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DIET OF THE PEREGRINE FALCON 
BASED ON PREY REMAINS FROM A 

NESTING AREA IN BÂRSEI DEPRESSION, 
ROMANIA 

 
A.D. SANDOR1    D.T. IONESCU2 

 
Abstract: The paper presents the diet of the Peregrine Falcon (Falco 

peregrinus) based on prey remnants in a breeding area from Bârsei 

Depression, Romania. An analysis of prey remnants from a total of 74 prey 

items are discussed and compared with the results of other studies on Falco 

peregrinus’ diet. 

 

Key words: Peregrine Falcon, diet, Bârsei Depression, Braşov County. 
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1. Introduction 
 

The Peregrine Falcon (Falco peregrinus) 

is a threatened bird of prey in most of its 

world wide breeding range. Populations in 

Europe and North America started to 

decline in the 1930’s due to persecution 

and nest robbing. Later the decline was 

accentuated by the increasing use of 

pesticides, especially organochlorine 

compounds (dieldrin, DDT) but other 

human activities, such as poaching and 

persecution have also contributed in 

certain areas [3], [7].  

The European breeding population of the 

species is relatively small (lesser than 

25,000 pairs) but it has increased in many 

countries between the years 1970 and 2000 

and now its species status of conservation 

and threatened is evaluated as Secure [3]. 

The species was a regular breeding bird 

until mid 1970’s, later disappearing from 

most traditional breeding sites [4], [5]. 

Following the increase noted in population 

and range in Western Europe, the 

Peregrine returned to several old breeding 

areas [3], [6], [7]. In Romania, the species 

started to appear in the vicinity, or is 

occupying old breeding areas from suitable 

habitats. The national breeding population 

probably amounts to less than 20 pairs, 

spread along the Carpathian Mountains [4], 

[5]. For the period between 1990-2000 its 

Romanian breeding population was 

evaluated at 8-15 pairs, but its real 

breeding population size could be larger 

and the trend is increasing [4].  

From a conservation point of view the 

Peregrine Falcon was considered a species 

not concentrated in Europe but with an 

Unfavorable Conservation Status (SPEC, 

Category 3) and rare according to the 

European Threat Status. Beginning with 

2004 its Conservation Status is considered 

as Favorable on both European Union and 

Pan - European level. It is also mentioned 

in the first annex of the EC Birds Directive 

(79/409/CEE) as being a species that 

require special conservation measures 

concerning its habitat. 
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The breeding population in Romania is 

small and dispersed and there is a clear need 

for a study concerning its distribution, 

density, habitat selection, food supply and its 

main threats. Information on food supply 

could also be very useful to understand many 

aspects of its local diet preference, its food 

chain and the possible explanation for its 

disappearance from some regions.  

 

2. Study Area, Materials and Methods 
 
Location, habitat - brief description 

The nesting site is located in the central 

part of Romania, in the Transylvania 

Province, Perşani Mountains (Braşov 

County). A well forested area with beech 

(Fagus sylvatica) as a dominant tree species 

and other deciduous elements (Acer sp., 

Fraxinus sp. etc.) represent the habitat 

around the nest site. Several calciferous 

cliffs with variable size and some rock 

accumulations on the slopes are placed 

inside the forest. Some open habitats 

(pastures, hay fields etc.) and scarce rural 

settlements/farms are located in front of the 

nesting site. The nest-scrape was choice on 

a cliff ledge several meters above the 

ground, nearly inaccessible for man. The 

cliff faces approximately west and is 

warmed by the sunlight. It was probably 

used for several breeding seasons and was 

abandoned at the moment of study for 

unknown causes.  

 

Material and methods 
The material for the diet analysis consists 

in prey remains (only bones) that were 

collected from the nest-scrape, near it and 

from soil under nest-scrape. Certainly, 

only an accessible part of the total food 

remnants were picked for analysis. Bones 

were collected during summer of 2003. 

Prey remains were identified by 

macroscopic comparisons with reference 

collections (Sandor Attila’s privat bone 

collection).  

3. Results and Discussion 
 

A total of 74 prey items was identified 

from the bone samples, all prey remains 

belonging to bird species. 

There are at least 16 wild bird species 

and one feral species (Feral Pigeon -

Columba livia domestica). Other four 

items were identified only at the level of 

the group (unidentified passerines species -

Order Passeriformes). 

The species uses a wide range of bird 

species for food, as those on the list have 

been identified as belonging to 16 species 

from 7 orders. We also notice a variation 

concerning prey body size, habitat 

requirements and prey distribution. Most 

prey species are birds with good flying 

abilities, which are common in the area, 

but certain species are habitat specialised, 

depending on nearby wetlands.  

