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Abstract. Skylarks show a range of anti-predation be- 
haviours including flocking, refuge-seeking and song. Re- 
sponses by skylarks to merlin attack were recorded over 
three winters on a Scottish estuary to determine the effec- 
tiveness of song as a pursuit-deterrent signal, and its use 
with respect to other anti-predation options such as 
flocking. Mortality due to merlin predation was high. 
Skylarks used song as a pursuit-deterrent signal. Merlins 
chased non- or poorly singing skylarks for longer periods 
compared to skylarks that sang well. A merlin was more 
likely to catch a non-singing than a poorly singing than 
a full-singing skylark. Temperature did not affect chase 
lengths, song types or success rates of attacks. Larger 
flocks of skylarks were preferentially attacked so that the 
individual probability of being attacked within some 
larger flock sizes was greater than in a smaller flock. Suc- 
cess rate did not vary with flock size. Merlins chose sky- 
larks before any song was heard, so there was no cost for 
non-singing skylarks in joining flocks. The frequency of 
capture on merlin attack depended on the escape re- 
sponse used by the skylark. Non-singing skylarks were 
probably more likely to escape by seeking a refuge or 
staying on the ground on attack, while singing skylarks 
were more likely to escape if they flew. The optimal es- 
cape option available to a skylark on merlin attack was 
probably dependent on its condition, as indicated by its 
ability to sing on attack. 
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Introduction 

During a hunt a predator must constantly assess its 
likelihood of successfully capturing prey. Not all prey 
individuals are of equal fitness because body condition 
and experience of a prey individual, and consequently 
escape ability, will vary. When a prey individual has a 
high probability of escape it benefits both the predator 

and the prey if the prey communicates the likelihood of 
escape to the predator: both animals then avoid a costly, 
unsuccessful chase. If some variable intensity signal by 
the prey carries an increasing cost (or "handicap", see 
Zahavi 1975), then the intensity of the signal may be used 
by a potential predator to indicate the escape ability of 
the prey (Baker and Parker 1979; Harper 1991). Fitter 
prey can allocate more time, resources or energy to max- 
imise the signal. Such "pursuit-deterrent" signals (Wood- 
land et al. 1980) can only evolve when a prey individual 
can honestly signal to a predator a low probability of 
capture (Grafen 1991). 

If a signal by a prey during a predator-prey encounter 
acts as a pursuit-deterrent signal then it must be demon- 
strated that the prey animal is directing its signal at the 
predator, and that the predator's tendency to quit is in- 
creased in response to the signal (Hasson 1991). Two 
studies have demonstrated this. Fitzgibbon and Fan- 
shawe (1988) showed that Thomson's gazelles (Gazella 
thomsoni) were more likely to stott to coursing predators 
such as wild dogs (Lycaon pictus) than to stalking preda- 
tors such as cheetahs (Acinonyx jubatus). Wild dogs then 
attacked those gazelles in a group which were stotting at 
a relatively low frequency, and these individuals stotting 
at low rates were more likely to be caught. Similarly, 
singing skylarks (Alauda arvensis) escape merlin (Falco 
columbarius) pursuits more frequently than non-singing 
skylarks, and merlins learn to avoid singing skylarks as 
they gain experience (ap Rhisiart 1989, cited in Hasson 
1991). Merlins can potentially chase for many minutes 
(Rudebeck 1951; Cramp and Simmons 1980), and so re- 
ducing the amount of time spent in apparently very cost- 
ly pursuit flights is probably very important. 

Skylarks show a range of anti-predation behaviours 
during the winter, including crypsis and flocking prior to 
an attack and the use of refuges during an attack (Simms 
1992). If merlins use skylark song to decide which indi- 
vidual to attack, then the ability to sing could affect an 
individual's choice of anti-predation strategy, such as 
flocking. A skylark's choice of anti-predation behaviour 
will also depend on the relative numbers of poor and 
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good  quali ty individuals, and the relative benefits of  be- 
ing solitary and cryptic, as well as m a n y  other  factors (see 
Ydenberg  and  Dill 1986). F locking m a y  be an effective 
ant i -predat ion strategy th rough  the 'di lut ion '  effect 
(Hamil ton 1971; Foster  and Treherne 1981; Cresswell 
1994), unless there is an increase in the a t tack rate on 
larger flocks by a factor  greater than the reciprocal of  
flock size. If  merlins preferentially a t tack larger flocks, 
then there will be no benefit for poor-qual i ty ,  non-singing 
skylarks in jo ining a flock, because they will always be 
chosen when the flock is at tacked,  regardless of  flock size. 
Skylarks which are unable  to deter merlins by singing 
m a y  have to adop t  other  ant i -predat ion strategies such 
as being soli tary and  using crypsis dur ing an attack. Al- 
ternatively, if merlins choose  a prey victim before any 
song m a y  or  m a y  not  be given, then non-singing skylarks 
may  still benefit f rom dilution effects by joining flocks 
(dependent on the a t tack rate). 

