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PREFACE 
 
This report features the results of field studies undertaken at the A Rocha Portugal field study centre, 
Cruzinha, during the years 2005 and 2006. This has been a challenging time in the history of the 
organisation due to an unprecedented level of threat to the natural environment of our key study area – the 
Alvor Estuary with Quinta da Rocha at its heart – demanding the focusing of energies on an appropriate 
response. The new regime of land ownership and development has also severely hampered access to a 
large proportion of this area, curtailing a number of ongoing studies including the fortnightly monitoring 
of wader populations on the estuary. The level of other bird monitoring has also suffered, and we regret 
the lack of capacity to include a systematic list in this current report. 
 
Nevertheless there has been some valuable research and monitoring undertaken and we are grateful to a 
large number of visiting scientists, students and volunteers who have worked with the A Rocha team to 
make this possible. Bird ringing has continued throughout the period with at least one weekly session in 
the Cruzinha grounds (except for August 2005), and more concentrated effort during the autumn 
migration periods. Storm Petrel ringing-based research, with the support of Earthwatch volunteers, took 
place again in early summer of both years, and provided the opportunity to welcome back Rob Thomas, 
Colin Beale, Mark Bolton and other former Cruzinha team members and old friends. This report carries a 
summary of ringing statistics and reported controls from the two years. Four other bird studies are 
featured in the following pages, two by European Voluntary Service volunteers: Anouschka Hof from the 
Netherlands studied the local Little Owl breeding population, and Emma Rosenfeld from Cardiff 
University looked at the effect of capture and handling on nesting Kentish Plovers. The latter study built 
on previous research and monitoring on this and another key species for the estuary, the Little Tern. An 
update on the status of both birds is included here by intern Karina Sousa. Karina’s project involved 
practical action with the help of the local community to protect nesting Kentish Plover colonies, a general 
approach that we would like to widen in the future. Martyn Lings’ winter survey of waterbirds at Abicada 
follows earlier recording in this area described in the 2004 Observatory Report by Willem Scheres. In this 
current report Willem reviews sightings of wrynecks and woodpeckers over the years. Willem’s regular 
visits have continued through 2005–06, and invariably turn up the most interesting bird records of the 
year. 
 
Further afield A Rocha completed its contribution to a GIS-based environmental inventory of the 
Guadiana Estuary, funded by the European Community and led by Faro University. This adopted habitat 
mapping methods employed by A Rocha at the Alvor Estuary by Anouschka Hof and Helen Baker before 
her. A brief report is included within these covers. In the Monchique Mountains study area, A Rocha’s 
latest research has been on the recovery of different plant communities following the forest fires of 2003 
and 2004. This was led by Will Simonson and intern Patricia Santos, with the help of Ruth Mitchell of the 
Centre of Ecology and Hydrology. The work continues with further data collection at the time of writing, 
but the interim results are presented by Patricia in this report. With some inclusions on other animal 
groups – bats and marine invertebrates – as well as a study of sea lavenders and the latest on the weather, 
we hope that you find this Observatory Report stimulating and informative. I am grateful to Dr Penny 
Wolff for reviewing its content and making substantial improvements to the text.  
 
Please do join with us in seeking the continued survival of the priceless wetland ecosystem of Alvor at this 
south-west corner of Europe. 
 
The Editor, on behalf of the A Rocha Portugal team 
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MONITORING THE LITTLE OWL ATHENE NOCTUA 
ON QUINTA DA ROCHA 

 

Anouschka Hof 
 
 

Introduction 
 
Although the Little Owl Athene noctua is widespread in Europe, Asia and North Africa, in many countries 
its numbers appear to be declining (eg Willems et al, 2004; Stroeken et al, 2001; Plantinga, 1999; A 
Rocha Czech, 2006; Kitowski 2003; Birdguides, 2006; Zmihorski et al, 2006). As a result, within Europe 
the Little Owl is considered as a ‘Species of European Conservation Concern’ (SPEC), with a declining 
‘European Threat Status’ (Tucker & Heath, 1994, in Van Nieuwenhuyse et al 2001a). The general theory 
for the declining number of Little Owl individuals is (among others) based upon the impact of changing 
habitat and land use (eg Plantinga 1999; Stroeken et al, 2001; Martinez & Zuberogoitia, 2004). Some 75% 
of the European population occurs on arable land and improved grassland habitats (Tucker & Evans, 
1997, in Van Nieuwenhuyse et al, 2001a), which makes them vulnerable to habitat changes. However, 
unpublished research carried out by A Rocha Portugal shows that there is a relatively high number of 
Little Owl individuals in the area of Ria de Alvor in the Algarve, Portugal. Tron (2003) estimated the 
density of Little Owls at 0.4 individuals per hectare (40 individuals per km2) at Quinta da Rocha during a 
short survey, which is an exceptionally high number. According to Groen (2004) the optimum site for 
Little Owl would be a site that has:  
 

·  an open to half-open landscape with a variety of short and rough vegetation 
·  a sufficient number of nesting places in trees or buildings  
·  the presence of numerous species of prey 
·  a sufficient number of places for the bird to sit, rest, feed and look for prey 
·  no use of insecticides and pesticides on the land 
·  little to no competition for nesting places and food resources, and 
·  little to no predators in the near surroundings of the territory . 

 
Quinta da Rocha appears to meet a good number of these prerequisites, and therefore might be able to 
hold a fair number of breeding pairs of Little Owl. Further research was carried out to obtain a more 
accurate estimation of the current status of Little Owl in the area, in relation to the habitat and land use. 
The status of Little Owls in the Ria de Alvor was compared with other regions in order to obtain more 
knowledge about the aspects that play an important role in the declining numbers of the species, and to 
draw conclusions on which conservation approaches might ensure the continuing survival of the Little 
Owl population at Quinta da Rocha in the context of land use change trends. 
 
Methodology 

 
The study site 
The research area, Quinta da Rocha, encompasses 264 hectares and is located within the Ria de Alvor. 
Geologically Quinta da Rocha primarily consists of limestone and red sand soils from the Pleistocene. A 
GIS-based habitat and land use map of the Ria de Alvor was used to quantify the habitat types and 
landmarks that were suitable for Little Owl. The most common land use type in the area was long term 
fallow or pasture land (37%), followed by arable or short-term fallow land (13%) and by orchards of 
almond, fig and or carobs (12%). Low density mixed orchard on arable or short-term fallow land is also 
present at a high density (10%). About 9% of the area is used by houses and gardens. There are numerous 
perches throughout the whole area such as old buildings, high stem trees and telephone wire poles. 
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The estimation of the breeding population 
To get uniformity in the data the methods and transect used by Tron (2003) were used. Another three 
transects were laid out to cover the whole of Quinta da Rocha (Figure 1). Transect 1 was 1250 m long, 
transect 2 was 2750 m, transect 3 was 2000 m, and transect 4 was 1550 m. The survey points used by Tron 
(2003) were revised as the distance between each survey point seemed short (on average 250 m.). The 
detectability radius around survey points commonly used is 400 m. Although calls beyond 400 m are 
generally considered not to be heard, survey points were laid out about 500 m apart from each other. This 
was based upon the finding of Centili (2001) that 36% of the calls were heard beyond 450m of the survey 
point. In addition it decreased the possibility that individual owls would follow the observer or that the 
same individuals would be recorded from more than one survey point (Forsman, 1983; Centili, 2001). In 
order to obtain the survey points, the map of the area was overlaid with a grid of squares of 500 m by 500 
m. The survey points were positioned on accessible routes as near as possible to the centre of the squares. 
 
Figure 1  Habitat map of Quinta da Rocha  
showing the transects. 

Each transect was traversed at night once a week from 
mid-February until the end of March, and four times over 
consecutive days during the pre-breeding season at the 
start of April when males normally are displaying 
territorial behaviour. Additionally, the territories are 
usually more or less definite at this time. A total of 27 
fieldwork days were undertaken. 12 of these days covered 
two transects and 15 days covered one transect. The 
fieldwork was carried out from 9.00 p.m. until 11.00 p.m., 
when the calling activity is highest (Exo (1989) in Centili 
(2001)). At each survey point, the procedure started with a 
minute of listening and recording of the calls that were 
heard. This was followed by broadcasting the territorial 
call of the male for about 45 seconds. During the 
following nine minutes the responding owls were recorded 
on the map. The equipment used was a Sony tape recorder 
with a Sennheiser microphone borrowed from the Centre 
for Ecology and Hydrology, UK, and a Sony minidisk 
device with an external microphone. The programme 
Audacity 1.2.4 was used to store and analyse the 
sonograms. 
 
In order to identify in which habitat type the owls were 
located and to minimize possible double counting of 
individual birds, the distance from the observers to the 
calls of the owls, and the direction of the calls, were 
estimated at the survey points. The data was stored in 
 

 ArcView GIS to estimate the density of Little Owls. Additionally, it was noted whenever owls responded 
with the territorial call or with an alarm call. Since only male owls display the territorial call, territories 
can only be defined by these calls. Owls displaying the alarm call were also drawn on the map to obtain 
additional information about the total number of Little Owls in the area.  
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Climatological data such as moon visibility, cloud cover, and precipitation conditions were also recorded 
since the weather can have an impact on owl activity (Swanson & Nigro, 2000).  
 

Defining the territories 
The defining of the territories was based upon the male territorial calls. If individuals were observed 
flying, the calls made by that individual both before and after its flight were taken into account to define 
the territories. Calls were considered to come from separate owls if they were heard simultaneously or if 
they clearly came from different directions. Nevertheless one can never be 100% sure that calls heard 
from different directions, if not simultaneously, come from different owls. This might lead to an over-
estimation of the amount of territories. Additionally the female is able to display a call which might be 
confused with the territorial call of the male, therefore different recorded calls could come from the male 
and female belonging to the same breeding pair, which might lead to an over-estimation of the number of 
breeding pairs. To compensate for this over-estimation, a buffer zone was created to cluster observations 
into unique territories. Buffers of 50 m were placed around each territorial call. Based on the amount of 
overlap of the buffers and on the days the territorial calls were heard, different territories were defined. 
The presence of a territory was based upon a minimum of three territorial calls recorded on different days 
within the same cluster. 
 
Results and discussion 
 
The playback method 
Due to the high density of Little Owls in the area, it was not certain in every case whether the call came 
from individual A or B. However, in some cases the call of an individual was so distinctive that it was 
possible to recognise particular individuals by their call. Furthermore, owls that had their territory adjacent 
to each other often both responded to a broadcasted call. In this way the different territories could be 
defined with some certainty. Great care was taken to avoid double counting individuals when using the 
playback method. Nevertheless, one can never be sure double counting did not take place at all. Therefore, 
the amount of territories defined based upon the playback method is only an indication of the number of 
territories in the area.  
 
A total number of 17 territories were defined using the playback 
method. Figure 2 shows the position of these territories. The exact 
size of the territories could not be estimated due to lack of 
observations. The territories displayed have been defined by 
connecting the buffers around the outer observations of each 
individual. On average a territory was defined based on seven 
different observations. The map must be regarded as an indication 
of the number of territories in the area rather then an indication of 
the size of the territories. 
 
GIS analysis of the results indicates an estimated density of Little 
Owls on Quinta da Rocha of 6.44 territorial males per km2, which is 
comparable with other findings in the Mediterranean region (Génot, 
1997; Tomé unpublished in Tomé et al, 2004), but considerably 
higher then in the rest of Europe (various references cited in: Génot 
(1996) and Vogrin (1997), see Table 1).  

 
 

Figure 2 The territories of Little Owl on Quinta da Rocha. 
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Table 1  Published average Little Owl densities.  
1summary and references by Génot (1996)  
2summary and references by Vogrin (1997) 
 

Country Area Singing males/ 
km2 

Pairs/ km2 Reference 

1Italy Pavi 1.1  Cesaris 1988 
2Slovak republic Michalovce district  1 Danko et al. 1994 
1,2Poland Mazowsze lowland  1.4 Dobrowski et al. 1991 
2Austria Burgenland  1.5 Dvorak et al. 1993 
1Italy Po plain  9.3–11 Estoppey 1992 
1Germany  1.2–1.7   Exo 1983 
2Poland South Podlasie  0.4 Fronczak et al. 1991 
1The Netherlands Betuwe  2.1 Fuchs 1986 
France 10 areas 0.21  Génot 1996 
Austria 5 areas  0.08 Ille et al. 2001 
1Germany   Up to 5.6  Illner et al. 1989 
1,2Poland Kampinos National 

Park 
 0.6 Kowalski et al 1991 

2Croatia Southern Bohemia  0.24 Pykal et al. 1994 
1Germany East-Germany 0.1  Schönn 1986 
Czech Republic 27 areas  0.12 Schröpfer 2000 
Portugal Cabeça da Serra  7.0 Tomé unpublished in 

Tomé et al. 2004 
Portugal S. Marcos da 

Atabueir 
 2.3 Tomé unpublished in 

Tomé et al. 2004 
1Belgium Flanders 1.3  Van Nieuwenhuyse et al. 

1990 
Slovenia Dravsko polje  Up to 0.48 Vogrin 1997 

 
 Individual call recognition 
All owls that responded to the playback were recorded. The sonograms of the recordings were analysed 
and 11 of the 17 different owls could be distinguished (Figure 3).  
 
Figure 3  Little Owl sonograms. 
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The results showed that it is important that a call is recorded for a substantial length of time to avoid 
identifying one call as two individuals. This can be illustrated by the following example. Figure 4 shows 
three sections from the recording of the same individual (owl number 10). This individual changed from a 
territorial call (t = 0) into an alarm call (t = 80). The frequency that the owl displayed a call went up and 
the exclamation within the call changed. The call as displayed at t = 40, which still sounded like a 
territorial call, could have been wrongly identified as coming from another individual when compared 
with the call displayed at t = 0. 
 
Figure 4  Sonograms of owl number 10 changing from a territorial call into an alarm call. 
 
 

 
 
Not all owls were recorded satisfactorily due to initial difficulties with the equipment and logistical 
problems such as access restrictions to certain areas, which caused problems in getting close enough to the 
calling owl to achieve a clear recording. Other reasons for the lack of a clear sonogram were the presence 
of noises from passing cars, barking dogs, other birds, crickets and so on (see Nr: 3 or 5 in Figure 3). 
Another problem was caused by the fact that on several survey points more then one owl displayed a call. 
Clear sonograms could therefore not be obtained from several individual owls. However, once such 
logistical problems are overcome, using this method seemed promising in identifying different owls. 
Especially in combination with the traditional playback method, Little Owl densities can be estimated 
with a high level of certainty. 
 
Conclusion 
 
The estimated high density of Little Owls on Quinta da Rocha, 6.44 territorial males per km2, might be 
due to several reasons. Research by Van Nieuwenhuyse et al (2001b) states that high stem orchards and 
grasslands have a positive effect on the presence of Little Owls and the fact that they favour medium-open 
and medium-closed landscapes. A positive effect on the density of Little Owls was also shown by the 
presence of linear features such as hedges, walls, number of fence poles, tree lines etc. (Fuchs 1986 in Van 
Nieuwenhuyse et al, 2001b; Van Nieuwenhuyse & Beckaert, 2001). Other research suggested that farm 
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buildings might have a positive impact on the presence of Little Owls (Bretagnolle et al, 2001 in Van 
Nieuwenhuyse et al, 2001b). All these features are present at Quinta da Rocha. 
 
A large number of possible nest sites can be found in the area due to the high number of suitable trees: 
12% of the area consists of orchards of almond, fig and or carobs with many old and or dead trees. 
Suitable places to build a nest could also be found in one of the at least seven ruins on Quinta da Rocha. 
Furthermore, there are a large number of perches (trees, telephone poles and wires) and the land 
management is mainly extensive with 37% of land that has been classified as long-term fallow or pasture 
and 13% of land that has been classified as short-term fallow land or arable. In addition to the apparent 
suitability of the habitat to sustain a high number of Little Owls the high density might also be explained 
by the fact that the majority of the territories were probably occupied by owls that have been present in the 
area for many years. It has been shown elsewhere that the territory size is on average smaller for owls that 
occupy the same territory for many years than for newcomers. 
 
Currently there is a healthy population of Little Owls on Quinta da Rocha, nevertheless this population is 
subject to changes in relation to its environment. A lack of suitable habitats to nest and to hunt seems to 
have been the cause for the majority of the declining numbers of Little Owls throughout Europe. The loss 
of ruins, perches and old orchards, and the intensification of land management, could have a profound 
effect in the future on the population of Quinta da Rocha. 
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THE STUDY AND CONSERVATION OF KENTISH PLOVER CHARADRIUS ALEXANDRINUS 

AND LITTLE TERN STERNA ALBIFRONS  
AT THE ALVOR ESTUARY 

 
Karina Sousa, Renata Medeiros, Jane Hayden & Rúben Heleno 

 
The following report is based on a poster presented 
at the Fifth Ornithological Congress of SPEA, 
Oeiras, March 2006. It describes the application of 
the methodology described by Hayden & Heleno 
(2005) to the monitoring of Kentish Plovers and 
Little Terns in 2005, and places the results in the 
context of long term trends and a novel 
conservation approach. 
 
