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S U M M A R Y
(1) T h is  s tu d y  e v a lu a te s  th e  use o f  tw o  d iffe ren t su rvey  te c h n iq u es  fo r  p ro v id in g  an  

e s tim a te  o f  th e  size o f  th e  co m m o n  seal p o p u la tio n  in  O rk n e y , U .K .
(2) In  A u g u s t 1985, a n  aeria l su rvey  w as m a d e  o v e r th e  c o as t o f  O rk n e y  d u r in g  th e  seals’ 

m o u lt. T hese  re su lts  w ere  co m p a red  w ith  th o se  fro m  a  series o f  b o a t  su rveys m a d e  over a 
sam p le  o f  th is  a re a  d u r in g  th e  p u p p in g  sea so n , in J u n e  a n d  Ju ly .

(3) O v e r tw ice a s  m a n y  seals w ere  fo u n d  h a u le d -o u t o n  th e  su rv e y  m a d e  d u r in g  th e  
m o u lt, a n d  it is re co m m en d ed  th a t  fu tu re  e s tim a te s  o f  p o p u la tio n  size s h o u ld  be b a sed  o n  
su rveys  m ade  a t  th is  tim e o f  year.

(4) T im e-lap se  p h o to g ra p h y  w as used  to  look  a t  ch an g es  in  th e  n u m b e r  o f  c o m m o n  seals 
h a u le d -o u t in re la tio n  to  th e  tida l cycle a n d  th e  tim e o f  d ay . T h e se  d a ta ,  to g e th e r  w ith  d a ta  
co llected  on  th e  ac tiv ity  p a tte rn s  o f  ra d io -tag g e d  in d iv id u a ls , w ere  used  to  p ro v id e  
c o rre c tio n  fac to rs  to  c o m p en sa te  fo r seals w h ich  w ere  in  th e  w a te r  a t th e  tim e o f  th e  survey.

(5) T h e  a p p lic a tio n  o f  these co rre c tio n  fa c to rs  to  th e  su rv ey  to ta l  o f  6616 p ro d u c e d  a  
p ro v is io n a l e s tim a te  o f  9331 (95%  C .L .s  8147 -1 0 5 1 5 ) fo r  th e  size o f  th e  O rk n e y  co m m o n  
seal p o p u la tio n . T h is  e s tim a te  is d iscussed  in  re la tio n  to  p re v io u s  e s tim a te s  o f  th e  size o f  
b o th  th e  O rk n e y  a n d  th e  to ta l B ritish  c o m m o n  seal p o p u la tio n .

I N T R O D U C T I O N

C u rre n t  estimates o f  co m m on  seal (Phoca vitulina  L.) popu la t io n  size argbased^on-coiinis 
o f  the individuals present a t  terrestrial hau l-ou t sites (Ebe rhard i ,  C h a p m a n  & Gilbert 
1979). T h ro u g h o u t  G re a t  Britain and Ire land,  m ost  coun ts  have  been m ade  from boats 
(e.g. Sum m ers  et al. 1980; A nderson 1981), while o the r  areas have  been covered using 
aerial p ho tog raph ic  surveys (e.g. V aughan  1971, 1978; Reijnders 1976; D rescher  1979; 
Everitt & B raham  1980) o r  observations from  land (e.g. N ew by  1973; P ayne & Schneider 
1984). A lthough  the tim ing and  m ethodology  o f  surveys differ considerably  between 
studies, they all share one  problem: com m on seals spend an u n k n o w n  p roportion  o f  their 
time in the  water, even as pups, and these coun ts  can therefore  be regarded, o.nly_as. 
m in im u m  popu la tion  estimates. Consequently , if  such counts  are to be used to assess 
long-term trends, it is necessary either to es timate the  p ro p o r t io n  o f  seals which were in 
the w a te r  at the time o f  the survey, or to  assume th a t  this p ro p o rt io n  does n o t  vary from 
year to  year or from  site to site.

A lthough  the results o f  com m on seal surveys are  norm ally  presented as m in im um  
p op u la t io n  estimates, estimates o f  to tal size have been m ade  in a few studies, Bonner, 
V au g h a n  & Jo h n s to n  (1973) used a rb it ra ry  co rrec tion  factors, often based on local 
in fo rm ation  from  seal hunters ,  to p roduce an  estimate for the co m m o n  seal popula tion  in 
Shetland. O n  the D utch  W adden  Sea, it was assumed th a t  each seal cam e ashore every day 
and  th a t  the whole pop u la t io n  was therefore on land  du r ing  the daily peak  in num bers

C o rre s p o n d en c e  ad d re ss : D e p a r tm e n t o f  Z o o lo g y , U n iv e rs ity  o f  A b e rd een , A b e rd e en  A B 9 2T N .
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(Van Bemmel 1956; Reijnders 1976). However, d a ta  on individual activity pat terns  
(Y ochem  et al. 1987; T h o m p so n  et al. 1989) suggest th a t  this is unlikely an d  th a t  these 
coun ts  should  also be considered as m in im um  popu la tion  estimates.

