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ABSTRACT 

The r e s u l t s  of 16 aerial s u r v e y s  o v e r  t h e  e s t u a r y  of  t h e  F r a s e r  R i v e r  

be tween mid Oc tobe r  1989 and  mid J a n u a r y  1990 are p r e s e n t e d .  The numbers  s e e n  

were con$ared t o  t h o s e  summar ized  for 1966-74, 1982-83 and  1383-84 by McKelvey 

e t  (19853. The a n n u a l  estimate of d a b b l i n g  duck use  of  t h e  whole  estuary 

(Boundary  Bay and  the F r a s e r  R i v e r  d e l t a >  was s i g n i f i c a n t l y ,  liltbier t h a n  thuse 

s e e n  i n  1366-74 and  1982-83 b u t  n o t  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 o s e  s e e n  i n  

1383-84. Mean total  numbers  of g u l l s  were w i t h i n  t h e  r a n g e s  of t h o s e  seen 
p r e v i o u s l y .  Waterfowl c o u n t s  were h i g h l y  v a r i a b l e  be tween s u r v e y s .  Compar i sons  

w i t h  mid-winter  waterfowl c o u n t s  from t h e  P a c i f i c  f lyway  i n d i c a t e d  t h a t  t h e  

downward t r e n d  seen on t h e  F r a s e r  R i v e r  e s t u a r y . w a s  similar t o  t h a t  s e e n  

e l s e w h e r e  on  t h e  P a s i f i c  coast. The e f f i c a c y  of aerial s u r v e y  t e c h n i q u e s  was 

d i s c u s s e d .  I t  was cctncluded t h a t  s u c h  t e c h n i q u e s  w i l l  allow an  a d e q u a t e  l e v e l  

of  p o p u l a t i o n  m o n i t o r i n g ,  b u t  t h a t  some s i m p l e  improvemen t s  i n  o b s e r v e r  

c a l i b r a t i o n  may b e  u s e f u l l .  

i i  



RESUME 

Le rapport donne les rdsultats de 16 leves aeriens effectues 
au-dessus de l'estuaire de fleuve Fraser entre la mi-octobre 1989 
et la mi-janvier 1990. Ces chifres ont &e compares h ceux de 
196601974, de 1982-1983 et de 1983-1984 rapportes par McKelvey & 
a. (1985) . L'evaluation annuelle de la repartition des canards de 
surface sur tout l'estuaire (la baie Boundary et le delta du 
Fraser) etait de beaucoup inferieure h celle de 1966-1974 et de 
198201983, mais sensiblemat la mame qu'en 1983-1984. Le nombre 
moyen total de mouettes etait dans la m&me bchelle que les releves 
precedents. Le nombre d'oiseaux aquatiques variait enormement d'un 
leve Zi l'autre. Des comparaisons avec les d6nombrements d'oiseaux 
aquatiques au milieu de l'hiver sur la route de migration du 
Pacifique dbontrement que la tendance 21 la baisse remarquee dans 
l'estuaire du Fraser etait semblable h cette notee ailleurs sur la 
c6te de Pacifique. L'efficacite des techniques de leves aeriens a 
ete discutee. La conclusion est que ces techniques permettent une 
observation adequate des populations, mais qu'il serait utile 
d'apporter des ameliorations tres simples dans le calibrage 
d'observation. 
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INTRODUCTION 

The  d e l t a  and  e s t u a r y  o f  t h e  F r a s e r  R i v e r ,  B r i t i s h  Columbia ( F i g .  11, is 

o n e  o f  t h e  most i m p o r t a n t  w i n t e r i n g  h a b i t a t s  for m i g r a t o r y  b i r d s  i n  Canada 

( T a y l o r  1970; C c m p e r a t i v e  Water fowl Management P l a n  f o r  B r i t i s h  Columbia 

CCWMPBCI 1983). I t  is also a d j a c e n t  t o  a l a r g e  and  growing  human p o p u l a t i q n  

which h a s  r e s u l t e d  i n  t h e  l o s s  o f  c o n s i d e r a b l e  amoun t s  c1f w e t l a n d  h a b i t a t .  

Because  o f  t h e s e  two factors,  e f f o r t s  h a v e  been  made o v e r  t h e  y e a r s  t o  mon i to r  

t r e n d s  i n  abundance  o f  c e r t a i n  g r o u p s  o f  b i r d s  w i n t e r i n g  on t h e  e s t u a r y ,  

e s p e c i a l l y  waterfclwl .  

The p r e s e n t  s t u d y  is p a r t  o f  a program t o  b u i l d  on t h e  b a s e  o f  e x i s t i n g  

i n f o r m a t i m .  The i n t e n t i o n  is t u  m o n i t o r  l o n g  term t r e n d s  i-if waterfow! 
popu!a t ions  w i n t e r i n g  i n  Eoundary  Bay and  on the F r a s e r  R i v e r  fcrreshclre ,  or 

c o l l e c t i v e l y ,  the F r a s e r  R i v e r  t ls tua~y.  T h e  r e s u l t s  of  s u r v e y s  i n  1'38'3-90 are  

p r e s e n t e d  i n  t h i s  r e p o r t ,  and compared w i t h  tiwse s e e n  be tween 1966-74, 1382- 

83 and 1983-84 as r e p o r t e d  by  McKelvey & & (1'3851. T r e n d s  a r e  a l so  compared 

w i t h  t h o s e  o f  t h e  P a c i  f i s :  f l yway  midwin te r  water fowl s u r v e y  i 'Rar tonek  l%K)l. 

S p e c i e s  c o m p o s i t i o n s  w i l l  b e  r e p o r t e d  elsewhere. 

METHODS I 

Between Octciber 198'3 and J a n u a r y  1990, 16 aerial s u r v e y s  t~a c o u n t  

water f o w l  were f lown o v e r  t h e  F r a s e r  R i v e r  e s t u a r y ,  f o l l o w i n g  t h e  s h o r e l i n e  

r o u t e  u s e d  by McKelvey & a. C13855 ( F i g  1:). The s u r v e y  d a t e s  and  number o f  

r e p l i c a t e  c o u n t s  p e r  d a y  fcw each area a re  shcwn i n  T a b l e .  1. R e p l i c a t e  c o u n t s  

c o u l d  n o t  a l w a y s  b e  c o n d u c t e d  o v e r  and n o r t h  o f  L u l u  I s l a n d ,  d u e  t o  

r est r i c t i on s i mp o s e d  by A i  r Tr a f .f i c Ccln t r 121 a t  Vanc ouve r  I n t er n a t i o n a  1 

A i r p o r t .  G e n e r a l l y ,  a t  least  t h r e e  estimates were o b t a i n e d  p e r  d a y  o v e r  o t h e r  

p a r t s  o f  t h e  rlxtte. 

The s u r v e y  was t i m e d  t o  c o i n c i d e  w i t h  t h e  waterfowl h u n t i n g  s e a s o n  i n  

s o u t h e r n  B r i t i s h  Columbia ,  i n  t h e  b e l i e f  t h a t  most d u c k s  would t e n d  to b e  

l o c a t e d  on the f o r e s h o r e  d u r i n g  t h e  d a y ,  r a t h e r  t h a n  d i s p e r s e d  t h r o u g h c u t  

a d j a c e n t  f a rmland .  T h i s  was b a s e d  on J u r y  (:198!:1 and t h e  p e r s o n a l  ~ c ~ b s e r v a t i o n s  

1 
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of t h e  a u t h o r s ,  d i s c u s s i o n s  w i t h  b i o l o g i s t s  from Ducks U n l i m i t e d  Canada and  

t h e  B r i t i s h  Columbia  W i l d l i f e  Branch ,  and  w i t h  f e d e r a l  and  p r o v i n c i a l  game 

o f f i c e r s  f a m i l i a r  w i t h  p a t t e r n s  o f  h u n t e r - u s e  of t h e  area. 

The s u r v e y  p r o c e d u r e  was i d e n t i c a l  t u  t h a t  u s e d  by McKelvey & & r:i'385:). 

O b s e r v e r s  s a t  un e i t h e r  s i d e  o f  t h e  a i r c r a f t  and  r e c o r d e d  t h e i r  ~ b s e r v a t i ~ m s  

i n t o  a t a p e  r e c o r d e r .  C o u n t s  from b o t h  s i d e s  o f  t h e  a i r c r a f t  were u s e d  to 

d e t e r m i n e  t h e  numbers  of b i r d s  p r e s e n t  from a l l  l o c a t i c i n s  e x c e p t  Boundary Bay. 

The re ,  b e c a u s e  o f  t h e  l a r g e  numbers  o f  b i r d s  u s u a l l y  p r e s e n t ,  t h e  a i r c r a f t  was 

p c r s i t i u n e d  ti2 g i v e  o n e  o b s e r v e r  a t  a time t h e  b e s t  view.  The o t h e r  o b s e r v e r  

k e p t  t rack o f  t h e  l o c a t i o n  and  r e c o r d e d  a n y  l a r g e  f l n c k s  of b i r d s  t h a t  were 

u n a v o i d a b l y  e n c o u n t e r e d  on t h a t  s i d e  o f  t h e  a i r c r a f t .  S u b s e q u e n t  r e p l i c a t e  

c o u n t s  were made by a l t e r n a t e  o b s e r v e r s .  L o c a t i o n  was recc t rded  by  n o t i n g  t h e  

e n d s  o f  t h e  streets r u n n i n g  a t  r i g h t  a n g l e s  t o  t h e  f o r e s h c v e  d i k e s .  A t i d e  

h e i g h t  of a p p r o x i m a t e l y  'I! f t  a t  P t .  A t k i n s o n  d i c t a t e d  ttie p r e f e r r e d  rt-ii-vey 

? e r i o d .  That  h e i g h t  had been  found t s  g i v e  t h e  best ;concentrat:i:m c!f iiuci.::s by 

2i: !<e i vey - -  ~t 3.1. :'1'365) f a r  ae r ia l  sl-irvey. Higher  or lower t i d e s  t e n d e d  .to 

c a u s e  u n p r e d i c t a b l e  d i s p e r s i o n  o f  the b i r d s ,  making number e s t i m a t i o n s  more 

d i  f f i cul t . 

Data were a n a l y z e d  i n  t h e  fo l lc lwing  way. Each r e p l i c a t e  c o u n t  irtr a n y  

p a r t i c u l a r  d a y  was t r e a t e d  as a n  estimate of t h e  number o f  b i r d s  p r e s e n t  on 

t h a t  day .  The mean and  s t a n d a r d  error were c a l c u i a t e d ,  and t h e  mean ttsed a s  

t h e  f i n a l  estimate flsr t h a t  day .  Mctnthly means were t h e n  ca l cu !a t ed  frctm tile 

d a i l y  mean estimates, to allow c o m p a r i s o n s  w i t h  Iother data  a l so  e x p r e s s i i i g  

estimates by month [eg .  McKslvey et a l .  (:1'385:3:!. M m t h l y  s t a n d a r d  errorr ;  :.+.er* 

c a l c u l a t e d  u s i n g  the methcgd d e s c r i b e d  i n  McKeSvey et a l .  1'385: i5. 

I n  order t o  f a c i l i t a t e  t r e n d  c u m p a r i s m s  be tween y e a r s  t h e  mon th ly  means 

were added  t o g e t h e r  to giv-e a n  a n n u a l  to ta l .  T h i s  is ana lc lgous  t o .  m e a s u r i n g  

t h e  area unde r  t h e  c u r v e  o f  a g r a p h  o f  b i r d  numbers  v e r s u s  time, and  g i v e s  a 

measwe o f  b i r d  use-days .  There a re  t w o  a d v a n t a g e s  to u s i n g  such a number. i i )  

B i r d  numbers  1 x - i  a n  area s u c h  5.5 the F r a s e r  'R ive r  a e l t a  are v e r y  dynamic.  T h e  

b i r d s  move from p l a c e  to p l a c e  v e r y  q u i c k l y ,  be tween d a y s  and t h r u u g h m t t  the 

w i n t e r  s e a s o n ,  i n  r e s p o n s e  to weather, food  and d i s t u r b a n c e .  Numbers f l u c t u a t e  

s e a s o n a l l y  s u c h  a n  extent that a c a l c u l a t e d  mean ncimber o f  b i r d s  p r e s e n t  



t h r o u g h o u t  t h e  season w i l l  h a v e  an i n h e r e n t l y  l a r g e  s t a n d a r d  d e v i a t i o n ,  making 

be tween-year  c o m p a r i s o n s  v e r y  d i f f i c u l t .  Us ing  b i r d  u s e - d a y s  o v e r  c ~ m e s  t h i s  

p r o b l e m  b e c a u s e  t h e  p r e c i s i o n  of t h a t  estimate is h i g h  i n  compar i son  to t h e  

p o p u l a t i o n  s t a n d a r d  d e v i a t i c t n .  (2.) Many o t h e r  c o a s t a l  mid-winter  s u r v e y s  make 

a p o p u l a t i o n  estimate a t  o n l y  o n e  time o f  t h e  y e a r ,  when i t  is assumed t h a t  

t h e  p o p u l a t i o n  is s t a b l e  and  a l l  t h e  b i r d s  are a c t u a l l y  c o u n t e d .  Whether or 
n o t  t h a t  is t r u e  r e m a i n s  t o  b e  s e e n  b u t  a s i n g l e  wiriter d a t a  p o i n t  i n  a n y  

s u r v e y  f a c i l i t a t e s  p l o t t i n g  o f  a n n u a l  t r e n d s ,  the main  p u r p o s e  i n  such 

sur veys .  

A l l  c o m p a r i s o n s  be tween means were p e r f w m e d  by c a l c u l a t i n g  t h e  v a l u e  i2f 

Z ,  or t h e  normal  d e v i a t e  (Zar 1374:74). A Z-test is u s e d  t o  d e t e r m i n e -  t h e  

p r o b a b i l i t y  o f  two means b e i n g  d i f f e r e n t  when i t  is d i f f i c u l t  t o  d e t e r m i n e  how 

many d e g r e e s  o f  f reedom are p r e s e n t .  Tha t  was t h e  c a s e  in t h i s  s t u d y  when 

month ly  means were added t o  p r o d u c e  t h e  a n n u a l  estimate o f  b i r d  ctse. Wit i i  a Z- 

tsst p r o b a b i l i t y  c a n  be e x p r e s s e d  l i b e r a l l y  as s i g n i f i c a n t  a t  the .OZ ievsti  .3t- 

c m s e r v a t i v e l y ,  u s i n g  m u l t i p l e  r a n g e  tests, as  . ( E / n ,  where n is t h e  niimber !:if 

cctmpar i s o n s  bei ncj made. 

T a b l e  1. Dates and number o f  replic.ate c o u n t s  p e r  d a y  of  w a t e r f o w l  survrys i n  
Boundary Bay and  t h e  F r a s e r  R i v e r  foreshxe, I'3ET3-90. 
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RESULTS 

Weather 

In t h e  1'389-90 c o u n t  p e r i o d  t h e  w e a t h e r  was c h a r a c t e r i z e d  by a b o v e  normal 

t e m p e r a t u r e s  and p r e c i p i t a t i o n ,  and be lc~w normal sc!nshi;7e hiscirs and wind speed 

: . ; a b l e  21. In g e n e r a l ,  t h e  w e a t h e r  was wet and warm but  n o t  p a r z i c i i i i i r i k .  1 

stcirmy, and  t h e r e  was r e l a t i v e l y  l i t t l e  weather c o i d  enrJugh t o  !-es;ult i n  

f c r e s h u r e  i c i n g .  Weather c a n  a f f e t t  t h e  d i s t r i b u t i m  o f  b i r d s  a s  well a s  the 

a b i l i t y  o f  aer ia l  o b s e r v e r s  t o  c o u n t  them. F r e e z i n g  w e a t h e r  i n  p a r t i c u l a r   an 

c a u s e  p r o b l e m s ,  i f  ice b u i ' l d s  up on the f o r e s h o r e .  

. .. . -  

T a b l e  2. Weather c o n d i t i c i n s  on the F r a s e r  R i v e r  e s t u a r y  i n  1'389-YO 
compared w i t h  I m g - t e r m  a v e r a g e s .  

P r e c i p .  < c m j  0 
N 
D 
J 

i J i i l d  s p e e d  0 
i: i:: m / j N 

D 
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Seasonal Bird Numbers 

Duck numbers  i n  Boundary  Bay peaked  i n  December w h i l e  t h o s e  on t h e  F r a s e r  

R i v e r  f o r e s h o r e  peaked  i n  O c t o b e r  ( T a b l e  31. I n  p r e v i o u s  s u r v e y s  t h e  peak  

numbers  h a v e  been  s e e n  i n  November or J a n u a r y  on Bctundary Bay and  i n  November 

or December un t h e  F r a s e r  R i v e r  fn re shc t r e .  Boundary Bay ctmtincted to r e c e i v e  

t h e  most d a b b l i n g  duck u s e  w i t h  t h e  m a j o r i t y  o f  t h a t  use o c c u r r i n g  be tween  

Beach Grove and  t h e  Boundary  Bay a i r p o r t .  However, l a r g e  numbers  were o f t e n  

o b s e r v e d  c o n t i n u o u s l y  d i s t r i b u t e d  a l o n g  t h e  s h o r e l i n e  t o  1 1 2 t h  Street. Most o f  

t h e  Fraser R i v e r  f o r e s h o r e  b i r d s  occurred be tween  t h e  Tsawwassen a n d  R o b e r t s  

Bank c a u s e w a y s  ( T a b l e  4; d e t a i l s  of  d a i l y  and  m o n t h l y  summar ie s  i n  A p p e n d i c e s  
1 and  2). 

T a b l e  3. Mean number of d a b b l i h g  d u c k s  ( i n  thousands : )  s e e n  p e r  month iin 
aer ia l  s u r v e y s  o f  t h e  F r a s e r  R i v e r  e s t u a r y  f r l D m  1966-74 i989-9Q. 

OC t /66-74 ( 13) 18.3 
/82 (21 28.9 
/83 (41 24.3 
/E5 (1) 25.4 
/89 (31 20.0 

Nov/66-74 11 :) 39.3 
/82 (51 37.4 
/83 ( 5 )  30.0 
/89  ( € 5  24.5 

0. 5 
4.5 
2.7 

Del: /66-74 ( 8 1 31.4 2.3 
/82 (4:) 33. 6 3.0 
/83 (35 22.7 1 . 0 
/89 (41 33.5 3.8 

Jan /66-74  (6) 10.7  5.7 
/83 (5 : )  2'3.9 4.2 
/84 (3:) 31.5 7.7 
186 (11 15.7 
/8'3 (3) 23.9 0 .  9 

40.3 
28.7 
- 7.8 

4.3 

1.5 
4. a 

35.1 6.5 
37.4 6.7 
14.3 L . 0 
11.1 2.5  

.-I - 

,Z vi 17.1 -, i i 

20. 9 6.5 
16.5 1.7 
34.7 
11.7 1 . C) 

___-___-__-----__---____________________-------------------------------------- 
tn:) is s a m p l e  s i z e ;  a n n u a l  peak  c o u n t s  shown under! i n e d ,  
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T a b l e  4. Annual total  number o f  d a b b l i n g  d u c k s  Cin t h o u s a n d s )  s e e n  on aerial 
s u r v e y s  o f  t h e  Fraser R i v e r .  f o r e s h o r e ,  and  t h e  r e l a t i v e  i m p o r t a n c e  of  
e a c h  area, s i n c e  1366-74. 

