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Studies of shorebirds at Lindisfarne, 
Northumberland. 1. Feeding ecology and 
behaviour of the Bar-tailed Godwit

P. C. S M I T H  A N D  P. R.  E V A N S

Introduction

T he L indisfarne N ational N atu re  Reserve 
in n o rth  N orthum berland  (F igure 1) covers 
ab o u t 3,000 h a  (12 sq. miles), chiefly tidal 
m ud- and  sand-flats, sa ltm arsh  and dunes. 
It is fam ous chiefly for its w ildfowl and 
shorebirds, as described in th e  vivid w rit
ings o f A bel C hapm an (1907). L indisfarne 
is an im portan t w intering a rea  for W igeon 
Anas penelope, Pale-bellied B rent G eese 
Branta bernicla hrota  and W hooper Swans 
Cygnus Cygnus am ong the w ildfowl; m axi
m um  counts o f these species in the w inter of 
1970-71 w ere 27,000, 1,000 and  430 respec
tively (P ra ter, 1971 ). In th a t sam e w inter the 
to ta l sum o f the m axim um  counts o f all

Figure 1. Lindisfarne, Northum berland. The 
intertidal sand and mud-flats lying within the

shorebird  species was 33,320, w hich placed 
the area  eleventh in im portance  am ongst 
British estuaries. T he nearest estuaries 
w hich hold appreciab le  num bers o f waders 
are th e  F o rth  (80 km north ) and  T eesm outh 
(130 km  south), bo th  o f w hich are th rea t
ened by reclam ation  and fu rth er industria l
ization, and by oil po llu tion . T heir loss 
would displace at least 60,000 shorebirds 
and several thousand  Shelduck Tadorna 
tadorna. In  these circum stances, it seem ed 
im perative to  investigate the  poten tia l 
‘carry ing  capacity ’ o f th e  L indisfarne R e
serve fo r d ifferent species o f  w aders and 
wildfowl. Studies w ere begun in January  
1970, w ith th e  full co -operation  o f the 
N atu re  C onservancy and  u nder the general

National N ature Reserve are shown cross- 
hatched.
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direction  o f P .R .E . This pap er sum m arizes 
p a r t o f the findings o f 3 years’ research  by 
P.C.S., particu larly  on the relationship  of 
sexual d im orphism  to feeding ecology and 
behaviour o f B ar-tailed G odw its Lim osa  
lapponica. W hile d a ta  w ere collected on this 
species, w hich bo th  feeds and roosts on the 
Reserve, observations w ere also m ade on 
the use o f the m udflats by several o ther 
w ader species, notab ly  Curlew  Numenius 
arquata. These observations will be rep o rt
ed later.

T he British Isles hold an im portan t frac
tion  of the populations o f B ar-tailed G o d 
wits w hich w in ter in w estern E urope. A 
to ta l o f ju s t over 37,000 w ere recorded on 
British estuaries in January  1971 (P rater,
1971). L indisfarne holds abou t 10% o f tha t 
num ber in m ost w inters. The m ajority  o f the 
birds arrive in la te  A ugust and Septem ber, 
young preceding adults, and  peak  num bers 
a re  usually reached  in D ecem ber and 
January . In the recen t m ild w inters, num 
bers have dropped  below  1,000 as early as 
m id -F ebruary , b u t som e w intering birds 
norm ally stay until A pril. M igrants pass 
th rough  later, in May.

R em arkably  little  has been published on 
the feeding ecology o f B ar-tailed G odw its, 
probably  because th e  large flocks are  found 
only on extensive sand- and m ud-flats d u r
ing the non-roosting  period. T hus, while 
feeding, they rem ain  beyond convenient 
observational range from  the shore, except 
w here sm all flocks and individuals occur, 
scattered  in sandy bays along the coast. As 
will be m entioned later, th e  feeding behav
iou r o f these solitary  b irds is no t typical o f 
the behav iour show n by b irds in flocks.