Skylarks can be expected to use the ant i -predat ion 
and  escape strategy that  maximises the probabi l i ty  of  
escape for the part icular  a t tack condi t ions  (e.g. Buchanan  
et al. 1988; Cresswell 1993), as well as their own b o d y  
condition.  The effect of  intraspecific differences in condi-  
t ion leading to alternative prey defence tactics has been 
demonst ra ted ,  for example, by  Bauwens and Thoren  
(1981). Grav id  female lizards (Lacerta vivipara) were 
shown to have shorter  flight-initiation distances than 
males or  non-grav id  females. This was accounted  for by 
the gravid females using a more  cryptic tactic because 
their running  speeds were relatively low. Similarly, more  
cryptic juvenile and female lizards (Anolis cristatellus) 
waited longest on  average before fleeing compared  to 
non-crypt ic  males (Heatwole 1968, cited in Ydenberg  and 
Dill 1986). If  the ability to sing dur ing a merlin a t tack is 
an accurate predic tor  of the likely failure of an attack, 
then it is p robab ly  reasonable  to assume that  singing 
birds are in better condi t ion  than non-singing birds. If  
this assumpt ion  is true then the occurrence or  not  of  song 
in the context  of  other  ant i -predat ion behaviours  (such as 
refuge seeking) m a y  give an indicat ion of  the condi t ion  of  
the bird, and whether  par t icular  escape responses are 
specific to that  condition.  

Observat ions  at the Tyninghame estuary, in south-  
east Scotland, where there is a high popula t ion  of  sky- 
larks, and  frequent merlin attacks, al lowed a test of  the 
hypothesis  that  winter singing in skylark acts as a pur-  
suit-deterrent signal in a natura l  s i tuat ion (ap Rhisiar t  
1989, cited in Hasson  1991, used falconry merlins) of  high 
skylark morta l i ty  (the degree of  this could also be as- 
sessed to determine the degree of selection for effective 
ant i -predat ion behaviour).  The ou tcome of  the choice of  
escape op t ion  used by an individual skylark could be 
assessed in terms of  escape or  death, and related to its 
ability to sing. This would  provide  an indicat ion of  a 
skylark 's  condi t ion  and consequent  ability to use certain 
escape opt ions such as fleeing, if it was demons t ra ted  that  
the ability to sing on a t tack was an accurate  predic tor  of  
a t tack outcome.  

Methods 

Observations were made from September to April 1989-1990 (win- 
ter 1), August to April 1990-1991 (winter 2) and August to March 
1991-1992 (winter 3), during 2,557 h at the Tyninghame estuary, 
East Lothian, Scotland (see Whitfield 1985 for a site map). I ob- 
served merlins opportunistically using 10 x binoculars or a 15-60 x 
zoom telescope and the majority of observations were made at less 
than 300 m. 

Attack data. A raptor attack was defined as a rapid directed flight 
(or series of stoops) at a clearly identifiable bird or group of birds 
(called a hunt in Rudebeck 1950; Page and Whitacre 1975; 
Buchanan et al. 1988; Dekker 1988). A successful attack by a merlin 
was one in which the prey was killed. During an attack the follow- 
ing data were recorded where possible: 

1. The flock size. A flock was any cluster of skylarks separated from 
other clusters by more than 25 m. Most skylark flocks were small 
groups of birds with nearest-neighbour distances of 1-2 m, separat- 
ed from other groups by at least 50 m. 

2. The chase length. A stop-watch was started from the point at 
which I could identify which skylark was being attacked or when it 
first flew away from the attacking merlin. A chase was concluded 
either when the skylark was captured, or the merlin began to fly 
away from the skylark it had been chasing. 