------------^----------------------------------------------------------------- 

Area S u r v e y  P e r  i od 
1966-74 % 1'382-83 % 1'383-84 % 1989-90 % 

Sea I s l a n d  22.6 18.7 22.6 19.6 7 .0  9 .5  3.7 6.3 

R i v e r  Mouth ND1 1.1 0.9 1.2 1.6 0. 3 0. 5 

L u l u  I s l a n d  15. 0 12.4 8.1 7 .1  4 .8  6.5 '3.1 15.3 

Westham Is. 53.8 44.5 18.4 16.0 4.3 5.8  6.5 10.9 

Brunswick  P t .  29.6 24.5 24.4 21.2 16.8 22.7 3.9 6.6 

R o b e r t s  Bank ND ' 48.6 35.2 40.0 54.0 36.0 60.4  

I R i v e r  Mouth d a t a  p r n b a b l y  i n c l u d e d  i n  Sea I s l a n d  cir L u l u  I s l a n d ;  Rctb.zrts 
Bank prlrtbably n o t  d i s t i n g u i s h e d  from Erunswick  P ~ ~ i n t ,  p r i o r  ti:] cai!seway 
1: cinst r LIC t i o n  . 

. .  

U u l l s  were s e e n  i n  l a r g e s t  number i n  December on Boundary Bay, and  i n  

J a n u a r y  on t h e  F r a s e r  R i v e r  f o r e s h o r e  i n  1353-90 ( T a b l e  5 ) .  Peak cclctnts i n  t h e  

p a s t  h a v e  o c c u r r e d  i n  Oc tobe r  and  December on Boundary Ray and  i n  November clr 

December on t h e  F r a s e r  R i v e r  f o r e s h o r e .  G u l l  numbers  on Boundary Bay were much 

h i g h e r  t h a n  on t h e  F r a s e r  R i v e r  f o r e s h o r e .  Most b i r d s  were s e e n  l v a f i n g  

i n t e r t i d a l l y  a t  l o w  t i d e ,  p a r t i c u l a r l y  l a t e r  i n  t h e  a f t e r n c ~ ~ n  when t h e y  had 

f i n i s h e d  f e e d i n g  at t h e  s a n i t a r y  l a n d  f i l l  i n  B u r n s  Bog. 

Annual Compar i s o n  o f  Numbers 

Annual measu remen t s  o f  d a b b l i n g  duck and  g u l l  u s e  a r e  shown i n  T a b l e  6 

for 1'366-74, 1982-83, 1983-84 and 1989-90. T h e s e  d a t a  a re  shown g r a p h i c a l l y  i n  

F i g u r e s  2 tcr 7. S t a t i s t i c a l  c o m p a r i s u n s  o f  t h e  number b i r d s  s e e n  p e r  month 

be tween y e a r s  is summarized i n  Appendix 3. R a b b l i n g  duck: u s e  o f  t h e  F r a s e r  

R i v e r  f o r e s h o r e  h a s  d e c l i n e d  by 50% from t h e  peak  c o u n t s  r e c o r d e d  i n  1'366-74. 

Ruck u s e  caf Bclundary Ray h a s  d e c l i n e d  by 22% s i n c e  peak  u s e  i n  1'382-83. Gul l  

numbers  on t h e  F r a s e r  R i v e r  f o r e s h o r e  h a v e  d e c l i n e d  by  32% s i n c e  1382-83, and 

by  28% s i n c e  1983-84 on Bcundary  Bay. 
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T a b l e  5..  Mean number o f  g u l l s  s e e n  p e r  month on aerial s u r v e y s  o f  t h e  F r a s e r  
River e s t u a r y ,  1989-90. 

Nuv/82 ( 5 )  498 194 
/83 (5) 348 305 
/89 ( 6 )  870 459 

Dec/82 (4 )  1419 1121 
/83 (31 1507 669 
/89 (45 2309 774 

116 .-I r )  Li 1 
236 23.7 
121 50.0 

1006 402 
667 1 7 3  
432 80. 9 

The number o f  d a b b l i n g  d u c k s  s e e n  i n  Boundary  Bay was s i g n i f i c a n t l y  lower 

i n  1'389-90 t h a n  i n  1982-83 and i n  1983-84 b u t  nctt from t h a t  r e c o r d e d  i n  i%G-  

74 ( T a b l e  71. McKelvey & (19851 r e c o r d e d  a s t a t i s t i c a l l y  S i g n i f i c a n t  

d i f f e r e n c e  be tween 1982-83 and  1983-84 f o r  d u c k s  and  g u l l s  a t  b o t h  Boundary 

Bay and  t h e  F r a s e r  R i v e r  f o r e s h o r e .  R u r i n g  t h e  p r e s e n t  . a n a l y s i s ,  no  

s i g n i f i c a n c e  was d e t e c t e d  be tween  t h e s e  same y e a r s  f c v  d a b b l e r s  a t  Baundary  

Bay and  g u l l s  a t  e i t h e r  l o c a t i o n .  T h e r e  are  t w o  r easms why t h e s e  

d i f f e r e n c e s  now d o  n u t  a p p e a r  t o  b e  s t a t i s t i c a l l y  s i g n i f i c a n t  when t e s t e d  

a g a i n .  F i r s t ,  o n l y  d a t a  for t h e  months  Oc tobe r  tct J a n u a r y  were i n c l u d e d  from 

t h e  1'382-84 d a t a ,  i n s t e a d  o f  September  t o  A p r i l ,  b e c a u s e  o f  t h e  s h o r t e r  s u r v e y  

p e r i o d  i n  1989-90. Second,  t h e  o r i g i n a l  d a t a  were n o t  a v a i l a b l e  for 1962-83 

so tests had  t o  be d o n e  u s i n g  summar ized  d a t a  Cmccnthly m e a n s ) ,  makirig 

cijmparistsn tests less pclwer f u l .  
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T a b l e  6.  Annual estimates o f  b i r d  u s e  by  d a b b l i n g  d u c k s  and  g u l l s  seen between 
Oc tobe r  and  J a n u a r y  on Boundary Bay, t h e  F r a s e r  R i v e r  f o r e s h o r e  and  
t h e  F r a s e r  R i v e r  e s t u a r y ,  1966-74 and 1989-90. V a l u e s  are 2 2 
s t a n d a r d  err  or 5.  

- - - 1966-14 121.0 99.7 220.7 
in=45 (54.63) (27.05 < 23(1. (1 1 

1983-84 74.1 108.5 182. G 2047 3055 11.102 
i:n=4) (21 1.4:) 5+28.2) - 1:+30.4) I - +424 1 (26758 i I26772 1 

The number o f  d a b b l i n g  d u c k s  s e e n  on t h e  F r a s e r  R i v e r  f o r e s h o r e  i n  1969- 

'30 was s i g n i f i c a n t l y  d i f f e r e n t  f rcm t h o s e  s e e n  i n  a l l  p r e v i o u s  s u r v e y s .  

C m b i n i n g  t h e  d a t a  from Btsundary Ray and  t h e  F r a s e r  R i v e r  f c l r e s h o r e  shcwed 

that total  . n u m b e r s  o f  d a b b l i n g  d u c k s  un t h e  F r a s e r  R i v e r  e s t u a r y  were mt 

s i g n i f i c a n t l y  d i f f e r e n t  from those s e e n  i n  1383-84 b u t  were f r o m  thc ise  s e e n  i n  

i98.7'-83 .h 1st- 1966-74 ( T a b l e  7 ) .  

Boundary Bay had t h e  i u w e s t  numbers  o f  d a b b l i n g  dui:ks r f c i l r d e d  for three 

caf t h e  f o u r  s u r v e y  munttis i n  1'389-90, compared t;~s p r e v i o u s  s t ! rveys .  The 

e x c e p t  i o n  was December when almost t h e  h i g h e s t  number was s e e n .  Hcmrver I 

December 1989 had c m n p a r a t i v e l y  t h e  lowest c o u n t  for the F r a s e r  R i v e r  

f o r e s t m r e .  When mon th ly  mean ctrlunts frum Btsundary Bay were cmnpar&, t h e s e  

d i f f e r e n c e s  a r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  ~ c s i n g  t h e  c o n s e r v a t i v e  m u l t i G l e  

r a n g e  test iAppendi x 3). 
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T a b l e  7. P r o b a b i l i t y  v a l u e s  r e s u l t i n g  from Z-test c m p a r i s o n s  o f  a n n u a l  
numbers  of b i r d s  s e e n  (Oct - J a n )  be tween  y e a r s  f a r  Boundary  Bay, t h e  F r a s e r  
R i v e r  f o r e s h o r e  and  t h e  F r a s e r  River e s t u a r y .  

Boundary Bay Fraser River foreshore Fraser River estuary 

1966-74 1982-83 1983-84 1966-74 1982-83 1983-84 1966-74 1982-83 1983-84 

- - 1982-83 ,016 ,741 ,242 - 
1983-84 ,596 I121 ,001 * 002 ,075 ,033 - 
1989-90 ,826 ,001 ,038 (.001 ,001 ,038 ,012 <,001 201 

- - 

1982-83 1983-84 1982-83 1983-84 1382-53 1983-94 

1983-84 ,!16 ,897 .E6 
1389-50 ,107 ,472 ,258 ,091 ,224 ,375  

Monthly mean numbers  o f  d a b b l i n g  dctcks  on t h e  F r a s e r  R i v e r  f~ :~reshc i re  i n  

!98'3-90 a lso  t e n d e d  to b e  lower t h a n  t h o s e  recc t rded  p r e v i o u s l y ,  e x c e p t  i n  

November, when t h e y  were closer to t h e  norm. As i n  Boundary Bay t h e s e  

d i f f e r e n c e s  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  u s i n g  m i d t i p i e  r a n g e  :;::rts 

(Appendi  :I; 3:). 

O v e r a l l ,  t h e  low s e a s o n a l  numbers  i n  1989-90 for t h e  whlDle e s t u a r y  ! :Table  

I I  were p r i m a r i l y  t h e  r e s u l t  o f  t h e  l o w  numbers  r e c o r d e d  i n  Nr~vemtier .and 

J a n u a r y  ( T a b l e  3:). When cctmparing t h e  d i  f f e r e n c e  be tween  a n n u a l  means fm- a i l  

y e a r s  t h e  F r a s e r  R i v e r  f s r e s h c r e  had t h e  s t r c n g e s t  d i f f e r e n c e s  Iflsur I X ! ~  of  

s i x  m u l t i p l e  r a n g e  c m n p a r i s o n s ) ,  boundary  Bay had  t h e  weakest d i  f f e r e n c e s  !:we 

out o f  s i x  m u l t i p l e  r a n g e  c o m p a r i s o n s >  and  t h e  combined d a t a  were i n  be tween  

I t w c i  o u t  o f  si::: - ? ~ ! 1 5 ! ~ 1 . 0  !--..nip ! :cmparisms:)  (:Appendix 3 arid T a b l e  b ~ "  

1' 

- .  

A c o m p a r i s o n  o f  F r a s e r  R i v e r  e s t u a r y  c l x m t s  w i t h  P a c i f i c  f l y w a y  mid- 

w i n t e r  c c u n t s  i n d i c a t e s  downward t r e n d s  i n  b o t h  p o p u l a t i o n s  ( F i g u r e  6 : ) .  The 

f lyway t r e n d  is s i g n i f i c a n t  at a b o u t  P = 0.35 and %hat of t h e  F r a s e r  R i v e r  

e s t u a r y  a t  P = 0.81. a .  
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Gul l  numbers  f l u c t u a t e d  more d r a m a t i c a l l y  from y e a r  t o  y e a r  t h a n  d i d  

d a b b l i n g  d u c k s  ( T a b l e  6). On t h e  whole ,  however ,  numbers  were w i t h i n  t h e  

r a n g e s  s e e n  on  earlier s u r v e y s .  When compar i n g  198'3-30 w i t h  1'382-83 and 1983- 

84, t h e r e  wa5 o n l y  # n e  s i g n i f i c a n t  m u l t i p l e  r a n g e  d i f f e r e n c e  3,etween months  

for e i t h e r  Boundary Bay or t h e  F r a s e r  R i v e r  f m c s h o r e  (:Appendix 2:) a Between 

y e a r s ,  the a n n u a l  r a t e s  of  u s e  of  Boundary Bay, .the F r a s e r  R i v e r  f . s rzshc t re  and 

t h e  F r a s e r  R i v e r  e s t u a r y  were n o t  s i g n i  f i c a n t l y  d i  f f e r e n t .  

DISCUSSION 
Popul at i on Trends 

The downward 

1 east i n , k e e p i n g  

t r e n d  i n  t o t a l  b i r d  u s 2  o f  t h e  F-raser R i v e r  e s t u a r y  is a t  
w i t h  t r e n d s  i n  c o n t i n e n t a l  duck p o p u l a t i o n s ,  w h i c h  h a v e  

d e c i i n e d  s u b s t a n t i a l l y  i n  t h e  l a s t  10 y e a r s  ( :Reynolds  et 31.1. I t  i s  r j i f f i > : u i ?  
+ ".-I :- d e t e v m i n e ,  however ,  i f  t h e  dctwnward trenci is d i t ~  m i e i y  ' i l z i  ~ , : ! e c l i . n i ~ ! ~  

c m t i n e n t a l  p a p u l a t i o n s ,  or i f  i t  is compounded i n  stme wa.y by pc!piiIatrisn 

c h a n g e s  p e c u l i a r  t o  t h e  F r a s e r  River e s t u a r y .  Changes  i n  sea.s;:inal d i 5 k r i b ~ i . % i 1 x  

wlmld seem t o  i n d i c a t e  t h a t  local  c o n d i t i o n s ,  s u c h  a s  h a b i t a t  q i i a n t i ? y  and  

q u a l i t y ,  migh t  a l so  b e  a f f e : f i r : g  "lird s e .  

I f  w i n t e r  w a t e r f o w l  p o p u l a t i o n  size is d e p e n d e n t  can t h e  amount o f  u p l a n d  

a v a i l a b l e ,  for example ,  t h e n  r e l a t i v e  d i s t r i b u t i o n  might  a t  least b e  e x p e c t e d  

to c h a n g e  as u p l a n d  u s e  changed .  T h i s  might  also b e  r e f l e c t e d  by t h e  s i z e  o f  

t h e  p o p u f a t i w v i  u s i n g  t h e  a d . j a c e n t  f o r e s h o r e ,  i f i t  can b e  assumed t h a t  t ; v ~ e  

p o p u l a t i c m s  a r e  the o n e s  u s i n g  t h e  n e a r e s t  u p l a n d s  (see Tamisier i376:: 

Because  so much o f  Richmcmd has been  c o n v e r t e d  frcm f a r m l a n d ,  t i l2 l a r g e s t  

r e l a t i v e  c h a n g e  migh t  b e  e x p e c t e d  on t h e  Lulu I s l a n d  f o r e s h ~ x - e .  L u l u  I s l and  

d i d  sh~:~w a d e c l i n e  i n  u s e  u n t i l  1383-9(3, b u t  t h e n  t h e r e  was a s l i g h t  increase 

i n  i - e l a t i v e  use. Ectbe r t s  Bank !zn t h e  other hand ,  c o n t i n u a l l y  irt.creac.ed i y i  

i m p c ~ r t a n c e ,  w h i l e  Brunswick  P o i n t  h a s  d ropped  i f f ,  a f t e r  a peri l2d s f  relative 

s t a b i l i t y .  B e c a u s e  l i t t l e  c h a n g e  i n  l and-use  has :xc : - i r red  b e h i n d  ? o b e r t s  bank ,  

Brunswick  P ~ i n t  or Westham I s l a n d ,  t r e n d s  i n  p tDpula t ion  d i s t r i b u t i o n  would not 

a p p e a r  to be r e f l e c t i n g  c h a n g i n g  l a n d - u s e  v e r y  well. 



The r e l a t i v e  d i s t r i b u t i o n  on t h e  F r a s e r  R i v e r  f o r e s h o r e  migh t  n o t  b e  a s  

i m p o r t a n t  as  t h e  r e l a t i v e  u s e  o f  t h e  t o t a l  F r a s e r  R i v e r  f o r e s h o r e  compared t o  

t h a t  o f  Boundary Bay. S i n c e  1'366-74 Boundary Bay h a 5  i n c r e a s e d  from 45% o f  t h e  

tcltal u se  to 63%, w h i l e  t o t a l  p o p u a t i m s  h a v e  d e c l i n e d  by 38%. Land-use 
c h a n g e s  h a v e  n o t  been  n e a r l y  a s  r a p i d  n e a r  Eocmdary Bay as at  1. :I _. Y C '  .. -..:, . .?nrl 

P e r h a p s  t h e  F r a s e r  R i v e r  s h o u l d  b e  c o n s i d e r e d  a.s . o n e  u n i t ,  r a t h e r  t h a n  

several, b e c a u s e  o f  i ts e s t u a r i n e  c h a r a c t e r  as  apposed  to t h e  sa l t  marsh 

c h a r a c t e r  o f  Boundary Bay. The n a t u r e  o f  R o b e r t s  Bank h a s  p r o b a b l y  also 

changed  over t h e  y e a r s ,  a s  t h e  e f f e c t  o f  t h e  causeways  has been  felt.  E e l g r a s s  

is now v e r y  a b u n d a n t ,  a s  i t  is i n  Boundary Bay. Tha t  area may b e  d e v e l o p i n g  

i n t o  a more s a l t - m a r s h - l i  k e  e n v i r o n m e n t ,  as  a r e s u l t  of t h e  causeways  

e x c l u d i n g  t h e  F r a s e r  R i v e r  plume. A t  any ra te  t h e  two' more s a l i n e  areas, 

Boundary Bay and  R o b e r t s  Bank, are now g e t t i n g  mare r e l a t i v e  u s e  t h a n  i n  t h e  

p a s t .  . 
Changes i n  seasc~nal atjiinriancE may ai so i mpl I #:ate la~cd-iise :shanges  as 

n e i n g  p a r t l y  r e q ~ m s i t l e  f i x  o b s e r v e d  c h a n g e s  i n  p o p u l a t i o n  d ; s t u i S u t i o n .  An 

k x a m i n a t i m  o f  t h e  r e s u l t s  of tests isf mcmthly d i f f e r e n c e s  (:Appendix 3:) 

i n d i c a t e d  that be tween y e a r  v a r i a t i c i n s  were l a r g e l y  t h e  r e s u l t  o f  d i f f e r e n c e s  

. .  

i n  t h e  Nuvember a;.d December o b s e r v a t i o n s .  The month ly  t r e n d  i n  1'3@3-'3:) on t h e  

F r a s e r  River f s r e s h o r e  f l ~ l l o w e d  t h a t  of o t h e r  y e a r s  e x c e p t  t h a t  Octcgber rather 

t h a n  November had t h e  h i g h e s t  number o f  b i r d s .  T h i s  may mean t h a t  t h e  

' f o r e s h o r e  is mure i m p o r t a n t  to b i r d s  m i g r a t i n g  t h r o u g h  the ares  t h a n  i t  is ti? 
w i n t e r i n g  b i r d s .  M i g r a n t s  may t e n d  n o t  to u s e  ctp.lands, and h a v e  f h e r e f i s r e  been  

r e l a t i v e l y  l i t t l e  impac ted  by c h a n g e s  on  t h o s e  ccplands. I f  w i n t e r i n g  b i r d s  

p r e f e r  t o  r ~ x ~ s t  i n  c l o s e  p rc lx imi ty  tcl p r e f e r e d  f e e d i n g  areas, sxt? .a5 ii.g;.sr!ds, 

t h e n  fewer b i r d s  i n  the w i n t e r  p e r i o d  might  b e  e x p e c t e d  n e a r  up1ai;d at-ea5 that  

h a v e  been  removed from a g r i c u l t u r a l  p r o d u c t i o n .  T h e  a p p a r e n t  i n c r e a s e  in 

r e l a t i v e  i m p o r t a n c e  of Boundary Bay and  R o b e r t s  Bank may r e f l e c t  a 

d i s a p p e a r a n c e  o f  some b i r d s  from t h e  d e l t a ,  close to areas where  u p l a n d s  h a v e  

changed ,  ra ther  t h a n  a r e l o c a t i o n  tl:, . the  a b s v e  t w c ~  areas. 

