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Introduc1on 

The breeding of Peregrines (Falco peregrinus) on the north coast of Cornwall, from Newquay north- 
eastwards to the border with Devon, a total distance of approximately 40 miles, was studied during 
the period 1984-1997 by RB (Dick) Treleaven. Data collected by Treleaven was the basis of his 
classic book on the falcon, In Pursuit of the Peregrine, and his work has been continued since by 
local volunteers. From 2008, the work has been significantly extended in terms of the length of 
coastline and number of eyries identified and studied, principally by Roger Finnamore and South 
West Peregrine group, Peter Welsh, Dale Jackson and Jack Tarr. They have produced a database 
on over 40 eyries on the c 150 miles of the Cornwall coastline extending from the North Devon 
border to the Lizard. They have logged occupation, breeding success, clutch size and the number 
of fledglings. 

It is clear from the data that over the last four or five years the productivity of the coastal sites has 
undergone a decline. In this short paper we analyse the data to establish the significance of the 
decline and to assess whether it is confined to the coastal eyries or is a more widespread decline 
across much of north-west Cornwall/south-west Devon. It is important to note that this decline 
began after the 2014 national Peregrine census, with no significant decline having been identified 
at that time.

Data  

The data base is set down in Tables 1a and 1b. Data falls into three clear timeframes: the 
Treleaven data from 1984-1997, covering c 40 miles of coastline from Newquay to Bude, is 
incomplete as he was never able to check nests, but did count chicks by watching for their heads 
to appear; data collected from a similar number of eyries to that of Treleaven from 2000-2007; and 
a more comprehensive assessment of the Peregrine population on the coast from 2008 to the 
present, covering c 150 miles of coastline from Bude to the Lizard.

Table 1a North Cornwall coastal Peregrine Falcon breeding summary 1984 - 1997
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1984 29 18 12 11 1.61 2.64
1985 22 18 13 9 1.22 2.44
1986 25 18 14 11 1.39 2.27
1987 17 18 15 10 0.94 1.70
1988 18 18 15 9 1.00 2.00
1989 24 18 16 11 1.33 2.18
1990 35 18 17 14 1.94 2.50
1991 20 18 17 11 1.11 1.82
1992 23 18 14 12 1.28 1.92
1993 19 18 14 9 1.06 2.11
1994 16 18 13 8 0.89 2.00
1995 19 18 14 13 1.06 1.46
1996 21 18 15 14 1.17 1.50
1997 24 18 14 12 1.33 2.00

312 252 203 154 1.24 2.03



Table 1a covers monitoring by Dick Treleaven. Table 1b has more recent, and more comprehensive, 
data. Only the Table 1b data set is considered in this analysis section of this report. 

Fig. 1 is a graphical representation of the data of Tables 1a and 1b, showing the number of 
Peregrines fledged from monitored and successful sites throughout the period 1984-2019 
(excepting 1998/99). Fig. 1 indicates annual rises and falls in eyass production as would be 
expected as no two seasons are comparable in terms of weather, prey availability, parental 
condition etc. Overall, with successful fledging at a mean of about 2.3/successful site (about 1.4/
monitored site) Fig. 1 indicates a prolonged period of relative stability (in terms of fledglings), but a 
sharp decline beginning around 2015. We have therefore concentrated our efforts on establishing 
the significance of that period relative to the preceding period covering 2008-2014, chosen 
because the number of sites monitored in that period was approximately the same in all years. 
Overall data from that period is shown in Fig. 2.