In o the r  studies, annua l p u p  p ro d u c t io n  figures have  been used to m odel total 
p o p u la t io n  size (Summ ers & M o u n tfo rd  1975; Jeffries 1986). A lthough  this m e th o d  has 
been used successfully for species w hose pups rem ain  ashore th ro u g h o u t  the  lacta tion 
period  (e.g. grey seals H alichoerus grypus  Fabricus: H a rw o o d  & Prim e 1978; Sum m ers 
1978), the  problem s involved in es timating co m m o n  seal pup  p roduction  (Sum m ers 1979; 
Slater & M arkow itz  1983) m ake  it less suitable for use with this species. M a rk - re c a p tu re  
studies, based on  tag-returns from  pup  hunters,  have shown th a t  the n u m b e r  o f  co m m o n  
seal pups  produced  each year is considerably larger th a n  the  m ax im um  n u m b e r  seen 
asho re  (Summers & M o u n tfo rd  1975). The  use o f  m ax im um  pup  coun ts  in these models 
(Jeffries 1986) is therefore likely to underestim ate  pop u la t io n  size. The  deve lopm ent of 
su itable  models is also restricted by the lack o f  d a ta  on  pop u la t io n  structure. 
Consequently ,  the m ost  reliable d a ta  o f  this type (Bigg 1969), collected in western 
C a n ad a ,  have sometimes been applied  to  models for different subspecies (Sum m ers & 
M o u n tfo rd  1975). The  s ituation  is fu rthe r  com plicated because such d a ta  are usually  only 
available from  heavily exploited popu la tions  (e.g. Bigg 1969; Pitcher 1977; Boulva & 
M c L a re n  1979) whose age s tructure  m ay  be quite different from th a t  o f  unexploited  or 
lightly exploited populations. O n  the  o ther  hand ,  in fo rm ation  on trends in pop u la t io n  size 
is of ten  required  in areas where this species is now  fully protec ted  (Reijnders 1976; 
R iseborough  et al. 1980; A nderson  1981). Therefore, as p ro tec tion  o f  previously exploited 
popu la t ions  is itself likely to  al ter  the  popu la tion  structure , other m e thods  fo r  assessing 
p o p u la t io n  size are clearly required.

A n  alternative app roach  is to  use radio-te lem etry to  collect da ta  on  the  p ro p o r t io n  of 
t ime th a t  individual seals spend ashore (E b e rh ard i  et al. 1979; Pitcher & M cAllister 1981 ; 
H arvey  1987; Yochem et al. 1987). This in form ation  can  then be used bo th  to  identify the 
o p t im u m  survey period and , subsequently , to p roduce popula tion  estimates by ex t ra p o ­
la ting f rom  counts  m ade  at hau l-ou t  sites. In O rkney, the  hau l-ou t behav iou r  o f  r a d io ­
tagged seals varied considerably du r ing  the  breeding season, the tim e a t  which m ost 
co m m on  seal surveys have taken  place. In contrast,  their  behaviour was m ore  predictable 

: du r ing  the m oult  in A ugust (T hom pson  e t al. 1989), when annual peaks have also been 
no ted  in o ther  studies (Van Bemmel 1956; Jeffries 1986)-. Therefore, it seems likely th a t  the 
m ou lt  m ay  be the m ost suitable time to census the popu la tion  (Everitt & B raham  1980;

■ S tew art  1981).
This paper  evaluates the potentia l o f  aerial surveys, m ade  during the m oult ,  to estim ate 

the  size o f  the British co m m on  seal popula tion .  Results  from  a trial aerial survey over 
O rkney , in A ugust  1985, are co m p ared  with those from  a series o f  b o a t  surveys m ade  over 
a  sample o f  this area  dur ing  June an d  July 1985. The  survey results are  then used with 
telemetric da ta  on  individual behav iour  collected in a parallel s tudy (T h o m p so n  et al. 
1989), to  p roduce  a prelim inary  estim ate o f  the  size o f  the  com m on seal p o p u la t io n  in 
Orkney.

M E T H O D S

A eria l survey

The aerial survey covered the  whole o f  the O rkney  coastline, with the exception o f  areas 
o f  exposed  cliff where co m m on  seals were unlikely to occur in any num bers  (Fig. 1).
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F ig . 1. A  m a p  o f  O rk n ey , sh o w in g  th e  co a s tlin e  co v ered  d u rin g  th e  aeria l su rvey  a n d  th e  a reas  
re fe rred  to  in  T a b le  2 ;  c o as tlin e  n o t su rveyed .

Surveys were flown on  5, 6 and  7 A ugust 1985, using a  Jet R anger  helicopter. The  
aircraft  was flown systematically a ro u n d  the  coast o f  each island, a t  a  height o f  
approx im ate ly  100 m. T h e  size o f  all g roups  was estimated visually an d  recorded on 
1:50 000 m aps. Large groups, and  som e smaller groups, were p h o tog raphed  using a 35 
m m  cam era w ith m o to r  drive an d  80-210  m m  zoom  lens. A variety o f  film types were 
used: b o th  b lack and  white negative (‘X P 1 ’, I lford  Ltd, M obberly ,  Cheshire) and  colour 
t ransparency  (‘E k tachrom e 100, 200 an d  400’, K o d a k  Ltd, Hemel H em pstead, 
H P 2  7EH). P ho tograph ic  counts  were m ade  directly from  the negative o r  transparency, 
using a b inocu la r  microscope and  light table. Each strip o f  film was viewed undernea th  an 
aceta te  sheet so tha t  overlapping frames, an d  individual seals, cou ld  be m a rk e d  to avoid 
duplicate  counts.

