  t h i s  s i t e  were i n  a nor thwes te r ly  d i r e c t i o n  

(mean of means = 324.5', r = 0.855, n  = 4) (Figure  24c). 

Unlike those  of s i n g l e  migrants ,  t h e  f l i g h t  t r a c k s  of f l o c k s  show 

l i t t l e  r e l a t i o n s h i p  t o  wind speed and d i r e c t i o n  (Table 12) .  Most 

f l o c k s  were f l y i n g  i n  e i t h e r  a  n o r t h e r l y  (315' - 45') d i r e c t i o n  (46.5%) 

o r  i n  a  nor thwes te r ly  (285' - 345') d i r e c t i o n  (77%) which seems t o  be 

t h e  more t y p i c a l  d i r e c t i o n  of s p r i n g  migra t ion  i n  t h e  Coachella  Valley 
- 

(Table 12 and Figure  25a). The mean of a l l  i n d i v i d u a l  pooled f l i g h t  

t r a c k s  i n  r e l a t i o n  t o  n o r t h  was 321.4' ( r  = 0.729; p < 0.0001, Rayleigh 

t e s t ;  n  = 43) .  F locks  observed under high winds (>7  mph) were n o t  

a s s o c i a t e d  wi th  t h e  downwind d i r e c t i o n  when set a t  0' (mean = 243.2'; 

r = 0.427; p  > 0.05, Rayleigh test ;  n  = 15) (Figure  25b), and 

d i s p e r s i o n  i n  r e l a t i o n  t o  downwind was random. q~ 



Table 12. Nocturnal f l i g h t  d i r e c t i o n s  of f l o c k s  i n  t h e  Wind Resource 
Study Area dur ing s p r i n g  1982. 

- - 
Wind Mean t r a c k  

Date n  (degrees  speed) (degrees)  r 

15 March 
19 March 
4  Apr i l  

13 Apr i l  
17 Apr i l  
25 Apr i l  

18 March 
23 March 
28 March 
13 Apr i l  
21 Apr i l  
25 Apr i l  

20 March 
28 March 

5  Apr i l  
12 Apr i l  
18 Apr i l  
24 Apr i l  

16 March 
25 March 
31 March 

5  A p r i l  
15 Apr i l  
21 Apr i l  
29 Apr i l  
30 Apr i l  

S i t e  1 

S i t e  2  

S i t e  3 

S i t e  4 



Table 12. continued 

I 
I 

- Wind Mean track 
Date n (degrees speed) (degrees) r I 

Si t e  5 

24 March 3 23 (203) 0.2 343 0.998 
27 March - 260 (80) 1.8 -- -- 
14 A p r i l  7 -- -- 293 0.908 
20 A p r i l  - 15 (195) 6.0 --- ----- 
26 A p r i l  8 -- 0.0 31 1 0.841 

I 
Si te  6 I 

3 April - 322 (142) 19.0 --- ---- 
8 April 1 326 (146) 0.7 3 30 1.000 

15 A p r i l  - 322 (142) 11.8 -- ---- 
I 

22 A p r i l  6 -- 0.0 31 0 0.990 
29 April 2 328 (148) 6.3 31 9 0.998 I 

6 A p r i l  - 
Si te  7 

-- 0.0 
14 ~ p r i l  1 --- 0.0 000 1 .OOO 
22Apr5l - - 192 (12) 2.0 --- ---- 
28 A p r i l  - -- 0.0 -- --- I 
a direction toward which wind was blowing I 



Figure 25. Flock flight tracks observed in the Wind Resource Study 
Area during spring 1982. a) distribution o f  all individual Flock 
flight tracks. b) distribution o f  individual flock flight tracks in 
relation t o  downwind set at (0'). 



Since  t h e  195OVs, a  v a s t  amount of d a t a  h a s  been c o l l e c t e d  and 
L 

published on noc tu rna l  b i r d  migra t ion .  Th i s  r e s e a r c h  i n c l u d e s  a t  least 

some gnformation and d i scuss ion  on most major t o p i c s  of i n t e r e s t  i n  

av ian  migra t ion  r e s e a r c h  and invo lves  d a t a  from many p a r t s  of t h e  

world. The methodologies used t o  s tudy  n o c t u r n a l  b i r d  migra t ion  are 

numerous and i n c l u d e  moon-watching, use  of c e i l o m e t e r s ,  counts  of 

f l i g h t  calls,  a i r p l a n e s  o u t f i t t e d  wi th  powerful l i g h t s ,  r a d a r ,  and 

radio-telemetry.  However, even wi th in  t h e s e  c a t e g o r i e s  t h e r e  i s  a 

g r e a t  d e a l  of  v a r i a t i o n  from s tudy  t o  s tudy.  For example, ce i lometer  

obse rva t ions  may invo lve  t h e  use  of b inocu la r s ,  s p o t t i n g  scopes,  o r  

n i g h t  v i s i o n  scopes encompassing a v a r i e t y  of magn i f i ca t ion  powers, and 

r a d a r  s t u d i e s  have u t i l i z e d  an a r r a y  of equipment t o o  numerous t o  

mention. A s  might be expected ,  a l l  of t h e s e  t echn iques  con ta in  t h e i r  - 
own unique problems and b i a s e s  which, i n  combination with t h e  h igh ly  

v a r i a b l e  n a t u r e  of t h e  s u b j e c t  i t s e l f ,  make any comparative d i scuss ion  

extremely d i f f i c u l t .  

The r e s u l t s  of t h i s  s tudy provide t h e  f i r s t  d e t a i l e d  account of 

noc tu rna l  b i r d  migra t ion  i n  sou the rn  C a l i f o r n i a  i n c l u d i n g  t h e  f i r s t  

r a d a r  obse rva t ions  on migra t ion  a long  t h e  P a c i f i c  flyway of North 

America. However, due t o  t h e  complexity of  t h e  s u b j e c t ,  i t  i s  beyond 

t h e  scope of t h i s  r e p o r t  t o  i n c l u d e  a d e t a i l e d  comparison of a l l  

r e l a t e d  resea rch .  I n  t h e  fo l lowing  b r i e f  d i s c u s s i o n ,  we have at tempted 

t o  draw g e n e r a l  comparisons wi th  only a few of t h e  more s i g n i f i c a n t  



s t u d i e s  on noc tu rna l  &&ration. 

Since t h e  e a r l y  1900 t s ,  t h e  Coachella Valley and San Gorgonio Pass  
- - 

have been recognized as an  important  r o u t e  f o r  b i r d  migrat ion (Howell 

1923). P a s t  r e s e a r c h ,  however, has  no t  inc luded a c t u a l  migra t ion  - 
t r a f f i c  r a t e s  f o r  t h i s  a r e a .  The r e s u l t s  of  t h i s  s tudy provide t h e  

f i r s t  e s t ima te  of s p r i n g  t r a f f i c  r a t e s  throughout t h e  migratory 

a i r s p a c e  f o r  t h e  Coachella  Valley and San Gorgonio Pass  (previous  

research  by McCrary e t  a l .  i n  1981 w a s  r e s t r i c t e d  t o  much lower 

a l t i t u d e s ) .  

Most o r n i t h o l o g i s t s  have genera l ly  assumed t h a t  migra t ion  t r a f f i c  

r a t e s  a r e  much lower i n  t h e  western United S t a t e s  than i n  t h e  e a s t .  

However, t h i s  does n o t  appear t o  have been t h e  case  during sp r ing  1982 

i n  t h e  WRSA, where t h e  mean MTR (4,006) was comparable t o  those  - 

observed i n  o t h e r  a r e a s  of North America during s p r i n g  migrat ion.  

Gauthreaux (1971) recorded a mean MTR of 4,800 i n  Louisiana dur ing 

sp r ing ,  while Able and Gauthreaux (1975) recorded a mean of 2,507 i n  

Georgia. Migrat ion i n  f a l l ,  however, has been recorded a t  cons iderably  

higher magnitudes i n  t h e  e a s t e r n  United S t a t e s  ( f o r  a  review s e e  

Moorhouse 1980). Because of t h e  r a d i c a l  d i f f e r e n c e s  i n  t h e  equipment 

and techniques  employed i n  t h e s e  s t u d i e s  (WSR 57 weather s u r v e i l l a n c e  

r a d a r  vs. a  v e r t i c a l  marine r a d a r ;  c o r r e c t i o n  f a c t o r s  f o r  determining 

MTR's based on 'estimated a l t i t u d e s  vs  c o r r e c t i o n  f a c t o r s  determined 

from a c t u a l  a l t i t u d e s ) ,  it is d i f f i c u l t  t o  draw sound comparisons about 

t h e  r e l a t i v e  d e n s i t i e s  of migra t ion  between e a s t e r n  and western North 



America. The only  p rev ious  s tudy  a c t u a l l y  conducted i n  t h e  P a c i f i c  

s t a t e s  was i n  Hayward, C a l i f o r n i a  (Moorhouse 1980) where s p r i n g  t r a f f i c  

r a t e s  (mean NIX = 559) were much lower than t h o s e  observed i n  t h e  WRSA. - -. 
However, Moorhouse's o b s e r v a t i o n s  were l i m i t e d  t o  7x50 b i n o c u l a r s  and 

two 1QO wat t  c e i l o m e t e r s ,  and t h u s  are n o t  t r u e l y  comparable with 

r e s u l t s  from t h i s  s tudy .  

Although s p r i n g  t r a f f i c  rates i n  the WRSA a r e  a t  l e a s t  equa l  i f  

n o t  g r e a t e r  than those  f o r  t h e  few o t h e r  areas s t u d i e d  i n  t h e  United 

S t a t e s ,  because of t h e  l a c k  of d a t a  f o r  surrounding a r e a s ,  we cannot  

s t a t e  c a t e g o r i c a l l y  t h a t  t h e  WRSA is  a major pathway f o r  s p r i n g  

migra t ion  i n  sou the rn  C a l i f o r n i a .  The geographica l  al ignment of t h e  

Coachella  Val ley  and t h e  w e s t  c o a s t  of  North America might i n d i c a t e  

t h a t  t h e  WRSA would be a h e a v i l y  used migra tory  pathway, and has  l o n g .  

been considgred as such by o r n i t h o l o g i s t s  (Howell 1923, Miller 1957). 

Th i s  i s  f u r t h e r  suppor ted  wi th  r e s u l t s  from d i u r n a l  s t u d i e s  of migrants  

i n  t h e  WRSA which i n d i c a t e  t h a t  av ian  d e n s i t i e s  and d i v e r s i t i e s  equal  

o r  exceed t h o s e  from o t h e r  a r e a s  of  sou the rn  C a l i f o r n i a  (McKernan e t  

a l .  i n  prep.). 

6 

L i t t l e  in fo rmat ion  e x i s t s  on t h e  a l t i t u d i n a l  d i s t r i b u t i o n  of 

n o c t u r n a l  migra t ion .  Because of equipment l i m i t a t i o n s ,  most r a d a r  

s t u d i e s  of migra t ion  have been a b l e  t o  d e t e c t  only  those  b i r d s  f l y i n g  

above 365 m ( B e l l r o s e  and Graber 1963, Blokpoel and Burton 1975, Graber 

1968, Lack 1960),  and t h e  few s t u d i e s  t h a t  have inc luded b i r d s  f l y i n g  

below t h i s  a l t i t u d e  were l i m i t e d  by measurement a c c u r a c i e s  o f ,  a t  b e s t ,  



' s e v e r a l  hundred meters (Able 1970, Richardson 1976). I n  g e n e r a l ,  our  

s t u d y  a g r e e s  w i t h  t h e  f i n d i n g s  o f  Able (1970) f o r  f a l l  m ig ra t ion  i n  

Louis iana ,  where he determined t h a t  t h e  a l t i t u d i n a l  d i s t r i b u t i o n  of 
--- 

n o c t u r n a l  p a s s e r i n e  mig ra t ion  w a s  pyramidal i n  shape  wi th  t h e  g r e a t e s t  

number of b i r d s  o c c u r r i n g  i n  h i s  l o w e s t  h e i g h t  class (below 381 m). - 
Within t h i s  r ange  w e  a l s o  found t h a t  t h e  d i s t r i b u t i o n  of p a s s e r i n e  

mig ra t ion  w a s  u s u a l l y  somewhat pyramidal ,  w i t h  t h e  g r e a t e s t  number of  

b i r d s  f l y i n g  below 300 m, a l t hough  a d i s t i n c t  dec rease  occurred  i n  t h e  

number of mig ran t s  f l y i n g  below 200 m. Marked s i m i l a r i t i e s  a l s o  

occurred  i n  t h e  n i g h t l y  p a t t e r n  o f  change i n  a l t i t u d e  between t h e  two 

s t u d i e s .  I n  both cases t h e  mean a l t i t u d e  of mig ra t ion  i n c r e a s e d  

s h a r p l y  a f t e r  t h e  f i r s t  hour ,  a l t hough  t h e  maximum a l t i t u d e  occurred  

l a t e r  i n  t h e  WRSA. I n  bo th  s t u d i e s  t h e  peak mean a l t i t u d e  was fol lowed 

by a g radua l  d e c l i n e  i n  a l t i t u d e  through t h e  e a r l y  morning hours .  A s  

expected from t h i s  change i n  mean a l t i t u d e ,  t h e  number of  mig ran t s  i n  - 

t h e  lower a l t i t u d e s  decreased  a f t e r  t h e  f i r s t  hour ,  b u t  i n c r e a s e d  a g a i n  

before  s u n r i s e .  

