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ABSTRACT: An aerial survey of harbour  porpoises, Phocoena phocoena, was conducted in June-  
July 1992 in the western  Baltic (Bay of Kiel, the Great  Belt, Little Belt, an area north of Fyn) and  a 
coastal area in the North Sea off the island of Sylt, Survey procedures and  statistical analysis were 
identical to those of a similar survey in 1991 and survey results from the two years were compared. 
The highest  density of porpoises was found in the North Sea area, whereas  the Bay of Kiel and  the 
Little Belt had  low densities. The Great  Belt and the area north of Fyn had intermediate densities and 
the area north of Fyn had  a density similar to that found in the same area in 1991. The distribution of 
the perpendicular  s ighting distance from the surveys in 1991 and 1992 was identical in locality and 
dispersal, but gave rise to different estimates of effective search widths. Pod sizes for the 1992 survey 
w e r e  smaller than pod sizes estimated from boat surveys, but  were within the range  of those for the 
1991 aerial survey. 

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

In a n  ea r l i e r  p a p e r  ( H e i d e - J o r g e n s e n  e t  aL, 1992), w e  e v a l u a t e d  ae r i a l  s u r v e y  as  a 

m e a n s  of e s t i m a t i n g  d e n s i t i e s  of h a r b o u r  po rpo i ses ,  Phocoena phocoena, as u s e f u l  for 

m o n i t o r i n g  p o p u l a t i o n  t r ends .  W e  c o n c l u d e d  t h a t  l i ne  t r a n s e c t  m e t h o d s  a p p l i e d  w i t h  a 

t a r g e t  a l t i t ude  of 183 m p r o v i d e  a r e l i a b l e  a n d  e f fec t ive  w a y  of e s t i m a t i n g  h a r b o u r  

p o r p o i s e  dens i t i e s .  H o w e v e r ,  w e  also c o n c l u d e d  t h a t  s u c h  s u r v e y s  a re  s e n s i t i v e  to t h e  

t y p e  of a i rc ra f t  u sed ,  e x p e r i e n c e  of t h e  o b s e r v e r s  and ,  m o s t  i m p o r t a n t l y ,  t h e  s i g h t i n g  

c o n d i t i o n s  u n d e r  w h i c h  t h e  s u r v e y s  a re  c o n d u c t e d .  Also,  t h e  e s t i m a t e s  of p o d  s ize  a re  

suspec t ,  b e c a u s e  in  a e r i a l  s u r v e y s  a c t u a l  p o d  s izes  m a y  b e  u n d e r e s t i m a t e d .  E s t i m a t e s  of 

p o d  s izes  f rom i n c i d e n t a l  s i g h t i n g s  f rom sh ips  m a y  b e  b i a s e d .  

S u r v e y s  of h a r b o u r  p o r p o i s e s  in  D a n i s h  a n d  G e r m a n  wa te r s ,  c o n d u c t e d  a t  r e g u l a r  

i n t e r v a l s  a n d  u s i n g  s i m i l a r  m e t h o d s ,  a re  a pos s ib l e  w a y  of e v a l u a t i n g  t r e n d s  in  h a r b o u r  

p o r p o i s e  p o p u l a t i o n s .  M o n i t o r i n g  of coas t a l  h a r b o u r  p o r p o i s e  p o p u l a t i o n s  c a n  b e  u s e f u l  

for  a s s e s s i n g ,  a l b e i t  i nd i rec t ly ,  t h e  i m p a c t  of p o r p o i s e  b y - c a t c h e s  in  c o m m e r c i a l  f i s h i n g  

ope ra t i ons ,  a n d  for e v a l u a t i n g  t h e  s t a t e  of t h e  m a r i n e  e n v i r o n m e n t .  

T h e  p r e s e n t  s u r v e y  w a s  c o n d u c t e d  to i m p r o v e  ou r  e s t i m a t i o n s  of t h e  e f f ec t i ve  s e a r c h  

wid th ,  to p r o v i d e  a m o r e  a c c u r a t e  e s t i m a t e  of t he  r e l a t i ve  a b u n d a n c e  of h a r b o u r  

p o r p o i s e s  in  t h e  w e s t e r n  Balt ic,  to i n c r e a s e  t h e  a r e a  c o v e r e d  b y  su rveys ,  a n d  to t e s t  t he  

feas ib i l i ty  of a e r i a l  s u r v e y s  in  t h e  m u d d y ,  t u r b i d  w a t e r s  of t h e  W a d d e n  a n d  N o r t h  Seas .  
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MATERIALS AND METHODS 