Al though  t h e  t r e n d s  i n  numbers  r e c o r d e d  on t h e  F r a s e r  R i v e r  e s t u a r y  and \ 

t h e  P a c i f i c  f lyway  a re  n o t  s i g n i f i c a n t  a t  t h e  t r a d i t i o n a l  l e v e l  o f  s t a t i s t i c a l  

i m p o r t a n c e ,  t h e  t r e n d s  s t m u l d  h a v e  meaning for water f o w l  managers .  The t r e n d s  

i n d i c a t e  t h a t  t h e r e  is be tween a n  80% 85% c h a n c e  o f  t h e r e  b e i n g  a rea: 
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< 
d e c l i n e .  Management i n  t h e  c o n s e r v a t i v e  s e n s e ,  i.e. a c t i o n  i n  f a v o u r  o f  t h e  

r e s o u r c e ,  s h o u l d  b e  u n d e r t a k e n  a t  t h i s  level o f  p r o b a b i l i t y .  W a i t i n g  f o r  

b e t t e r  o d d s  would b e  unwise ,  g i v e n  t h e  dynamics  o f  t h e  p o p u a t i o n  i n v o l v e d ,  and  

t h e  l imi t ed  resources a v a i l a b l e  f o r  c o n s e r v a t i o n  i n  g e n e r a l .  

S u r v e y  Methods 

Some concern h a s  been  v o i c e d  a b o u t  t h e  u s e f u l n e s s  #f aer ia l  s u r v e y s  i n  

m o n i t o r i n g  waterfowl p o p u l a t i o n s ,  and  a f e w  words  i n  d e f e n s e  o f  the methods  

u s e d  i n  t h i s  s t u d y  seem a p p r o p r i a t e .  Aerial s u r v e y o r s  g e n e r a l l y  d o  n o t  h a v e  

t h e  time to  c o u n t  i n d i v i d u a l  b i r d s ,  so some form o f  e s t i m a t i c l n  must b e  

employed.  T h a t  would b e  a d i s a d v a n t a g e  i f  a n  a b s o l u t e  c e n s u s  was t h e  

o b j e c t i v e .  But  i n  a n  area s u c h  a s  t h e  F r a s e r  R i v e r  e s t u a r y ,  where  w i n t e r i n g  

and m i g r a t i n g  b i r d  p o p u l a t i o n s  are h i g h l y  dynamic ,  t h e  b e s t  t h a t  c a n  b e  hoped 

for is a n  estimatim o f  numbers ,  a n  a s s e s s m e n t  o f  a n n u a l  b i r d  i i w ,  and  a 

m o n i t i l r i n g  1r5f t r e n d s  i n  t h a t  use w e r  time. ; 4 l t h c q h  e s t i i n a t i n g  numbers  cnf 

birds i n  f l o c k s  r e q u i r e s  some a s s u m p t i o n s ,  a s  loncj a s  those a s s u m p t i m s  r e m a i n  

c o n s t a n t ,  t h e  e s t i m a t e d  p o p u l a t i o n  w i l l  a p p r o x i m a t e  t h e  real w o r l d ,  and  t h u s  

a ! l o w  m o n i t o r i n g  o f  t h e  t r e n d s .  

The. mai n a s sumpt  i o n s  o f t h e  t ec h n i  q u e  are  t h a t  !: 1 5 s u r v e y o r s  a r e  

c o n s i s t e n t  i n  t h e  error o f  t h e i r  estimates and (25 t h i s  error  is similar i n  

e a c h  s u r v e y n u .  A l though  t h e s e  a s s u m p t i ~ n e j  were n o t  r i g c r o u s l y  5 e s t e d  d u r i n s  

t h i s  s t u d y  some m e a s u r e  of  c o n s i s t e n c y  was e n s u r e d  by c o n s t a n t  r e f e r e n c e  to 

p i c t u r e s  o f  ?-ice ! r a ins  and  navy  b e a n s ,  t h e  numbers  o f  which were known and  

c h e c k e d  a g a i n s t  t h e  estimates. Because  no  c a l i b r a t i o n  e w i s t e i l  for grevioi:.=, 

s t u d i e s ,  none  was o b t a i n e d  for t h i s  s t u d y ,  which may h a v e  been  a .sl.ii:Irti:oming. 

F u t u r e  s u r v e y s  sh tx i ld  allow s u f f i c i e n t  ~ e s ~ s u r c e s  tcs d e a l  w i t h  t h i s  p rob lem.  

I n  some cases g round  s u r v e y s  may. b e  more a c c u r a t e  t h a n  aer ia l  s u r v e y s .  

However, w h e n  t h e  numbers  Ijf  b i r d s  p r e s e n t  a r e  l a r g e ,  grmcnd sc t rveys  s u f  fei- 

f rcm the same genera!  t e c h n i c a l  p r o b l e m s  as  d o  aer ia l  s u r v e y s .  The e x c e p t i o n  

migh t  b e  t h a t  mure time may b e  a v a i l a b l e  for i n d i v i d u a l  estimates. Tha t  i n  

t u r n  c a n  c a u s e  p r o b l e m s  i f  b i r d  d i s t r i b u t i o n  c h a n g e s .  To 1xir knowledge  g round  

sccrveys on t h e  F r a s e r  R i v e r  e s t u a r y  a r e  se ldom i f  e v e r  r e p l i c a t e d ,  so t h e i r  

p r e c i s i I o n  is u s u a l l y  n o t  known. The o n l y  c e r t a i n  way t o  d e t e r m i n e  t h e  s i r e  o f  
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l a r g e  f locks is p h o t o g r a p h i c a l l y .  

C o m p l i c a t i o n s  a l so  ar ise ,  i n  e v a l u a t i n g  t e c h n i q u e s ,  i f  o n e  is n o t  aware 
of how small t h e  F r a s e r  R i v e r  e s t u a r y  s a m p l i n g  u n i t  is, ccsmpared t o  t h e  to ta l  

p o t e n t i a l  r a n g e  I2f t h e  b i r d s  b e i n g  s t u d i e d .  B i r d s  a p p a r e n t l y  move r a p i d l y  from 

o n e  area o f  t h e  e s t u a r y  to a n o t h e r ,  w i t h i n  the time i n t e r v a l  o f  o n e  s u r v e y ,  

and  be tween  s u r v e y s .  They may also move o u t  of t h e  e s t u a r y  i n  c o l d  weather and  

r e t u r n  when t h e  w e a t h e r  m o d e r a t e s .  T h i s  r e su l t s  i n  a b i r d  p o p u l a t i o n  t h a t ,  

'when o n e  w i s h e s  t o  know t h e  a v e r a g e  number of  b i r d s  p r e s e n t  cwer  d c e r t a i n  

time p e r i o d ,  will b e  c h a r a c t e r i z e d  by  a h i g h  s t a n d a r d  d e v i a t i o n .  Repea ted  

f r e q u e n t  a t t e m p t s  t o  d e t e r m i n e  what t h e  p o p u l a t i o n  s i z e  is, tiowever, w i l l  

r e s u l t  i n  r e a s o n a b l y  p r e c i s e  estimates o f  what t h a t  " i n s t a n t a n e o u s "  p o p u l a t i o n  

is. For example ,  mon th ly  estimates o f  p o p u l a t i o n  s i z e  i n  this s t u d y  had 

s t a n d a r d  errors o f  a b o u t  10% of t h e  mean. 

Because  there is g r e a t  a p p a r e n t  d a i l y  and seasma1 var;at:il:in i n ,  the 

numbers  o f  b i rd .5  p r e s e n t  on the F r a s e r  R i v e r  e s t u a r y ,  some method af  

e x p r e s s i n g  a n n u a l  numbers  p r e s e n t  must b e  employed.  The mean a n n u a l  number clf 

b i r d s  seen would n o t  b e  u s e f u l ,  h e n c e  the u s e  o f  t h e  sum of t h e  mon th ly  means, 

e x p r e s s e d  o v e r  time as b i r d  u s e .  T h i s  f i g u r e  is f a i r l y  p r e c i s e  b e c a u s e  the 

d a i l y  and mon th ly  estimates are p r e c i s e .  A more p r e c i s e  estimate could  b e  

s b t a i n e d  by d o i n g  more s u r v e y s .  

Weather, t i d e  and  human d i s t u r b a n c e  c a n  a lso a f f e c t  p c i p u l a t i o n  s i z e  and  

d i s t r i b u t i o n .  I n  t h i s  s t u d y  the i n f l u e n c e  o f  a b i c l t i c  fac tors  was r e d u c e d  a s  

much a s  p o s s i b l e  by f l y i n g  unde r  r e a s l s n a b l y  similar wea the r  c o n d i t i c m s  and  at: 

f a i r l y  c o n s i s t e n t  t i d e  l e v e l s .  The human e l e m e n t  was a d d r e s s e d  by f l y i n g  

d u r i n g  the s e a s o n  when h u n t i n g  d i s t u r b a n c e  was t h o u g h t  t o  keep most o f  the 

b i r d s  o n  i n t e r t i d a l  areas, b a s e d  tsn o u r  p r e v i o u s  e x p e r i e n c e s ,  and J u r y  i1981:1. 

Even though  some u s e  #sf f i e l d s  may take p l a c e  d u r i n g  h u n t i n g  s e a s o n ,  

p re sumab ly  i f  s u r v e y s  a r e  c o n d u c t e d  a t  t h e  same r e l a t i v e  time and unde r  the 

same r e l a t i v e  c o n d i t i o n s  e a c h  y e a r ,  t h e  r e l a t i v e  d i s t r i b u t i o n  o f  t h e  b i r d s  

s h o u l d  b e  t h e  same. T r e n d s  s h o u l d  l o g i c a l l y  b e  c o n c l u d e d  to reflect the real 

world. . Shou ld  h u n t i n g  p r e s s u r e  d e c l i n e  marked ly  however ,  or e v e n  d i s a p p e a r ,  

the a s s u m p t i o n  ctf c o n s t a n t  r e l a t i v e  d i s t r i b u t i o n  may h a v e  to b e  r e c o n s i d e r e d .  



O t h e r  f a c t o r s  can a f f e c t  t h e  v a r i a b i l i t y  o f  counts v e r s u s  t h e  a c t u a l  

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

or a r o u n d  large f l o c k s  ( b i r d s  too f a r ,  or o b s c u r e d  unde r  a i r c r a f t ) ,  a l t i t u d e ,  

b i r d  v i s i b i l i t y  ( c o l o u r  and  l o c a t i o n : ) ,  and  l i g h t  c c r i d i t i m s .  Of t h e s e  

v a r i a b l e s ,  a l t i t u d e  was g e n e r a l l y  c u n s i 5 t e n t ,  and  some measure  IDf g e n e r a l  

v a r i a b i l i t y  due to flcick l o c a t i o n  was iribtained by making t w o  to fciur 

c o n s e c u t i v e  c o u n t s  w i t h i n  a s h o r t  time span. 
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APPENDIX 1 

Daily summaries of  numbers of birds seen by species 
groups, on each t ransect ,  for each survey. 



D a i l y  mean numbers o f  b i r d s  recorded at Boundarv &y during l989/90 a e r i a l  
censuses .  

DABBLERS 
Date No. of  Counts Mean 
89/ 10/ 16 3 17198 
89/ 10/2('1 1 18085 
89/ 10/27 3 24853 

3 25(j94 
3 332(j2 

B9/ 1 1 /06 
89/11/11 
391 1 1 / 13 3 13733 3 2 1 3 y ; s  8'3; 1 i / 17 
89/ 11/21 3 25335 
89/ 1 1 /24 3 23808 
891 12/04 1 30560 
89/ 12/08 4 399'34 
89/12/15 3 39707 
83/ 12/22 3 24272 
90 / 0 i / (22 3 23131 
90/ 0 1 /08 3 22746 
90/0 1 / 12 3 25637 

DIVING DUCKS 
Date No. o f  Counts Mean 
89/ lo/ 16 3 300 
89/ 10/2(:) 1 0  
89/ 10/27 3 345'3 
8'3/ 1 1 /(j€ 3 544 
89/ 11/ 11 3 =.'gsc:, 
3'3/'11/13 3 ZbSij 
39/11/17 3 8327 
89/11/21 3 1138 
89/ 11/24 3 658.7 
89/ 12/04 1 2  
89/ 12/08 4 1056 

* A  

as/  12/ 15 3 164.3 
3 593.3 

'X/cjl/(j2 3 385 
3 C ) / ( j  1 /08 3 648,s a j o /  (j 1 ,I 1 2 3 121; 

TOTAL DUCKS 
Date No. o f  Counts 'Mean 
8'3/1i)/16 3 174'38 
89,' 10/20 I 18085 m/ 1(j/27 3 28312 

89/ 1.-/.7,:t 
a i  &L 

89/ 1 1 /C)6 3 25938 
89/11/11 3 37052 
89/11/13 3 22383 
8'3," 11 / 17 3 22219 
89/11/21 3 26473 
89/ 1 1 /24 3 24467 
8'3 / ,12 / 04 1 30562 
89/ 12/08 4 41051 
8W 1 21 1 5 3 39871 

.3 24866 8 3 /  12/22 
9tj/ cj 1 (32 3 23576 
*30 / (3 i / (18 3 23394 
30 / o 1 i 2 3 26848 

Std. Dev 
3434 

4276 
7987 
6439 
7655 
286 1 
635.2 
6214 

2239 

3409 
4318 

1758 
2054 
1499 

Std.  Dev 
264.6 

3 6 9  
2534 
726.1 
'385.5 
447.0 

7G9.4 
ai). 35 
724.6 
211.Ij 
436.5 
280.4 

Std. Dev 3427 

36i5 
7'335 
7255 
583 1 
3355 
1136 
538 1 

1536 

Minimum 
14034 
18085 
2 1523 
16423 33735 
13840 
18O75 

16640 
24347 

3(:)560 
36725 
35300 
20735 
21 167 
2 156O 
24101 

Minimum 
0 
(2 

355 
889 

1150 
1396 



SNOW GEESE 
Date No. o f  Counts 
89/10/16 3 
89/ 10/20 1 
09/ 10/27 3 
89/ 1 1  /06 3 

Mean Std.  Dev 
13420 

0 
0 

M i  n i mum 
0 
0 

Maximum 
7753 
0 

23259 
0 

0 
0 

89/11/11 
89/11/13 

0 
0 

09/11/17 - 3  
89/11/21 3 

(-1 

cj 
0 
(1 
0 
0 
0 
0 
0 

6 
891 1 1 /24 
89/ 12/04 

3 
1 

89/ 12/08 
891 12/15 

4 
3 

89/ 12/22 3 
90/01/02 3 
90/ 0 1 /08 3 
30/0 1 / 12 3 

TOTAL GEESE 
Date No. o f  Counts 
89/ 1 0 / 1 6 3 
89/ 1W20 
89/ 10/27 

1 
3 
3 
3 
3 
3 
3 
3 
1 
4 

0 
0 
0 
(1 

3 '  
3 
3 
3 

30 
3.333 

26.46 
5.774 

90 / 0 1 / 1 2 3 0 

SWANS 
Date No. o f  Counts 
89/ 16 3 
83/ 1(j/20 1 
89/10/27 3 
891 1 1 /06 3 

Mean 
0 
0 

Std.  Dev 
0 

Minimum 
6 
0 

11.67 
0 

1 0 
0 

83 /1  1/11 
89/11/13 
89/11/17 
8'3/11/21 
891 1 1 /24 
89i 12/04 
i39/ 12/08 
89/ 12/ 15 

3 
3 
3 
3 

21.67 
3.333 
12.33 
(1 
.3333 
0 

2.087 
2.887 

3 
1 
4 
3 

0 
0 

0 
0 

3 
3 

.5774 
0 

3 
3 



WATERFOWL 
Date No. of  Counts Mean 
89/ lo/ 16 3 17498 
89/ 10/20 1 18085 
89/ 1O/27 3 28324 
89/ 1 1 /06 3 25938 
89/11/11 3 37073 
89/ 11/ 13 3 22387 
89/11/17 3 22231 a w  1 1 / 2 i 3 25473 
as/  i i /24 3 24467 
89/ 12/04 1 30562 
a w  12/08 4 41051 
89/ 12/ 15 3 39871 
8'3/ 12/22 3 24866 
'30/01/02 3 23606 
90 o 1 / 08 3 23398 
'30/01/ 12 3 26848 

SHOREBIRDS 
Date No. o f  Counts Mean 
89/ 101 16 3 200 
89/ 1 c T / g  1 2000 
89/ 10/27 3 14155 
8'3/ 1 1 /06 3 333.3 
8'3/ 1 1 / 1 1 3 5667 
i3'3/11/13 3 :2(j(j(j 
89 / l l i 17  2 5tj(j 
69/11/21 3 32(j8 
139/ 1 1 /24 3 8380 
as/ 12/04 1 5200 as/ i2/oa 4 19734 
a w  1 21 1 5 3 iwa7 