3. The type of call made by the skylark. Only attacks which oc- 
curred reasonably close to me (<300 m) were classified to ensure 
that if no call was heard it was not because I was too far away to 
hear it. Calls were classified during the first five seconds of any chase 
a s  i 

i. none 
ii. flight calls (a rippling 'chirrup' or rattling 'prrt', strung together 
into short sub-song like phrases lasting a few seconds; see Fig. V, 
and text description 5, Cramp 1988, Volume 5, Alauda arvensis) 
iii. full song (complete continuous phrases; this included both male 
type and female type song, Fig. I, and text descriptions 1 and 2, 
Cramp 1988 as above). 

4. The position of the attacked skylark at the start of the attack 
(ground or flight) and its position on escape or capture (crouching 
on the ground, flying, or bush-dive, where the skylark flew into or 
remained within the dense cover of a bush or tree). 

Mortality data. Skylarks were censused five times in each month by 
walking the same route through the entire study area, and flushing 
most skylarks by walking through all of their saltmarsh feeding 
areas. An approximate estimate of population size was obtained for 
each month by taking the maximum count for that month. Data on 
the relative occurrence of different sized flocks was only collected in 
winter 3, October to February inclusive. A constant route was 
walked twice weekly through the saltmarsh feeding areas, scoring 
the number of times a flock size class was encountered. Flock sizes 
were determined as for a merlin attack. 

The entire north shore of the estuary and the woodland or cover 
adjacent to it for about 100-200 m inland was searched monthly for 
merlin kills. Merlin-skylark kills were identified according to crite- 
ria in Cresswell and Whitfield (in press). Recovery of kills was esti- 
mated by direct observation of the frequency ofmerlins leaving prey 
remains within the search area. All merlin kills that were eaten in 
the kill search/study area were assumed to have been found during 
the monthly searches. Some kills may have been missed, leading to 
an underestimate of skylark mortality due to merlins. 

Statistical analysis and temperature data. All probabilities quoted 
are two-tailed. Williams' correction was used in G-tests. Where mul- 
tiple G-tests were used to test the same Ho, a sequential Bonferroni 
test (Rice 1989) was used to determine the table-wide level of signif- 
icance for the rejection of Ho; the critical value (alpha) for the 
rejection of Ho, for that value of P for the test statistic, is given after 
the actual P value. 
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Temperature data from a weather station in Dunbar, 3 km 
away, were used to estimate the mean daily air temperature corre- 
sponding to the daily period of my observations. The mean dry- 
bulb temperature at 9 a.m. and the maximum temperature recorded 
for that day were averaged to obtain an index of mean daily temper- 
ature. 

Results 

General merlin hunting behaviour 

Only 1-2 female merlins were resident each winter on the 
study site, with a small amount  of additional data being 
obtained from a minimum of two other female merlins 
that visited the estuary infrequently (based on simulta- 
neous sightings, and consistent minor plumage differ- 
ences through each winter). Merlins spent most of the day 
perching (76-85%, depending on the winter, n =  
13,672 rain of recorded merlin time budget, W. Cresswell 
unpublished data). Merlins rarely attacked more than 
one prey individual (89.9% of hunts between perching 
periods had single attacks in them, including all of the 
skylark attacks analysed in this paper, n = 505 attacks, 
all species). Most complete perching periods (52.3%, 
n - -2 12 ) ,  between hunts with attacks in them, were 
longer than 5 rain. The skylark population was large and 
variable, with numerous flocks probably passing through 
the study site over a period of weeks. Each skylark attack 
was therefore likely to be independent. However, because 
possibly only two female merlins were responsible for 
most of the observed attacks, any conclusions with re- 
spect to merlin behaviour within this paper may not be 
generally applicable to all merlins. No account could be 
taken of factors that may have influenced, for example, a 
single merlin, performing most of the attacks. Increasing 
hunger, for example, may have led to more effort being 
invested in a hunt (longer chase lengths) for any given 
skylark. However, factors such as a variable motivation 
to chase would probably only obscure any observable 
relationship between skylark behaviour and merlin chase 
length or outcome. 

During a skylark attack, a merlin would fly rapidly at 
a skylark or a flock of skylarks in flight or feeding on the 
ground. The skylarks would either fly away from the 
merlin immediately and the merlin would chase, or the 
skylark could run a short distance and freeze. The merlin 
would then pounce, and if it was initially unsuccessful the 
skylark could fly up after a few seconds to several min- 
utes later as the merlin searched the ground around it 
with shuffling hops. The merlin would then start chasing 
the skylark. A capture could be made, or the merlin could 
give up at any point, terminating the attack. 