Introduction 
 
The Kentish Plover (Charadrius alexandrinus) 
and the Little Tern (Sterna albifrons) find 
themselves in decline across the whole of 
Europe, principally owing to habitat destruction 
and human pressure (Cramp, 1985). Predation 
by dogs, foxes, and other birds is another factor 
of significant impact on populations of these 
birds (Barton, 1996; Miller, 1997; Medeiros et 
al, 2006).  
 
In the Alvor Estuary both these species nest in 
three distinct types of habitat: dunes, salt 
marshes and salt pans. A Rocha has developed 
various projects monitoring the breeding 
populations, although involving a number of 
different methodologies.  
 
Given the increasing concern, resulting from 
recent studies, over the negative impacts on 

these species (Beale & Monagham, 2004), a standard, non-intrusive methodology was developed in 2004 
for Kentish Plovers based on observance of bird behaviour. This is described in the 2004 Observatory 
Report (Hayden & Heleno, 2005). This current article reports on the application of these monitoring 
methods in 2005 for both Kentish Plovers and Little Terns, as well as the instigation of protection 
measures for breeding areas, supported by an awareness-raising campaign targeted at the local 
community.  
 
Methods 
 
The monitoring methodology used in this study is based on observing, from a distance at fixed view 
points, the behaviours and locations of birds which suggest nesting activity. Developed initially for the 
Kentish Plover, the approach proved advantageous for the monitoring of Little Terns; in this year’s 
application, however, detailed records of the latter species were not collected.  
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The five study areas within the Alvor Estuary Natura 2000 site are as given in Hayden & Heleno (2005). 
These cover the majority of the total nesting area of the two species. Six visits were undertaken through 
the breeding season at intervals of 21 days. Study areas were observed for between one and two hours 
with binoculars and telescope. The behaviour of birds was registered as: not territorial, territorial (defence 
of territory, male displaying, pair), bird incubating, adult with chicks, or chicks without a parent in sight. 
The size of chicks (small, medium or large) was also recorded.  
 
At the end of these visits, data was mapped and analysed using a GIS, and the following were determined:  

·  The number of territories (nesting pairs) 
·  Maximum number of individuals 
·  Number of chicks produced 
·  Number of chicks that fledged (based on the size of the chicks). 

 
The following were then calculated: 

·  Chick production (number of chicks/number of territories) 
·  Fledging success of chicks (number of fledglings/total number of chicks)  
·  Reproductive success (number of fledglings/number of territories).    

 
The data were analysed by t-tests (differences in the measured variables between years and habitats), and 
Pearson correlations (number of territories, number of individuals, number of chicks and number of 
fledgelings). Data analysis used the programs ArcView and SPSS. 
 
Box 1 describes protection measures for the dune breeding colonies, initiated as an activity 
complementing the monitoring work of 2005. 
 
Box 1 
Protection measures were undertaken in collaboration with SPEA, with the support of Portimaõ and Lagos 
Councils, EMARP (the local water company) and Hotel Meridien. Targeting Meia Praia and Alvor 
beaches, fenced exclosures were created around the main concentrations of nesting birds. These consisted 
of single ropes strung between short wooden posts. Information boards were designed by students in 
schools in Lagos, and the Bom Samaritano children’s home in Alvor. These were placed along the fences, 
an activity involving the students, parents and teachers. A pamphlet on the two birds and their 
conservation importance was also designed and distributed to people using the beach. Information panels 
were furthermore placed at the access to the beaches concerned.  
 
Results 
 
Despite the oscillations (accentuated by differences in methodology), the values presented in Figure 1 
suggest a stable population of Kentish Plovers in the Alvor Estuary between 1991 and 2005, remaining 
above 40 pairs. The same cannot be said for Little Tern whose numbers in some recent years indicate a 
very threatened local population. However, in 2005 some 16 Little Tern pairs were estimated (nine on 
beaches and seven on salt pans/salt marsh), which represents a good increase in relation to previous 
estimates.  
 
The number of Kentish Plover pairs did not vary significantly between 2004 and 2005 (t=0.6, P=0.57), but 
there was a decrease in the number of pairs on the salt pans and salt marshes (Table 1), probably due to 
the dry conditions of 2005. In general the localisation of territories followed similar patterns in the two 
years (Figure 2). The number of chicks produced per pair, the fledging success and reproductive success 
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were higher in 2005 (Table 1) but the differences between the years was not significant (all being t<1.2, 
P>0.25). 
 
Figure 1  Estimates of the number of breeding pairs of Kentish Plover and Little Tern in the Alvor 
Estuary, 1991 – 2005. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1  Number of pairs and different success measures of Kentish Plovers in two types of habitat, 2004 
and 2005. 
 

  
Number of 

pairs 

Production of 
chicks 

(chicks/pair) 

Fledging success 
% 

Reproductive success 
% 

2004 2005 2004 2005 2004 2005 2004 2005 
Beaches 19 20 0.7 1.1 20.0 36.4 15.8 40.0 
Others 33 23 1.3 1.7 9.0 28.9 12.1 47.8 
Total 52 43 1.1 1.4 12.1 31.7 13.5 44.2 

 
Figure 2  Kentish Plover territory locations in the Alvor Estuary, 2004 and 2005. 
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There were no significant differences in the measured variables between the two habitats (all t<1.3, 
P>0.22). Strong positive correlations were found between the number of territories, maximum number of 
individuals and number of chicks produced (all r>0.8, P<0.006).  
 
 
Conclusions 
 
The methodology used in this study has the advantages of not being intrusive, not causing any risk to the 
birds or eggs, demanding relatively little time, and not requiring specialised personnel. The maximum 
number of individuals could be a good indicator of the reproductive population in situations where it is not 
possible for the latter to be determined. In the future, the methods should be adapted to obtain more 
detailed data on the Little Tern.  
 
The protection of the colonies worked well in terms of engaging and involving the local community, and 
raising awareness of the conservation needs of the two bird species. It could also have been a contributing 
factor in the slight increase in the success indicators for Kentish Plovers and Little Terns in 2005. 
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A WINTER SURVEY OF WADING BIRDS AND WATERFOWL IN TH E ABICADA 
WETLANDS OF THE ALVOR ESTUARY 

 
Martyn Lings 

 
 
Introduction 
 
In November 2005 A Rocha undertook a survey of over-wintering wading birds and waterfowl on the 
Abicada wetlands. A Rocha has been conducting bird surveys within the Ria de Alvor for over twenty 
years including observations of Abicada. An article in the 2004 A Rocha Observatory Report summarised 
the records of all the bird species that have been seen within this locality (Scheres, 2005). However, no 
systematic study had ever been undertaken to establish the abundance and migratory movements of over-
wintering waterfowl and wading birds on this marsh. 
 
The Abicada wetlands are located on the furthest eastern side of the Alvor Estuary. It is bounded by the 
Alvor/Montes de Alvor shoreline and town to the east and estuarine mud flats on its western flank. The 
area comprises freshwater and saltwater marshlands and an artificially created saline lagoon. Studies in 
2004 (Simonson, 2005) established that the freshwater marshland is a hydrologically isolated unit. 
Observations of the lagoon water levels during this study (2005/2006) indicate that they are regulated by 
sluice gates within the dam. 
 
The marshlands were once cultivated for rice (Pullan, 1988), but unsuccessfully, and have since been 
periodically grazed, although not in the past two years. The lagoon was probably created to facilitate the 
irrigation of the rice paddies that were established in the 1960s and subsequently abandoned. 
 
The purpose of the study was to: 

·  Identify the different bird species utilising the area  
·  Ascertain their abundance 
·  Monitor the phenology of  migrants’ movements  
·  Make management recommendations for maximising the potential of the site for over-wintering 

birds. 
 
 
Methodology 
 
The survey was conducted by following a single transect that runs along the raised bank between the 
marshland and the lagoon, permitting monitoring of both habitats simultaneously. The survey area was 
broken into zones to minimise the risk of repeat counting and, potentially, to build up a better idea of 
spatial distribution of the bird populations (see Figure 1). These zones were distributed across the lagoon 
and marshland habitats. Monitoring was undertaken once a week to track the arrival and departure of 
different species. The survey was carried out at high tide and in good visibility conditions. However, it 
was soon discovered during the survey that the opening and closing of the sluice gate was a more 
significant factor in determining water levels than the tides and consequently lagoon levels were varying 
considerably between surveys. From the fifth count onwards, therefore, this variable was recorded by 
visual estimation of water levels.  
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The spotting and identification of species was undertaken using x30 wide-angled telescope and 8x42 
binoculars. The recorded location of birds identified in the air was based on where they took off from. If 
this was unknown then the bird was noted as a flyover. 
 
Figure 1  The Abicada study area showing the six recording zones. 
 

 
 
 
 
Results 
The numbers of waders and waterfowl recorded from November 2005 to March 2006 are given in Table 1. 
Figures 2 and 3 depict the numbers of two migratory dabbling duck species - Teal (Anas crecca) and 
Shoveler (Anas clypeata) - recorded on each survey to show their phenological movements. Figure 4 
compares total wader numbers present in the lagoon to lagoon water levels during the survey and Figure 5 
shows the total numbers of birds recorded on each survey. Although surveys were carried weekly, the day 
of week varied according to weather, tides and other constraints, and the charts reflect this time span 
distribution. 
 
Some high winds were encountered during the survey making identification of birds more difficult and 
probably forcing birds to seek cover, thus increasing the likelihood of them not being counted. The survey 
days affected in this way were 11.01.06, 30.01.06, 07.02.06 and 06.04.06. 
 
 
 

Marsh zone 3 

Lagoon zone 1  

Lagoon zone 2 
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Figure 2  Overwintering totals of Teal (Anas crecca) at Abicada. 
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Figure 3  Overwintering totals of Shoveler (Anas clypeata) at Abicada. 
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Identification of the bird species 
A total of 10,351 birds of 31 species of wader and water fowl were recorded during the study with the 
highest numbers recorded on the 20.12.2005 (Figure 5). The study site contained most of the typical 
species associated with a saline lagoon and marshland area, with the notable exception of Whimbrel and 
Curlew. Teal and Coot, were the most abundant species followed by Shoveler, Dunlin, Avocet and Black-
tailed Godwit. Other species of note were a flock of Spoonbill and a group of Little Grebes that were 
present throughout most of the survey period. Within the area there were some distinct species distribution 
patterns, which are described below according to the six zones; (also see Figure 1). 

·  Marsh zone 1: Sparsely populated with a few Little Egrets and occasional Redshanks. 
·  Lagoon zone 1: Small numbers of medium-sized waders - Redshank, Greenshank, Grey Plovers, 

Ringed Plovers, Kentish Plovers - and Little Egrets were found, mainly roosting, amongst the 
small islands, whilst the open water area was favoured by Little Grebe and sometimes Coot with 
small numbers of Shoveler and Teal. 
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Figure 4  Total numbers of waders using the lagoon compared to lagoon water levels. 
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Figure 5  Total numbers of waterfowl and waders present at each survey. 
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Table 1  Total numbers of waders and waterfowl overwintering at Abicada. 
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Tachybaptus ruficollis Little Grebe 5 5 8 6 5  9 9 8 10 7 9 8 6 8 2    
Phalacrocorax carbo Cormorant 8 28 46 18 18  6 15 8 10 21 3 17 19 15 12 3 9 1 
Buaulcus ibis Cattle Egret 39        1           
Egretta garzetta Little Egret 2 5 15 5 13  7 6 1 4 6 3 4 5 13 6 8 1 6 
Ardea cinerea Grey Heron 11 16 19 14 12  15 12 17 24  19 20 8 21 15 8 1 8 
Ciconia ciconia White Stork   12   89 2            1 
Platalea leucorodia Spoonbill 12 10 8 16 19 10 12 21 20 30 25 21 20 22 27 26 18 18 9 
Anas penelope Wigeon    2                
Anas strepera Gadwall             1       
Anas crecca Teal 31 27 107 166 220 246 339 153 137 247 89 93 227 34 156 17 108 3  
Anas platyrhynchos Mallard 13 13 1 3 23 1 15 19 16 9 13 8 24 13 26 11 14 14 17 
Anas acuta Pintail         1      2     
Anas clypeata Shoveler 3 87 50 119 107 128 175 68 44 198 52 128 112 54 64 30 46 29 4 
Gallinula chloropus Moorhen 1  2     2            
Fulica atra Coot 107 83 127 118 185  187 163 115 188 149 84 87 38 39 16 5 1  
Himantopus himantopus Black-winged Stilt  1 2 1 2  6 2 2 3 3 3 5 3 10 5 6 7 11 
Recurvirostra avosetta Avocet 38 31 23 16 51 53 54 99 59 76 34 59 57 34 17 3 5 2  
Charadrius hiaticula Ringed Plover 16 11 9 38 60  26 39 4 28 5 33 6 24 1 12 20 9 9 
Charadrius alexandrinus Kentish Plover    4 1  4   4    1     7 
Pluvialis apricaria European Golden Plover       1    86         
Pluvialis squatarola Grey Plover 9 3 5 6 17  18 3 5 15 4 13 19 4 2 1 1 2 1 
Vanellus vanellus Lapwing  13 13 17 27  3             
Calidris ferruginea Curlew Sandpiper                1    
Calidris alpine Dunlin 6 4 8 43 258  139 3 6 106  112 70  1 1 17 2 2 
Gallinago gallinago Snipe    1 1               
Limosa limosa Black-tailed Godwit 3  6  103  76 7 7 72 33 34 55 29 69 11    
Tringa tetanus Redshank 13 12 17 13 53  25 13 9 30 25 20 41 19 65 24 20 13 8 
Tringa nebularia Greenshank 2 1  4 7  5 2 1 7 3 4 4 4 10 6 9  12 
Tringa ochropus Green Sandpiper                  1  
Actitis hypoleuca Common Sandpiper 4 1 1 1 2   2 2 2 1 3 2 2 5 1 1 2 3 
Arenaria interpres Turnstone  1 4 3 4  6 1 1 4 1 1 1       
Unknown  Unknown  1 2 1 1               
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·  Marsh zone 2: The mixture of shallow pools and good vegetation cover within the western 
side of this zone created a definite hotspot that was particularly preferred by Teal, Mallard, 
Spoonbill and Grey Heron. The majority of the Mallard and Grey Herons recorded were within this 
area as well as large numbers of Teal. The Spoonbills oscillated their roosting between here and the 
lagoon islands. 

·  Lagoon zone 2: When the lagoon was at higher or medium water levels it was favoured area 
for Shoveler, Teal and Coot, although Coot were found to frequently move between zones two and 
three. At lower water levels, when areas of mudflats were exposed, Spoonbill, and high numbers of 
Avocet and Black-tailed Godwit heavily utilised the area. The islands were used for roosting by 
Spoonbill, Avocet, Black-tailed Godwit and Cormorant. 

·  Marsh zone 3: Low numbers of birds were found in this zone, mainly Mallard and 
occasional Teal, Shoveler, Redshank, Ringed Plover and Lapwing in the earlier part of the survey. 

·  Lagoon zone 3: Abundance and species composition in this zone were strongly linked to 
water levels. Low water exposed extensive mud flats at the back of the area, which supported large 
numbers of small waders, particularly Dunlin. At higher water levels Coot would often be found in 
the area. 
 
Comparison of these results with a bi-weekly wader count of the rest of the Ria de Alvor indicates 
that this study area is the prime site for Teal, Shoveler and Coot, with consistently higher numbers 
of birds than the rest of the Estuary area. At lower water levels, which permit medium and smaller-
sized waders to feed, Abicada contains the highest numbers of Avocet and significantly high 
numbers of Dunlin and Black-tailed Godwit compared to the rest of the Ria de Alvor. It is also the 
favoured roosting location for Spoonbill. 
 
It should be noted, as a limitation of the survey, that it is unlikely that every bird in the area is 
recorded in any one count due to birds hiding in the vegetation. Certain species such as Mallard, 
Snipe and Stone curlew (not recorded in this survey) are particularly susceptible to this bias. 
 