For the 1992 survey, five areas were selected, two of which were also covered by the 
1991 survey. The Great Belt and  Little Belt were included to ensure  cont inuous  sampling 
in the western Baltic, from the Bay of Kiel to the area north of Fyn (Fig. 1). In  addition, an 
area around the island of Sylt in  the North Sea, known for its conspicuous numbers  of 
harbour  porpoises, was chosen for testing the feasibility of aerial surveys in  the relatively 
turbid nearshore waters of the North Sea (Fig. 2). 

The survey in 1992 closely followed the design described in He ide-Jorgensen  et al. 
(1992), except for all transects be ing  flown at an altitude of 183 m. The same aircraft was 
used as in 1991, and the average ground speed on 133 transects was 163 k m / h  (95 % CI: 
160-166). Observations were only made from the rear seats through the b u b b l e  windows; 
the right front seat was used only for t raining observers. The surveys were  flown on the 
17th, 19th, 20th and  24th June  in the area North of Fyn, the 19th and  30th June  and 3rd 
July in the Little Belt, the 17th, 20th, 24th and  30th June  in the Great Belt, the 27th-30th 
June  in the Bay of Kiel, and the 3rd July in the North Sea. A total of 62 hours  flying-time 
was allocated for the survey. 

All flights were conducted in weather  conditions that the observers j u d g e d  excellent. 
Generally, this meant  sea states less than 2. Flying was suspended  if the sea state 
increased to more than 2, or if the observers considered the conditions unsui table .  There 
was general ly less than 4/8 of cloud coverage, and  for most of the survey the sky was 
clear. The weather  conditions resembled those of the 1991 survey (Heide-Jorgensen et 
al., 1992). 

Statistical analysis general ly  followed the procedures outl ined by B ur nha m et al. 
(1980) with modifications as given in Heide-Jorgensen et al. (1992). All s ight ings from the 
rear seats in 1991 and  1992 were pooled across strata, to derive a common  effective 
search half-width (ESW) for each year, and  for both years. Sightings wi thin  50 m of the 
trackline were discarded. The remaining  sightings were t runcated at a pe rpend icu la r  
distance of 500 m, parti t ioned in 25 m intervals and fitted to the hazard  rate model  
(Buckland, 1985) using the computer  package  ,,Distance" developed by  Laake et al. 
(1991). Confidence intervals (95 %) were calculated using the method developed by 
Burnham et al. (1987). 

Revised estimates (i.~. excluding right-front observers) for 1991 for the Bay of Kiel 
and the area north of Fyn were calculated, as welI as new estimates for bo th  areas, the 
Great Belt, the Little Belt and  the North Sea area around the island of Sylt. Two methods 
of calculating densities were applied: Method 1: sightings from all strata, a n d  both years, 
were pooled to derive a common ESW. Method 2: sightings were pooled b y  stratum, bu t  
separated by year. 

Pod sizes were estimated directly from the surveys in each stratum a n d  year, or from 
collections of incidental  sightings from sailors and ferry employees in Little Belt, Great  
Belt, the area north of Fyn, the Bay of Kiel (cf. Heide-Jorgensen et al., 1992) and  the 
Wadden  Sea. For this last area, the data on pod sizes were obtained du r ing  1989-1992, 
when  the University of Kiel had a programme to collect incidental  s ight ings  made  in 
German  waters of the North Sea. 

Glare was quantif ied as the angle  from the heading of the aircraft at which  observa- 
tion became obstructed by reflections of the sun on the sea's surface. A one- ta i led  paired 
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Fig. 1. Map of the area in the western Baltic Sea with transects and sightings of harbour porpoises 
indicated. �9 1 Harbour porpoise; �9 2.8 Harbour porpoises. Aerial survey from 17-30 June 1992 
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Fig. 2. Map of the area in the North Sea with transects and sightings of harbour porpoises indicated. 
�9 1 Harbour porpoise; �9 2-8 Harbour porpoises. Aerial survey on 3rd July 1992 

t-test was used to compare  the number  of porpoises sighted per hnear  k i lometer  on the 

side with glare, to the number  s ighted on the side without glare, 
For each  sighting, an effort was m a d e  in both 1991 and 1992 to include information 

about  the sighting cue (e.g. if the porpoise was at or below the surface w h e n  first 
observed). Also, the react ion by porpoises to the passage of the aircraft, the p resence  of a 

calf within a body lengtt~ of an adult and the presence  of gulls near  porpoises.  Such 

anciUary data from both years are p resen ted  here. 