The i n f l u e n c e  of weather  on b i r d  mig ra t ion  remains a h i g h l y  

c o n t r o v e r s i a l  t o p i c  of  r e s e a r c h  ( f o r  a rev iew see Richardson 1978). 

Most s t u d i e s  on t h i s  a s p e c t  of m i g r a t i o n  have been conducted i n  e a s t e r n  

North -America and Europe; on ly  one s t u d y  on r'he r e l a t i o n s h i p  between 

n o c t u r n a l  m i g r a t i o n  and weather h a s  been conducted i n  C a l i f o r n i a  

(Moorhouse 1980).  We examined t h e  r e l a t i o n s h i p  between n o c t u r n a l  

mig ra t ion  and both  s y n o p t i c  weather p a t t e r n s  and s p e c i f i c  weather  

v a r i a b l e s .  These a n a l y s e s  i n d i c a t e  t h a t  d u r i n g  s p r i n g ,  s y n o p t i c  



weather p a t t e r n s  i n  g e n e r a l  have l i t t l e  o r  no e f f e c t  on e i t h e r  t h e  

magnitude o r  a l t i t u d e  o f  noc tu rna l  passe r ine  migra t ion  i n  t h e  WRSA. 

This  is q u i t e  d i f f e r e n t  from t h e  more obvious response  of migrants  t o  
-- * 

synop t i c  weather i n  e a s t e r n  North America and Europe where peak 

movements tend t o  occur i n  t h e  western and c e n t r a l  p o r t i o n s  of h igh - 
pressure  systems,  t h e  e a s t e r n  p o r t i o n  of a low, o r  during an  

i n t e r v e n i n g  t r a n s i t i o n a l  s t a g e  ( s e e  Richardson 1978). Th i s  l a c k  of 

s i m i l a r i t y  between t h e s e  areas and t h e  WRSA may be expected i n  l i g h t  of  

t h e  much less s e v e r e  n a t u r e  of weather f r o n t s  i n  sou the rn  C a l i f o r n i a  

dur ing  s p r i n g  and t h e  o v e r a l l  predominance o f  h igh  p r e s s u r e  which has  

been shown t o  be conducive t o  b i r d  migrat ion.  A compl ica t ing  f a c t o r  

i n  t h i s  a n a l y s i s  may be t h e  e f f e c t  of t h e  almost  c o n s t a n t  opposing 

winds whi:h c h a r a c t e r i z e  t h e  WRSA dur ing s p r i n g  which may tend t o  

overshadow any s y n o p t i c  weather e f f e c t s .  

- 
Along wi th  genera l  weather p a t t e r n s ,  b i r d s  a l s o  e x h i b i t  migra tory  

responses  t o  i n d i v i d u a l  weather v a r i a b l e s .  Wind d i r e c t i o n  and speed,  

temperature,  p r e s s u r e ,  and humidity have a l l  been shown t o  e f f e c t  b i r d  

migra t ion .  I n  g e n e r a l ,  more migra t ion  occurs  i n  s p r i n g  dur ing 

fo l lowing o r  calm winds, f a l l i n g  p ressure ,  high and/or  r i s i n g  

tempera ture ,  and low humidity ( s e e  Richardson 1978). During sp r ing  i n  

t h e  ~ S A  t h e  i n t e r - r e l a t i o n s h i p  between temperature and d a t e  had, by 

f a r ,  t h e  g r e a t e s t  e f f e c t  on migra t ion  magnitude. Although w e  found 

t h i s  s i m i l a r i t y ,  some impor tant  d i f f e r e n c e s  occurred  between most o t h e r  

a r e a s  s t u d i e d  and t h e  WRSA. A s  mentioned earlier,  w e  found no 

c o r r e l a t i o n  between MTR1s and wind speed dur ing s p r i n g  1982. Th i s  



seems t o  be a f u n c t i o n  of t h e  a l m o s t  c o n s t a n t  s t r o n g  w e s t e r l y  winds of 

t h e  WRSA and t h e  l a c k  of f o l l o w i n g ~ w i n d s  (SE). I n  t h i s  s tudy  t h e r e  w a s  

a c t u a l l y  a s l i g h t  p o s i t i v e  r e l a t i o n s h i p  between w e s t e r l y  winds and 

migra t ion  magnitude. However, t h e r e  i s  i n d i r e c t  ev idence  from both 

spr ing-  1981 and 1982 f o r  t h e  occu r rence  of major  peak movements when 

winds i n  t h e  Coachel la  Val ley  are calm; t h i s  was e s p e c i a l l y  n o t i c e a b l e  

d u r i n g  s p r i n g  1981 (McCrary e t  a l e  1981),  

Another d i f f e r e n c e  wi th  t h e  gene ra l  p a t t e r n  i n  e a s t e r n  North 

America and Europe w a s  t h e  l a c k  of r e l a t i o n s h i p  between p r e s s u r e  and 

mig ra t ion  magnitude i n  t h e  WRSA. Thi s  may be exp la ined  by t h e  

r e l a t i v e l y  c o n s t a n t  ba rome t r i c  p r e s s u r e  which was p r e v a l e n t  du r ing  t h e  

peak pe r iod  of  mig ra t ion  ( 1 5  A p r i l  th rough t h e  end of May), when t h e  

g r e a t e s t  24 hour change i n  p r e s s u r e  was o n l y  0.58 l b / i n  ( r ange  of 

barometr ic  p r e s s u r e  - a t  1900, 30.31 - 31.73 l b / i n  ). T h i s  cons tancy  was 

even more appa ren t  i n  May when t h e  r a n g e  of n i g h t l y  barometr ic  p r e s s u r e  

v a l u e s  was o n l y  30.31 - 31.15 l b / i n .  

These d i f f e r e n c e s  a g a i n  may be r e l a t e d  t o  t h e  r e l a t i v e l y  mi ld ,  

more c o n s t a n t  weather  p a t t e r n s  c h a r a c t e r i s t i c  of t h e  WRSA and 

sur rounding  a r e a s ,  as compared t o  o t h e r  l o c a l i t i e s  where mig ra t ion  has  

been s t u d i e d .  

The r e s u l t ;  o f  t h i s  s tudy  and r e s e a r c h  i n  s p r i n g  1981 (McCrary 

1981) i n d i c a t e  t h a t  i n  t h e  WRSA wind speed and d i r e c t i o n  have a  

s i g n i f i c a n t  e f f e c t  on t h e  f l i g h t  d i r e c t i o n s  o f  n o c t u r n a l  p a s s e r i n e  



migrants  as f i r s t  shown by Gauthreaux and Able (1970). Most passe r ine  

migra t ion  i n  t h e  WRSA is  n o t  i n  t h e  t y p i c a l l y  nor the rn  d i r e c t i o n  of  

s p r i n g  migra t ion  i n  t h e  nor the rn  hemisphere. I n s t e a d ,  most b i r d s  were 
L -- . 

f l y i n g  i n  an  e a s t e r l y  o r  s o u t h e a s t e r l y  d i r e c t i o n  which c l o s e l y  

corresponds - t o  t h e  s t r o n g  wes te r ly  and nor thwes te r ly  winds 

c h a r a c t e r i s t i c  of t h e  WRSA dur ing sp r ing .  Although Gauthreaux and Able 

(1970) found t h a t  many p a s s e r i n e s  s e l e c t i v e l y  f l y  downwind even under 

low wind speeds,  i n  t h e  WRSA b i r d s  a p p a r e n t l y  f l y  downwind on ly  a f t e r  

wind speed has reached 7-10 mph. Under h igh winds (>7  mph), n i g h t l y  

mean passe r ine  f l i g h t  t r a c k s  were s i g n i f i c a n t l y  c o r r e l a t e d  with wind 

d i r e c t i o n ,  while no r e l a t i o n s h i p  occurred between f l i g h t  t r a c k s  and 

moderate (4  - 7 mph) o r  low (0.5 - 4 mph) winds. 

The r e l a t i o n s h i p  between wind and migra tory  d r i f t  i s  f u r t h e r  shown 

under no o r  very low winds (0 - 0.7 mph) under which cond i t ions  t h e  - 
mean passe r ine  f l i g h t  d i r e c t i o n  was i n  t h e  expected n o r t h e r l y  

d i r e c t i o n .  

Unlike p a s s e r i n e  migrants ,  t h e  f l i g h t  d i r e c t i o n s  of a l l  f l o c k s  

observed i n  t h e  WRSA was i n  t h e  expected n o r t h e r l y  d i r e c t i o n  r e g a r d l e s s  

of wind speed and d i r e c t i o n .  Th i s  may be expla ined by t h e  g r e a t e r  

power and f l i g h t  speed of most waterbi rd  s p e c i e s  composing f l o c k s  

compared t o  most p a s s e r i n e s .  

The p r e f e r r e d  d i r e c t i o n  of migra t ion  i n  t h e  Coachella  Valley a s  I 
i n d i c a t e d  i n  t h i s  s tudy  is t o  the -nor thwes t  (315'). The mean f l i g h t  



d i r e c t i o n  of a l l  f l o c k s ,  r e g a r d l e s s  of wind speed and d i r e c t i o n  was 

321°, while t h e  mean f l i g h t  d i r e c t i o n  of  passe r ines  under no o r  very 

low winds w a s  301°.  S i m i l a r l y ,  i n  s p r i n g  1981 t h e  mean f l i g h t  

d i r e c t i o n  of f l o c k s  i n  t h e  WRSA w a s  3 0 4 O ,  while t h e  mean f l i g h t  

d i r e c t r o n  of p a s s e r i n e s  under no o r  very low winds was approximately 

330" (McCrary e t  a l .  1981). 



PART 2. POTENTIAL IMPACT OF WIND TURBINE GENERATOR DEVELOPMENT ON 
NOCTURNAL BIRD MIGRATION I N  THE SAN GORGON10 WIND RESOURCE 
STUDY AREA 

-. RESULTS 

Mest WTG's cons idered  f o r  c o n s t r u c t i o n  i n  t h e  WRSA w i l l  have a  

maximum he igh t  of less than 110 m ( f o r  examples s e e  F igures  26 and 27).  

P r e s e n t l y  only one WTG, t h e  Hamilton Standard WTS-4, w i l l  extend above 

110 m. Future  t u r b i n e  des igns ,  however, may be cons iderably  taller i n  

order  t o  t a k e  advantage of t h e  g r e a t e r  wind v e l o c i t i e s  m d  lower 

turbulence  of h igher  a l t i t u d e s .  For example, t h e  Mod 5 B  WTG i s  planned 

with a  maximum h e i g h t  of approximately 140 m and a  r o t o r  diameter  of 

128 E. Although t h e  e n t i r e  popula t ion  of noc tu rna l  migrants  u t i l i z i n g  

t h e  WRSA dur ing s p r i n g  has t o  be considered t o  a s s e s s  t h e  b i o l o g i c a l  

s i g n i f i c a n c e  of any WTG r e l a t e d  m o r t a l i t y ,  based on c u r r e n t l y  a v a i l a b l e  

wind t u r b i n e s  only  t h o s e  b i r d s  f l y i n g  i n  t h e  zone of a l t i t u d e s  from 

ground l e v e l  t o  110 m seem l i k e l y  t o  be a f f e c t e d  by wind t u r b i n e s  and 

power l i n e s .  

During s p r i n g  1982 t h e  number o f  b i r d s  f l y i n g  below 111 m w a s  

r e l a t i v e l y  evenly d i s t r i b u t e d ,  wi th  s l i g h t l y  more migra t ion  occur r ing  
rC 

from 93 - 110 m (F igure  28).  However, cons ide rab le  v a r i a t i o n  occurred 

i n  t h e  d i s t r i b u t i o n  of  migra t ion  below 111 m between s i t e s  (Table 13).  

The g r e a t e s t  c o n c e n t r a t i o n  of migrants  occurred  from 19 - 73 m a t  s i t e  

3 where 15.7% of migra t ion  w a s  below 74 m, as compared t o  only  5.7% a t  

s i t e  6. The mean MTR below 111 m f o r  a l l  s i tes  was 365 + 44 SE, 

however, t h e r e  was a g a i n  v a r i a t i o n  between sites. The h i g h e s t  mean 
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DAF 500 kW bITG 
Maximum height  - 41 m 
Rotor diameter - 24 m 
Rotor speed - 45 rpm 
s t ruc tu re  supported by 3 guy wi res  

Boeing Mod-2 WTG 
Maximum height  - 107 m 
Rotor diameter - 91 m 
Rotor speed - 17.5 rpm 

Carter  Wind Generator Model 25 
Maximum height  - 29.3 m 
Rotor diameter - 9.8  m 
Rotor speed - 120 rpm 
Tower supported by 4 guy wi res  

Westinghouse WWG-0500 
Naximum height  - 49.7 m 
Rotor diameter - 38.1 m 
Rotor speed - 42 rpm 

Figure 26. Examples o f  wind t u rb i ne  generators planned f o r  use i n  the 
San Gorgonio Wind Resource Area. 
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Table 13. Mean MIX'S below 111 m f o r  noc tu rna l  p a s s e r i n e  migrants  i n  
t h e  Wind Resource Study Area dur ing  s p r i n g  1982. I 

Height  Class (meters)  
S i t e  19-36 37-55 56-73 74-92 93-1 10 AL+SE 

ALL 104 101 103 9 3 127 365k44 

a percen t  of  b i r d s  i n  t o t a l  a i r  column (19 - 1,483 m). 