B oat surveys

Between mid-June an d  the end o f  July, surveys were m ade once a week from an 
inflatable boat .  A  s tandard  35-km rou te  was followed and  the size and  posit ion o f  all haul- 
o u t  g roups  was noted , together  with the n u m b e r  o f  pups present in each group. If  large 
hau l-ou t  g roups  were encountered ,  the  b o a t  was landed an d  the seals coun ted  from the
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F ig . 2. C h an g es  in  th e  n u m b e r o f  c o m m o n  seals h a u le d -o u t o n  th e  H o lm  o f  S cockness  th ro u g h  th e  
d a y . D a ta  s h o w n  a re  m ean  p ro p o r tio n s  o f  th e  d a ily  m a x im u m  c o u n t,  w ith  95%  confidence

in te rv a ls  (« = 1 1  d a y s) .

shore using a telescope. Each survey took  2 -4  h  to  com plete and ,  whilst avoiding high-tide 
periods,  was m ade  as close to m idday as possible.

Time-lapse photography  

In o rd e r  to  fo rm ula te  correction factors fo r  h a u l -o u t  coun ts  (Ebe rhard i  e t al. 1979), 
time-lapse pho to g rap h y  was used to assess the am o u n t  o f  var ia t ion  in the num ber  o f  seals 
h au led -o u t  in rela tion  to  the time o f  day an d  tide-state.

A  35 m m  cam era  with a 300 m m  lens an d  d a ta  back  was housed  in a purpose-built  
w a te rp ro o f  case. This was set in a dry stone dyke on  Egilsay, overlooking  a hau l-ou t site 
on  the H o lm  o f  Scockness (Fig. 1), and  left ru n n in g  from  8 to 26 A ugust  1985. The  cam era 
was p ro g ra m m e d  to take one p h o to g ra p h  each h o u r  an d  the  film (‘E k tach rom e 100’, 
K o d a k  Ltd) was changed  every 24-36 h. C oun ts  were m ade  from  the  transparencies using 
a b inocu la r  m icroscope and a light table.

D a ta  were analysed by  finding the m ax im um  daily coun t ,  an d  considering the num bers  
presen t in o the r  frames taken th a t  day as a  p ro p o r t io n  o f  the daily m ax im um  (Stewart
1984). This reduces problem s caused by the fact th a t  the ca m e ra ’s field o f  view included a 
variable, and  unknow n , p ropo rt ion  o f  the hau l-ou t  g roup ,  bu t assumes th a t  the behaviour 
o f  this sam ple  o f  an im als  was representative o f  the  whole g roup .

R E S U L T S  

Time-lapse photography  

P h o to g ra p h s  could be analysed only w hen  a com plete  d a y ’s d a ta  were available, as the 
time o f  the  daily m ax im um  coun t  had  to be identified. This was possible on 11 days, when 
the m a x im u m  n u m b e r  o f  seals in the field o f  view ranged  from  48 to  158. There was a 
m a rk e d  d iurnal  trend  in the num ber  o f  seals presen t a t  this site, w ith the peak  at a round
16.00 h (Fig. 2). Analysis o f  the changes in n u m bers  in rela tion  to  the  tidal cycle showed a 
tendency for the  p ropo rt ion  o f  the daily m ax im um  to  be low er on  an  ebb  tide (M a n n -  
W hitney  (7(2) 83,83 =  4763, P  < 0 001 ). H ow ever ,  when the  effect o f  the time o f  day was 
also taken  into account,  it appeared  th a t  this rela tionship  was significant only between
06.00 an d  09.00 h (M an n -W h itn ey  (7(2) 20,18 =  345, P <  0-001). D u r in g  the rest o f  th e d ay
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F ig .  3. C o m p a r is o n  b e tw een  th e  n u m b e r  o f  seals h a u le d -o u t o n  ris in g  ( 0 ) a n d  fa lling  (□ )  tides, fo r 
d iffe ren t p e rio d s  o f  th e  d a y . D a ta  a re  m e an  p ro p o r tio n s  o f  th e  d a ily  m ax im u m , w ith  95%  

co n fid en ce  in te rv a ls  (n =  11 days).

the stage o f  the  tide had  no significant effect, a l though  the re  was a slight, b u t  not 
significant, t rend  tow ards  a  tidal rela tionship again  in the evening (Fig. 3).

The  aerial counts  all took  place between 08.30 and  18.30 h a n d  the effect o f  the tidal 
s ta te  on  the  n u m b e r  o f  seals hau led-ou t was therefore ignored. C orrec tion  factors were, 
however, p roduced  to allow for var ia t ion  in the  time o f  day  a t  which counts  were m a d e  at 
different sites. E ach  c o u n t  from  the time-lapse p h o to g rap h s  was divided by the m axim um  
coun t o n  th a t  day, these values were then used to  calculate the  m ean  p ro p o rt io n  o f  
anim als hau led -ou t  in each h o u r  o f  the day  (Fig. 2). The values were then rescaled so tha t  
the  m e an  value was TO fo r  the period  16.00-16.59 h w hen , on  average, the highest 
p ro p o r t io n  o f  an im als  was hauled  ou t (Table 1).

T a b l e  1. D a t a  u s e d  to  c o r r e c t  a e r ia l  s u r v e y  c o u n t s ,  to  a l lo w  f o r  v a r i a t i o n  d u e  to  th e  
t im e  o f  d a y  a t  w h ic h  e a c h  s i te  w a s  s u r v e y e d

T im e  o f  d a y V alue n S .E .

