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The use of small airplanes to gather swan data 
in Alaska

J A M E S  G.  K I N G

A laska is th e  centre o f abundance  for N orth  
A m erica’s nesting sw ans. T he W histling 
Swan Cygnus columbianus columbianus 
nests on the tu n d ra  o f w estern and northern  
A laska and  east to  H udson  Bay in C anada 
w ith the g reatest density  occurring  on the
26.000 sq. miles (67,340 sq. km ) o f the 
Y ukon R iver D elta. T he T rum peter Swan 
Cygnus Cygnus buccinator form erly  nested 
th roughou t a  large po rtio n  o f w estern 
N o rth  A m erica b u t is now  confined to  a few 
isolated locations in o r n ear th e  Rocky 
M ountains and to  portions o f  th e  forested 
regions o f  A laska. T oday  A laska hosts 
abou t th ree-fourths o f  the nesting popu la­
tion  o f  T rum peter Swans and perhaps 
tw o-th irds o f th e  W histling Swans. T here 
a re  abou t 22,000 sq. miles (56,980 sq. km) 
o f T rum peter h ab ita t in A laska and  som e
72.000 sq. miles (186,480 sq. km ) of

W histler hab ita t. S tragglers from  each 
species a re  occasionally  found w ithin 
th e  range o f the o th er b u t essentially  they 
use w ell-separated  breed ing  areas (Fig­
u re  1).

D ow n the years, natu ra lists  have re ­
corded observations o f swans in A laska bu t 
because o f the  large territo ries used by 
swans and  the ir wide range in the wilderness 
it was no t possible for g round-bound 
observers to  develop a full p ictu re  o f swan 
d istribu tion . In  1954 th e  first w aterfow l 
bio logist-p ilo t, H enry  A. H ansen , cam e to  
A laska and it was im m ediately  obvious 
th a t swans, perhaps m ore  than  any avian 
species, lend them selves to  study from  the 
air. Swan studies are  justified for their 
ow n sake bu t also provide a  handy ind ica to r 
o f th e  well-being o f all w aterfow l in a given 
hab ita t. W hen swan productiv ity  is low
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m ost o ther species a re  likewise having a 
p o o r season, and  conversely. In  the past 
17 years m any sw an d a ta  have accum ulated  
and  credible a ir survey m ethods have been 
developed. W e have spent m ore tim e in the 
developm ent o f techniques th an  in their 
app lication  because as yet no one has been 
assigned full tim e to  sw an w ork.

T he purpose o f  this p ap er is to  describe 
techniques w hich if extensively applied 
could result in a  m uch be tte r understand ing  
o f  swan popu la tion  dynam ics. I t is hoped 
th a t it will aid people  planning a ir expedi­
tions in getting m ore d a ta  for the ir tim e and 
m oney.

F ive survey m ethods are  described: (1) 
com plete census; (2) random  p lo t census;
(3) line tran sect surveys; (4) random  flight 
m ethods; (5) exp loratory  flight m ethods. 
T he first tw o techniques are  th e  m ost 
prom ising  for th e  exclusive study o f  swans 
and  result in a census. The last th ree  are 
ways o f record ing  m eaningful swan data  
w hile engaged in  w ork on o th er species 
b u t resu lt ra th e r in an index th an  in a 
census. P re-p lann ing  is in each case th e  key 
to  p roducing  consistent useable records.

Safety, visibility, speed and range are 
im portan t considerations in selecting a 
p ro p er a irp lane  fo r b ird  surveys. A  float 
p lane  is safest fo r w ork in extensive w ilder­
ness areas; high wing airplanes afford  the 
best visibility; single engine airplanes 
cruise a t accep tab ly  low  speeds and  a  6- 
o r 7-hour range affords the best tim e utility. 
T he C anad ian -bu ilt D eH aviland Beaver on 
am phibious floats is a  seven place, single 
engine, high wing p lane  w ith 7-hours range 
a t 100 m ph (160 km /hr). I t is a  satisfactory 
p lane  for surveys bu t is p o o r for catching 
flightless b irds fo r banding. The U .S.-built 
C essna 180 and  C essna 185 are  the m ost 
versatile  p lanes fo r all phases of swan w ork. 
T hese are  five p lace p lanes w ith adequate  
range and are  m ore m anoeuverab le  on the 
w ater th an  th e  larger Beaver.

