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

In recent years, an  enorm ous  am o u n t of w ork  has been  done on the 
relationships between flocking b e h av io u r  a n d  feeding efficiency in birds. 
A m ong the most revealing studies are  those w hich  have exam ined  the ef­
fects of flocking on individual t im e  budgets  (the way time is allocated to 
different behaviours) (e.g. K r e b s ,  1974; P u l l i a m  et al., 1974; P o w e l l ,  

1974; L a z a r u s ,  1979; C a r a c o ,  1979a, b; B a r n a r d ,  1980a). Some 
studies have also quantified  the rela tionship  betw een  flock size effects on 
feeding efficiency and  flock size dynam ics (e.g. C a r a c o ,  1979, a, b, c; 
B a r n a r d ,  1980b, c). H ow ever, the best quan tita tive  studies have been 
with single species flocks. A lthough  there is a w ealth  of in form ation  in the 
literature concerning interspecific in teractions in m ixed flocks (e.g. 
M o r s e ,  1970, 1978; K r e b s ,  1973; R u b e n s t e i n  et al., 1977; K u s h l a n ,  

1977, 1978; B a l p h  & B a l p h ,  1979; B r o c k m a n n  & B a r n a r d ,  1979; 
C a l d w e l l ,  1981), little a t ten tion  has been  p a id  to the effects of species 
composition within flocks on tim e budge ting  a n d  flocking dynam ics of 
com ponent species. In  a recent p ap er ,  B a r n a r d  & S t e p h e n s  (1981) ex­
am ined the effects of flock size, a n d  the add ition  to the flock of klep- 
toparasitic gulls (Larus ridibundus) (see K ä l l a n d e r ,  1977, 1979;
B r o c k m a n n  & B a r n a r d ,  1979), o n  feeding efficiency in lapwings (Vanellus 
vanellus). These au thors  found th a t  gulls depressed the feeding benefits of 
large flocks of lapwings th rough  changes in the am o u n t of tim e lapwings
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devoted  to selecting prey items. In  this p ap e r ,  we investigate the effect of 
flock size and  species mixtures on two com ponen t species o f  a 3-species 
m ixed  association. W e exam ined  w in te r  associations betw een  lapwings, 
black-headed  gulls and  golden plovers (Pluvialis apricaria) feeding on 
agricu ltura l pastu re . T he  aims o f  the study were to quantify  the re la tion­
ship between species sub-flock size (the n u m b e r  of b irds of a given species 
w ith in  the flock) and  overall flock com position  and  bo th  the tim e budgets  
a n d  feeding efficiency of lapwings a n d  golden plovers. In  add ition , we 
m a d e  and tested some predictions ab o u t species sub-flock sizes based  on 
the  tim e budget and  feeding efficiency results we ob ta ined .

M E T H O D S

Observations were made during the winters o f  1979/1980 and 1980/1981. Single and 
m ixed  species flocks were located opportunistically in pastures around the villages o f  
W ysall, Keyworth and Rem pstone, about 10 m iles southeast o f N ottingham . T he  
pastures were similar in type and quality to those described by B a r n a r d  & S t e p h e n s  
(1981) and, as in the earlier study, almost the only prey taken by birds and found in the 
turf were species o f oligochaete worm (betw een 97.5%  and 99% o f invertebrate species 
taken from the turf by observers were oligochaetes). O bservational techniques for record­
in g  tim e budgets were also similar to those in Barnard and Stephens’ study. Arbitrarily 
chosen lapwings or golden plovers were observed through a x l5 -x 6 0  H T 8 telescope 
m ounted on a tripod and their sequences of behaviour dictated into a U h er 4000 report C 
tape recorder. Recorded sequences were then transcribed on the com puter to obtain fre­
quencies and durations of each activity. Birds were observed until they left the flock or 
were obscured from view  by grass, undulations in the ground or other birds (m ean dura­
tion o f  observation for lapwings = 112.1 ± 17.7 s, range: 24 .1 -344 .0  s; for golden  
plovers = 91.7 ± 2.9  s, range: 40 .1-157 .0  s). A ctivities were categorized as stepping (rapid 
stepping actions with the head held erect and each step m easuring about 3.5 cm  in lap­
w ings and 5.0 cm in golden plovers), pecking (all actions associated with catching and han­
d ling prey once the bird first pecked at the ground), crouching (body orientation with head 
p ointin g  down and tail up and the long axis o f the body held at about 20° to the ground  
(crouching usually occurred im m ediately before a peck and was shown by B a r n a r d  & 
S t e p h e n s  to be associated with increased selectivity in the range of prey sizes taken b y  lap­
w ings) and scanning (assum ed to occur w hen birds stopped after bursts o f rapid stepping  
and  the head was held in an extrem e erect position). Scanning was assum ed to reflect 
vigilance for approaching predators, the m ost serious of which, ju d g in g  by the alarm  
responses of flocks, were kestrels (Falco tinnunculus), carrion crows ( Corvus corone) and rooks 
(C. frugilegus). A lthough only one attack (unsuccessful) was w itnessed, there is evidence 
that kestrels m ay take lapwings and even black-headed gulls ( K i r k m a n  & J o u r d a i n , 1966; 
Y a l d e n , 1980) and corvids are at least know n nest predators o f  lapw ings and golden  
plovers (P a r r , 1979). Both kestrels and corvids som etim es sw ooped on feeding  
charadriiform flocks. W e also recorded the length o f each worm caught by birds during  
observation (estim ated relative to bill length (tip o f the bill to the end o f  the gape)). W here  
access to fields perm itted, surface-dwelling oligochaetes were sam pled along the approx­
im ate search paths o f observed golden plovers in the sam e way as in B a r n a r d  & S t e p h e n s  
(1981). W here possible, time budgets for lapw ings and golden plovers were taken from the 
sam e flocks. In all cases the num ber o f individuals o f each species present in the flock was 
noted . Additional protracted observations (m ean duration = 2 ,383 ± 520 .6  s, range: 
913-5 ,322  s) o f arrivals, departures and birds passing over were taken for single and
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mixed species flocks. Protracted observations with and w ithout gulls w e ie  p tiio d ica lly  in­
terrupted for time budget recordings. In this way detailed sim u ltan eou s leco id in g s o f  in­
dividual feeding behaviour and overall flock dynam ics were obtained . A dditional data for 
flock density and species interneighbour distances were obtained by m easuring the m ax­
im um  length and breadth of flocks and sub-flocks using a R an g in g  1200 d istance finder 
(calibrated for measurements between 46 and 1000 m ) and m apping the position of birds 
on duplicated scale maps of fields. Inter-neighbour distance (D ) w ithin  a flock was 
calculated as:

D  = V'/[rc(ml-m b/N ] ..................................................................................................................................  0 )
where ml is the radius at the m axim um  length o f  the flock, mb the radius at the m ax im u m  
breadth, N  the num ber o f  birds present and the flock was assum ed to be elliptical in  shape.

R E S U L T S

FLO CK  C O M P O SIT IO N  A N D  L A PW IN G  F E E D IN G  E F F IC IE N C Y

B a r n a r d  & S t e p h e n s  (1981) showed tha t increased  flock size in 
lapwings (in the absence of gulls) correlated w ith  a n  increased  in d iv id u a l  
net rate of energy intake. H ow ever, their conclusions were l im ited  
because the scarcity of large flocks w ithou t gulls necessita ted  a b ro a d  
lum ping  of w orm  and  flock size classes. T h e  analysis w e re p o r t  h e re  
makes use of m uch more extensive data . Ins tead  o f  lu m p in g  size classes, 
we have calculated net rates of energy intake for ind iv idua l time b u d g e ts  
on  a  continuous scale of flock size a n d  species com position .