Table 1b North Cornwall coastal Peregrine Falcon breeding summary 2000 - 2019
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2000 31 20 12 12 9 10 2 2.58 3.10 1.67 2.22 65%
2001 28 20 12 10 9 10 2 2.33 2.80 1.67 2.22 71%
2002 29 16 16 13 9 12 4 1.81 2.42 1.00 1.78 55%
2003 28 22 14 13 8 10 4 2.00 2.80 1.57 2.75 79%
2004 30 15 15 14 8 11 4 2.00 2.73 1.00 1.88 50%
2005 26 21 16 13 8 9 7 1.63 2.89 1.31 2.63 81%
2006 24 21 14 12 8 8 6 1.71 3.00 1.50 2.63 88%
2007 21 15 16 10 7 7 9 1.31 3.00 0.94 2.14 71%
2008 98 80 43 35 33 33 10 2.28 2.97 1.86 2.42 82%
2009 88 67 41 37 31 31 10 2.15 2.84 1.63 2.16 76%
2010 96 67 41 41 34 36 5 2.34 2.67 1.63 1.97 70%
2011 90 67 46 43 31 33 13 1.96 2.73 1.46 2.16 74%
2012 93 57 47 42 30 36 11 1.98 2.58 1.21 1.90 61%
2013 81 61 46 42 34 35 11 1.76 2.31 1.33 1.79 75%
2014 77 53 48 45 30 32 16 1.60 2.41 1.10 1.77 69%
2015 75 44 47 43 31 33 14 1.60 2.27 0.94 1.42 59%
2016 86 55 47 42 34 35 12 1.83 2.46 1.17 1.62 64%
2017 65 33 44 35 26 27 17 1.48 2.41 0.75 1.27 51%
2018 48 21 47 34 18 22 25 1.02 2.18 0.45 1.17 44%
2019 46 23 48 29 17 21 27 0.96 2.19 0.48 1.35 50%

Totals 1160 778 660 565 415 451 209 1.76 2.57 1.18 1.87 67%

BTO survey 2014 South West coastal 161 142 1.18 2.10



Figure 1 Peregrine Falcon fledgling produc1vity on north and west Cornwall coast 1984-2019 

Figure 2 North and West Cornwall coastal Peregrine Falcon breeding territory status 2008-2019 



Analysis 

A population data set for any bird species consists of variables which need to be considered to 
establish dependency. In the case of the coastal Peregrines these are the number of available 
eyries, occupancy of those eyries, whether occupancy results in breeding, the number of eggs 
produced by a breeding pair and the number of fledglings per egg. To gain an appreciation of the 
interdependency of these factors we looked at the number of eggs produced per clutch and per 
monitored site (Fig. 3) and the number of fledglings produced per clutch and per monitored site 
(Fig. 4).

Figure 3 Number of Eggs laid 2008-2019 

Figure 4 Number of Fledglings 2008-2019 

Figs. 3 and 4 show a decline in productivity, for both eggs and fledglings, since 2008, though the 
decline is more marked during the last 4/5 years. To study this decline in more detail we chose to 
analyse Figs. 3 and 4 with a t-test based on the assumption that the years 2008-2015 represented 
a relatively stable period against which the last four years could be judged. The t-test was chosen 
as the data set is small, and the test allows a working assumption that the standard deviation of 
the calculated mean is unknown, the test providing a standard error of defined confidence level. 
The mean productivity for 2008-2015 is plotted on Figs. 3 and 4. For subsequent years, 2016 lies 
within the calculated 95% standard error band for both egg and fledgling productivity. Thereafter 
the decline in egg production, whether measured by clutch size or by monitored site, is significant 
at >99%, i.e. not only are clutches becoming smaller, but the number of sites at which eggs are laid 
is also declining. A different pattern is seen in fledgling productivity. 



In terms of the likelihood that a fledgling will develop from an egg. From 2016-2018 the probability 
that an egg will develop into a fledgling remained essentially constant, but then declined sharply in 
2019. 

To compare coastal sites with adjacent inland sites we have collected data from Roger Finnamore 
and Nick Dixon. The data relates to 6 sites for the period 2010-2015, with three additional sites 
having been added in the last four years. The nine sites are a mean distance of 24 miles from the 
coast (range 15-33 miles). Data for these sites are set down in Table 2. 

Table 2  Peregrine breeding sta1s1cs for Cornwall and Devon sites inland of coastal eyries 

From Table 2 there appears to be no comparable decline in productivity for the inland sites. To 
confirm, Table 3 compares the productivity (measured as fledgling/egg) for the two areas. 

Table 3  Peregrine produc1vity at coastal and inland sites in NW Cornwall and Devon 



Table 3 indicates that north Cornwall’s coastal Peregrine sites have never reached the productivity 
of those inland, perhaps reflecting the overtly weather-swept nature of the former and the effect of 
this on hunting opportunities. In both cohorts 2012 and 2015 were poor years. While weather may 
be localised so that large area forecasts may not be indicative of conditions for an individual eyrie,  
2012 was a year of high winds and persistent rainfall during March and April. In contrast there were 
no general adverse weather conditions in 2015.  