G odw its feed chiefly at the tide edge or in 
w ater up to  ab o u t 15 cm (6 in) deep. They 
re tu rn  from  high tide  roosts as the ir feeding 
areas are  uncovered  by the  ebbing tide, 
usually 2 -3  hours after high w ater. They 
then  follow  the tide  in its ebb and  flow, feed
ing for 4 -6  hours (depending onday leng th  
and w eather). Som e b irds also feed by night 
during periods o f  full m oon and on dark  
nights in m id-w inter, bu t as yet we have 
insufficient d a ta  to  indicate how  im portan t 
such feeding is to  satisfy th e  b ird s’ daily 
energy requirem ents.

In term s o f b iom ass, th e  m ost im portan t 
food o f the B ar-tailed G odw it a t Lindis
farne is th e  lugw orm  Arenicola marina. (In 
tensive bait-digging by fisherm en in the 
m ajor w intering areas may thus seriously 
affect th e  fu ture  o f  this w ading b ird .) O ther 
im portan t prey a re  th e  ragw orm  Nereis 
diversicolor and a  variety  o f sm all oligo- 
chaetes, polychaetes and m olluscs, w hich

often dom inate  the diet in num bers taken 
b u t are  less im p o rtan t in term s o f weight. 
Fem ale G odw its take  slightly larger size- 
classes o f  prey  than  do males. T he im port
ance o f  the d ifferent w orm  species in the 
d iet was assessed m ainly by d irect observa
tion  o f  prey taken . T he gut and gizzard 
contents o f birds sho t while feeding gave in
form ation  chiefly on size-classes and on 
‘hard-shelled’ item s o f diet.

T he species shows sexual d im orphism , 
fem ales la rger th an  males, as in all British 
w ader species except R uff Philomachuspug
nax. This d im orphism  is g reatest in bill- 
length; th a t o f  fem ales averaging abou t 30% 
m ore than  th a t o f m ales (T able 1 ). It is p ro 
bab le  th a t adu lts o f each sex have slightly 
longer bills than  the corresponding juve
niles. Fem ales are  also slightly longer in the 
leg, and can thus w ade in deeper w ater than  
males.

W ith a little  p rac tice  the tw o sexes can be 
separated  qu ite  reliably in the field by com 
paring  th e  length o f th e  bill against th a t of 
the head (which varies very little betw een 
the sexes).

Table 1. Bill and tarsus lengths of Bar-tailed
Godwits at Lindisfarne,
Northumberland

Bill Tarsus

Males 77-0±3-l mm 48-5±l-0 mm
Females 97-7±3-5 54-3± 1-1

Figures quoted a re  m ean ± standard e rro r for 
sample sizes o f twenty o f each sex. Bill length was 
measured from feathers to the tip o f the upper m an
dible, tarsus from the proxim al end of the tibio-tarsus 
to the hallux.

Methods

O bservations w ere m ade by telescope from  
the dunes a t Sandon  Bay, H oly Island and 
from  sim ple hides, constructed  from  straw  
bales, set near low  w ater m ark  ou t on the 
m udflats. D a ta  w ere recorded  on tape  and 
transcribed  la ter. W hen b irds w ere feeding 
in flocks, observational periods o f 60-100 
m inutes w ere used, divided in to  alternate  
periods o f 10 m inutes in w hich the locations 
o f feeding b irds w ere noted  every 30 sec
onds, and  10 m inutes in w hich probing and 
success rates o f  individual birds w ere m ea
sured. W hen b irds w ere feeding solitarily, 
prob ing  and success rates w ere m easured 
for periods o f  4 -1 0  m inutes im m ediately 
before  o r a fter observations on a nearby 
flock. T he d a ta  w ere collected chiefly in the 
w inters o f  1970-71 and 1971-72.
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Results

T he d a ta  analysed below  w ere collected 
from  fifteen flocks at Sandon Bay, each con
tain ing  betw een seven and sixteen birds. 
(It was difficult to  m ake com prehensive 
observations on birds in flocks o f greater 
num bers.) T he fifteen flocks com prised five 
each o f m ales only and  fem ales only, and 
five contain ing approxim ately  equal num 
bers o f the tw o sexes. All observations were 
m ade a t the sam e stage o f the tidal cycle 
(abou t an hou r a fter low  w ater) and under 
sim ilar w eather conditions. D a ta  on feeding 
behav iour o f  single b irds w ere collected 
from  fifteen individuals o f each sex.