RESULTS 

The survey m 1992 covered 5722 l inear  kilometers dispersed over  the Bay of Kiel, the 

Great  Belt, the Little Belt. the area north of Pyn and a selected area in the North Sea 

around the island of Sylt (Figs 1, 2). This effort resulted in a total of 214 encounters  with 

harbour porpoises, including sightings by the pilot and the right-front observer,  and those 
made by rear observers  that were  more than 500 m from the trackline. The  h ighes t  

density of pods was in the North Sea, where  the sighting rate was almost 10 t imes grea te r  

than the lowest  density found in the Bay of Kiel (Tables 1 2). 

The highest  f requency of mother-calf  pairs was also found in the Nor th  Sea area 

where  28 % of the sightings were  of mother-calf  pairs. In the Great BeIt and the area  
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Table 2. Summary statistics for the line transect  estimation of harbour  porpoise densit ies for two of 
the strata shown in Fig. 1. The effective search half-width (ESW) was est imated by fitting a hazard 
rate model  to the f r equendes  of sighting distances for the 1991 and  the 1992 survey separately 
(Method 2). Sighttngs within 50 m from the trackline were eliminated, and all sightings were 
grouped at 25 m intervals and truncated at 500 m from the track, line. Confidence intervals are given 
as 95 % intervals. See Table 1 for comparison, and for additional information on effort and sightings 

Area North of Fyn Bay of Kiel 

Year 1991 1992 1991 1992 

ESW (l/f[0], m) 165.8 223.2 165.8 223.2 
Coefficient of variation 0.095 0.070 0.095 0.070 

Density of pods 0.087 0.055 0.031 0.009 
Coefficient of variation 0.248 0.147 0.250 0.334 

Density (D, porpoises/km 2) 0.095 0.067 0.039 0.010 
Abundance  estimate 397 280 162 41 

Confidence interval  339-465 205-380 99-268 2 I-81 
Coefficient of variation 0.262 0.157 0.262 0.352 

n o r t h  of Fyn,  l ess  t h a n  2 % of t h e  s i g h t i n g s  w e r e  of m o t h e r - c a l f  pa i r s .  Of t h e  r e l a t i v e l y  f e w  

s i g h t i n g s  f rom t h e  Bay  of Kiel  a n d  t h e  Lit t le  Bel t  i n  1992, n o n e  w e r e  m o t h e r - c a l f  pa i rs .  In  

1991, 18 % of 22 s i g h t i n g s  f rom t h e  Bay  of Kiel, a n d  4 % of 85 s i g h t i n g s  f rom n o r t h  of F y n  

+ w e r e  of m o t h e r - c a l f  pa i rs .  

G 1 a r e .  T h e r e  w a s  no  s i g n i f i c a n t  d i f f e r e n c e  in  t h e  n u m b e r  of p o r p o i s e s  s i g h t e d  p e r  

h n e a r  k i l ome te r ,  for  t r a n s e c t s  w i t h  g l a r e  a n g l e s  of l ess  t h a n  55 ~ (p > 0.08). H o w e v e r ,  for  

t h o s e  w i t h  a n g l e s  of g l a r e  b e t w e e e n  55 ~ a n d  110 ~ t h e  n u m b e r  of p o r p o i s e s  s i g h t e d  p e r  

k i l o m e t e r  w a s  s i g n i f i c a n t l y  l o w e r  o n  t h e  s i de  w i t h  g l a r e  (p = 0.0027).  W e  t h e r e f o r e  

o m i t t e d  t h e  s ide  w i t h  g l a r e  o n  al l  t r a n s e c t s  h a v i n g  a n  a n g l e  of g l a r e  g r e a t e r  t h a n  55 ~ . 

