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ASSTP.ACT

t h j s  ! r e s e n r a t i o n  v i l t  d i s c l s s  a  n e w  t e c h n i q u e  o f  d e t e c t l n g !

n o n i t o r i n g ,  a n d  q u a n t i f y i n a  t h e  d e n s i t y  o t  n o c t u r n a t  b i r d  n i g r a E i o n .

The apparatus rakes advanrage of  rhe la test  developnenrs in  rhe i je ld

e l e c t r o - o p t i c s  a n d  t h e  s y s t € m  i s  c o n p o s e d  o f  a n  i m a g e - i n t e n s i f j e r

(AN/TSV-5) ,  a low l isht  1eve1 ctos€.1 c i rcu i t  te lev is ion

video tape deck.  lhe image- intensi f jex anpt i f ies incoming l ight  b l

a  f a c t o r  o f  5 0 , 0 0 0  a n d  h a s  a  n a s n i f i c a r i o n  o f  6 . 3  p o , e r .  r n

geographical  ar :eas wi th suf f ic ient  ground l ight ,  the apparatus mav

be d i rected skyr iard ro derect  n igrat ing b i rds f ty ing a lof r  and very

din ly  i t lun inated f ron the ground be1ow. In areas v i thout  ground

l ight ing,  a narro l r  bean 100 wat t  spor l iAht  can be d i rected ver t ica l ly

to prov ide suf  f ic ienr  i l luminat io l .

I n i t i a l  r e s t s  i n d j c a t e  t h a t  t h e  t e c h n i q u e  r e a d j t y  d e t e c t s  e v e n

s n a l l  . o c t u r D a l  m i g r a n r s  a t . o n s i d c r a b t e  a t t j t u d e s  a b o v .  g i o r n . l

l c v € 1 ,  a n d  l a r g t - r  b i r d s  ( . . g .  w i t e r t o v t )  c a n  b e  o b s c r - v e d  m i s r a r j n s

a c  e v . r n  g r . , a t e r  a l t i r u d e s .  A n a L y s j i s  o f  t h c  n i g r a t o r t ,  n o v e m e n t s  c a D

be n 'adc d i rect ly  and imedla lety  f ro in che tetev is lon v ideo noniror ,

or  anafys ls  can be complered at  larer  r ine f ron tha v ideo tape.  A

br ief  16-nm f i ln  nade d i rect ly  f rom rhe te lev ls ion noni tor  wi t l

denonstrate the capabl l i ty  and ut i l i ty  of  the technique.  Addl t ional

appl lcat ions o i :  th is  net '  technlque wi l l  be d iscussed.

fr-
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INTRODUCTION

T e n  y e a r s  a g o  I  p u b l i s h e d  3  p a p e r  o n  t h c  u s e  o f  a  v e r r l c a l  c e i l o -

m e r e r  l i g h t  b e a n  t o  s t u d y  l o w  a l t i t u d e  n o c r u r n a l  b i r d  m i g r a r  i o n

(Gauthreaux 1969),  and the technique l ias tur ther  evaluated quan( iEa-

t i v e l y  j n  a  I a t e r  p u b l l c a t j o n  ( A b l e  a n d  c a u t h r c a u x  1 9 7 5 ) .  S i n c e  1 9 6 9

s e v c r a l  i n v . s t i g a t o r s  h . r v . r  u s e d  t h e  . e i l o u r e t e r  t e c h n i ! u e  ( e . g - ,  I l e b r a r d

1 9 7 1 ,  L i n d g r e n  a n d  N i l s . o d  I 9 7 5 ,  A v c r y ,  S r ) r i D g c r ,  a n d  C a s s ( : 1  1 9 7 6 ,

. d  8 "  o , b  l o - - ) .  r '  r l . ' .  p d t . r  I  r , i o , r  J n  o . o a , r t s  ; , ,

t h e  b a s i .  c e i l o h e t e r  t e c h n i . t u e  t h a t  m a r k . d l ]  r n h a n c e  i t s  e f f t c t i v e n e s s

\  t o o L  f o '  , J v i  g  ' o ,  "  I  d l  b : r d  r i ! . f  i o ,  l , ' F . .

n ,  , l . n o , n r c  n r , n  i f i , ,  ,  / r  -  1 " , ' -

l i g h t  l e v e l  c l o s e d  c j r c u i r  L e l e v i s i o n  c a n e r a  ( C C T V ) ,  a  v i d c o  t a p e

- p , " p " .  , n l  . ' \ r , \ '  .  t i , n  r p  p / i s i o . . n o  i ( , r .