Chase lengths were variable: 67.0% were less than 
1 min, 14.4% of 1-2rain, and 18.5% of greater than 
2 min (n = 270 chase lengths). The longest merlin chase 
of a skylark I recorded was over 9 rain, in which the birds 
moved several kilometers, and the merlin stooped at the 
skylark 52 times, before both were lost to sight, the mer- 
lin still chasing. 

No song of any type by skylarks (or any other territo- 
rial behaviour) was recorded on the study site during the 

periods when merlins were present on the study site, ex- 
cept after a merlin had begun to chase a definite individ- 
ual, during an attack. Song was most often heard when 
the merlin was very close to the skylark (i.e. less than 
10 m). If a merlin attacked a flock, then several flock 
members might sing, but almost always in a flock attack 
the merlin was clearly attacking a specific individual (e.g. 
a straggling bird) before any song was heard, rather than 
attacking the whole flock. In nearly all attacks the sky- 
lark chased was clearly chosen before the merlin ap- 
proached closely and any singing was heard. Song either 
started immediately an individual was closely ap- 
proached, or not at all. Skylarks that sang were usually 
only chased for a short period, but if the merlin persisted 
then song was recorded for up to 80 s, although 95.6% of 
song durations were less than 30 s. Most periods of song 
were short: mean length of song was 12.7 seconds _+ 1.5, 
n -- 92 occurrences of skylark singing on attack, (no al- 
lowance made for the effect of the varying merlin chase 
lengths). 

Success rate data for skylark attacks were pooled for 
all winters because of a small sample size of kills. Also, 
success rate was similar between months in one winter 
(using winter 3 because sample sizes were largest in that 
winter, November to February inclusive, G = 0.42, 
df = 3, P = 0.9), and reasonably similar between winters 
(winter 1, 8.8%, n = 34 attacks/3 kills; winter 2, 6.9%, 
n = 102 attacks/7 kills; winter 3, 17.2%, n = 116 at- 
tacks/20 kills: G = 5.8, df= 2, P = 0.06). Factors that 
would lead to a yearly variation in the success rate such 
as the hunting abilities of different merlins resident in 
each winter would probably only obscure any relation- 
ship between chase length or outcome and skylark be- 
haviour. 

Skylark mortality 

In total 282 merlin attacks on skylarks were seen and the 
outcome of the attack (escape or capture) was seen on 
257 occasions; 30 kills were seen (11.6%). The rate of 
skylark kills seen that were subsequently recovered in the 
search area was 53.3% (n = 30). In winters 2 and 3, re- 
spectively, 29 and 41 skylark kills by merlins were found. 
The maximum census count of skylarks obtained for 
each month of the winter from November to February 
inclusive (ranging from 20 to 230 birds per month) and 
the adjusted numbers of skylark kills found in each 
month (from the recovery rate) were used to calculate an 
average overall monthly mortality rate for winters 2 and 
3. Many of the skylarks recorded in the censuses were 
flocks of itinerant birds that did not remain in the estuary 
for more than a few days, so the calculated mortality 
rates are mortality per mean number of skylarks avail- 
able per month, rather than a population mortality rate. 
For winter 2, the mean monthly mortality rate due to 
merlins was 23.0% (ranging from 2.3% to 65.7%) and in 
winter 3, 45.0% (ranging from 26.3 to 65.0%). Merlins 
probably removed a substantial proport ion of the sky-  
larks available at Tyninghame in any one month. 
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Fig. 2. Length of chases by merlins unsuccessfully attacking sky- 
larks of different song types 

Song as a pursuit-deterrent signal 

There was a significant relationship between the type of 
song given by an attacked skylark, and the chase length 
and success rate of the attack by the merlin. A merlin was 
more likely to catch a skylark which did not sing on 
attack (41.7%) compared to a skylark which gave short 
phrases of sub-song (8.8%) compared to a skylark which 
gave continuous, full territorial song (4.8%) within the 
first 5 s of the attack (Fig. 1): G = 15.0, n = 106 unsuc- 
cessful attacks, n = 17 kills, df = 2, P<0.001.  (The sam- 
ple sizes of attacks used in these analyses are smaller 
because only a subset of all attacks seen occurred close 
enough to me to be sure that if I heard no song it was 
because none was given, and not because I was too far 
away to hear. Also some attacks were picked up after the 
merlin had started chasing so I could not  say if any song 
had occurred within the first five seconds of the chase.) 
The difference in success rate still applies if the data from 
skylarks which made any call or song at all, and skylarks 
which made no call at all, are separated, removing all 
possible errors in judging song type: G = 14.8, df = 1, 
P<0.001.  