For the purposes of analysis we distinguished  22 differen t lengh ts  o f  
w orm  taken by lapwings (rang ing  in size from <  ‘/ 2 to 6 bill lengths). Bill 
lengths were converted to m m  by  m ultip lying by a bill leng th  co n s ta n t .  A 
corrected calorific value of each sized w orm  was then  ca lcu la ted  to a llow  
for the fact that a proportion of the w orm s observed  be ing  ta k en  w ere  
likely to be broken  pieces of larger w orm s (see B a r n a r d  & S t e p h e n s ,  

1981, and  B u r t o n ,  1974). A 16 m m  w orm , say, w hich was really p a r t  o f  
a 60 m m  w orm  would be fatter an d  contain  m ore  calories th a n  a  c o m p le te  
16 m m  worm. F rom  estimates o f  the risk o f  w orm s of g iven o b se rv e d  
length really being  broken pieces of la rger w orm s an d  the a p p ro x im a te  
length of w orm  which was lost in the g round  ( B a r n a r d  & S t e p h e n s ,  
1981), we calculated the calorific value of each  w o rm  ta k en  as:

C i.corr. — ^ i/lr- C * r ............................................................................................................................. ( 2 )

where C i . co r r_ is the corrected calorific value (cals.) of ta k en  w o rm  i, 1; is 
the observed length of worm 1, lr is the es tim ated  original leng th  o f  th e  
w orm  and C r  is the calorific value of the original length w o rm . C r a n d  
C'i.corr. were calculated from the polynom ial regression eq u a t io n  for th e  
relationship betw een worm  length  a n d  calorific value  (see B a r n a r d  &
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S t e p h e n s  (1981), lo r  details  of ca lo r im e try  a n d  calcu la tion  o f  the regres­
sion equ a t io n ) .  A lth o u g h  this correction  spreads  the b reakage  risk over 
all w orm s ta k en ,  it is p ro b ab ly  a  m ore  accu ra te  reflection o f  w h a t b irds  
actually  o b ta in  for two reasons. Firstly , B u r t o n  (1974) a n d  S-A.
B e n o t s o n  (pers .  c o m m .)  found tha t a  large p ropo rt ion  o f  ea r th w o rm s  in
golden p love r  guts  w ere b roken  an te r io r  ends of la rg e r  w orm s. T h is  is 
suppo rted  b y  o u r  ow n observations  tha t an  average  of be tw een  17 a n d  
‘24% (and ,  in som e sam ples, as high as 3 8 % ) of w orm s found  in the tu r f  
w here  c h a ra d r i i fo rm  flocks h ad  recently  been  feeding w ere b roken  
posterior ends . Secondly , the correction  m akes very little difference to the 
calorific va lue  un ti l  observed w orm  size taken  reaches 55-60 m m . T h is  
reflects the o b se rved  situa tion  in the field w here  it is la rge r  w orm s w hich 
are  m ore liable to b reak  a n d  leave a large p ropo r tio n  still in the g round .

T h e  net ra te  of ene rg y  in take d u r in g  each recorded  sequence  for la p ­
wings in flocks w ithou t gulls (bu t  w ith  or w ithou t golden plovers) was 
then ca lcu la ted  in two ways:

N e tC f  = ~  ..Í . " C 2 + .............. . n ° 2--̂ .............  ..................................  (3a)
t s +  t(. +  E ( n t h i  +  n t h ‘2 +  ........................  n t h22 )

N.-lCb = E (»Ca  + nC2+ t .... nC22)........................................................  (Jb)

w here C [„22 iirc the corrected calorific values for w orm  sizes 1 to 22, n is 
the n u m b e r  of w o rm s  of each size taken d u r in g  an  observed  b e h av io u r  se­
quence , ts is the total tim e spen t s tepp ing  d u r in g  the sequence , thi-22 *s 
the h a n d l in g  tim e for each  w o rm  taken  calcu la ted  from the polynom ial 
regression e q u a t io n  for the re la tionsh ip  be tw een  h a n d l in g  time a n d  w orm  
length , t,. is the total time spent c rouch ing  d u r in g  the sequence  an d  T  is 
the d u ra t io n  o f  the  w hole sequence . N e tC f  thus  represents  the net 
energetic re tu rn s  b ased  on foraging t im e  (s tepp ing , c rouch ing  a n d  h a n ­
dling) only a n d  NetG[, rep resen ts  the net energe tic  re tu rn s  for the whole 
sequence (w hich  therefore  includes scann ing) .

E q u a t io n  3a, b, was also used  to ca lcu la te  net ra te  of energy  in take for 
lapwings in flocks co n ta in in g  gulls. H e re ,  how ever, N e tC f  a n d  N etC b  
were ca lcu la ted  u s ing  shorte r  h a n d l in g  times (lapw ings h an d led  given 
sized w o rm s  m o re  quickly w h en  gulls w ere p resen t ( B a r n a r d  & 

Steph en s , 1981)). T h e se  h an d l in g  tim es w ere calcu la ted  from  a separa te  
regression e q u a t io n  lor the re la tionsh ip  be tw een  h a n d l in g  tim e a n d  w o rm  
leng th  in the  presence  of gulls.
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C om puted  values for N etC f and  N etC b w ere then en tered  with a 
num ber  of other variables into a stepwise partia l  regression analysis. 
Separate analyses were carried out for flocks w ith  an d  w ithout gulls. The 
independent variables entered into the analysis were those which in­
tuitively or from previous analyses m ight be expected  to influence lap­
wing feeding efficiency. W e used a forw ard stepwise inclusion technique 
which entered independent variables in single steps from best to worst in 
terms of explaining observed variance in the chosen dependen t variable. 
T he  variable that explained the greatest a m o u n t  of the variance was 
entered first, the variable which in conjunction w ith the first explained 
the greatest am oun t of variance was en tered  second and  so on. T hus  the 
variable that explained the greatest am o u n t of variance unexplained by 
the variables already in the equation  en tered  the equation  a t each step. 
Variables were not entered if the variance in the dependen t variable re­
m aining unexplained by the independen t variables already included in 
the equation did not result in an  F-ratio g rea ter  th a n  1.5. In this way we 
were able to arrive at the best set of predictors for each chosen dependent 
variable. T he  relationships between lapw ing N etC f an d  NetCb and 
independent variables included in the regression equation  are  shown as 
F-ratios in Table la ,  b.

Table l a  shows results for flocks w ithout gulls. T he  most striking 
trends are those between lapwing flock or subflock size and  the propor­
tion of time spent crouching in a sequence an d  cap tu re  rate and  NetCf,. 
The net rate of energy intake (N et Cf,) per  b ird  was m uch higher when 
more lapwings were present. Similarly, both  NetCf, and cap ture  rate in­
creased with the proportion of time birds spent crouching. This  is also 
reflected in the (non-significant) tendency for w orm  length taken to in­
crease with the proportion of time spent crouching. Finally, the num ber 
of golden plovers present in the flock significantly increased lapwing cap­
ture rate bu t  not N etC f or NetCf). Lapw ings thus d id  not do any  better in 
terms of their net rate of energy intake w hen  plovers were present.

Very different trends emerge, however, from T ab le  lb  which shows 
F-ratios for flocks with gulls. M ost obvious are the apparen tly  paradox­
ical positive relationships betw een the n u m b e r  o f  gulls present an d  lap­
wing N etC f and  NetCf,. T h e  n u m b e r  of gulls also correlated positively 
with the m ean length of w orm  taken by lapwings. O th e r  striking results 
are the lack of any relationship between lapw ing  subflock size and  lap­
wing feeding efficiency and the significant negative effect of the presence of 
golden plovers on lapwing NetCf, NetCf, and  cap tu re  rate (c.f. Table  la , 
and see Discussion). It is interesting, in view o f the negative effects of
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golden  plovers, tha t lapw ing cap tu re  ra te  b u t  no t net ene rg y  in take in­
creased  as a function of the n u m b e r  of gulls p e r  golden p lover in the flock. 
W e  shall re turn  to these points la ter.

A t  first sight, the positive re la tionsh ip  be tw een  lap w in g  feeding effi­
ciency and the n u m b e r  of gulls in  the flock ap p ea rs  to co n tra d ic t  B a r n a r d  

& S t e p h e n s ’ (1981) finding th a t  ne t ra te  o f  energy  in tak e  in lapwings 
decreased when gulls were p resen t.  H o w e v er ,  it is likely th a t  the re la tion­
ship  arises because gulls tended  to associate only w ith  la p w in g  flocks in 
w hich  birds were doing well. B a r n a r d  a n d  S t e p h e n s  found  th a t  a lthough  
lapwings in large flocks tended  to take a large p ro p o r t io n  o f  very  small 
w orm s, they also took some very  la rge  (65-310 m m ) w orm s w hich gulls 
w ere  more effective at stealing. It m a y  be  tha t the n u m b e r  of gulls 
depended  on the rate at w hich lapw ing  flocks m ad e  large w orm s available 
while lapwing subflock size d e p en d e d  on the ra te  at w hich lapwings

T A B L E  l a

F-ratios from stepwise partial regression analysis o f the relationship between feeding 
efficiency and flock composition variables fo r  lapwings in the absence o f gulls

No. Lapwings N o . G olden  G oi:L ap  % time
plovers ratio crouching

N etC f — —  — —
N etC b 4.40* —  — 9.15**
M ean  worm length — —  —  2.83
Capture rate 24.52** 3 .99* —  16.22**

D ata  for 186 flocks. — indicates that an independent variable was not included in regres­
sion  equation because it yielded an F-ratio o f  less than 1.5. * = p <  .05 , ** = p <  .01.

T A B L E  lb

Same as a) but fo r  flocks in which gulls were also present

No. N o. Goi N o . G ulls G o h L a p  G u lL L ap  G ulLG ol %time
Lapwings plovers ratio ratio ratio crouching

N etC f — -3 .7 4 *  24 .88** —  —  — —
N etC b — -4 .3 7 * *  28.73** —  —  — 3.99*
M ean  w orm
length  — — 11.37** —  — — —
C apture rate — -5 .4 9 * *  31 .45** —  — 6.45** 7.82**

D ata  for 217 flocks. M inus sign indicates n egative partial regression coefficient. Significance levels as in  
T ab le la .
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found m ore profitable (for lapwings) in te rm ed ia te  (17-48 m m ) sized 
worms.

