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A b s t r a c t .— W e rev iew  the m eth od s used  to study seabirds at sea from sh ips, d iscuss the  
problem s posed  in  m aking reliable observations in  relation to the  d esign  o f  research pro
gram s, and describe a m ethod  currently in  use around the seas o f  Great Britain. W e suggest 
a fram ew ork for future stud ies, incorporating features lik ely  to stab ilize bias. The key item s  
in  th is recom m endation  are (1) the use o f a band transect in  order to provide d en sity  esti
m ates, and (2) a m eth od  to correct for m ovem ent o f  f ly in g  birds in  the  band transect in  order 
to m in im ize  bias caused by such  m ovem ent. Received 13 October 1982, accepted 5 December 
1983.

T h e  recent upsurge in  studies of seabirds at 
sea has often  been in  response to the need  to 
assess the po tential im pact of hydrocarbon de
velopm ents offshore. M arine biologists are also 
realizing tha t seabirds play an im portan t part 
in  m arine ecosystems, and  seabird o rn itho lo 
gists are becom ing aw are of the fact tha t s tud 
ies of seabird biology m ust extend beyond  the 
colonies. Attem pts to produce systematic counts 
of seabirds at sea have resulted  in  alm ost as 
m any m ethods as there have been studies. In 
th is paper, we review  these m ethods and  dis
cuss associated problem s. If studies are to be
come m ore com parable, the m ethods used w ill 
have to become m ore standardized; therefore, 
we suggest an approach tha t may help  achieve 
th is aim.

D e v e l o p m e n t  o f  Q u a n t i t a t i v e  S u r v e y s  

o f  S e a b i r d s  a t  S e a

The first system atic study of pelagic seabird 
d istribu tion  was undertaken  as part of a m arine 
biological survey of the  N orth  A tlantic by Jes- 
persen  (1924). He recorded the num ber of b irds 
seen per day, and most of his surveys w ere done 
in  areas of low  b ird  num bers; his system  was 
unable to cope w ith  the h igh  num bers of birds 
found  close to northw est Europe. W ynne-Ed- 
w ards' study (1935) was based on a series of 
transatlantic crossings bu t incorporated  m any 
other previous, m ainly anecdotal, accounts from 
the same area. Birds w ere recorded as num bers 
seen per hou r of continuous v iew ing in  a 180° 
bow -to-stern arc. Sim ilar m ethods have been

used by o ther w orkers elsew here (e.g. Tickell 
and Woods 1972). In the early 1960's a major 
oceanographic research program  incorporating 
b ird  observations was conducted in  the Pacific; 
Gould (1974) recorded b irds seen per hou r and 
reported  them  as b irds per linear m ile traveled, 
as d id  Bailey (1966) off the coast of southeast 
Arabia.

The hour-long  u n it was insensitive in  areas 
of varying b ird  num bers; thus, w hen  w ork 
started off eastern  Canada in  the late 1960's, 
b irds w ere counted  by un its  of 10 m in. These 
shorter recording periods w ere essential in  o r
der to relate the observations to the varied 
oceanographic env ironm ent of the area. Ten- 
m inute w atches w ere also used for w ork in  the 
northeastern  A tlantic (Bourne 1976). These two 
studies differed in  that the Canadian w ork made 
use of all b irds seen from  the ship (Brown et 
al. 1975), w h ile  only those seen w ith in  a 90° 
bow-beam  sector w ere counted in  European 
w aters (T. J. Dixon pers. obs.). A t th is tim e the 
A ustralasian Seabird Group began recording 
seabirds at sea using 10-min periods. This sys
tem  was later adopted  for recording all sou th 
ern  ocean observations by the Scientific Com 
m ittee for A ntarctic Research (Croxall MS).