 
Monitoring of the phenological movements of the migrants  
Due to their abundance, Teal and Shoveler were the species most easily scrutinised for their 
movements. These species migrate from northern and western Europe to overwinter in the 
Mediterranean. The study determined that they arrived in high numbers in late November. Teal 
numbers continued to increase until mid December while Shoveler numbers generally increased up 
to the first week of February. Following this the overall numbers steadily declined as they began 
their return migration and by the beginning of April all the Teal and the majority of the Shoveler 
had left. Figures 1 and 2 show quite large fluctuations of numbers within these general migration 
trends. A plausible reason for this could be that flocks are frequently moving between local feeding 
sites within the Algarve. A second hypothesis is that due to severe weather conditions more birds 
were driven further south seeking a more temperate climate and thus temporarily boosting numbers. 
Research into Teal wintering movements supports this theory. Teal have been noted to shift south 
from northerly wintering grounds including Britain and the Netherlands when severe weather 
conditions occur (Cramps & Perrins, 1994). In relation to Shoveler fluctuations this hypothesis is 
less likely to be the cause. Research demonstrates that central and south-east European and Russian 
breeders usually overwinter in the Mediterranean basin so changes in weather conditions in 
northern or central Europe are unlikely to affect numbers at Abicada (Cramps & Perrins, 1994). 

 
Coot recorded during the survey are most likely to be resident although some may have been forced 
south by cold weather to the north (Cramps & Perrins, 1994). The survey also showed the gradual 
departure of Coot, as by mid February their numbers were decreasing and by mid March they had 
moved on, probably inland to breed. Migration patterns of Avocet and Black-tailed Godwit are 
somewhat obscured by the changes in water level that temporarily boosted and lowered numbers. 
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However it is possible to see a gradual overall decline in Avocet numbers from the end of February 
to April as they returned north to breeding grounds. Black-tailed Godwit numbers appeared to be 
more susceptible to changes in water levels making analysis of migration more difficult. Despite 
this, there is an obvious steep decline in mid March that may reflect spring migration. This 
hypothesis correlates with research indicating that migration peaks between late February and mid 
March (Beaudoin & Cormier, 1973) and also with cross-analysis of A Rocha’s March wader count 
data from the last four years that depicts a similar trend of spring migration in late March. 

  
Effects of water levels on numbers of birds using the site 
Initially the study was to be carried out at high tide so that water levels wouldn’t influence the data 
collected. However by the fifth survey it was noticed that the sluice gate within the dam, and not the 
tide, was the biggest controlling factor in the height of water in the lagoon. From this point onwards 
the water level was recorded to ascertain whether it had an influence on the numbers and variety of 
species using the lagoon. Figure 4 shows the total number of wading birds recorded in the lagoon at 
different water levels. At low water levels there was an average of 363 wading birds compared to 
just 78 at medium and 32 at high levels. This represents an increase of wader numbers of over four 
and half times from medium to low water levels, and over ten times from medium to high levels. A 
possible bias in these figures is that between mid December and mid February, when highest 
numbers of migratory birds would be expected, there were four surveys at low water levels, only 
three at medium levels and none at high levels.  
 
Conclusions 
The study has highlighted the fact that the Abicada wetlands are a locally important site for winter 
migratory wildfowl and waders. Within the context of the Ria de Alvor, Abicada consistently 
supports the highest numbers of Teal, Shoveler and Coot and at low water levels, it also provides 
locally significant feeding habitat for waders, particularly Avocet, Black-tailed Godwit and Dunlin. 
It is the best site in the estuary for Spoonbill. The study followed the arrival and departure of the 
overwintering birds and observed that they followed normal migration patterns.  
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WRYNECKS AND WOODPECKERS ON QUINTA DA ROCHA 
 

Willem Scheres 
 
 
Introduction 
 
Much information regarding four species of the Woodpecker family has been gathered over the last 
20 years through intensive bird surveys conducted within the Quinta da Rocha study area by a 
number of different people. The records referred to in this article originate from the Systematic 
Lists of Birds and Ringing Reports in the A Rocha Observatory Reports for the years 1986 – 2005 
plus further records from the personal files of the author. This article describes and comments upon 
these records.  
 
In Figures 1 and 2 show the total number of records from the period 1986–2005 for each month (the 
“record-sum”) for the Wryneck and the three other members of the Woodpecker family (Lesser 
Spotted, Greater Spotted and Green Woodpeckers) respectively. 
 
Figure 3 illustrates the proportions of all observations (total = 111) of this bird family in the period 
in question attributable to the different species. If two or more individuals visited the study area on 
one day then each individual is considered as one record. Also, if one individual stayed several days 
in succession within the Quinta da Rocha area, then each day this individual is seen is considered as 
a single record. 
 
In the following descriptions, comparisons are made with the occurrence of the four species at the 
Tagus Estuary (Leitão et al, 1998) and in Portugal as a whole (Moore et al, 1997; Rufino, 1989). 
Also data from the Atlas of Wintering Birds in the Western Algarve (Bolton, 1989) are referred to. 
The four species are described and discussed over the next pages, starting first with the Wryneck, 
Green Woodpecker, Greater Spotted Woodpecker and finally the Lesser Spotted Woodpecker.  
  
Wryneck (Jynx torquilla) 
 
The Wryneck is the most common bird of the Woodpecker family found on Quinta da Rocha, and 
accounts for 45% of the total records (Figure 3). Wrynecks are only recorded during spring and 
autumn with one late summer bird seen in late August. During the spring period, March has by far 
the most records with a remarkable influx of three individuals on the 17th in 1994. Eight of the 
twelve spring records were from March. 
 
During the autumn, September and October are by far the best months to see or to catch Wrynecks, 
with a total of 32 records from which 16 were caught during ringing sessions. Remarkably, three 
Wrynecks were caught on the single day of 30 September 1994. 
 
The total number of Wryneck observations is three times higher in the autumn compared to the 
spring: 36 records in the period September–November against 12 in the period March–May (Figure 
1). This shows the typical pattern of a migrant visitor. 
 
There was an unusual autumn sighting of a Wryneck singing on 22 October 2001, located in a tree 
within the abandoned almond grove on the slope between Cruzinha and the Alvor River. On the 
following day a Wryneck was seen perched on a branch of a dead tree on a small plateau close to 
the bluffs of Quinta da Rocha, and on the day after one was observed in a small valley between the 
bluffs. Ants are the staple food for Wrynecks. On 21 October 2001 there was a big ‘bride-flight’ of 
ants taking off from the southern part of Quinta da Rocha and three Kestrels were feeding on the 
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flying males. On 22 October a Wryneck was seen on the south-eastern slope of the headland not far 
from an area where ants are commonly found. 
 
Wrynecks are difficult to detect due to their excellent camouflage with their bark-like colour pattern 
and their elusive habits. According to Moore et al (1997), they are most easily detected in April and 
May by their song. This explains why in autumn half of the records originate from birds caught in 
mist nets.  
 
According to Leitão et al (1998), in the Tagus Estuary the Wryneck is considered a rare passage 
migrant seen only in April–May and August–September, and not in early spring and late autumn as 
in the A Rocha study area. The coastal region of the southern Algarve is roughly 300 km further 
south than the Tagus Estuary and this could explain why the migrating Wrynecks are arriving 
earlier in the spring and later in the autumn on Quinta da Rocha. Moore et al (1997) mention that 
some Wrynecks have been observed during winter within the southern half of Portugal, and thus the 
several records from late autumn at Quinta da Rocha are perhaps not surprising. If weather 
conditions are good and there is a sufficient food supply during the autumn, then it is possible for 
the migrants to prolong their stay. Wintering on Quinta da Rocha is a possibility considering its 
position in the most southern part of Portugal. 
 
Breeding has never been confirmed at Quinta da Rocha. According to Rufino (1989) and Moore et 
al (1997), Wrynecks are uncommon summer visitors, breeding more in the north and north-east of 
Portugal rather than in the south. That more observations at Quinta da Rocha are in autumn than in 
spring is a consequence of rapid movement during spring to the breeding sites in the north.  
 
Figure 2  Records of the Wryneck in the period 1986–2005. Record-sum = 49. 
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Green Woodpecker (Picus viridis) 
 
The Green Woodpecker appears on Quinta da Rocha mainly during the spring with 23 records in 
March–April and 1 in May. During the summer it has only been recorded twice and there are no 
observations in autumn and winter (Figure 2). The share of the total records is about the same as the 
Greater Spotted Woodpecker (Figure 3). This reflects the dispersal to coastal areas of species that 
are rather common in the more wooded habitats situated inland. The visits of two individuals 
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account for the majority of the records: one stayed for fourteen days in the period 26 March to 8 
April 1995 and another one in the period of 26 March to 1 April 1997.  
 
Green Woodpeckers are fairly common in some inland areas of the Western Algarve but they are 
rare along the southern coast of the Western Algarve during winter from mid November until the 
end of February. According to Bolton (1987) they are mainly confined to the cork oak and pine 
woodlands at higher altitudes around Monchique. Scheres (1994) considers this species as common 
in the Picota area of the Monchique Mountains, not only in wooded but also in more open habitats. 
The absence of the Green Woodpecker in autumn and winter is consistent with it not being 
represented in the three coastal quadrants of Lagos, the Alvor Estuary and Portimão and with there 
only being three records in all the quadrants of the southern coast together (Bolton, 1987). 
 
Leitão et al (1998) describe the Green Woodpecker as an uncommon breeding resident within the 
survey area of the Tagus Estuary. This scarcity is due to the fact that suitable woodland habitats 
occur only along the eastern rim where the estuary (in contrast to the Alvor Estuary) extends inland.  
 
It is possible that the Green Woodpeckers visiting Quinta da Rocha in the spring are looking for 
breeding sites, or that they are dispersed non-breeding birds. The frequency of the presence of the 
Green Woodpecker is comparable with that of the Greater Spotted Woodpecker but the timing of 
the visits is completely different. While the Green Woodpecker mainly appears at the beginning of 
the breeding season, the Greater Spotted Woodpecker visits Quinta da Rocha mainly during high 
summer, after the breeding season or still later in autumn (Figure 2). 
 
Greater Spotted Woodpecker (Dendroscopus major) 
 
The Greater Spotted Woodpecker is only seen at Quinta da Rocha during summer and autumn. The 
records show a strong concentration in August, a month with more records than all the other months 
put together (Figure 2). No more than one individual per day has ever been observed. In August 
1997, one bird was present for six days. There was a very high presence in 1999 with eight records 
spread over four months. By the end of July/ beginning of August 1999, one was living within the 
pine plantation of Quinta da Rocha. Greater Spotted Woodpeckers have also been observed in 
October and November. There are more than three times as many records for this species compared 
to its smaller relative the Lesser Spotted Woodpecker, and it is seen as frequently as the Green 
Woodpecker (Figure 3). The Greater Spotted Woodpecker often visits sites with lots of pine trees 
such as the Cruzinha garden and the plantation towards the end of the headland. 
 
According to Scheres (1994) the Greater Spotted Woodpecker is a common bird on Picota in the 
Monchique Mountains, where it prefers the pinewoods more than the also common Green 
Woodpecker and avoids the more open areas. Bolton (1987) considers the Greater Spotted 
Woodpecker as a common bird in the Western Algarve, but according to his map it is absent in the 
coastal quadrats of Lagos, the Alvor Estuary and Portimão during the period mid November to the 
end of February. Since this survey of wintering birds in the Western Algarve, the Greater Spotted 
Woodpecker has been seen twice in November on Quinta da Rocha. Leitão et al (1998) considers 
the Greater Spotted Woodpecker as an uncommon breeder because woodland is restricted to the 
eastern rim of the Tagus Estuary (see also Green Woodpecker). The Great Spotted Woodpeckers 
seen at Quinta da Rocha are probably birds dispersed from inland, and appear only after the 
breeding season because visits start in July and culminate in August. 
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Figure 2  Records of the three Woodpeckers in the period 1986–2005. Sum of Green Woodpecker 
observations = 26, Greater Spotted Woodpecker = 28, and Lesser Spotted Woodpecker = 8. 
 

 
 
Lesser Spotted Woodpecker (Dendroscopus minor) 
 
The Lesser Spotted Woodpecker is the most recent addition to the study area’s bird list from the 
Woodpecker family. This species has only been seen in 2004 and 2005, mostly in October with five 
records for that month. In each of the other months, June, August and September it has been 
observed only once (Figure 2). This woodpecker makes up just 7% of all the records of the 
Woodpecker family (Figure 3). 
 
On Quinta da Rocha the Lesser Spotted Woodpecker has mainly been detected within the Cruzinha 
garden or its surroundings. For some time in 2004 a female occupied a hole in a thick flowering 
stem of an Agave in the Cruzinha garden whilst roosting at night. On 22 October it was observed 
picking at a fig tree and on a stem of an Agave along the sandy path towards the pine wood of 
Quinta da Rocha. In October 2005 a male was present. On occasions, such as on 12 August 2004 in 
Cruzinha’s garden and on 21 October 2005 in an Almond grove 200 m north of Cruzinha, a bird 
made its high pitched ‘kii-kii-kii’ call again and again. 
 
Moore et al (1997) and Leitão et al (1998) mention the Lesser Spotted Woodpecker as a scarce or 
rare resident breeder. According to Rufino (1989), it is a rare breeder with an irregular distribution 
that is difficult to detect. During the survey of wintering birds in the south-western Algarve 
described by Bolton (1987) there was only one record of this species. Bolton also mentioned that 
the Lesser Spotted Woodpecker is easily overlooked as it tends to feed high up in the canopy. 
 
In the summer of 2004 there were large forest fires in the mountains of Monchique. It is possible 
that the Lesser Spotted Woodpecker flew to the south to escape the wildfires. During the same time 
as the Lesser Spotted Woodpecker was present, a Wren (Troglodytes troglodytes), several Long-
tailed Tits (Aegithalos caudatus) and Short-toed Tree-creepers (Certhia brachydactyla) were also 
found around Cruzinha, species that are more common in the densely wooded inland of the 
Algarve. 
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Figure 3  The proportions of all observations (total = 111) of the Woodpecker family during 1986–
2005 attributable to the different species. 
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Conclusion 
 
The Wryneck is a typical migrant seen only in spring and autumn. It is more frequent during 
autumn with half of the records being from ringing sessions. 
 
It is plausible that the Green Woodpecker and also the Greater Spotted Woodpecker are birds 
dispersing from resident populations of inland areas such as the Monchique Mountains and their 
foothills. Despite the fact that the number of records of the two species is nearly equal, the Green 
Woodpecker is a rarer visitor to Quinta da Rocha because 21 of the 26 records are due to two 
individuals staying for a longer time within the area. 
 
The Lesser Spotted Woodpecker is by far the rarest bird of the four referred species, not only at 
Quinta da Rocha but also in Portugal as a whole. It was only seen in the last two years of the record 
period 1986–2005. 
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RINGING REPORT FOR 2005 AND 2006 
 

Renata Medeiros & Marcial Felgueiras 
 

The ringing programme at Cruzinha continued through the two year period led by Marcial 
Felgueiras and with the support of Renata Medeiros in 2005. Local ringers in training included 
Paulo Pinto, Sara Roda and Leila Duarte, and their efforts were supplemented by visiting ringers 
Heather Coats, Robin Cosgrove, Mike Bailey, Martin Dallianer, Clare Holland, Chloe Loo, Simon 
Pinder and Oliver Slessor. In support from the home team were Helen Baker, Anouschka Hof, 
Emma Rosenfeld and Jez Smith. Also worthy of mention are the Storm-petrel Earthwatch teams led 
by Rob Thomas, Colin Beale, Anna Jolliffe, Dave Kelly, Nicola Marple and Mark Bolton.  
 
As usual, ringing took place weekly throughout both years (with the exception of August 2006 
when Marcial was out of the country). The ten established net locations in the Cruzinha garden 
were used. During the autumn migration period ringing effort became more intense (almost on a 
daily basis), again guaranteed by Heather Coats’ most valuable help.  
 
A total of 2826 birds were ringed in the two years, with 2005 being the most productive year 
contributing 1783 of these. The grand total since ringing began in 1985 now stands at 59,353 birds 
of 176 species. 
 
The one new species of the period was a Lesser Spotted Woodpecker, ringed on 2 June 2005 by 
Sara Roda. A Green Sandpiper on 17 November was equally unexpected that year – the first one 
ringed in over 10 years and certainly the only one in the Cruzinha grounds. Two Bramblings on 25 
October were also a highlight; these were only the third and fourth birds of this species ringed by A 
Rocha. Two Red-necked Nightjars (Figure 1) were caught in September and October 2006 to the 
delight of visiting spectators. 2006 was also a good year for Goldcrests, with one being caught in 
each of the months January and September. Together with an earlier one in September 2005, the 
total now stands at seven.  
 

 
 
 
Table 1 presents the monthly and annual totals of new birds for all species ringed during 2005. 
Table 2 lists the species and totals of birds ringed in previous years but not in 2005.  Table 3 
presents the monthly and annual totals of new birds for all species ringed during 2006. Table 4 lists 
the species and totals of birds ringed in previous years but not in 2006.  