T h e  rate of finding large w orm s is likely to  correlate w ith  the rate of 
finding in term ediate  sized w orm s an d  hence w ith  N e tC f  a n d  NetCb- This 
does not m ean , however, tha t lapwings in la rge  flocks w ith  gulls could 
not have done be tte r  in the absence o f  gulls. T o  see w hether  lapw ing and 
guii num bers  depended  on the ra te  at w hich  lapwings found  different 
sized worms, we exam ined  d a ta  for lapwings w ith  and  w ithou t gulls and 
divided w orm  sizes taken  in to  the  size classes used  in the earlier study. 
W e then calculated the rates at w hich lapw ings w ere finding different size 
classes and  hence m aking  them  available to gulls. Since gulls could 
potentially m onito r  all birds in the flock, we es tim ated  ‘flock productiv i­
ty ’ (FP) for each w orm  size class as:

£ ( I f i  + l2i + .......... Ini)]
n

w here is the ra te  at w hich focal lapwings 1-n found w orm s of size 
class i, n is the n u m b e r  of focal lapwings recorded  in the flock an d  N is 
the total n u m b e r  o f  lapwings in  the flock. Stepwise partia l regression 
analysis was then  carried  ou t re la ting  the n u m b e rs  of lapwings an d  gulls 
in a flock to FP  for different size classes o f  w orm .

T h e  results in T ab le  2 show that, w he ther  or not gulls were present, 
the n u m b er  of lapwings in a flock was best p red ic ted  by the ra te  at which 
birds were catching worms of size classes 2 a n d  3 a lthough there  was also 
a significant positive relationship with total cap tu re  rate in flocks w ithout 
gulls. T he  n u m b e r  of lapwings in flocks w ith  gulls,correlated negatively 
with FP for size classes grea ter  th a n  3. T h e  n u m b e r  of gulls, on  the other 
hand , showed a s trong  negative relationship w ith  FP 2 + 3 b u t  strong 
positive relationships w ith  the n u m b e r  of lapwings a n d  F P > 3  (the 
significance of the ‘spacing’ category will becom e clear later). As ex­
pected on the basis of previous analyses, therefore, the n u m b e rs  of lap ­
wings and  gulls in a flock correlated  well w ith  the size ranges  of worm  
birds of each species were m ost efficient a t  taking. T here  were m ore  gulls 
in la rger flocks of lapwings a n d  la rge r  flocks w ere those in w hich  lapwings 
were achieving high net rates of energy  intake.

H ow ever, if lapwings in any  given flock size tended  to do better 
w ithout gulls than  with gulls, we m ight expect this to show up  in samples 
taken from flocks before and  after the arrival o f  a  guii. O n  the basis of ou r  
previous results, we would expect lapwings to have lower N e tC f  and  
N etC b  values after the arrival of a  guii th a n  before. D espite  taking
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sam ples  f ro m  o v e r  400 flocks, how ever, instances in w hich  we w ere able 
to record  ‘b e fo re  a n d  a f te r ’ sam ples were very rare. T h is  was m ain ly  
because  gulls  se ld o m  arrived  in small flocks of lapw ings, while large 
flocks u sua lly  h a d  o n e  o r  m ore  gulls p e rm an en tly  in a t tendance .  Even  
w h en  flocks w e re  d is tu rb e d  a n d  m oved to an o th e r  field, any  a t te n d a n t  
gulls u sua lly  m o v e d  w ith  them . N evertheless , those cases w hich we w ere 
able  to r e c o rd  bo re  out ou r  expectations.*Both N e tC f  a n d  N e tC b  w ere

T A B L E  2

F-ratios from  stepwise partial regression analysis relating the number o f lapwings and gulls 
in a flock to the rate at which lapwings found worms o f different sizes

N o .
L ap w ings

N o. G ulls Total 
capt. rate

Capt. rate 
for size 
d asses 2 + 3

Capt. rate 
for size 
d asses >  3

Spacing

No. G ulls 
No. Lapwings

15.57* * — 1.25 -19 .56** 19.99** 1.23

(with gulls) 
No. Lapw ings

—— 15.57** 0.086 2.98* -2 .63* -5 .20**

(no gulls) — — 2.84* 27.51** -0 .8 9 —

Data for 67 flocks. S ym b ols and significance levels as in T able 1, except that a 0.1%  variance 
contribution w as u sed  as the criterion for including an independent variable.

s ignificantly  low er for lapw ings after the arrival of a guii (m ean  N e tC f 
before a r r iv a l  = 20 .55  ± 6.12 cals/s ., m ean  N etC f after = 6.57 + 1.28 
ca ls/s . ,  t = 2 .8 5 ,  d .f.  = 11, p < . 0 2 ;  m ean  N etC b  before arrival 
= 5 .1 2 ±  1.16 ca ls /s . ,  m ean  N etC b after = 1.99 ± .40 calls/s., t = 2 .9 4 ,  
d .f. = 11, p <  .02).

F L O C K  C O M P O S IT IO N  A N D  E Q U IL IB R IU M  S U B F L O C K  SIZE
IN L A P W IN G S

Since net ra te  of en e rg y  in take for lapwings in any given flock size a p ­
pears  to be  d e p re s s e d  by the presence of gulls, we might expect gulls to 
low er the u ti l i ty  o f  a given feeding site. I f  so, we w ould  expect the site to 
a t trac t  a n d  s u p p o r t  fewer lapw ings than  in the absence o f  gulls. T o  test 
this, we a n a ly se d  d a ta  from p ro trac ted  observations of flocks (see 
M e th o d s )  d u r in g  w hich  all arriva ls , departu res  and  passers-by at the 
flock w ere re c o rd e d .  Because it is difficult lo d is tinguish  short te rm  
changes  in flock size in relation to an  event from ran d o m  fluctuations 
w h ich  are  d u e  to factors un re la ted  to tha t event, we sought changes  in 
lapw ing  e q u i l ib r iu m  subflock size ( E .F .S . ) E .F .S .  was defined by K r e b s  

(1974) as the  flock size a t  w hich arrival rate equals  d e p a r tu re  ra te . It is
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thus the size at which the flock reaches a  dynamic equ ilib rium . T he  em ­
phasis on ‘dy n am ic ’ is im portan t.  As Barnard (1980b) points out, a 
dynamically stable flock suggests that m ore  b irds  are a t tem p tin g  to feed 
at a site than  can  be accom m odated  a t  one time. A statically stable 
flock (where there are no arrivals or departu res)  m ay  simply indicate that 
the m ax im um  n u m b e r  of birds which could be accom m oda ted  at a site 
was not a ttem pting  to feed at the time. T h e  E .F .S .  is thus  a  useful 
m easure  of the utility of a feeding site. Because an  E .F .S .  can be 
m easured  only over a long period, it helps to guard  against misinter­
p reting random  fluctuations in flock size.

For the same reasons as before, we w ere lim ited in the num ber of 
‘before and  after’ observations we could m ake. W e were fu rther  limited 
by the fact that not all flocks we observed reached  an E .F .S . ,  either 
before or after the arrival of gulls. As in Barnard (1980b), we calculated 
subflock E .F .S . as the m ean  n u m b e r  of b irds p resen t d u r in g  periods of 
approximately equal arrival and  departu re  rates. A lthough we were able 
to record only 15 cases in which lapw ing subflocks reached  an E.F.S. 
before and after the arrival of gulls, there was in each case except one a 
drop in the m ean and  range of lapwing n u m b e rs  after gulls arrived  (Fig. 
la).

Since lapwing feeding efficiency in flocks w ith  gulls was apparently 
negatively affected by increased golden plover num bers ,  we also exam­
ined the effect of large num bers  of plovers a rr iv ing  on lapw ing subflock 
E .F .S .

D ata  were taken from flocks where p lover n u m b e rs  changed  by dif­
ferent num bers  of birds bu t the n u m b e r  of gulls rem ained  constant. Fig. 
lb  shows an overall negative correlation be tw een  lapwing E .F .S .  and the 
n um ber  of plovers arriving. H ow ever, the t ren d  was not a simple one. 
Lapw ing E .F .S . tended  to increase w hen only  a few plovers arrived. 
W hen  gulls were present, therefore, plovers h a d  a negative effect on lap­
wing feeding efficiency and  change in subflock size. W h e n  gulls were not 
present and  plovers had no effect on lapwing feeding efficiency, there was 
no directional effect of plover arrival on changes in lapw ing  E .F .S .  (Fig. 
le), although arrivals generally correlated w ith  a decrease in lapwing 
E .F .S .