While the immediately adjacent sites to those on the coast offer a comparison based on 
geographical position a further comparison was made with a larger data set collected for breeding 
Peregrines by Phil & Pat Johnson and Mark Darlaston over the 29-year period 1987-2019 on the 
southern Devon coast (Table 4). Note that Table 4 includes data only for the number of fledglings 
as data was not collected on clutch size. Fig. 5 shows the variation in the mean number of 
fledglings per monitored site during the same period.

 



Figure 5 Number of Fledglings/Monitored Site, South Devon coast. 

Table 4 indicates that there has been a decline in the number of occupied sites on the south coast, 
particularly over the last 8 years. Fig. 5 indicates an overall slow decline in the number of 
Peregrines fledged/monitored site throughout the period, but while this seems to have occurred 
only during the present century, there has been no marked decline over the last four years.  

Data from Lundy Island was also available to us for the years 2001-2009 and 2014-2018. No data 
was collected between 2009 and 2012. The island population is small, with only seven monitored 
sites of which 4-7 were occupied during the observed years, though with only four occupied in 
2018. The number of Peregrine fledglings during the observed period varied from 0 (in 2018) to 
1.43 (in 2005) with a mean of 0.64, but with no clear trend. However, the failure to produce any 
fledglings from only four occupied sites in 2018 is notable. 



Discussion 

What our analysis indicates is that in coastal north-west Cornwall the clutch size of Peregrine pairs 
which breed successfully, and the number of fledglings produced by these pairs have declined 
since the start of the new millennium, but that the decline has increased significantly over the last 
four years. At the same time, the number of occupied sites has also declined significantly. The data 
suggests that the number of adult Peregrines available to breed has declined and that the loss has 
not been compensated by either juveniles hatched at the local eyries or by immigration from further 
afield. Those adults which do breed are laying a smaller clutch and, in the most recent years, the 
number of eyasses produced, measured as fledgling/egg laid, has also declined, though in this 
case the decline is more marked in 2019 than in the immediately preceding three years. Since 
fledgling production is a sign of a healthy population the plot of fledgling production against site 
occupation makes sobering viewing (Fig. 6).

  

   

To attempt to investigate the decline we have applied two methods of assessing the required 
productivity to maintain a stable population. The Mebs equation (Mebs, 1971) was prepared to look 
specifically at Peregrine populations, while the Leslie Model uses an age-structured matrix to 
assess population growth

The Mebs equation is:

where q is the mortality (1.0-survival) of birds dying before reaching breeding age,
m is the mortality (1.0-survival) of birds during their breeding life (assumed to be 2-6 years)
and f is the required productivity for population stability. 



The current best-estimates for Peregrine survival are 54% for fledglings to survive their first winter, 
and 16% for adults capable of breeding to survive to the following breeding season. Using these 
data as a benchmark Table 5 below calculates required productivity against various value of m and 
q. 

Table 5  Mebs equation data for required Peregrine productivity. Note that Mebs assumes a 
lifetime of 6 years for an adult Peregrine and that juveniles do not breed until their second year. 
The former assumption is probably applicable to UK Peregrines. The latter assumption means that 
the probability of a young Peregrine living long enough for pair formation is 0.55, i.e. the second 
column.  

The NW Cornwall data for the last four years was then analysed on the assumption that chick 
mortality was the sole reason for the decline in population, i.e. in 2016 it was assumed that 42 
successful sites comprised 84 falcons of breeding age divided equally between 5 age (2, 3, 4, 5 
and 6 years of age) as per the Mebs equation. Assuming all the birds in the oldest age group died, 
the replacement number to equate to the following year’s population was then calculated. This was 
compared to the actual fecundity of the year so that the required mortality before breeding age was 
reached could be calculated. Allowing then for an assumed 16% mortality during the first calendar 
year, i.e. that those birds which survived their first winter had to survive another year before they 
were old enough to breed, the first winter mortality could be calculated. The derived figure 
averages 70% over the period. This is seemingly consistent with Table 4 as the Peregrine 
productivity during 2016-2019 was always lower than the required 1.39/successful site. However, 
this is a very blunt tool for considering the data as the same result can be obtained by assuming 
46% mortality of first winter birds and 16% mortality of those birds reaching breeding age, together 
with an enhanced adult mortality so that the replacement birds are insufficient to fill the voids left 
by adult deaths. Assuming that to be the case requires the entire adult population to die out in 
2017, the breeding stock being exclusively second year birds, and almost all of those birds to die 
the following year.         