Figure 1 
Red-necked Nightjar 
in the hand. 
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Species  

J F M A M J J A S O N D 2005 
Grand  
Total 

Collared Dove 1 1 1 3         1       7 19 
Eur. Storm Petrel           436             436 3446 
Dunlin         4               4 2443 
Green Sandpiper                     1   1 11 
Kingfisher                     1   1 187 
Hoopoe 1 2   2 1   1   1 1 1 1 11 427 
Lesser Spotted 
Woodpecker           1             1 1 
Wryneck                 1   1   2 20 
Swallow       1   2             3 1517 
Grey Wagtail                 1 2 1 1 5 46 
White Wagtail                       1 1 54 
Robin 2 3             8 52 12 4 81 2431 
Nightingale       1       1 4 1     7 559 
Black Redstart                   1 3   4 141 
Redstart     1           5 1     7 296 
Whinchat                   2     2 60 
Stonechat                   2   1 3 272 
Blackbird       2 2 24 8 1 5 4 3 1 50 1359 
Song Thrush 2                 4 2 5 13 534 
Cetti's Warbler                   1     1 137 
Grasshopper 
Warbler                 2       2 149 
Reed Warbler       1   1   1 11 4     18 2219 
Melodious 
Warbler         2   1 2 1 1     7 764 
Subalpine Warbler                 3 1     4 236 
Sardinian Warbler 1 1 2 1   5 1 1 7 5 3 1 28 1256 
Whitethroat                 3 2     5 439 
Garden Warbler               1 33 38 1   73 3687 
Blackcap 24 22 8 3 1 5 3   18 267 75 55 481 9141 
Bonelli's Warbler               1 2       3 81 
Chiffchaff 1   1       1 2 4 17 11 4 41 7972 
Willow Warbler       1       1 13 7 1   23 2250 
Goldcrest                 1       1 5 
Firecrest                     2 2 4 64 
Spotted Flycatcher                 1       1 172 
Pied Flycatcher                 41 14     55 1279 
Blue Tit           1 1           2 78 
Great Tit 1 3   1 3 4 3   1 1   1 18 548 
Short-toed 
Treecreeper           2 2 1   1     6 19 
Golden Oriole               2         2 35 
Woodchat Shrike       3                 3 310 
Az-winged Magpie     1 6 1     1   2 1   12 66 
House Sparrow 5 9 4 3 25 35 31 10 33 13 7 3 178 360 
Spanish Sparrow   1             2 1 1   5 62 
Cuckoo          1   1 3 
Waxbill 4 3   1 1       5 7 3   24 1353 
Chaffinch   3 5     3 1   1 1 13 4 31 919 
Brambling                   2     2 3 
Serin 1 2 1 8   3 5 1 2 1   5 29 1368 
Greenfinch 4 6 6 1   4 1     6 3 3 34 2295 
Goldfinch 3 1 13     5 5   3 2 3 4 39 1883 
Siskin 2                   5 2 9 64 
Hawfinch                   1 1 1 3 47 
Totals  52 57 43 38 40 531 64 26 213 465 155 99 1784 53087 
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Table 2  Species ringed in 1986-2004 but not 
in 2005. 
 
Little Grebe 2 
Cory's Shearwater 5 
Madeiran Storm Petrel 2 
Swinhoe's Storm Petrel 1 
Little Bittern 3 
Cattle Egret 16 
Little Egret 1 
Teal 1 
Osprey 4 
Short-toed Eagle 7 
Marsh Harrier 1 
Black-shouldered Kite 4 
Montagu's Harrier 1 
Sparrowhawk 1 
Kestrel 6 
Red-legged Partridge 1 
Quail 6 
Water Rail 3 
Spotted Crake 1 
Moorhen 12 
Oystercatcher 1 
Avocet 3 
Black-winged Stilt 15 
Stone Curlew 8 
Ringed Plover 383 
Little Ringed Plover 12 
Kentish Plover 435 
Grey Plover 76 
Golden Plover 1 
Lapwing 1 
Knot 132 
Sanderling 3 
Semi-palmated Sandpiper 1 
Turnstone 33 
Little Stint 37 
Pectoral Sandpiper 1 
Curlew Sandpiper 74 
Buff-breasted Sandpiper 1 
Common Sandpiper 104 
Wood Sandpiper 3 
Redshank 306 
Greenshank 17 
Black-tailed Godwit 1 
Bar-tailed Godwit 19 
Whimbrel 35 
Curlew 4 
Jack Snipe 13 
Swift 110 
Pallid Swift 68 
Bee-eater 95 
Crested Lark 80 
Skylark 24 
Thekla Lark 2 
Short-toed Lark 58 
Wood Lark 1 
Crag Martin 7 
Sand Martin  55 
Red-rumped Swallow 1 
House Martin 68 
Meadow Pipit 234 
Tawny Pipit 8 
Olive-backed Pipit 1 
Tree Pipit 31 
Water Pipit 17 
Yellow Wagtail 177 
Wren 34 
Dunnock 6 

Rufous Bushchat 4 
Bluethroat 188 
Wheatear 51 
Black-eared Wheatear 4 
Rock Thrush 1 
Redwing 3 
Zitting Cisticola 352 
Aquatic Warbler 2 
Sedge Warbler 249 
Paddyfield Warbler 1 
Marsh Warbler 16 
Great Reed Warbler 61 
Icterine Warbler 2 
Dartford Warbler 11 
Spectacled Warbler 5 
Orphean Warbler 7 
Yellow-browed Warbler 8 
Dusky Warbler 2 
Wood Warbler 1 
Red-breasted Flycatcher 2 
Long-tailed Tit 16 
Penduline Tit 165 
Southern Grey Shrike 16 
Jay 1 
Spotless Starling 13 
Tree Sparrow 185 
Rock Sparrow 1 
Snipe 78 
Ruff 15 
Black-headed Gull 19 
Lesser Black-backed Gull 16 
Herring Gull 23 
Little Tern 293 
Sandwich Tern 4 
Common Tern 2 
Turtle Dove 15 
Great Spotted Cuckoo 1 
Red-necked Nightjar 25 
Little Owl 82 
Long-eared Owl 3 
Barn Owl 2 
Scops Owl 11 
Nightjar 1 
Scaly-breasted Munia 17 
Linnet 64 
Common Rosefinch 1 
Bullfinch 1 
Crossbill 36 
Cirl Bunting 1 
Rustic Bunting 1 
Reed Bunting 37 
Corn Bunting 181 
Ortolan Bunting 36 
Chestnut Mannikin 1 
Red-cheeked Cordonbleu 1 
Total  5208 
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Table 3  Birds ringed by A Rocha during 2006. 
 
Species  

J F M A M J J A S O N D 2006 
Grand  
Total 

Collared Dove         1    1 20 
Eur. Storm Petrel     23 110       133 3579 
Kentish Plover    3 4 1 2      10 445 
Scops Owl          1   1 12 
R-necked Nightjar         1 1   2 27 
Swift       1      1 111 
Kingfisher  1    1 1  2 1   6 193 
Hoopoe  3 2  1 3     1 1 11 438 
Wryneck         2    2 22 
Crested Lark          1   1 84 
Swallow       2      2 1519 
Meadow Pipit 1 1           2 246 
Grey Wagtail          2   2 48 
White Wagtail 1        1    2 65 
Wren 1 2           3 34 
Robin 4 1        11 2 4 22 2453 
Nightingale         5    5 564 
Redstart          1  1 2 298 
Stonechat          2   2 332 
Blackbird  1  2 11 21 13  6 3 1 1 59 1418 
Song Thrush 4 2        3 2  11 545 
Grasshopper 
Warbler         1    1 150 
Reed Warbler     1 2   9 4   16 2235 
Melodious Warbl.      1 5  2    8 772 
Sardinian Warbler 1    3 6 6  3 3 1 1 24 1280 
Whitethroat         3 1   4 443 
Garden Warbler     3    33 20   56 3743 
Blackcap 3 5 5 2  2 2  7 83 22 60 191 9332 
Chiffchaff 6 4 1      3 11 7 10 42 8014 
Willow Warbler   1  2    19 5   27 2277 
Goldcrest 1        1    2 7 
Firecrest 2            2 66 
Spotted Flycatcher         3 1   4 176 
Pied Flycatcher     1    27 30   58 1339 
Blue Tit     2      1  3 81 
Great Tit   1 2 23 4 4  3    37 585 
Short-toed 
Treecreeper       3  3    6 25 
Golden Oriole       2      2 37 
Woodchat Shrike      4 1      5 315 
Azure-winged 
Magpie 1  1   3 4  5  2 1 17 83 
House Sparrow 5 9  5 5 12 36  12 8 2  94 454 
Waxbill 2 1   1 2 3  8 4   21 1374 
Chaffinch 5 2 3  1    1 1  3 16 935 
Serin 1 7 3 8  1 9   4 1  34 1402 
Greenfinch 6 2 2  3 5 18  1 5 1 1 44 2339 
Goldfinch 8 4 4 10 8 8 5  1    48 1931 
Hawfinch   1          1 48 
Totals  52 45 24 32 92 186 117 0 164 206 43 83 1043 51896 



Table 4  Species ringed in 1986-2005 but not in 2006. 
 
Little Grebe 2 
Cory's Shearwater 5 
Madeiran Storm Petrel 2 
Swinhoe's Storm Petrel 1 
Little Bittern 3 
Cattle Egret 16 
Little Egret 1 
Teal 1 
Osprey 4 
Short-toed Eagle 7 
Marsh Harrier 1 
Black-shouldered Kite 4 
Montagu's Harrier 1 
Sparrowhawk 1 
Kestrel 6 
Red-legged Partridge 1 
Quail 6 
Water Rail 3 
Spotted Crake 1 
Moorhen 12 
Oystercatcher 1 
Avocet 3 
Black-winged Stilt 15 
Stone Curlew 8 
Ringed Plover 383 
Little Ringed Plover 12 
Grey Plover 76 
Golden Plover 1 
Lapwing 1 
Knot 132 
Sanderling 3 
Semi-palmated Sandpiper 1 
Turnstone 33 
Little Stint 37 
Pectoral Sandpiper 1 
Curlew Sandpiper 74 
Dunlin 2443 
Buff-breasted Sandpiper 1 
Common Sandpiper 104 
Green Sandpiper 11 
Wood Sandpiper 3 
Redshank 306 
Greenshank 17 
Black-tailed Godwit 1 
Bar-tailed Godwit 19 
Whimbrel 35 
Curlew 4 
Jack Snipe 13 
Pallid Swift 68 
Bee-eater 95 
Lesser Spotted Woodpecker 1 
Skylark 24 
Thekla Lark 2 
Short-toed Lark 58 
Wood Lark 1 
Crag Martin 7 
Sand Martin  55 
Red-rumped Swallow 1 
House Martin 68 
Tawny Pipit 8 
Olive-backed Pipit 1 
Tree Pipit 31 
Water Pipit 17 
Yellow Wagtail 177 
Dunnock 6 
Rufous Bushchat 4 
Bluethroat 188 
Black Redstart 141 
Wheatear 51 
Black-eared Wheatear 4 
Whinchat 60 
Rock Thrush 1 

Redwing 3 
Cetti’s Warbler 137 
Zitting Cisticola 352 
Aquatic Warbler 2 
Sedge Warbler 249 
Paddyfield Warbler 1 
Marsh Warbler 16 
Great Reed Warbler 61 
Icterine Warbler 2 
Dartford Warbler 11 
Spectacled Warbler 5 
Subalpine Warbler 236 
Orphean Warbler 7 
Yellow-browed Warbler 8 
Dusky Warbler 2 
Bonelli’s Warbler 81 
Wood Warbler 1 
Red-breasted Flycatcher 2 
Long-tailed Tit 16 
Penduline Tit 165 
Southern Grey Shrike 16 
Jay 1 
Spotless Starling 13 
Spanish Sparrow 62 
Tree Sparrow 185 
Rock Sparrow 1 
Snipe 78 
Ruff 15 
Black-headed Gull 19 
Lesser Black-backed Gull 16 
Herring Gull 23 
Little Tern 293 
Sandwich Tern 4 
Common Tern 2 
Turtle Dove 15 
Cuckoo 2 
Great Spotted Cuckoo 1 
Little Owl 82 
Long-eared Owl 3 
Barn Owl 2 
Nightjar 1 
Scaly-breasted Munia 17 
Brambling 3 
Linnet 64 
Siskin 64 
Common Rosefinch 1 
Bullfinch 1 
Crossbill 36 
Cirl Bunting 1 
Rustic Bunting 1 
Reed Bunting 37 
Corn Bunting 181 
Ortolan Bunting 36 
Chestnut Mannikin 1 
Red-cheeked Cordonbleu 1 
Total  7520 
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RINGING CONTROLS AND RECOVERIES REPORTED IN 2005 AND 2006 
 
 
The following list refers to birds which were reported from sites other than the original ringing 
location. This includes two groups of birds: those ringed during the course of Observatory 
operations in the Algarve and subsequently reported elsewhere; and those which had been ringed 
elsewhere and were subsequently controlled at Quinta da Rocha or reported to the Observatory. The 
recovery circumstances are given. 
 
The following codes are used: 
 
Condition at recovery 
R caught and released by a ringer   XF found freshly dead or dying  
VV rings or colour marks read in the field 
 
Age when ringed 
1 nestling 
2 fully grown, year of hatching unknown 
3 ringed during calendar year of hatching 
4 hatched before calendar year of ringing, but exact year of hatching unknown 
5 hatched during calendar year prior to ringing 
6 hatched before year prior to ringing, but exact year unknown    etc. 
  
 
Abbreviations used for foreign ringing schemes 
BLB  Brussels, Belgium 
BRL  British Museum, London, UK 
ESI  Icona, Spain 
FRP  Paris, France 
 
 
Collared Dove Streptopelia decaocto 
 
ESI 3 04-10-2003 Cañada de los Pajaros, Sevilla, 37 06’ N 06 09’ W 
5063406   Spain 
 R 23-09-2004 Ria de Alvor, Faro, Algarve 37 08’ N 08 35’ W 
216 km in 355 days  
 
Storm Petrel Hydrobates pelagicus 
 
FRP 2 18-05-1997 Ile De Banneg, Finistére, France 48 26’ N 05 01’ W 
SA894232 R 18-05-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
2077 km in 2922 days 
 
N3070 4 13-06-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 19-07-2005 Eilean Nan Ron, Highland Region 58 33’ N 04 26’ W 
   Scotland 
2408 km in 36 days 
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N2478 4 05-06-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 19-07-2005 Eilean Nan Ron, Highland Region 58 33’ N 04 26’ W 
   Scotland 
2408 km in 44 days 
 
N2465 4 05-06-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 19-07-2005 Eilean Nan Ron, Highland Region 58 33’ N 04 26’ W 
   Scotland 
2408 km in 44 days 
 
N2348 6 18-06-2004 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 17-07-2005 Eilean Nan Ron, Highland Region 58 33’ N 04 26’ W 
   Scotland 
2408 in 394 days  
 
N2306 6 13-06-2004 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 19-07-2005 Eilean Nan Ron, Highland Region 58 33’ N 04 26’ W 
   Scotland 
2408 km in 401 days  
 
N326 4 13-06-1998 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 29-08-1998 Inishkeeragh, Tyrone, N Ireland 54 30’ N 07 54’ W 
1938 km in 77 days 
 
N3036 6 12-06-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 17-07-2005 Malin Beg, Donegal, N Ireland 54 40’ N 08 47’ W 
1956 km in 35 days 
 
N2509 4 05-06-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 17-07-2005 Eilean Nan Ron, Highland Region 58 33’ N 04 26’ W 
   Scotland 
2408 km in 42 days 
 
N3004 4 08-06-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 16-07-2005 Eilean Nan Ron, Highland Region 58 33’ N 04 26’ W 
   Scotland 
2408 km in 42 days 
 
N3025 4 12-06-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 21-07-2005 Eilean Nan Ron, Highland Region 58 33’ N 04 26’ W 
   Scotland 
2408 km in 38 days 
 
N3028 4 12-06-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 17-07-2005 Eilean Nan Ron, Highland Region 58 33’ N 04 26’ W 
   Scotland 
2408 km in 35 days 
 
N3146 4 18-06-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 17-07-2005 Eilean Nan Ron, Highland Region 58 33’ N 04 26’ W 
   Scotland 
2408 km in 29 days 
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N1845 6 12-06-2003 Ponta de Almádena, Faro, Algarve 37 04’ N 08 46’ W 
 R 19-06-2004 Sanda Island, Kintyre, Strathclyde, 55 16’ N 05 35’ W 
   Scotland 
2037 km in 383 days 
 
N2527 6 05-06-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 09-08-2005 Sanda Island, Kintyre, Strathclyde, 55 16’ N 05 35’ W 
   Scotland 
2037 km in 65 days 
 
N2459 6 04-06-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 09-07-2005 Tullagh Point, Donegal, N Ireland 55 18’ N 07 30’ W 
2028 km in 5 days 
 
N1866 6 17-06-2003 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 23-07-2005 Tullagh Point, Donegal, N Ireland 55 18’ N 07 30’ W 
2028 km in 737 days 
 