In the early 1970's w ork was started off Cal
ifornia (Briggs et al. 1978) and off Alaska (Gould 
et al. 1978). Both studies m ade extensive use of 
aircraft as w ell as ships. The results of the Alas
kan studies suffered in  tha t they w ere con
ducted  by several groups using d ifferent tech
niques. Most of the Alaskan researchers used 
10-min periods; a 300-m band  transect was in-
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corporated so tha t the results could be ex
pressed as b irds per square kilom eter. Various 
refinem ents w ere also made to allow  for flying 
b irds in  the  band  transect. W iens et al. (1978) 
used a com puter to sim ulate the  results from  
line-transect m ethods for seabird recording off 
Alaska, bu t they concluded tha t these m ethods 
w ere too cum bersom e for use at sea. They also 
looked critically at the 300-m band  transect of 
Gould et al. (1978) and  show ed it to be inade
quate for detecting  sm aller species of seabirds 
on the  w ater. H u n t et al. (1981) had recognized 
th is problem  and  subdivided th e  300-m band 
at 100 m and  200 m. Lim ited field tests off 
sou thern  C alifornia indicated  tha t inconspic
uous seabirds w ere not adequately  counted, 
even in  good conditions, at distances exceed
ing 150 m (Briggs and  H u n t 1981).

In 1978, w orkers at the M anom et Bird O b
servatory began w ork at sea off the northeast 
U nited  States. The m ethods used included  a 
300-m band  transect, a lthough  w ithou t the re
finem ents of Gould et al. (1978) for reducing 
the exaggeration of flying b ird  densities (Pow
ers et al. 1980, Powers 1982). M ore recently 
studies have been started off sou thern  Africa 
(Griffiths 1981), off France (Hem ery 1982), off 
Svalbard (M ehlum  pers. comm.), and  in  the 
N orth  Sea (Blake et al. 1984). W orkers off 
sou thern  Africa, France, and  Svalbard used 
m ethods based on b ird  num bers per 10-min pe
riod. The m ethods used in  the  N orth  Sea are 
described in  A ppendix 1. The major features of 
all the  above studies are sum m arized in  Ta
ble 1.

D e t e c t i o n  o f  B i r d s  a t  S e a

The problem s.—There are a num ber of p rob
lems tha t ensure tha t no t all seabirds w ill be 
detected in  a given area of sea and  tha t counts 
w ill be biased. They may be broadly d iv ided 
in to  five in te rre la ted  categories: size, color, be
havior, w eather, and  observer ability. The in 
teraction of these factors can also cause consid
erable variation  in  these biases. V ariation may 
also be in troduced  by using m any different ob
servers (e.g. NERC 1977, Powers et al. 1980) or 
a num ber of observation platform s.

A large b ird  is easier to see than  a small b ird  
at the  same distance; surface area is probably a 
key detection factor. A storm -petrel w ith  a 
w ingspan  one-fifth tha t of a sulid  is consider

ably m ore difficult to detect. The color of a bird  
may enhance or reduce its chances of detection 
depend ing  on the natu re  of the background. A 
m urre is less likely to be seen against a dark 
sea surface than  a ligh t sea surface; sim ilarly, a 
k ittiw ake seen against a ligh t sky is less likely 
to be detected than  against a dark sky.

The behavior of an ind iv idual b ird  also af
fects its detectability, e ither th rough  the b ird 's 
norm al behavior or th rough  alterations in  that 
pattern  due to the presence of the observation 
platform . Species belonging  to the surface-div
ing category of Ashm ole and  A shm ole (1967), 
such as pengu ins and  auks, are usually  found 
on the surface of the w ater, w hereas the  Pro- 
cellariform es are typically m ore aerial; a m ov
ing b ird  is often  m ore easily detected than  a 
stationary bird. These behavioral differences 
may be reinforced by size and  color differ
ences: a light-colored N orthern  Fulm ar (Ful
m arus glacialis) is m ore visible than  a m urre on 
the w ater, and the difference betw een  these 
species may be accentuated as the fulm ar spends 
m ore tim e flying. In addition , m any surface d i
vers spend  a proportion  of the ir tim e u n d er
w ater h u n tin g  for food w here they are unde
tec tab le . T hese  b e h a v io r  p a t te rn s  a re  n o t 
un iform  in  all sea areas. Surface-divers, m any 
of w hich are m ore easily detected w hen  flying 
than  w hen  on the w ater, w ill be m ore conspic
uous in  areas th rough  w hich they  are only 
flying than  in  those in  w hich  they  are m ainly 
feeding. A b ird  that is visible for a longer pe
riod is m ore likely to be detected than  a bird  
only briefly visible. H ence, if a sh ip  is m oving 
in  the same direction as flying birds, m ore birds 
are likely to be seen than  if the ship is m oving 
in  the opposite direction. This effect m ay cause 
particular problem s around  colonies or po in t 
sources of food, such as fishing vessels.