FLO C K  C O M P O SIT IO N  A N D  G O L D E N  P L O V E R  FE E D IN G  EFFIC IE NC Y

T o  see how golden plovers fared when flock composition changed, we 
carried out a similar series of analyses that described for lapwings here 
and by Barnard & Stephens (1981). 99% (of 1,725 flocks) of golden
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plovers w ere reco rd ed  in association w ith  lapw ings, an d  all go lden  p lover 
da ta  here refer to subflocks w ith in  m ixed  lap w ing /go lden  p lover flocks.

T o  begin  w ith  we ex am in ed  the range  of w orm  sizes taken  in re la tion  
to those ava ilab le  in the  tu r f  to see w h e th e r  plovers selected ce r ta in  w orm  

a)

Í2
UJ

E  40

20 >t I \  \ . \
-, H v \

\

28
b)wlth gull(s) 

P<8520

40 60 80-4

-12

-28
no.golden plovers arriving.E

10

-12

20 40

c) no gulls 

60 80

Fig. 1. a) C han ges in lapw ing E .F .S . w ith the arrival o f one or m ore gulls and when  
golden plover num ber rem ained relatively constant. Each pair o f jo ined  points represents 
one flock. T h e  point nearest the y-axis o f  each pair represents the E .F .S . before gulls ar­
rived, the other ¡mint the E .F .S . after gulls had arrived, E .F .S . showed a significant 
decrease (x a * 14.2, p <  .001) after gulls arrived. D ata for 15 flocks observed for 15 m inute  
periods w hen flocks had reached an E .F .S . before and after guii arrival. Bars represent 
ranges o f  flock size, b) C han ges in lap w ing E .F .S . with the arrival o f  different num bers o f  

Jen plovers. D ata for 10 flocks in which gulls were present. r=  - .6 4 ,  p < .0 5 .  c) Sam e  
as b) but for flocks in which there w ere no gulls. D ata for 24 flocks. r =  .15 n .s.
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sizes and w hether plover subflock size an d  the pi esc nee o f  gulls 
influenced the range of worm sizes taken. Fig. 2a~d p ro v id es  a direct 
com parison with the da ta  presented  for lapwings by B a r n a r d  & S i r p h e n s  

(1981). Like lapwings, golden plovers tended  to take d isp ro p o r t io n a te ly  
m ore  of the smaller size classes of worm  available. P lovers  in  la ige  Hocks 
also tended to take more worms of size classes 2 a n d  3 a n d  few er of size 
class 1 and  this tendency was suppressed in the p re se n c e  of gulls. 
B e n g t s o n  et a l  (1978) also found that golden plovers c o n c e n t ra te d  on 
worms equivalent in size to our classes 2 a n d  3, th ough  th e ir  b ird s  took
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Fig. 2. a) The range of worm sizes taken by golden plovers in sm all flocks ( <  Id plovers) 
without gulls expressed as the m ean percentage num ber o f  worm s taken per recorded se­
quence ( □ )  falling into each o f six size classes and plotted with the percentage* total 
num ber o f  worms obtained from turf samples which fell into each size  c lass (111). D„iax 
(worm  size class distribution (W .C .D .) taken vs W .C .D . in the turf): -  .3 7 , p <  .01 . Data 
for 9 sequences, b) Sam e as a) but for large flocks ( >  13 plovers). D rllilx (W.C !. I ). taken vs 
W .C .D . in turf) = .21, p < .0 1 .  Data for 15 sequences, c) Sam e as a) b u t with gulls pre­
sent. D max (W .C .D . taken vs W .C .D . in turf) -  .39, p <  .01). D ata for 7 sequences, cl)
Sam e as b) but with gulls present. D tnax (W .C .D . taken vs W .C .D . in turf) - 

Data for 11 sequences. Bars represent standard errors,
.20, p C .O l .

more very large worms than those in this study. T o  see w h e th e r  the ap­
parent worm size selection shown by the plovers reflected their  expected 
net rate of energy intake from each size class, we used  Barnard & 
Stephens’ equation 2 (with the risk of worm breakage a lready  taken  into 
account). As in the earlier study, expected net rate of energy  intake in 
flocks with gulls was corrected for the probability of loss of different worm



T IM E  B U D G E T S, F E E D IN G  E F F IC IE N C Y  A ND  F L O C K  D Y N A M ICS 55

sizes to gulls. In  addition  we h ad  to correct for loss to lapw ings. D u r in g  
field observation it becam e clear th a t  a  n u m b e r  o f  w orm s cau g h t by 
plovers  were be ing  stolen by lapw ings. Fig. 3a shows th a t  food-stealing 
by  lapwings occurred  most w h en  plovers found  w orm s of size class 3 and 
above . T h is  m ay  explain the  occasional d isca rd ing  of la rge  w orm s by 
go lden  plovers even w hen k lep toparasit ic  gulls w ere not p resen t.  Fig. 3b, 
c shows the expected net ra te  of energy  in take  p e r  second h a n d l in g  and 
travelling  time for each size class tak in g  into accoun t the p robab il i ty  of 
loss to  lapwings (Fig. 3b) a n d  to b o th  lapw ings a n d  gulls (Fig. 3c). T rave l
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Fig. 3. a) T he probability that a p lover will lose a w orm  o f given size class to lapwings
( • ------- • )  and gulls (° ------- °). b) N et calorific value o f  the average sized w orm  in each class
taking into account the probability o f  loss to lapw ings, c) Sam e as b) but taking into ac­

count the probability o f  loss to both lapw ings and gulls.

t im e  was calculated on the basis of the density  o f  each size class in tu rf  
sam ples  using  B a r n a r d  & S t e p h e n s ’ e q u a t io n  1 m odified  for p lover step 
len g th  and  rate. V alues in Fig. 3c w ere  also calcu la ted  u s in g  a different 
regress ion  equa tion  for the re la tionsh ip  be tw een  w orm  length  a n d  h a n ­
d lin g  time to tha t used in Fig. 3b. T h is  w as because , like lapw ings, 
g o lden  plovers handled  given sized w orm s m ore  quickly  in the presence 
o f  gulls (m ean  hand ling  tim e ( s . /m m )  w ith o u t  gulls = 0.069 ± 0.007 s;
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m ean with gulls = 0.054 ± 0.002 s, t = 2.05, p <  .05). As in lapwings, size 
classes 2 and 3 em erged as the m ost profitable w hen  taken in isolation. It 
is notable, however, tha t the net calorific va lue  for each class is much 
(roughly 5x) higher for golden plovers than  for lapwings (c.f. Barnard & 
Stephens, 1981. Fig. 5a, b). T w o  factors account for this. Firstly, han­
dling times for any given sized w orm  were approx im ate ly  25% shorter in 
plovers (compare the s /m m  figures above w ith  those in Barnard & 
Stephens, 1981, p. 12) and  secondly plovers took longer (5.0 cm  vs 3.5 
cm) and more rapid  (m ean  step rate = 2.34 ± 0.07 steps/s vs 0.65 ± .068

a)

24 48 78

•>)
* 
Ul c
1

24 48 78

worm size taken (mm.)

Fig. 4. a) Changes in the num ber o f lapwings within 8 plover lengths of a golden plover 
after the plover found worms of different length, b) C hanges in the num ber o f plovers 
within 8 plover lengths of a lapwing after the lapw ing found worms of different length.

steps/s) steps than lapwings and  so had  m uch  reduced expected travel 
times. O ne shortcoming with this com parison, however, is that it does 
not take into account the possible increased energy costs of moving and 
handling more quickly.

T he  loss of worms to lapwings was very in frequent, m ain ly  because it 
occurred on the relatively rare occasions w hen plovers took large worms 
and  also when the species ratio was skewed towards lapwings (see later). 
Food stealing was never detected in the focal lapwings used  here an d  in
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the  earlier  study, even though 24 .7%  of th e m  w ere reco rded  in associa­
tion w ith  golden plovers. H ow ever, the re  is a possibility th a t  som e o f  the 
w o rm s taken by lapwings were found  by a rea -copy ing  ( B a r n a r d  & S i b l y ,  

1981) plovers. Fig. 4a, b shows th a t  b o th  lapw ings a n d  golden plovers 
te n d e d  to approach  individuals of the  o th e r  species w h en  they found 
w orm s.  M oreover the tendency was m ost p ro n o u n ced  for w o rm  sizes be­
tw een  18 and  48 m m , the size range  w hich  yie lded the h ighest n e t  ra te  o f  
en e rg y  intake for the two species. In te rac tions  in itia ted  by plovers against 
lapw ings will be discussed later. T h e  n a tu re  o f  a rea -copy ing  a n d  o th e r  in­
terspecific feeding interactions is cu rren t ly  be ing  s tud ied  in m ore  detail.

N e tC f  and  N etC b  values for each  reco rded  sequence  w ere  then 
ca lcu la ted  using  equation  3a, b  a n d  again  separa te  calcula tions were 
m a d e  for flocks w ith  and  w ithout gulls. T h e  re la tionsh ip  b e tw een  N e tC f  
a n d  N etC b  and  a s imilar range o f  in d e p e n d e n t  variab les to th a t  used  in 
the lapw ing  analysis was then analysed  u s ing  stepwise par tia l  regression.
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Fig. 5 . a) the percentage number o f worm s taken by golden plovers w ithout crouching  
w hich  fell into each size class. n =  16 w orm s, b) Sam e as a) but for pecks preceded by 

crouching, n = 167 w orm s. C = crouching.