N3159 6 19-06-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 27-07-2005 Rona, Scotland 59 07’ N 05 49’ W 
2459 km in 8 days 
 
N3118 6 14-06-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 21-08-2005 Faraid Head, Highland Region 58 36’ N 04 46’ W 
   Scotland 
2410 km in 68 days 
 
N3171 6 28-06-2005 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 01-08-2005 Porth lago, Wales 52 51’ N 04 44’ W  
1782 km in 34 days 
 
N1849 6 12-06-2003 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 29-07-2003 Fleshwick Bay, Isle of Man, England 54 06’ N 04 45’ W 
1918 km in 47 days 
 
N37 6 21-05-1998 Ponta de Almádena, Faro, Algarve 37 04’ N 08 47’ W 
 R 24-07-1998 Gwennap Head, Cornwall, England 50 02’ N 05 41’ W 
1462 km in 64 days  
 
Dunlin Calidris alpina 
 

D15545 6 03-05-1997 Ria de Alvor, Faro, Algarve 37 08’ N 08 35’ W 
 R 10-08-2004 Lucio de los Ansares, Aznaica 37 08’ N 06 16’W 
   Spain 
205 km in 2656 days 
 
D14291 6 02-05-1995 Ria de Alvor, Faro, Algarve 37 08’ N 08 35’ W 
 R 02-12-2005 Wik, Mauritania  19 54’ N 16 17’ W 
2055 km in 3867 days  
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Reed warbler Acrocephalus scirpaceus 
 
BRL 3 09-08-2004 Nagden Marsh, Faversham Kent, 51 20’ N 00 54’ E 
T253396   England 
 R 23-09-2004 Ria de Alvor, Faro, Algarve 37 08’ N 08 35’ W 
1717 km in 45 days 
 
Chiffchaff Phylloscopus collybita 
 
BLB 3 31-07-2004 Piringen, Limburg (Limbourg), 50 47’ N 05 24’ E 
SS7753   Belgium 
 R 15-11-2004 Ria de Alvor, Faro, Algarve 37 08’ N 08 35’ W 
1865 km in 107 days 
  
Lesser Black-backed Gull Larus fuscus 
 
BRL 1 26-06-2005 Inner Westmark Knock, Norfolk 52 50’ N 00 14’ E  
GC16219   England 
 XF 02-10-2005 Lagoa de Óbidos, Leiria 39 25’ N 0911’ W 
1647 km in 98 days 
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ADDITIONS TO THE AQUATIC INVERTEBRATE FAUNA OF THE ALVOR ESTUARY 
 

Willem Scheres 
 
Seven new additions to the aquatic invertebrate fauna of the Alvor Estuary were made in 2005-06, 
and a further one on 6 January 2007. They are listed in Table 1. 
 
Table 1 

Family Species 
Phylum Mollusca,  
Class Pelecypoda (Lamellibranchia)               
Mactridae Aestonia rugosa                    
Carditidae Cardita trapezia                     
Corbulidae Corbula gibba                         
Myidae Panopaea glycymeris             
Phylum Mollusca, Class Gastropoda 
Vermetidae Vermetus triqueter 
Phylum Mollusca, Class Pelecypoda 
Nuculanidae Nuculana sp. 
Phylum Echinodermata, Class Echinoide 
 Paracentrotus  lividus 
Phylum  Echinodermata,  
Class Stelleroidea, subclass Ophiuroidae 
 Ophiura texturata 
  
One of the Molluscs was from a prior collection but identified with the help of new literature. 
Recently in Amsterdam I found the name of a huge Pelecypod, Panopaea glycymeris with a 
maximum shell length of 24 cm. Two loose valves are in my collection and one in the collection of 
Cruzinha. They were found on 3 January 2001 on Meia Praia beach close to the breakwaters. The 
Aestonia, Cardita and Corbula specimens were all found as single valves in 2005. Vermetus 
triqueter, a curled gastropod from the ‘Wormsnail’ family, was the one first found in January 2007 
on the beach in front of the Alvor Dunes. The Nuculana species (only identified to the genus) was 
also found on that same day and location, but was first recorded on 4 May 2006. 
 
In addition to these new records, an observation of Donacilla cornea is of note. This was found as a 
double-valve in the lagoon of the estuary in December 1997, and as a single valve on 21 October 
2005 on the Meia Praia beach in the same area as Panopaea glycymeris. The name of this small 
species, with a maximum shell length of 2 cm, was found by consulting new literature. It had been 
previously recorded at the Alvor Estuary by Rodrigues (1986) (see Carpenter, 2005) but is the first 
record for A Rocha.  
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LOCATING THE ROOSTING SITES OF PIPISTRELLE BATS FEE DING  
AT QUINTA DA ROCHA 

 
Martyn Lings 

 
 
Introduction  
 
In August 2006 A Rocha carried out surveys to identify the location(s) of roosting sites for the 
Pipistrelle bats feeding at Quinta da Rocha. It was decided to track Pipistrelles as they are the most 
abundant and some preliminary roost location research on this family had already been undertaken 
in 2002 (Boyes, 2004). Studies by A Rocha in 2002 revealed that at least seven and up to ten 
different species of bats were feeding at Quinta da Rocha. Of these, six were positively identified 
as: 
 
·  Greater Horseshoe Bat (Rhinolophus ferrumequinum)  
·  Common Pipistrelle (Pipistrellus pipistrellus) 
·  Soprano Pipistrelle (Pipistrellus pygmaeus)  
·  Kuhl's Pipistrelle (Pipistrellus kuhlii)  
·  Schreiber's Bat (Miniopterus schreibersii) 
·  European Free-tailed Bat (Tadarida teniotis) 
 
Species of particular note were the Greater Horseshoe Bat, which is endangered and declining, 
Schreiber’s Bat, which is vulnerable and declining, and Free-tailed Bat and an unidentified Nyctalus 
species, both of which are rare in Portugal. Attempts during the 2002 study to locate the roosts of 
Pipistrelle bats led to the conclusion that their roosts were in the direction of the village of Figueira 
and not on Quinta da Rocha itself.  However the specific locations of roosting sites were never 
found.  
 
The objectives of the study were to locate the roosting sites for the Pipistrelle species that feed at 
Quinta da Rocha and conduct roost counts at any located sites. 
 
 
Methodology 
 
All surveys were conducted in low wind conditions with no rainfall or unseasonably low 
temperatures, as these conditions favour the bats leaving the roost (Walsh et al, 2001).  
 
Identification of Bat Species 
The study focused on locating the roost sites of the Pipistrelle bats, so attention was paid to 
correctly identifying which species of Pipistrelle bats were being tracked. This was done by using a 
heterodyne bat detector (Bat box III from Stag electronics) that picks up the ultrasonic calls of bats 
and translates them into a sonic range that humans can hear. The differences in frequency and 
rhythm of calls recorded allow species to be identified. A compilation of recordings of calls on CD 
(Barataud, 1996; BCT, 2002; Briggs & King, 1998; Tupinier, 1997) were used for identifying more 
difficult or unfamiliar calls by comparing with recordings made in the field. Visual clues such as 
size, shape and flight characteristics were also useful in the identification of different species. 
 
Locating the roost site 
Tracking bats back to their roosts was done by following them as they return from nocturnal 
feeding at around dawn and by observing where they came from at sunset. The survey began on 31 
July 2006 to try and coincide with the optimum period for conducting roost hunts (Briggs & King, 
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1998). It was undertaken every night/morning till the 11 August, apart from on the 1st, 5th, 6th, 
evening of the 8th and morning of the 9th of August. Tracking was conducted in the evenings from 
sunset till 30mins afterwards and in the mornings from 90 minutes before dawn to 30 minutes after 
(Briggs & King, 1998; Mitchell-Jones & McLeish, 2004). These periods were refined as the timing 
of the bats’ arrival (at sunset) and return (at dawn) became more precisely known to the surveyors. 
The Cruzinha field study centre was used as a starting point, as the bats were known from previous 
observations to feed there. Bats were tracked on foot by sight and heterodyne detection. The 
heterodyne device acted as an early warning system that bats were coming.  
 
Once sighted, bats were followed as far as possible until they were no longer visible or until a 
physical barrier, such as a fence or stream, prevented further pursuit. The last sighted location of 
each bat and the direction it was heading was recorded on an aerial photograph of the study site. 
The next survey then began either from the point at which the bats were last seen or, if an area was 
inaccessible, from a logical position further along the predicted flight-path. These predicted points 
were extrapolated by identifying linear landscape features, such as avenues of trees, roads, rivers 
and train lines that the bats were seen to be following. Research has shown that bats use linear 
landscape features as a means of navigation (Briggs & King, 1998). In some cases the predicted 
points were incorrect and it was necessary to back-track to possible ‘cross-roads or divergence’ 
locations where two or more linear features met and the bats could follow different routes. This 
occurred on the morning of the 3 August, when the surveyors went too far down the track (towards 
Mexilhoeira Grande), past the point where the bats were turning off (see point ‘c’ Figure 2), and on 
7 August, when it was thought that the bats would follow the river to N125 road bridge, but they 
actually turned off at the railway bridge (see survey point ‘q’ and ‘r’ on Figure 2). 
 
Only bats that were seen to be flying in a deliberate direction and without obvious foraging 
behaviour were tracked. Foraging behaviour was determined by flight pattern and echolocation call. 
Occasional bats were recorded flying in differing directions to the majority; these were recorded but 
disregarded if there was a clear flight-path of bats in another direction. The heterodyne detector was 
used at all points to ensure that the survey was tracking the same species of pipistrelle.  
 
Sunset surveys of the located tree roost site (see results) were conducted to determine the exact 
location of the roost within the tree. To do this, surveyors were positioning around the tree to 
observe all potential exit holes for the emergence of bats. All surveyors were in position at least 15 
minutes before sunset, as recommended by Mitchell-Jones & McLeish (2004). Finding the entrance 
to the roost proved difficult as the tree had many holes that could be roost sites and the exact 
entrance/exit holes are still unknown.  
 
Conducting the roost count 
Research conducted in the UK suggests that the optimum period for counting a summer colony is 
between May and June (Walsh et al, 2001), as this provides the most stable roost numbers. By later 
in the summer the juveniles start to appear causing numbers to fluctuate. Whilst the Mediterranean 
climate of southern Portugal may influence this optimum period, it was decided to undertake roost 
counts anyway.  
 
Attempted roost counts were carried out by subtracting the numbers of bats that re-entered the roost 
area from the number that left. Counting was continued until 10 minutes after the ‘last’ bat was 
seen, to ensure a complete count (Mitchell-Jones & McLeish, 2004). Attention was paid to try to 
avoid recording non-colony bats moving through the area. This was done by only counting bats 
showing swarming behaviour. 
 
 
 



A Rocha Portugal Observatory Report 2005-2006 

 
 
Results 
 
Figure 1 shows the numbers of Pipistrelle bats recorded on each roost hunt survey date, mornings 
and evenings. Table 1 and 2 list the morning and evening sightings of bats on the roost hunt survey 
respectively, giving the date, time before sunrise/after sunset and bat description (call frequency, 
number seen, and species). Figure 2 shows the locations that bats were seen between the 1 and 11 
August. It also shows the times after sunset or before sunrise they were spotted and the direction 
they were traveling, the number of bats seen and the frequency of their calls.  
 
Figure 1  Numbers of Soprano Pipistrelle bats seen on each survey. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Surveys were not carried out on the following days; 

·  1st, 5th, 6th, the evening of the 8th and morning of the 9th of August. 
·  Morning survey on the 3rd August didn’t record any Pipistrelle bats  
·  Evening survey on the 7th August didn’t record any Pipistrelle bats 

 
 
Identification of Species 
The bats recorded were ‘zeroed in’ between 50 and 55 kHz, with the majority at 52 kHz, as shown 
in tables 1 and 2.  Previous research has shown that Pipistrelles with a zero point between 52–56 
kHz are Soprano Pipistrelles, while ones recorded between 44–48 kHz are Common Pipistrelles 
(Briggs & King 1998). Pipistrelles that fall in between this range can be considered to be either 
species and possibly Schreiber’s Bat, depending on size. Tables 1 and 2 show that the majority of 
the bats were recorded at a frequency of 52 kHz and therefore were most likely to be Sopranos. 
Some were recorded at 50 kHz and these can be considered as either Pipistrelle species, but not 
Schreiber’s due to their size. At the roost site the bats were recorded at 52 kHz, and were not the 
correct size for a Schreiber’s bat, so it can be stated with some conviction that this is a Soprano 
Pipistrelle roost site.  
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Table 1  Morning sightings. �
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Table 2  Evening sightings 
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Roost to feeding site flight-path 
Figure 2 shows a clear flight-path of the Soprano Pipistrelles to and from the roost site, following 
landscape features such as the railway line, tracks, the Farelo River and tree lines. The distance of 
the route between the feeding ground at Cruzinha and the roost location is 2.9 km. This fits within 
the foraging distances of 2–5km quoted by some other investigators, although a shorter range of 
around 2 km is a more common recorded foraging distance for the species (Briggs & King, 1998; 
Davidson-Watts & Jones, 2006). There is a gap of 500 m between observation points ‘e’, ‘d’ and 
‘e2’,  where the bats were heard but not seen, and ‘f’. The extrapolation of the bats’ flight path at this 
point was made on the basis of the direction of flights recorded at the former three points and, to a 
lesser extent, the predominant linear landscape features present. The same approach was used to 
predict the path of the bats between ‘c’ and ‘e’, and between ‘r’ and ‘u’.  
 
The numbers of bats seen at each survey location increased the closer they got to the roost site, with 
the exception of the last surveys on the morning and evening of the 10 August (Tables 1 & 2). The 
drop in numbers in the morning survey on this day (survey points u, v, and w) could be accounted 
for by the time spent moving between locations by car. The drop in numbers at point ‘x’ cannot be 
accounted for in this way. Being on the road bridge over the railway, detecting the bats may have 
been more difficult at this point as they were flying against a dark background rather than being 
silhouetted against the sky. Nevertheless we would have expected to pick them up on the 
heterodyne detector. It is also possible that the bats use slightly different routes to cross the road. 
 
The increasing numbers of bats counted on the flight-path as the roost got nearer could be due to 
Pipistrelles joining the route at different points from their foraging grounds. The Soprano 
Pipistrelles are known to feed right across Quinta da Rocha from the western marsh to Abicada 
(Boyes, 2004) although their preferred habitat is thought to be wetlands (Vaughan et al, 1997). If 
this hypothesis is correct then it is likely that the bats should be seen diverging at certain points 
along the route in the evenings. Some evidence of this was found at points ‘j’ and ‘i2’ (Figure 2). 
Here, bats were recorded moving in many directions away other than the flight-path heading 
towards Cruzinha. Point ‘j’ could also be an en route foraging site where the bats temporarily fed 
before moving on to other foraging grounds. Such behaviour has been noted by Walsh et al (2001).  
 
Locating the roost 
The likely location of the roost was identified, initially, by the observation of swarming activity 
around a large Cork Oak (Quercus suber) tree (Figure 2). Swarming activity is characterised by a 
sizeable number of bats flying in a circular pattern outside their roost site (Briggs & King, 1998). 
Whilst observing the swarming behaviour, typical roosting noises at low frequencies and a change 
to very quiet echolocation calls in flight were detected by the heterodyne detector.  
 
The Cork Oak tree was situated on the edge of a cork oak wood that borders the railway line and 
arable farmland, north-east of the village of Figueira. The tree was an unexpected roost site as the 
species usually prefers buildings of less than 30 years old (Briggs & King, 1998). However, other 
tree roosts have been documented (Cowan, 2003; Warwickshire Bat Group, 2006). A tree contains 
many potential roost cavities in the form of hollowed-out branches, and locating the actual ones 
used proved difficult. Despite five attempts to identify the exact location of the entrance/exit points, 
by the end of the survey period they were still unknown. Observations suggest that the roost is in a 
high, central part of the tree.  
 
Colony size 
As the location of the roost within the tree has yet to be clearly identified, an accurate roost count 
cannot yet take place. Attempts were made to conduct a count without knowledge of the 
exit/entrance holes, but due to the bats swarming behaviour, distinguishing a circling bat from a 
newly emerged bat was very difficult. However, it appears that the colony is a smaller one as the 
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results of the attempted roost counts ranged between 7 and 36. Table 3 shows the results of the five 
counts. Furthermore, as noted in the Methodology, the optimum period for conducting a roost count 
in this region was not known at the time of this study. As such the roost count figures should be 
treated with some caution.  
 