MTR's occurred a t  s i t e  2  (591 + 213 SE) and 3 (760 * 124 SE), with t h e  

o t h e r  s i tes  ranging from 328 - 503 (Table 13). Most obse rva t ions  below 

111 m were of s i n g l e  migrants;  only two f l o c k s  of t h r e e  b i r d s  each were 

observed i n  t h i s - a l t i t u d i n a l  zone. 

- 
Figure  29 shows t h e  n i g h t l y  p a t t e r n  of  migra t ion  magnitude f o r  

each of 5  h e i g h t  c l a s s e s  below 111 m. The genera l  p a t t e r n  of b i r d  

migra t ion  i n  t h e  lower h e i g h t  c l a s s e s  shows a  decrease  i n  concen t ra t ion  

a f t e r  1900 with an i n c r e a s e  i n  t h e  e a r l y  morning; most of t h e  n i g h t l y  

change i n  t h e  concen t ra t ion  of b i r d s  occurred from 19  - 55 m.  

The seasonal  p a t t e r n  of noc tu rna l  s p r i n g  migra t ion  below 111 m 

(Figure 30) was s i m i l a r  t o  t h a t  for all a l t i t u d e s  (Figure  10).  Nightly 

mean M T R ' s  below 111 m were low from l a t e  march through mid-April. 

Af ter  11 Apr i l ,  mean MTR's inc reased  t o  a peak from 22 - 25 Apr i l .  
- 

Observations on Nocturnal F l i g h t  Behavior of B i rds  Near S t r u c t u r e s  

We conducted obse rva t ions  on noc tu rna l  migrants  f l y i n g  near  a  high 

t ens ion  t r ansmiss ion  tower a t  s i t e  2  f o r  6  n i g h t s  dur ing  May (Table 

14) .  These obse rva t ions  were conducted i n  a  s i m i l a r  manner t o  t h o s e  i n  

sp r ing-1981  (McCrary e t  a l .  1981) where t h e  t o p  of t h e  tower was dimly 

i l lumina ted  by ce i lomete r .  However, t h e  image i n t e n s i f i e r  developed 

e l e c t r i c a l  problems on 1 May and t h e r e a f t e r  image i n t e n s i f i e r  . 
obse rva t ions  were l i m i t e d  t o  45 minutes per  n i g h t  with t h e  remaining 

time confined t o  b inocu la r s  and 20X s p o t t i n g  scopes.  We did  no t  view 







Table 14. Observations of  noc tu rna l  a v i a n  f l i g h t  behavior  a t  a  high 
t ens ion  t r ansmiss ion  tower nea r  Study S i t e  2. 

Date Time 
wind F l i g h t  Reaction 

b i r d s  speed (mph) none moderate high 

1 4  May 2120-2145 ( 2 ~ ) ~  3 18 100 - - 
2230-2315 (45) 5 18 80 20 - 

22 May 2040-2200 (80)  21 20 85.7 9.5 4.8 

23 May 2030-2100 (60) 22 5 63.6 22.7 13.6 
--- - -- - - 

anumber of - minutes of cont inuous  observat ion  

b20-30 minutes of obse rva t ion  per  hour 



t h e  Bendix wind t u r b i n e  dur ing t h i s  s tudy,  as its blades  had been 

removed f o r  engineer ing  modif ica t ions .  

Although noT d i r e c t l y  comparable because of t h e  above mentioned 

equipment f a i l u r e ,  t h e  r e s u l t s  of t h e s e  h o r i z o n t a l  obse rva t ions  a r e  
- 

s i m i l a r  t o  those  i n  1981. I n  1981, t h i s  t ransmiss ion tower had t h e  
.. . 

g r e a t e s t  e f f e c t  on t h e  f l i g h t  behavior of noc tu rna l  migrants  (McCrary 

e t  a l .  1981) when up t o  22.2% and 22.0% of b i r d s  showed a moderate and 

high r e a c t i o n ,  r e s p e c t i v e l y .  I n  s p r i n g  1982, t h i s  s t r u c t u r e  had a 

similar e f f e c t ,  when up t o  22.7% and 13.6% of b i r d s  displayed a 

moderate and h igh r e a c t i o n  (Table 14). Other s t r u c t u r e s  observed i n  

s p r i n g  1981 (meteorologica l  tower a t  s i t e  1, smaller t ransmiss ion tower 

a t  s i t e  6 ,  and Bendix wind t u r b i n e )  apparen t ly  had a much lower e f f e c t  

on b i r d  f l i g h t  behavior  than t h e  above (McCrary e t  a l .  1981), al though 

i t  should be noted t h a t  t h e  wind t u r b i n e  w a s  n o t  working dur ing those  
- 

- observat ions .  I n  both s t u d i e s  t h e  behavior of b i r d s  was occas iona l ly  

h igh ly  e r r a t i c  nea r  t h e  t ransmiss ion tower a t  s i t e  2 and included some 

i n s t a n c e s  of c i r c l i n g  t h e  s t r u c t u r e .  

We are uncer t a in  a t  t h i s  t ime why t h i s  p a r t i c u l a r  tower e f f e c t s  

b i r d  f l i g h t  behavior t o  a  g r e a t e r  e x t e n t  than o t h e r  s t r u c t u r e s .  This  

may be a f u n c t i o n  of t h e  h igher  concen t ra t ion  of  migrants  a t  low 

a l t i t u d e s  c h a r a c t e r i s t i c  of s i t e  2 ( s e e  A l t i t u d e  of Spr ing Migrat ion) 

o r  it may be r e l a t e d  t o  some a s p e c t  of t h e  tower i t s e l f  ( h e i g h t ,  
t 

elec t romagnet ic  f i e l d s ,  r e f l e c t i v e  s u r f a c e ,  l i g h t i n g ,  e t c . ) .  Although 

i t  was d i f f i c u l t  t o  determine t h e  a c t u a l  d i s t a n c e  b i r d s  were f l y i n g  i n  



r e l a t i o n  t o  t h e  tower because w e  were viewing them on a  Z-dimensional 

p lane  (TV moni tor) ,  t h e r e  appeared t o  be no obvious a t t r a c t i o n  of 

b i r d s .  Rather,  t h e  f l i g h t  p a t h s  of b i r d s  e x h i b i t i n g  a moderate t o  high 

r e a c t i o n  were, by chance, i n  c l o s e  proximity t o  t h e  tower, while those  

no t  r e a c t i n g  were a t  some d i s t a n c e  from it. 

- 



DISCUSSION 

Bird dea ths  from c o l l i s i o n s  wi th  man-made s t r u c t u r e s  have been 

repor ted  f o r  almost '  a  century  (Cooke 1888, Rumlien 1888), and numerous 

b i r d  deaths  from c o l l i s i o n s  occur annual ly  throughout t h e  world. - 
Est imates  of annual m o r t a l i t y  from c o l l i s i o n s  i n  t h e  U.S. a lone  range 

from 5 mi l l ion  t o  80 m i l l i o n  b i r d s  (Banks 1979, K l e m  1979) and a s  many 

a s  30,000 b i r d s  have been k i l l e d  on a  s i n g l e  n i g h t  a t  one TV tower i n  

Wisconsin (Kemper 1964). Although av ian  c o l l i s i o n s  with most s t r u c t u r e s  

o the r  than b u i l d i n g s  and some t ransmiss ion l i n e s  occur only 

s p o r a d i c a l l y ,  some r a d i o  and TV towers may c o n s i s t e n t l y  k i l l  many 

hundreds of b i r d s  each year .  A p a r t i a l  list of s t r u c t u r e s  involved i n  

b i r d  c o l l i s i o n s  i n c l u d e s  r a d i o  and TV towers,  smoke s t a c k s ,  

t ransmiss ion and d i s t r i b u t i o n  l i n e s ,  cool ing  towers,  and l igh thouses  

( s e e  Avery e t  a l .  1980). Although most of  t h e s e  s t r u c t u r e s  a r e  
. - 

r e l a t i v e l y  t a l l ,  many s h o r t e r  s t r u c t u r e s  have a l s o  been impl ica ted  

( fences ,  te lephone and t e l e g r a p h  po les  and wires, l i g h t  po les ,  e t c . ) .  

Wind t u r b i n e s ,  a l though r e l a t i v e l y  new, have a l s o  been respons ib le  f o r  

b i r d  c o l l i s i o n s .  I n  f a l l  1982 a t  l e a s t  3 b i r d s  - American K e s t r e l  

(Falco  - s p a r v e r i u s ) ,  American Coot (Fu l i ca  americana),  and European 

S t a r l i n g  (Sturnus  v u l g a r i s )  - died  from c o l l i d i n g  with a  Mod-2 

t u r b i n e  loca ted  i n  t h e  San Francisco  Bay a r e a  (S. Byrne, pers .  comm.). 

The v a s t  m a j o r i t y  of b i r d s  k i l l e d  by c o l l i s i o n s  with man-made 

s t r u c t u r e s  a r e  p a s s e r i n e s  ( i . e .  sparrows, warb le r s ,  b l ackb i rds ,  e t c . ) .  

For example, over 99% of a l l  b i r d  k i l l s  a t  a  300 m tower i n  I l l i n o i s  

90 



were passe r ines  (Graber 1968), whi le  86% were p a s s e r i n e s  a t  a  366 m 

tower i n  North Dakota (Avery e t  al .  1978). Flocking s p e c i e s  i n  t h e  

o r d e r s  Anseriformes (waterfowl) and Charadr i i formes  ( shoreb i rds  and 

g u l l s )  d i e  from c o l l i s i o n s  wi th  much less frequency dur ing  migra t ion ,  

a l though l a r g e  numbers o f  win te r ing  waterfowl are k i l l e d  i n  c o l l i s i o n s  

wi th  t ransmiss ion l i n e s  ( s e e  Avery e t  al. 1980). During a  25 year  s tudy 

of  m o r t a l i t y  a t  a  308 m TV tower i n  F l o r i d a  on ly  0.3% of 42,384 known 

a v i a n  f a t a l i t i e s  were waterfowl, less than 0.2% were s h o r e b i r d s  and 

g u l l s ,  and 96.7% were p a s s e r i n e s  (Crawford 1981). 

The pauc i ty  of c o l l i s i o n  f a t a l i t i e s  i n  f l o c k i n g  s p e c i e s  dur ing  

migra t ion  probably r e s u l t s  from lower numbers of f l o c k i n g  migrants  

compared t o  p a s s e r i n e s  and t h e  s l i g h t l y  h igher  a l t i t u d e s  of f l o c k s .  We 

found t h a t  t h e  mean MTR and a l t i t u d e  of f l o c k s  was 44.4 and 362 m ,  

respect ive ly ;  a s  compared t o  4,006 and 351 m f o r  passe r ine  b i r d s .  

I f  no a t t r a c t a n t  i s  involved,  t h e  number o f  a v i a n  c o l l i s i o n s  with 

s t r u c t u r e s  i s  a p p a r e n t l y  a  f u n c t i o n  of t h e  n a t u r e  o f  t h e  s t r u c t u r e  

i t s e l f  ( h e i g h t ,  s i z e ,  shape ,  presence of guy wires, e t c )  and t h e  number 

of  migrants  f l y i n g  i n  c l o s e  proximity t o  t h e  s t r u c t u r e .  The t o t a l  

number of b i r d s  a l o f t  and t h e  concen t ra t ion  of migrants  i n  t h e  lower 

a l t i t u d e s  nea r  a  s t r u c t u r e  may be a  f u n c t i o n  of a  v a r i e t y  of  f a c t o r s  

inc lud ing  l o c a t i o n  i n  r e s p e c t  t o  p r e f e r r e d  migra tory  pathways, t ime of 

yea r ,  t ime of day, topography, weather ,  and s t r u c t u r e  l i g h t i n g .  