T a b le  3a shows the results for p lover subflocks w ith o u t gulls. T h e  best 
p red ic to rs  of plover feeding efficiency w ere  the  n u m b e r  o f  lapw ings in  the 
flock an d  the proportion  of time plovers spen t c rouch ing  d u r in g  a reco rd ­
ed  sequence . Both N etC f and  N e tC b  increased  w ith  the  a m o u n t  of 
c ro u ch in g  in a sequence, reflecting the  tendency  for c rouch ing  to resu lt in 
m o re  profitable w orm s being taken  (Fig. 5). N etC f,  N e tC b  a n d  m ean  
w o rm  length taken  were all negatively  influenced  by the  n u m b e r  o f  lap­
w ings , b u t  cap tu re  rate increased w ith  lapw ing  n u m b e r .  C a p tu re  rate 
was therefore not a good predic tor o f  the net ra te  of ene rg y  in take. T he  
n u m b e r  of conspecifics in the flock h a d  no effect on  plover energy  intake, 
a l th o u g h  capture  rate increased w ith  the n u m b e r  of plovers pe r  lapwing.
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W hen gulls w ere  p r e s e n t  ( T a b le  3b), the  influence of lapwing n u m b e r  
on NetCf, NetCb a n d  m e a n  w o r m  len g th  d isappea red  and  there was now 
a significant negative  re la t io n s h ip  be tw een  p lover capture  rate a n d  la p ­
wing num ber. A lso  a p p a r e n t  w as a  s ignificant positive effect o f  the 
n um ber of conspecifics o n  N e tC b  (c.f. T a b le  3a) a n d  the p roportion  of 
time spent c rouch ing  o n  N e tC f .  As w ith  lapwings (Table  lb ) ,  the 
presence of gulls (h e r e  th e  ra t io  o f  gulls to plovers) correlated with a n  in ­
crease in NetCb- H o w e v e r ,  in  p lovers , this did reflect increased in-

T A B L E  3a

F-ratios from stepwise partia l regression analysis o f the relationship between feeding 
efficiency and flock composition variables fo r  golden plovers in the absence of gulls

N o . L a p w in g s N o . G olden  G oi:L ap % time
plovers ratio crouching

NetCr -8 .3 5 * *  —  — 10.32**
N etCb -8 .2 1 * *  —  — 12.99**
M ean worm length -3 .5 5 *  —  — 5.80**
Capture rate 3 .7 5 *  —  4.97** 18.06**

Data for 67 flocks.

NetCf 
N etCb 
M ean worm  
length
Capture rate

T A B L E  3b

Same as a) but fo r  flocks in which gulls were also present

No. N o . G oi
Lapwings p lovers

-4 .87

2.89*

2 .1 3
2.12

N o . G ulls G oi:L ap
ratio

Data for 63 flocks. Symbols and  sig n ifica n ce  leve ls  as in T ab le 1,

Guii: Lap Guii: G oi
ratio ratio

5 .51 ’

% tim e
crouchitf

3.34*
2.21

8.40*'

dividual net en e rg y  in ta k e  in  response  to gulls. Analysis of plover ne t ra te  
of energy intake b e fo re  a n d  a f te r  th e  a rr iva l of one or m ore gulls (w h e n  
lapwing n u m b e r  r e m a in e d  c o n s ta n t  to w ith in  3 birds) showed an inc rease  
in bo th  N etC f ( m e a n  N e t C f  b e fo re  guii a rr iva l = 3.85 + .69 cals/s, m e a n  
after = 14.75 ± 3 .9 7  ca ls /s ,  t  = 2 .72 , d.f. 12, p < . 0 5 )  and N etC b ( m e a n  
N etC b before = 1 .53  ± .23 ca ls /s ,  m e a n  afte r = 3.82 + .73, t = 2.88, d .f .  
12, p < 0 . 5 )  w ith  gu ii  a r r iv a l .
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C hanges  in lapwing feeding efficiency w ith  flock com position  are  ex­
plicable in term s of differences in in d iv id u a ls ’ time budgets  (particularly  
crouching  behaviour) within lapw ing  subflocks ( B a r n a r d  & S t e p h e n s ,  

1981). T o  see w hether the plover feeding efficiency trends in T a b le  3a, b 
could  be explained in the sam e w ay we p erfo rm ed  an o th e r  stepwise p a r ­
tial regression analysis relating the frequency  a n d /o r  du ra tions  ( B a r n a r d  

& S t e p h e n s  discuss the ra tionale  for us ing  frequency or  d u ra tio n  in 
analyses) of each of the recorded  behav iours  (see M ethods)  an d  flock 
com position variables.

T ab le  4a shows the results for p lover subflocks w ithou t gulls. H ere ,  all 
frequencies and  durations of b ehav iou rs  inc luded  in the analysis except 
s tepping rate correlate significantly w ith  lapw ing  n u m b e r .  T h e  results

T A B L E  4a

F-ratios from stepwise partial regression analysis of the relationship between time 
spent by golden plovers in various activities and flock composition variables in the

absence o f gulls

No. Lapwings N o. G olden plovers G oi:L ap  ratio

% tim e scanning -5.00** 4.12* —

Scan rate -12.39** -3 .3 1 —
Step rate -2 .3 5 -7 .26** —
% tim e crouching 48.24** — 1.80
% pecks + crouch 12.02** — 9.94**
C rouch rate 12.74** 3.91* —
Peck rate 6.21** — —

D ata for 67 flocks.

T A B L E  4b

Same as a) but for flocks in which gulls were present

No. N o. G olden N o. Gulls Guii: G oi Goi: Lap Guii : Lap
Lapwings plovers ratio ratio ratio

% tim e scanning 6.08** 1.63 — 3.41* — 13.18**
S c a n  rate — — 3.81* 1.97 13.70** -8 .66**
S te p  rate — — —■ — — -3.40**
% tim e crouching -3 .78* -2 .3 7 — -6 .8 4 * * -4 .64** —
% pecks + crouch — — — -7 .5 4 * * 7.29** —
C r o u c h  rate -2 .71 — ■— -1 1 .38** — —

P e c k  rate —  —  —

D a ta  for 63 flocks. Sym bols and significance levels as in T able 1
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suggest tha t plovers do be tte r  w hen there are more lapwings because they 
spend more tim e crouching an d  less time scanning. H ow ever,  T ab le  3a 
showed that lapw ing n u m b e r  had  an  independent negative effect on  plover 
N etCf and N etC b . O ne  possibility is tha t crouching was re la ted  to  worm 
density ra the r  th an  lapw ing n u m b e r  (see B a r n a r d  & S t e p h e n s ,  1981). 
However, stepwise partia l regression analysis taking w orm  density  into 
account showed tha t while the p roportion  of pecks preceded by crouching 
correlated best w ith  w orm  density , crouching rate, N e tC f  a n d  N etC b cor' 
related best w ith  lapwing n u m b e r  (T ab le  5). Note the positive relation­
ship between feeding efficiency a n d  lapw ing n u m b e r  w hen  crouch ing  is 
not partialled out. T h e  most likely explanation for the negative effect of 
lapwing n u m b e r  on feeding efficiency in Table  3 is some k ind  of in­
terference effect with large n u m b e rs  of lapwings (see Fig. 4).

T A B L E  5

F-ratios from stepwise partial regression analysis of the relationship between feeding 
efficiency and time budget variables in golden plovers and both the numbers of 

lapwings and plovers in the flock and worm density in the turf

N o. Lapw ings No. Golden plovers W orm  density

NetCf 7.45* — —
NetCb 10.77** — —
% pecks + crouch — 11.2** 13.70**
Crouch rate 6.53* — —
% time crouching — — —
Peck rate 4.53*

Data for 27 flocks without gulls.

O ne way o f  testing for this is to look at changes in plover energy intake 
with changes in lapwing n u m b e r  in flocks already con ta in ing  large 
num bers ( > 2 0 )  of lapwings. W e  therefore com pared N e tC f  an d  N etCb 
values for p lover recordings for periods when large lapw ing subflocks 
changed by 12 o r  m ore birds b u t  the n u m b e r  of plovers did not change by 
m ore than  3 birds. Again, sam ple sizes were small because few flocks 
with a large n u m b e r  o f  lapwings were free of gulls and  large changes in 
lapwings n u m b e r  were often accom panied  by larger than  3 b ird  changes 
in plover n u m b e r .  Nevertheless, in  those cases w here suitable changes 
had been recorded , bo th  N e tC f  and  NetCb f° r plovers d ropped  
significantly w hen  lapw ing n u m b e r  increased (m ean N e tC f  before 
change = 4.36 ± .64 cals/s, m e a n  N e tC f  after = 1.11 ± .19 cals/s, t =  5.27,
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d.f. 8, p C .0 0 1 ;  m ean  N etC b before change  = 1.93 ± .32 cals/s, m ean  
NetCb after = .59 ± .12 cals/s, t = 3.92, d.f. 8, p <  .01).