0 8 .0 0 -0 8 .5 9 0-62 10 0-113
0 9 .0 0 -0 9 .5 9 0-69 11 0-097
10.00-10 .59 0-72 10 0-075
11 .00 -11 .59 0-75 11 0-073
12.00-12 .59 0-82 10 0-082
13.00-13 .59 0-87 11 0-076
14,00-14 .59 0-92 10 0-087
15.00-15 .59 0-95 11 0-050
16.00-16 .59 1 0 0 11 0-038
17.00-17 .59 0-93 11 0-085
18.00-18 .59 0-92 10 0-122
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T  a b l e  2. T h e  to t a l  n u m b e r  o f  c o m m o n  s e a ls  c o u n t e d  in  e a c h  a r e a  o f  O r k n e y  ( s e e  F ig .  1 ) 
d u r i n g  th e  1 9 8 5  a e r ia l  s u r v e y .  D a t a  o n  th e  n u m b e r  o f  a d u l t s  s e e n  o n  p r e v i o u s  S M R U  

b o a t  c o u n t s  ( f r o m  M c C o n n e l l  1 9 8 5 ) a r e  in c lu d e d  f o r  c o m p a r i s o n

A rea

B o a t su rvey
A eria l survey 

(1985)1972 1979

Scapa  A rea 635 907 2196
W ide  F ir th  A rea 659 963 2132
S an d ay  A rea 719 646 1685
W estray  A rea 133 137 603

O rk n ey  T o ta l 2146 2653 6616

A eria l survey

The aerial survey o f  the O rkney  coastline was com pleted  in approx im ate ly  12 h flying 
time, w hich  included time fo r  repeat coun ts  at th ree  sites.

Black an d  white film p roved  unsu itab le  for distinguishing co m m on  seals on  rocky 
shores. All co lour transparency  films p roduced  good  results in good  light conditions,  but 
p h o to g rap h s  taken  with 100 an d  200 A SA  film in p o o r  light were sometim es too  b lurred 
for analysis.

The  to ta l  num ber  o f  seals coun ted  on  the aerial survey was 6616, with a coun t o f  466 for 
the sam ple  area  covered by the boat  surveys. Tota l counts for each area  o f  O rkney  (as 
defined in Fig. 1) were consistently higher th a n  the m in im um  estimates m ade  dur ing  
previous Sea M am m al Research U n it  b o a t  surveys in 1972 and  1979 (Table 2).

A t  twenty-nine sites, bo th  p h o tog raph ic  and  visual estimates o f  g roup  size were m ade 
(Table 3). Overall, the visual estimates fo r  these sites accounted for only 73% o f  the  total 
n u m b e r  ob ta ined  from the p ho tog raph ic  count.  Visual estimates an d  pho tog raph ic  
counts  o f  g roups  o f  fewer th a n  100 (on the pho tog raph ic  count)  were closer, though  visual 
counts  still accounted for only 89% o f  the  pho tog raph ic  count. E r ro rs  fo r  these groups 
were very variable, largely depending o n  w hether  seals rem ained ashore  long  enough to  be 
counted ,  o r  whether  an estimate h ad  to be made. Visual estimates o f  g roups  larger than 
100 were norm ally  gross underestim ates  and  accounted  for only 67% o f  the pho tog raph ic  
count. In all cases where pho to g rap h s  were o f  sufficient quality, the p h o to g rap h ic  count 
was considered the  m ore reliable.

R e p e a t  pho tog raph ic  coun ts  were m ade  on  different days a t  th ree  sites: E ynhal low  
(three counts),  H o lm  o f  Scockness ( three counts) and  the H olm  o f  Rendall  (two counts). 
P h o to g ra p h s  were too b lurred for analysis on one day at Eynhallow  and  H o lm  of 
Scockness, leaving two coun ts  a t  each o f  the three sites (Table 4). In p roduc ing  the  total 
coun t fo r  Orkney, the first c o u n t  for each o f  these three sites was used. This avoided 
duplicate  counts  due to  m ovem ents  between local sites, as the su rround ing  areas were 
surveyed a t  the same time. The  aerial counts on Eynhallow  agreed well with regular 
g round  coun ts  (Fig. 4) which were m ade  in the course o f  o ther  fieldwork th ro u g h o u t  July, 
A ugust  an d  Septem ber 1985 (T hom pson  & R othery  1987; T h o m p so n  1989). The  ground 
counts  suggest th a t  num bers  at this site rem ain  high th ro u g h o u t  August.

A lth o u g h  95% confidence intervals for the repeat c o u n ts ’ corrected to ta ls  overlapped 
a t  all th ree  sites (Table 4), corrected coun ts  m ade early  in the m orn ing  were consistently
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T a b l e  3 . C o m p a r i s o n  o f  v is u a l  e s t i m a t e s  a n d  p h o t o g r a p h i c  c o u n t s  o f  c o m m o n  s e a l  
g r o u p s  a t  tw e n ty - s e v e n  s i te s  s u r v e y e d  d u r i n g  th e  1985  s e r ia l  s u r v e y