E f f e c t  o f  s e a  s t a t e .  S e a  s t a t e  h a s  a n e g a t i v e  e f fec t  o n  t h e  p r o b a b i l i t y  of 

o b s e r v i n g  h a r b o u r  po rpo i se s .  W e  p u r p o s e l y  a v o i d e d  s e a  s t a t e s  a b o v e  1, b u t  s h o r t  p e r i o d s  

w i t h  s e a  s t a t e  2 c o u l d  n o t  b e  c o m p l e t e l y  a v o i d e d .  S u c h  c o n d i t i o n s  s o m e t i m e s  o c c u r r e d  

a l o n g  coas t s  w i t h  t u r b u l e n c e ,  or in  e x p o s e d  o f f sho re  a reas .  T h e  to ta l  e f for ts  as  w e l l  as  t h e  

n u m b e r  of s i g h t i n g s  i n  s ea  s t a t e  2 w e r e  l ow  ( <  2 1 % )  d u r i n g  b o t h  t h e  1991 a n d  t h e  1992 

s u r v e y  (Tab le  3). H o w e v e r ,  t h e  d i s t r i b u t i o n  of t h e  ef for t  a n d  s i g h t i n g s  in  1991 o n  s e a  s t a t e  

w a s  s i gn i f i c an t l y  d i f f e r e n t  f rom t h e  1992 d i s t r i b u t i o n  ( ch i - squa re ,  df  = 2, p = 0.0001).  

No  d i f f e r e n c e  in  E S W  a n d  m e d i a n  v a l u e s  c o u l d  b e  d e t e c t e d  for  s i g h t i n g s  in  s e a  s t a t e  

0 a n d  1 (Tab le  3, Fig.  3). T h e  E S W  in  s e a  s t a t e  2 w a s  s i gn i f i c an t l y  n a r r o w e r  t h a n  in  s e a  

s t a t e s  0 a n d  I ( T a b l e  3, Fig: 3). Th i s  c l ea r ly  d e m o n s t r a t e s  t h a t  t h e r e  is a r i sk  a s s o c i a t e d  

w i t h  u s i n g  s u r v e y  d a t a  c o l l e c t e d  in  s e a  s t a t e  2. H o w e v e r ,  less  t h a n  13 % of t h e  s i g h t i n g s  in  

ou r  s u r v e y s  w e r e  m a d e  in  s e a  s t a t e  2 cond i t i ons ,  a n d  t h e  e f fec t  o n  t h e  E S W  is t h e r e f o r e  

c o n s i d e r e d  to b e  n e g h g i b l e .  

O b s e r v e r e f f i c i e n c y .  D u r i n g  b o t h  t h e  1991 a n d  1992 su rveys ,  a c o m b i n a t i o n  

of e x p e r i e n c e d  a n d  i n e x p e r i e n c e d  o b s e r v e r s  w a s  u sed ,  b u t  on ly  o n e  of t h e  o b s e r v e r s  h a d  

a su f f i c i en t  n u m b e r  of s i g h t i n g s  to a l l o w  a c o m p a r i s o n  of e f f i c i ency  b e t w e e n  yea r s .  Th i s  

o b s e r v e r  i n c r e a s e d  t h e  a r e a  of h i s  s e a r c h  s w a t h  c o n s i d e r a b l y  in  1992, w h e r e a s  t h e  s e a r c h  

s w a t h  for all  o t h e r  o b s e r v e r s  c o m b i n e d  on ly  i n c r e a s e d  s l igh t ly  ( T a b l e  4). B e c a u s e  t h e  
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Table 3. Distribution of sightings and effort on sea states, median of the frequency of perpendicular 
distances and effective search half-width (ESW) calculated for the three sea state conditions, 
following the procedures employed for the pooled distance frequency (i.e. hazard rate, left and right 
truncation at 50 and 500 m, respectively, and 25 m intervals). Coefficients of variation are given in 

parentheses. See Fig. 3 for distribution of the sightings of perpendicular distances 

Percentage Percentage Median ESW 
of sightings of effort sighting distance 

1991 1992 1991 1992 (m) (m) 

Sea state 0 59 34 46 20 138 209 
(0.08) 

Sea state 1 39 54 42 60 133 204 
(o.og) 

Sea state 2 2 12 12 20 91 79 
(0.84) 

observer  who increased his search swath in 1991 contributed substantially to the total 
number  of sightings in both years, the much  wider  ESW achieved  in 1992 is probably due 

mainly to this observer 's  increased efficiency {Table 2, Fig. 4). 