L apw ing  n u m b e r  also correlated  negatively with p lover scann ing  rate 
and  proportion  of time spent scanning. For both  c rouch ing  a n d  scann ing  
behaviour, the effects of lapw ing n u m b e r  were m ore m a rk e d  than  those 
of plover num ber.  M oreover, opposing effects of p lover n u m b e r  were 
found for the two scanning variables. P lovers tended  to scan less often 
bu t for longer overall w hen the n u m b e r  of conspecifics was high. In  add i­
tion, plovers stepped more quickly w hen m ore  conspecifics w ere present.

W h en  gulls were present (Table  4b), the effect o f  lapw ing  n u m b e r  was 
reduced to positive and  negative relationships w ith the p roportions  of 
time spent scanning  and crouching  respectively an d  there was now  no 
significant effect of plover n u m b e r  on behaviour. S can n in g  rate an d  the 
proportion of time spent scanning  increased with the n u m b e r  o f  gulls and  
the guii:plover ratio respectively, and  the  guii:p lover ratio  correlated 
with a decrease in the frequency a n d  d u ra tio n  of c rouching . In terest ing­
ly, therefore, plovers did better  in high g u i i :p lover ratios despite 
crouching less (see Discussion). T h e  n u m b e r  of gulls pe r  lapw ing was 
negatively related to scanning and  stepping  rate b u t  positively related to 
the p roportion  of time spent scanning , while the ra tio  of plovers to lap­
wings correlated  positively with scann ing  rate and the p roportion  of pecks 
preceded by a crouch bu t  negatively w ith the p roportion  of time spent 
crouching. T h e  presence of gulls therefore depressed crouching  and  
worm  size selection by plovers bu t  did not correlate w ith  a  decrease in 
feeding efficiency (Table 3b).

FL O C K  C O M P O S IT IO N  A N D  S U B F L O C K  SIZE IN  G O L D E N  P L O V E R S

T o  see w hether  the effects of flock com position on  plover feeding effi­
ciency were reflected by changes in plover subflock size, we carried  out a 
similar analysis to that perform ed for lapw ing  subflocks. H ere ,  however, 
it was not feasible to m onitor changes in equilibrium subflock size. Plovers 
tend to arrive at and  depart from flocks in large a n d  variable  num bers  
(often in groups of 50 or more) a n d  seldom move be tw een  flocks singly. 
C hanges in subflock size are therefore characterized  by  sudden  large in­
creases or decreases ra ther  than  the sm aller oscillations characteristic  of 
lapwing subflocks. Nevertheless, we m ight still except changes in m ean  
plover subflock size to reflect changes in p lover net energy  intake. In  this 
case we m ight expect guii arrival to correlate  w ith  an  increase in p lover 
subflock size since focal plovers tended  to do be tte r  after a  guii arrived.
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Analyses of changes in  p lover subflock size after a guii arrived , however, 
showed no consistent t rend ,  a l though  40% of the flocks showed an  in­
crease in  plover n u m b e r  (Fig. 6a).

Since plover feeding efficiency in  flocks without gulls was negatively af­
fected by lapwing n u m b e r ,  w e also exam ined changes in p lover subflock
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Fig. 6. a) Changes in the m ean  n um ber o f  golden plovers present after the arrival o f one 
or more gulls. Symbols identical to those in  Fig. la  except that points represent mean 
subflock sizes not E .F .S ,s . D ata  for 15 flocks observed for 15 m inute periods before and 
after guii arrival, b) C hanges in  the m ean  num ber o f  golden plovers present after the ar­
rival of different numbers o f  lap w ings. D ata  for 22 flocks in which no gulls were present, 

r = - .4 3 , p <  .05. c) S am e as b) for 16 flocks with gulls, r = .22, n .s.
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size when more lapwings a rr ived . Fig. 6b shows the re la tionsh ip  betw een  
the num ber of lapwings arr iv ing  a n d  su b seq u en t changes in plover 
subflock size. T he  change in p lover n u m b e r  showed an  overall negative 
correlation with the n u m b e r  o f  lapw ings a rr iv ing  b u t ,  as w ith  lapw ing  
E.F.S. in Fig. lb ,  there was an  increase in p lover n u m b e r  w hen  only  a few 
lapwings arrived. Since lapw ings did  not affect p lover feeding efficiency 
when gulls were present, w e m igh t expect no d irec tiona l change  in plover 
num ber when more lapwings arrive . Fig. 6c shows th a t  this was the case.

D I S C U S S I O N

In this paper we have e x am in ed  net rate o f  energy  in take  by  lapwings 
and golden plovers in single a n d  m ixed  species flocks a n d  the re la tion ­
ships between individual feeding  efficiency, flock com position  an d  flock 
dynamics.

The results show two im p o r ta n t  points: a) the effect of conspecifics and 
heterospecifics on individual ne t ra te  o f  energy  in take varies w ith  flock 
composition and  b) heterospecific effects on ind iv idual net rate of energy  
intake are reflected in changes in the n u m b e r  of conspecifics in the flock. 
In the absence of gulls, lapw ing  ne t ra te  of energy  in take  p e r  reco rded  se­
quence was most closely re la ted  to lapw ing  n u m b e r  w ith  no significant ef­
fect of golden plovers. W h e n  gulls arr ived , in take ra te  was red u ced  and 
once gulls were present, it was also negatively co rre la ted  w ith  plover 
number. Net rate of energy  in take  in golden plovers, how ever,  was in­
fluenced more by the n u m b e r  of lapw ings in the flock th an  the n u m b e r  of 
conspecifics w hen no gulls w ere p resen t.  W h e n  gulls arr ived , lapwings 
ceased to have an effect an d  conspecific n u m b e r  becam e  m ore  im portan t .

The negative effect of gulls on lapw ing  feeding  efficiency arose 
because, as kleptoparasites, gulls caused  reductions  in c rouch ing  (prey 
assessment) behaviour an d  consequen tly  feeding selectively in lapwings. 
However, guii num ber co rre la ted  positively with lap w in g  feeding effi­
ciency because gulls tended  to jo in  flocks in w hich lapw ings w ere  catching 
a  lot of large worms. T hese  te n d ed  to be the  flocks in w hich  lapwings 
were also capturing  a lot of the m ost profitable  in te rm ed ia te  sized w orm s. 
Analysis showed that guii an d  la p w in g  n u m b e rs  corre la ted  indep en d en tly  
with the rate at which the w orm  sizes m ost profitable to each  species were 
being found by lapwings.

W orm  size selection by  golden  plovers followed a  s im ila r  t ren d  to that 
in lapwings. T he  same size classes o f  w orm  were the m ost profitab le  and  
plovers tended to take p roportiona lly  m ore  o f  these w h en  la rge  n u m b e rs
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of conspecifics were present. T he presence of gulls dep ressed  s e le c t io n  so 
that more small worms were taken in large flocks. G ro u ch in g  a p p e a r e d  to 
facilitate prey assessment prior to pecking b u t  lapw ing  ra th e r  t h a n  con- 
specific number was the most pronounced  positive in f lu e n c e  oil 
crouching tendency. Lapwing num ber also corre la ted  w ith a  r e d u c t i o n  in 
plover scanning rate. A major reason for plovers jo in in g  la p w in g s ,  
therefore, may be a reduction in scanning c o m m itm en t  an d  c o n s e q u e n t  
increase in time available for prey assessment. L apw ings  are  m a r g i n a l l y  
taller birds with perhaps a larger field of view. F u r th e rm o re ,  in 9 3 .3  %  of 
recorded cases, it was lapwings which took off before p lo v e rs  a l t e r  a 
disturbance. Lapwings, however, also interfere w ith  p lovers  th r o u g h  
food-stealing and other interactions. W hen  c rouch ing  was held c o n s t a n t ,  
lapwings had an independent negative effect on  p lover net e n e rg y  in ta k e .

W hen gulls were present, crouching by plovers w as d ep re ssed  in r e l a ­
tion to the num ber of gulls per plover, and  birds tended  to ta k e  s m a l le r  
worms. Despite these changes, however, gulls did not have  the s ig n if ic a n t  
negative effect on plover net rate of energy intake th a t  they h a d  on  l a p ­
wings. Instead feeding efficiency increased. T h e  reasons m ay  h a v e  b e e n  
a) the much shorter handling and in ter-capture  travel times s h o w n  by 
plovers, and b) the concentration of guii k lep toparasit ism  on  l a p w in g s  
(see later). In the presence of gulls, lapwings had  no significant e ffec t  on 
plover energy intake while energy intake increased with the n u m b e r  of 
conspecifics present.