This in form ation  has been analysed with 
respect to  feeding situation , prob ing  ra te  
and  success ra te , and is sum m arized in 
T ables 2 and 3. Tw o feeding situations are 
recognized: ‘a t the tide-line’ and  ‘beyond 
th e  tide-line’. Birds w ading in w ater up to 
‘knee’-dep th  w ere in the  fo rm er category, 
over ‘knee’-level in the la tter.

In bo th  single- and  m ixed-sex flocks, 
m ales fed chiefly a t the tide-line, b u t fem ales 
beyond the tide-line. These preferences 
w ere m ore m arked  in mixed flocks: signifi-

Table 2. Feeding situations of male and female 
Bar-tailed Godwits feeding in flocks of 
different sex ratio

Single-sex
flock

Mixed-sex
flock

Males 
At tide-line 72%
Beyond tide-line 28%

Females 
At tide-line 45%
Beyond tide-line 55%

(360)

(420)

81%
19%

26%
74%

(380)

(380)

Figures in parentheses are the num bers o f observations 
m ade (for details, see text).

cantly few er fem ales fed a t the tide-line in 
m ixed-sex th an  in all-fem ale flocks (r-test, 
P  < 0-001), w hile significantly fewer males 
fed in deeper w ater in m ixed-sex than  in 
all-m ale flocks (r-test, P < 0-01) (T able 2).

T he feeding situation  m arkedly affected 
the feeding perfo rm ance o f m ales, bu t not 
o f fem ales (Table 3). W hen m ales fed 
beyond the tide-line they p robed  signifi
cantly less often  and w ere less successful 
th an  w hen they fed a t th e  tide-line (r-test, 
P  < 0-001, < 0-05 respectively), no m atter 
w hether they w ere feeding in flocks with 
o ther m ales o r w ith fem ales. Fem ales also 
p robed  slightly less often w hen feeding in 
deep w ater (though th e  differences are  of 
doubtfu l statistical significance), bu t were 
equally successful in ob tain ing  prey in both  
locations. D ata  ob tained  on the m ain m ud
flats support the above conclusions. The 
feeding perform ance o f solitary birds showed 
high variability  in bo th  prob ing  and success 
rates. To reduce the  standard  errors, da ta  
for all fifteen m ales and fifteen fem ales have 
been pooled . T heir average feeding rate  
was 50-3 ± 11-5 p robes per m inute and suc
cess ra te  0-7 ± 0-3 item s swallowed per 
m inute. These observations refer to  single 
birds feeding in th e  vicinity of, bu t no t w ith
in, th e  flocks w hose behav iour was detailed 
in Tables 2 and  3. T heir feeding perfo rm 
ance can therefo re  be com pared  directly 
w ith the  m eans o f th e  pooled  d a ta  for all 
b irds feeding in flocks, viz. 76-4 ± 3-1 
probes per m inute  and  1-9 ± 0-2 items swal
low ed per m inute. T hus solitary birds are 
clearly less successful than  birds feeding in 
flocks, and often spend m ore tim e standing 
in  an uprigh t a lert posture.

Discussion

In view o f  th e  poor feeding perform ances of 
solitary godw its, it is perhaps surprising 
th a t birds are  so regularly  seen feeding

Table 3. Feeding rates (F.R.) and success rates (S.R.) of male and female Bar-tailed Godwits in 
single-sex and mixed-sex flocks in two feeding situations

Single-sex flock Mixed-sex flock

F.R . S.R. F.R. S.R.