The effect of ships on the behavior of b irds 
has long been recognized as a problem  in 
counting  seabirds at sea (Bailey and  Bourne 
1972). They can e ither attract (e.g. N orthern  
Fulm ar or Tufted Puffin, Fratercula cirrhata) or 
repel (e.g. some small alcids and  storm -petrels) 
birds (W iens et al. 1978). P enguins and  some 
alcids spend  m uch tim e underw ater and  may 
also d ive in  response to a sh ip 's approach (e.g. 
Jehl 1974, Griffiths pers. comm.) although  the 
extent of th is problem  is variable (Ainley and 
Jacobs 1981). The leng th  of tim e tha t a bird 
rem ains attracted to a ship varies: Tufted Puf-
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fins often circle the  sh ip  once or tw ice and  then  
leave, w hereas o ther species, such as large Lar
us gulls and  some albatrosses, can be persistent 
ship-follow ers.

It is easier to detect a flock of b irds than  a 
single b ird  of the  same species. Because some 
b irds occur in  flocks m ore frequently  than  o th 
ers, these species w ill be m ore conspicuous. 
Com m on M urres ( Uria aalge), for exam ple, fre
quen tly  occur in  small groups, w hereas the A t
lantic Puffin (Fratercula arctica) is often  solitary.

M eteorological factors can bias counts d i
rectly; w aves may obscure a b ird  and  consid
erably shorten  the tim e available for detection. 
Sun glare and  fog may lim it visibility  (NERC 
1977); Dixon (1977) found  that cloud cover and 
w ave angle to v iew ing direction  w ere im por
tan t in  detecting b irds on the w ater. The in te r
action of w eather w ith  o ther features can cause 
m uch variation  in  the biases. W eather affects 
b irds ' behavior; in  calm conditions b irds may 
rest on the w ater ra ther than  fly, thus ren d e r
ing  them  less conspicuous. W ind d irection  may 
affect th e  flight direction  of birds, thus po ten 
tially affecting the period available for b ird  de
tection. Dixon (1977) found  tha t w eather con
ditions in teracted  w ith  size and color of certain 
birds to affect conspicuousness. As wave heights 
and  w inds increase, an observer's ability to 
count declines, w hich may make observations 
impossible.

V ariations may be caused by observer ability; 
visual acuity and ability  to resist fatigue or 
sickness varies am ong people.

The problem  caused by m ovem ent of the an 
imals being  surveyed by line-transect m ethods 
has been  described by B urnham  et al. (1980). If 
a target anim al is slow  m oving in  rela tion  to 
the observer's m ovem ent (for exam ple, a b ird  
on the  w ater), the difficulty is lim ited, bu t if 
the  target is m oving faster than  the observer 
there is a significant problem . This occurs w ith  
flying seabirds recorded from  a ship. D uring 
any one counting  period  m ore b irds w ill fly 
th rough  the total area surveyed than  are pres
en t at any one instan t in  th is area. A count of 
all flying b irds seen to pass th rough  th is zone 
du ring  the  10-min period  w ould  be a m easure 
of b ird  flux and  w ould  be an overestim ate of 
actual b ird  density  (see W iens et al. 1978 for 
data on  th is effect). This overestim ation of 
f ly in g -b ird  d e n s ity  w o u ld  cause p a r tic u la r  
problem s if a period w hen  a species was con

fined to th e  w ater (e.g. by m olt) was com pared 
w ith  a period  w hen  the species could also fly. 
An instan taneous count of flying b irds in  the 
observation zone w ould  give the best density  
estim ate for flying birds, and  th is could then  
be com pared validly w ith  the  density  of sta
tionary birds.

Implications fo r  m ethods.—The objectives set in 
a project w ill determ ine the m ethods used. 
W hen quantita tive results are required , u n 
w anted  system atic bias and  variations in  that 
bias m ust be controlled w henever possible. The 
earliest studies w ere qualitative; indices of 
abundance w ere th en  developed using b irds 
per u n it tim e. W hile these may be adequate for 
producing  com parisons betw een  areas for one 
species, they  cannot be used for interspecific 
com parison w ithou t considerable qualification. 
A ttem pts have been m ade to produce correc
tion  factors for variations in  b ird  detectability  
betw een species. This has usually been done 
by m aking an  assum ption about the m axim um  
range at w hich  birds w ere seen. These assum p
tions have usually  been m ade w ithou t the sup
port of data (Crossin 1974, Bourne 1982). W iens 
et al. (1978) determ ined  some co-efficients of 
detection  for some Alaskan species of seabirds, 
a lthough  these d id  not allow  for vary ing  m e
teorological and  observational conditions.