W hy did the effect of plovers on lapwings and  vice versa c h a n g e  w h e n  
gulls were present? O ne possibility is that the in frequen tly  r e c o rd e d  fo o d -  
stealing and area-copying by plovers interfered w ith lapw ings in  m ix e d  
flocks. The incidence of food-stealing between lapw ings a n d  g o ld e n  
plovers was frequency-dependent. W hen there were m ore  la p w in g s  t h a n  
plovers, the incidence of lapwings stealing from plovers was h ig h e r  ( m e a n  
no. interactions/lapwmg/plover/min. = 0.0058 ± .0034) than  th e  i n ­
cidence of plovers stealing from lapwings (m ean no. in te r a c t io n s /p lo v e r /  
lapwmg/min. = 0.00085 ± .00004). W hen there were m ore  p lo v e rs  t h a n  
lapwings, the reverse was true (mean no. in te ra c t io n s / la p w in g /p lo v e r /  
mín. = 0.00020 + .00003, m ean no ./p lover/lapw ing /m in . = .0 0 0 9 3  ±  
.00018) (data for 30 flocks). While the low level of in terference b y  p lo v e r s  

ay not have been sufficient to reduce lapwing feeding effic iency w h e n  
no gulls were present, it may have had more effect w hen  la p w in g s  w e r e  
under additional pressure from kleptoparasitic gulls.

In  plovers, however, the relationship was the o ther way r o u n d  L a p -  
wtngs had  a negative effect on plover feeding efficiency w hen  n o  g u l l s
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were present bu t  no effect w hen the re  w ere gulls. T h is  m ay also be ex­
plicable in term s of k leptoparasite p ressure  on lapwings. In  mixed flocks, 
gulls showed a two-fold preference for a t tack ing  lapw ings (m ean  attack 
rate against lapwings = 0.012 ± 0.002 a t tacks/lapw ing /gu ll/m in ; m ean 
against plovers = 0.006 ± 0.002 a ttacks /p lover/gu ll/m in ; t = 3.09,
pCO .O l). This  correlated with a  h ighe r  success rate against lapwings 
(74% success with lapwings versus 36% success w ith  plovers). (A lmost 
identical relative success rates have  been  recorded  in S cand inav ian  birds
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Fig. 7. a) T he relationship between distance o f  attack initiation by gulls and attack success 
against lapwings. D ata for 108 observations, b) T h e frequency of attacks initiated by gulls 
at different distances against lapwings, c) Sam e as a) but against golden plovers. D ata for 

46 observations, d) Sam e as b) but against golden plovers.

- H .  K ä l l a n d e r ,  pers. com m .). G ulls  w ere less successful against plovers 
because m ore attacks resulted in p ro trac ted  aerial chases du r in g  w hich 
plovers were likely to escape (golden plovers fly faster than  lapwings 
( H a l e ,  1980)). M ost attacks on lapw ings resu lted  in ta rge t birds d ro p p ­
ing worms w ithout taking off o r  very  shortly  after tak ing  off. A critical 
factor in attacks success, therefore, was the distance o f  the guii from  its 
target at the time of attack in itia tion. Fig. 7a, c shows the success ra te  of 
attacks launched  at different distances (expressed as guii flight time) from 
target lapwings and  plowers. For bo th  species, a ttack  success drops w ith
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increasing distance, as does the frequency  of attack (Fig. 7b, d), b u t  the 
effect was m uch g rea ter  for plovers. Interestingly, lapw ing in­
terneighbour distance co rre la ted  negatively with flock size w hen gulls 
were present (see equation  1 a n d  T a b le  2 ‘spacing’ co lum n). W hen  there 
were gulls, therefore, lapw ings  tended  to clump toge ther  more, sug­
gesting a ‘selfish h e rd ’ effect to avo id  detection by gulls. A full analysis of 
guii feeding behaviour a n d  v ic tim  reaction in mixed flocks is provided 
elsewhere ( B a r n a r d ,  in p re p .) .  In terference of plover feeding behaviour 
by lapwings may therefore have  been  less p ronounced  w hen  lapwings 
were being preferentially k lep toparas it ized  by gulls, hence the increase in 
plover energy intake after the a rr iva l  o f  gulls.

We predicted that species’ subflock size within any given flock would 
reflect species’ net rate of en e rg y  in take. W here  the presence of species A 
reduces the feeding efficiency o f  species B, we predic ted  tha t B ’s subflock 
size would decrease because  the  u tility  o f  the feeding site to its individuals 
is reduced.

This prediction is par t ly  b o rn e  out by  limited da ta  for the arrival of 
gulls in a flock. L apw ing  subflock  size generally w ent dow n w hen a guii 
arrived bu t there was no con s is ten t  increase in golden p lover subflocks. 
The change in lapwing subflock  size after plovers a rr ived  showed a 
negative relationship w ith  inc reas ing  num bers  of additional plovers. 
W hen only a few m ore p lovers  a rr ived , however, lapw ing subflock size 
increased. A possible reason  for th is  is th a t  arriving plovers tend  to land 
in the centre of a flock. C harac te r is t ica l ly ,  lapwings fed on the periphery 
of plover subflocks. I f  only a few add itional plovers arrive in a  flock, there 
may be little d isp lacem ent of lapw ings. Instead there is a b igger flock to 
attract more birds ( T h o m p s o n ,  in p rep .)  and a d ilu tion o f  guii klep- 
toparasitism (there is m ore  likely to  be a plover n ea r  enough  to a guii to 
make an  attack w orthw hile).

W hen  a lot of plovers a r r iv e ,  how ever, displacement of lapwings and 
higher rates of p lover/ lapw ing  in teractions in h igher p lover:lapw ing 
ratios m ay be sufficient to cause  som e lapwings to leave. A lthough  there 
was no linear correlation b e tw e e n  lapw ing subflock change and  the 
num ber  of additional plovers a r r iv in g  w hen  there w ere no gulls in the 
flock, the n um ber of lapw ings a lm o s t  always decreased. Since no dilution 
benefit accrued to lapw ings, the d isp lacem ent cost of a few ex tra  plovers 
may have been  sufficient to  cause  m ore  birds to leave. L arge  num bers  of 
additional plovers w ould h a v e  increased  the p lover: lapw ing  ratio and 
thus the relative f requency  o f  feeding interactions in itia ted  by golden 
plovers.
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Changes in plover subflock size in response to lapw ing arrivals can  be 
explained in the same way. In  the absence of gulls, changes in plover 
subflock size w hen lapwings a rr ived  corre la ted  negatively w ith  the 
num ber  of lapwings arriving. H ow ever ,  p lover n u m b e r  tended  to in­
crease w hen only a  few lapwings a rr ived . A gain , the reason m ay  be tha t a 
few additional lapwings did little to change the lapw ing :p lover  ratio  and 
thus the frequency of feeding in teractions  in itia ted  against plovers by  lap­
wings. Small increases in lapw ing n u m b e r ,  how ever, m ay have allowed 
plovers to crouch more and scan less a n d  hence do be t te r  than  by leaving. 
W hen  gulls were present, there w as no significant tren d  in the rela tion­
ship between the n u m b er  of lapwings a rr iv ing  an d  subsequen t changes in 
plover subflock size. H ow ever, the tendency  for plover n u m b e r  to in­
crease slightly with the n u m b e r  o f  add itional lapw ings m ay have been 
due to the g reater reduction in k leptoparasit ic  a ttacks on plovers w hen 
more lapwings were present.

S U M M A R Y

1. In m ixed species flocks of lapwings and golden plovers, lapw ing net rate o f energy 
intake was positively related to the num ber o f  conspecifics and the am ount of tim e in­
dividuals spent crouching during feeding, but was unaffected by the presence of golden  
plovers. Plover net rate o f energy intake, however, was positively related to crouching  
tendency, negatively related to the num ber o f  lapwings present but unaffected by the 
number of conspecifics.

2. Golden plovers appeared to join lapw ing flocks because they could then crouch more 
and scan less. T he independent negative effect o f lapw ing num ber m ay have been due to 
feeding interference when there were large num bers o f lapwings relative to plovers.

3. W hen black-headed gulls joined a flock, both lapw ings and plovers tended to crouch 
less and take smaller worms. H ow ever, in lapw ings these changes appeared to reduce 
feeding efficiency but plover net rate o f  energy intake increased as a function o f  the 
guii:plover ratio.

4. W hen gulls were present, the effect o f  conspecifics on lapw ing feeding efficiency 
disappeared and the presence of plovers had a negative effect. C onversely, in plovers the 
presence o f conspecifics enhanced feeding efficiency and the negative effect o f lapw ing  
number disappeared.

5. T he arrival o f gulls resulted in a decrease in equilibrium  lapw ing num ber but no 
consistent, directional change in plover num ber. W hen gulls were present, lapw ing  
number tended to decrease when large num bers of plovers arrived, but increase when  
small numbers arrived. Increased lapw ing num ber had no significant directional effect on 
plover number. C hanges in lapwing and plover energy intake and species numbers are in­
terpreted in terms of feeding interference and ‘d ilu tion’ o f  guii kleptoparasitism.