Highest  c o l l i s i o n  r a t e s  i n  t h e  e a s t e r n  U.S. o c c u r . a t  n i g h t  dur ing  f a l l  

migra t ion  under o v e r c a s t  s k i e s  with o r  without  t h e  presence of r a i n ,  



d r i z z l e ,  o r  fog ( f o r  a  review see Avery 1976). L i t t l e  informat ion  is 

a v a i l a b l e  on t h e  frequency,  seasona l  p a t t e r n ,  o r  r e l a t i o n s h i p  with 

weather of c o l l i s i o n s  i n  t h e  western United S t a t e s  ( s e e  Awry e t  a l e  

Some s t u d i e s  i n d i c a t e  t h a t  l i g h t i n g  of s t r u c t u r e s  may play an 

important  r o l e  i n  av ian  c o l l i s i o n s .  Nocturnal migrants  a r e  a t t r a c t e d  

t o  o r  l i n g e r  a t  some l i g h t e d  s t r u c t u r e s  e s p e c i a l l y  under o v e r c a s t  s k i e s  

(Cochran and Graber 1958). Under t h e s e  cond i t ions  dur ing  pe r iods  of 

heavy migra t ion  swarms of passe r ine  b i r d s  may c o l l e c t  around s t r u c t u r e s  

(Avery e t  a l .  1976, Cochran and Graber 1958). One theory  expla in ing 

the  p h o t o t a c t i c  response of noc tu rna l  passe r ine  migrants  t o  l i g h t e d  

s t r u c t u r e s  sugges t s  t h a t  under o v e r c a s t  s k i e s  b i r d s  may mistake l i g h t s  

f o r  stars and a c t u a l l y  s p i r a l  i n t o  a  s t r u c t u r e  (Kemper 1964). However, 

numerous problems e x i s t  with t h i s  explanat ion  ( s e e  Avery e t  ale 1976), 
. - 

and b i r d s  probably do n o t  confuse l i g h t s  wi th  stars. Graber (1968) 

exp la ins  t h i s  phenomenon as n o t  an  a t t r a c t i o n  t o  towers bu t  r a t h e r  a s  a 

re luc tance  on t h e  p a r t  of  those  noc tu rna l  migrants  f l y i n g  near  t h e  

s t r u c t u r e  t o  l e a v e  an i l lumina ted  a r e a  under cloudy s k i e s .  He compares 

t h i s  t o  t h e  behavior of b i r d s  i n  a  l i g h t e d  room where they a r e  

r e l u c t a n t  t o  f l y  o u t  an open window i n t o  t h e  darkness;  t h i s  behavior 

has been corrobora ted  by Avery e t  a1 . (1976). The l i n g e r i n g  and 

m i l l i n g  of b i r d s  around s t r u c t u r e s  r e s u l t i n g  from t h i s  e f f e c t  

apparen t ly  produces t h e  high l e v e l s  of avian  m o r t a l i t y  t h a t  have been 

recorded a t  t a l l  l i g h t e d  s t r u c t u r e s  on some n i g h t s .  Avery e t  a l .  

(1976) f u r t h e r  sugges t  t h a t  under overcas t  o r  foggy n i g h t s  minute 



mois tu re  d r o p l e t s  i n  t h e  a i r  t e n d  t o  i n c r e a s e  t h e  i l l u m i n a t e d  area I 
around a s t r u c t u r e  t h u s  a r r e s t i n g  more migrants .  It shou ld  be no ted  

t h a t  many b i r d  c o l l i s i o n s  occu r  on clear n i g h t s  d u r i n g  both  s p r i n g  and 
I 

f a l l ,  a l t h o u g h  th;. g r e a t e s t  impacts  have occu r red  under o v e r c a s t  s k i e s .  I 
- 

Obse rva t ions  d u r i n g  t h i s  s t u d y  and i n  s p r i n g  1981 (McCrary e t  a l .  a I 
1981) i n d i c a t e  t h i s  p h o t o t a c t i c  behavior  of  b i r d s  t o  l i g h t e d  s t r u c t u r e s  

a l s o  o c c a s i o n a l l y  o c c u r s  i n  t h e  WRSA. A s  i n  t h i s  s t u d y ,  tower 
I 

o b s e r v a t i o n s  i n  s p r i n g  1981 were conducted wi th  one c e i l o m e t e r  d i r e c t e d  

h o r i z o n t a l l y  toward a h i g h  t e n s i o n  t r a n s m i s s i o n  tower l o c a t e d  n e a r  s i t e  

I 
2 .  On s e v e r a l  o c c a s i o n s  i n  bo th  y e a r s ,  i n d i v i d u a l  b i r d s  and small 

I 
f l o c k s  were s e e n  t o  c i r c l e  o r  f l y  e r r a t i c a l l y  around t h e  p a r t i a l l y  

l i g h t e d  tower i n  a  similar f a s h i o n  t o  t h a t  d e s c r i b e d  f o r  b i r d s  by Avery 

I 
e t  a l .  (1976) and Cochran and Graber (1958).  Thus, i n  t h i s  s tudy  and I 
d u r i n g  s p r i n g  1981 some b i r d s  may have e x h i b i t e d  a h i g h  r e a c t i o n  t o  t h e  

- 
t r a n s m i s s i o n  tower because of  t h e  l i g h t  from t h e  c e i l o m e t e r  and 

I 
r e f l e c t i o n s  o f f  t h e  me ta l  s u r f a c e s  of t h e  tower which c r e a t e d  a n  

i l l u m i n a t e d  area around it. From t h i s  it is  impl i ed  t h a t  l i g h t i n g  is 

I 
a n  impor t an t  f a c t o r  t o  c o n s i d e r  when d i s c u s s i n g  t h e  l i k e l y h o o d  of  a v i a n  I 
c o l l i s i o n s  w i t h  wind t u r b i n e s .  I 

U r i t i l  ground c o u n t s  o f  dead o r  i n j u r e d  b i r d s  can  be conducted 

under an a r r a y  o f  o p e r a t i n g  t u r b i n e s ,  we cannot  f u l l y  a s s e s s  t h e  impact  

I 
t o  b i r d s  o f  WTG c o n s t r u c t i o n  and o p e r a t i o n  i n  t h e  WRSA. However, 

I 
s t u d i e s  on o t h e r  man-made s t r u c t u r e s  i n d i c a t e  t h a t  t h e  number of I 
c o l l i s i o n s  w i l l  b e  a f u n c t i o n  of t h e  number o f  b i r d s  f l y i n g  a t  t h e  

I 



Considering a  10 hour  n i g h t  and a  s p r i n g  mig ra to ry  season  of 50 days,  

a n  average  of 182,500 b i r d s  per  k i lome te r  may f l y  through t h e  WRSA i n  

t h e  a l t i t u d i n a l  zone of r i s k  (19  - 110 m) per  s p r i n g .  T h i s  i s  
- - 

approximately 9%. of  t h e  e s t i m a t e d  s p r i n g  1982 popu la t ion  of  a l l  

n o c t u r n a l  p a s s e r i n e  mig ran t s  u t i l i z i n g  t h e  WRSA (approximate ly  2 - 
m i l l i o n  b i r d s  p e r  km as determine from t h e  mean MTR f o r  a l l  a l t i t u d e s ) .  

The a c t u a l  p r o p o r t i o n  of mig ran t s  we c l a s s i f y  as a t  r i s k  t h a t  w i l l  

c o l l i d e  wi th  t u r b i n e s  remains t o  be determined;  however, from r e p o r t s  

of a v i a n  m o r t a l i t y  a t  o t h e r  man-made s t r u c t u r e s ,  a t  least some 

c o l l i s i o n s  w i l l  undoubtedly occur .  

Although we cannot  p r e s e n t l y  de te rmine  t h e  number of b i r d  

c o l l i s i o n s  which w i l l  occur  i n  t h e  WRSA WTG p a r k ,  some a s p e c t s  of t h e  

t iming  and geograph ica l  v a r i a t i o n  can  be  p r e d i c t e d  w i t h  t h e  r e s u l t s  of 

t h i s  s tudy .  S i n c e  most movement o c c u r s  e a r l y  i n  t h e  evening ,  b i r d  
. - 

c o l l i s i o n s  a r e  more l i k e l y  t o  occur  dur ing  t h e  f i r s t  2-3 hours  a f t e r  

s u n s e t  (1900 - 2100).  The chance o f  c o l l i s i o n s  o c c u r r i n g  du r ing  t h i s  

per iod  i s  f u r t h e r  i n c r e a s e d  by t h e  lower f l i g h t  a l t i t u d e s  of  mig ran t s  

dur ing  t h e  f i r s t  1-2 hour s  of t h e  n i g h t .  S i m i l a r l y ,  c o l l i s i o n s  w i l l  

probably be much more i n f r e q u e n t  a f t e r  midnight ,  as t h i s  pe r iod  

cor responds  w i t h  very  low MTR's and h ighe r  a l t i t u d e s .  Seasona l ly ,  

c o l l i s i o n s  are l i k e l y  t o  be more numerous a f t e r  1 5  A p r i l  and may 

con t inue  a t  h i g h e r  l e v e l s  th rough t h e  end of May; March and e a r l y  A p r i l  

were c h a r a c t e r i z e d  by on ly  l i g h t  mig ra t ion .  Although t h e r e  w a s  l i t t l e  

d i f f e r e n c e  i n  o v e r a l l  mig ra t ion  magnitude between sites i n d i c a t i n g  t h a t  

mig ra t ion  g e n e r a l l y  o c c u r s  a l o n g  a  broad f r o n t  i n  t h e  WRSA, t h e  
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a l t i t u d i n a l  d i s t r i b u t i o n  of m i g r a t i o n  was lower at sites 2 and  3; t h u s ,  

more c o l l i s i o n s  may be expec ted  a t  t h e s e  s i tes .  A s  i n d i c a t e d  by t h e  

mean a l t i t u d e  and  a l t i t u d i n a l  d i s t r i b u t i o n  a t  s i t e  3,  wind t u r b i n e s  
. 

c o n s t r u c t e d  a l o n g  r i d g e s  may p o t e n t i a l l y  r e s u l t  i n  t h e  g r e a t e s t  number 

of  c o l l i s i o n s .  T h i s  s t u d y  i n d i c a t e s  t h a t  most p a s s e r i n e  b i r d s  d u r i n g  - 
migra t ion  m a i n t a i n  a  r e l a t i v e l y  c o n s t a n t  a l t i t u d e  above ground l e v e l  

u n l e s s  t h e i r  f l i g h t  p a t h s  are i n t e r r u p t e d  by a b r u p t  changes i n  

topography. I n  t h e  case of  r i d g e s  t h e  a l t i t u d e  o f  b i r d s  i n  r e l a t i o n  t o  

ground l e v e l  d e c r e a s e s  as t h e y  f l y  over a r i d g e  and i s  probably  lowes t  

a t  t h e  c r e s t .  

T h e o r e t i c a l  Model of  Avian C o l l i s i o n s  w i t h  Wind Turbine  Gene ra to r s  

I n  Table  15 w e  p rov ide  a t h e o r e t i c a l  a n a l y s i s  of p o t e n t i a l  s p r i n g  

c o l l i s i o n  rates f o r  5 wind t u r b i n e  g e n e r a t o r  d e s i g n s  p r e s e n t l y  - 
cons ide red  f o r  u se  i n  t h e  San Gorgonio Wind Resource Area. However, 

t h e  same a n a l y s i s  cou ld  be c a r r i e d  o u t  f o r  o t h e r  t u r b i n e s  as w e l l .  The 

purpose of t h i s  model is t o  p rov ide  a p r e l i m i n a r y  e v a l u a t i o n  of t h e  

p o t e n t i a l  f o r  a v i a n  c o l l i s i o n s  i n  r e l a t i o n  t o  WTG des ign  f o r  probable  

u t i l i z a t i o n  i n  t h e  WRSA. The wind t u r b i n e  t e c h n o l o g i e s  used i n  t h i s  

C 

p r e d i c t i v e  model were s e l e c t e d  t o  r e p r e s e n t  a c r o s s  s e c t i o n  o f  v a r i o u s  
I 

t u r b i n e  d e s i g n s  c u r r e n t l y  a v a i l a b l e  and n o t  t o  e v a l u a t e  s p e c i f i c  I 
manufac turers .  O the r  wind t u r b i n e  des igns  n o t  cons ide red  i n  t h i s  model 

could  a l s o  have similar p r e d i c t e d  impacts  i f  t e s t e d .  Based on t h e  I 
r e s u l t s  of  t h i s  s t u d y ,  w e  u s e  a  s p r i n g  mig ra t ion  pe r iod  of  50 days  from I 
approximate ly  1 2  A p r i l  t h rough  May. The b i r d s  t h a t  would a c t u a l l y  be 
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Consider ing  a  10 hour  n i g h t  and a  s p r i n g  mig ra to ry  season  of  50 days ,  

a n  ave rage  of  182,500 b i r d s  p e r  k i l o m e t e r  may f l y  th rough t h e  WRSA i n  

t h e  a l t i t u d i n a l  zone of  r i s k  (19 - 110 m) pe r  s p r i n g .  T h i s  i s  
-. 

approximate ly  9% of  t h e  e s t i m a t e d  s p r i n g  1982 popu la t i on  o f  a l l  

n o c t u r n a l  . p a s s e r i n e  m i g r a n t s  u t i l i z i n g  t h e  WRSA (approximate ly  2 - 
m i l l i o n  b i r d s  p e r  km as de te rmine  from t h e  mean MTR f o r  a l l  a l t i t u d e s ) .  