Site n am e
V isual

e s tim a te
P h o to g ra p h ic

co u n t

B u rray 130 125
W idew all Bay 55 77
S w itha 450 604
N . E y n h a llo w 250 497
S. E y n h a llo w 75 135
E. W yre 80 85
Sw eyn H o lm 100 100
G e o s ta n e 4 0 -5 0 51
G a lt S kerry 60 86
H ellia r H o lm 70 67
H o lm  o f  R en d a ll 100 187
G rim b is te r 3 0 -5 0 45
Q u a n te rn ess 55 52
T o a b  S kerry 5 3 -6 0 81
Sebay  S kerries 80 105
R o a n n a  B ay 50 51
A u sk erry 200 246
L a m b  N ess 93 97
M ill B ay 67 79
T he S tu in 51 51
H o lm  o f  E lsness 65 67
B ay o f  S ow erd ie 40 33
T o r  S ker 18 23
L am a n ess  F ir th 55 68
L am a n ess  S k e rry 25 23
H o lm s o f  Ire 180 286
N . R o n a ld sa y 130 235
W asb is t 75 125
H o lm  o f  P a p a 150 187

T a b l e  4 . C o m p a r i s o n  o f  r e p e a t  c o u n t s ,  t o g e t h e r  w i th  v a lu e s ,  c o r r e c t e d  f o r  t im e  o f  d a y ,  
f o r  E y n h a l lo w ,  H o l m  o f  S c o c k n e s s  a n d  H o lm  o f  R e n d a l l

S ite
D a te

(1985)
T im e

(h)
O rig in a l

c o u n t
C o rre c te d  

c o u n t (95%  C .I.)

E y n h a llo w 5 A u g 15.01 632 665 (5 9 7 -7 3 3 )
E y n h a llo w 7 A u g 09.03 665 964 (698-1230)

H o lm  o f  S cockness 5 A u g 15.15 318 335 (301 -369)
H o lm  o f  S cockness 6 A u g 09.47 299 433 (313 -552)

H o lm  o f  R en d a ll 5 A u g 14.50 187 203 (165 -241)
H o lm  o f  R en d a ll 6 A u g 09.19 172 249 (180 -317)

higher th a n  those m ade in the a f te rnoon ,  particularly  when com pared  with ground counts 
fo r  Eynhallow  (Fig. 4). However, given the small sample sizes involved, it is no t  possible 
to  assess whether  these differences are  statistically significant.
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F i g . 4. M a x im u m  d a ily  c o u n ts  o f  a d u lt c o m m o n  sea ls  h a u le d -o u t o n  E y n h a llo w , 1985: (H ) g ro u n d  
c o u n ts ; (□ )  a e r ia l co u n ts; ( o )  c o rre c ted  a e r ia l c o u n ts  w ith  95%  co n fid en ce  in te rv a ls .

Boat surveys and  pup counts

T he to ta l  n u m b e r  o f  adults  seen on  each b o a t  survey was always lower th a n  th a t  
observed du r ing  the aerial survey (Table 5). P upp ing  appeared  to  be highly synchronous. 
O n  8 June ,  bad  weather  prevented  a full survey. Nevertheless, a l though  the m ajority  o f  the 
s ta n d a rd  rou te  was covered, only two pups  w ere .seen . By the following week, pup  
num bers  h ad  risen to seventy-nine. N ew -born  pups  were seen only rarely  after the th ird  
week in June  and  the to ta l num ber  o f  pups seen on each survey declined steadily from  the 
end o f  Ju n e  (Fig 5).

T a b l e  5. T h e  t o t a l  n u m b e r  o f  a d u l t  c o m m o n  s e a ls  s e e n  h a u l e d - o u t  d u r i n g  e a c h  s u rv e y  
m a d e  o v e r  th e  s a m p l e  s tu d y  a r e a  a r o u n d  R o u s a y ,  E g i ls a y  a n d  W y r e  ( F ig .  2 )

D a te  S urvey  N u m b e r  o f  a d u lts  
(1985) m e th o d  h a u le d -o u t

16 Ju n B o at 256
24 J u n B oat 179
30 Ju n B oat 194

7 Ju l B oat 168
14 Ju l B oat 184
22 Ju l B oat 202
28 Ju l B oat 335

5 A ug A ir 466
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surveys (Table 2). W hilst  there m ay have been increases in pop u la t io n  size since the  last 
survey in 1979, com par ison  o f  survey techniques du r ing  1985, over a  sample area, suggests 
tha t  m uch  o f  the increase can be explained by a change in  the  timing o f  the survey; in 1985, 
num bers  present in  the  sample area dur ing  the per iod  covered by  the 1979 survey (5-21 
July) were less th a n  ha lf  the total counted in the first week o f  A ugust  (Table 5). These 
results confirm previous suggestions (e.g. Everitt & B rah a m  1980; S tew art 1981) tha t  
surveys m a d e  du r ing  the  m oult  period p roduce high m in im u m  p o p u la t io n  estimates for 
com m on  seals. A lthough  regular counts  on  Eynhallow  showed th a t  num bers  remained 
high th ro u g h o u t  A ugust  (Fig. 4), telemetric d a ta  on  behaviour,  needed for total 
popula tion  estimates, a re  available only from  the first 2 weeks o f  A u g u s t  because the 
rad io-transm itte rs  fell off  as the m ou lt  progressed. Therefore ,  the first 2 weeks o f  A ugust 
would ap p e ar  to  be the m ost suitable period for surveys o f  co m m o n  seals on  rocky shore 
coasts a ro u n d  Britain. In  o ther  areas, however, the  tim ing o f  the an n u a l  cycle m ay  vary 
considerably (Bigg 1973, 1981) and app rop r ia te  dates fo r  surveys dur ing  the  m ou lt  period 
will also differ.