3 13837 
X)/(j1/02 3 2367 
9(j/(:)1 /08 3 818.3 
90/0 1 / 12 3 391'7 

GULLS 
Date No. o f  Counts Mean 
89/10/16 3 1914 as/  io/m 1 520 
89/ 1C)/27 3 1562 
8.w i 1 i(x 3 ;€.67 
89/ 1 1 / 1 1 3 274 
89/ 11 / 13 3 135.7 
E" 11 / 17 3 2440 
89/11/21 3 219(j 
89/11/24 3 51 as/ 12/04 1 1830 

89 / 1 '7 1' .:# .7 
L LL 

1 

aw 12/08 4 528 

9(j/(j1 /02 3 3402 
90/01/08 3 606.3 
90 0 1 1 2 3 1863 

8'31' 12/ 1 5 3 , 4229 
@3/ 1 L .- /.:a.:t i L  3 2648 

Std. Dev 
3427 

Mini mum 
14534 
18085 
24 172 
17251 * 

32005 
16745 

25 162 
17676 

38630 
35380 
22 137 
2 1398 
21915 
2545 1 

1 a372 

30562 

Maximum 

. 
3635 
7935 
7254 
5828 

30935 
32804 

3348 
1136 

2436 1 
27 168 

5882 27905 

43448 
44 103 

30562 
1'379 
4367 
2900 
1912 

279 12 

25568 
28493 

24745 
1921 
1536 

Std. Dev 
,"?E,* .: 

12480 
577.4 
8630 
6083 
866. 0 
2 tj6 (j 
5796 

1675 
5015 

5550 
15075 

52(j0 
1 035 16i64 

'3466 
6663 

2983 7250 

Std. Dev 
695.3 

Minimum Maxi mum 
14'39 
520 2717 

520 
86.23 
57.84 

1463 22 
317 
2 (j 3 

1332 
1123 

1428 
1333 

3943 
346 1 
63 
1830 
i308 
4947 

11.14 41 
1830 
115 
3806 

*'-I 33.72 
353 



DIVERS (loons, rebes cormorants) 
Date No. o 4 Counts Mean 
89/ 1 0/ 16 
89/ 10/20 
89/ 10/27 
89/11/06 
89/ 1 1 / 11 
89/11/13 
89/ 11/17 
89/ 11/21 
03/ 1 1 i24 
09/ 12\04 
89/ 12/08 
89/12/15 
89/ 12/22 
90/ 0 1 /02 
30/ 0 1 /08 
90/01/ 12 

TOTAL BIRDS w i t  huut 

3 ,3333 
1 0  
3 0  
3 1.333 
3 .6667 
3 0 
3 19.67 
3 .3333 
3 2  
1 6  
4 33 
3 15.67 
3 63.67 
3 9.333 
3 13 
3 4  

SHOREB I RDS 
Date 
891' 101 16 
89/ 10120 
89/ 10/27 
89/ 1 1 /06 
89/ 1 1 / 1 1 
8'3;11/13 
83i11/17 
85/11/21 
8'3/ 1 1 /24 
89/ 12/04 
89/ 12/08 
89/ 12/ 15 
89/ 12/22 

* 90/0 1 /(I2 
go/ i) 1 / 08 
9o/oi/12 

No. of  Counts 
3 
1 
3 
3 
3 
3 
3 
3 
3 
1 
4 
3 
3 
3 
3 
3 

TOTAL BIRDS 
Date No. crf Counts 
89 1 (3 i 6 3 
891 10120 1 
89/ 10127 3 
89/ 1 1 /(I6 3 
89/ 1 1/11 3 
89/ 1 I / 1 3 3 
89i  1 1 i 17 3 
89/11/21 3 
89/ 1 1 /24 3 
89/ 12/04 1 
89/ 12/08 4 
89/ 12/ 15 3 
89/ 12/22 
90/01 /[ jz 
XI / 0 i / 08 
90/ 0 1 / 1 2 

! 
3 
3 

Mean 
19588 
18605 
29904 
26007 
37684 
22582 
24692 
28669 
24520 
3240ij 
41616 
441 18 
2758 1 
270 19 
240 17 
28716 

Mean 
19788 
20605 
44060 
26340 
43018 
34582 
25 1-32 
3 1878 
32'300 
37600 
6 1350 
63905 
41417 29386 
24836 
32633 

Std. Dev 
.5774 

0 
1.528 
1.155 
0 
7.572 
.5774 
2.646 

5.888 
17.79 
70.69 
1.155 
12.77 
1.732 

. 

Std. Dev 
3593 

3720 
7879 
6992 
5830 
208 1 
183.6 
5888 

2 1 {)5 
3877 
2717 
2214 
2037 
1593 

Std. Dev 
3305 

12680 
832 1 
15846 
2302 
2483 
1998 
'31,28 

16473 
12874 
7885 
355 1 
2670 
2438 

Minimum 
0 
0 
0 
0 
0 
0 
11 
0 
0 
6 
27 
0 
17 
0 

$ 

Minimum 
16078 
18605 
25657 
17383 32327 
16945 .-,.7'?+6 

17722 
32400 
39050 
413327 
2484 1 
24620 
22468 

&&..I 

28512 

27547 

M i  n i  mum 
16678 
2&3:,5 
3 1772 
17383 
33127 32945 

3i1546 
32797 
3 7 ( 3  $ 

425 18 
49187 
34 126 2723:) 

22346 

22468 
30547 



Dai ly  mean numbers o f  b i r d s  recorded at 
censuses .  

I s land during 1.%9/90 aerial 

DABBLERS 
Date 
89 / 1 (1 / 1 6 
89/ 10/20 
89/ 10/27 
89/ 1 1 / 0 6  
a9/ 1 l / i  1 
89/11/13 
85/11/17 
83/11/22 
89/ 1.1 /24 
8'3/ 12/04 
89/ 12/08 
89/12/15 
8'3/ 12/22 

9U/O1/08 
'30/01/ 12 

'3y0 1 /02 

No. o f  Counts 
1 
1 
1 
1 
1 

1 
1 
2 
1 
2 
2 

89/ 1 i i  i 7  
85/11/21 
89/ 1 1 /24 as/  12/04 
89/ 12/!j8 
891 12/ 15 

u i  Counts 
1 
1 
1 
1 
1 
1 

2 

1 

2 
1 
1 
1 

2 

1 

.-, 
L 

3 L 

TOTAL DUCKS 

89/11/21 
89/ 1 1/24 
39/ 12/04 
a'3/ 12/(:)8 

i A 

1 
1 
1 
1 
1 

1 
.- 

'7' 
L 

. I  
- 
L 

1 

1 
2 

i 
- 

Mean 
1535 

8Y0 
4 0 0 
1280 
645 
1093 
951.5 
545 
365 
1388 
985 
57 1 
432 290 
964 

24 75 

Mean 
2(j(:, 
11 + 
0 
2(j(j 
3t:)cj 

(:I 

(:) 

20c1 
155.5 
4 
0 1 3 

37.5 
62.5 

L 

Mean 
1735 
2175 
894 
4(j(j 
1430 
'345 
1 (j93 
'351.5 
545 
565 
1543 
38'3 
57 1 
444 
327.5 
1027 

Std.  Dev. 

1o3.9 

91.92 
53.03 

91: 92 
263 

Std.  Dev. 

(1 

282.8 
218.5 

53. 03 
88.3'3 

Std.  Rev. 

103. 9 

230. '3 ' 

271.5 

14i  
351.4 



SNOW GEESE 
Date No. of Counts Mean 

300 
500 

Std. 

0 

Dev. Minimum 
300 
5r)o 

M a x i  mum 
891 101 16 
891 10/20 

3 
1 

300 
500 
1600 
3000 
1000 
250 
3 
(j 
(:I 
<I 

cj 
30 

v 
0 
0 

(2 

1600 
3000 

1600 
3000 
1000 
250 

1000 250 
3 
cj 
0 
0 
0 
30 

3 
0 
(j 
0 
0 
30 

1 
'7' - 0 

0 .- L' 
1 
1 
1 

0 
(1 

0 
0 

0 
0 

90/0 1 / 08 
90/ 0 1 / 1 2 

2 
2 

0 
0 

0 
0 

TOTAL GEESE 
Std. Dev. Mini mum 

300 
Date No. o f  Counts 
891 W 1 6  1 

Mean 
300 
500 
1600 
3000 
1000 
250 

(j 
0 
0 
0 
30 
0 
75 
56.5 
75 

3 
c) 

Maximum 
300 
500 
1600 

500 
1600 

1 
1 

1 
2 
2 
1 
1 

.-, 
L 

.- 

2?(j 
'7 J 

8.31 11/21 
as/ 1 1 i 2 4  
i39/ 12/04 
8 3 i  12/08 
891 12/ 15 

12/22 

C j  
i:i 

(j 
i j  

3 0 
(1 

30 
0 

1 2 75 
3a 

75 
75 
1 !3j '30/ 0 1 / 1 2 2 

No. o f  Counts 
1 
1 
1 
1 
1 
1 
1 
2 
I 
2 

.- 

Std. 

0 
(1 891 12/08 

89/ 12/ 15 
89/ 12/22 

(j 1 / 02 
0 
0 

(1 
0 



WATERFOWL 
Date 
89/ 1 0 / 1 6 
89/ 10/20 
89/ 1O/27 
89/ 1 1 /06 
89/ 1 1 / 1 1 
89/11/13 
8'3/ 1 1 / 1 7 
89/ 1 1./21 
as/ 1 1 /24 
89i  12/04 
89/ 12/08 
89/ 12/ 15 
89/ ! 2 / 2 2  
90/u 1 /02 

No. of  Counts 
1 
1 
1 
1 
1 

1 
2 

1, 

.-I 
L 
1 
1 
1 
2 
2 

1 
1 
1 
1 
1 2 

1 
1 
2 
L 

Mean 
2035 
2675 
2494 
3400 
2480 
1195 
1096 
'351.5 
545 
565 
1543 
1019 
57 1 
529 
384 
1102 

flean 
5u 
(3 
0 ,  
0 
1 O(:)ij 
(j 
1 (j (j 
(j 
(j 
(j 
0 
(:I 
0 

0 
500 

Mean 
(3 
5 
42 
7 
1:) 
1 (3 
4 
1.5 
4 
39.5 
.5 
1:) 

122 
4 . 5  
54 

7: 
L 

Std. Dev. 

103. 9 

1 8 3  

271.5 

171.1 
457.5 

Std. Dev. 

H i  n i  mum 
2035 
2675 
2494 
3400 

11'35 
1(?36 
878 
545 
430 
1351 
1019 
57 1 
519 

778 

2480 

263 

Minimum 
5 (I 

(1) 

iJ 
0 

(1 
707. 1 

Std. Dev. 

31 



DIVERS ( loons ,  redes  cormorants) 
Date NO. 09 counts  Mean Std.  Dev. 
89/10/16 
891 10120 
89/ W2.7 
89/ 1 1 /06 
89/11/11 
89/ 1 1 / 13 
8911 1/17 
89/11/21 

R 9 /  12/04 

89/ 12/ 15 

9O/O1/02 
30/01/08 
90/ 0 1 / 1 2 

8 W  1 1 /24 

a w  12/08 
a w  12/22 

1 
1 
1 
1 
1 
1 
1 2 
1 
2 
2 
1 
1 
1 
2 
2 

TOTAL BIRDS 
Date No. o f  Counts 
891 10/ 16 1 
891 10120 1 
89/ iW27 1 

1 89/ 1 1 /06 
89/ 1 1 / 1 1 
as/ 1 1 / 13 1 
" 3 1  1/17 1 
89/11/21 
89/ 11/24 1 

2 
2 89 i  12/04 

89/ 12/08 
89/ 1 2 i  15 1 
89/ 12/22 1 
30/0 1 /02 1 
9o/(:, 1 /(I8 2 
9C1/ 0 1 / 1 2 2 

7 

c 

0 
0 
(3 
0 
(1 
3 
i:) 
0 
0 
0 
4 
0 '  

5 
h5 

Mean 
2086 
2680 
2536 
3407 
13480 
1208 
120(j 

54Y 
606.5 
1548 
1019 
575 
649 
38'3 
1658 

353 

(3 

0 
2.828 

.7071. 
0 

Std. Dev. 

1oc.i 

177.5 
268 

172.5 
253.1 

Minimum 
0 
0 
0 
0 
0 
3 
0 
0 
(1 
0 
2 
(3 
2 
7 
(1 
0 

Minimum 
2086 
2680 
2536 
3407 
3480 
i2t:)e 

878 
1 2 [j(j 

549 
48 1 
1358 
1019 
575 
64'3 
267 
1479 



Daily mean numbers o f  b i r d s  recorded at Fraser R. middle arm mouth during 
1989/90 a e r i a l  c e n s u s e s .  

DABBLERS 
Date 
89/ 10/ 16 
89/ 10/20 
89/ lW27 
89/ 1 1 /(I6 
89/ 1 1 / 1 1 
8'3/11/i3 
83/11/17 
89/ 1 1 i 2  1 
89/ 11/24 
89/ 12/04 
89/ 12/08 

No. o f  Counts 
1 

Mean 
300 
0 
150 

Std .  Dev. Mi n i  mum 
300 

Maxi mum 
300 

0 
150 

1 
1 

1 
1 

(3 
150 

(1 
150 

1 
1 

0 
0 
0 
0 

89/ 12/ 15 
89/ 12/22 
90/0 1 / 0 2  
90/0 1 / 12 

1 
1 

350 
0 70: 71 

DIVING DUCKS 
Date No. o f  
89/ 1 ( I /  1 6 
89/ 10/2(j 
89/ 10/27 

Std .  Cclun t s 
1 
1 
1 

89/ 11 /06 
89/ 1 1 /11 

1 
1 
1 
1 
1 
1 

0 
0 

(1 
(j 

1 
1 
1 
A .- (1 

0 0 

TOTAL DUCKS 
Date No. 
8 W  10/16 
89/ 10/2(1 
89/1C)/27 
89/ 1 1  /06 a s  / 1 1 / 1 1 
as/ I 1 / 1 3 
89/11/17 
89/11/21 
89/ 1 i /24 
89/ 12/04 
89/ 12/08 

I:I f Counts 
1 
1 
1 

Mean 
300 

Std.  Dev. 

70: 7 1 

Mini mum 
3(jO 

(j 
150 

1 
1 
1 

- 1  
(1 
150 

1 
1 

0 
150 

1 
.-8 
1 



SNOW GEESE 
Date No. o f  Counts 
09/10/16 1 
891 10120 1 
09/ W 2 7  1 
89/ 1 1 /06 1 

Std. Dev. Mini mum 
0 
0 . 

* 

0 

30 
0 

89/11/11 
89/ 111 13 
89/11/17 
89/11/21 

1 
1 

89/ 12/08 
89/ 12/ 15 

0 
0 

0 
0 

89/ 12/22 
w/01/02 

0 
0 
0 

0 
0 
0 90/01/ 12 2 

TOTAL GEESE 
Date No. o f  Counts Mean 

0 
0 

Std. Dev. M i  n i  mum 
0 
0 

Maxi mum 
0 
(3 

09/ 10/ 16 
89/ 10/20 
89/ 10/27 
89/ 11 /06 

1 
1 
1 
1 

30 
0 

30 
0 

30 
0 

89/ 11/ 11 1 
89/ 1 1 / 13 1 
8'3/ 1 1 / 1 7 
89 / 1 1 / 2 1 

1 
1 

03/ 1 1 /24 
89i 12/04 

1 
1 

89/ 12/08 
83/ 12/ 15 
89/ 12/22 
3 0 / 0  1 /02 

0 
0 
0 0 90/01/ 12 2 

SWANS 
Date 
89/ W 1 6  
89/ 10/20 
89/ 10/27 
89/ 1 1/06 
8'31 1 1 / 1 1 
83/ 1 1 / 13 
89/11/17 
89/i1/21 

Nu. o f  Counts 
1 
1 
1 
1 
1 
1 
1 
1 

Mean 
0 
0 
0 
(3 
0 
0 
0 
0 

Std.  Dev. Minimum 
0 
0 
0 
0 
0 
0 
0 
(j 

* 89/11/24 
89/ 12/04 
891 12/08 

89/ 12/22 
90/v 1 /02 

891 12/i5 

(j 
0 
0 
0 

0 
0 

0 
0 

(1 * 
0 
(3 

(j 
0 

0 90 /0  1 / 12 2 

34 , 



WATERFOWL 
Date No. o f  Counts 
89/ 1 0/ 16 1 
89/ 10/20 1 
89/ 10/27 1 
891 11 /06 1 
89/ 11/11 1 
89/11/13 1 
89/11/17 1 
89/11/21 1 
89/ 1 1 /24 1 
84/ 12/04 1 
89/ 12/08 1 
89/ 12/ 15 1 
89/ 12/22 1 
90 / 0 1 /02 1 
90/0 1 / 12 2 

SHOREBIRDS 
Date No. o f  Counts 
89/ 1 0/ 16 1 
89/ 10/20 1 
8'3/ 10/27 1 
89/ 1 1 /06 1 
83/  1 1 / 1 1 1 
59/ 1 1 / 1 3 1 
8'3/ 11 / 17 1 
$ 3 / 1 l i 2 1  1 
8'3/ 1 1 /24 1 
89/ 12/04 1 
83/12/08 1 
89 / 1 2 / 1 5 . 1  
89/ 12/22 1 
'3(j/(j 1 /(j2 1 
9(j/O1/12 2 

GULLS 
Date No. o f  Counts 
83i 1 0 /  1 6 1 
89/ i(:)/Z(j 1 
8*3/ 10/27 1 
83/ 1 1 /06 1 
891'1 1 111 1 
89/11/13 1 
89/11/17 1 
89/11/21 1 
8'3/ 11/24 1 
89/ 12/04 1 
89/ 12/08 1 
89/ 12/ 15 1 
89/ 12/22 1 
90/0 1 /02 I 
'3(:)/(:,i/12 2 

Mean 
300 
0 
180 
0 
0 
0 
0 
0 
150 
t j  
0 
0 
0 
350 
50 

Mean 
0 
0 
300 
(3 

Mean 

.5 

Std. Dev. 

70.71 

Std. Dev. 

Std.  Dev. 

.- 

. 707 I 

Mini mum 
300 
0 
180 
0 

0 
350 
0 

Minimum 
0 
0 

Maximum 
300 

180 
(5 

0 
0 

0 

Max i mum 
3 
u 



DIVERS ( loons .  arebes.  cormorants) 
Date No. ' 07 Counts 

891 10127 
891 1 1 /06 
891 1 1 / 1 1 
89/11/13 
89/11/17 
89/1 1/21 

891 12/04 
89/ 12/08 
89/ 12/15 
89/ 12/22 
90/01 /[I2 

a w i  1/24 

30/0 1 / 12 

TOTAL BIRDS 
Date No. of  
89/ 1 0/ 1 6 
89/ 10/20 
89/ 10/27 
89/ 1 1 /06 
89/ 1 1 / 1 1 
89/11/13 
89/ 1 1 / 1 7 
89/11/21 
891 11/24 

89/ 12/08 
8'31 1 2/ 1 5 
89/ 12/22 
*3j/(j1/02 
90/01/ 12 

891 12/04 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

Counts 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

Mean 
0 
0 
0 
0 
0 
0 
(1 
0 
1 
0 
0 
0 
0 
1 
0 

Mean 
303 
0 
480 
0 
0 
(3 
0 
(1 
151 
0 
0 
0 
0 
35 1 
50.5 

Std. Dev. . 