Iaulrllql! .]p ! EqDr

T1, .  key contoncnt  to  ahe new cei l i )neter  r .dmique is  an i t r ,age

i r t e n s j f i c r ,  t l i e  A N / T V S - 5 ,  n a n u f a c t u r e d  b y  V a r o ,  I ! c . ,  c a r l a n d ,  T e x . s

( f i g u r e  l A ) .  T h i s  i n s t r u n e n t  i s  o n  L o r n  I r o n  l h L ,  N i t s h l  v i s r ' u n  L r b o -

rator :y  of  the Unj ted States Axny 's  [ ]ect roni .s  Coi lnand,  for t  Belvoi r . ,

V i rg in ia.  Ihe AN/TVS-5 inage intensi f ier  is  a second generat lon

d e v i c e  t h a L  i s  3 2 - 5  c n  l o n A  a n d  u e i g h s  l . 2  k i l o g r a m s .  I t  h a s  a

resolut ion ( l i res rnn 
' )  

o f  56 n in lmr. rn i  and 64 average,  and anpl i f ies

ambient  l ight  37,000 t ines (n inunun) and 50,000 t ines (average).

The inteDsl f ier  tube d ianieter  is  25 mn ( inver ter  tube-mi l i tary nodel

m ( - q 6 4 4 ) .  T h e  i n t e n s i f i e r  i s  e q u i p p e d  w i t h  a  c a t a d i o p t r i c  o b j e c t i v e

l e n s  ( f o c a 1  l e n s t h  1 5 5 . m )  t h a t  g i v e s  a  6 . 3 X  n a g n l f l . a t i o n ,  a n d  t h e

instruent  has very 1o\r  d ls tor t ion and has reduced b looning uhen a

b r i o h '  l i r h '  i  i n  l h ,  i i .  l .  . f  v r p u  l \ p r p  i -  , '  r  ' ' i 2 ' ^ . ' i

c o n t r o l  t h r t  r e g u l a t e s  t h e  a m o u n t  o f  I i g h r  a m p l j f i c a t i . n .  T h e  f i . l d

of  v l .q  is  approxlnate ly  9 '  v i thout  the te lev ls ion can,era.  Thc f ie ld

is  redu.ed to a n in imum of  3.10 (ver t jca l )  when d isplayed on th. '

t e l e v i s i o n  n r o . j t o r .  T h e  u n i t  i s  p o w . , r e d  b y  t w o  2 . 7  v o l l  b a t t e r i e s .

T h e  U . S .  G o v e r n n r e n t  p r i c e  f o r  t h e  A N / T V S - ;  i s  a l ) p r o x j n a t e l y  5 4 0 0 0 .

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

c a { r e r a ,  t h e  H i t a c h i  U V - 1 7 L U  ( A C 1 1 7 V  6 0  H a  1 1  v a L t s ) ,  t h a t  h a s  a n

e x c € l L e n t  r e s p o n s e  t o  l o \ !  l i g h t  l e v e i s  ( I i s u r e  1 8 ) .  A  M a c r o - S w i t a r ,

1 1 . 1 ,  2 6  n n  l e n s  i s  a c t a c h . r d  t o  t h c  C C T V  c r n . : r a .  T h e  q u a l i t y  o f



F i p . ' _ p  l l . -  i n d r '  : a r p r ' . . i  i . , t i o n . p i _ J f r l r r  - ) c r F c .
inage intensi f ier ,  B)  wideo canera,  C)  v jdeo non: i tor ,
tape r :ecorder : !  E)  very narrow spor 1 ighr .

A) AN/]vS
D )  v i d e o

ihe lnage on the te lev is ion noni tor  is  adjusted by us ina the galn

and focus on the inage intensi f ler ,  the f  srop and focus on thc lens,

and the i . tensi ty  and contrast  adjustnents on the monlror .  The moniror

is  a Ei tachi  v ideo Moni tor ,  \ ,11-126 AU (ACtt7V,  60 I tz ,  37 uat ts) ,  snd

h a s  s c r e e n  d i m c n s i o n s  o f  1 7 8  n n  v e r t i c a l  a n d  2 4 0  n n  h o r i z o n r a l  ( l l g u r e

l C ) .  T h e  c a m e r a  i s  c o n n c c t € d  t o  t h e  n o n i t o r  w i t h  a  c o a x i a l  c a b t e .  t h c

movcnents of  b i rds a lof t  in  the n igbt  sky can be noni tored d i rect ly

f rom the te lev is io the v ideo s ignal  can be routed ro a

hel ica l  scan v ideo tape recorder .  I  hawe used Sony AV 1600 Sol ld

State Videocorder  jn  ny rork (F isure ]D) .  ' lhe rape (v-30H) prov ides

a  c o n t i n u o u s  3 0  n i n u t e  r e c o r d  o r  a  I o n s e r  t a n e . a n  b e , , s e . l  f o r  q r e a t e r

recordlng c ines.