Merlins chased those skylarks that sang poorly or not 
at all significantly longer than those that sang fully 
(Fig. 2): ~ 2 =  14.1, Kruskall-Wallis 1-way ANOVA, 
P < 0.001, n = 106 excluding all hunts that led to capture 
to remove bias due to the higher success rate of capture 
of non- or poorly singing birds that probably led to earli- 
er capture of those birds. The result still occurred when 
unsuccessful chase lengths of silent skylarks were com- 
pared to skylarks that made any call at all: ~2 = 7.4, 
Kruskall-Wallis 1-way ANOVA, P <0.01. Because non- 
singing birds were chased for longer, the frequency of 
seeing the outcome of the hunt was lower than for singing 
skylarks: during long hunts the merlin frequently chased 
the skylark until both were out of sight. For non-singing 
skylarks 21.9% of hunts (n = 323 hunts) and for singing 
skylarks 7.5% of hunts (n = 106) were of unknown out- 
come: G = 4.3, df = 1, P<0.05.  The success rate of mer- 
fin attacks on non-singing skylarks was therefore proba- 
bly higher than 41.7%. 

There was no indication that temperature, whether 
measured as mean daily air temperature (MDT) or mean 
temperature for the previous seven days (ML7DT), af- 
fected any of the attack characteristics of merlins and 
skylarks. Temperature may have acted as a confounding 
variable: for example, low temperatures may have led to 
increased hunting success by merlins, and skylarks might 
not sing at low temperatures. There was no significant 
difference between the frequency of occurrence of the 
three song types when split by temperature (<  5, and 
> 5°C, temperature range chosen to split sample sizes of 
kills approximately equally): MDT, G = 1.8, d f =  2, 
P = 0.41; ML7DT, G = 4.4, df = 2, P = 0.12 (n = 144 
attacks). There was no significant difference in the success 
rate of attack split by temperature (as above): MDT, 
G = 0.92, df = 1, P = 0.35; ML7DT, G = 0.03, df = 1, 
P = 0.87 (n = 221 unsuccessful attacks, n = 30 kills). 
There was no significant correlation between the chase 
lengths of unsuccessful attacks and temperature: MDT, 
T =  0.62, P = 0.54; ML7DT, T =  -1 .3 ,  P = 0.19; 
Spearman's rank correlation, n = 218. Song-type was a 
valid predictor of the chase length and outcome of an 
attack, and was apparently unaffected by temperature. 

Flocking and pursuit deterrence 

Merlins were probably not using the occurrence of song 
to choose which skylark to attack. Whether a skylark 
could sing or not  on attack by a merlin apparently did 
not affect its flocking behaviour. The relative frequency 
of the different song types on merlin attack was not sig- 
nificantly different comparing single skylarks and flocks: 
for single birds, n = 21/41/25, and for flocks n = 3/7/5, 
for song types none/sub-song/full song respectively, 
G = 0.18, df = 2, P = 0.9. Merlins attacked mostly sin- 
gle skylarks (61% of n = 251 attacks) and attacked sky- 
larks most frequently on the ground (74.1%) compared 
to in flight (25.9%): G = 31.3, df = 1, P<0.001.  Merlins 
attacked single skylarks on the ground (68.5% of 149 
attacks) with a similar frequency to single birds in flight 
(63% of 46 attacks) compared to flocks: G = 0.45, 
df = l, P = 0.5. 
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Fig. 3. The relative occurrence of different flock sizes and the rela- 
tive frequency of attacks on the different flock sizes of skylarks 
during winter 3 