0 

Std. Dev. 

71 42 

H i  n i  mum 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 

Minimum 
303 
0 

0 
0 
0 
0 
(j 
15i 
(j 

0 
0 
0 
35 1 
0 

4ao 



Dai ly  mean numbers of b i r d s  recorded at Lulu Island during 1989/90 a e r i a l  
censuses .  

DABBLERS 
Date No. o f  Counts 
89 / 1 0 / 1 6 1 

Mean 
1770 

Std. Dev Mini mum 
1770 
5800 
7675 
3 130 

53CI 
4'34 
985 
2745 
20 
1515 
618 
635 
815 
875 
230 

afs(:) 

Maxi mum 
1770 
5800 
11160 
5380 
8€CI 

89/ 10/20 

89/ 1 1 /06 
89/ 10/27 

8 9 i l  l i l 1  

1 
3 

5800 
8980 
4255 
86U 

1591 

106.1 

205.1 

91.92 
841.5 
495.7 

439.7 
382.6 
285.5 

8'3/ 1 1 / 1's 

89/11/21 
89/ 11 /24 

W i  1 I /  17 
E50 1 
499 
1 130 
2745 

1275 
2745 

89/ 12/04 
89/ 12/08 
89/ 12/ 15 
s9/ 12/22 

2 
2 

85 
21 10 
1019 
635 

150 
2705 
1573 
635 

3 
1 
cI 1169 

1137 
1661 
1576 
742 90/ 0 1 / 1 2 3 559 

D I V I NG DUCES 
Date No. o f  Counts 
89/ 1 O/ 16 1 
89/ 10/2ij 1 
as3/ 1 <j/27 j :  83/ 1 1 /cj6 2 

1 8 1 3 / l l / i i  
e3/ 1 1 / 13 

89/11/21 2 
a w  i i /24 1 
89/ 12/04 

- 

3 
bl 

B*3/ 11 i i  7 1 

Std.  Dev 

(;) 

5. $74 

0 

Minimum Maxi mum 

(:I 
i j  

279.3 

45.25 
75 32 

- 2 
3 
1 
3 

70 
1 i) 

42.43 
17.32 

50 279 50 
485 

9 
ii 

3 
1.333 
183.3 

4 
275 

Date No. o f  Counts 
89 / 1 (:I/ 1 6 1 

Std.  Dev . .  
1 '3 (1 (:I 
15'3 1 

111.03 

484.4 

Maxi mum 
183:) 

1 
3 
Ll 

3 
1 

89/11/21 
89/ 1 1 /24 

.- 
1 
.- 2 
2 
3 
1 

431.3 

631.4 
381.6 
216.8 

1573 
685 

3 
3 

2146 
1576 
'330 

37 



SNOW GEESE 
Date No. of Counts 
89/ 101 16 1 
89/ 10/20 1 
a91 10127 3 
89/ 11/06 2 

Std. Dev M i  n i  mum 
300 
1650 

Maximum 
300 
1650 
3370 
1540 

Mean 
300 
1650 
2562 
1320 
1178 
2067 
2700 
2150 
2!33(3 
350u 
4763 
2380 
2050 
717.7 
350 
0 

858. '3 
311.1 

929.2 

1 6 k  

70:. 1 
4472 
'398.5 

1660 
1100 
1178 
1000 
2700 
1000 
283:) 
3(:)00 
1600 
1583 
2050 
503 
0 
0 

1178 
2700 

89/ 1 1 / 1 1 
89/11/13 

1 
3 
1 
A .- 89/ 11/ 17 

83/11/21 
89/ 11/24 
89/ 12/04 

1 
L _- 

89/ 12/08 
89/ 12/15 

2 
3 

89/ 12/22 
90/01/02 
90/01/08 
90/(11/ 12 

1 
3 331.9 

350 
0 

3 
3 

TOTAL GEESE 
M i  n i  mum 
300 
i 650 
1660 
1 100 
1178 

Maxi mum 
300 
165O 
3370 
1540 
1178 

Date 
89/ 1 0/ 1 6 
89/ 10120 
89/ 10/27 

No. of Counts 
1 

Mean 
300 
1650 
2562 
1320 
1178 
2067 
27(j(j 
21 50 
3333 
3500 
4763 
2380 
2050 
717.7 
350 
0 

Std. Dev 

856.9 
311.1 

92.3.2 

1626 

707.1 
4472 
998.5 

1 
3 . '  

2 Sb/l1/06 
8'3 / 1 1 / 1 1 
89/11/13 

89/11/21 89/ 11/24 
89/ 12/04 
89/ 12/08 

a w  1 1 / 17 

1 

5 
1 .- 
1 
2 
3 
L 

85/ 12/ 15 
89/ 12/22 

3 
1 
3 
3 

334. '3 
35u 

90/ 0 1 / 1 2 3 0 0 

SWANS 
Date 
89 / 1 0 / 1 6 
89/ 1o/20 
89/ 10/27 
89/ 1 1 /06 
82/11/11 
89/ 1 1 / 13 
89/ 11/17 
89/11/21 
89/ 1 1/24 
89/ 12/04 
891 12/08 
89/12/15 

30/0 1 /(I2 
9(j/01/08 
*30/01/12 

89/ 12/22 

No. o f  Counts 
1 
1 

Mean 
(2 
0 
4 
5 

Std .  Dev 

3.464 
0 

3 
2 

5 
22 
4 
10 14; 14 
35 
34.5 
16.5 
19.67 

3.536 
12.02 
34.06 

5 
16 4. s83 

68.79 
26.58 

96 
39. 67 

38 



WATERFOWL 
Date No. o f  Counts Mean 
89/ 10/ 16 1 2120 
89/ 10/20 1 7450 
39/ 10/27 3 11546 
891 1 1 /06 2 5580 
89/11/11 1 22yJ 
891 1 1 / 13 3 26'33 

1 3603 2 3493 89/ 11/17 
89/11/21 
89/ 1 1 /24 1 5685 

89/ 12/08 2 6959 
89/ 12/ 15 3 3428 
89/ 12/22 1 2740 
:3o/o 1 /02 3 2181 
90 / o 1 08 3 1584 
90 / 0 1 i 1 2 3 782 

SHOREBIRDS 
Date No. o f  Counts Mean 
89 / 1 0 / 1 6 1 0  
89/10/20 1 0  
89/ 10/27 3 3.333 

8 W l i i i I  1 (1 
:- .-: ,-: >(i : I .: 1 .z 
89/ 1 1 / 17 1 0  
E9/ 1 1 / 2 1 2 (1) 
a w  i 1/24 1 
aw 12/04 2 (j 
89/ 12/08 2 0 
89/ 12/ 15 3 

89/ 12/22 1 0  
90/01/fj2 3 (3 
9(j/o 1 /08 3 0  
'30/(31/ 12 3 0 

GULLS 
Date Nu. o f  Counts Mean 
1391 1 o/ 1 6 1 2  
89/ 10/20 1 . 8  

3 371.7 
..) 2.5 

89/ 10/27 as/  1 1 /06 & 

89/11/11 1 0 
a9/11/13 3 26-33 
83/11/17 1 11 
89/11/21 2 77 
89/ 1 1 /24 1 2  
89/ 12/04 2 111.5 
89/ 12/08 2 112 
89/12/15 3 16.33 
8*3/12/22 1 107 
90/01 / ( j 2  3 21(jm3 
90ilj1/08 3 22.33 
90/01/12 3 151 

a w  12/04 2 3652 

a w  1 1 / o ~ ,  2 (j 

3 f j  

CI 

Std. Dev Mini mum 
2120 
7450 
1033 1 
4675 
2293 
1552 
3603 

5685 3352 
q.y-*.-i dALa 
220 1 
2740 
1432 
1358 
514 

26.35 

Maximum 
21 20 
7450 

1249 
1280 

1067 

1128 

847. 9 
5284 
1140 

10695 
4454 
2740 
2717 
1750 
984 

66k. 6 
202.9 
241.9 

Std. Dev Maxi mum 
(2 

5.774 
0 

_. 

Std.  Dev Mini m u m  

635.1 
3.536 

23-59 

73: 54 

(j 
4 

24: 75 
141.4 
23.12 

54.24 
27.79 
149.5 



DIVERS (loons, rebes cormorants) 
Dit e NO. 09 Counts wean Std. Dev 
89/ 10/ 16 
89/ f0/20 
89/ 10/27 
891 1 1/06 
89/11/11 

89/ 11/ 17 
89/11/21 
89/ 1 1 /24 
891 12/04 
89/ 12/08 
89/12/15 
89/ 12/22 
90/01/02 
90/0 1 /08 
90/0 1 / 1 2 

a w  i i 13 

1 
1 
3 
2 
1 
3 
1 

1 2 

.-I 
L 

2 
1 
3 
3 
3 

TOTAL BIRDS 
Date No. of  Counts 
89/ 10/ 16 1 

90/ 0 1 / 12 

1 
3 
2 
1 
3 
1 
a i  

1 

2 
3 
1 

.- 

.7 
L 

: 
3 

0 
0 
.3333 
O 
2 
3 
0 
.5  
(1 
2.5 

3. 
0 
2.667 
.3333 
.6667 

Mean 
2122 
7458 
1 1922 
5583 
2295 
2723 
3615 
3570 
5737 
3766 
7079 
3445 
2848 
2396 
1607 
933.7 

. 
.5774 
0 

3 

.7b71 

3.536 
4.950 
0 

2.517 
.5774 
1.155 

Std. Dev 

18i2 
1283 

1054 

869 
5430 
1159 

668.1 
174.7 
115.2 

Minimum 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 

Mini mum 
2122 
7458 
10346 
4675 
2295 
1562 
3615 
2825 
5737 
3151 
3239 
2203 

1635 
1413 

2848 

a39 

Maximum 
0 
0 
l 
0 
2 
€I 

(j 
1. 
(3 
5 
11 
(3 
0 
5 
1 
2 -  

I Maximum 2122 
7458 . 
13932 
6490 
2295 
347'3 
3615 
4315 
5737 
4330 

4497 
2848 

1752 
1062 

io418 

2886 



Daily mean numbers of  birds recorded a t  Westham Island during 1389/90 aer ia l  
censuses. 

DABBLERS . Date No. o f  Counts 
89/ 1 0/ 16 3 
89/ 10/20 3 
89/ 10/27 3 

3 a w  1 I /  1 I 
a w  i i i 13 3 
89/ 11 / 17 3 
a w  i i /2i 3 
891 1 1 /24 3 
aw i 2/04 2 as/ 12/08 2 
89/ 12/ 15 3 
89/ 12/22 3 
90 / 0 1 / 02 3 
90/01/08 3 
90/0 1 / 12 2 

Il 

CI 
a w  1 i / 0 6  

3 

TOTAL DUCKS 
Date No. o f  Counts 
39/ 1 (I/ 1 6 3 

3 3 

83/ 12/04 
89/ 12/08 

Mean 
1489 
565.3 
4098 
616.7 
2 74 
571.7 
9083 
2473 
1604 
565 
3340 
2067 
530 
3435 
1257 
526 

Mean 
3.333 
.6667 
(j 
66.67 
60 
.6667 
27 
6.667 
218.3 25 
25 
0 
4.333 
118.3 
258.3 
13 

Mean 
1493 
566 
4098 

572.3 
936 
2480 
1823 

2 5'33 

3 2067 
3 594.3 

2 3365 

3553 
1525 
53'3 

Std. Dev. 
705.4 
229 

125.8 
167.3 
454. '3 
44.31 
733.3 
255.3 
473.8 
579.8 
611.0 
130.8 
872.4 
1047 
246.1 

1 585 

Std. Dev. 
5.774 
1. I55 
(1 
115.5 

i 3 5  
5'7 36 

16.64 
11.55 
378.2 
35.36 
35.36 
0 
5.859 
200.6 
231.3 la. 33 

Std. Dev. 
710, a 
227.83 
1585. 
23c. 3 
174.3 
453.9 
42.58 
723.5 
501.5 
509. 1 
615.2 
611.0 
132.3 
1004 

227.7 
827.2 

Minimum 
864 

2432 
50 
352 

15 
!j 

55 
0 

41 



SNOU GEESE 
Date No. of  Counts Mean 
89/ 10/ 16 3 2182 
89/ 10/20 3 1837 
89/ m/27 
891 1 1 /06 
89/ 1 1 / 1 1 
89/ 1 1 / 13 
89/ 1 1 / 1 7 
89/ 1 1 /21 
89/11/24 
89/ 12/04 
89/ 12/08 
89/ 12/ 15 
89/ 12/22 
30/01/02 
90/01/08 
30/01/12 

3 
3 
3 
3 

3 
2 

TOTAL GEESE 
Date 
89/ 10/16 
89/ 10/20 
89/ 10/27 
891 1 1 /06 
89/ 1 1/11 
89/11/13 
83/11/17 
aij/i1/2i 
B'3/ 1 1 /24 
as/ 12/04 
89/ 12/08 
89/ 12/ 15 
83/ 12/22 
30101/02 
90/01/08 
'30/ (1 1 / 1 2 

SWANS 
Date 
89/ 10/ 16 
89/ i(j/2o 
as/ 10/27 
89/ 1 1 /OG 
89/ 1 I /  1 1 
83/ 1 1 / 13 
83/ 11/ 17 
89/ 1 1 / 2 1 
89/ 1 1 /24 
8'3/ 12/04 
89/ 12/08 
89/ 12/ 15 
83/ 12/22 
9o/oi/u2 
'30 / 0 1 / 08 
90/0 1 / 12 

No. of  Counts 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 2 
3 
3 
3 
3 
2 

No. o f  Counts 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
3 
3 
3 
3 
2 .- 

8907 
166.7 
1300 
2033 
2335 
3317 

2300 
4000 
2833 
4217 
2348 
0 
0 

2030 

Mean 
2182 
1837 
8907 
166.7 
13(](j 
2r:j33 
2335 
3317 
203% 
2300 
4000 
2833 
4217 
2348 
0 
0 

Mean 
0 
0 

c) 

4.667 
.12.67 
70.67 
7.667 
24 
18 
5.5 
18 
56 
54 
121 
11 

1.333 

Std. Dev. 
55i.4 
574.5 
2104 
208.2 
173.2 
1050 
2084 
90 1 . 9 
466.5 
424.3 
707. 1 
1041 
1103 
548.8 
0 
0 

Std. Dev. 
551.4 
574.5 
2104 
208. 2 
173.2 
105ct 
2tja4 
130 1 .3 
466.5 
424.3 
707. I 
lo41 
1 io3 
548.8 
(1 
0 

Std. Dev. 
0 
0 
1.155 
0 
1.155 
.5774 
9. 074 
.5774 
6.245 
7.071 
,7071 2 
18. 1'3 
18.36 

1.414 
107.4 

Minimum 
1545 
1 500 
6817 
0 
1200 
1000 
0 
2450 
1730 
2(jO0 
3500 
2000 
3000 
1810 
0 
0 

Minimum 
1545 
1500 
6817 
0 
12cjo 
1000. 
0 
245(:) 
1733 
2000 
35(jO 
2(j(j(j 
3000 
18 I(:) 
(1 
0 

Mini mum 
0 
0 
0 '  
(1 
4 
12 
64 
7 
1 '3 
13 
5 
16 
35 
33 
0 
1 0 



WATERFOWL 
Date No. of  Counts 
89/ 10/ 16 3 
89/ 10/20 3 
89/ 10/27 
89/ 11 /06 
89/11/11 3 
89/ 1 1 / 13 3 
89/ 1 1 / 17 3 
89/ 11/21 3 

3 89/ 1 1 /24 
89/ 12/04 L 
89/ 12/08 2 
891 12/ 15 3 
891 12/22 3 
'30 / 0 1 /(I2 3 

3 2 90 / 0 1 / 08 
. 9(:)/01/12 

: 

.- 

SHOREBIRDS 
Date No. o f  Counts 
89/ 10/ 16 3 
89/ lW20 
89/ 10/27 
89/ 1 1 /06 3 
89/ 1 1 / 1 1 3 

3 85/11/13 
89/11/17 bJ 

39/ 1 l i 2 1  LI as/  1 1 /24 3 
89/ 12/ 04 i 
89/ 12/08 2 
89/ 12/ 15 3 
8'3/ 12/22 3 
'3(1/ 0 1 /[I2 3 
90/11 1 /iM 3 
90/01/ 12 2 

GULLS 
Date Nu. o f  Counts 
as/ 1 0 / 1 6 3 
89/ l(j/20 3 
8 ' 3  1W27 3 
89/ 1 1 /06 3 
83/11/11 3 
85/11/13 3 
8'3/11/17 3 
8'3/11/21 3 
s9/ 1 1 /24 3 89/ 12/04 2 
Eg/12/[;8 1 
8Y/12/15 3 
89/ 12/22 3 
90/01 /tj2 3 
'3(j i (j 1 i tj8 3 
YO/(:, 1 / 12 L 

: 
7- 

3 

':I 

.- 

.- 

Mean Std. Dev. 
269.5 
643.1 
3686. 
217.9 
179.9 
1358 

Mini mum 
3364 
1833 
3419 
600 
1331 
1562 
1044 
4893 
3653 2243 
7306 
3420 
3696 
5372 
560 
390 

Maxi mum 
3e50 
3100 
16785 
1000 
1646 
4150 
4967 
6482 
4086 
3573 
7435 
6216 
5658 
6758 
2215 
710 

3674 
2403 
13006 
850 
1539 
2618 
3342 
5804 

2046 
819.9 
218.2 
'340.5 
91.22 
1409 
1035 
718.4 
932.7 
226.3 

737 1 
4918 
4867 
5956 
1636 
550 

Mean 
0 

Std. Dev. 
0 

Minimum 
0 

0 
133.3 

0 
57.74 

0 
100 

0 
0 

16.67 
(2 

28.87 
(2 

f j  
[j (1 

0 
61 

0 
0 

0 
0 
0 

0 
0 
0 

Mean Std. Dev. M i n i m u m  
109. 4 [:I 
6.807 (1 
43.39 18 
27.59 ;j 
2.082 0 
4.933 4 
260.8 15 
142.'3 t3 
50. 27 5 
140.7 114 
32.53 78 
179 2 
181.7 35 
58.65 120 
32-92 21 
186.7 74 

. i ' l ax imum 
192 
13 
1 04 52 
4 
13 
508 257 
94 
313 
124 
317 
367 224 
73 
338 

65.67 
7.667 

1.667 
7.333 

101 
208.7 
243.7 
156.3 
41 
206 

43 



DIVERS (loons, rebes cormorants) 
Date No. 07 Counks Mean Std. Dev. 
89/ 1 0/ 1 6 
89/ 10/20 
89/ 10/27 
89/11/06 
8’3,’ 1 1 / 1 1 
89/11/13 
89/11/17 ewi 1\21 
a9/ 1 1 /?4 
89/ 12/04 
89/ 12/08 
89/ 12/ 15 
89/ 12/22 
9(3/01/02 
90/01/08 
90/ 0 1 / 1 2 

3 0  
3 .3333 
3 1  
3 .3333 
3 1.667 
3 .3333 
3 4  
3 5  

3 
2 

TOTAL BIRDS 
Date No. of  Counts 
89/ 1 0/ 1 6 3 
89/ 10/20 
89/ 10/27 

3 
3 
3 
.-b 

89/ 1 1 /06 
891 1 1 / 1 1 3 

3 u 
3 

: 
2 
2 
3 
3 
3 
3 
L .- 

3.333 
0 
3.5 
0 
.3333 
1 
.6667 
2.5 

Mean 
3740 
241 1 
13206 
871.3 
1542 
2643 

5303 
3324 
3122 
7483 
5152 
51 12 
61 14 
1678 

35513 

75y 

0 
.5774 
1.732 
.5774 
1.528 
.5774 

grn 
2.082 
0 
.7071 
0 
.5774 
1 
1.155 
.7071 

Std. Dev. 
330.0 
642.3 
3643 
191.4 
181.4 
1385 
2181 
926.4 
174.5 
799.7 
68.59 
1610 
1217 
681.3 
‘348.4 
38.18 

Minimum 
0 
0 
0 
0 
11 
0 
2 
0 
1 
(1 
3 
0 
0 
0 
0 
2 

Mini mum 
3369 
1847 
9623 
653 
1333 
1566 
106 i 
4131 1 
375 1 
2556. 
7434 
3422 
373 1 

583 
732 

5598 

Maxi mum 
0 
1 
3 
1 
3 
1 
7 

5 
1 c j  

o 
3 
0 
1 
3 - 
: 
Maximum 
400 1 
31 10 
16907 
i o i ( j  
1654 
43-5 
5OSi 
6746 
4100 
3687 
753 1 
6608 6027 
68SG 2236 
786 

44 



Daily mean numbers of  birds  observed at Brunswick Point during :989/90 
aer i a1 censuses.  