C o m p a r i s o n  o f  d e n s i t i e s  i n  1 9 9 1  a n d  1 9 9 2 .  T w o m e t h o d s  ofca lcula t -  
ing densities were  applied: 

Method  1: both the 1991 and 1992 surveys used the same aircraft (with observations 

from the rear seats}, the same altitude of 183 m and at least  some of the same observers.  
The  two surveys can therefore be considered comparable,  with respect  to the perpen-  

dicular distance distribution of the sightings. In both years, there was  a dear th  of 

sightings within the first 50 m on ei ther side of the trackline, hence  this area  was not 
included in the calculation of area searched. Sightings more than 500 m from the 

t rackhne were  considered to be outliers and were  therefore omitted. 

The f requency distributions of the perpendicular  distance of the sightings in 1991 
(n = 65) and 1992 (n = I40) were  compared  with regard  to locality and dispersion, and 

w e r e  not found to differ significantly (Kolmogorov-Smirnoff two sample test, p = 0.13) 
when  comparing sightings from 50 to 500 m from the trackline in intervals of 25 m. 

The pooled sighting distances from 1991-92 were  fitted to the hazard-ra te  model.  

The estimate of the ESW for the pooled data from 1991 and 1992 (ESW = 198.3, cv 0.062) 
was intermediate  b e t w e e n  the search width for 1991 (ESW = 165.8 cv 0.09) and 1992 

(ESW -- 223.2, cv 0.07, Fig. 4}. The common ESW for both 1991 and 1992 was appl ied to 
the densi ty  estimation in all areas for both years (Table 1). 

Method  2: alternatively, the two surveys could be t reated as two independen t  

samples, with each  in tegra t ing the variations of observer  efficiency and s ight ing condi- 

tions: There  are obvious differences in observer  efficiency and sighting conditions 
be tween  the two years, so separate ESW's could be appl ied for each year  (Table 2). 

The two methods  of deriving the ESW gave  markedly  different abundance  est imates 
in the two strata where  the surveys can be  compared  (the area north of Fyn and the Bay of 

Kiel). Method 1 provides identical est imates for the area north of Fyn in both years, 
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Table 4. Comparison of proportion of sightings, effective search half-width (ESW) and median of the 
frequency of perpendicular distances, for one observer that changed search swath between 1991 

and 1992 with all the other observers. Confidence intervals (95 %) given in parentheses 

One observer All other observers 

1991 1992 1991 1992 

Propo~ion of allsighfings 3 3 %  40% 67% 6 0 %  

ESW(m) 161 268 152 189 
(85-304) (219-327) (126-184) (156-230) 

Median (m) 114 159 133 128 

w h e r e a s  m e t h o d  2 ind ica tes  a 3 0 %  dec l ine  in a b u n d a n c e  f rom 1991 to 1992. Both 

m e t h o d s  s u g g e s t  tha t  t he re  w e r e  s igni f icant ly  f e w e r  porpo ises  in t he  Bay of Kiel  in 1992, 
c o m p a r e d  wi th  1991. 

O b s e r v a t i o n a l  c u e s .  For  abou t  half  the  s ight ings ,  no te  was  t a k e n  as to 
w h e t h e r  the  po rpo i se  was  at the  sur face  (b reak ing  the  surface) or b e l o w  the  surface ,  a n d  

w h e t h e r  it r e a c t e d  to the  p a s s a g e  of the  aircraf t  by  diving.  T h e  only  c lear ly  d i sce rn ib le  

reac t ion  to the  a i rcraf t  was  d iv ing;  o the r  types  of reac t ion  w e r e  not  o b s e r v e d  and  
r ecogn i sed .  All  d ives  m a d e  du r ing  the  p a s s a g e  of the  aircraft  w e r e  c o n s i d e r e d  to b e  a 

r eac t ion  to the  no i se  or  s h a d o w  of the  p lane ,  e v e n  t h o u g h  o the r  factors  m a y  h a v e  

t r i g g e r e d  at leas t  s o m e  of the  dives.  Reac t ions  af ter  the  p a s s a g e  of t he  a i rcraf t  cou ld  not  

be  obse rved ,  b e c a u s e  our  v i sua l  s ea rch  was  l imi ted  to the  a rea  f rom 0 ~ to 90 ~ on  e i the r  
s ide of t he  aircraft.  T h e  d is t r ibut ion  of cues  w a s  v e r y  similar  b e t w e e n  1991 a n d  1992 

(Table 5). Dur ing  the  p a s s a g e  of the  p lane ,  at leas t  half  the  po rpo i ses  w e r e  e i the r  res t ing  
at the  sur face  or s w i m m i n g  whi l e  b r e a k i n g  the  surface.  