6. In the absence o f gulls, there was no significant directional relationship betw een in­
creased plover num ber and lapwing num ber, but the presence of plovers generally cor­
related with a reduction in lapwing num ber. P lover num ber, however, decreased when  
large numbers o f additional lapwings arrived but increased w ith small num bers o f  ar­
rivals. Changes in species energy intake and num bers here are interpreted in term s of 
feeding interference and time budget changes.



68 C. J .  BARNARD, D. B. A . T H O M P S O N  & H .  S T E P H E N S

R E FE R E N C E S

B a l p h , D . F. & B a l p h , M . H . (1979). Behavioural flexibility o f  p ine siskins in m ixed  
species foraging groups. — Condor 81, p. 211-212-

B a r n a r d  C T. (1980a). Flock feeding and time budgets in the h ou se sparrow  (lasser  
domesticus L .) . — Anim. Behav. 28, p. 295-309. _ .

 (1980b). Equilibrium flock size and factors affecting arrival and departure in feeding
house sparrows (Passer domesticus L .). — A nim . Behav. 28, p. 503-511 .

 (1980c). Factors affecting flock size mean and variance in a w inter population  o f
house sparrows (Passer domesticus L .). — Behaviour 74, p. 114-127.

 & S ib l y , R. M . (1981). Producers and scroungers: a general m odel an d  its applica­
tion to feeding flocks of house sparrows. — A nim . Behav. 29 , p. 543-550 .

 & S t e p h e n s , H . (1981). Prey size selection by lapwings in la p w in g /guii associations.
— Behaviour 77, p. 1-22.

B e n g t s o n , S.-A ., R u n d g r e n , S ., N i l s s o n , A. & N o r d s t r o m , S. (1978). Selective pre­
dation on lumbricids by golden plover (Pluvialis apricaria). — O ik os 3 1 , p. 164-168.

B r o c k m a n n , H . J . & B a r n a r d , C. J . (1979). K leptoparasitism  in b irds. — A n im . Behav. 
27, p. 487-514.

B u r t o n , P. J . K. (1974). Feeding and the feeding apparatus in w aders: a study o f  
anatomy and adaptations in the charadrii. — British M u seu m , L on don .

C a l d w e l l , G. S. (1981). Attraction to tropical m ixed-species heron flocks: proxim ate  
mechanism and consequences. — Behav. Ecol. Sociobiol. 8, p. 99 -103 .

C a r a c o , T. (1979a). T im e budgeting and group size: a  theory. —• Ecology 60 , 
p. 6 H -617.

 (1979b). T im e budgeting and group size: a test of theory. — Ecology 6 0 , p. 618-627 .
H a l e , W . (1980). W aders. — London, Collins.
K ä l l a n d e r , H. (1977). Piracy by black-headed gulls on lapw ings. — Bird Study 24, 

p. 186-194.
 (1979). Skrattmasen (Larus ridibundus) sorn kleptoparasit pa tofsvipn (Vanellus

vanellus). — Fauna och flora 74, p. 200-207.
K i r k m a n , F. B. & J o u r d a i n , F. C. R. (1966). British birds. — L on don , N elson .
K r e b s , J . R. (1973). Social learning and the significance o f  m ixed -sp ecies flocks o f  

chickadees (Parus spp.). — Can. J . Zool. 51, p. 1275-1288.
 (1974). Colonial nesting and social feeding as strategies for exp lo itin g  food resources

in the great blue heron (Ardea herodias). — Behaviour 51, p. 99-134 .
K u s h l a n , J . A. (1977). The significance of plum age colour in the form ation  o f feeding  

aggregations of ciconiiforms. — Ibis 119, p. 361-364.
 (1978). Com m ensalism  in the little blue heron. — Auk 95, p. 677 -681 .
L a z a r u s , J . (1979). The early warning function o f  flocking in birds: an experim ental

study with captive quelea. — Anim . Behav. 27, p. 855-865.
M o r s e , D . H. (1970). Ecological aspects of some m ixed-species foraging flocks o f  birds.

— Ecol. M onogr. 40, p. 119-168.
 (1978). Structure and foraging patterns of flocks o f tits and associated  species in an

English woodland during winter. — Ibis 120, p. 295-312.
P a r r , R. (1979). Sequential breeding by golden plovers. — British birds 72 , p. 499-503 .
P o w e l l , G. V . N . (1974). Experimental analysis o f the social value o f  flocking by 

starlings (Sturnus vulgaris) in relation to predation and foraging. —• A n im . Behav. 22 , 
p. 501-505. '

P u l l i a m , H . R ., A n d e r s o n , K. A . ,  M i s z t a l , A .  & M o o r e , N .  (1974). T em p erature-  
dependent social behaviour in juncos. — Ibis. 116, p. 360-364 .

R u b e n s t e i n , D. I., B a r n e t t , R. J . ,  R i d g e l y , R. S. & K l o p f e r , P. II. (1 9 7 7 ). A daptive  
advantages o f mixed-species feeding flocks am ong seed-eating finches in C osta  R ica ,
— Ibis. 119, p. 10-21.

Y alden , D . W . (1980). Notes on the diet o f urban kestrels. — Bird study 2 7 , p . 235-238 .



T IM E  BUD GETS, FEED IN G  E F F IC IE N C Y  AND F L O C K  DYNAMICS 69

Z U S A M M E N F A S S U N G

1. In gem ischten Flügen von K iebitzen  und G oldregenpfeifern stand die R ate der 
netto Energieaufnahm e für die K iebitze in positiver B eziehung zur Zahl der anwesenden  
Artgenossen und positiv zu der Zeitsum m e, in der diese sich bei der N ahrungssuche bück­
ten, während die Anwesenheit der G oldregenpfeifer keine A usw irkung hatte. D agegen  
bezog sich die Energieaufnahmerate der G oldregenpfeifer positiv au f die N eigu n g, sich zu 
bücken, negativ au f die anwesende Zahl der K iebitze und war von der Zahl der A rtgenos­
senen unbeeinflusst.

2. Es scheint, dass sich die G oldregenpfeifer m it dem  Flug der K iebitze vereinigten, 
weil sie auf diese W eise weniger um  sich zu sehen brauchten und m ehr Zeit mit Bücken  
verbringen konnten. Der unabhängige negative Einfluss der A nzahl der K iebitze könnte 
einer Störung bei der Nahrungssuche zuzuschreiben  sein, sobald die K iebitze im V erhält­
nis zu den Regenpfeifern sehr zahlreich waren.

3. W enn Lachm öwen sich zu einem  F lu g gesellten, nahm en K iebitze und G oldregen­
pfeifer kleinere W ürm er und bückten sich w eniger. D as führte bei den K iebitzen an­
scheinend zu einer weniger ökonom ischen N ahrungsaufnahm e, während die netto Na- 
rungsaufnahme der Goldregenpfeifer proportional zu m  V erhältnis M öw en:G old regen ­
pfeifern stieg.

4. W enn Lachm öwen da waren, verschw and der positive Einfluss der Zahl der A rtge­
nossen auf die Nahrungsaufnahm e der K iebitze und hatte die A nw esenheit von G old­
regenpfeifer einen negativen Effekt. D agegen  erhöhte die A nw esenheit von Artgenossen  
bei den Goldregenpfeifern die W irksam keit der N ahrungssuche und verschwand der n e­
gative Einfluss der Kiebitze.

5. Bei der Ankunft von Lachm öwen verm inderte die relative Zahl der K iebitze, indess 
die Zahl der Goldregenpfeifer keine konsequente V eränderung aufwies. In A nw esenheit 
von Lachm öwen verringerte sich die Zahl der K iebitze, sobald grosse Zahlen von  R e­
genpfeifern ankam en, vergrösserte sich aber, w enn nur w enige G oldregenpfeifer kamen. 
Eine erhöhte Zahl der Kiebitze hatte keinen  konsequenten  Einfluss au f die Zahl der G old­
regenpfeifer. D ie auftretenden V eränderungen in der Energieaufnahm e der T iere beider 
Arten verstehen wir als Störungseffekte bei der N ahrungssuche und “ V erd ü n n u n g” des 
Futterangebotes durch die M öw en als K leptoparasiten.

6. O hne die Anwesenheit von L achm öw en gab es keine K orrelation zw ischen grossen 
Zahlen von Goldregenpfeifern und K iebitzen , aber im  allgem einen  nahm  die Zahl der 
Kiebitze in der Gegenwart von R egenpfeifer ab. W enn sich aber grosse F lüge K iebitze 
niederliessen, nahm  die Zahl der G oldregenpfeifer ab; bei k leineren  F lügen nahm  sie zu. 
In diesen Fällen verstehen wir die V eränderungen in der Energieaufnahm e der Arten und  
ihre relative A nw esenheit als eine Folge von Störung bei der N ahrungsaufnahm e und 
Änderungen im  Zeitbudget.
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