As part of a systematical classification the 

birds belong to: Podicipediformes Order - 

Black-necked Grebe (Podiceps nigricollis); 

Anseriformes Order - Garganey/Teal (Anas 

querquedula/crecca - based on bones found 

it was not possible to be identified which 

of the species is); Gruiformes Order - Water 

Rail (Rallus aquaticus); Charadriiformes 

Order - Lapwing (Vanellus vanellus); 

Columbiformes Order - Woodpigeon 

(Columba palumbus), Domestic Pigeon (C. 

livia domestica), Turtle Dove (Streptopelia 

turtur); Piciformes-Grey-headed Woodpecker 

(Picus canus); Passeriformes Order - House 

Martin (Delichon urbica), Blackbird 

(Turdus merula), Song Thrush (Turdus 

philomelos), Jackdaw (Corvus monedula), 

Hooded Crow (Corvus corone cornix), 

Rook (C. frugilegus), Magpie (Pica pica), 

Hawfinch (Coccothraustes coccothraustes), 

Chaffinch (Fringilla coelebs). Most of the 

Peregrine Falcon’s prey is represented by 

pigeons if we take into consideration prey 

number and passerine species if we 

consider species number (53% of the total 

species). 
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The prey body size is also different from 

species to species. Thus, in the smallest 

category we include Delichon urbica: 

12.5-13 cm and Fringilla coelebs: 15 cm. 

The largest prey species are Corvus 

frugilegus: 45-48 cm, C. corone cornix: 

46-47 cm and Pica pica: 45-46 cm. Thus, 

the difference between the largest and the 

smallest bird is about 35 cm. 

According to the prey weight the 

minimum total weight is characteristic for 

Delichon urbica: 16-21 g and for Fringilla 

coelebs: 17-30 g Corvus frugillegus with 

380-700 g and Corvus corone cornix with 

500 g have the maximum weight. From the 

water birds Podiceps nigricollis has the 

maximum weight. The difference between 

the heaviest bird species and the species 

with the smallest weight is about 680 g. 

If you consider habitat types at least 

woodland, urban and wetland birds species 

occur in the diet of the studied Peregrine 

Falcon pair. The prey species from 

terrestrial habitats are dominant (76% from 

the total species number) and those from 

wetland habitats represent only 24% from 

the total species number. In the nesting site 

vicinity there is no important wetland and 

maybe the water birds (Podiceps 

nigricollis, Anas crecca/Anas querquedula, 

Rallus aquaticus and Vanellus vanellus) 

were captured at several kilometers from 

the nest area (Dumbrăviţa Fishpond 

Complex Special Protection Area is the 

most important waterbirds concentration 

wetland point near Codlea area). A 

wetland area within a woodland and open 

land habitat attracts many bird species and 

sometimes large populations of water birds 

that are potential preys for Peregrine 

Falcon.  

The main consumed species was Feral 

Pigeon with about 40% from the total prey 

consumed. The second species was 

Coloeus monedula, based on prey number 

and weight. Both of them suggest that the 

Peregrine Falcon nesting in this area often 

hunted near and inside human settlements 

or other urban type habitats. 

A relative wide range of prey types could 

characterize this Peregrine Falcon food 

sample, although it probably not contain 

all the prey species and items that were 

hunted and brought to the nest. Thus, the 

prey spectrum could be more complex in 

reality.  

Different studies on Peregrine Falcon 

diet show that birds constitute nearly 

exclusively its diet [2], [7]. In the case of 

this study there were found only bones 

from birds, situation typical for the species 

[2], [4], [7], [8], [9]. As in most studies the 

diet was characterized by the dominance of 

pigeon/dove species making the Feral 

Pigeon is its favorite prey [8], [9]. 

Due to the lack of Peregrine Falcon diet 

data in Romania, other studies on its food 

supply are necessary to understand some 

aspects of its breeding and feeding habitat 

requirements in the conditions of Romania. 

These aspects are important also for an 

efficient protection of existing pairs and to 

enhance the return of the Peregrine to the 

old but abandoned nesting areas.  
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Abstract: The study presents the supervised classification methods that 

were applied to a satellite image Landsat 7 ETM + with six bands (excluded 

the thermal bands). The methods used were: the method of the maximum 

probability, the method of the Mahalanobis distance and the method of the 

minimum distance. The results are a little different because each method of 

classification has different calculating mathematic algorithms. 
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1. Introduction 

 

The classification of the content of the 

satellite multi-spectral images consists in 

the utilization of the digital information in 

more bands and the division of each pixel in 

a certain class according to the spectral 

information. This manner of classification, 

is well known as the spectral model of 

recognition. In other cases, the pixels of the 

image are attributed to particular classes 

(water, resinous forests, leafy forests, and so 

on), having as a result a mosaic of pixels, 

each one belonging to a class, creating in 

this way a thematical map [1].  