������)������)������)������)�� The numbers of bats counted at the roost site on each survey.�
  

Date of 
Survey 

22/08/06 23/08/2006 25/08/2006 29/09/2006 17/11/2006 

Number 
of bats 
counted 

7 9 14 36 23 

 
Conclusions 
 
The study has located the summer roost site of a colony of Soprano Pipistrelles that feed at Quinta 
da Rocha. The site was identified as a mature Cork Oak tree on the north-eastern side of Figueira. 
The 2.9 km route between roosting and feeding grounds was mapped, including points of possible 
divergence. The exact locations of the roost cavities in the tree were not discovered, and hence the 
estimation of the colony size has little precision. These are areas for further research, as is an 
investigation into whether the bats move from a summer to winter roost site, as is common in more 
northern latitudes.  
 
The study was undertaken with the support of Chris Boyes, whose assistance I would like to 
gratefully acknowledge. 
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IDENTIFICATION OF LIMONIUM  SPECIES IN THE ALVOR ESTUARY 
 

Will Simonson and Jeanette Hall 
 
 
Introduction 
 
In the late spring of 2004, a field survey was undertaken of sea lavenders (Limonium spp) in the 
Alvor Estuary. Limonium is a diverse genus with some 87 species recognised in Europe (Tutin et al, 
1972). It has undergone several taxonomic revisions, with the work of Erben in the Flora Ibérica 
(Castroviejo et al, 1995) now being considered as the most recent and authoritative. This group is of 
interest to the Alvor Estuary because of the presence of Limonium lanceolatum, a species of 
community interest under the Habitats Directive. The authors had previously recorded three 
different Limonium species in the area, but not including L. lanceolatum. Furthermore, an additional 
species – L. diffusum – had been recorded in the Alvor Estuary by Costa & Lousa (1989). The aim 
of the current study was to confirm the presence of L. lanceolatum, identify which other sea 
lavenders are present, and provide a reliable key to their differentiation. 
 
 
Methods 
 
Seven field visits were made between 8 May and 16 June 2004, covering the main areas of salt 
marsh and fringe habitat across the Alvor Estuary Natura 2000 site. The presence of a Limonium 
species was noted and plotted by hand onto maps taken into the field. Limonium vulgare and 
Limonium ferulaceum could be identified easily in the field (see notes on characters below). 
Because of uncertainty over differentiating L algarvense and L. lanceolatum, samples were taken of 
each major population of this group. For the sake of developing a complete herbarium collection of 
this genus, a small number of samples were also taken of all the other species. 
 
Measurements were made of the sampled Limoniums back in the laboratory. The variables recorded 
were: 
 

·  Inflorescence shape (one of eight possibilities) 
·  Scape length 
·  Shape of leaf apex 
·  Indumentum of calyx 
·  Ten measurements from the one plant of: 

o Spike length  
o Spikelet length 
o Number of flowers per spikelet 
o External bract length 
o Internal bract length 
o Calyx length 

 
The spikelet and external bract were measured whilst still attached to the plant. With tweezers, the 
internal bract was then removed and measured with calipers. The number of flowers was counted 
and one calyx length measured. Finally, the calyx indumentum (hairiness) was noted. All data were 
entered into a recording sheet, and then transferred into an Excel table. Comparison with published 
keys (Franco, 1984; Tutin et al, 1972; Valdés et al, 1987; Castroviejo et al, 1995) then allowed for 
the data to be analysed for identification of the species (L. algarvense or L. lanceolatum) and for the 
most reliable and useful characters for this differentiation to be determined. An artificial key was 
then developed for all the Limonium species present in the study area. 
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Finally, the presence of populations confirmed as Limonium lanceolatum were mapped onto GIS as 
part of a current (2007) project to assemble a detailed digital map of the Natura 2000 habitats and 
species. 
 
 
Results and discussion 
 
Franco (1984) describes 18 species of Limonium in Portugal, of which five were found in this study. 
Three groups could be relatively easily separated: 
 

1. L. ferulaceum and L. diffusum have already lost their leaves by flowering time, whereas the 
other three species have an obvious basal rosette of leaves present throughout flowering. 

2. L. vulgare has pinnately-veined leaves  
3. L. algarvense and L. lanceolatum have parallel-veined leaves. 

 
Separating L. ferulaceum and L. diffusum 
Tutin et al (1972) and Franco (1984) describe how to differentiate the species on the basis of 
characteristics of the basal scales of the flowering spikes. Differences in the dimensions of the 
flower bracts and calyx are also described, and the flowers differ in colour (pink for L. ferulaceum 
and pale-violet to white for L. diffusum). Only two samples of each species were collected in this 
study but differences in their flower characteristics are tentatively used to produce the key at the end 
of this report. 
 
Separating L. algarvense and L. lanceolatum  
These two species seem to be the hardest to separate in the field or from careful measurements.  L. 
algarvense was described in Erben (1978), and L. lanceolatum by Hoffmans and Link (Franco, 
comb nov).  Within this study, eight plants were tentatively identified as L. algarvense and ten as L. 
lanceolatum.  A further three could not be identified either way in the first instance (Table 1). 
 
Table 1.  Species of Limonium sampled.  
 

Species Number of 
samples 

Sample Numbers (brackets indicate that 
flower measurements were not made) 

L. vulgare 3 3, (4), 16 
L. diffusum 2 23, 24 
L. ferulaceum 2 21, 28 
Probable L. algarvense 8 2, 5, 7, 8, 17, 18, 19, 20 
Probable L. lanceolatum 10 13, 14, 15, 22, 25, 26, 27, 29, 30, 31 
L. algarvense/ lanceolatum ? 4 (6), 9, 10, 11 
? 2 1, (12) 

 
For all characteristics, samples 5 and 8 of the probable L. algarvense were atypical.  Sample 5 was a 
poorly formed, spindly plant and only four measurements were taken.  Only eight spikelet 
measurements were taken from Sample 8 because of their condition/abundance. Sample 31 of the 
probable L. lanceolatum was also atypical, and the full quota of measurements was not possible 
from this very small plant. 
 
Characteristics shared by most samples include the hairy mid-veins of the calyx and the sub-acute 
to acute, mucronate leaf-tip. 
 
The differences between these two species, summarised from Franco (1984) are given in Table 2. 
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Table 2.  Differences between L. algarvense and L. lanceolatum according to Franco (1984). 
 

Characteristic L. algarvense L. lanceolatum 
No nerves in leaf 3 5-7 
Size of leaf (mm) 50-120 x 10-20 80-180 x 20-40 
Width of petiole (mm) 2-5 4-6 
Size of petiole  1.5-2 x length of limb 1-1.5 x length of limb 
Spike length (mm) 8-15 (-20) 4-8 
Spikelet length (mm) ? ? 
Spikelets/ cm 8-10 10-12 
Flowers/ spikelet 3-5 2-3 
Internal bract (mm) 4-5 with three nerves 3.2-3.5 with central nerve visible 

in proximal half of dorsal side 
External bract (mm) 1.5-2.3 1.2-1.4 
Calyx (mm) 4.3-5 3.2-3.6 
Flower length (mm) 5-6 4-5 
Scape length (cm) 18-36 20-50 

 
By plotting the measurements of the sampled plants, and excluding the anomalous samples (5, 8 
and 31), the best of the above characteristics for separating the two species were found to be: 
 

Characteristic L. algarvense 
samples 

L. lanceolatum 
samples 

unseparated 
samples 

Spikelet length  (mm) 5.1 – 5.7 4.1 – 4.7 4.2 – 4.7 
External bract length (mm) 1.5 – 2.2 1.0 – 1.4 1.0 – 1.1 
Internal bract length (mm) 4.3 – 5.0 2.7 – 3.6 3.1 – 3.2 
Calyx length (mm) 4.2 – 4.8 3.3 – 3.9 3.6 – 3.8 

 
According to these characteristics, the three unseparated samples (9, 10 & 11) would seem to be 
closest to L. lanceolatum. 
 
These characteristics depend on careful measurement and would not be reliable for especially small 
or poorly formed samples.  It is important to take the average of at least five measurements from 
each sample.  
 
It may be that for such samples, characteristics of the leaves would be more reliable but more work 
is required on this. Franco (1984) describes the leaves as: 
 

L. algarvense 10-20mm long, 3-nerved 
L. lanceolatum 20-40mm long, 5-7 nerved 

 
Studying several of the specimens, it was found to be quite difficult to make these distinctions.  The 
leaves seemed to vary a great deal in their length and the major veining was often unclear. The 
samples were divided into two groups: 
 
·  In group 1 (samples 5, 9-11, 13-15) the specimens appeared to have quite thick leaves and the 

veins were harder to see.  Examination of the surface of the leaf with a hand lens suggested that 
they have only three veins.  However, there were actually 5-7 veins exiting at the cut base of the 
petiole.  The appearance of the under-surface of the leaves was quite smooth and there were what 
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appear to be numerous, clearly visible pores.  The leaves appeared to have a purplish coloration, 
not present in the other group – although with dried material it was hard to be sure of this. 

·  In group 2 (samples 2, 6-8, 12) the samples had much thinner leaves with five or seven veins – 
clearly visible without a hand lens.  The underside appeared quite wrinkled without clearly 
visible pores. 

 
This preliminary study of the leaves is inconclusive and further work is needed. In the meantime, 
the proposed artificial key to the five species found in this study is given in Figure 3. 
 
Figure 3  Proposed key for the identification of Limonium species of the Alvor Estuary. 
 
1. Leaves absent at anthesis…………………………………………….………………………2 
 Leaves present at anthesis.………………………………………….………………………..3 
2. calyx >4mm, external bract >2.5mm, internal bract >4.5mm……………………………….L. ferulaceum 
 calyx 1.5-3mm, external bract 1-2.5mm, internal bract 3.5-4mm …………………………..L. diffusum 
3. Leaves with pinnate veins…………………………………………….……………………...L. vulgare 
 Leaves with parallel veins………………………………….………………………………...4 
4. spikelet >5mm, external bract <1.5mm, internal bract >4mm, calyx >4mm………………...L. algarvense 
 spikelet <5mm, external bract >1.5mm, internal bract <4mm, calyx <4mm………………...L. lanceolatum 

 
On the basis of the above scheme for identifying Limonium species, two main populations of 
Limonium lanceolatum were discovered in the Alvor Estuary, being in the salt marsh behind the 
Alvor dunes, and the marshes bordering the lagoon at Palmares. These have been mapped onto GIS 
and made available to the Instituto de Conservação de Natureza e Biodiversidade. Further searches 
for this and other species will be conducted to produce a more comprehensive distribution map for 
this important genus. 
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POST-FIRE RECOVERY OF PLANT COMMUNITIES IN THE SERR A DE MONCHIQUE 
 

Patrícia Santos and Will Simonson 
 
 
Introduction 
 
Since the middle of the twentieth century, rural depopulation in the Serra de Monchique has had 
considerable influence upon forest management (Seng & Deil, 1999). As a result, most of the small 
farms and traditional methods of agriculture and animal keeping in the mountainous inland of the 
Algarve have been abandoned. In addition, afforestation with Eucalyptus globulus has been 
replacing ancient agricultural and forestry land uses. More recently, the occurrence of large-scale 
fires in 2003 and 2004 dramatically altered the Monchique landscape.  
 
The outstanding phytogeographic position of the Serra de Monchique in southern Portugal results in 
a unique floristic richness of Mediterranean and Atlantic species. The climate is of a Mediterranean 
type with hot, dry summers and mild, humid winters (Rocha Faria et al, 1981), with considerably 
higher rainfall due to the proximity of the Atlantic Ocean and the higher elevation. The bioclimatic 
conditions vary from thermo to mesomediterranean and from semiarid to hyperhumid (Rivas-
Martinez et al, 1990; Seng & Deil, 1999).  The central mountain ridge, including the summits of 
Foia (902 m) and Picota (774 m), consists of a syenitic intrusion, where the climate - rainy, humid 
and cold - generates the Atlantic-European landscape (Malato-Beliz, 1982). The surrounding foot-
hills consist of highly folded Palaeozoic schists and greywacke (Seng & Deil, 1999) with strong 
Mediterranean influence characteristic of lower altitudes. 
 
The soils developed from syenite have favourable physical and chemical properties (sandy texture, 
high organic matter content, pH between 5 and 6, high potassium content) that provide good 
conditions for agricultural use, especially on the less steep slopes with year-round availability of 
water (Kopp et al, 1989; Seng & Deil, 1999). In contrast, soils developed from schists are very 
shallow, stony and with low nutrient content and pH, and are unsuitable for agriculture, 
nevertheless have been used for dry farming and extensive grazing until the last few decades (Neto, 
1988; Seng & Deil, 1999).   
 
In the mesomediterranean, humid to hyperhumid parts of the Serra de Monchique, due to the 
intense and long-lasting human influence, only fragments of climax communities of forests of 
Quercus suber, Quercus faginea subsp. broteroi and Quercus canariensis have survived, 
representing forms of Sanguisorbo hybridae-Quercetum suberis quercetosum canariensis (Rivas-
Martinez et al, 1990). Tree-felling opened the canopy and led to the expansion of a dense maquis 
dominated by Arbutus unedo and Erica arborea (Rivas Goday, 1959). Further degradation by fire 
resulted in a heathland of medium height dominated by Erica australis, Cistus populifolius and 
Ulex minor - Erico australis-Cistetum populifolii (Rivas Goday, 1964) and Cisto salvifolii-Ulicetum 
minoris (Braun-Blanquet, Rozeira & Silva, 1964).  
 
The descriptions of the Serra de Monchique by Malato-Beliz (1982) show how the natural and 
landscape potential of this territory merit its designation as a protected area and heritage reserve. 
The higher elevation areas hold sub-Atlantic formations of heathlands of Ulex minor with rock 
outcrops and, in more humid parts, the presence of Ilex aquifolium exemplars. At lower altitudes, 
there are areas covered with exuberant vegetation, with Rhododendron ponticum subsp. baeticum 
and Campanula primulifolia, an Iberian rarity, curiously in association with Myrica faya, a 
Macaronesian tree common of island “Laurisilva” formations. In the lower parts of the hills, 
confined to high humidity conditions, are found the rare examples of Quercus canariensis and 
Senecio lopezii, a yellow Portuguese endemic. The Serra de Monchique is the only site for Quercus 
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canariensis in Portugal, and represents the western-most limit of its actual scattered distribution in 
Europe, otherwise limited to the north-east and south-west of Spain (Malato-Beliz, 1982).    
 
The Serra de Monchique is included in the Natura 2000 network. For this area of over 76000 ha 
there are listed 15 habitats and 11 protected species, two of them being priorities. The most 
prevalent vegetation type at higher altitudes, the heathlands of Ulex minor and Erica australis are 
recognised as a European habitat of community interest under the EC Habitats Directive (European 
dry heathlands - 4030). Other such communities include rocky slopes with chasmophytic vegetation 
(8220), scrublands of Rhodendendron ponticum (92B0), and areas forested by Castanea sativa 
(9260). 
 
Land use 
Until the middle of the 20th century, the majority of the population in the Serra de Monchique 
earned their living in small scattered farms. The cultivation of vegetables and tree orchards in 
syenite areas was organized in narrow terraces. There were large areas of Sweet Chestnut (Castanea 
sativa) cultivated as coppice stands and used for furniture wood and for the fruits (Neto, 1988; Seng 
& Deil, 1999), but only few remain due to an infestation by Phytophthora. Extra income came from 
selling cork, wool, charcoal, brushwood, and “medronho”. The cork oak forests were also used for 
pasture for pigs, sheep, and goats, so they were almost devoid of underbrush, which facilitated their 
natural regeneration and decreased the risks of wildfire (Seng & Deil, 1999). Nowadays, most of 
the farms are abandoned. Big areas are used for intensive forestry exploitation; others are left 
unmanaged and accumulate brushwood. Pig farms have increased with increasing water pollution, 
and the water lines are colonized by Acacia trees.   
 
The most dramatic land use change is the afforestation with Eucalyptus globulus that by 1952 
already occupied 15% of the Monchique council total area (Silva Martins, 1973; Seng & Deil, 
1999), leading to an extensive shift from dryland farming, heathland and open Quercus suber 
woodlands to terraced Eucalyptus forests, especially in the north-west area.  
 
Fire & Mediterranean ecosystems 
Disturbance plays an integral part in shaping global vegetation, and together with climate and soil 
conditions drives vegetation structure and functioning (Thonicke et al, 2001). 
 
Fire is one of the major disturbance agents, with the season of burning and the time between 
recurring fires determining the plant species composition in many ecosystems. At the global scale, 
fires are a significant source of emitted carbon, contributing to global warming and leading to 
biodiversity changes. At the regional and local level, they lead to change in biomass stocks, alter the 
hydrological cycle, and have an impact on plant and animal species' functioning (Dennis et al, 
2001). Fire, therefore, is an integral part of many ecosystems (Pausas & Vallejo, 1999). 
 