Merlins did not  a t t ack  skylark  flocks in p r o p o r t i o n  to 
their occurrence  at  Tyn inghame  in winter 3 (Fig. 3): 
G = 68.1, df = 3, P < 0 . 0 0 1 ,  c o m p a r i n g  the f requency of 
at tacks,  with the expected frequency of a t tacks  if the 
flocks were a t t acked  in the same rat io  as their  occurrence.  
Merlins a t t acked  single skylarks  more  often than  expect- 
ed (vulnerabil i ty index VI  = the p r o p o r t i o n  of all a t tacks  
tha t  occurred  on a flock size class/the f requency of occur-  
rence dur ing censuses of  the flock size class relative to the 
f requency all f lock size classes = 1.3), avoided  mid-size 
flocks (2-30 birds, VI  = 0.19) but  preferential ly a t t acked  
large flocks (31-100, VI  = 23.5). The  probabi l i ty  tha t  an 
individual  skylark  would  be a t t acked  in any  one merl in  
a t t ack  declined with increasing flock size as would  be 
expected f rom the di lut ion effect: for single birds, 
P = 0.66, and  for flock sizes 2-10, P = 0.02 (assuming all 
f lock m e m b e r s  had  an equal  chance of being selected on 
attack). Howeve r  the preference for very large flocks 
shown by  merl ins was sufficient to overcome any dilution 
benefits a skylark  might  have  gained in very large flocks 
(31-100, P -- 0.004), c o m p a r e d  to m e d i u m  sized flocks 
(11 30, P -- 0.0004). A skylark  in a very large flock was 
10 t imes m o r e  likely to be a t t acked  than  one in a m e d i u m  
sized flock: G = 38.0, df= 1, P < 0 . 0 0 1 .  Success rate of  
a t tacks  was similar  across the different flock sizes: single 
skylarks,  12.8% (n = 18/123 kilts/unsuccessful at tacks);  
flock size 2-10, 15.0% (n = 3/17); flock size 11-30, 9.1% 
(n = 2/20) and  flock size 3 1 + ,  9.0% (n = 6/61): 
X 2 =  1.0, Kruskal l -Wall is  1-way A N O V A ,  P = 0.8. 
Therefore  an individual  skylark  was p r o b a b l y  safest f rom 
a merl in  within a flock size of 11-30. Mos t  skylarks  
(52.7%) censused were in flock sizes of  2-10, 22.5% were 
in the least r isky flock size for an individual  (11 30), 
10.6% were single birds mos t  at  risk. Skylarks  flocked 
independent ly  of  abili ty to sing, and  ob ta ined  dilution, 
benefits in all f lock sizes, a l though  not  consistent ly so. 

Alternative escape strategies 

Merlins were mos t  successful when a skylark  remained, 
on the g round  dur ing an a t t ack  (32.3% success, rate, 
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Table 1. The consequences of different escape responses by skylark 
of different song types on attack by merlins 

Full Song Sub-song No Song 

F Unsuccessful Attacks 37 43 7 
F Kills 0 1 8 
F Kill Rate 0% 2.5% 53.3% 

BD Unsuccessful Attacks 3 9 7 
BD Kills 2 4 2 
BD Kill Rate 40.0% 30.8% 22.2% 

The escape responses were: to fly only (F), or to fly after a period of 
refuge using or to fly and then attempt to seek a refuge in a bush or 
tree (BD) 
a. Using a hierarchical log-linear analysis, the highest level of inter- 
action was at the 3-way level, ~2 = 16.7, df= 2, P<0.001. 
For interactions at the 2-way level: 

partial ~2 df P 

Escape response by song type: 2.8 2 0.24 
Escape response by kill type: 3.2 1 0.07 
Song type by kill type: 13.2 2 0.0013 

b. Comparing kill rate if a skylark stayed on the ground or used a 
refuge, with flying only: 

Full Song Fisher's exact test, P = 0.022, alpha = 0.025 
Sub-song G = 7.2, df = 1, P < 0.01, alpha = 0.016 
No Song G = 2.2, df = 1, P = 0.14, alpha = 0.05 

Sequential Bonferroni, K = 3 

n = 10/31 kills/unsuccessful a t tacks  for g round /c rouch  
on attack). If  a skylark  flew f rom the g round  on at tack,  
success rate was lower  (8.8% success rate, n = 10/114 
a t tacks  for g round  to fly); success rate  was lowest  for 
skylarks  which were a t t acked  in flight and remained  in 
flight (2.6% success rate, n = 1/38 a t tacks  of  flying to 
flying birds). Success rate for skylarks  which ended a 
chase by  seeking refuge in trees or  bushes (for cover) was 
also high (21.9% success rate, n = 7/32 a t tacks  with a 
final ' t ree dive', after a g round  or flight start). The  null 
hypothesis  tha t  kill rate was independent  of  a skylark ' s  
initial posi t ion and  response  was rejected: G = 12.1, 
df= 3, P < 0 . 0 1 .  