This result is not unexpected, as the Mebs equation shows that the required productivity is more 
dependent on adult survival rate than that of juveniles. The likely scenario, therefore, is that adult 
mortality has increased/is increasing and the rate of survival of juvenile to breeding age is 
declining. Since adult deaths are likely to enhance the chances of a first calendar year bird 
breeding, the probable decline in juvenile survival is due to higher first winter mortality.  

To further investigate the population decline we prepared a Leslie Matrix Model (Leslie, 1945). 
Leslie model considers the females of a population, and allows for a distinction between the 
survival rates of breeding (adult) and non-breeding individuals. However, it does not allow for 
changes in survival rates year on year. Our starting point, therefore, was use of the current BTO 
published rates, i.e. 54.4% for juveniles to reach their first calendar year, and 80±5.4% for adults. 

q

m 0.46 0.5 0.55 0.60 0.65 0.70

0.16 0.71 0.76 0.85 0.95 1.09 1.39

0.20 0.93 1.00 1.11 1.25 1.43 1.67

0.25 1.23 1.33 1.48 1.67 1.90 2.22

0.3 1.59 1.71 1.90 2.14 2.45 2.86

0.4 2.47 2.67 2.96 3.33 3.81 4.44

0.5 3.70 4.00 4.44 5.00 5.71 6.67



For comparison with the Mebs data we used a mean lifetime of 6 years for Peregrines, and the 
observed fecundity (i.e. fledging productivity) for the period from 2015 onwards. 

Using these data does not provide a fit to the population dynamics observed in the last few years. 
We therefore adjusted the mortality data in order to create a best fit in years 2016-2019 with an 
assumed population consistent with that of 2015. The fit is not perfect but requires a mortality of 
40% for adults and 59% for juveniles. This result is not dissimilar in tone to that obtained using the 
Mebs equation, i.e. that both adult and juvenile mortality are increasing. This conclusion is 
consistent with the view of the site monitoring teams that juvenile birds are not tenanting eyries left 
empty, an observation which implies that the mortality of both cohorts is increasing. 

For completeness we have used the Leslie modelling to predict the possible future of the Peregrine 
population of Cornwall’s Atlantic coast (Fig. 7).    

Figure 7 Projec1on of north Cornwall Peregrine popula1on.  



Conclusions 

If the marked decline in the population in the coastal area of north-west Cornwall  primarily due to 
such an increase in falcon mortality, the question arises of what is the cause, particularly as it 
appears confined to the coastal region of the area, there being no corresponding decrease on the 
south coast or at inland sites (with the proviso of the limited data set for the latter). Higher adult 
mortality would, at least in part, explain the reduction in the observed number of fledglings per 
successful site as below-par adults would be less able to rear fledglings. And, of course, less 
healthy juveniles would be less able to withstand the rigours of winter.

The obvious candidate for any decline in a coastal species is marine pollution as that might not be 
expected to extend to inland areas. Climate change is known to be causing sea temperature rises 
and the distribution of marine life which could affect local prey species. Climate change is also 
affecting the British climate, increasing the likelihood and severity of both storms and rainfall which 
could affect both the Peregrines ability to both hunt and breed. Because of its position relative to 
incoming Atlantic weather fronts, the northern coastal would then be expected to see a greater 
effect than the more sheltered southern coast. The south coast data shows a steady decline in 
Peregrine occupation over the last 20 years and more obvious decline in productivity over the last 
ten years, there is no evidence of a more recent, sharp decline. This suggests that while poor 
weather may be exacerbating an underlying trend, it is probably not of itself sufficient to explain the 
sharp difference between the two areas. Agricultural contamination, affecting prey species and 
hence the area’s top avian predator, cannot be ruled out as it is possible that an effect localised in 
the coastal area is responsible: since land productivity tends to be superior to that of the coastal 
fringe is the latter being more intensively farmed with an accompanying detrimental effect on 
Peregrine prey species? While the farming is different on Lundy, the data set from the island is not 
considered sufficient to assess whether the difference is able to explain the Cornish decline. 

Having consulted with local raptor groups we conclude that further data monitoring is instigated 
urgently, both nationally on the Peregrine population to see if the NW Cornwall decline is being 
duplicated elsewhere, and locally to see if any changes in land usage align with the observed 
decline.
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