The classes of information represent 

interest categories that the analyst tries to 

identify in the image, such as different 

types of forests or trees, different 

geological units or rock types, a.s.o. In the 

supervised classification there are first 

identified the classes of information that 

afterwards are used in determining the 

spectral classes [2]. 

The spectral classes represent groups of 

pixels with uniform spectral values or 

almost uniform on different spectral lines. 

The objective of the supervised 

classification is the gathering of the 

spectral classes in information classes. The 

situations in which such gathering is 

necessary are very rare. Often, a spectral 

class may not belong to any class of 

information defined by the user. In other 

situations, a class of information (for 

example the forest), may contain a number 

of spectral subclasses with unique spectral 

variation. Using the example of the forest, 

the spectral subclasses may appear due to 

the age variation, the species, the 

consistence, or as a result of the variations 

in illuminate due to the shadowing of the 

mountains [3]. 

The supervised classification has as a 

consequence, the identification of 

representative homogeneous zones on the 

entire surface which must be classified and 

which constitute samples (training sites). 

The choice of the most proper samples is 

based on the best knowledge of the analyst, 
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concerning the geographical area studied 

and at the same time the knowledge about 

the vegetal carpet types present in the 

image. The numerical information of al the 

spectral bands, characteristic of the 

existent pixels from the samples, is used to 

“train” the computer in recognizing similar 

surfaces from a spectral point of view. 

After establishing the spectral signatures 

for each class, the pixels of the image are 

considered separately, compared to these 

signatures and classified towards the most 

similar class [6], [8].  

 

2. Supervised Classification Method 

 

The most used supervised classification 

method, are the maximum probability, the 

minimum distance compared to the 

average, the mahalanobis distance and the 

parallelepiped method. These are 

incorporated in almost al the GIS 

programs, specialized in remote sensing 

(ERDAS, GRASS, Idrisi), each time 

choosing the most appropriate method. 

The procedure of the maximum 

probability, presupposes the effectuation 

of the classification on grounds of the 

Gauss statistic type probability. For each 

sample, the curve of distribution of the 

frequencies is constructed (The Gauss 

curve) which must be of shape of a bell 

and during the process of classification the 

pixels are passed from one class to another 

on grounds of probability. In this way it is 

calculated the probability of the belonging 

of each element of the image, to a class of 

objects or another. The method has good 

results in the case of the vegetation ground 

and it is also quick and expressive.  

The minimum distance compared to the 

average is based on the distance between 

the non classified pixels and the initially 

classified pixels, using the existent 

samples. The non classified pixel will pass 

to the class with the minimum distance. 

For each sample the average is calculated 

and the non classified pixels are passed to 

various classes according to the distance to 

the average.  

The mahalanobis distance is used 

because it is very sensitive to the inner 

variable changes of the samples data. In 

addition, while the mahalanobis distance is 

measured in terms of standard deflection in 

comparison with the average of the 

samples, the reported values represent a 

statistical measure of the way in which the 

spectral answer of the unknown pixels 

meet or not the spectral answer of the 

samples. 

The parallelepiped method considers the 

samples as being under the shape of 

parallelepipeds. Considering the fact that 

the analysis is made at least on two 

spectral bands, analysis rectangles are 

obtained. During the classification, the non 

classified pixels pass in the rectangle of 

whose spectral properties are similar to 

theirs. The application of this method is 

limited because the uses of the straight 

lines to limit the classes limit as well the 

efficiency of the method [6], [7], [8]. 

 

3. The Material Used 

 

For the application of the method of the 

supervised classification a frame was used 

from a satellite image Landsat 7 ETM + 

taken the 09.09.2000, having the spatial 

resolution of 30 meters in multi spectral. 

The frame, is part of the orbit 183, row 28 

and was georeferenced in the Universal 

Traverse Mercator system through “the 

nearest neighbor” method, this way, the 

original values of the pixels remaining the 

same. The image used was a combination 

RGB 432 (false color composite). The 

processing of the image was made with the 

ERDAS program 8.6 from the University 

of Freiburg, Germany. The image is multi 

spectral having eight bands from which 

(6.1 and 6.2) are thermal bands and were 

excluded from the classification. The 
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studied area is the protection and 

production unit V Faţa Pietrei Craiului 

from the Forester Administration Zărneşti. 

Besides the satellite image, there were as 

well used the basic plans with contour 

lines from the studied area which were 

scanned and converted to vectors in order 

to obtain under digital shape, the division 

into lots and the subdivision into lots of the 

forest planning. The figure obtained this 

way was georeferenced in the same system 

as the satellite image and was used at the 

overlay of the division in lots on the image 

in order to obtain the samples. 

 

4. The Results  

 

The content of the image used was 

classified trough the maximum probability 

method (maximum likelihood), the 

mahalanobis distance method and the 

minimum distance method. 