DABBLERS 
Date No. o f  Counts Mean S t d .  Dev. Minimum Maxi mum 
89/ 10/ 16 3 2933 2405 1050 5750 
89/ 10/20 3 2655 803.8 1'340 3525 
09/ 1O/27 3 736.7 , 772.7 110 1600 
a 9 / i i m  3 105(:1 507. 5 500 1 5(jO 
09/11/11 3 70 112.7 0 2(:)tj 
09/ 11 / 13 3 5(j 50 0 1 (:to 
0'3/ 11 / 17 3 356.3 70.50 20(j 419 
09/11/21 3 1473 21'3.4 1300 1720 
89/ 11/24 3 583.3 103 505 700 
0'3/ 12/04 2 162.5 53.03 125 200 
83/ 12/08 2 752.5 562.1 355 1150 

3 1673 127.0 1600 1821:) 
3 407.3 208.7 252 631 

89/ 12/ 15 
09/ 12/22 
3(1/01/q2 3 1058 333.4 700 1375 
90/01/v8 3 236.7 251.1 0 500 
90/01/ 12 3 85 60.62 5 0 155 

0 I V I NG DUCKS 
Date No. o f  Counts Mean Std .  Dev. Minimum Maxi mum 
83/ 1 (I/ 1 E, 3 (:I (1 0 0 
8 9 i  1 (j/2(j 3 (3 (:I (:I ( j  

8'3/ 11 /M 3 166.7 J.)ij. 2 (j +j(j 
8'3 i 1 1 / 1 1 3 50 50 (:l 1. (j 0 
t39 i 1 1 / 1 3 3 v (1 (1 !j 

89/ 1 1 / 17 3 2.333 4. (I4 1 0 
89/11/21 3 116.7 202. 1 0 33:) 
09/ 1 1/24 3 10 17.32 0 3 (j e w  12/04 2 0  (3 0 (j 

a9/12/15 3 66.67 115.5 (5 L C t  t) 
89/ 12/22 3 (j (1 0 0 
'3Oii:tl / 02  3 38.33 33.2'3 0 tJ 0 
9W0 1 /08 3 0 (1 0 (1 
90 / (1 i / i 2 3 1.667 2.887 (5 5 

TOTAL DUCKS 
Date Nu. o f  Counts Mean Std. Dev. Minimum I'la x i mum 

2485 I (150 5750 09/ 1 6 3 2933 
09/ 10/2(1 3 2655 8o3.8 1940 3525 as/ 1 (:)/27 3 775.7 .& 110 1717 
89/ 1 1 /(:)E, 3 1217 700. G 500 i $3 c j  (:I 
89/11/11 3 120 72.11 6 (1 251 (:I 

i0cj 
426 a w w i z  3 50 5 0 (5 

a*3/ i i / i7  3 350.7 73.66 2a(j 
09/11/21 3 1590 160.2 140tj 1720 
a9/ i i /24 3 593.3 120 505 730 

89/ 12/08 2 810.5 50 1 . 3 456 1165 
2(j.. - 3 1740 L &. 1600 LU 
550 

9(:t/(j 1 /02 3 1097 314.0 755 1375 

9*3/1(1)/27 3 313 67 1.55 t j  117 

7 

83/ 12/08 2 58 60. 8 1 15 .-, 101 - 

038 '7 

89/ 12/04 2 162.5 53.03 125 20<) 

@ j /  1.7/'7.;8 A k& 3 407.3 ma. 7 252 

% / (3 1 / 08 3 236.7 251.1 0 51jO 
*3(j/(j1/12 3 06.67 59.23 5c1 155 

,743 5 89/ 1 rL ' S i  i 5 

45 



SNOW.GEESE 
Date No. 
89/ 101 16 
89/ 10/20 
89/ W 2 7  
89/ 1 1 /06 

of Counts Mean 
3 0  
3 3000 
3 1337 
3 0  
3 6.667 
3 0 
3 0  

3 736.7 
2 (j 

2 105 
3 0  
3 2000 
3 4.667 
3 0 
3 0  

3 ij33.3 

Std. Dev. Mini mum 
0 
0 

Maxi mum 
0 
4359 

0 
8060 
1500 
(1 

282. '3 
0 

1010 
0 

89/ 1 l /  1 1 
89/ 1 1/ 13 
891 1 1 / 17 
8'3/11/21 

11.55 
0 

0 
0 
(1 
575 

89/11/24 
89/ 12/04 
89/ 12/08 
89/ 1 2/ 1 5 

0 
0 
0 
0 
1500 
0 
0 
0 

89/ 12/22 
90/0 1 /02 

500 
6.429 

90/01/08 
90/01/12 

0 
0 

TOTAL GEESE 
Date No. 
89/ 1 0 /  16 

o f  Counts Mean 
3 0  
3 3000 
3 1337 
3 '(1 
3 6.667 
3 0  
3 0 
3 933.3 
3 736.7 
2 0  
2 105 
3 0  3 2000 
3 4.667 
3 0  
3 0  

Std. Dev. 
0 

Mini mum 
0 

4359 
282.9 
0 
11.55 

0 
1010 

89/11/06 
89/11/11 

0 
0 

a m m i  
89/ 1 1 /24 
89/ 12/04 
89/ 12/00 
89/12/15 
89/ 12/22 

339.4 
1267 
(1 
148.5 
0 
500 
6.42'3 
0 

0 
0 

90/0 1 / 12 0 0 

SWANS 
Date No. 
89/ 1 O/ 1 6 
89/ 10/20 
89/ 10/27 

89/ 1 1 / 1 1 
89/11/13 
89/ 1 1  / 17 

89/ 1 1/24 
89/ 12/04 

89/ 1 1 /06 

89/11/21 

o f  Counts Mean 
3 0 
3 0 
3 (1 
3 (I 
3 4.667 
3 0  
3 18.33 
3 12.67 
3 8.333 
2 16 
2 9  
3 23.67 
3 49.33 
3 83.67 
3 1?.:2,7 
3 '  8.667 

Std. Dev. 
(1 
0 
0 
0 
8.083 
0 
10.26 
10.97 
2.887 
2.828 

Minimum 
0 
0 
0 
0 
0 
0 
7 
0 
5 
14 

Maximum 
0 
0 
(j 
cj 
14 
(2 
27 
13 
1 (I 
18 

89/ 12/08 
89/ 12/ 15 

9.899 
6.658 

2 
18 

16 
31 

13.32 
10.41 

34 
72 
Its 
6 



Mean 
2933 
5655 
21 12 
1217 
131.3 
50 
377 

1338 
178.5 
924.5 
1764 
2537 
1185 
254 
95.33 

2536 

(IMean 
0 
616.7 
(1 
8667 
1r;1517 
lb€. 7 
136.7 
6G. 67 
150 
0 
6767 
6667 
i66.7 
0 
1667 

Mean 
22 
34. €7 
196 
2 
.3333 
7.333 
75.33 
4 
G 
50. 5 
.5 
168.3 
63.33 
78 
4.333 
3 7 

Std. Dev. 
2485 
4390 
566.9 
700.6 
77.62 
50 
83.88 
397.7 
1 .;cq 
50.2 
639.9 
237.6 
585. T 
309.2 
252 
58.60 

-4- 

Std. Dev. 
0 

5862 
5774 
288.7 
0 

Minimum 
1050 
1340 
1610 
500 
60 
0 

53:) 
143 

21 18 
844 
16 
62 

ti ni mum 

Std.  Dev. Minimum 
9.849 11 
56.07 i:, 

36.1 155 
1 1 

82. 08 24 
2.646 L 

5.568 O 
47.38 17 
,707 1 ct 
101.3 55 

.:, 

30 
53 

Maximum 
5750 
10500 

453 2989 
2755 
214 
1377 
2U38 
3206 
1447 
518 
163 

Fx mum 
(j 
1650 

47 



DIVERS (loons, rebes cormorants) i 
Date No. o? Couds Mean Std. Dev. 
891 1 O/ 16 3 0  0 
89/ 10/2O 3 .3333 .5774 
89/ 10/27 3 0  0 
89/11/06 3 0  0 
89/11/11 3 2.333 2.517 
89/11/13 3 0  0 
891 1 1 / 17 3 ,6667 1.155 
89/11/21 3 1  1 
891 1 1 /24 3 0  0 
89/ 12/04 2 0 0 
891 12/08 2 1  1.414 
89/ 12/ 15 3 .6667 1.155 
891 12/22 3 0  0 
90/0 1 /02 3 0  0 
90/0 1 /08 3 ,3333 .5774 
90/01/ 12 3 .3333 .5774 

.TOTAL BIRDS 
Date No, 
89/ 10/ 16 
89/ l0/?0 
89/ lWZ7 
89/ 1 1 /06 
89/ 1 1 / 1 1 
891 1 1  / 13 
89/11/17 
83/11/21 
a3/11/24 
89/ 12/04 
83/  12/!:8 
89/12/15 
89/ 12/22 

o f  Counts 
3 
3 
3 
3 

* 3  
3 
3 
3 
3 
2 
2 
3 
3 
3 
3 
3 

Mean 
2956 
5690 
2926 
1219 
880 1 
10574 
620.7 
2678 
141 1 
379 
926 
8699 
9267 
1430 
258.7 
1859 

Std. Dev. 
2493 
4417 
101 1 
701.6 
8007 
8446 
339.5 
312.7 
1174 

640.6 
5910 5223 
456 
251.2 
2865 

215 

Minimum 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 
0 
0 
0 
0 
0 
0 

Minimum 
1062 
1'372 
1821 
50 1 
214 
4055 
315 
2378 
735 
227 
473 
1883 3236, 
943 
1 $3 
126 

Maximum 
0 
1 

5 
(1 
2 
.-. 
f. 

.- 5 

1 
1 

48 



Daily mean numbers o f  b i r d s  recorded at Roberts && during 1989/90 a e r i a l  
censuses .  

- DABBLERS 
Date No. o f  Counts Mean Std .  Dev. Minimum Maxi mum 
89/ 1 O/ 16 3 9353 327.2 '3050 '3700 
89/ 10/20 3 13217 5666 7200 1 8450 
89/ 10/27 3 10300 6745 3000 16301:) 
89/ 1 1 / 0 6  3 12577 1308 1 1080 1350tj 
89/ 1111 1 3 165'32 3343 12775 1'3000 
89/ 1 1 / 13 3 8911 1424 7333 1Olcjc:) 
83/11/17 3 7876 2187 5858 1 (jz(j(j 
89/ 11/21 3 8958 773.8 8310 '38 15 
89/ 11 /24 3 7148 1135 6095 a350 
89/ 12/04 2 3705 275.8 3510 39cS(:, 
89/ 12/08 2 928(] 926.3 0625 9935 
89/ 12/ 15 3 7227 a8Q. 9 5200 7750 
89/ 12/22 3 7312 2565 5300 102(j[:, 
90/01/02 3 5533 1518 4'300 7'300 
90/01/08 3 9508 1051 8350 10400 
90/0 1 / 12 3 7417 548.5 6800 7850 

DIVING DUCES 
Date No. o f  Counts Mean Std.  Dev. Minimum Maxi mum 
891' 1 o/ 16 3 33.33 - 57.74 0 1 [ j t j  
83/ 1(3/20 3 0 0 0 (j 
@3i  1[j/27 3 683.3 5.32.3 0 (2 5 i:) 

1 1 /06 3 550 '3(1)'3. 7 i:, 1 Gcjcj 
3 473.3 352.3 1 <j(:l 1:) 

1 (-)';a 58.89 0 i L 
3 34 

.J.L! - 3 2C),33 so. 17 ij 
3 245 I&-). 2 150 420 

8Yi 1 i / 1 1 
89/ 11/13 
89/11/17 
89/11/21 
89/ 1 1 /24 3 95 82.61 0 150 
891 12/04 2 37.5 53. [J3 (j 75 
89/ 12/08 2 421 369, 1 i 6t:) 682 
83/ 12/ 15 3 (j (1 0 (j 
.89/ 12/22 3 0  0 0 (? 
90 / 0 1 / 0 2 3 0  (1 0 0 
w/oi /08 3 26.67 25.17 0 5 r j  
90 / 0 1 / 1 2 3 16.67 28.87 0 5(j 

TOTAL DUCKS 
Date No. o f  Counts Mean S t d ,  gev. Minimum Max 1 mum 
8'3/ 1 0 /  1 6 3 '3387 38U. i3 9050 ' ja(j(j 
89/ 1(j/20 3 13217 5666 72(j(j 15450 
89/ 1W27 3 10383 631 7 4(j<j[j 163(j(:) 
89/ 1 1 /06 3 13127 1985 1 1 150 15100 8'3/ 1 1 / 1 1 3 17065 3646 12875 1952(1) 
83 /  1 1 / 13 3 8945 1439 7333 10 100 
83/ 11 i 17 3 7897 2187 5858 102iJ6 

664.8 8740 9965 83/11/21 3 ,3203 
891 1 1 /24 3 7243 1057 6245 8350 

3585 390(j 89/ 12/04 L 3733 LL2.7 
891 12/08 2 '37()1 1235 8785 10617 
Y5J/ I 2 /  15 3 7217 88C). 8 6200 77.5tj 

cc 

.- .q.- - 

3 7312 2565 53[jC) 1 ( jZ ( j i j  83/ 12/22 

*3o/(jl/o2 3 6533 1518 4'3tjt:) 733j 
90/0 1 /08 3 '3535 1041 8380 104CiO 
'301 0 1 / 1 2 3 7433 557.5 6800 7850 

4 '3 



SNOW GEESE 
D a t e  No. of Counts 
89/10/16 * 3  
89/ 10/20 3 
89/ i0/27 3 
89/ 1 i /06 3 
891 1 1 / 1 1 3 
89/11/13 3 
89/11/17 3 
89/11/21 3 

3 2 891 1 1 /24 
89/ 12i04 
a w  12/08 2 
89/ la/ 15 3 
89/ 12/22 3 
90/01/02 3 
90/01/08 3 
90/0 1 / 12 3 

TOTAL GEESE 
D a t e  No. of  Counts 
89/ 10/ 16 3 
89/10/20 3 
891 1W27 3 
89/ 1 1 /06 3 
89/11/11 3 
89/11/13 3 
89/ 11 / 17 3 
891'1 1 /21 3 
B9/ 1 1 /'24 3 
89/12/04 2 
89/ 12/08 2 
89/ 12/ 15 3 
89/ 12/22 3 
'30 / 0 1 / 02 3 
'3o / (1 1 / 08 3 
90/0 1 / 12 3 

SWANS 
Date No. o f  Counts 
89/ 1 0/ 16 3 
8'3/ 10/20 3 
89/ 1 ~ 2 7  3 
89/ 1 1 /06 3 
89/ 1 1 / 1 1 3 
89/ 1 1 / 13 3 

3 89/11/17 
89/11/21 a 
89/ 1 1 /24 3 
89/ 12/04 2 
89/ 12/08 2 
89/ 12/ 15 3 
89/12/22 3 
9O/( j  1 / 0 2  3 
'3(:,/01/08 a 
3(>/ 01 / 1 2 3 

-7 

Std. Dev. Mean Mini mum 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 

0 
0 
0 
(1 

0 
0 
0 
0 

,3333 
0 

.5774 
0 

1 
(j 

0 
0 

0 
0 

.3333 
0 

.5773 
0 

0 
0 

0 
0 

Mean 
io2 

Std.  Dev. 
171.5 

Minimum 
0 

Maximum 
300 

0 
0 
0 
0 

0 u 
0 
0 

(3 
* 5774 

0 
0 
16.67 
.3333 
(1 
0 
0 

28.87 
,5774 

5 0 
1 

0 
0 
0 

Mean 
0 
(1 

Std.  Dev. 
0 
(3 

Minimum 
0 
(1 

0 
0 

0 
0 

0 
(1 

7 
.3333 

6.083 
.5774 
1.732 
0 
0 
0 

1 
0 
0 
0 
0 
.3333 
0 
0 

0 
.5774 

,6667 
o 

1.155 
0 



WATERFOWL 
Date No. o f  Counts Mean 

13217 

13127 
17072 
8945 
7898 

7244 
3743 
9701 
7234 
7312 
6533 
9536 
7433 

9489 

i 0983 

9x03 

Std. Dev. 
545.9 
5666 
6317 
1985 
3643 
1438 
2185 
664.8 
1057 222.7 
1295 
034.3 
2565 
1518 
1040 
557.5 

Minimum 
'3050 
7200 
4000 
11 130 

Maxi mum 
89/ 1 O/ 1 6 
89/ 10/20 

- 3  
3 

8'3/ 10/27 
89/ 11 /06 

3 
3 

16300 
15100 

89/ 11/ 11 
89/11/13 

3 
3 

12886 
7334 

89/11/17 
83/11/21 

3 
3 

586 1 
8740 

1 O2(j6 
'3965 
8350 
3 9(:1 (j 
10617 
7750 

(1) 2 (:I:; 
7900 
10400 
7850 

8785 
620 1 
530 1 
4'300 
8382 
6800 

SHOREBIRDS 
Std. Dev. 
265.8 
0 
57.74 

Minimum 
30 

Maximum 
500 
0 
100 

551 1 
577.4 

3 4000 
3 cj 

732 
0 
2887 3 1667 

GULLS 
Date Nu. o f  Counts Mean Std. Dev. 