As well as p rovid ing  higher m in im um  popu la tion  estimates, surveys m ade dur ing  the 
m ou lt  have two o th e r  im p o r tan t  advantages. Increases in the  n u m b e r  o f  seals ashore at 
this time appear  to  be due  to  changes in male behaviour,  directly associated with the m oult 
(Thom pson  et al. 1989). The  increased predictability o f  their  behav iou r  at this time makes 
it m ore  feasible to extrapola te  from hau l-ou t counts  to p ro d u ce  to ta l popu la tion  
estimates. F u r th e rm o re ,  because the  change in activity appears  to  be the result of 
physiological constra in ts ,  which each individual undergoes annually ,  hau l-ou t  frequency 
over this period is likely to remain cons tan t  between years. In contrast,  hau l-ou t 
frequency at o ther  times o f  year m ay vary in relation to  factors such as food availability or 
breeding success; consequently , year-to-year varia tion  in these factors could complicate 
the assessment o f  popu la tion  trends. Therefore, by m a k in g  surveys du r ing  the  moult ,  
between-year varia tion  in behaviour should be minimized and  year-to -year  changes in the 
num ber  o f  seals ashore  are  m ore likely to  reflect real changes in pop u la t io n  size.

To  reduce the effect o f  within-year variation, counts  were s tandard ized  to  allow for 
varia tion  in the num ber  o f  seals ashore th ro u g h o u t  the day. T h e  diurnal trend  in num bers  
seen on  the H olm  o f  Scockness (Fig. 2) was similar to  tha t  found  in o ther  studies (e.g. 
Allen, Ainley & Page 1980; S tewart 1984) and  it seemed reasonable  to  use these d a ta  to 
formulate provisional correction  factors for counts (Table 1). How ever,  use o f  these 
correction factors with the  repeat counts a t  three sites (Table 4), an d  com par ison  with 
ground  coun ts  on  Eynhallow  (Fig. 4), suggest th a t  they m ay  overcom pensa te  fo r  counts 
made du r ing  the early  m orn ing . F u r th e r  w ork  is needed to im prove these correction 
factors and  assess w hether  similar trends are found a t  o the r  sites, particu larly  as g roup  
s tructure has been found  to differ between sites (K nu tson  1977; Slater & M a rkow itz  1983; 
T hom pson  1989). M o re  intensive studies o f  this kind should  also reduce the confidence 
intervals on  these correction  factors.

There was no evidence th a t  the num ber  o f  seals hau led-ou t on the H o lm  o f  Scockness 
was affected by the tidal cycle, except dur ing  the early m o rn in g  and  possibly also the  late 
evening (Fig. 3). Consequently ,  no additional corrections were m ade  for tidal state. I t  may 
be wise in fu ture to  survey in the middle o f  the day to  minimize any  effect o f  tide b u t  trends 
at o the r  sites should  also be assessed to verify th a t  this pa t te rn  is w idespread. In  this 
respect, the survey m e thods  discussed in this section apply only to areas where hau l-ou t 
sites are available th ro u g h o u t  the tide-cycle: Orkney, Shetland,  the Hebrides, and  the west 
coast o f  Scotland. In es tuarine areas on the east side o f  Britain, inter-tidal sa ndbanks  are
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generally used as hau l-ou t sites an d  an im als  are rare ly  a s h o r e  over  the h i g h  tide period 
(V aughan  1978; M cConnell  et al. 1985). Different su rv e y  t e c h n i q u e s  m a y  th e re fo re  be 
required in these areas.

A lthough  the  m ou lt  period m ay be the m ost a p p r o p r i a t e  t i m e  a t  w h i c h  t o  estimate 
p opu la tion  size in rocky shore areas, estimates o f  p u p  p r o d u c t i o n  ca n n o t  b e  m a d e  a t  the 
same time, as weaned  pups canno t easily be d is t ingu ished  f r o m  o ld e r  a n i m a l s  (Reijnders 
1978; T h o m p so n  & R othery  1987). In the past,  c o m m o n  seal s u r v e y s  in B r i ta  i n  attem pted  
to  com bine estimates o f  pup  p roduc t ion  an d  p o p u la t io n  size a n d  took  p la c e  d u r in g  June 
o r  July (Sum m ers 1979; N E R C  1985). D u r in g  th is  s tu d y ,  h o w e v e r ,  r e g u l a r  co u n ts  in a 
sample area  showed th a t  the n u m b e r  o f  pups ashore  d e c r e a s e d  steadily a f t e r  a peak in 
m id-June (Fig. 5). Previous boat  surveys, over areas su c h  as O r k n e y  o r  S h e t l a n d ,  took 2-3 
weeks to  complete. Consequently , w ith in-year va r ia t ion  in t h e  n u m b e r  o f  p u p s  ashore is 
likely to  have been too  grea t to  allow useful co m par ison  e i t h e r  b e tw e e n  y e a r s ,  o r  between 
areas, and  p robab ly  explains the wide varia tion  in p u p  n u m b e r s  n o te d  in d i f f e r e n t  surveys 
(e.g. A nderson  1981; W a rn e r  1983). Reijnders (1978) a lso  n o t e d  decreases i n  t h e  num ber 
o f  pups  ashore  th ro u g h o u t  the  lac ta tion  period, which h e  a t t r i b u t e d  to  p u p  m o r t a l i t y .  In 
contrast,  pup  num bers  on  Sable Island, N o v a  Scotia, r e m a in e d ,  high until w e l l  a f te r  pups 
were weaned (Boulva & M cL aren  1979). A lthough  m o r ta l i ty  w i l l  have  c o n t r i b u t e d  to the 
observed decline in this study, changes in hau l-ou t b e h a v io u r  a r e  also likely t o  have had  
an  im p o r ta n t  effect. Very few m a rk e d  pups  were seen in l a t e  Ju ly  an d  A u g u s t ,  but 
num bers  increased slightly in Septem ber (P. M. T h o m p s o n ,  u n p u b l .  d a ta ) .  H o w  much 
time pups spend ashore  during the  post-w eaning p e r io d  m a y  therefore  v a r y  between 
popula tions ,  in re la tion  to  factors such as local changes in  f o o d  availabili ty  o r  t h e  relative 
ab u ndance  o f  aqua tic  an d  terrestrial predators .