Becausc of  the cos!  of  the cei loneter  lanp bulb and t ransformer

descr ibed in ny or ig inal  laper !  a less expensive bulb (Sylwania 300

watt r  6.6 anp,  PAR 64l3,  v isual  approach s lope indicator ,  nogul  end

prong,  or  the sy lvania 500 vatr ,  ?AR 64l \ rNSP, extended mogut  end

pronB) is  nov being used (Figure lE) .  These bulbs are supcr ior  to

the o ld i l luminat ion sysrcn,  because tbey can bc used on l ine c l r rcnt

,ZN /6\
tr7 SJZ
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( I 2 5  1 6 A / 6 A  A C )  d i r e c r t y . n d  t h e y  r j a w e  h i g h e r  w a r L a g e  a n d  t o n s e r  t i f e .
Dur ing nornra l  operai ion the ver t ica l  l ight  bcam is  tos i t ioned abour
2 0  n  I r o n  L h e  u p r i g h r  j n a g c  j n t e n s i f l e r .  I D  g € o g r a p h i c a l  a r e a s  v i r i l
s u f f i c l c n t  g r o u n d  l j e h r i n g  t h a t  r e t l e c t s  s k w a r d  ( e . g . ,  a  c i r y )  t h e
v e r L i c a l  l i g h r  b e a D  c a  

 

b e  e t i r j i n a r e d ,  b c . a u s e  r h e  u n d e r s i d e s  o f  r h e
m i g r a n t s  a l o f r  w i t l  r e c e i v e  s u f f j c i e n t  i t l o m i D a r j . , n  r o  b e  r . : a . t i 1 y
d P , . .  r . 4  b v  r , .  : 5 a " p  i I r  n . r . i .  r .

o n  2 6  o c . a s i o n s  ( 1 0  s p r i n s ,  t 6  f a l l ) .  I  w a s  a b t e  t o  e v a l u a t e  t h e
perfomrance of  the inage intensi f i . r r  by moon watchins ( t .owery 1951)
whi le  gather ing image intensi f lcar ion data.  Because of  thc br iehtenina
of  Lhe sky when rhe moon in ear ty  overhead dur lng fu11 noon per iods,
compar isons were oade only vhen the moon \ ras betreen joo and 45o er  eva_
c1on.  l lo \ | 'ewer,  on rhese occasions rhe st ry  was sone\rhat  br ighter :  than
d u r i n g  o t h c r :  p e r i o d s  o f  t h . r  l u n a r  c y c l e ,  a n d  t h e  c o n t r a s r  i n  t h e  f i e t d
of  the image inrcnsj f ier  r^ ,as re.1uced.  When br .keround contrasr  is
r c d u c e d  s h a L l ,  h i g h - t l y i n A  b i r d s  i n  r h e  n l g h t  s k y  a r e  s o n e r i n e s  n o t

RESUI,TS

T h e  i o a g e  I D t c n s i f  i . , r - c e i t o n e r c r  t e c h n i q u e  r e a d i t v  . i e t c , c r s  e v e , L
smal1 nocrurnat  n igrants at  considerabte at r i rudes above ground 1evet .
Al though v is ib i t i ry  tests of  kno\ , r i  b i rds at  var i .us d isrances are
present ly  being conducted,  one can ger  sone idea of  the at t i tude ot
b i rd targers by exanin ing n, ing beat  f requercy,  speed,  br ightness,
and s ize of  the inEge on the tetevrsron s. reen.  1.he depth of  f ie td
at  sharp focus g ives addlr ional  in for . t r lar ion on the a. t t i rude of  the
b i r d .  O n  l h e  r e t e v i s i o n  s c r e e n  t n e  n l n i n u m  f i e l d  o f  w l e ,  i s  5 . 4  n
a t  1 0 0  n  a l r i r u d e ,  2 7  n  a t  5 0 0  n ,  5 4  n  a t  1 0 0  n ,  a n d  8 t  m  a t  1 5 0 0  r , .