T he choice o f  season for a ir surveys is 
dependent on th e  type o f inform ation 
sought and perhaps the quality  o f the 
te rra in . In  th e  N o rth , sw'ans sca tter to  
te rrito ries as they  arrive on th e  partially  
thaw'ed nesting range. W hen disturbed 
during incubation  som e A m erican  swans 
will get o ff th e ir nests and  hide behind 
them  o r nearby cover. T he first m onth  to  
6 weeks after ha tch ing  is the  m ost difficult 
tim e for surveys as th e  young tend  to  
cluster closely w ith paren ts in the th ickest 
cover they can find. In  the  last 2 o r 3 weeks 
before  fledging th e  young are qu ite  large 
and  are  frequently  seen in  open w-ater and

W histlers often  graze o r loaf on the open 
tund ra . A fter fledging th e  b irds begin to  
leave the nesting territo ries and  gather in 
p re-m igration  flocks. They can then  be 
counted  o r pho tographed  from  the air bu t 
one can no longer determ ine the ir re la tion ­
ship to  th e  nesting h ab ita t. T he surveys 
herein described are  useful from  th e  onset 
o f incubation  to  th e  tim e o f fledging. 
Lensink (1973) has show n th a t the 
s truc tu re  o f th e  popu la tion  changes som e­
w hat as sum m er progresses. I f  only one 
annual survey is possible th e  last 3 weeks 
before  fledging would probab ly  be th e  best 
tim e. In  A laska we get the  best inform ation  
for either species in late A ugust.

To count eggs in th e  nest requires flying 
a t less th an  100 ft (30 m). W ith th e  unaided 
eye swans can best be found from  an eleva­
tion  o f 400-500  ft (120-150 m) although 
it m ay be  necessary to  be  low er fo r b rood  
counts. Som e people p refer to  w ork from  
abou t 1,000 ft (300 m) w ith b inoculars. 
T he w idth o f  the p a th  of observation  de­
pends on th e  a ltitude. Before starting  lineal 
surveys it is well to  m easure th e  d istance 
betw een tw o app rop ria te  landm arks and 
fly over them  several tim es to  accustom  the 
eye to  th e  desired  lim its. Pieces o f tap e  can 
be p laced on th e  w indow  a t eye level and on 
th e  wing s tru t to  aid in determ ining the 
w idth o f observations from  any given alti­
tude.

Complete census

In  1968 we m ade a  com plete count o f 
T rum peter Swans on the ir entire A laska 
breeding range. T he census was done in 
A ugust w hen th e  young w ere no t yet 
fledged b u t w ere large enough to  be easily 
seen; 124 hou rs in th e  a ir w ere required . 
Planes w ere flown at abou t 500 ft (150 m) 
bu t it was som etim es necessary to  dip down 
to  count b roods. P rio r to  each flight, m aps 
w ith a  scale o f  1:63,360 w ere stacked in 
order. All th e  swan h ab ita t on each m ap 
was covered before  proceeding to  the  next. 
The observer in th e  righ t hand  seat m arked 
the  exact flight p a th  o f  the a irp lane w ith 
pencil on the m ap. T he precise location  of 
each sighting was m arked w ith a do t and 
num bered  consecutively on each m ap. On 
the  m argin  w ere no ted  th e  num ber o f 
b irds, adu lt o r  young; b irds in flight being 
distinguished by th e  le tte r F.

This survey resu lted  in an actua l count 
o f 2,848 birds, 32% o f w hich w ere cygnets 
(H ansen  et al., 1971). T he tru e  popu la tion  
was believed to  be  som ew hat h igher since
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som e low  density  T rum peter h ab ita t was 
m issed and  because som e sw ans conceal 
them selves. In  spite o f these know n de­
ficiencies, th e  census stands as a  good 
baseline fo r com parison w ith fu tu re  counts. 
The m ost im portan t fea tu re  o f this type of 
count is the  record ing  o f th e  exact flight 
p a th  so th a t fu ture  observers will know 
exactly w here swans w ere no t seen as well 
as w here they  were. This is th e  item  m ost 
often neglected in a ir surveys.