The a c t u a l  p r o p o r t i o n  of  m i g r a n t s  w e  c l a s s i f y  as a t  r i s k  t h a t  w i l l  

c o l l i d e  w i t h  t u r b i n e s  remains  t o  be determined;  however, from r e p o r t s  

of a v i a n  m o r t a l i t y  a t  o t h e r  man-made s t r u c t u r e s ,  a t  least some 

c o l l i s i o n s  w i l l  undoubtedly occur .  

Although w e  cannot  p r e s e n t l y  de t e rmine  t h e  number o f  b i r d  

c o l l i s i o n s  which w i l l  occur  i n  t h e  WRSA WTG pa rk ,  some a s p e c t s  of  t h e  

t im ing  and g e o g r a p h i c a l  v a r i a t i o n  can  be  p r e d i c t e d  w i t h  t h e  r e s u l t s  of  

t h i s  s t u d y .  S i n c e  most movement o c c u r s  e a r l y  i n  t h e  evening ,  b i r d  - 
c o l l i s i o n s  are more l i k e l y  t o  occu r  d u r i n g  t h e  f i r s t  2-3 hour s  a f t e r  

s u n s e t  (1900 - 2100).  The chance o f  c o l l i s i o n s  o c c u r r i n g  d u r i n g  t h i s  

pe r iod  i s  f u r t h e r  i n c r e a s e d  by t h e  lower f l i g h t  a l t i t u d e s  o f  m i g r a n t s  

du r ing  t h e  f i r s t  1-2 hou r s  of  t h e  n i g h t .  S i m i l a r l y ,  c o l l i s i o n s  w i l l  

p robably  be much more i n f r e q u e n t  a f t e r  midnight ,  as t h i s  p e r i o d  

co r r e sponds  w i t h  ve ry  low MTR's and h i g h e r  a l t i t u d e s .  Seasona l ly ,  

c o l l i s i o n s  are , l i k e l y  t o  be more numerous a f t e r  15 A p r i l  and may 

c o n t i n u e  a t  h i g h e r  l e v e l s  th rough t h e  end o f  May; March and e a r l y  A p r i l  

were c h a r a c t e r i z e d  by on ly  l i g h t  m i g r a t i o n .  Although t h e r e  was l i t t l e  

d i f f e r e n c e  i n  o v e r a l l  m i g r a t i o n  magnitude between sites i n d i c a t i n g  t h a t  

m i g r a t i o n  g e n e r a l l y  o c c u r s  a l o n g  a broad f r o n t  i n  t h e  WRSA, t h e  



a l t i t u d i n a l  d i s t r i b u t i o n  of m i g r a t i o n  was lower at  sites 2  and 3; t h u s ,  

more c o l l i s i o n s  may be expec ted  a t  t h e s e  sites. A s  i n d i c a t e d  by t h e  

mean a l t i t u d e  and a l t i t u d i n a l  d i s t r i b u t i o n  a t '  s i t e  3 ,  wind t u r b i n e s  

c o n s t r u c t e d  a l o n g  r i d g e s  may p o t e n t i a l l y  r e s u l t  i n  t h e  g r e a t e s t  number 

of c o l l i s i o n s .  - T h i s  s t u d y  i n d i c a t e s  t h a t  most p a s s e r i n e  b i r d s  d u r i n g  

m i g r a t i o n  m a i n t a i n  a r e l a t i v e l y  c o n s t a n t  a l t i t u d e  above ground l e v e l  

u n l e s s  t h e i r  f l i g h t  p a t h s  are i n t e r r u p t e d  by a b r u p t  changes i n  

topography.  I n  t h e  case of  r i d g e s  t h e  a l t i t u d e  o f  b i r d s  i n  r e l a t i o n  t o  

ground l e v e l  d e c r e a s e s  as t h e y  f l y  over  a r i d g e  and i s  probably  lowes t  

a t  t h e  c r e s t .  

T h e o r e t i c a l  Model o f  Avian C o l l i s i o n s  wi th  Wind Turbine  Gene ra to r s  

I n  Tab le  15 w e  p rov ide  a  t h e o r e t i c a l  a n a l y s i s  of p o t e n t i a l  s p r i n g  

c o l l i s i o n  r a t e s  f o r  5 wind t u r b i n e  g e n e r a t o r  d e s i g n s  p r e s e n t l y  - 

cons ide red  f o r  u se  i n  t h e  San Gorgonio Wind Resource Area. However, 

t h e  same a n a l y s i s  cou ld  be  c a r r i e d  o u t  f o r  o t h e r  t u r b i n e s  as w e l l .  The 

purpose of  t h i s  model i s  t o  p rov ide  a p r e l i m i n a r y  e v a l u a t i o n  of t h e  

p o t e n t i a l  f o r  a v i a n  c o l l i s i o n s  i n  r e l a t i o n  t o  WTG des ign  f o r  p robab le  

u t i l i z a t i o n  i n  t h e  WRSA. The wind t u r b i n e  t e c h n o l o g i e s  used i n  t h i s  

p r e d i c t i v e  model were s e l e c t e d  t o  r e p r e s e n t  a c r o s s  s e c t i o n  of  v a r i o u s  

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

manufac tu re r s .  Other  wind t u r b i n e  d e s i g n s  n o t  cons ide red  i n  t h i s  model 

could  a l s o  have similar p r e d i c t e d  impacts  i f  t e s t e d .  Based on t h e  

r e s u l t s  of t h i s  s t u d y ,  we u s e  a  s p r i n g  mig ra t ion  pe r iod  of 50 days from 

approximate ly  1 2  A p r i l  t h rough  May. The b i r d s  t h a t  would a c t u a l l y  be 



Long term s t u d i e s  of  waterfowl f l i g h t  behavior  i n  r e l a t i o n  t o  a  

t r ansmis s ion  l i n e  i n  Washington i n d i c a t e  t h a t  approximate ly  87% of 

b i r d s  f l y i n g  a t  o r  below l i n e  h e i g h t  w i l l  r e a c t  t o  t h e  presence  of t h e  

l i n e  ( f o r  a  summary of  waterfowl avoidance behavior  s e e  Beau lau r i e r  

1981).- Although w e  have n o t  had a n  o p p o r t u n i t y  t o  s t u d y  an  o p e r a t i n g  

t u r b i n e ,  from our  n o c t u r n a l  o b s e r v a t i o n s  on b i r d s  f l y i n g  nea r  

s t r u c t u r e s  ( t r a n s m i s s i o n  towers)  du r ing  t h r e e  mig ra to ry  seasons ,  we 

b e l i e v e  a n  avoidance  rate approaching  95% may be a more r e a l i s t i c  

e s t i m a t e .  F i n a l l y ,  a l t hough  n o t  based on a c t u a l  avoidance behavior ,  no 

c o l l i s i o n  f a t a l i t i e s  were found from ground c o u n t s  conducted a t  a  Mod-2 

t u r b i n e  l o c a t e d  n e a r  San F ranc i sco  dur ing  s p r i n g  1983 mig ra t ion  (S. 

Byrne, PG&E; p e r s .  corn . ) .  

! Table  15 i n d i c a t e s  t h a t ,  o t h e r  t han  t h e  rate of a v i a n  avoidance ,  

-i blade  d iameter  and cor responding  t u r b i n e  sweep a r e a  a r e  t h e  most 

impor t an t  f a c t o r s  i n  p r e d i c t i n g  p o t e n t i a l  a v i a n  c o l l i s i o n  rates wi th  

4 wind t u r b i n e s .  However, many o t h e r  a s p e c t s  of  wind t u r b i n e  des ign  may 

a l s o  be impor t an t  i n  t h e  f requency  of b i r d  c o l l i s i o n s .  These des ign  

I f e a t u r e s  i nc lude :  

o  Turb ine  h e i g h t ,  

o  Rotor s o l i d i t y  ( t h e  r a t i o  between b lade  a r e a  and t h e  

1 area swept by t h e  sp inn ing  r o t o r ) ,  

o  Number o f  b l a d e s  

o  ~ l & d e  d i ame te r ,  

o  Blade v e l o c i t y ,  

o  Blade depth  
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o  Blade  wid th  

o  Power o u t p u t  

o  P re sence  and number o f  guy wires suppor t ing  t h e  t u r b i n e ,  

o  Turb ine  l i g h t i n g .  

o  Blade c o l o r  

Table  1 6  p r o v i d e s  a d d i t i o n a l  i n f o r m a t i o n  on t h e  5 t u r b i n e s  

cons ide red  i n  t h e  p r e d i c t i v e  model (Tab le  15). Rotor  s o l i d i t y  i s  a 

f u n c t i o n  of t h e  number o f  b l a d e s  i n  a  t u r b i n e  d e s i g n ,  b l ade  v e l o c i t y ,  

b lade  dep th ,  and b l ade  width.  Rogers e t  a l .  (1976) have sugges t ed  t h a t  

t h e  low r o t o r  s o l i d i t y  of  some t u r b i n e  d e s i g n s  may a l l o w  f o r  b i r d s  t o  

a c t u a l l y  f l y  through a n  o p e r a t i n g  t u r b i n e  wi thou t  be ing  s t r u c k  by t h e  

t u r b i n e ' s  b l ades .  T h i s  i s  depcndent  on t h e  area swept by t h e  b l ade  

d u r i n g  t h e  time it t a k e s  a b i r d  t o  f l y  through.  Rogers e t  a l .  (1976) 

provide  a  p o t e n t i a l l y  u s e f u l  formula f o r  c a l c u l a t i n g  t h e  p r o b a b i l i t y  of 
- 

c o l l i s i o n  assuming no avoidance .  

Prob  = N(R) (D)  
Va . 

where: Prob = P r o b a b i l i t y  of c o l l i s i o n  
Va = t h e  b i r d ' s  a x i a l  v e l o c i t y  (m/s) 
N = Number o f  b l a d e s  
R = Blade  r o t a t i o n a l  speed ( r p s )  
D = Average dep th  of  b l ade  (m) 

T h i s  c a l c u l a t i o n  i s  o n l y  u s e f u l  i n  a n a l y z i n g  t h e  p r o b a b i l i t y  t h a t  

a  moving b l ade  w i l l  s t r i k e  a b i r d  b u t  cannot  be used f o r  t h e  r e v e r s e  

s i t u a t i o n  which may a l s o  occu r .  It does,  however, p o i n t  o u t  t h e  

p o t e n t i a l  importance of r o t o r  s o l i d i t y  i n  a v i a n  c o l l i s i o n  r a t e s .  



Long term s t u d i e s  of waterfowl f l i g h t  behavior  i n  r e l a t i o n  t o  a 

t r ansmis s ion  l i n e  i n  Washington i n d i c a t e  t h a t  approximate ly  87% of 

b i r d s  f l y i n g  a t  o r  below l i n e  h e i g h t  w i l l  r e a c t  t o  t h e  presence  of t h e  

l i n e  ( f o r  a summary of waterfowl avoidance behavior  see Beau lau r i e r  

1981).- Although we have n o t  had a n  o p p o r t u n i t y  t o  s tudy  an  o p e r a t i n g  

t u r b i n e ,  from o u r  n o c t u r n a l  o b s e r v a t i o n s  on b i r d s  f l y i n g  nea r  

s t r u c t u r e s  ( t r a n s m i s s i o n  towers )  du r ing  t h r e e  mig ra to ry  seasons ,  w e  

b e l i e v e  a n  avoidance  rate approaching 95% may be a more r e a l i s t i c  

e s t i m a t e .  F i n a l l y ,  a l t hough  no t  based on a c t u a l  avoidance  behavior ,  no 

c o l l i s i o n  f a t a l i t i e s  were found from ground c o u n t s  conducted a t  a  Mod-2 

t u r b i n e  l o c a t e d  n e a r  San F ranc i sco  dur ing  s p r i n g  1983 mig ra t ion  (S. 

Byrne, PG&E; p e r s .  comm.). 