A major fault of the assessm ent of b irds per 
u n it tim e lies in  th e  overestim ation of the  re l
ative abundance of flying b irds due to the 
m ovem ent of birds. N one of the researchers 
using such indices has m ade allow ance for th is 
bias, and the re  is often no m ention  of th is crit
ical factor in  com parisons of in ter- or even in 
traspecific densities. W ithout allow ance for this 
bias, even data on apparen t relative abundance 
m ust be treated  w ith  caution. Such studies can
no t provide data for the calculation of absolute 
abundances, w hich  are particularly  im portan t 
w here population  size and  biom ass in  a de
fined area are required.

Transect m ethods w ere developed to m in i
mize m any of the  biases and  variables dis
cussed above. They do so m ainly by reducing  
the area of sea exam ined at any one tim e so 
tha t a substantial p roportion  of b irds w ith in  it 
are detectable. The proportion  of nonflying 
birds detected against total num ber of nonfly
ing  b irds p resen t may be assessed by exam in
ing the un iform ity  of detection w ith in  perp en 
dicular range from  the observer (see Burnham
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et al. 1980 for m ethods). Coefficients of detec
tion  can be established, w hich  m ay be d ifferent 
for each species; data may be fu rth e r parti
tioned  to allow  for w eather conditions and p er
haps observer ability. Correction factors de
rived from  these coefficients of detection may 
th en  be applied  to the orig inal data. In practice, 
th is has yet to be achieved, as it is difficult to 
d istinguish  w h e th e r differences in  data are 
caused by such biases or by short-term  changes 
in  seabird d istribution . An exam ination of coef
ficients of detection m ay allow  practical tran 
sect w id ths to be established.

M ost band-transect m ethods do not allow  for 
the problem s of b ird  m ovem ent (e.g. H u n t et 
al. 1981). Ideally, an instan taneous count of all 
b irds w ith in  the transect band  should  be made; 
in  practice, th is is im possible, particularly  at 
h igher sh ip  speeds. A t 10 knots, a ship covers 
3.2 km  in  10 m in, and  it w ould  be necessary to 
detect all b irds w ith in  th is distance for an in 
stantaneous count. The obvious m odification of 
th is is to d iv ide the 10-min block in to  sm aller 
discrete units and count these separately as they 
are reached. Gould et al. (1978), w ith  a ship 
speed of 10 knots, sp lit the transect band  into 
3 x 1  km lengths, b u t even th is is probably too 
far u n d er most circumstances.

In practice, it is difficult to determ ine the av
erage range of detection  of a flying bird. It is 
im possible to determ ine coefficients of detec
tion  by m eans of perpend icu lar distance to 
sh ip 's track because of b ird  m ovem ent, and  the 
use of sigh ting  angles and ranges are, in  gen 
eral, im practical in  all bu t the calm est condi
tions at sea. Coefficients of detection, therefore, 
have to be based on the ranges at w hich  b irds 
are seen (ignoring  th e  effects of sigh ting  an 
gle). A suitable frequency histogram  for detec
tion  distances may th en  be derived. This fre
quency has th en  to be converted  to in tervals of 
tim e calculated by m eans of the  sh ip 's speed 
and  the  m axim um  distance at w hich  all flying 
b irds can be detected. An up p er lim it to the 
frequency of these successive counts occurs 
w hen  the tim e taken to scan the  area becomes 
a substantial p roportion  of the tim e spent trav
eling th rough  the  area. This condition  im poses 
lim its on m axim um  sh ip  speed and m inim um  
visibility conditions du ring  w hich  the system 
is valid.

The problem  of how  to record ship-associ
ated b irds has been  tackled in  a variety  of ways 
depend ing  on the  species involved; b irds as

sociated w ith  the sh ip  m ust be recorded dis
cretely.