A lthough this count was an  a ttem pt to 
cover thoroughly  a  very large a rea  it is no t 
always necessary to  exam ine the entire 
range o f a  species to  get useful inform ation  
on density , popu la tion  s tructu re  and p ro ­
ductivity . T he technique could be applied 
to  key po rtions o f  swan hab ita t. Thus, 
Sladen has m ade com plete counts in the oil 
developm ent areas o f A laska’s A rctic Slope 
w hich will show  th e  effect o f such d is tu r­
bance  on d is tribu tion  and  productiv ity . 
A  June count during incubation  follow ed by 
an A ugust count w ould resu lt in a m ore 
com plete p ic tu re  o f a local popu la tion  and 
its productiv ity . M onthly o r even weekly 
surveys w ould be b e tte r still. By careful 
flying it is possible to  count clutch sizes 
b u t as som e birds sit tigh te r th an  o thers a 
com plete count o f eggs in a  given area 
w ould be difficult to  achieve w ithou t having 
to  land . O f course any survey is enhanced 
if  it can be repeated  year a fter year to  give 
long term  averages and  trends.

Random plot census

T here is usually a p rac tica l lim it to  the size 
o f a popu la tion  o r a  b reeding range th a t 
can be covered by a  com plete census. In 
the  case o f W histling Swans w ith a  popu la­
tion  th irty  to  forty  tim es g rea te r than  
T rum peters scattered  over a range several 
tim es larger, a  com plete census w ould be 
exhausting and  doubtless a  w aste o f tim e. 
R esults o f  equal veracity  could be  achieved 
by a random  p lo t count. In  this m ethod 
the entire a rea  is gridded in to  p lo ts on a 
m ap o f suitably detailed  scale. T hirty  or 
m ore  p lo ts are  selected a t random  fo r actual 
census. T he size o f the plots should  be  such 
th a t som e swans occur on each. O n the 
Y ukon D elta, Lensink has found  (personal 
com m unication) th a t 4-sq. m ile (10-36 sq. 
km) p lo ts are  su itable fo r W histling Swans. 
W7here densities are low er, larger plots 
w ould be needed. Sam pling e rro r can be 
determ ined  by standard  p rocedures for 
analysing sim ple or stratified  random  
sam ples. P lo t census can be done at

intervals w hile the  b irds a re  on territo ry , 
and  carried  over a period  o f  years w ould be 
m ost valuable.

W e have no t as yet set up  any consistent 
W histling Swan sam pling by th is m ethod. 
W e did use the m ethod  over a 31,000-sq. 
m ile (80,000 km 2) a rea  in sou theast A laska 
to  determ ine th e  breeding popu la tion  of 
Bald Eagles H aliaeetus leucocephalus. 
By sam pling th irty  p lo ts from  488, we 
determ ined  a  popu la tion  on territo ry  o f 
7,287 ± 25% w ith 95% confidence. We 
used a  p lo t size o f 65 sq. miles (166 sq. 
km) in this case b u t w ere required  to  fly 
only th e  coastline and  river valleys in 
each p lo t. This survey to o k  32 hours o f air 
tim e in a  single enaine float p lane (King, 
1972).

Line transect surveys

F o r th e  past 18 years the A laskan breeding 
p opu la tion  o f ducks has been surveyed 
from  the air by a system  o f  lineal transects. 
This type  o f survey is described by Crissy 
(1957) and M artinson & K aczynski (1967). 
The transects are  m arked  on detailed  m aps 
and a re  flown a t 100 m ph (160 kph) a t an 
elevation o f  100 ft (30 m) above th e  terrain . 
T he p ilo t on th e  left and  an observer on the 
righ t record  all w aterfow l observations 
w ithin ¿-m ile (201 m) o f each side o f  the 
p lane. E ach  observer uses a p o rtab le  tape  
reco rder. T he resu lt o f each 16-mile (26 km) 
segm ent is a  census o f 4 sq. miles (10-36 
sq. km). T he d a ta  a re  converted  to  an 
estim ate o f popu la tion  w ithin the total 
square miles o f th e  h ab ita t. Confidence 
lim its can be  determ ined  as fo r a  simple 
random  sam ple.

Swans have been recorded  on this survey 
fo r the past 14 years as 107 o f th e  segm ents 
fall w ithin the  breeding range o f the W hist­
ling Swan. A lthough analysis o f th is swan 
d ata  has no t been exhaustive we have som e 
prelim inary  findings th a t show the 
advantages and  w eaknesses o f this tech­
nique.

A dvantages include:
(1) A n index o f popu la tion  fluctuations 

over a period  o f years is derived 
th a t w ould show  th e  occurrence of 
drastic  changes in  th e  breeding 
popu la tion . N o upw ard  o r dow nw ard 
tren d  is obvious in A laska thus far 
(T able 1).