Table  15 i n d i c a t e s  t h a t ,  o t h e r  t h a n  t h e  ra te  of  a v i a n  avoidance ,  

blade d iameter  and cor responding  t u r b i n e  sweep a r e a  are t h e  most 

impor t an t  f a c t o r s  i n  p r e d i c t i n g  p o t e n t i a l  a v i a n  c o l l i s i o n  rates wi th  

wind t u r b i n e s .  However, many o t h e r  a s p e c t s  of  wind t u r b i n e  des ign  may 

a l s o  be impor t an t  i n  t h e  f requency  of b i r d  c o l l i s i o n s .  These des ign  

f e a t u r e s  i nc lude :  

o  Turb ine  h e i g h t ,  

o  Rotor s o l i d i t y  ( t h e  r a t i o  between b l ade  a r e a  and t h e  

a r e a  swept by t h e  sp inn ing  r o t o r ) ,  

o  Number of  b l a d e s  

o  Blade d i ame te r ,  

o Blade v e l o c i t y ,  

o  Blade depth  



o  Blade width 

o  Power o u t p u t  

o  P re sence  and number o f  guy wires s u p p o r t i n g  t h e  t u r b i n e ,  

o  Turb ine  l i g h t i n g ,  

- o  Blade c o l o r  

Table  1 6  p r o v i d e s  a d d i t i o n a l  i n f o r m a t i o n  on t h e  5 t u r b i n e s  

cons ide red  i n  t h e  p r e d i c t i v e  model (Table  15) .  Rotor  s o l i d i t y  i s  a  

f u n c t i o n  of t h e  number o f  b l a d e s  i n  a t u r b i n e  d e s i g n ,  b l ade  v e l o c i t y ,  

b lade  dep th ,  and b l ade  width.  Rogers e t  a l .  (1976) have sugges ted  t h a t  

t h e  low r o t o r  s o l i d i t y  of some t u r b i n e  d e s i g n s  may a l l o w  f o r  b i r d s  t o  

a c t u a l l y  f l y  through a n  o p e r a t i n g  t u r b i n e  wi thou t  be ing  s t r u c k  by t h e  

t u r b i n e ' s  b l ades .  T h i s  i s  d e p ~ n d e n t  on t h e  area swept by t h e  b l ade  

d u r i n g  t h e  t i m e  it t a k e s  a b i r d  t o  f l y  through.  Rogers e t  a l .  (1976) 

provide  a  p o t e n t i a l l y  u s e f u l  formula f o r  c a l c u l a t i n g  t h e  p r o b a b i l i t y  of 
- 

c o l l i s i o n  assuming no avoidance .  

Prob  = N(R) (Dl 
Va 

where: Prob = P r o b a b i l i t y  of c o l l i s i o n  
Va = t h e  b i r d ' s  a x i a l  v e l o c i t y  (m/s) 
N = Number o f  b l a d e s  
R = Blade r o t a t i o n a l  speed ( r p s )  
D = Average depth  of  b l ade  (m)  

Th i s  c a l c u l a t i o n  i s  o n l y  u s e f u l  i n  a n a l y z i n g  t h e  p r o b a b i l i t y  t h a t  

a moving b l ade  w i l l  s t r i k e  a b i r d  b u t  cannot  be used f o r  t h e  r e v e r s e  

s i t u a t i o n  which may a l s o  o c c u r .  It does,  however, p o i n t  o u t  t h e  

p o t e n t i a l  impor tance  of  r o t o r  s o l i d i t y  i n  a v i a n  c o l l i s i o n  r a t e s .  
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CONCLUSIONS 

During s p r i n g  mig ra t ion  t h e  WRSA is  h e a v i l y  u t i l i z e d  by b i r d s  as a 

migra tory  f lyway* T h i s  view is suppor ted  n o t  o n l y  by t h e  r e s u l t s  of 

t h i s  p r e s e n t  s t u d y ,  b u t  a l s o  from p rev ious  r e s e a r c h  i n  t h e  area - 

(McCrary e t  al .  1981, McKernan e t  a l . ,  i n  prep) .  We e s t i m a t e  t h a t  

approximately 32 m i l l i o n  b i r d s  f l e w  through t h e  Coachel la  Val ley  du r ing  

s p r i n g  1982 based on a n  ave rage  width of t h e  v a l l e y  of  16 km. 

During s p r i n g  1982 mig ra t ion  i n  t h e  WRSA most b i r d s  f l e w  from 

200 - 400 m above ground. However, many b i r d s  were recorded  f l y i n g  

much lower than  t h i s ,  and a d i s t i n c t  p r o p o r t i o n  of a l l  mig ran t s  were 

below 111 m (12.9%). S i n c e  most t u r b i n e s  cons ide rea  f o r  u s e  i n  t h e  

WRSA are below 111 m i n  h e i g h t ,  n o c t u r n a l  mig ran t s  f l y i n g  below 111 m 

a r e  t h o s e  t h a t  may p o t e n t i a l l y  c o l l i d e  wi th  wind t u r b i n e  g e n e r a t o r s .  - 

Numerous s t u d i e s  ~ f  a v i a n  m o r t a l i t y  have shown t h a t  t h e  n o c t u r n a l  

f l i g h t  behavior  o f  most mig ra to ry  b i r d s  makes them p a r t i c u l a r l y  

s u s c e p t i b l e  t o  c o l l i s i o n s  wi th  a  v a r i e t y  of man-made s t r u c t u r e s .  

Although many of  t h e s e  s t r u c t u r e s  are cons ide rab ly  taller than  t h e  wind 

t u r b i n e s  p r e s e n t l y  planned f o r  use  i n  t h e  WRSA, many s h o r t e r  s t r u c t u r e s  

have a l s o  been imp l i ca t ed  i n  b i r d  m o r t a l i t y .  From t h e s e  s t u d i e s  a v i a n  

c o l l i s i o n s  wi th  wind t u r b i n e s  i n  t h e  WRSA w i l l  a lmos t  undoubtedly 

occur .  Because '  o f  t h e  complex a r r a y  of  t u r b i n e  des igns  ( t u r b i n e  
< 

h e i g h t ,  number of b l ades ,  b l ade  speed ,  presence  and number o f  guy 

wi re s ,  e t c . )  a v a i l a b l e  f o r  u se ,  t h e  v a r i e t y  of p o s s i b l e  geomet r i ca l  



placements  o f  wind t u r b i n e s  and t h e  p r e s e n t  l a c k  of  t h e  a c t u a l  number 

of  t u r b i n e s  t o  b e  c o n s t r u c t e d ,  w e  a r e  unable  t o  p r e d i c t  t h e  amount of  

c o l l i s i o n  r e l a t e d  a v i a n  m o r t a l i t y  t h a t  may occur  from proposed wind 

energy  development of  t h e  WRSA. However, 'from t h e  a l t i t u d i n a l  

d i s t r i b u t i o n  o f  n o c t u r n a l  mig ran t s  and t h e  number o f  b i r d s  a l o f t  a t  - 
n i g h t ,  w e  estimate t h a t  approximate ly  182,000 birds/krn could  

p o t e n t i a l l y  come i n t o  c o n t a c t  w i t h  wind t u r b i n e  g e n e r a t o r s  each  s p r i n g  

i n  t h e  WRSA. Although only  a small f r a c t i o n  o f  t h e s e  b i r d s  l i k e l y  t o  

c o l l i d e  wi th  wind t u r b i n e s  i n  t h e  WRSA, even a c o l l i s i o n  rate of 0.5% 

would y i e l d  s e v e r a l  thousand d e a t h s  per  s p r i n g  season .  

L i g h t i n g  h a s  a l s o  been shown t o  p l a y  a n  impor t an t  r o l e  i n  b i r d  

c o l l i s i o n  rates, and a l though  t h e r e  i s - n o  a p p a r e n t  a t t r a c t i o n  of b i r d s  

t o  l i g h t s ,  t h e y  may l i n g e r  n e a r  a l i g h t e d  wind t u r b i n e ,  ' t h u s  f u r t h e r  

i n c r e a s i n g  t h e  p r o b a b i l i t y  of c o l l i d i n g  w i t h  b l a d e s ,  guy wires, towers ,  
- 

e t c .  Although o u r  p r e s e n t  unders tanding  of t h e  i n f l u e n c e  on b i r d s  of 

d i f f e r e n t  l i g h t i n g  v a r i a b l e s  ( c o l o r ,  b l i n k  rate,  i n t e n s i t y )  is l i m i t e d ,  

l i g h t i n g  man ipu la t ion  may p o s s i b l y  lower c o l l i s i o n  rates wi th  wind 

t u r b i n e s .  

Although i t  i s  d i f f i c u l t  t o  p i n p o i n t  a c t u a l  numbers of a v i a n  

d e a t h s  r e s u l t i n g  from c o l l i s i o n s  wi th  wind t u r b i n e s ,  t h e  t iming  of 

p o t e n t i a l  peak c o l l i s i o n  p e r i o d s  can  be determined from cumula t ive  d a t a  

on n i g h t l y  and s e a s o n a l  p a t t e r n s  of t h e  magnitude and a l t i t u d e  of 

mig ra t ion .  Most c o l l i s i o n s  w i l l  l i k e l y  occur  d u r i n g  t h e  f i r s t  2-3 

I 
hour s  of  t h e  n i g h t  (1900 - 2100) when MTR's a r e  t h e  h i g h e s t  and 



CONCLUSIONS 

During s p r i n g  m i g r a t i o n  t h e  WRSA is h e a v i l y  u t i l i z e d  by b i r d s  as  a 

migra tory  flyway. T h i s  view is suppor ted  n o t  o n l y  by t h e  r e s u l t s  of  

t h i s  p r e s e n t  s t u d y ,  b u t  a l s o  from p rev ious  r e s e a r c h  i n  t h e  area - 

(McCrary e t  al .  1981, McKernan e t  al . ,  i n  prep) .  We estimate t h a t  

approximately 32 m i l l i o n  b i r d s  f l e w  through t h e  Coachel la  Va l l ey  dur ing  

s p r i n g  1982 based on a n  ave rage  width of t h e  v a l l e y  of  1 6  km. 

During s p r i n g  1982 mig ra t ion  i n  t h e  WRSA most b i r d s  f l e w  from 

200 - 400 m above ground. However, many b i r d s  were recorded  f l y i n g  

much lower than  t h i s ,  and a d i s t i n c t  p r o p o r t i o n  of a l l  m i g r a n t s  were 

below 111 m (12.9%). S ince  most t u r b i n e s  cons ide red  f o r  u s e  i n  t h e  

hWA a r e  below 111 m i n  h e i g h t ,  n o c t u r n a l  mig ran t s  f l y i n g  below 111 m 

a r e  t h o s e  t h a t  may p o t e n t i a l l y  c o l l i d e  wi th  wind t u r b i n e  g e n e r a t o r s .  - 

Numerous s t u d i e s  o f  a v i a n  m o r t a l i t y  have shown t h a t  t h e  n o c t u r n a l  

f l i g h t  behavior  o f  most migra tory  b i r d s  .makes them p a r t i c u l a r l y  

s u s c e p t i b l e  t o  c o l l i s i o n s  wi th  a v a r i e t y  of man-made s t r u c t u r e s .  

Although many of t h e s e  s t r u c t u r e s  are cons ide rab ly  taller than  t h e  wind 

t u r b i n e s  p r e s e n t l y  planned f o r  use  i n  t h e  WRSA, many s h o r t e r  s t r u c t u r e s  

have a l s o  been i m p l i c a t e d  i n  b i r d  m o r t a l i t y ,  From t h e s e  s t u d i e s  a v i a n  

c o l l i s i o n s  wi th  wind t u r b i n e s  i n  t h e  WRSA w i l l  a lmost  undoubtedly 

occur .  Because*  o f  t h e  complex a r r a y  of t u r b i n e  d e s i g n s  ( t u r b i n e  

h e i g h t ,  number of b l a d e s ,  b l ade  speed ,  presence  and number o f  guy 

wires, e t c . )  a v a i l a b l e  f o r  u se ,  t h e  v a r i e t y  of p o s s i b l e  geomet r i ca l  



placements  o f  wind t u r b i n e s  and t h e  p r e s e n t  l a c k  of t h e  a c t u a l  number 

of  t u r b i n e s  t o  be c o n s t r u c t e d ,  we are unable t o  p r e d i c t  t h e  amount of 

c o l l i s i o n  r e l a t e d  a v i a n  m o r t a l i t y  t h a t  may occu r  from proposed wind 

energy development o f  t h e  WRSA. However, from t h e  a l t i t u d i n a l  

d i s t r i b u t i o n  of  n o c t u r n a l  mig ran t s  and t h e  number of  b i r d s  a l o f t  a t  - 
n i g h t ,  we estimate t h a t  approximate ly  182,000 birds/km could  

p o t e n t i a l l y  come i n t o  c o n t a c t  w i t h  wind t u r b i n e  g e n e r a t o r s  each  s p r i n g  

i n  t h e  WRSA. Although on ly  a small f r a c t i o n  o f  t h e s e  b i r d s  l i k e l y  t o  

c o l l i d e  wi th  wind t u r b i n e s  i n  t h e  WRSA, even a c o l l i s i o n  r a t e  of  0.5% 

would y i e l d  s e v e r a l  thousand d e a t h s  per  s p r i n g  season .  

L igh t ing  h a s  a l s o  been shown t o  p l a y  a n  impor t an t  r o l e  i n  b i r d  

c o l l i s i o n  rates, and a l though  t h e r e  i s  no a p p a r e n t  a t t r a c t i o n  of b i r d s  

t o  l i g h t s ,  t h e y  may l i n g e r  n e a r  a l i g h t e d  wind t u r b i n e ,  t h u s  f u r t h e r  

i n c r e a s i n g  t h e  p r o b a b i l i t y  of c o l l i d i n g  wi th  b l a d e s ,  guy w i r e s ,  t ower s ,  
- 

e t c .  Although o u r  p r e s e n t  unders tanding  of t h e  i n f l u e n c e  on  b i r d s  of 

d i f f e r e n t  l i g h t i n g  v a r i a b l e s  ( c o l o r ,  b l i n k  r a t e ,  i n t e n s i t y )  is l i m i t e d ,  

l i g h t i n g  man ipu la t ion  may p o s s i b l y  lower c o l l i s i o n  rates wi th  wind 

t u r b i n e s  . 