S u g g e s t i o n  f o r  a  S t a n d a r d i z e d  A p p r o a c h

If different studies of seabirds at sea are to 
be com pared, data m ust be collected and  ana
lyzed by m eans of sim ilar techniques. The ap
proach we suggest aims to maximize com para
b ility  w ith  past observations and  to im prove 
fu ture data collection. These recom m endations 
are based on 3 yr experience of counting  sea
birds in  the N orth  Sea and  on discussions w ith  
seabird biologists in  o ther parts of the w orld. 
The use of the  "snap-shot" sam pling technique 
for flying b irds rem oves m any of the biases as
sociated w ith  previous m ethods. S tandardized 
m ethods for counting  b irds per u n it tim e are 
also recom m ended to enable com parison w ith  
data gathered  by m eans of these earlier m eth 
ods (Bailey an d  Bourne 1972). These recom 
m ended  m ethods do no t deal w ith  the  prob
lems of system atic bias caused by variation  in  
detectability  of a species u n d er d ifferent con
ditions w hen  the re  is relative m ovem ent be
tw een the observer and  the  bird. Due to the 
effects of b ird  m ovem ent, it seems unlike ly  that 
the conversion of raw  counts of all b irds seen 
(b ird s /u n it tim e) to densities of b irds (b irds/ 
un it area) w ill ever be possible.

The m ethods are d iv ided  in to  th ree sections. 
M ethod I w ould  allow  the  collection of data as 
density  estim ates (num bers/km 2); it incorpo
rates features tha t com pensate particularly  for 
the overestim ation of b ird  density  caused by 
flux. The conversion to density estimates should 
be undertaken  using correction factors for bias; 
these w ould  need  to be particular to a study. 
M ethod II w ould  provide indices of b irds seen 
per u n it tim e or distance in  areas of h ig h e r b ird  
density , w h ile  M ethod III w ou ld  provide a sim 
ilar record in  areas of low  b ird  density . The 
rela tionsh ip  betw een  the latter two m ethods 
has been exam ined by Powers (1982).

M e t h o d  I

(a) A  count o f all birds on the sea w ith in  a defined  
band transect.—The recom m ended band  w id th  
is 300 m w ith  in n e r divisions; 10 m in ship 
steam ing tim e is likely to be a suitable dura
tion, and  a series of 10-min counts should  be 
continuous for as long as possible w ithou t ex
cessive observer fatigue. Band w id ths and
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leng ths are not critical; these could be varied 
to suit the  particular study bu t shou ld  be con
sistent w ith in  it. Results shou ld  be expressed 
in  term s of b irds on  the sea per un it area. Re
sults from  densities of b irds on the sea m ight 
then  be corrected for bias using correction fac
tors derived by analysis of coefficients of de
tection for each species.

(b) A  count o f fly in g  birds made instantaneously  
w ithin  a defined band w id th .—The same consid
erations apply  to band  w id th  and  leng th  as 
m entioned  in  (a) above. Results should  be ex
pressed as flying b irds per un it area. This is one 
of the m ost im portan t aspects of the standard 
ized approach.

(c) Birds m oving across the bows o f the ship .—A 
m odification of (b) may be necessary for areas 
w here large num bers of b irds (such as shear
waters) are m oving across the  bow s of the ship. 
The num ber of b irds per m inute crossing the 
forw ard path  of the  sh ip  to a specified distance 
ahead are counted. This distance varies w ith  
the detectability  of the  species. A sam ple of 3 - 
5 of these counts is taken per 10-min period. 
The m ean tim e taken for one b ird  to cross the 
300-m band  transect is also m easured. These 
tw o pieces of inform ation are th en  used to cal
culate the  m ean num bers of b irds per u n it area 
(Gould et al. 1978). This stream ing of b irds may 
be caused by the presence of the sh ip  and  thus 
may no t be random . The m ethod has not been 
tested  by th e  au thors and  may perhaps be most 
useful in  m easuring the size of a flock.

(d ) Birds associated w ith  the ship.—These birds 
should  be recorded separately and  no t inc lud
ed in  any calculation for density  of b irds per 
u n it area.