(2) I t is a  good m ethod  fo r stratifying 
sw an h ab ita t by m ean  density  per 
square mile. F igure 2 shows how  line 
tran sec t d a ta  is used to  stratify
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Figure 2. The Yukon Delta showing location 
of each of the 65, 16-mile line transect survey 
segments. The num ber below each segment is 
the 16-year average num ber of swans seen there

that appear to be  on territory. The dotted lines 
group areas according to density, low averaging 
from trace (t.)-3 , medium 4-8  and high 9-18.

the  h ab ita t on the Y ukon D elta, 
providing a good basis for land use 
and  m anagem ent decisions.

(3) A rough estim ate  can be m ade o f the 
swans on te rrito ry  th a t a re  likely to 
rep roduce  (breeding population).

W eaknesses include:
(1) T he survey was designed to  sam ple 

ducks, so lacks the precision o f a 
survey specially p lanned for swans.

(2) T he observers m ust judge th e  ¿-mile 
observation  sw ath and m ake 
accura te  observations w ithout 
benefit o f circling o r going b ack  to  
recheck.

(3) A t som e tim es th e  survey is done 
under cloudy skies and a t others 
b righ t sun causes w ater g lare th a t 
in terferes w ith  visibility.

(4) I t is difficult to  analyse the d a ta  w ith­
ou t benefit o f concurren t ground 
studies particu larly  o f swan breeding 
behaviour. W e are no t sure  how  
m any swans are  missed. I t is no t yet 
know n w hat p ropo rtion  o f single 
swans actually  rep resen t a pair,

and w hich are  tru ly  lone birds. 
Lacking precise data , single birds 
have been  considered a  p a ir in the 
final analysis (Table 1). This m ay be 
m ore accu ra te  th an  counting two 
single sightings as a  p a ir bu t there  is 
still an unresolved bias.

(5) T he survey does no t m easure clusters 
o f non-breeding birds accurately.

(6) T he survey w ould be im proved by 
being repeated  in la te  A ugust to 
m easure actual p roduction  o f young.

W e m ust conclude th a t th e  line transect 
m ethod  by itself gives a  relatively super­
ficial p ic tu re  o f a swan popu la tion  and th a t 
th e  incubation  period  is no t the best tim e 
to  do such a  survey. W hen a detailed  study 
o f a po rtio n  o f  th e  swan popu la tion  is 
carried  th ro u g h  an  en tire  season, th e  long 
term  transec t survey in form ation  already 
gathered  will becom e m ore valuable.

A  line tran sec t survey designed speci­
fically fo r sw ans should be p lanned  so som e 
swans occu r on  every transect. I t  m ight be 
flown som ew hat h igher th an  a duck survey 
perm itting  a w ider survey path .
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Table I. WTiistling Swan spring population in Alaska from 1958 to 1971 (excluding the Arctic 
Slope) as determined from 107 line transects

1958 1959 1960 1961 1962 1963 1964

64,000 59,000 79,000 79,000 56,000 64,000 50,000

1965 1966 1967 1968 1969 1970 1971

62,000 52,000 43,000 50,000 75,000 69,000 61,000

14-year average 62,000; range 43,000-79,000.
(Figures from Chamberlin, M artinson & Clark, 1971).

Random flight method

W hen m aking rou tine  flights across swan 
breeding h ab ita t valuable d a ta  can be 
ob tained  by recording every swan seen. 
N ests and  clutch sizes can be recorded  in 
this fashion. It is necessary only to  fly 
low  enough for swans to  be  easily seen. 
The observer need no t d irec t the p a th  o f 
flight, bu t if he can th e  quality  o f b rood  
counts, flock counts, and egg counts are 
im proved. If  such flights can be m ade at 
least once a week, a  good p ic tu re  o f swan 
productiv ity  and  juven ile  m ortality  
th roughou t the nesting season can be 
qbtained.

T he best exam ple o f this type  o f survey is 
from  th e  Y ukon D elta  w here the staff o f 
C larence R hode N ational W ildlife Range 
have recorded  swan d a ta  on rou tine  flights 
since 1963 (Lensink, 1973).

The advantages o f this m ethod  are  th a t 
no cost is involved as people a re  travelling 
anyw ay and  observations from  different 
areas can be com pared if th e  trips were 
m ade a t ab o u t th e  sam e tim e o f  year.