The  three ma in  variables  of  a mer l in / skylark  at tack,  
song type, response  type and  kill type were analysed for 
interact ive effects using a hierarchical  log-l inear analysis 
(Norusis 1990): Table 1, foo tnote  a. All three factors  in- 
teracted significantly, but  at the two-way  level only song 
type interacted significantly with kill rate. The  da ta  set is 
limited, but  the results m a y  be explained by the observa-  
t ion tha t  those skylarks  tha t  could sing well (i.e. were in 
good  condit ion) were m o r e  likely to escape if they s tayed 
flying, while those skylarks  tha t  could not  sing on a t tack  
were more  likely to escape if they used a refuge. The  null 
hypothesis  tha t  the kill rate by  merl ins of a skylark  of a 
par t icular  song type was independent  of  response  was 
rejected in all cases of  reasonable  sample  size (Table 1, 
foo tnote  b). Skylarks  of  differing condi t ions  (and conse- 
quent  singing abilities) might  therefore be expected to 
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respond differently on merlin attack: a skylark in good 
condition should always fly, while a skylark in poor con- 
dition should always seek a refuge to maximise its chance 
of escape on merlin attack. 

Discussion 

Merlins and skylarks at Tyninghame showed pursuit-de- 
terrent predator-prey communication behaviour as 
shown by ap Rhisiart (1989, cited in Hasson 1991). The 
occurrence of song during a chase was a valid predictor 
of the outcome of the chase. Both the skylark and merlin 
benefited from the skylark's communication of its ability 
to elude capture because both avoided an energetically 
costly chase. Merlins did not choose the prey according 
to signal-type, in contrast to wild dogs (Fitzgibbon and 
Fanshawe 1988). Locating which skylarks within a flock 
were giving which song-type during an attack would 
probably be impossible, because song is an auditory sig- 
nal. Also the ability to sing on approach of a merlin is 
probably not very energetically demanding compared to 
singing while being rapidly chased, and so would not be 
a good indicator of the escape abilities of the skylarks in 
the flock. The fact that merlins can potentially chase a 
skylark for many minutes probably means that the abili- 
ty to sing while being chased is a measure of the stamina 
of the skylark. In long chases there were two phases to 
the hunt: an upward "ringing" climb, and then, if the 
merlin got above the skylark, a series of stoops. Merlins 
only ever caught skylarks on or very near to the ground, 
or as a result of a stoop after the ringing phase. Song 
during the initial upward chase probably indicated how 
long (or how high) the skylark could climb. Spar- 
rowhawks also attacked skylarks at Tyninghame, but on- 
ly chased prey for very short periods compared to mer- 
lins (66.3% of n = 723 attacks on all species had chase 
lengths of less than 1 s, and none were longer than 15 s, 
W. Cresswell, unpublished data). Song by a skylark as an 
indication of the ability to undergo a long chase should 
not therefore be given to sparrowhawks. My data set is 
limited, but in winter 3, in all four cases when a spar- 
rowhawk was observed attacking a skylark (close enough 
to me to hear any song), no song was heard, consistent 
with the hypothesis. 

Hasson (1991) predicted that the rate of pursuit-deter- 
rent signals should increase as the predator approaches 
the prey: a skylark should sing (in winter) only when a 
merlin approached it. At Tyninghame, silent flying sky- 
larks would start singing as a merlin changed direction to 
fly towards them. It was also noticed that in the later 
stages of an attack, as the merlin stooped at the skylark 
after the initial upward, exhaustion chase, the skylark 
would utter short loud flight calls on the merlin's closest 
approach. These were almost invariably heard if the final, 
close stoops of the attack occurred close to me, even if the 
skylark had not called or sung at all during the initial 
ascent. Flight calls may represent a lower-cost pursuit- 
deterrent signal, ignored by the merlin, except possibly at 
the end of a long chase when the merlin already has an 
idea of the skylark's ability to elude capture. When it is 

about to give up, even a low-cost call may influence a 
merlin. 