I f  estimates o f  p u p  p roduction  a re  needed, separate  s u r v e y s  m u s t  th e r e f o r e  be m ade 
du r ing  June ,  specifically to  coun t pups. Ideally, these s u r v e y s  s h o u ld  in v o lv e  a  series o f  
counts ,  within a  single year, so th a t  the peak  in p u p  n u m b e r s  can  be id e n t i f ie d  using 
m ethods  similar to those used for grey seal popu la tion  su rveys  ( W a r d ,  T h o m p s o n  & Hiby 
1988). Peak annua l p u p  counts  ob ta ined  in this way w o u ld  p r o v i d e  a m ore  u s e f u l  index of 
pup  production  than  previous estimates f rom  b o a t  surveys, b u t  fu r th e r  re se a rc h  w ould  be 
needed before they could be related to annua l pup p r o d u c t i o n .  In pa r t icu la r ,  c h a n g es  in 
the behaviour o f  adu l t  females and  their  pups would need to  b e  m o n i to r e d  th r o u g h o u t  the 
lacta tion period ,  a n d  a t tem p ts  m a d e  to  estimate p u p  m o r t a l i t y .  T e lem etric  techn iques  
would allow d a ta  to  be collected on  hau l-ou t  behaviour,  bu t  e s t i m a t i n g  c o m m o n  seal pup 
m orta lity  presents en o rm o u s  problem s. Instead, effort should  p e r h a p s  be c o n c e n t ra te d  on 
identifying the time o f  peak  pup  nu m b e rs  in order  to  p roduce  a  m o r e  reliable i n d e x  o f  pup  
production .

Survey m ethodology

C o m m o n  seal surveys du r ing  th e  m ou lt  period involve c o u n t i n g  g roups  o f  several 
hund red  individuals, while pup  surveys would need to  c o v e r  large areas d u r in g  the 
relatively short peak  in numbers. Consequently ,  the  only p r a c t i c a l  way to m a k e  such 
surveys is from the air.

C om parison  o f  p ho tog raph ic  coun ts  and  visual estimates, m a d e  from  the  a ir .  suggests 
th a t  the precision o f  counts  can be im proved  greatly by p h o t o g r a p h i n g  g ro u p s  ofsea ls .  
and  tha t  the use o f  high speed co lour  film allows co m m o n  sea ls  to  be d is t ingu ished  from a 
rocky shore back g ro u n d .  A lthough  m ade  on different days, a e r i a l  an d  ground  c o u n t s  o f  
the num ber  o f  seals present on  Eynhal low  were o f  a similar size (F ig .  4). G ro u n d  co u n ts  of
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c o m m o n  seals ca n n o t  be considered ‘t ru th '  coun ts  as, fo r  example, w hen  grey seal pups 
can  be m arked ,  counted ,  an d  com pared  w ith  aerial coun ts  (Wyile & T h o m p so n  (1985), 
bu t th e  similarity between these figures is nonetheless reassuring.

A lthough  pho to g rap h y  may im prove the  precision o f  counts, there remains the 
p rob lem  o f  assessing the accuracy with  w hich g roups  o f  seals are detected. G ro u p s  of 
co m m on  seals are p robab ly  easier to find th a n  som e terrestrial m am m als  (e.g. Caughley 
1974; Caughley, Sinclair & Scott K em m is 1976) o r  ice-breeding seals (e.g. E berhard i  et al. 
1979; Helle 1980) because o f  the lack o f  cover an d  th e  limited inter-tidal area  which is 
available fo r  hauling-out.  However, a  substan tia l  bias could be generated if  even a few 
large aggregations were missed. The  risk o f  this w as  m inimized by using a helicopter 
which was m anoevrab le  enough to follow the coastl ine closely an d  slowly. As a result , we 
suggest th a t  only solitary individuals and  small g roups  were missed, b u t  fu rther  w ork  is 
required  to  assess the extent o f  this problem . C o m m o n  seals ap p e ar  to  use the  same haul-  
ou t site consistently from  year to year (A nderson  1981 ; T h o m p so n  1989) so tha t ,  once the 
m a jo r  sites in an area  have been identified, fu ture  surveys will be less likely to miss large 
aggregations. However, it would be unwise to design surveys on  the assum ption  th a t  seals 
will only be found  a t  traditional sites. The  absence o f  seals from  such sites may, however, 
be a  useful ind icator  o f  recent d is turbance,  which can  have a  d ram a tic  effect on  the 
n u m b e r  o f  seals ashore  (Allen e t al. 1984). T h e  presence o f  fishing boats  o r  large g roups  o f  
seals in the  water m ay also allow some assessment o f  the  degree o f  disturbance. Ideally, 
however, repeat counts should  be m ade  over each area ,  on  different days, so th a t  these 
effects can  be minimized.