M e t h o d  II

A count of all b irds seen to the lim its of u n 
aided visibility  is m ade in  a 90° bow -beam  arc 
ahead of the ship per 10 m in (or converted  to 
b irds per linear distance). This details the pres
ence of rarer species m ore effectively than  the 
300-m transect; it w ould  also provide some 
com parisons w ith  past indices of b irds per un it 
time. The 180° scan carried out by the N orth  
Sea study (A ppendix 1) was found  to be too 
large an arc w hen  h igh  densities of b irds w ere 
observed. The narrow ed arc of v iew ing w ould  
also probably im prove physical v iew ing con
ditions for the observer. This m ethod is rela
tively sim ple to use and  could be used by cas

ua l o b se rv e rs . It w o u ld  be c o n d u c te d  
concurrently  w ith  M ethod I and could be com 
pared  validly w ith  m any past observations.

M e t h o d  III

All b irds seen in  a 360° scan around  the ship 
are recorded every 10 m in  (or linear distance). 
This w ould  conform  to the Pacific Ocean Bio
logical Survey Program  m ethod (Gould 1974).

C o n c l u d i n g  C o m m e n t s

The statistical fram ew ork w ith in  w hich  sam
p ling  of seabirds at sea operates depends to a 
large extent on th e  available resources. Most 
projects have been  conducted from  ships on an 
opportunistic basis w here observers do not have 
the  chance to direct the sh ip 's  course. A ny form  
of random  sam pling is therefore impossible. 
Stratified sam pling may be possible, bu t this 
requires a previous know ledge of the area so 
tha t suitable strata may be chosen; in  addition , 
there m ust be sufficient data collected w ith in  
each strata to avoid the problem s of pooling 
data sets (Burnham  et al. 1980). Such problem s 
have occurred in  one seabirds-at-sea study off 
the eastern U nited  States (Pow ers et al. 1980).

At low b ird  density , all these m ethods can 
som etim es be used sim ultaneously. As densi
ties increase, the 360° scan (M ethod III) is d is
continued, follow ed by M ethod II. M ethod I 
gives the least biased inform ation. The use of 
the o ther m ethods ensures tha t b irds p resen t 
at low  densities are not en tirely  ignored.

M ethod I provides the best m ethod of esti
m ating the density  or relative abundance of 
seabirds at sea from  ships. An unbiased relative 
abundance of b irds provides good in form ation 
on the location of seabirds. D ensity estim ates 
are required  for fu rthe r study of the energetics 
of seabirds and  th e ir  role in  m arine ecosystems 
in  order to quantify  the po ten tia l effects of oil 
spills and to exam ine the rela tionsh ip  betw een 
seabirds and com mercial fishing activities.
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A p p e n d ix  1.

The m ethods used  by the  Seabirds at Sea Team, 1979-
1982. Past stud ies o f  seabirds at sea have o ften  failed  
to describe p recisely  the m eth od s u sed  (e.g. w ork  in  
N.E. A tlantic, 1969-1973). This has three con se
quences: first, it is im possib le  to attem pt to standard
ize  m ethods; second, it m akes m ean in gfu l com pari
so n s  b e tw e e n  s tu d ie s  d ifficu lt; th ir d , w o r k e r s  
repeated ly com e against and fail to so lv e  (or a llow  
for) the sam e problem s as en cou n tered  elsew h ere. To 
avoid  these consequences, th e  m eth od s used  in  the  
N orth  Sea from  1979-1982 are described  as p recisely  
as possib le .

O b s e r v a t io n  P o s i t io n

A uks are o n e  o f  the  m ost im portant com ponents  
of the  N orth  Sea fauna and often  d ive before a sh ip  
reaches them ; h en ce, a h ig h  forw ard-look ing obser
vation  p o in t w as ch osen  to m axim ize the chances of 
detection . The chosen  v ie w in g  p osition  w as in  the  
op en , both  to im prove v isib ility  and to reduce d is
traction from  the crew.