2(:)2. i j  

70. 68 
55.51 
3.464 
15.59 
25.87 

Minimum 
34 
4 '3 
6 
0 
7 
E5 
5 2(j 
6 
6 
6 
133 
5 
175 
17 
21 

3 61 
3 2  
3 16 3 34 
3 32 
3 23.67 

24-27 
3.215 
1.528 
'3. 899 
4.95 
118.1 
59.23 
75.16 
12.53 
28.83 

51 



DIVERS ( loons ,  rebes cormorants) 
Date NO. 09 Coun€s 
89/ 101 16 
89/ 10120 
891 10127 
89/ 1 1/06 
89/ 111 1 1 
89/ 1 1/ 13 
89/ i  1/17 
89/11/21 
89/11/24 
89/ 12/04 
89/ 12/08 
89/ 12/ 15 

TOTAL BIRDS' 
Date No. 
89/ 1 0/ 16 
89/ 10120 . 89/10/27 
89/ 1 1 /06 
89/ 1 1 / 1 1 
89/ 1 1 / 13 

89/11/21 
89/ 1 1 /24 

89/ 12/08 
89/12/15 
89/ 12/22 
90/0 1 /02 
90/01/08 
90/0 1 / 1 2 

a w  i i/ i 7 

89/12/04 . 

3 
3 
3 
3 
3 
3 
3 
3 
3 
d 
2 
3 
3 
3 
3 
3 

.- 

of  Counts 
3 
3 
3 
3 
3 
3 
3 
3 
3 

. 2  
.-, 
L 

: 
3 
3 
3 

Mean 
0 
0 
0 
0 
7 
6 
0 
1.667 
1.333 
0 
3.5. 
0 
0 
3 
.6667 
-6667 

Mean 
9856 
13346 
1 1078 
13229 
17335 
9035 

9296 
7254 
3756 
9714 
13158 
7687 
107'35 
9565 

a500 

9148 

Std. Dev. 
0 
0 
0 
0 
8.185 
8.660 
0 
2.082 

0 
.7071 
0 
0 
2.646 
1.155 
.5774 

1.528 

Std. Dev. 
336.1 
5644 
6279 
2136 
3832 
1429 
2463 

1056 

1291 

2185 
3149 

* 1047 
3094 

630.2 

212.8 

6228 

Minimum 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 

Minimum 
9584 
7383 
4160 
11 130 
12916 
7457 
6513 
8764 
6254 
3605 ami.  
6559 
6412 
7226 
8401 
6878 



. 

APPENDIX 2 

Monthly summaries of  numbers of  birds s e e n  by spec ie s  
groups, on each transect ,  for each survey. 



EIonthly mean number o f  b i rds  recorded a t  hundary  Bmy during 1989/90 
aer ia l  censuses. Calculated from d a i l y  mean numbers. 

DABBLERS 
Mon t h No. o f  Counts 
Oc t /89 3 
Nov / 89 6 
Dei /83 4 
Jan /30 3 

DIVING DUCES 
Month No. o f  Counts 
Oc t /89 3 
Nov/89 6 
Dec /89 4 
Jan / 90 3 

TOTAL DUCKS 
Month No. o f  Counts 
Oc t /89 3 
Nov/89 6 
Dec /89 4 
Jan /90 3 

SNOW GEESE 
Mon t t i  Net. of  Counts 
O i  t / 8'3 3 
Nuv/89 6 
Dei / 89 4 
Jan /90 3 

TOTAL GEESE 
Man t h 
O i  t /89 
Nov/89 
Dei /89 
Jan /90 

SWANS 
Man t h 
O i  t /89 
NOV / 83 
Dec / 89 
Jan / 90 

No. of  Count s 
3 
6 
4 
3 

Nu. o f  Counts 
3 
6 
4 
3 

Mean 
20045 
24744 
33633 
23858 

Mean 
1253 
1678 
453.9 
748.4 

Mean 
21298 
26422 
34088 
24606 

Mean 
(:I 

(1 
0 
0 

Mean 
0 
0 
0 
11.11 

Mean 

6.277 
.1675 
0 

3. a9 

WATERFOWL 
Month No. of  Counts Mean 
oc t /89 3 213(j2 
Nov/a9 6 26428 
Dei /89 4 34088 
Jan /'30 3 24617 

Std. Dev. 
4187 
4689 
7625 
1557 

Std. Dev. 
1916 
1285 
472.6 
422.5 

Std. Dev. 
608 1 
5496 
7733 
1944 

Std. Dev. 
0 
0 
0 
0 

Std. Dev. 
0 
0 
0 
16.44 

Std. Dev. 
6.738 
8.904 
.335 
0 

Std. Dev. 
6088 
5502 
7733 
1935 

M i n i m u m  
17198 
1'3733 
24272 
22746 

M i n i m u m  
0 
658.6 
2 
385 

Mini mum 
17498 
22219 
24866 
23394 

M i  n i  mum 
0 
(:) 

0 
0 

Minimum 
(1 
0 
0 
0 

Minimum 
0 
0 
0 
0 

Mini mum 
17498 
2223 1 
24866 
23398 

(j 
(1 

M a x i  mum 
0 
(1 
(1 
30 

Maxi mum 
11.67 

. €7 
(2 

,21.57 

Maxi mum 

37073 
41051 
26848 

28324 

54 



SHOREBIRDS 
Mon t ti No. o f  Counts Mean Std. Dev. 
Oc t /89 3 5507 7534 
Nov/89 6 4965 4669 
Dec /89 4 14640 6885 
Jan /'30 3 2367 1.550 

GULLS 
Mon t ti Nu. o f  Counts Mean Std .  Dev. 
oc t / a 3  3 1332 724 * '3 
N0v/99 6 869.5 1125 
Dec /89 4 2309 1549 
Jan / 90 3 1957 1400 

DIVERS (loons, grebes, curmorantsl 
Man t h No. o f  Counts Mean Std. Dev. 
Oc t /89 3 -11 .I905 
Nav/89 . 6 4  7.71 
Dec / 89 4 29.53 25.32 
Jan /I30 3 8.777 4.525 

TOTAL EIWDS 
hon t ti NO. of Counts Mean Std. Dev. 
uc t /89 3 28151 13784 

Dec / 89 4 51068 1347'3 
Jan/9(:) 3 28952 3917 

NW i 89 6 32318 6429 

Minimum - 
366.6 
33.3 
5200 
818 

Mini mum 
520 
51 
528 
606.3 

M i n i m u m  
0 
0 
6 
4 

Maximum 
14155 
12000 
19787 
3917 

Maxi mum 
1'314 
2440 
4223 
3402 

Maxi mum 
.33 
19.67 
63.67 
13 

55 



Hmthly  mean number o f  b i rds recorded on the Fraser River Foreshore ( a l l  
transects combined during 1989/90) aer ia l  censuses. Calculated from da i l y  
mean numbers. 

DABBLERS 
Month No. 6f  Counts Mean Std. Dev Minimum Maxi mum 
Oc t /89 3 22316 429 1 17380 25 155 
Nov / 89 6 14525 3758 10733 18'376 
Dec /89 4 11078 5089 4883 16871 
Jan / 90 3 11669 1812 360 1 12977 

D I V I N G  DUCKS 
Month No. of Counts Mean Std. Dev Minimum Maxi mum 
Oc t /89 3 337.9 365.5 .67 726.3 
Nov/89 6 595.5 266 338 1033 
Dec /89 4 2e9.a 312.3 54.33 729.5 
Jan/90 3 349.5 ' 88.11 277.1 447.6 

TOTAL DUCKS 
Month No. of  Counts Mean Std. Dev Minimum Maximum 
Oc t /89 3 22654 .4380 i 7668 25881 
Nov/89 6 15121 4005 11117 z(j(j(j9 
Dec /89 4 11368 5257 5178 175C)Q 
Jan /'X) 3 12018 1884 '3875 13425 

SNOW GEESE 
Month No. o f  Counts Mean Std.  Deviation Minimum Maxi mum 
OC t /8'3 3 8068 5902 2782 14436 
NCW / 8'3 6 4894 1024 3485 6400 
Dec /89 4 7045 1790 5243 8868 
Jan /9(1 3 1140 1681 0 3070 

TOTAL GEESE 
Nun t h No. of Counts Mean Std. Dev Minimum Maximum 
OC t 189 3 8102 5856 2884 14436 
NOV / 8'3 6. 4894 1024 3485 640(5 
Dec / 89 4 7049 1784 5260 8868 
Jan /90 3 1209 1685 75 3145 

SWANS 
Mon t t i  No. o f  Counts 
i3c t /a9 3 
Nov/89 6 
Dec /89 4 
Jan / 3 0  3 -  

WATERFOWL 
Mont ti AID. o f  Counts 
oc t /89 3 
Nov/89 6 
Dec /89 4 
Jan /90 3 

Mean 
1.777 
42.17 
67.87 
149.3 

Mean 
30757 
20057 
18484 
13377 

Std. Dev Minimum 
3.077 0 
32.64 5 
32.65 31 
87.91 59i 34 

Std. Dev M i  n i mum 
990 1 2055 1 
371 1 1550 1 
63 1 '3 1 1047 
3356 10012 

Maxi mum 
5.33 
94 
110.3 
235 



SHOREBIRDS 
Month No. of Counts Mean Std. Dev. 
oc t /a9 3 443.4 570.5 
Nov/89 6 3623 5139 
Dec /89 4 4912 6015 
Jan /30 3 2667 2316 

GULLS 
Hon t t i  No. o f  ihunts Mean Std. Dev 
oc t /a9 3 395.4 2.36, 13 
Nuv/89 6 120.9 122.7 
Dec /89 4 431.7 161.9 
Jan/30 3 493.0 365.8 

DIVERS (lc)ons, grebes, cormorants) 
Mon t ti No. of Counts Mean Std. Dev 
oc t /89 3 .6633 .6650 
Nov/89 6 7.36 4.831 
Dec / 8 3  4 6.25 8.872 
Jan /'30 3 7.113 6.597 

Minimum 
0 
100 
7.5 
(3 

M i  n i mum 
1134.3 
18 
223.5 
101.1 

Minimum 
0 
.33 
.67 
2 .5  

Maxi mum 
1087 
10584 
124'32 
4167 

riax i mum 
734. '3 
334.6 
617.8 
824. '3 

M a x i  mum 
1.33 
13 
19.5 
14.67 

57 



Monthly mean number o f  b i rds  recorded a t  %a Is land during 1989/90 
aer ia l  censuses. Calculated from d a i l y  mean numbers. 

DABBLERS 
Month No. o f  Counts Mean 
Oc t 189 3 1533 
Nov/89 6 819.1 
Dec /89 4 827.3 
Jan / 90 3 562 

DIVING DUCKS 
Month No. of  Counts Mean 
Oct/89 3 68 
Nov/89 6 83.33 
Dec /89 4 89.88 
Jan / 90 3 . 37.33 

TOTAL DUCKS 
Man t h No. o f  Counts Mean 
Oc t 189 3 1601 
Nuv/89 6 902.4 
Dec 189 4 917 
Jan /'30 3 599.5 

SNOW GEESE 
rlon t t i  No. o f  Counts Mean 
Oc t 189 3 800 
Nov/89 6 708.8 
Dec /89 4 7.5 
Jan / '30 3 0  

TOTAL GEESE 
Month No. o f  Counts Mean 
Oc t /89 3 800 
Nov/89 6 708.8 
Dec / 89 4 7.5 
Jan / 9Q 3 68.83 

SWANS 
Man t t i  No. of Counts Mean 
Oc t /89 3 0  
Nov/89 6 (3 
Dec /89 4 (3 
Jan /90 3 0  

WATERFOWL 
Mun t t i  No. o f  Ccunts Mean 
Oc t 18'3 3 2.102 
Nov/89 6 1611 
Dec /89 4 924.5 
Jan /90 3 668.3 

Std. Dev. 
. 642.5 
342.4 
454.1 
355.3 

Std. Dev. 
114.3 
132.9 
103.1 
25.25 

Std. Dev. 
650.9 
388.4 
462.1 
374.9 

Std. Uev. 
700 
1187 
15 
0 

Std. Dev. 
700 
1187 
15 
1o.t;a 

Stt i .  Dev. 
0 
0 
0 
0 

S t t i .  Dev. 
329. *j 
1092 
463.9 
381.6 

58 

. .. 

M i n i m u m  
890 
400 
365 
290 

M i n i m u m  
0 
0 
0 
12 

M i n i m u m  
894 
400 
565 
327.5 

Mini mum 
3(j0 
0 
0 
0 

M i n i  mum 
300 
0 
0 
56.5 

Minimum 
0 
r j  

0 
0 

M i  n i  mum 

545 
565 
384 

Z(j35 

Maxi mum 
2175 
1 28( j 
1388 
964 

Maximum 
200 
300 
200 
62.5 

Maxi mum 
2175 
1480 
1543 
io27 

M a x i  m u m  
i 600 
35)0(j 
3 0 
(1 

Maximum 
iEs00 
30(js! 
30 
75 

Maxi mum 
[j 
C j  

(3 
0 

Maxi mum 
2675 
3400 
15.13 
11o2 



SHOREBIRDS 
Month No. of  Counts Mean 
Oc t /89 3 16.67 
Nov / 89 6 183.3 
Dec /89 4 0  
Jan /90 3 i66.7 

GULLS 
Mon t tl No. o f  Counts Mean 
Oc t /89 3 15.67 
Nov/ 89 6 4.417 
Dec /89 4 10.5 
Jan /90 3 60.17 

Std. Dev. Minimum 
28.87 0 
402.1 (1 
0 0 
288.7 0 

Std. Dev. Minimum 
22.94 0 
3.639 0 
19.35 0 
58.99 4.5 

DIVERS < 1 mns, grebes cormor ant s.Z 
Man t h No. o f  Counts Mean Std. Dev. Minimum 
Oc t /89 3 0  0 0 
Nov / 8'3 6 .5 1.225 0 
Dec /a9 4 1.5 1.915 0 
Jan/SO 3 2.5 3.905 0 

Maxi mum 
50 
1000 
(3 
500 

Maxi mum 
42 
10 
39.5 
122 

Maxi mum 
(:I 

3 
4 
7 

Maximum 

3480 
1548 
1658 

26B(j 



Monthly mean number o f  b i r d s  recorded a t  the Frawr & middle prlll mouth 
during 1989/90 aer ia l  censuses. 

DABBLERS 
Month No. o f  Counts Mean 
Oc t /89 3 150 
Nov/89 6 25 
Dec / 83 4 rr 
Jan /90 3 133.3 

D I V I N G  DUCKS 
Month No. o f  Counts Mean 
Oc t /89 3 0  
Nov/89 6 0  
Dee /89 4 0  
Jan/% 3 0  

TOTAL DUCKS 
Month No. o f  Counts Mean 
oc t /89 3 150 
Nov / 89 6 25 
Dec / 89 4 (3 
Jan /90 3 133.3 

Show GEESE 
M m  t ti No. c ~ f  Counts Mean 
OC t / 89 3 10 
Nov /8'3 6 0  
Dec /89 4 0  
Jan /X) 3 0 

TOTAL GEESE 
Month No. s f  Counts Mean 
Oc t /89 3 10 
Nov/89 6 o 
Dec 189 4 0  
Jan / 90 3 0 

SWANS 
?Ion t h No. o f  Counts Mean 
oc t /a9 3 (j 
Nov/89 6 (1 
Dec /a9 4 (1 
Jan /90 3 0  

WATERFOWL 
Mon t t i  No. o f  Counts Mean 
ilc t /a9 3 160 
Nov/89 6 25 
Dec /89 4 0  
Jan /90 3 133.3 

Calculated from d a i l y  mean numbers. 

Std. Dev. 
150 
61.24 
0 
189.3 

Std. Dev. 
0 
0 
0 
0 

Std. Dev. 
1 so 

, 61.24 
(3 
189.3 

Std. Dev. 
17.32 
0 
0 
0 

Std. Dev. 
17.32 
(1 
(1 
0 

Std. Dev. 
(1 
(3 
(1 
0 

Std. Dev. 
151 
61.24 
0 
189.3 

M i n i m u m  
0 
0 
0 
0 

Minimum 
0 
0 
0 
0 

M i n i m u m  
0 
0 
0 
0 

Minimum 
0 
0 
0 
0 

Minimum 
0 
0 
0 
0 

Mini mum 
0 
0 
0 
0 

Minimum 
0 
0 
0 
0 



SHOREBIRDS 
Month No. o f  Codnts 
Oc t /89 3 
Nov/89 6 
Dec /83  4 
Jan / 90 3 

GULLS 
McTl t  tl No. of Counts 
Oc t /89 3 
NOV / 89 6 
Dec / 89 4 
Jan/SO 3 

. 
Mean 

1 
0 
0 
.1667 

Std. Dev. 
173.2 
0 
0 
1) 

Std. Dev. 
1.732 
0 
(1 
.2887 

DIVERS iluons, grebes, cormorants) 
Mun t t i  No. of  Counts Mean . Std. Dev. 
Oc t /89 3 (3 0 
Nov/89 6 .1667 .4082 
Dec /89 4 (3 0 
Jan / I 3 0  3 .3333 ,5774 

Minimum 
0 
0 
0 
c j  

Hi n 1 mum 
0 
0 
o 
0 

Minimum 
0 
0 
0 
0 

Maximum 
0 
1 
0 
1 

61 



Monthly mean number o f  b i r d s  r e c o r d e d  at Lulu Islana d u r i n g  1989/90 
aerial c e n s u s e s .  C a l c u l a t e d  from d a i l y  mean numbers. 