In Mediterranean-type ecosystems, fire is recognized as an important factor determining vegetation 
dynamics (Lloret et al, 1999). The Mediterranean climate regions found in the Mediterranean Basin, 
California, Chile, South Africa and Australia, share a climate of typically temperate mild rainy 
winters and dry summers (Dallman, 1998). The occurrence of a drought during the hottest part of 
the year increases the flammability of dead wood; this is why regions with Mediterranean climate 
are more susceptible to fires than other parts of the World (Dallman, 1998). Variations in 
temperature, months of dry season, amount and period of rainfall, along with the presence or 
absence of hot, strong winds, topography and vegetation, condition the levels of wildfire risk. 
 
Mediterranean ecosystems of Europe have been subjected to a long-term history of human use 
(Pausas et al, 1999). The settlement of agricultural communities promoted the spread of annual 
herbs and grazing, favoured the survival and proliferation of aromatic herbs and poisonous or 
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thorny shrubs, and slowly shaped the landscape. Fire has been used by men as a management tool 
since early times. The first evidence of human-induced changes by fire in the Mediterranean basin 
is during the Neolitic (Naveh, 1975; Pausas et al, 1999). 
 
The human burning activities shifted the periodicity of fire, consequently changing vegetation 
composition and thus the existence of ecosystems such as African savannas, Prairie grasslands and 
many Mediterranean-type ecosystems (Thonicke et al, 2001). After a change in management, 
previously adapted plants may no longer be adapted to the new fire regime, as seen in changes in 
pastoralism (e.g. Davis & Richardson, 1995) and in the application of fire suppression policies 
(Thonicke et al, 2001). 
 
In recent decades the general trend in number of fires and surface burnt in European Mediterranean 
areas has increased spectacularly. This increase is due to land-use changes (rural depopulation, land 
abandonment, fuel accumulation) and climate warming (reducing fuel humidity, increasing fire risk 
and fire spread). During the decade of the 1990s, approximately 50,000 forest fires per year 
throughout the Mediterranean Basin burned about 600,000 ha of forest and other wooded land, 
representing almost twice as much as in the 1970s (FAO, 2001). However, inter-annual fluctuations 
of fire occurrence and impacts within individual countries are quite different. 
 
Because of its overwhelming importance in many ecosystems, there is a long history of fire ecology 
and fire modelling studies. The complexity of the effects of fire is not yet totally understood. As a 
result of fire occurrence there are numerous alterations on the ecosystem’s ecology, with huge 
impacts on the fauna, flora, soil, and atmospheric conditions, with immediate loss of biodiversity 
and soil nutrients, and increase of erosion risk, and also important damaging effects on the socio-
economy of the region. 
 
Fire hazard has been increasing in the Serra de Monchique. Natural Quercus suber forests and semi-
natural vegetation types such as shrubland and heathland communities have been disturbed by 
wildfires more frequently. 
 
The year 2003 was catastrophic for fires locally and in Portugal as a whole, affecting nearly 80% of 
the Monchique district. This is considered to have resulted from the landscape and land-use changes 
described above, accompanied by an exceptional heat wave with high temperatures combining with 
strong hot winds.    
 
Vegetation response to fire 
With the presence of frequent wildfires in Mediterranean ecosystems, it is expected that the plant 
species presently occupying these areas have survived and evolved by acquiring adaptations that 
favour the continuity of the plant communities. Such adaptations involve survival, regeneration and 
colonization after the fire. Regenerative mechanisms that allow populations to recover after fire are 
widespread in Mediterranean-type vegetation (Trabaud, 1987; Lloret et al, 1999). These 
mechanisms include fire-stimulated germination, or resprouting from stumps, lignotubers or burls 
(James, 1984). 
 
Vegetative reproduction is common in many phylogenetic lineages and biogeographical contexts 
that are not necessarily associated with fire (Barbour & Minnich, 1990). For example, resprouting 

allows the regeneration of rain forests in Central America after large-scale disturbances such as 
hurricanes (Yih et al, 1991). The functional and adaptational significance of the resprouting 
structures seems to be related to the disturbances by providing a source of meristematic tissues and 
resource storage (Canadell & Zedler, 1995). 
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The principal regeneration traits found in plant species associated with fire-prone ecosystems are 
capacity to resprout after fire and fire-stimulating of the establishment of new individuals. Different 
relative proportions of each trait, corresponding to different functional types, may determine the 
post-fire regeneration and erosion risk (Thonicke et al, 2001). 
 
Plants that have survived and diversified in regions with Mediterranean climate have done so only 
by having adaptations that favour survival during the period of summer drought, including 
surviving wildfires. Common characteristics in the vegetation include the presence of bulb plants 
and other geophytes with underground water and food storage during the drought season, annuals 
which complete their life cycle before the summer drought begins, shrub and tree roots with dual 
water-seeking strategies involving both vertical and horizontal growth, and the development of 
elaborated mechanisms to increase the efficiency of nutrient uptake in the unusually nutrient-poor 
Mediterranean soils (Dallman, 1998). 
 
After a fire in maquis habitat, more than four-fifths of the shrubs and trees re-establish themselves 
by sprouting (Trabaud, 1994; Dallman, 1998). Many of these have a deep tap-root that provides 
enough water to initiate regeneration even before the first rains (Dallman, 1998). Plant species that 
can only re-establish themselves by seed are referred to as obligate seeders and include Cistus spp 
and Pinus spp. Additional benefits from fire include the inactivation of growth inhibitors in the soil 
and the stimulating effect of light. Seeders usually have long-lived seeds, which become buried and 
can survive for very long periods, and which can be stimulated either by heat or by chemicals in 
burnt vegetation (Dallman, 1998).  
 

In the first year after a fire, sprouting begins almost immediately (Trabaud, 1994). After the rains, 
there is an abundant growth of annuals, perennial herbs, and bulbous plants. In the second year, 
there is a steady growth of shrubs, whilst annuals are still prominent and the growth of grasses and 
perennials reaches a peak. This is the period during which there is the greatest diversity of species. 
In the third and fourth years the shrubs increase dramatically in size, and herbs are on the decline. In 
the fifth year and subsequently the maquis recovers its original appearance (Dallman, 1998). 
Whatever the strategy used by plants to survive after the fire it takes many years for them to reach 
their former size.  
 
Climate change 
An overview of the climate change context and forecasts relevant to this current study is given by 
the European Environment Agency report on the Impacts of Europe’s Changing Climate (EEA, 
2004). The Earth’s history has been characterised by many changes in climate conditions, but the 
extent and the rate of current climate change most likely exceeds natural variation. There is strong 
evidence that most of the observed recent warming is attributable to human activities, in particular 
to emissions of greenhouse gases from burning fossil fuels and land-use changes.  
 
Due to human activities, the concentration of carbon dioxide has increased by 34% compared with 
pre-industrial levels, with an accelerated rise since 1950. The global average temperature has 
increased by 0.7 ± 0.2 ºC over the past 10 years. The 1990s were the warmest decade, with 1998 
being the warmest year, followed by 2002 and 2003. The warming has been greatest in north-west 
Russia and the Iberian Peninsula. Annual precipitation trends in Europe for the period 1900-2000 
show a contrasting picture between northern Europe (10-40% wetter) and southern Europe (up to 
20% drier). 
 
Climate change over the past three decades has resulted in decreases in populations of plant species 
in southern and northern Europe. Projections predict a further northward movement of many plant 
species. Mountain regions are important for the diversity of European flora, comprising a high 
percentage of the native European vascular plant species. In these regions, climate is the main 
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driver of species composition, and mountain plant species are more vulnerable to climate change 
because they are unable to adapt to the changed environment. Future climate change is projected to 
affect species distribution in mountain regions considerably, with the upward migration of more 
competitive shrubs and tree species, resulting in decreased abundance and sometimes even losses of 
endemic species. 
 
Besides the effect of climate change itself in vegetation distribution, another effect is expected: by 
causing longer dry seasons and less overall annual rainfall, the increase of fire risk. The year of 
2003 was characterized by unprecedented heat-waves and, therefore, extremely severe wildfires in 
Europe. The Algarve registered the worst fires on record in the summers of 2003 and 2004. Such 
climatic events, coupled with the reliance of modern forestry on extensive monocultures of highly 
flammable trees such as pine and eucalyptus, could lead not only to more frequent and extensive 
forest fires but greater vulnerability to soil erosion and desertification. 
 
Post-fire recovery monitoring in Monchique 
A study undertaken by A Rocha in the summer of 2003 aimed to assess the flora and vegetation of 
Foia, in the Serra de Monchique, in support of the Bio-parque initiative (Simonson, 2004). Fixed 
study plots were established covering the dominant habitats present at the summit of Foia and the 
vegetation was recorded using phytosociological methodology. Just after the survey took place 
forest fires affected some 80% of the Monchique district, burning most of the study area.  
 
It was decided to use the pre-fire data from the 2003 study as a baseline for following vegetation 
recovery in the different habitats after the occurrence of the fire, and to assess their resilience in the 
face of this disturbance event. Furthermore, we aimed to establish additional study plots, using fire 
history maps of the region since 1990, to cover different fire regimes and look at the possible 
effects of number of fires, and the time since last fire, on the heathland vegetation in particular. The 
monitoring of these fixed study areas can provide valuable information about the habitats’ 
conservation status and the recovery potential of different vegetation communities. This is to be a 
long-term project, with the initial results presented in the report below.  
  
In summary the objectives were to: 

1. Compare pre-fire and post-fire vegetation composition and structure of fixed study plots of 
different representative habitats of the Serra de Monchique; and 

2. Assess whether, and how, the number of fires and time since last fire affects vegetation 
composition, structure and resilience in the heathland communities. 

 
 
Methods 
 
Study area 
The four areas studied (Vale Largo, Cruz da Foia, Terreno da Foia and Barranco da Garganta) are 
those described by Simonson (2004), straddling the summit of Foia on mostly north-facing slopes, 
and in total covering an area of c400 ha. The vegetation survey, from 20 May to 31 July 2003, 
included twenty permanent plots (plots number 2 to 22) covering a range of prevalent habitats: 
Ulex/Erica heathland (10), Rhododendron (2), young woodland (2), rock outcrops (3), pine 
plantation (1), eucalyptus plantation (1) and Sweet Chestnut coppice (1). The plots were 10 x 10 m 
(apart from one woodland plot (no. 11) that was 5 x 10 and one Rhododendron plot (no. 3) that was 
20 x 20 m).  
 
New plots were located in heathland areas in order to cover different fire regimes. After the analysis 
of fire occurrence maps made available by the Direcção Geral de Recursos Florestais, possible 
study plots were chosen and then localized in the field to confirm their suitability. In this way, 14 
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new 10 x 10 m heathland study plots (plot 23 to 39) were identified and surveyed. The description 
of all the study plots is presented in Table 1. 
 
 
Surveying methodology   
All the original 2003 plots were relocated and revisited, and along with the new heathland study 
plots were surveyed during two campaigns in 2005: a spring survey from 12 April to 11 May and a 
summer survey from 21 June to 1 July. The study plots were permanently marked with red spray 
paint and metal pegs in the corners. GPS coordinates were registered, and fixed-point photos were 
taken from the plots’ top left-hand corners.  
 
For each plot physical parameters, such as altitude, slope, and orientation were recorded. A visual 
estimation of the percentage cover of rocks, bare soil, and litter, and the cover by the different 
vegetation strata (trees, bushes and herbaceous species) was determined. After this, all species in 
the plots were identified and recorded and their cover assessed using the Braun-Blanquet cover-
abundance scale, along with additional information on phenology and sociability. These 
phytosociological scales are given below: 
 
a) Braun-Blanquet cover-abundance scale: 
R – individuals rare or isolated 
+ –sparsely or very sparsely present, cover very small 
1 – plentiful, but of small cover value 
2 – very numerous, or cover 5-25% 
3 – any number of individuals, cover 25–50% 
4 – any number of individuals, cover 50 – 75% 
5 – cover greater than 75% 
 
 
b) Phenologic index (development):   c) Sociability index (spatial distribution) 
1 – cotyledons      1 – isolated individuals 
2 – first leaves      2 – grouped or tufted 
3 – stems with leaves      3 – in small patches or cushions 
4 – flowering      4 – in small colonies, extensive patches or carpets 
5 – fruiting      5 – in pure populations 
 
In the summer survey extra data were recorded. The average vegetation height was measured by 
placing a marked pole at 20 points spread evenly over the plot, recording the value of the tallest and 
nearest plant. Soil pH was recorded by taking four samples (one random sample from each quarter 
of the plot) to a depth of 5 cm and later mixing an equal volume of fresh soil and distilled water, 
leaving for 10 minutes, and then measuring the pH with a meter.  
 
Data analysis  
The data from all the visits was organized in an Access Database. Vascular plant species diversity 
was calculated using Shannon Weiner, H= -� i=1s(pi(logpi))  (where s = number of species; pi = 
proportion of total sample belonging to the “i” species).  For the baseline plots differences between 
the indices and between vegetation heights pre- and post-fire were tested using a students paired t 
test. 

Detrended Correspondance Analysis (DCA) was used to test the effect of fire on the species 
composition and analysed by using the computer package CANOCO (Ter Braak & Smilauer, 2002). 
The data was converted from the Braun-Blanquet cover-abundance scale to a measure of percentage 
cover and the data was loge (y + 0.1) transformed.  The distance in multivariate space between the 
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plots in 2003 and 2005 was calculated in four dimensions using Pythagorus, to provide a measure of 
the resilience of the plots, ie how similar the vegetation composition was after the fire to that 
recorded before the fire.  

The relationship between the heathland plant community composition and the measured 
environmental variables were analysed by the constrained linear ordination technique Redundancy 
Analysis (RDA) using the computer package CANOCO (Ter Braak & Smilauer, 2002).  Species 
that only occurred once were removed from the data set, the data were loge (y + 0.1) transformation. 
The environmental variables included in the analysis were time (number of years since last fire), 
number of fires in last 14 years, soil pH and average vegetation height.  The RDA analysis was 
tested by a Monte Carlo permutation test (9999 permutations). Non-significant terms were dropped 
by sequential forward elimination in CANOCO. 
 
The presentation of results below limits itself to initial observations and analyses of species 
diversity, gains and losses within the study plots. The multivariate analysis is to be revisited with 
the inclusion of a new set of data collected in 2007.  
 
Results 
 
I. Comparing pre- and post-fire data 
Fire had a significant effect on the number of species recorded (p<0.0001) and Shannon Weiner 
diversity index (p<0.0001). In all cases the diversity was greater in post-fire than pre-fire plots. 
Before the fire most plots had between 11–20 species of vascular plants; post-fire plots had between 
20–48 species. Table 2 presents for each plot the data on habitat, species number, Shannon Weiner 
index, ground vegetation height for 2003 and 2005 and mean soil pH in 2005.  
 
Inevitably, the vegetation structure was completely altered by the fire. The ground vegetation height 
decreased in all plots (Figure 1), as expected after a fire, and the relative dominance of the species 
changed. 
 
Figure 1 – The changes caused by fire in one of the plots. Before the fire in 2003, just after the fire,   
and the vegetation recovery seen in 2005.  
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Vegetation analysis of non-heathland habitat plots in pre- and post-fire situations revealed different 
responses of plant species. Overall, there is an increase in the number of species present in the study 
plots after fire in all the habitats: rhododendron, native woodland, rock outcrops, and pine and 
eucalyptus plantations (excluding the Sweet Chestnut plot which was apparently not affected by 
fire). 
 
Taking the species that occurred at an average cover higher than 5% (see Table 3) the following 
showed a consistent increase in cover in all the habitats where present: Asphodelus ramosus, Cistus 
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salvifolius, Cerastium glomeratum, Geranium purpureum, Briza maxima, Holcus lanatus, Arum 
italicum, Lotus uliginosus, Mentha pulegium, and Armeria beirana subsp monchiquensis. The 
following species showed little effect or significant decline in percentage cover post-fire in all the 
habitats where present: Eucalyptus globulus, Ilex aquifolium, Lavandula viridis, and Paeonia 
broteroi. Other species showed a post-fire percentage cover similar to the pre-fire situation in most 
of the habitats where present, but decrease significantly in one of them: Crataegus monogyna and 
Lonicera periclymenum only decreased in the native woodland plot, and Tamus communis in the 
rhododendron plot.  
 
Table 1 – Description of study plots (vegetation type, altitude, aspect and slope) and fire history 
(number of fires, time since last fire, and years which fire occurred).  2003 study plots (2-22) and 
new study plots (23-39). * not affected by fire. 
 