I f  one conpares thc inal je  in tensi f ier -cei loneter  tecbniqu.  wi rh
m o o n  v a t c h i n g ,  r h e  r e s u t t s  s u g g e s t  t h a L  t t r .  r e c h n i q u e  j s  a b o u t  a s
re l iab le as noon urrchjng (prgure 2) .  In  orCer ro conpute rhe numL,er
o f  b i r d s  c r o s s i . g  a  s t a r u t e  n i t e  o t  f r o n t  ( 1 . 6 0 9  k n )  p e r  h o u r  o . e
i lust  apply a cor . recr ion factor  of  240 ro each b j rd crossing before
the d isc of  the noon d j recLly overhead.  , t .o  do rhe sane for  data
g a t h e r c d  v i r h  r h e  i n a g e  i n t e n s i f i e r ,  r h e  c o r r e c t j o n  f a c t o r  i s  a b o u l
100,  Thus by us ing the inage inrensi f jer  one can express Ehe anounc
or misrat ion in  tenns of  a.q i€re! r i - !  ! ]3 i f - r -94! ,9 (b i rds n i le  of
t r o n  t - '  t r o u r - r ) .
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Figure 2.  A graph showjnB the coinpar : ison of  lnage inrensi f i . : r  t ra f l lc
rates v i th  s inul taneous nroon rarching t raf f ic  rares.  CF cquals rhe
c o n e c t i o n  f a c t o r  a p p l i e d  t o  t h e  i m a g e  j  r e n s i f i e r  r r a f f i c  r a r . s  r o
equal  the moon watching t raf f ic  rares.

The d i rect ion of  n iaratory movenenrs can be derenn: ined d i rccr ly

f rom the te lewis io in  the evenr a more L ixact  analys is  is

requi red,  onc can use the v ideo rape recorder  wi th s top act ion.  Bl

p lac ing a t ransparent  p last ic  sheer over  the TV screen wi th a c i rc le

draw! so that  i ts  d ianetcr  equals rhe shor t  d lnension of  rhe screcr , ,

a  w a x  r ) e n c i l  t o  p r e c i s e l y  l n d i c a t e  r h e  p . r t h  o f  e a c h  b i r d .
( h c e  t h e  s a n p l c  j s  c o n p l € r t c d ,  t h e  d i r e c r l o n s  c a n  b e  n r c a s u r e d  v i r h : :

p r o t r a c t o r  a n d  t h c l r  s t a t j s t i c a l l y  a r a l y z e d  ( F l g u r e  3 ) .

DISCUSSlON

The r ,se of  inage intensi f icat ion dewices is  not  nev to zoology

( e . s . ,  S v a n s o n  a n d  S a r g e a n t  1 9 7 2 ) ,  b u r  r h e i r  a p p l i c a t i o n  t o  r h e  s t u d y

of  nocturnal  b i rd f r igrat jon a lof r  is  net ' ' .  The technique provides

q u a n t i t a t i v e  d a t a  o n  t h e  n u n l r e r  o f  i r i c r s n r q  . l . f f  , n . l  w i e l n s  r p e l l  r s

o sparng
ooulumn
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F i g u r c  3 .  A  t , 1 o r  o f  r l i e  f l i g h r  d l r e c t i o n s  o i  nq  o c t o b . r  1 9 7 8 .  n  e q u a l s  t h e  n u n b e r  o f  b i f d s ,
o t  t h t  r e s u l L a n t  v . c t o r ,  O  e q u a t s  t h e  r e s u l r : r n r
s equnls thr  angutar  deviat ion.

i g r a n t s  a l o f t  o n
r  equals the length
d i . e c t  i o n ,  a n d

qurte con'parable to rhose obrained by moon vatching (LoUery 1951).
Unl ike t le  noon watching technique,  rne lnage intensi f ier_cei lometer
techniqu.  can b€ lsed on any n ight  and is  nor  dependent  on the
presen.e of  rhe moon and rhe tack ot  c toud cover .

One d isadvantaAe of  rhe inage inrensi f icar ion systen is  a tacn
o f  e x a c t  a l t i r u d i n a l  i D f o m a r i o n  o n  t h e  b i r . l s  d c t e c L e d  a l o f t .  I f  r h e
i n a g e  i n t e n s i f i e r  1 s  u s e d  i n  c o n j u n ( : t i o n , i t h  a  s h a ] l  v . r t i c a l t y
p o i n r i n g  I  . r ,  r a d r r  ( s h i I  b o a r d  n r v i g a r i o n  r r , i a r ) ,  i t  s t , o u t d  t r e

P o s s i b l e  t o  n e a s u r e  e r a c r t y  l h e  a t t i t u . l e s  o f  r h c  m i g r a n t s  d e r e c r e d
by the i  agc inrensi f ier .  T l i is  approach is  currenrLy bei .g devetoped
at  Cfenson Univers i ty .  The image inrcnsi f ier  ce j tonrerer  sysren can
also be used to noni tor  thc behawior  of  b i rds and namnals ar  n ighr .
Swanson and Sargean!  (1972) have used th is  rechnique ro study the
noclur  a l  feeding behavior  of  ducks,  and there are s in i lar  appl ica_
rrons under vay by numerous invest jgators.
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