Males
At tide-line 78-5± 1-4 2-1 + 0-4 83-6± 1-5 2-3±0-2
Beyond tide-line 55-2± 1-1 l-3± 0-2 54-1± 2-7 l-4± 0-2

Females
At tide-line 80-3± 1-8 2-3±0-4 83-l±2-0 2-4± 0-3
Beyond tide-line 72-2± 1-3 2-2±0-4 76-3± 1-7 2-4± 0-4

Feeding and success rates are the num ber o f probes and items swallowed per minute. Values given are means 
± standard  errors.



138 P. C. Smith and P. R. Evans

alone at L indisfarne. A lthough they might 
merely be satia ted , th e re  is no evidence of 
an increase in th e  num ber o f solitary feeders 
tow ards the end o f  the low tide period . Pos
sibly they may be physically unfit. W hat
ever th e  reason fo r th e ir behaviour, solitary 
individuals form  a very sm all p ropo rtion  of 
the to ta l godw it population . H ence, for 
calculations o f the im pact o f godw its on 
the ir prey during  a w inter, the feeding suc
cess rates o f flocking birds m ust be used, 
even though  these are  m ore difficult to 
ob tain . F rom  observations o f o ther species, 
we believe th a t g rea ter feeding success in 
g roups o f  b irds is w idespread in those 
shorebirds w hich flock regularly . W e there 
fore urge cau tion  in using m easurem ents o f 
feeding perfo rm ance o f so litary  birds to 
estimate food consum ption o f whole winter
ing populations.

A feeding flock o f godw its m aintains an 
approxim ately  oval shape, elongated pa ra l
lel to  th e  tide edge. Since flocking birds 
feed m ore successfully than  solitary ind i
viduals, w hich spend m ore tim e on the alert, 
th e re  m ay well be a selective advantage 
in flocking. (This can be confirm ed only 
w hen th e  reasons fo r solitary behaviour are 
identified conclusively.) If  a  flock contains 
only m ales, som e will be forced into deep 
w ater w here th e ir feeding perform ance 
drops (Table 3). H ence, it is o f advantage to  
m ales to  feed in m ixed flocks, in w hich the 
fem ales can utilize feeding situations 
beyond th e  tide-line w ithout a reduction  in 
th e ir success ra te . As expected, m ost flocks 
(about 90%) at L indisfarne contain both 
sexes.

T he division o f feeding situations be t
ween m ales and  fem ales, th e  la tte r in deeper 
w ater, m ay help  to  reduce com petition 
betw een the sexes when num bers are  high 
in relation  to  th e  areas available for feed
ing. Sexual d im orphism  in bill- and  body- 
size has often been suggested as a m eans of 
reducing intraspecific com petition  for food, 
by for exam ple, Selander (1966), N ew ton 
( 1967) and  R eynolds ( 1972). T he long-billed 
fem ale godw its m ay be  a t an advantage in 
som e hard  w eather conditions. A lthough 
no prolonged  cold spells have occurred  in 
th e  last tw o w inters a t L indisfarne, during 
b rief cold periods tw o im portan t prey 
species, Arenicola marina and  Nereis diversi
color, w ere found deeper in th e  m ud and 
sand than  usual. A t such tim es, fem ale god
wits to o k  m ore o f these prey than  did the 
short-billed m ales. They by con trast took  
m ore o f th e  sm all oligochaetes and poly
chaetes, w hich do  no t bu rrow  so deeply. 
M ales may there fo re  have found it m ore dif

ficult to  satisfy the ir daily energy require
m ents th an  fem ales, in the  sho rt term . In 
prolonged  o r  severe cold spells, how ever, 
fem ales are a t a  po ten tia l d isadvantage in 
th a t they requ ire  ab o u t 11% m ore food per 
day than  m ales (This figure is derived from  
com parison of m etabolic rates, calculated 
from  Lasiewski & D aw son’s (1967) equa
tion , o f b irds o f m ean weight 340 g (females) 
and  300 g (m ales)).