O b s e r v a t io n  C o n d i t i o n s  a n d  E n v ir o n m e n t a l  
R e c o r d s

Standard form s w ere u sed  to record inform ation  
about th e  sh ip  and the en v iron m en t. T hese records 
fe ll in to  three categories. (1) The sh ip 's position , 
course, and sp eed  and th e  starting tim e o f observa
tion  w ere  noted. O bservations w ere not undertaken  
if  th e  sh ip  w as en gaged  in  fish in g  activ ity  or m oving  
at under 6 kph  (4 knots). S lo w  steam ing and fish in g  
attracted large num bers o f  o ffa l-feed in g  birds to the  
ship . (2) O ther sh ip -related  features such  as h eigh t  
o f ey e  above w ater (im portant for ban d -w id th  deter
m ination) and v ie w in g  arc (180° forw ard w as not al
w ays p ossib le) w ere noted. (3) E nvironm ental factors 
w ere recorded; norm ally  these  w ere w in d  sp eed  and  
direction , c loud  cover, barom etric pressure and ten 
dency, precip itation  type and in ten sity , v isib ility , sea  
state, sw e ll h e ig h t and d irection , air (and som etim es  
w ater) tem perature, and an assessm ent o f  the  sun's 
effect on  the  observation  area, based on  the strength  
of the  sun  and its d irection  relative to the  d irection  
of v iew in g . T hese n otes on  observation  con d ition s  
w ere repeated at sea at least every 100 m in , w ith  any  
major ch an ges b ein g  n oted  as they  occurred. Each 10- 
m in period  w as later coded  w ith  an in terpolated  p o 
sition  and a set o f en viron m en ta l param eters. Ship- 
associated birds w ere gen era lly  counted  on ce every  
100 m in.

R e c o r d s  o f  B ir d s

180° scan ahead.— This m ethod  w as used  to obtain  
an index o f  abundance in  term s of birds seen  per 10-

m in  cruising tim e. This w as later converted , u sin g  
sh ip 's speed , to birds recorded per u n it d istance trav
eled . S cann ing w as carried out by eye  in  the  180° 
sector ahead o f the  ship; confirm ation of species, d e
tails o f  m olt, and age w ere determ in ed  w ith  b in oc
ulars after in itia l d etection . Birds n ot v is ib le  to the  
u naided  eye  but seen  through  binoculars w ere  ig 
nored. C ontinuous scann in g  w ith  binoculars w as 
foun d  to be too exhausting w h en  used  for lo n g  p e
riods.

For each observation  of a bird the fo llo w in g  w ere  
recorded: (1) species (or the  low est grou p in g  or taxon  
possible); (2) num ber of in d iv id u a ls present; (3) ac
tiv ity  (w h eth er f ly in g  or on  water); (4) p lum age and  
age of bird w h ere possib le  [p lum age types gen era lly  
described  m olt con d ition , but for G annet (M orus bas- 
sonus) and N orthern  Fulmar a series o f  standard  
plum age types w as used  (Blake et al. 1984)]; (5) an  
approxim ate assessm ent o f a bird's fligh t d irection , if  
it w as flying; and (6) notes on  w h eth er  or not a bird  
w as feed in g  or o iled  and on  associations b etw een  
species and w ith in  sp ecies. These last tw o categories  
w ere d isregarded in  areas o f  h ig h  bird density .

C ounts w ere conducted  during  as m any d ayligh t  
hours as p ossib le , and all cou n tin g  periods w ere  d i
v id ed  in to  a series o f 10-m in units.

300 m band transect.— This m ethod  w as em p loyed  
concurrently w ith  the  180° scan ahead. O ne sid e  o f  
the sh ip 's track w as chosen  for the  transect, b ein g  
the better side for detecting birds. O ne side very often  
had the sun  path w ith in  it or w as d irectly  u p w in d , 
m aking observations difficult. A  300-m -w ide band  
ex ten d in g  forw ard o f  the sh ip  w as counted; th e  band  
w id th  w as determ in ed  w ith  either a rangefinder  
(Ranging 1200, rangem atic Mark V, 46 -1 ,000  m) or the  
rangefinder described  by H ein em an n  (1981). W ith  
practice, estim ates cou ld  be m ade by eye  on  m ost 
occasions, any doubtfu l observations b ein g  checked  
by rangefinder.