Exploratory flight method

An a irborne  biologist m ust devote  som e 
tim e to  exploring hab ita t new  to  him  to  get 
the ‘feel’ o f th e  country  before he can set up 
m eaningful surveys. The value o f  the 
observations m ade on such trip s can be 
enhanced if observations are  recorded 
system atically. W e have found th a t over the 
tu n d ra  h ab ita t we can use th e  techniques 
o f the  line tran sect m ethod  to  arrive at 
rough  estim ates o f swans on the breeding 
grounds. O bservations are  m ade in a  con­
sistent sw ath and  divided a t fixed tim e 
intervals. E fforts should be m ade to  reach 
every p a rt o f a  given h ab ita t and no t to 
spend too  m uch tim e in any one area. I t is 
no t necessary to  fly straigh t lines. W e have 
used the ¿-m ile (201 m) observation  sw ath 
and 10 m inu te in tervals w hich a t 96 m ph

(155 kph) gives us six sam ples o f 2 sq. miles 
(5-18 sq. km ) fo r each h o u rflo w n . W ith one 
observer th is perm its the record ing  of all 
A natidae and o ther m edium  sized b irds. If  
swans only are to  be reco rded  a  w ider 
observation  sw ath could be  covered from  a 
h igher altitude. T he coverage is doubled o f 
course if th ere  is an  observer on each side o f 
th e  p lane. A  figure fo r th e  num ber o f birds 
per sam ple can be expanded to  th e  to ta l 
a rea  covered. By th is m ethod  we estim ated 
there  w ere 800 swans on th e  23,000 sq. miles 
(59,570 sq. km ) o f w aterfow l h ab ita t o f the 
A rctic  Slope in 1966 (K ing, 1970).

Discussion

The foregoing m ethods can be ‘ta ilo red ’ to  
tim e and  budgetary  lim itations. P robably 
the m ost im portan t fea tu re  o f the A laska 
w ork  has been consistency in p lanning and 
record ing  so th a t year can  be com pared to 
year and  area  to  area. I f  we continue 
accum ulating  da ta  in th is fashion we will 
eventually  p iece together a  good p ictu re  o f 
swan popu la tion  dynam ics on th e  breeding 
range.

I f  a irbo rne  biologists w orking full-tim e 
on sw ans w ere available, th e  repeated  
survey o f sam ple plots w ould be th e  m ost 
advantageous m ethod . T he m ajo r effort 
should be a  com plete random  plot survey 
conducted  in A ugust to  determ ine p ro ­
ductivity . Before and a fter this, portions of 
th e  a rea  could be  exam ined at weekly or 
bi-weekly in tervals to  determ ine arrival 
dates, te rrito ry  size, onset o f nest building, 
egg laying, clutch sizes, hatch ing  dates, 
m ortality  ra tes, b rood  m ovem ents, fledging 
dates, fall flocking p a tte rn  and  exodus from  
th e  breeding area. A  com bination  o f p lo t 
counts and random  flights m ight w ork  best. 
A ir surveys canno t answ er all the  questions 
o f swan biology and g round  w ork will be 
essential to  learn  ab o u t feeding habits, 
general behaviour, and causes o f m ortality . 
Some aspects o f swan behav iour from  year
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to  year will requ ire  m arking individual 
b irds as described  by Sladen (1973). 
A n aerial team  assigned full tim e to  
swan w ork  could p robab ly  do a  lo t o f 
g round  observation . Swans during their 
annual m oult o r p rio r to  fledging can easily 
be caught fo r m arking by use o f a float a ir­
plane.

A lthough this rep o rt relates entirely to  
the use o f a irp lanes we assum e th a t the 
m ethods described could be modified to  
use from  a helicopter.

We conclude th a t th e  full understand ing  
o f  sw ans on the b reed ing  grounds requires 
th e  use o f  light a irc ra ft fo r surveys as well 
as g round access.
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Summary

Single engine airplanes have been used in Alaska 
for swan population counts over the past 17 
years. Five different methods have been dev­
eloped: (1) complete census; (2) random  plot 
census; (3) line transect surveys; (4) random

flight method; (5) exploratory flight m ethod. The 
first two m ethods are recommended when full 
time can be devoted to swan work. The last three 
are used when the flight is primarily for other 
purposes.
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