Although i t  is  d i f f i c u l t  t o  p i n p o i n t  a c t u a l  numbers of a v i a n  

d e a t h s  r e s u l t i n g  from c o l l i s i o n s  wi th  wind t u r b i n e s ,  t h e  t iming  of 

p o t e n t i a l  peak c o l l i s i o n  p e r i o d s  can  be determined from cumula t ive  d a t a  

on n i g h t l y  and s e a s o n a l  p a t t e r n s  of t h e  magnitude and a l t i t u d e  of 

mig ra t ion .  Most c o l l i s i o n s  w i l l  l i k e l y  occur  du r ing  t h e  f i r s t  2-3 

hour s  of  t h e  n i g h t  (1900 - 2100) when MTRVs a r e  t h e  h i g h e s t  and 

105 



t h e  measurement of  t h e  a c t u a l  number of b i r d s  c o l l i d i n g  wi th  

t u r b i n e s  and how t h e s e  numbers compare t o  t h e  t o t a l  popu la t ion  of 

b i r d s  f l y i n g  ove r  t h e  t u r b i n e s .  The moni tor ing  program should 

i n c l u d e  e x t e n s i v e  ground c o u n t s  of  dead o r  i n j u r e d  b i r d s  around a 

v a r i e t y  of wind t u r b i n e  c o n f i g u r a t i o n s  combined w i t h  s imul taneous  - 

v e r t i c a l  r a d a r  - image i n t e n s i f i e r  o b s e r v a t i o n s  on t h e  magnitude 

and a l t i t u d e  of n o c t u r n a l  migra t ion .  T h i s  methodology w i l l  

p rovide  p r e c i s e  i n f o r m a t i o n  on t h e  number of i n d i v i d u a l s  and 

s p e c i e s  k i l l e d  o r  c r i p p l e d ,  pe rcen t  k i l l e d  of t o t a l  b i r d s  f l y i n g  

over  t h e  t u r b i n e s ,  a l t i t u d i n a l  d i s t r i b u t i o n  of b i r d s  a s  r e l a t e d  t o  

t h e  number k i l l e d ,  and t h e  e f f e c t s  of weather  and l i g h t i n g  on t h e  

number of b i r d s  k i l l e d .  I n  t h i s  manner t h e  b i o l o g i c a l  

s i g n i f i c a n c e  of t h e  number and s p e c i e s  k i l l e d  can be more 

a c c u r a t e l y  determined than  wi th  s imple  ground coun t s .  A s  t h e  

number of m i g r a n t s  k i l l e d  w i l l  vary  wi th  t h e  t y p e ,  d e n s i t y ,  and - 
spac ing  a r r a y  of t u r b i n e s ,  we stress t h a t  t h e s e  s t u d i e s  shou ld  be 

conducted throughout  v a r i o u s  s t a g e s  of  c o n s t r u c t i o n  and n o t  

l i m i t e d  t o  mon i to r ing  a s p e c i f i c  a r r a y  of low d e n s i t y  s i n g l e  

des ign  t u r b i n e s .  

2 .  S t r u c t u r e  l i g h t i n g  is a n  impor t an t  a s p e c t  i n  a v i a n  c o l l i s i o n s  and 

a s  p o t e n t i a l  m i t i g a t i o n  i n  t h e  WRSA we recommend t h e  i n i t i a t i o n  of 

a  s t u d y  of how t u r b i n e  l i g h t i n g  e f f e c t s  b i r d  c o l l i s i o n s .  Th i s  

s tudy  would i n v o l v e  t h e  same methodology as t h e  above and would be 

r e s t r i c t e d  t o  o n l y  t h o s e  l i g h t i n g  g u i d e l i n e s  approved by FAA and 

OSHA. 



3.  Based on the  r e s u l t s  of t h i s  study a t  site 3 (Painted H i l l ) ,  the I 
turbines constructed on r idges  should be r e s t r i c t e d  t o  the smaller 

designs (maximum height  < 100 f t )  and lower d e n s i t i e s  u n t i l  
I 

monitoring s t u d i e s  i n  these  s i t u a t i o n s  have been conducted. I 



t h e  measurement of  t h e  a c t u a l  number of  b i r d s  c o l l i d i n g  wi th  

t u r b i n e s  and how t h e s e  numbers compare t o  t h e  t o t a l  popu la t ion  of 

b i r d s  f l y i n g  over  t h e  t u r b i n e s .  The moni tor ing  program should 

i n c l u d e  e x t e n s i v e  ground c o u n t s  of  dead o r  i n j u r e d  b i r d s  around a 

v a r i e t y  of wind t u r b i n e  c o n f i g u r a t i o n s  combined w i t h  s imul taneous  - 
v e r t i c a l  r a d a r  - image i n t e n s i f i e r  o b s e r v a t i o n s  on t h e  magnitude 

and a l t i t u d e  of n o c t u r n a l  migra t ion .  T h i s  methodology w i l l  

p rovide  p r e c i s e  i n fo rma t ion  on t h e  number of  i n d i v i d u a l s  and 

s p e c i e s  k i l l e d  o r  c r i p p l e d ,  p e r c e n t  k i l l e d  of t o t a l  b i r d s  f l y i n g  

ove r  t h e  t u r b i n e s ,  a l t i t u d i n a l  d i s t r i b u t i o n  o f  b i r d s  as r e l a t e d  t o  

t h e  number k i l l e d ,  and t h e  e f f e c t s  of weather  and l i g h t i n g  on t h e  

number of b i r d s  k i l l e d .  I n  t h i s  manner t h e  b i o l o g i c a l  

s i g n i f i c a n c e  of t h e  number and s p e c i e s  k i l l e d  can  be more 

a c c u r a t e l y  determined than  w i t h  s imple  ground counts .  A s  t h e  

number of mig ran t s  k i l l e d  w i l l  vary  w i t h  t h e  t y p e ,  d e n s i t y ,  and - 
spac ing  a r r a y  of t u r b i n e s ,  we stress t h a t  t h e s e  s t u d i e s  should  be 

conducted throughout  v a r i o u s  s t a g e s  of  c o n s t r u c t i o n  and n o t  

l i m i t e d  t o  moni tor ing  a s p e c i f i c  a r r a y  of  low d e n s i t y  s i n g l e  

des ign  t u r b i n e s .  

2. S t r u c t u r e  l i g h t i n g  is a n  impor t an t  a s p e c t  i n  a v i a n  c o l l i s i o n s  and 

as p o t e n t i a l  m i t i g a t i o n  i n  t h e  WRSA we recommend t h e  i n i t i a t i o n  of  

a  s tudy  of how t u r b i n e  l i g h t i n g  e f f e c t s  b i r d  c o l l i s i o n s .  Th i s  

s t u d y  would ' involve t h e  same methodology as t h e  above and would be 

r e s t r i c t e d  t o  only  t h o s e  l i g h t i n g  g u i d e l i n e s  approved by FAA and 

OSHA. 



3 .  Based on t h e  r e s u l t s  of t h i s  s tudy  a t  s i te  3 (Pain ted  H i l l ) ,  t h e  

t u r b i n e s  cons t ruc ted  on r i d g e s  should be r e s t r i c t e d  t o  t h e  smaller 

des igns  (maximum h e i g h t  < 100 f t )  and' lower d e n s i t i e s  u n t i l  

monitoring s t u d i e s  i n  t h e s e  s i t u a t i o n s  have been conducted. 
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(Appendix B. con t . )  

Sho r t -b i l l ed  Dowitcher 
(Limnodromus g r i s e u s )  

Long-billed Dowitcher 
(Limnodromus sco lopaceus )  

Common Snipe  ' 

(Ga l l i nago  g a l l i n a g o )  - 

Wilson ' s  Pha l a rope  
(Pha la ropus  t r i c o l o r )  

Red-necked Pha l a rope  
(Pha la ropus  l o b a t u s )  

* P a r a s i t i c  J a e g e r  
( S t e r c o r a r i u s  p a r a s i t i c u s )  

Laughing G u l l  
(Larus  - a t r i c i l l a )  

F r a n k l i n ' s  Gu l l  
(Larus - p ip ixcan )  

Bonaparte  ' s G u l l  
(Larus p h i l a d e l p h i a )  

* Mew G u l l  
- (Larus  canuz)  
I 

Ring-bi l led Gu l l  
(Larus  de l awarens i s )  

C a l i f o r n i a  g u l l  
(Larus - c a l i f o r n i c u s )  

Her r ing  Gul l  
(Larus a r g e n t a t u s )  

* Black-legged K i t t i w a k e  
(R i s sa  t r i d a c t y l a )  - 

* S a b i n e ' s  Gu l l  
(Xema - s a b i n i )  

Gu l l -b i l l ed  T e r n '  
( S t e r n a  n i l o t i c a )  

Caspian Tern 
( S t e r n a  c a s p i a )  

Common Tern  
( S t e r n a  h i rundo)  

F o r s t e r P s  Tern 
( S t e r n a  f o r s t e r i )  

Black  Tern .  
(Ch l idon ia s  n ige r )  

Black Skimmer 
(Rynchops n i g e r )  

Western Screech-Owl 
(Otus k i n n i c o t t i i )  - 

Long-eared O w l  
(Asio -- o t u s )  

Shor t -eared  Owl  
(Asio flammeus) 

Les se r  Nighthawk 
(Chorde i l e s  a c u t i p e n n i s )  

Common P o o r w i l l  
( P h a l a e n o p t i l u s  n u t t a l l i i )  

Nor thern  F l i c k e r  
(Co lap t e s  a u r a t u s )  

Olive-s ided F l y c a t c h e r  
(Contopus b o r e a l i s )  

Western Wood-Pewee 
(Contopus s o r d i d u l u s )  

Willow F l y c a t c h e r  
(Empidonax t r a l l i i )  

Hammond ' s F l y c a t c h e r  
(Empidonax hammondii) 

Dusky F l y c a t c h e r  
(Empidonax o b e r h o l s e r i )  

Gray F l y c a t c h e r  
(Empidonax w r i g h t i i )  

Western F l y c a t c h e r  
(Empidonax d i f f i c i l i s )  



(Appendix B. cont .)  

Black Phoebe 
(Sayornis  n i g r i c a n s )  

Say ' s  Phoebe 
(Sayornis  saya)  

Vermilion F lyca tcher  
(Pyrocephalus rubinus)  

Ash-throated F lyca tcher  
(Myiarchus c i n e r a s c e n s )  

Cass in ' s  Ringbird 
(Tyrannus v o c i f e r u s )  

Western Kingbird 
(Tyrannus v e r t i c a l i s )  

Horned Lark 
(Eremophila a l p e s t r i s )  

White-breasted Nuthatch 
( S i t t a  c a r o l i n e n s i s )  

House Wren 
(Troglodytes  aedon) 

American Dipper 
(Cinclus. mezicanus) 

Golden-crowned Kingle t  
(Regulus s a t r a p a )  

Ruby-crowned King le t  
(Regulus ca lendu la )  

Blue-gray Gnatcatcher 
( P o l i o p t i l a  c a e r u l e a )  

Western Bluebird 
( S i a l i a  mexicana) 

Mountain Bluebird 
( S i a l i a  cu r ruco ides )  

Townsend's S o l i t a i r e  
(Myadestes townsendii)  

Swainson's Thrush 
(Catharus u s t u l a t u s )  

Hermit Thrush 
(Catharus gut t a t u s )  

American +Robin 
(Turdus xuigratorius)  

Varied Thrush 
( Ixoreus  naevius)  

Sage Thrasher 
(6 reoscop tes  montanus) 

* Brown Thrasher 
(Toxostoma rufom) 

* B e n d i r e v s  Thrasher 
(Toxostoma bend i re i )  

Water P i p i t  
(Anthus s p i n o l e t t a )  

Cedar Waxwing 
(Bombycilla cedrorum) 

Bell's Vireo 
(Vireo  - b e l l i i )  

Gray Vireo 
(Vireo  v i c i n i o r )  

S o l i t a r y  Vireo 
(Vireo s o l i t a r i u s )  

* Yellow-throated Vireo 
(Vireo  f l a v i f r o n s )  

Warbling Vireo 
( V i r e o  d i l v u s )  

* Golden-winged Warbler 
(Vermivora ch rysop te ra )  

* Tennessee Warbler 
(Vermivora pe regr ina )  

Orange-crowned Warbler 
(Vermivora c e l a t a )  

Nashv i l l e  Warbler 
(Vermivora r u f i c a p i l l a )  
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S h o r t - b i l l e d  Dowitcher 
(Limnodromus g r i s e u s )  

Long-billed Dowitcher 
(Limnodromus sco lopaceus )  

Common Snipe  
(Ga l l i nago  g a l l i n a g o )  - 

Wilson ' s  Pha la rope  
(Pha la ropus  t r i c o l o r )  