DABBLERS 
Month No. o f  Counts  
Oc t /89 3 
Nov/09 6 
Dec / 83 4 
J a n  /9CZ 3 

DIVING DUCKS 
Mon t h No. of  Counts 
uct/09 3 
Nuv/8Y 6 
Dec /89 4 
3an/w 3 

TOTAL DUCKS 
Month No. o f  Counts  
Oc t '/M 3 
Nov/89 6 
Dec /89 4 
J a n  /90 3 

SNOW GEESE 
Mon t h No. o f  Counts  
Ci t i 0 9  3 
Nov / 8'3 6 
Dec 1'8'3 4 
J a n  /'30 3 

TOTAL GEESE 
Month No. o f  Counts  
Oc t /89 3 
Nclv / 83 6 
Dec /83 4 
J a n  / 90 3 

' SCJANS 
Month No. o f  Counts  
oc t /09 3 
NCW /8'3 6 
Dec / 89 4 
J a n  / 90 3 

WATERFOWL 
Mon t h No. o f  Counts  
i3c t /83 3 
Nov/8'3 6 

J a n  / 90 3 
Dec /03 4 

Mean 
5517 
1682 
962.3 
355 
/ 

Mean 
16.67 
155.1 
40.5 
154.5 

Mean 
5533 
1837 
1003 
1109 

Mean 
1504 
204 1 
3173 
355.9 

Mean 
1504 
204 1 
3173 
355.9 

Mean 
1.333 
13.5 
18.32 
50.56 

Mean 
7039 
38'3 1 
4195 
1516 

S t d .  Dev 
3613 
1503 
055.8 
343.3 

Std. Dev 
28.87 
157.3 
25.58 
141.1 

S t d .  Dev 
3587 
1414 
070.3 
353.7 

Std. Dev 
1138 
683.2 
1228 
358.8 

S t d .  Dev 
1138 
683.2 
1228 
358.0 

S t d .  Dev 
2.30'3 
12.5 
12.15 
41.1 

S t d .  Dev 
472E, 
1435 
1883 
702 

Minimum 
1770 
4'39 
85 
559 

Mini mum 
0 
0 
1 0 
1.33 

Minimum 
1820 
604.3 
117 
742.3 

H i  n i  mum 
300 
1170 
2050 
0 

Mini mum 
300 
1170 
2050 
0 

Minimum 
0 
4 
5 
it3 

Minimum 
2 1 ,>(-I 

22133 
2740 
702 

*- 

Maximum 
8980 
4255 
21 1 i j  

1 16'3 

Maxi mum 
50 
400 
70 
279 

Maximum 
8980 
4255 
21 do 
1440 

Maxi mum 
.-,= - - iabZ 
283(j 
4763 
717.6 

Maxi mum 
2562 
203(j 
4763 
717.6 

M a x i  mum 
4 
35 
34.5 
'36 

Maxi mum 
i 1546 
5685 
6959 
2181 



SHOREBIRDS 
Mon t h No. o f  Counts Mean Std. Dev. 
Oc t /89 3 1.11 1.323 
Nov/89 6 8.333 20.41 
Dec / 89 4 1.875 3.75 
Jan / 90 3 0 0 

GULLS 
Mon t ti No. o f  Counts Mean Std.  Dev 
Gc t /89 3 127.2 211.7 
Nov/89 6 19.81 29.67 

4 86.71 46.97 Dec /89 
Jan/%) 3 127.9 '36.09 

, .  

DIVERS 1 oms, grebes, c o r  mor ant si] 
Month . No. o f  Counts Mean Std.  Dev 
a c t  /89 3 .ll .1305 
Nov/89 6 ,9167 1.281 
Dec /89 4 2.5 3.536 
Jan/30 . 3 1.223 1.264 

Minimum 
0 
0 
0 
0 

riinimum 
2 
0 
16.33 
22.33 

Minimum 
0 
0 
0 
.33 

Maxi mum 
3.33 
5 0 
7.5 
(:I 

Ma Y; i mum 
371.6 
77 
1.12 
210.3 

Maximum 
.33 
3 
7.5 
2. 67 

63 



M t h l y  mean number o.f birds recorded at Westhafe u l a n d  during 198W90 
aerial censuses. Calculated from daily mean numbers. 

DABBLERS 
Month No. of  Counts 
Oc t /89 3 
Nov/89 6 

4 
3 

Dec /89 
Jan/90 ' 

!?IVING DUCKS 
Month No. o f  Counts 
Oc t /89 3 
Nav/89 6 
Dec /89 4 
Jan/SO 3 

TOTAL DUCKS 
Hon t h No. o f  Counts 
Oc t 189 3 
Nav/89 6 
Dec /89 4 
Jan 1'30 3 

SAOW GEESE 
Hunt h No. of  Counts 
Oc t /89 3 
Nov / 883 6 
Dee /89 4 
Jan /90 3 

TOTAL GEESE 
Month No. o f  Counts 
oc t /a3  3 
Nov / 89 6 
Dee / 83 4 
Jan /90 3 

SWANS 
Month No. o f  Counts 

3 
Nov / 89 6 
Dec / 89 4 
Jan /90 3 

WATERFOWL 
Mon t ti No. o f  Counts 
~ I C  t i8. j  3 
Nov / 8'3 6. 
Dec /89 4 
Jan /'30 3 

Mean 
205 1 
1058 
1641 
1739 

Mean 
1.333 
63.22 
13.58 
129.9 

Mean 
2052 
1121 
1654 
186'3 

rlean 
4309 
1865 
3338 
782.7 

Mean 
4303 
1865 
3338 
782.7 

Mean 
.4433 
19.95 
24.38 
62 

Mean 
636 1 

5016 
2714 

3oo6 

Std. Dev. 
1832 
840.9 
1333 
1513 

Std. Dev. 
1.761 
80.62 
13.30 
123.1 

Std. Dev. 
1831 
854. 8 
1336 
1538 

Std. Oev. 
3986 
1057 

1356 
'320.8 

Std. Dev. 
3.386 
1057 
'320. 8 
1356 

Std. Dev. 
.7679 
26.17 
21.89 
55.43 

Std. Dev. 
5790 
1770 
1828 
2860 

Minimum 
565.3 
174 
565 
526 

Minimum 
0 
.67 
0 
13 

Minimum 
566 
234 
530 
539 

Minimum 
1837 
166.6 
2300 
0 

Minimum 
1837 
166.6 
23(:)0 
0 

Minimurn 
i:1 
0 
5.5 
11 

Minimum 
24(:,' 

2'308 
550 

cl 

8x1 

Maximum 
4098 
2473 
3340 
3435 

Maximum 
3.33 
218.3 
25 
258.3 

Maxi mum 
4098 
2480 
3365 
3553 

Maxi mum 
8907 
3317 
4217 
':a48 
Lcl 

Maxi mum 
8907 
3317 
421 7 
2348 

Maximum 
1 '73 

7u. 67 
56 
121 

. Lid 

Mas i mum 
130:!E, 
51304 
737 1 
5956 

64 



SHOREBIRDS 
Month No. o f  Counts 
Oc t /89 3 
Nov/89 6 
Dec / 8'3 . 4 
Jan /90 3 

GULLS 
hon t t i  Nu. o f  Counts 
Oc t /89 3 
Nov/89 6 
Dec / 89 4 
Jan /90 3 

Mean 
44.43 
2.778 
6.25 
0 

Mean 
45.89 
61.66 
I31 7 
134.4 

Std. Dev. 
76.96 
6.805 
12.5 
0 

Std.  Dev. 
33.11 
80.63 
62.4 
84.65 

DIVERS (loons, grebes, cormorants) 
Man t h No. o f  Counts Mean Std. Dev. 
Oc t /89 3 .4433 .so95 
Nov/89 6 2.443 1.963 
Dec /89 4 .9575 1.702 
Jan /'30 3 1 . 3 9 .  .9753 

TOTAL BIRDS 
tion t t i  No. uf  Counts Mean Std. Dev. 
i3c t i8'3 3 6452 5886 
NIW i89 6 3374 18(:,8 

Jan /W 3 2850 2864 
Ijec /89 4 5217 1783 

M i  n i  mum 
0 
0 
0 
0 

Minimum 
7.67 
1.67 
101 
41 

Mini mum 
0 
.33 
0 
-67 

Maxi mum 
133.3 
16.67 
2s 
(3 

Maxi mum 
65. 67 
212.3 
243.6 
206 

Maxi mum 
1 
5 
3.5 
2.5 



flonthly mean number o f  birds recorded at  Brunswick Point during 1989/90 
aer ia l  censuses. Calculated from da i ly  mean numbers. 

DABBLERS 
Month No. o f  Counts Mean Std. Dev. Minimum M a x i  mum 
Oc t 189 3 2108 1196 736.6 2933 
Nov/89 6 597.1 567 50 1473 
Dec / 89 4 768.8 649.3 162.5 1673 
Jan/90 3 459.9 523.5 85 1058 

D I V I N G  DUCKS 
Mcrnth No. of  Counts Mean 
Oc t /89 3 13 
Nov/89 6 57.59 
Dec 189 4 31.17 
Jan 190 3 13.33 

TOTAL DUCKS 
Mon t h No. o f  Counts Mean 
Oc t 189 3 2121 
Nov/89 6 654.8 
Dec /83 4 800.1 
Jan /90 3 473.4 

SNOW GEESE 
ilon t h No. o f  Counts Mean 
ac t  /83 3 1446 
NOV / 8'3 5 335.3 
Dec 189 4 526.3 
Jan i ' 3 3  3 1.557 

TOTAL GEESE 
Month No. of Counts Mean 
Oc t 189 3 1446 
Nov/89. 6 279.4 
Dec /89 4 526.3 
- T a -... r. . / '3:) 3 1.557 

SWANS 
Mon t h No. o f  Counts Mean 
OC t /89 3 t:, 

Nuv / 89 6 7.333 
Dec 18.3 4 24.5 
Jan /9(j 3 36.56 

WATERFOWL 
Mcsn t h No. o f  Ihunts Mean 
o1: t /a3 3 3567 
Nov / 8'3 6 941.6 

. Dec /09 4 1351 
Jan / 90 3 511.4 

Std. Dev. 
22.52 
69.37 
36.16 
21.66 

Std. Dev. 
1174 
621.9 
680.2 
545.2 

Std. Dev. 
1505 
461.4 
983.7 
2.6'36 

Std. Dev. 
1503 
434.8 
983.7 
2.696 

Std. Dev. 
(:I 

17. 6 
41.03 

* 7.281 

Std. Dev. 
I a55 
953.5 , 

1022 
588.7 

Minimum 
0 
0 
0 
0 

Minimum 
775.6 
50 
162.5 
86.67 

Mini mum 
0 
0 
0 
0 

Mi n i  mum 
g 
0 
'3 
8.67 

Mini mum 
21 12 
50 
178.5 
35.33 

Max i mum 
39 
166.6 
66.67 
38.33 

Maxi mum 
2933 
1530 
1740 
i 0'3 7 

ilax 1 mum 
5655 
LJdi 
2537 
1185 

.-*c .-I - 



SHOREBIRDS 
flon t h No. 
Oc t /89 
Nov/89 
Dec /89 
Jan / 9(2 - 

GULLS 
Mon t ti Nu. 
Oc t /89 
Nov/89 
Dec / 8'3 
Jan /90 

o f  Counts 
3 
6 
4 
3 

o f Coun t s 
3 
6 
4 
3 

Mean 
205.5 
3259 
3396. 
611.2 

Mean 
04-22 
15.83 
70.65 
59.78 

Std. Dev. 
356 
494 1 
3835 
918.1 

Std. Dev. 
97. (11 
29-26 
70. 5 1 
48.95 

DIVERS (loons, grebes, cormorants) 
Hon t h No. o f  Counts Mean Std. Dev. 
Oc t /89 3 .11 .1905 
Nov/89 6 ,6667 .9177 
Dec / 8'3 4 .4175 .5006 
Jan/90 3 .22 ,1905 

TOTAL BIRDS 
Mon t il No. o f  ikunt s Mean S t d .  Uev. 
oc t /89 3 3657 1587 
Nuv/89 E, 4217 4326 

* Dec /09 4 4818 4820 
Jan /'30 3 1183 828.4 

Minimum 
0 
0 
0 
0 

Minimum 
22 
.33 
.5  
4.33 

Minimum 
0 
0 
0 
0 .  

Maximum 
616.6 
10517 
6767 
1667 

Max i m u m  
196 
75.33 
168.3 
9 7 

Max i mum 
.33 
2.33 
1 
.33 



Monthly man number o f  b i rds  recorded a t  Roberts Bank during 1989/90 
ae r ia l  censuses. Calculated from d a i l y  mean numbers. 

DABBLERS 
Month No. o f  Counts Mean 
Oc t /89 3 10957 
Nov/89 6 10344 
Dec / 8 3  4 6879 
Jan /'30 3 7819 

DIVING DUCKS 
Month No. o f  Counts Mean 
Oc t /89 3 238.9 
Nov/89 6 236.3 
Dec 189 4 114.6 
Jan/90 3 14.45 

'TOTAL DUCKS 
Month No. o f  Counts Mean 
Oc t /89 3 11196 
Nov / 89 6 10580 
Dec /89 4 6993 
Jan / 80 3 7834 

SNOW GEESE 
Mon t t i  No. o i Counts Mean 
Oc t /89 3 0  
Nov/89 6 ,055 
Dec /89 4 .a825 
Jan /9C) 3 0  

TOTAL 
Mcm t h No. o f  Counts Mean 
Oc t /89 3 34 
Nov/8'9 6 ,055 
Dec / 8 9  4 4.25 
Jan / 90 3 0 

SWANS 
Mon t t i  No. o f  Counts Mean 
oc t / 89 3 (j 
b 4  /a9 6 1.388 

, Dec/89 4 ,0825 
Jan /90 3 *2233 

WATERFOWL 
Hunt t i  No. o f  Counts Mean 
oc t / 89 3 1123(j 
N o v / ~ ' ~  6 1 (j582 
Del= / 89 . 4 6998 
Jan /90 3 7834 

Std. Dev. 
2014 
3586 
2320 
1528 

Std. Dev. 
385.2 
229 
205 
13.47 

Std. Dev. 
1324 
3780 
2453 
1541 

Std. Dev. 
0 
,1347 
.I65 
(1 

Std. Dev. 
58.813 
.1347 
8.281 

Std. Dev. 

2.776 
,165 
.3868 

Std. Dev. 
1876 
3782 
2453 
1541 

M i n i m u m  
9353 
7148 
3705 
6533 

M i n i m u m  
0 
20.33 
0 
0 

M i  n i mum 
9387 
7243 
3743 
6533 

Minimum 
0 
[j 
0 
0 

Minimum 
(1 
0 
0 
0 

Minimum 
c j  
(2 
0 
0 

Minimum 
3489 
7244 
3743 
6533 

Maxi mum 
13217 
165% 
928(j 
95(j8 

Maximum 
603.3 
550 
42 1 
26.67 

M a x i  mum 
13217 
17065 
'370 1 
3535 

Max 1 mum 
(j 
7 .:, 

-1 T 
. dL# 
c . Lid 

(j 

Max 1 mum 
1 (j2 
.33 
16. ti7 
(3 

Maximc!m 
u 
7 

.67 

CL-I . LIJ 

Mas 1 mum 
13217 
17072 
970 1 
9536 



SHOREBIRDS 
Month No. o f  Counts Mean Std. Dev. Minimum 
oc t /a9 3 75.54 103.3 0 
Nov / 89 6 169.4 203. a 0 
Dei /89 4 1508 2799 0 
Jan/SO 3 1889 2009 0 

GULLS 
Mon t t i  hIos o f  Counts Mean Std. Dev. Minimum 
ol: t / 8.3 3 121.4 57.03 61 
Nov/89 6 19.22 12.98 2 
Dec /89 4 72.13 102.6 3.5 
Jan / 90 3 111.4 127.5 29 

DIVERS (loons, grebes, cormorants> 
Mun t h No. o f  Counts Mean Std., Dev. Minimum 
oc t 189 3 0  0 0 
Nov/89 6 2.667 3.062 0 
Dec 189 4 .875 1.75 0 
Jan /'30 3 1.447 1.345 .67 

TOTAL BIRDS 
Mon t ti No. o f  Counts Mean Std.  Dev. Minimum 

NUV / 8'3 6 10775 379 1 7254 
k 3756 Dec / 8 9  4 8579 3.3203 

Jan /35? 3 '3336 856.3 9 1.48 

01: t /.J9 3 11427 1771 w x  

Maxi mum 
193.3 
566.6 
5700 
400# 

Maxi mum 
174.3 
34 

258.3 
224.6 

Maxi mum 

7 
3.5 
3 

(1 



APPENDIX 3 

Z-test results of annual and monthly comparisons of  
dabbling ducks and gulls for the Fraser foreshore 

and Boundary Bay. 



Z-test r e s u l t s  comparing mean b i r d s  by month between y e a r s  for d a b b l e r s  and 
g u l l  s on Boundary Bay and t h e  Fr aser for e s h o r e .  I 

m 
P r o b a b i l i t y  u s i n g  a Z-test for d i f f e r e n c e s  between means can be  e x p r e s s e d  
l i b e r a l l y  a s  s i g n i f i c a n t  a t  t h e  .OS l e v e l  o r  c o n s e r v a t i v e l y ,  u s i n g  M u l t i p l e  
Range test%, as  .05/n,  where n is t h e  number of compar i sons  b e i n g  made. For 
compar i sons  between 1989-90 and other y e a r s ,  s i g n i  f i c a n t  d i  f f e r n c e s  would b e  
fclund a t  .05/3=.017 l e v e l ,  there b e i n g  3 other y e a r s  of  data for cmnpariscri .  

Dabbl ing Ducks 

Boundary Bay 

October  

1966-74 
1382-83 .019 
1983-84 .028 
1989-90 * 450 

November 

December 

J a n u a r y  

Fr aser F o r e s h o r e  

01: t ob  er 

Pr  obabi  1 i t  
1982-83 7'383-84 

P r o b a b i l i t  
1382-83 11983-84 

- 
.337 - 
.I384 .352 

- 
.164 - 
.347 .400 
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1966-74 
1982-83 .173 
1983-84 .057 
1989-90 .001 

December 

1966-74 
1982-83 . a02 
i 983-84 .004 
1989-90 4.00 1 

January 

1966-74 
1982-83 .688 
1983-84 .934 
1989-90 .441 

Probabi 1 i t  
1982-83 1'383-84 - 
.364 - 
.(I01 ,094 

Fr obabi 1 i t y 
1982-83 1983-84 

.001 - <. 001 .234 

- 

P r o b a b i l i t  
1982-83 y983-84 - 
.315 
,161 .015 

Gull5 

boundary Bay 

October 

Nctvemb er  

Del: ember. 

1983-84 
1389-90 

Probabi 1 i . t ~  
1982-83 1385-84 

682 '. 

.453 
- 
.d 4 L '3 

Pr obab i 1 i t  x 
1982-83 138s-84 
.944 - 
.516 ,435 

January 

P r o b a b i l i t y  

1 '383-84 
1989-3(1 

1 '382-83 1983-84 .119 - 
.078 .834 



Fr aser Foreshore 

October 

Probabi 1 it y 
1982-83 1983-84 1383-84 <. 001 - 

i 989-90 . (333 .214 

November 

Probabi 1 i ty 
1982-83 1983-84 

1983-84 .896 - 
1989-90 .429 .a37 

December 

Probability 
1982-83 1983-84 . .  1983-84 ,440 - 

1989-90 .161 .218 

January 

i 983-84 

Prubabi 1 i t y  

1989-90 .326 .976 

73 
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