A ll birds on  the w ater w ith in  the 300-m  band w ere  
recorded. For f ly in g  birds the  transect w as sp lit into  
discrete blocks o f tim e. The len g th  of these  w as d e
term ined  by the  observer's subjective ab ility  to see  
fly in g  birds ahead under the p revailin g  w eather con 
d ition s and the sh ip 's speed. Faster sh ip  sp eeds and  
shorter detection  d istances for b irds increased the  
frequency o f these  tim e blocks. A ppend ix  2 g iv es  a 
table o f th e  d iv isio n s o f th e  10-m in period  and h o w  
they  relate to these  factors. Thus, at a sh ip  sp eed  of 
9 knots, and w h en  the observer felt that all f ly in g  
birds w ere b e in g  detected  w ith in  500-m , 6 ev en ly  
spaced counts w ere  m ade w ith in  the  10-m in period. 
At the start o f each tim e block, an instantaneous count 
w as m ade of all birds fly in g  w ith in  the transect. A  
first approxim ation to bird d en sity  cou ld  then  be  
m ade, k n o w in g  band w id th , d istance traveled  by the  
sh ip  in  10 m in , and  num bers o f birds w ith in  the  tran
sect in  that period . This 300-m  band transect is illu s
trated in  Fig. 1.
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Fig. 1. A n exam ple o f  o n e  10-m in period  of band-transect m eth od o logy . Figure la  illustrates th e  princip les  
and som e co n ven tion s o f  the 300-m -band transect system  as app lied  to sitting  birds, and Fig. l b - l g  illustrate  
the progress o f an observer through  a 10-m in period, u sin g  the f ly in g  transect (birds on  the w ater om itted). 
The sh ip 's speed  and v isib ility  con d ition s in  th is hypothetica l case necessitated  sp littin g  the  10-m in period  
in to  5 X 2-m in  blocks, (a) Birds seen  on  the  w ater (stationary) during  o n e  10-m in period. The shaded  dots 
represent those w ith in  the transect and unshaded  dots those birds d etected  but ou tside the  transect. The half 
shaded  dot represents a bird detected  in sid e  the b and-w idth  but ou tsid e the  10-m in period. It w o u ld  be 
counted  in  the fo llo w in g  10-m in period, (b) At the start o f the 10-m in period  (m inute 0), 2 birds are observed  
w ith in  the  block boundaries (shaded), 9 birds are w ith in  the 180° forw ard v iew , and 1 bird is a sh ip  fo llow er,
(c) At m inu te  1, the sh ip  is ha lfw ay  a lon g  the  block counted  at the start o f  the 10-m in period; birds are 
present w ith in  th is b lock (som e n ew ), but these are not counted, (d) At m inute 2, the sh ip  has reached the  
en d  o f the  first b lock counted. The observer n o w  counts the secon d  block; tw o birds are w ith in  th e  area 
counted, (e) At m inu te  4, the observer counts the next b lock of th e  10-m in period. A lth o u g h  2 birds are 
in sid e  the  area, o n ly  1 is counted , as 1(a) is id en tified  as h avin g  b een  counted  in  the prev iou s tim e block  
and is therefore ignored . It is im portant to avoid  d oub le cou n tin g , (f) A t m inu te 6, n o  fly in g  birds are present 
w ith in  the block counted , (g) A t m inu te 8, 3 birds are w ith in  the  area, but 1(b) is n ot cou n ted , b e in g  a 
persistent sh ip  fo llow er. In sum m ary, in  th is hyp oth etica l 10-m in period , 10 birds have b een  seen  on  the  
w ater in  the transect (out o f  30 birds d etected  in  total), and 7 birds have b een  seen  f ly in g  in  the  transect (out 
of a considerably larger num ber seen  w ith in  th e  transect boundaries).



July 1984] Counting Seabirds at Sea 577

A p p e n d ix  2. N um bers o f  instantaneous counts o f  
f ly in g  birds in  transect n eed ed  per 10 m in . D erived  
from  sh ip 's sp eed  and  d etectability  o f  birds. At 8 
knots, the  sh ip  w ill  cover 2.5 km per 10 m in; thus, 
if  all f ly in g  birds w ith in  500 m are d etected , five  
counts w ill  be necessary per 10 m in.

Ship's speed

M axim um  distance at w h ich  all 
fly in g  birds can be detected

(knots) 300 m 500 m 800 m

4 4 2 2
5 5 3 2
6 6 4 2
7 7 4 3
8 8 5 3
9 9 6 3

10 10 6 4
11 11 7 4
12 12 7 5
13 13 8 5
14 14 9 5
15 15 9 6
16 16 10 6
17 17 10 6
18 19 11 7
19 20 12 7
20 12 7
21 13 8
22 14 8
23 14 9
24 15 9
25 15 9