Red-necked Pha la rope  
(Pha la ropus  l o b a t u s )  

* P a r a s i t i c  J a e g e r  
( S t e r c o r a r i u s  p a r a s i t i c u s )  

Laughing G u l l  
(Larus a t r i c i l l a )  

F r a n k l i n ' s  Gu l l  
(Larus p ip ixcan )  

Bonapar te ' s  G u l l  
(Larus  - p h i l a d e l p h i a )  

* Mew G u l l  
- (Larus  canus)  -- 

Ring-bi l led Gu l l  
(Larus  de l awarens i s )  

C a l i f o r n i a  g u l l  
(Larus  - c a l i f o r n i c u s )  

Her r ing  G u l l  
(Larus  a r g e n t a t u s )  

* Black-legged Ki t t iwake  
(R i s sa  - t r i d a c t y l a )  

S a b i n e ' s  G u l l  
(Xema - s a b i n i )  

Gu l l -b i l l ed  Tern 
( S t e r n a  n i l o t i c a )  

Caspian Tern 
( S t e r n a  c a s p i a )  

Common Tern  
( S t e r n a  h i rundo)  

F o r s t e r  's Tern 
( S t e r n a  f o r s t e r i )  

Black Tern  
(Ch l idon ia s  nlger) 

Black Skimmer 
(Rynchops n i g e r )  

Western Screech-Owl 
(Otus k i n n i c o t t i i )  

Long-eared Owl 
(Asio -- o t u s )  

Short-eared O w l  
(Asio flammeus) 

Les se r  Nighthawk 
(Chorde i l e s  a c u t i p e n n i s )  

Common P o o r w i l l  
( P h a l a e n o p t i l u s  n u t t a l l i i )  

Northern F l i c k e r  
(Co lap t e s  a u r a t u s )  

Olive-s ided F l y c a t c h e r  
(Contopus b o r e a l i s )  

Western Wood-Pewee 
(Contopus s o r d i d u l u s )  

Willow F l y c a t c h e r  
(Empidonax t ra l l i i )  

Hammond's F l y c a t c h e r  
(Empidonax hamrnondii) 

Dusky F l y c a t c h e r  
(Empidonax o b e r h o l s e r i )  

Gray F l y c a t c h e r  
(Empidonax w r i g h t i i )  

Western F l y c a t c h e r  
(Ernpidonax d i f f i c i l i s )  
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Black Phoebe 
(Savornis  n i g r i c a n s )  

Say ' s  Phoebe 
(Sayornis  saya)  

Vermilion Flycatcher  
(Pyrocephalus rub inus )  

Ash-throated F lyca tcher  
(Myiarchus c i n e r a s c e n s )  

Cass in ' s  Ringbird 
(Tyrannus v o c i f e r u s )  

Western Kingbird 
(Tyrannus v e r t i c a l i s )  

Horned Lark 
(Eremophila a l p e s t r i s )  

White-breasted Nuthatch 
( S i t t a  c a r o l i n e n s i s )  

House Wren 
(Troglodvtes aedon) 

American Dipper 
(Cinclus '  mezicanus) 

Golden-crowned King le t  
(Regulus s a t r a p a )  

Ruby-crowned King le t  
(Regulus ca lendu la )  

Blue-gray Gnatcatcher 
( P o l i o p t i l a  c a e r u l e a )  

Western Bluebi rd  
( S i a l i a  mexicana ) 

Mountain Bluebird 
( S i a l i a  cu r ruco ides )  

Townsend's S o l i t a i r e  
(Myadestes townsendii)  

Swainsonvs Thrush 
(Catharus u s t u l a t u s )  

Hermit Thrush 
(Catharus g u t t a t u s )  

American Robin 
(Turdus m i g r a t o r i u s )  

Varied Thrush 
( Ixoreus  naevius)  

Sage Thrasher  
(Oreoscoptes montanus) 

* Brown Thrasher  
(Toxostoma rufom) 

* Bendire ' s  Thrasher 
(Toxostoma bend i re i )  

Water P i p i t  
(Anthus s p i n o l e t t a )  

Cedar Waxwing 
(Bombycilla cedrorum) 

B e l l ' s  Vireo  
(Vireo - b e l l i i )  

Gray Vireo  
(Vireo v i c i n i o r )  - 

S o l i t a r y  Vireo 
(Vireo s o l i t a r i u s )  

* Yellow-throated Vireo 
(Vireo f l a v i f  r o n s )  

Warbling Vireo 
(Vireo ' d i l v u s )  

* Golden-winged Warbler 
(Vermivora ch rysop te ra )  

* Tennessee Warbler 
(Vermivora p e r e g r i n a )  

Orange-crowned Warbler 
(Vermivora c e l a t a )  

Nashv i l l e  Warbler 
(Vermivora r u f i c a p i l l a )  
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* V i r g i n i a s  Warbler 
(Vermivora v i r g i n i a e )  

* Northern Water thrush  
( S e i u r u s  noveboracens is )  

Lucy's Warbler 
(Vermivora l u c i a e )  

M a c G i l l i v r a y q s  Warbler 
(Opororn is  t o l m i e i )  

* Northern P a r u l a  
( P a r u l a  amer icana)  

Common Yel lowthroa t  
(Geo th lyp i s  t r i c h a s )  

Yellow Warbler 
(Dendroica p e t e c h i a )  

Wilson 's  Warbler 
(Wilsonia  p u s i l l a )  

* Chestnut-sided Warbler 
(Dendroica pensylvanica)  

* Canada Warbler 
(Wilsonia  canadens i s )  

* Magnolia Warbler 
(Dendroica magnolia)  

Yellow-breasted Chat 
( I c t e r i a  v i r e n s )  

* Black-throated Blue Warbler 
(Dendroica c a e r u l e s c e n s )  

Summer Tanager 
(P i r anga  r u b r a )  

Yellow-rumped Warbler 
(Dendroica c o r o n a t a )  

Western Tanager 
(P i r anga  l u d o v i c i a n a )  

Black-throated Gray Warbler 
(Dendroica n i g r e  s c e n s  ) 

* Rose-breasted Grosbeak 
(Pheuc t i cus  l u d o v i c i a n u s )  

Townsend's Warbler 
(Dendroica f ownsendi) 

Black-headed Grosbeak 
( P h e u c t i c u s  melanocephalus)  

Hermit Warbler 
(Dendroica o c c i d e n t a l i s )  

Blue Grosbeak 
(Gui raca  c a e r u l e a )  

* Black-throated Green Warbler 
(Dendroica v i r n e s )  

L a z u l i  Bunting 
( P a s s e r i n a  amoena) 

* Blackburnian Warbler 
(Dendroica f u s c a )  

* Ind igo  Bunting 
( P a s s e r i n a  cyanea)  

* Palm Warbler 
(Dendroica palmarum) 

Green- ta i led  Towhee 
( P i p i l o  c h l o r u r u s )  

Black-and-white Warbler 
(Mnio t i l  t a  v a r i a )  

Chipping Sparrow 
( S p i z e l l a  p a l l i d a )  

++ American ~ e d s  tar; 
(Setophaga r u t i c i l l a )  

Brewer 's  Sparrow 
( S p i z e l l a  b rewer i )  

* Ovenbird 
( S e i u r u s  a u r o c a p i l l u s )  

Black-chinned Sparrow 
( S p i z e l l a  a t r o g u l a r s i s )  
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Vesper Sparrow 

(Pooescetes gramineus) 

Lark Sparrow 
(Chondestes grammocus) 

Sage Sparrow 
(Amphispiza b e l l i )  

Savannah Sparrow 
(Passe rcu lus  sandwichensis)  

Fox Sparrow 
( P a s s e r e l l a  i l i a c a )  

Song Sparrow 
(Melospiza melodia ) 

Lincoln ' s  Sparrow 
(Melospiza l i n c o l n i i )  

* Swamp Sparrow 
(Melospiza geor g iana )  

* White-throated Sparrow 
(Zonotr ichia  a l b i c o l l i s  

Golden-crowned Sparrow 
(Zono t r i ch ia  a t r i c a p i l l a )  

White-crowned Sparrow 
(Zono t r i ch ia  leucophrys)  

* Harris Sparrow 
(Zono t r i ch ia  queru la )  

Dark-eyed Junco 
(Junco heymalis)  

* Orchard O r i o l e  
( I c t e r u s  s p u r i u s )  

Hooded O r i o l e  
( I c t e r u s  c u c u l l a t u s )  

Northern O r i o l e  
( I c t e r u s  g a l b u l a )  

S c o t t ' s  Or io le  
( I c t e r u s  parisorum) 

Lesser  Goldfinch 
( C a r d u e l i s  p s a l f r i a )  

Lawrence ' s Goldfinch 
(Cardue l i s  lawrencei )  

American Goldfinch 
(Cardue l i s  t r i s t i s )  

* Denotes a c c i d e n t a l  occurrence  



Appendix C. Synoptic Weather P a t t e r n s  

A. P a c i f i c  h igh p ressure  - This  p a t t e r n  occurs  most f r equen t ly  i n  

southern  C a l i f o r n i a  and i s  charac te r i zed  by moderate air temperature,  

no p r e c i p i t a t i o n ,  and cons tan t  h igh barometric  pressure .  

B. Low pressure  cold  f r o n t  - Cold f r o n t s  a r e  u s u a l l y  r e s t r i c t e d  t o  

w i n t e r  and e a r l y  s p r i n g  i n  southern  C a l i f o r n i a  where they  genera l ly  

t r a v e l  from w e s t  t o  east. Th i s  p a t t e r n  i s  c h a r a c t e r i z e d  by s t r o n g  

I nor th  and northwest  winds, lower a i r  temperature and barometric  

p ressu re ,  and inc reased  r e l a t i v e  humidity. P r e c i p i t a t i o n  may occur a depending on t h e  i n t e n s i t y  and p o s i t i o n  of t h e  f r o n t .  

I C. Low pressure  f r o n t  t o  t h e  e a s t  of southern  C a l i f o r n i a  - This  i s  a 

. t r a n s i t i o n a l -  per iod  between t h e  passage of a  c o l d  f r o n t  over southern  

C a l i f o r n i a  and t h e  development of a  P a c i f i c  h igh.  It i s  charac te r i zed  

4 by moderate t o  s t r o n g  wes te r ly  winds, decreas ing cloud cover,  lower air 

temperatures and humidity. P r e c i p i t a t i o n  mya occas iona l ly  occur,  

depending on t h e  l o c a t i o n  of t h e  t r a i l i n g  edge of t h e  co ld  f r o n t .  

D. Complex weather p a t t e r n  - This  p a t t e r n  i s  charac te r i zed  by a 

s e r i e s  of s c a t t e r e d  low pressures  ( i e .  over t h e  Great Basin,  P a c i f i c  

Northwest, and P a c i f i c  Ocean). I n d i v i d u a l  weather v a r i a b l e s  
t 

c h a r a c t e r i s t i c  o f  t h i s  p a t t e r n  a r e  h igh ly  complex and s u b j e c t  t o  abrupt  

changes. 



Appendix D. D e f i n i t i o n s  o f  Weather Var i ab le s .  

n i t e d a t e  Date on which t h e  n i g h t  commenced 

c loudcover  p e r c e n t  c loud  cover  a t  1900 from Palm Spr ings  
a i r p o r t  

c loudhe i  g h t l  c loud  h e i g h t  of f i r s t  l a y e r  at  1900 i n  meters from 
Palm S p r i n g s  a i r p o r t  

c loudhe igh t2  c loud  h e i g h t  of second l a y e r  a t  1900 i n  m e t e r s  from 
Palm S p r i n g s  a i r p o r t  

s i t e c l d c o v  p e r c e n t  c loud  cover  as e s t i m a t e d  a t  each  s i t e  

p r e c i p  occu r rence  o f  p r e c i p i t a t i o n  i n  24 h o u r s  be fo re  o r  
a f t e r  o b s e r v a t i o n  

p r e s s u r e  ba rome t r i c  p r e s s u r e  a t  sea l e v e l  (Thermal a i r p o r t )  

p resschange  24 hour  change i n  p r e s s u r e  a t  1900 from Palm 
S p r i n g s  a i r p o r t  

temp t empera tu re  (OC) a t  1900 from Palm S p r i n g s  a i r p o r t  

tempchange 24  hour  change i n  t empera tu re  (OC) 

. v i s i b  . - v i s i b i l i t y  i n  k i l o m e t e r s  a t  1900 (Palm S p r i n g s  
a i r p o r t )  

winddi rec  (E-W) s i n e  of mean n i g h t l y  wind d i r e c t i o n  

winddirec(N-S) c o s i n e  of mean n i g h t l y  wind d i r e c t i o n  

windvector  (E-W) s i n e  of mean n i g h t l y  wind d i r e c t i o n  times mean 
n i g h t l y  wind speed  

windvector  (N-S) c o s i n e  o f  mean n i g h t l y  wind d i r e c t i o n  times mean 
n i g h t l y  wind speed.  

windspeed mean n i g h t l y  wind speed  a t  s i t e  (mph) 
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