In no o th er w ader species occurring  in 
B ritain is th e  d im orphism  in bill-size so 
g rea t as in the Bar-tailed G odw it. It is not 
know n w hether selection for size occurs on 
the  breeding o r w intering grounds o r both , 
though  Salom onsen (1955) has argued th a t 
selection in the Ringed Plover Charadius 
hiaticula acts p rim arily  in w inter. A t this 
tim e o f  year, d ifferent races are  d istribu ted  
in accordance  w ith B ergm ann’s Rule, w ith 
the larger b irds fu rthest no rth . In sum m er, 
the reverse is true ; th e  largest birds breed 
fu rthest sou th , in contraven tion  o f Berg
m an n ’s R ule. H ence, Salom onsen argued, 
selection acts in w inter. H ow ever, in arctic 
breeding species such as the Bar-tailed G od
wit, selection  m ight also occur on the  b reed
ing g rounds, w here long-billed fem ales 
m ight be a t an advantage over short-billed 
fem ales in being able to  feed in a  greater 
diversity o f sites upon  first arrival, when 
food fo r egg-form ation is needed. This does 
no t w holly explain why males have m uch 
shorter bills. Sexual selection, as described 
fo r tw o N o rth  A m erican sandpipers (Jehl, 
1970), m ay also be  involved. Jehl found th a t 
pairs form ed betw een the sm allest males 
and th e  largest fem ales w ere am ong the 
earliest to  b reed  in each season. The ex
p lanation  proposed  fo r the  origin o f sexual 
d im orphism  in rap to rs  by C ade (1960)— 
th a t the fem ale m ust dom inate  th e  m ale to 
keep him  in his ro le as food provider during 
incubation  an d  care o f the young— cannot 
apply in w aders as th e  young are  precocial. 
T he problem  will rem ain  unresolved a t least 
until we are able to  study the godw its at 
L indisfarne th rough  a  severe w inter.
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Sum m ary

An outline is given of the status and feeding 
ecology of the Bar-tailed Godwit Limosa lap- 
ponica at Lindisfarne, Northum berland. Sexual 
dimorphism in bill-length is pronounced, those 
o f females averaging 30% longer than those of 
males. Birds feed close to the tide edge, but 
females tend to feed in deeper water than males. 
Males feeding in deep water are less successful 
in capturing prey than males feeding at the tide 
line, but females are equally successful in both 
locations. Godwits feed more successfully in 
flocks than solitarily. Selective advantages of 
long- and short-billed birds are discussed specu- 
latively.

References

Cade, T. J. 1960. Ecology of the Peregrine and 
Gyrfalcon populations in Alaska. Univ Calif. 
Pubis. Zool. 63:151-290.

Chapman, A. 1907. Bird life o f  the Borders.
2nd Edition. London & Edinburgh: Gurney 
& Jackson.

Jehl, J. R. 1970. Sexual selection for size 
differences in two species of sandpipers. 
Evolution, 24:311-9.

Lasiewski, R. C. & Dawson, W. R. (1967).
A re-examination of the relation between 
standard metabolic rate and body weight in 
birds. Condor, 69:13-23.

Newton, I. 1967. The adaptive radiation and 
feeding ecology of some British finches.
Ibis, 109:33-98.

Prater, A. J. 1971. BTO /RSPB Birds o f  Estua
ries Enquiry. Report fo r  1970—71. Tring: 
British Trust for Ornithology.

Reynolds, R. T. 1972. Sexual dimorphism in 
accipiter hawks: a new hypothesis. Condor, 
74:191-7.

Salomonsen, F. 1955. The evolutionary signi
ficance of bird migration. Dan. biolog. Medd. 
22:1-62.

Selander, R. K. 1966. Sexual dimorphism and 
differential niche utilization in birds.
Condor, 68:113-51.

P. C. Smith, Dr P. R. Evans. D epartm ent of 
Zoology, Science Laboratories, South Road, 
Durham  DH1 3LE, England.



Philippa Scoti

Plate VI. Above: this unusually marked wild male Shoveler Anas clypeata has been coming to 
Slimbridge for four winters. Below: something of an identification problem. It is actually 
a Falkland Island Flightless Steamer Duck Tachyeres brachypterus.
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