Population estim ates

In o rder  to p roduce a total popu la t ion  es tim ate  f ro m  the  corrected survey results, a 
num ber  o f  basic assum ptions had to be m ade .  This first es tim ate  is crude, and  the m ethods  
used in its p roduction  should be modified with fu r th e r  research. However, as long  as 
survey techniques are standardized, the  im proved  m e th o d s  can then be used to  re­
evaluate old  survey data.

In particu lar,  da ta  are needed on the behav iou r  o f  females and  sub-adult  co m m o n  seals 
during A ugust.  However, ob ta in ing  such d a ta  would  require a different m ethod  for 
at tach ing  radio-tags because they have previously been glued to the hair  o f  seals 
(T hom pson  et al. 1989) and  females and  juveniles m o u l t  before adult  males (Thom pson  & 
R othery  1987). The  d iurnal hau l-ou t beh av io u r  o f  fo u r  radio-tagged males followed 
during  A ugust  appeared  highly predictable (T h o m p so n  et al. 1989), bu t  a larger sample o f  
animals is needed to confirm whether or n o t  all males do  com e ashore each day.

Casual observa tions supported  the  assum ption  th a t  a negligible num ber  o f  pups 
hau led-ou t during A ugust,  bu t  this could be tested in  the  fu ture by carrying ou t a large- 
scale p u p -m ark in g  or rad io-track ing  p rog ram m e.

It was assumed th a t  the sex ratio  o f  this pop u la t io n  w as  1:1. Varying the sex ratio  over 
the range o f  values found  in the literature (Bishop 1968; Bigg 1969; Pitcher 1977; Boulva 
& M cL aren  1979) had  little effect on  the to ta l pop u la t io n  estimate. Therefore, o ther  
sources o f  e r ro r  would need to be reduced considerab ly  before it becam e im p o r ta n t  to 
collect d a ta  on the  sex ra tio  o f  this popu la tion .

The  variance in the estimate o f  popu la t io n  size has tw o com ponen ts  (see Appendix): 
one due to  variability in c, and  the o the r  due  to  variability  in h. The  variance could 
therefore be reduced by im proving  the estimates o f  these param eters .  However, there 
appears  to  be no particu lar  advantage in concen tra t ing  effort on  part icu la r  ct o r  h values.
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T w o-th ird s  o f  the  seals were counted between 14.00 a n d  17.59 h and  for this period  the 
estimates o f  c, and  their variances are  b road ly  sim ilar to  those fo r  h. T hus ,  a 10% 
reduction in the variance o f  c, would  have a  similar effect on the  variance o f  N  a s  a 10% 
reduction  in the  variance o f  h.

Implications fo r  the size o f  the British population

T he m e a n  to ta l  popula tion  estimate o f  9331 was approx im ate ly  three times th e  size o f  
previous estimates for the O rkney  co m m o n  seal p o p u la t io n  (V aughan  1975; M cConnell
1985), show ing  th a t  the  num ber  o f  co m m o n  seals seen asho re  a t  any  one time represents a 
small p ro p o r t io n  o f  the  total popula tion .

C u r re n t  estimates o f  the British co m m o n  seal pop u la t io n  are based a lm ost entirely on 
estimates f rom  m axim um  hau l-ou t  coun ts  ( N E R C  1985), the  only area with a  reliable 
to ta l popu la t io n  estimate being the W a sh  (Sum m ers & M o u n tfo rd  1975). Consequently ,  
the  British popula tion  estim ate o f  21600  ( N E R C  1985) is likely to be a  gross 
underestim ate .  H au l-ou t behaviour d u r in g  the pupp ing  period  is very variable (T h o m p ­
son e t al. 1989). Furthe rm ore ,  several areas  o f  Brita in  have  no t  been surveyed for over 10 
years ( N E R C  1985). A lthough  the results o f  earlier  surveys m ade  dur ing  the pupp ing  
season m u s t  therefore be treated  with cau tion ,  they can give som e indication o f  the  degree 
o f  underes tim ation  involved. I f  we assum e th a t  the  size o f  the popu la tion  in  o ther  rocky 
shore h ab i ta ts  was underestim ated to  a similar ex ten t to  th a t  in Orkney, the  to ta l 
popu la tion  in Orkney, Shetland, the W estern  Isles an d  the west coast o f  Scotland is m ore  
likely to  be in the region o f  38-39 000 th a n  the cu r ren t  estimate o f  14 000. I f  this is so, the 
to ta l British popula tion ,  prior to  the 1988 morbilli v irus epizootic, m ay  have been around  
46-47 000. Clearly, surveys o f  these o the r  areas, using m e th o d s  com parab le  with those 
used in O rkney  in 1985, are  required. O nce such a  baseline has been established for the 
British popu la tion ,  it will then be possible to m o n i to r  pop u la t io n  trends over  fu ture years.
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A P P E N D I X

E stim ating  the variance o f  N  

Equat ion  (1) can be rewritten as:

L  K

n = E T'hJC,
i= i /=l

where C, =  c,h, L  = num ber o f  sites surveyed, K =  num ber  o f  time intervals.

Then var(C,) =  /72var(c,) +  c,2var(/?) +  var(c,),var(/?)

L K

and v a r ( N ) =  Y.  I « Ä - 4W Ö 3 ,)