T h e  porpo ises  w e r e  of ten a c c o m p a n i e d  by  gulls  (Larus fuscus a n d  Larus ridibundus) 
that  w e r e  e i ther  on the  w a t e r  sur face  or flying. T h e s e  bi rds  of ten a t t r ac ted  the  a t t en t ion  of 

the  o b s e r v e r  to the  spot  of the  w a t e r  sur face  w h e r e  the  porpo ise  w a s  s w i m m i n g .  Gul ls  
w e r e  in the  close v ic in i ty  of the  porpo ises  in a p p r o x i m a t e l y  1 3 %  and  1 6 %  of the  

s igh t ings  in 1991 and  1992, r e spec t ive ly .  H o w e v e r ,  associa t ions  wi th  gulls  w e r e  no t  
cons is ten t ly  r e c o r d e d  a n d  could  also h a v e  b e e n  missed  by the  observers .  

Table 5. Three cues noted for the harbour porpoise sightings 

1991 1992 
(n -- 55) (n = 113) 

At surface 
Below surface 
Dive reaction to passage of aircraft 

* two of them were swimming belly-up 
* * five of them were at the surface when diving 

62% 57 % 
2 9 % *  3 2 %  

9 % 11%** 
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Pig. 4. Distribution of sightings of harbour porpoises at various distances from the traCkline for both 
the 1991 and 1992 surveys (rear observers only), Data were fitted to the hazard rate model 

(Buckland, 1985) and the fitted curve shows the expected number of sightings 
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DISCUSSION 

Results of aerial  surveys of harbour  porpoises  are evident ly  subject  to cons iderab le  
variabil i ty,  depend ing  on sighting condit ions and  observer  efficiency. Previous studies 
have  also demons t ra ted  the  impor tance  of s ight ing conditions. For example ,  Barlow et al. 
{1988} noted  that  es t imates  of harbour  porpoise  densi ty  were  nega t ive ly  b i a sed  by 
increas ing  cloud coverage  and sea states. The effect of var iable  observer  efficiency could 
only be  addressed  in a hmi ted  w a y  in the presen t  study, due to the low n u m b e r  of 
s ight ings pe r  observer.  Nevertheless ,  our results  indicate  that, despi te  a shght  increase  in 
sea  state in 1992, the observer  who contr ibuted the  most s ight ings in both yea r s  w i d e n e d  
his search  swath significantly. Part of this appa ren t  improvement  may  be  due  to the 
decision, t aken  after the 1991 survey, that  the first 50 m from the t rackl ine would  be 
omit ted from the analyses.  

In the context  of a t tempt ing  to monitor  t rends in harbour  porpoise densi t ies ,  two 
mutual ly  contradictory a rguments  for der iving ESW's seem equal ly  appropr ia te :  

(1) Ideally, s ight ings for each  yea r  and  each  s t ra tum should be  t rea ted  separate ly .  
This p rocedure  takes  account  of the annua l  var iabi l i ty  in observer  efficiency and  sea 
states when  der iv ing the ESW's. 

(2) The pool ing of s ight ings across years  and  strata s tandardises  and reduces  the 
var iance.  This p rocedure  recognises  that  confident  est imation of variabi l i ty  is difficult 
when  dea l ing  with small  sample  sizes and  flexible pa ramete r s  such as sea  s ta te  and  
observer  efficiency. Also, the annua l  contr ibut ion to the variat ion should become  prog-  
ressively smaller.  

Both approaches  require  that  the surveys be  conducted  under  similar condit ions,  e.g. 
ident ical  survey platform, alt i tude, speed,  sea  states of 0 and 1, no cloud coverage .  Given 
these  restrictions, it is usual ly impossible  to obta in  adequa te  samples  when  calcula t ing 
ESWs for each  year,  stratum, and pe rhaps  even  day. In tegrat ion of d is tance  da ta  over 
severa l  years  will, under  the same restrictions, a l low a rel iable  and confident  genera l i sa -  
tion of the search  profile to be  made.  The d i sadvan tage  of such in tegra t ion  is that  it 
requires  the upda t ing  of ah pas t  surveys when  a new survey is added.  However ,  as the 
number  of surveys increases,  the  adjus tments  of pas t  surveys eventua l ly  becomes  trivial. 