The ability to sing while being chased is not an obvi- 
ously costly activity compared to other examples of hon- 
est indications of condition used as pursuit-deterrent sig- 
nals, such as stotting in gazelles (C. Fitzgibbon pers. 
comm.; Fitzgibbon and Fanshawe 1988). However, to 
sing loudly and complexly while a merlin was tail-chas- 
ing, only a few meters away, during a very fast directly 
upward flight, is likely to be a relatively risky strategy. 
Independent measurements of the costs of singing, and 
the relationship between body condition and song, are 
needed to confirm the results of this study. Even with the 
possible confounding variables of temperature, and alter- 
native escape strategies, there was still a relationship be- 
tween type of song and ability to escape merlin attacks. 
During the study song was only ever heard in the context 
of an attack. If singing was not costly, and considering its 
effect on chase length, then all skylarks would be expect- 
ed to sing on attack, unless some part of the population 
(e.g. females) could not sing. Female skylarks do sing, but 
only males make territorial song-flights in the breeding 
season (Cramp 1988). The primary selective pressure for 
female song in skylark is probably merlin hunting pres- 
sure in winter (which probably removed a large part of 
the population in this study). The occurrence of female 
song in passerines is rare, and is usually associated with 
kin recognition (Ritchison 1983). Skylark song may be an 
example of a sexually selected honest signal of fitness (the 
ability to sing for long periods possibly maintaining large 
breeding territories), being reinforced by natural selec- 
tion in the winter. 

With any field study there is a problem of confounding 
variables. The main likely confounding variable was tem- 
perature. In protracted cold weather it might be expected 
that the frequency of song on attack should decline as 
skylarks lost body condition (no decline in song frequen- 
cy with temperature was recorded). However if escape 
response was condition (and therefore probably tempera- 
ture) dependent then relatively more skylarks would have 
crouched on attack in cold weather. MerIins had a higher 
kill rate if the skylark at least initially crouched, and so 
more kills on the ground would be expected in cold 
weather. The fact that most skylarks could not sing 
would not have been recorded as most hunts would have 
been terminated before the possibility of any flight. The 
data collected was limited but consistent with this hy- 
pothesis: considering attacks on skylarks that were on 
the ground before the attack, 20% (n = 5) were caught 
on the ground in the milder month of November, com- 
pared to 60% (n = 5) in December, and 55% (n = 11) in 
January. Again, independent measures of body condition 
are needed to confirm the hypothesis of condition-depen- 
dent escape responses in skylark. 

The main merlin hunting methods (hunting on the 
ground, see Brown 1976, or with long chases, see Rude- 
beck 1951) reflect the two main skylark escape options. 
Preferentially attacking flocks probably reflects the diffi- 
culty merlins have in detecting cryptic, single skylarks. 
Because of the dilution effect over most flock sizes, sky- 
larks in poor condition (non-singing) could apparently 
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afford to feed more  conspicuously  in flocks, like skylarks 
in good  condi t ion  (singing). Avoiding any at tacks 
th rough  being inconspicuous or  th rough  the dilution ef- 
fect will be an effective ant i -predat ion behaviour  in re- 
sponse to any rap tor  species. The largest flock sizes (31-  
100) however,  offered less protec t ion th rough  the dilution 
effect than mid-sized flocks, but  still occurred frequently. 
If, for example, there was no feeding interference with 
increasing flock size, then large flocks m a y  have occurred 
in areas of  high food availability: individual flock mem-  
bers would  be t rading off the increased risk of  predat ion 
against  increased feeding rates (see Krebs and Davies 
1987). 

Assessment of  risk of  preda t ion  by a prey animal will 
influence all aspects of behavioura l  decision making  
(Ydenberg and  Dill 1980; L ima  and Dill 1990). Skylarks 
appeared  to be able to assess their ability to escape long 
merlin chases and modified their escape responses ac- 
cordingly. Song was clearly shown in this s tudy to be an 
index of  the ability of  a skylark to elude merlin capture, 
and therefore fitness. By compar ing  the kill rates of  those 
individuals that  used refuges and those that  flew on at- 
tack, it was shown that  singers and non-singers were 
more  likely to escape on flying and crouching respective- 
ly. Predictions of  the hypothesis  of condi t ion-dependent  
responses in skylarks f rom this s tudy need to be tested. 
For  example, skylarks in poor  condi t ion (as measured  by 
body  fat or  feeding rate over several days) should use 
refuges more  and fly less on a t tack by merlins than birds 
in g o o d  condition.  
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