The samples in order to define the 

spectral signatures before the classification 

were made. These were done in the forest 

planning units (u.a.) from U.P. V Faţa 

Pietrei Craiului using the AOI function 

(area of interest) and have contained the 

sub lots almost entirely. The creation of the 

samples were done by the overlaying of 

the division in lots on the satellite image 

(the vector line of the lots and sub lots) 

considering that the limit of the sub lots is 

in buffer areas in order to avoid the 

expanding of the sample on other sublots. 

There were defined ten spectral classes 

that contained: beech wood, mix, spruce, 

pasture, hayfield, empty field (free), 

agricultural 1 (agricultural with bushes), 

agricultural 2 (cultivated), agricultural 3 

(not cultivated), and urban area land. At 

the harvest of the spectral signatures, for 

each type of tree or used category there 

were used more samples after which the 

spectral signatures were gathered in one 

with the name of the class (beech tree, 

spruce fir and so on). Each spectral 

signature was analyzed through the 

drawing of the spectral answer graphic for 

the six bands used at the classification 

(Figure 1). There were used 18 samples 

chosen from the forester fund and 15 out of 

the forester fund [5]. 

When analyzing the graphic we realized 

that the biggest confusion occurs in the 

case of the beech tree and mix tree, the 

curves that describe the behavior of the 

two types of tree being very closed. 

Actually the behavior of the three types of 

the tree was analyzed as well by obtaining 

the ellipses of each class in the “feature 

space”.  

 

 

 
 
 

Fig. 1. The graphic of the spectral signatures 
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The overlaying on a bigger surface of the 

ellipsis has shown that between the classes 

there are classification confusions, which 

occurred especially in the case of the beech 

tree with the mix trees. Following the 

graphic we notice that spruce fir has the 

weakest spectral answer. The strongest 

spectral answer appears at the surfaces 

covered with pasture after which, in a 

decreasing order the empty land (example - 

the quarry of Gura Râului), the hayfields, 

the beech tree and the mixed trees. For all 

the agricultural lands, the curves of the 

spectral answer are located between the 

curve of the spruce fir and the curve of the 

mix. The analysis has considered the 4
th
 

band (closed infrared) which represent the 

most important issue in the analysis of the 

behavior of the vegetation because here, is 

the biggest reflectance. Following the 

curves in the case of the line three (red), the 

vegetation presents the lowest shape of the 

curves where, actually, there is as well the 

lowest absorption. We must add that 

although there were done more spectral 

signatures none of them succeeded as a 

spectral separation better than the one 

considered, this being the main reason for 

which there were chosen more classes in 

order to effectuate the classification. It was 

noticed that the best separation is obtained 

from the spruce fir, from the considered 

types of trees, without any big confusions of 

the classification [5]. 

The classification of the content of the 

satellite image was done through the three 

methods above, considering of the spectral 

signature graphic. Besides the above 

descriptions, the result of the classification 

may be partially different due to the 

classification method [4]. 

In the case of the application of the 

mahalanobis distance method, we notice 

that the main change is the decrease of the 

proportion of the beech tree with respect to 

the one in the image whose content was 

classified through the maximum probability 

method. These surfaces are classified 

mostly like mixed trees or spruce fir type, 

the last ones to a smaller proportion. 

In case of using the minimum distance 

method, it may be emphasized the fact that 

all the classes considered in the 

classification have the boundaries clearly 

defined. Consequently there is no between 

the surfaces with beech tree, spruce fir tree 

and mixed trees obvious evidence when 

passing from one tree to another. The 

spruce fir surfaces are presented more 

compactly and, through the application of 

this method, the spruce fir occupy surfaces 

much large comparative with the results 

obtained through the application of the 

other two methods (Figures 2, 3, 4) [5].  

 

 
 

Fig. 2. The Landsat image 7 ETM + from 09.09.2000 classified through 

the method of the maximum probability 
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Fig. 3. The Landsat image 7 ETM + from 09.09.2000 classified through  

the method of the distance mahalanobis 

 

 
 

Fig. 4. The Landsat image 7 ETM + from 09.09.2000 classified through  

the method of the minimum distance 

 

 
 

5. Conclusions 

 

In order to obtain the supervised 

classification of the content of the satellite 

images, there were analyzed three methods of 

classification: the maximum probability, the 

mahalanobis distance and the minimum 

distance. Each one of these three methods has 

different mathematical algorithms, therefore 

the results are different. The best results, 

checked by the forest planning and by 

comparison with the land, were obtained 

through the application of the maximum 

probability method. In comparison to these 

results, through the application of the 

mahalanobis distance method, the proportion 

of the beech tree was reduced because of the 

mixes and by the application of the minimum 

distance it was noticed an increase of the 

surfaces classified as spruce fir tree type and 

a decreasing of the proportion of the mixes.  
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