Regardless  of the method  employed,  densi t ies  of harbour  porpoises  in the Bay of Kiel 
are low compared  with all other a reas  surveyed.  The la ter  t iming of the survey in the  Bay 
of Kiel in 1991 (July} may  expla in  the h igher  densi t ies  found in 1991 than in 1992. No 
surveys were  conducted  in the Grea t  Belt in 1991 and we cannot  exclude the possibi l i ty  
that  the porpoises  found in the Grea t  Belt in June  1992 would  have  moved  south into the 
Bay of Kiel in July. However ,  a l though the porpoises  observed  in the Grea t  Belt  were  
close to the nor thern  border  of the s t ra tum in the Bay of Kiel, nothing indica tes  that  they  
moved  into this s t ratum during the survey period.  The Bay of Kiel was surveyed  as long as 
ten days after the  Grea t  Belt, bu t  densi t ies  in the  Bay r ema ined  low. 

A sh ip -based  survey in S e p t e m b e r  1991 (covering both the Bay of Kiel  and  the 
southern part  of the Grea t  Belt) confirmed that  the Grea t  Belt has a much h ighe r  dens i ty  
of harbour  porpoises  than  t h e B a y  of Kiel at that  t ime of year  (Benke, unpubl ,  data).  

Like the Bay of Kiel, the Little Belt has a densi ty  of porpoises  that is close to the 
detect ion limits, even  though it was formerly an area  where  la rge  numbers  of porpoises  
could be  caught  in a drive fishery (Andersen,  1982). 
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T h e  1992 s t u d y  d e m o n s t r a t e d  t h a t  ae r i a l  s u r v e y  is a f e a s i b l e  m e t h o d  for  c e n s u s i n g  

h a r b o u r  p o r p o i s e s  in  t h e  N o r t h  S e a  c lose  to t h e  coast ,  a n d  t h a t  h i g h  d e n s i t i e s  of h a r b o u r  

p o r p o i s e s  a r e  p r e s e n t  a r o u n d  t h e  i s l a n d  of Sylt. Also,  a r e m a r k a b l y  l a r g e  p r o p o r t i o n  of t h e  

m o t h e r - c a l f  p a i r s  t h a t  w e r e  o b s e r v e d  d u r i n g  t h e  s u r v e y s  w e r e  a r o u n d  t h e  i s l a n d  of Sylt.  

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

t h e  coas t  of Syl t  (Benke ,  u n p u b l ,  da ta) .  It is i m p o r t a n t  to s t r e s s  t h a t  t h e  d e n s i t i e s  o b t a i n e d  

f rom th i s  s u r v e y  c a n n o t  b e  a p p h e d  to t h e  e n t i r e  N o r t h  Sea ,  b e c a u s e  t h e  a r e a  s e l e c t e d  is 

c o n s i d e r e d  to h a v e  e s p e c i a l l y  h i g h  dens i t i e s .  

I n d e p e n d e n t  e s t i m a t i o n  of p o d  s izes  for e a c h  s t r a t u m  a n d  y e a r  r e m a i n s  a n  i n t r i g u i n g  

p r o b l e m ,  as  p o d - s i z e  e s t i m a t e s  p o o l e d  o v e r  s e v e r a l  y e a r s  a n d  a r e a s  m a y  m a s k  p o s s i b l e  

t r e n d s  b e t w e e n  years .  For  t r e n d  ana lys i s ,  it is t h e r e f o r e  p r e f e r a b l e  to h a v e  i n d e p e n d e n t  

e s t i m a t e s  of p o d  sizes,  or  to m a k e  u n c o r r e c t e d  c o m p a r i s o n s  of d e n s i t i e s  o f  pods .  

F u t u r e  s u r v e y s  wi l l  n e c e s s a r i l y  h a v e  s o m e  v a r i a t i o n  c a u s e d  b y  s u b o p t i m a l  s i g h t i n g  

c o n d i t i o n s  (i.e. s e a  s t a t e  2), a n d  of p a r t i c i p a t i n g  o b s e r v e r s  w i t h  v a r i o u s  l e v e l s  of e x p e r i -  

ence .  To e n h a n c e  c o m p a r a b i l i t y ,  a n a l y s e s  of f u t u r e  s u r v e y s  s h o u l d  n o t  i n c l u d e  m o r e  t h a n  

10 % of s i g h t i n g s  f rom s e a  s t a t e  2 a n d  s h o u l d  i n c l u d e  n o n e  f rom h i g h e r  s e a  s ta tes .  
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