Description Fire history 

Study 
plot 

Vegetation 
type 

Altitude  
(m) 

Aspect   
(º) 

Slope 
(%) 

Number 
of fires 

Years 
since 
fire 

Years with fire 

2 rhodo 742 310 10 2 2 1995 2003 - 
3 rhodo 769 NW 20 2 2 1995 2003 - 
5 chest 784 N 20 1 2 2003* - - 
6 pine 803 58 10 1 2 2003 - - 
7 rocks 830 42 15 1 2 2003 - - 
8 rocks 841 25 35 1 2 2003 - - 
9 eucali 776 NNE 25 1 2 2003 - - 
10 wood 740 NNE 20 1 2 2003 - - 
11 wood 740 23 20 1 2 2003 - - 
12 heath 842 218 10 2 2 1995 2003 - 
13 heath 809 312 15 2 2 1995 2003 - 
14 heath 825 70 15 2 2 1995 2003 - 
15 heath 839 NNE 25 2 2 1995 2003 - 
16 heath 904 344 0 3 2 1990 1995 2003 
17 heath 844 197 20 3 2 1990 1995 2003 
18 rocks 888 340 30 1 2 2003 - - 
19 heath 850 2 10 2 2 1991 2003 - 
20 heath 809 184 15 2 2 1995 2003 - 
21 heath 782 116 30 2 2 1995 2003 - 
22 heath 831 352 15 2 2 1995 2003 - 
23 heath 808 293 20 1 2 2003 - - 
24 heath 817 302 5 1 2 2003 - - 
25 heath 816 20 15 1 2 2003 - - 
26 heath 792 240 5 1 10 1995 - - 
27 heath 791 322 10 1 10 1995 - - 
28 heath 772 350 15 1 10 1995 - - 
29 heath 898 80 10 1 14 1991 - - 
32 heath 766 310 5 2 1 1995 2004 - 
33 heath 751 174 5 2 1 1995 2004 - 
34 heath 749 292 10 2 1 1995 2004 - 
35 heath 788 292 10 2 10 1991 1995 - 
36 heath 787 338 5 2 10 1991 1995 - 
38 heath 751 268 5 2 2 1995 2003 - 
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39 heath 748 249 10 2 2 1995 2003 - 
 
 
 
 
 
Table 2  Habitat, species number, Shannon Weinner index, ground vegetation height for 2003 and 
2005 and mean soil pH in 2005 (plots 23-39 are additional plots established in 2005). 
  

Plot Habitat Species number Shannon Weiner 
Soil pH mean 
± 1 SE (n=4) 

Ground 
Vegetation 
height (m) 

  2003 2005 2003 2005  2003 2005 

2 Rhododendron 11 48 1.66 2.48 6.59 ± 0.13 3.00 0.64 

3 Rhododendron 15 58 1.67 2.60 6.68 ± 0.28 3.00 0.92 

5 Chestnut woodland 28 33 1.65 1.64 6.56 ± 0.15 0.50 0.09 

6 Pine woodland 16 30 1.29 1.97 5.76 ± 0.20 1.00 0.47 

7 Rock 16 34 1.92 2.30 5.65 ± 0.12 0.75 0.16 

8 Rock 18 36 2.17 2.76 5.23 ± 0.23 0.50 0.08 

18 Rock 20 31 2.33 2.62 5.17 ± 0.26 1.00 0.11 
9 Eucalyptus woodland 15 27 1.18 2.03 6.15 ± 0.32  0.27 
10 Native woodland 19 44 1.82 2.70 6.42 ± 0.27  0.13 

11 Native woodland 18 48 1.19 2.38 6.14 ± 0.11 0.75 0.62 

12 Heath 10 22 1.02 1.49 5.44 ± 0.10 1.00 0.24 

13 Heath 12 26 1.58 2.08 5.26 ± 0.24 1.00 0.56 

14 Heath 21 31 1.23 1.95 4.97 ± 0.08 1.00 0.33 

15 Heath 13 36 1.34 2.46 4.92 ± 0.13 1.50 0.23 

16 Heath 12 18 1.09 1.31 5.55 ± 0.05 1.50 0.29 

17 Heath 14 29 1.18 1.76 5.67 ± 0.13 0.50 0.20 

19 Heath 17 36 1.47 2.38 5.52 ± 0.14 1.00 0.29 

20 Heath 15 29 1.20 1.34 5.43 ± 0.15 1.00 0.18 

21 Heath 16 40 1.22 2.50 5.42 ± 0.00 1.00 0.10 

22 Heath 13 30 1.46 2.57 6.29 ± 0.09 1.50 0.19 
23 Heath  17  1.88 6.09 ± 0.07  0.51 
24 Heath  14  1.53 6.31 ± 0.24  0.37 
25 Heath  16  1.40 5.47 ± 0.14  0.32 
26 Heath  27  1.96 6.70 ± 0.27  0.76 
27 Heath  17  1.88 6.79 ± 0.36  0.65 
28 Heath  16  1.44 6.23 ± 0.04  0.75 
29 Heath  13  1.13 5.96 ± 0.24  1.03 
32 Heath  22  2.27 6.08 ± 0.18  0.16 
33 Heath  30  2.22 6.76 ± 0.18  0.14 
34 Heath  21  2.23 6.23 ± 0.22  0.15 
35 Heath  19  1.79 6.42 ±0.07  1.00 
36 Heath  13  1.76 5.83 ±0.08  0.59 
38 Heath  25  1.67 6.27 ±0.22  0.31 
39 Heath  22  1.64 6.25 ±0.08  0.40 
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Table 3  Summary of vegetation composition of non-heathland plots pre- and post-fire. Average % 
cover is shown. Only those species that occurred at an average of >5% cover in one or more 
habitats are shown. 
 

 
Chestnut Eucalyptus Pine Rhododendron Rock Native wood 

2003 2005 2003 2005 2003 2005 2003 2005 2003 2005 2003 2005 
Armeria beirana 
ssp monchiquensis 0 0 0 0 0 0 0 0 5.3 10 0 0 
Arum italicum 1 15 0 0 0 0 0 0 0 0 0 1 
Asphodelus 
ramosus 40 1 0 1 0 1 0 0.5 0 0.3 0 0 
Briza maxima  0 0 0 1 0 1 0 0.5 5.3 1 0 1 
Campanula 
primulifolia 0 0 0 0 0 0 0.5 7.5 0 0 0 0 
Castanea sativa 90 90 1 0 0 1 0 0 0 0 0.5 0.5 
Cerastium 
glomeratum  0 1 0 0 0 1 0 1 0 0 0 8 
Cistus crispus 0 0 0 1 0 0 0 0 5.3 0.6 0 0 
Cistus salviifolius 0 0 0 1 0 1 1 8 0.6 13.6 0 0.5 
Crataegus 
monogyna  0 0 1 0 0 0 0.5 0.5 5 5 40 8 
Eucalyptus 
globulus  0 0 65 40 1 0 0 0 0 0 0 0 
Geranium 
purpureum 1 1 0 1 1 15 0 1 0 0 0.5 8 
Holcus lanatus 0 1 0 1 1 15 0 8 0 0.3 0.5 20.5 
Ilex aquifolium 0 0 0 0 0 0 0.5 0 0 0 45 20 
Lavandula viridis 0 0 0 1 0 0 0 0 13.3 0.3 0 0 
Lonicera 
periclymenum  1 1 1 0 1 1 1 1 0 0 20.5 1 
Lotus uliginosus 0 0 0 0 0 0 0 7.5 0 0 0 0 
Mentha pulegium 0 0 0 0 0 0 0 0 0 0 0 45 
Micropyrum 
tenellum 0 0 0 0 0 0 0 0 10 0 0 0 
Paeonia broteri 15 1 0 0 0 0 0 0.5 0 0 0 0 
Pinus radiata 0 0 0 0 65 40 0 0 0 0 0 0 
Pteridium 
aquilinum  1 1 15 15 90 65 40 52.5 5.6 1 0.5 20.5 
Quercus suber 0 0 1 1 0 0 20 7.5 0 0 0 0 
Rhamnus 
alaternus 0 0 0 0 0 0 0 0.5 0 0 8 8 
Rhododendron 
ponticum. 0 0 0 0 0 0 27.5 33 0 0 7.5 7.5 
Rubus ulmifolius 1 1 1 1 15 1 52.5 1 0 0.3 65 20.5 
Tamus communis 1 1 1 0 1 1 27.5 1 0 0 1 1 
Tolpis barbata 0 0 0 0 0 0 0 0 0 0 0 45 
Ulex minor  0 0 1 1 0 1 1 1 5.3 0.6 0.5 0.5 
 
In the heathland plots there was an increase in number of species in the 2005 inventories, with 
many species showing increases in percentage cover (see Table 4). Some species remained with the 
same percentage cover, whilst a few showed a considerable decrease. Those showing declines in 
cover were Dactylis glomerata, Erica australis, Lavandula viridis, Rubus ulmifolius, and Ulex 
minor; and showing the maintenance in cover percentage were Carlina corymbosa, Cistus crispus, 
Cistus salvifolius, and Pteridium aquilinum.  
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Table 4 Summary of vegetation composition in heathland plots.  Mean % cover ± SE are shown 
and the % of plots (out of 10) in which the species occurred.  Only those species that occurred in 
30% or more of the plots in either 2003 (pre-fire) or 2005 (post-fire) are shown. 
 

 
Cover (%) Occurrence (% of plots) 

2003 2005 2003 2005 
Agrostis castellana 0.9 ± 0.1 2.4 ± 1.5 90 100 
Andryala integrifolia 0.4 ± 0.2 0.8 ± 0.1 40 80 
Arenaria montana  0.6 ± 0.2 1.0 ± 0.0 60 100 
Asphodelus ramosus  0.3 ± 0.2 0.5 ± 0.2 30 50 
Asterolinum linum-stellatum  0.0 ± 0.0 0.6 ± 0.2 0 60 
Avena barbata 0.2 ± 0.1 0.3 ± 0.2 20 30 
Avena sterilis  0.8 ± 0.1 0.7 ± 0.2 80 70 
Briza maxima  0.0 ± 0.0 0.5 ± 0.2 0 50 
Bromus hordeaceus  0.0 ± 0.0 0.6 ± 0.2 0 60 
Carlina corymbosa  0.6 ± 0.2 0.6 ± 0.2 60 60 
Cerastium glomeratum 0.0 ± 0.0 0.3 ± 0.2 0 30 
Cerastium glutinosum 0.0 ± 0.0 0.3 ± 0.2 0 30 
Chamaemelum fuscatum 0.0 ± 0.0 0.3 ± 0.2 0 30 
Cistus crispus  0.5 ± 0.2 0.5 ± 0.2 50 50 
Cistus ladanifer 0.1 ± 0.1 0.3 ± 0.2 10 30 
Cistus populifolius 0.0 ± 0.0 0.3 ± 0.2 0 30 
Cistus salviifolius  43.5 ± 10.9 43.6 ± 9.3 90 100 
Clinopodium vulgare  0.3 ± 0.2 0.5 ± 0.2 30 50 
Dactylis glomerata  0.4 ± 0.2 0.1 ± 0.1 40 10 
Echium rosulatum  0.3 ± 0.2 0.4 ± 0.2 30 40 
Erica australis  14.9 ± 9.8 8.5 ± 6.8 70 70 
Festuca ampla 0.9 ± 0.1 2.2 ± 1.5 90 80 
Holcus lanatus  0.6 ± 0.2 3.8 ± 2.0 60 100 
Lavandula viridis  0.3 ± 0.2 0.1 ± 0.1 30 10 
Leontodon taraxacoides 0.1 ± 0.1 0.4 ± 0.2 10 40 
Ornithogalum pyrenaicum 0.0 ± 0.0 0.8 ± 0.1 0 80 
Poa trivialis 0.0 ± 0.0 2.2 ± 1.5 0 80 
Polystichum setiferum 0.0 ± 0.0 0.5 ± 0.2 0 50 
Pteridium aquilinum  10.1 ± 5.5 11.6 ± 5.3 90 100 
Ranunculus gregarious 0.0 ± 0.0 0.8 ± 0.1 0 80 
Reseda media 0.1 ± 0.1 0.7 ± 0.2 10 70 
Rubus ulmifolius 4.3 ± 4.2 1.7 ± 1.6 40 30 
Scilla monophyllos 0.0 ± 0.0 0.9 ± 0.1 0 90 
Senecio sylvaticus 0.0 ± 0.0 0.7 ± 0.2 0 70 
Teesdalia nudicaulis 0.1 ± 0.1 0.5 ± 0.2 10 50 
Thapsia villosa 0.5 ± 0.2 0.6 ± 0.2 50 60 
Tuberaria guttata  0.1 ± 0.1 0.5 ± 0.2 10 50 
Tuberaria lignosa 0.3 ± 0.2 0.6 ± 0.2 30 60 
Ulex minor 32.5 ± 6.9 17.2 ± 4.4 100 100 
Urginea maritima 0.0 ± 0.0 0.5 ± 0.2 0 50 
 
Taking all habitats and looking at the species lost and gained (Table 5), it is noticeable that more 
species were gained than were lost as a result of the fire. The rhododendron, heathland, native woodland 
and rock outcrop plots had the highest gained species values: 64, 45, 35 and 38 new species 
identified in the post-fire inventory respectively.  
 
The eucalyptus had the highest rate of species loss, losing eight of the species identified before the 
fire, and gaining 20 species. Additional species not recorded before the fire included:  Asphodelus 
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ramosus, Briza maxima, Cistus crispus, Cistus salvifolius, Geranium purpureum, Holcus lanatus 
and Lavandula  viridis. Some of the lost species might in fact be due to slight differences in the 
location of the fixed study plots in 2005, or to misidentification. For example for the eucalyptus 
plot, the loss of Castanea sativa and Crataegus monogyna was due to difficulties in finding the 
precise location of the original plot from 2003, while in the pine plantation plot the loss of 
Eucalyptus globulus is a result of excluding a eucalyptus tree located at the plot’s corner.  
 
A number of ferns (Anogramma leptophylla, Asplenium onopteris) and climbing plant species 
(Hedera helix subsp canariensis, Lonicera periclymenum subsp hispanica, Tamus communis) were 
lost from some plots. 
 
Table 5  The number of species of vascular plants lost and gained, and the ones maintained with no 
change after the fire in the different habitats. 
 

 
Habitat Chestnut Eucalyptus Heathland Pine Rhododendron Rock Native wood 
Gains 9 20 45 16 64 35 38 
Loss 3 8 (-2) 7 1(-1) 3 4 4 
No change 149 133 109 144 94 122 119 

 
The dominant species in both pre- and post-fire heathland plots were Cistus salvifolius, Erica 
australis and Ulex minor.  Many species, present in the heathland pre-fire study plots, such as 
Andryala integrifolia, Asphodelus ramosus, Cistus ladanifer, Clinopodium vulgare, Festuca ampla, 
Holcus lanatus, Leontodon taraxacoides, Reseda media, Teesdalia nudicalis, Tuberaria guttata, 
and Tuberaria lignosa, doubled their cover percentage after the fire. Cerastium glomeratum, 
Cerastium glutinosum, Chamaemelum fuscatum, Cistus populifolius, Ornithogalum pyrenaicum, 
Poa trivialis, Ranunculus gregarious, Scilla monophylla, Senecio sylvaticus and Urginea maritima 
were all absent before the fire but occurred in 30% or more of the plots after the fire. 
 
Even though the chestnut plot was free from fire, there were found differences between 2003 and 
2005 that seem to show a better habitat quality with loss in cover of Asphodelus ramosus, which 
declined from 40% cover to a trace, and the gain in cover from 1 to 15 % of Arum italicum a species 
commonly associated with this habitat (Malato-Beliz, 1982). 
 
Geranium purpureum and Holcus lanatus increased in cover in the pine plot following fire and 
Asphodelus ramosus, Briza maxima and Cerastium glomeratum were amongst the species that were 
post-fire colonists. In the rhododendron plots Rubus ulmifolius and Tamus communis declined in 
cover from over 25% to only a trace and Cistus salvifolius increased in cover from only a trace to 
over 5%. Asphodelus ramosus, Briza maxima, Cerastium glomeratum, Geranium purpureum Lotus 
uliginosus, Paeonia broteri and Rhamnus alternus were amongst those species that were new to the 
rhododendron plots following fire. In the rock outcrop plots Lavandula viridis declined in cover and 
Micropyrum tenellum disappeared from the plots following fire. Cistus salvifolius and Armeria 
beirana subsp monchiquensis increased in cover, and Asphodelus ramosus, Holcus lanatus and 
Rubus ulmifolius were new colonists. In the native woodland plots Crataegus monogyna, Ilex 
aquifolium, Lonicera periclymenum and Rubus ulmifolius decreased in cover, and Arum italicum, 
Cerastium glomeratum, Mentha pulegium, Tolpis barbata and Cistus salvifolius were new 
colonists. 
 
II. Comparing different fire regimes effects on heathland: 
The additional plots established in 2005 together with the heathland plots from the baseline survey 
gave 24 plots with a range of fire histories (Table 1) ranging from 1 to 3 fires in the last 14 years 
and from 14 years to 1 year since the last fire occurred. 
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Figure 2 shows the effect of the number of fires and the time since last fire on the average number 
of species per plot and on the Shannon Weiner Diversity Index. Plots with two or three fires in 
recent past showed an increase in the number of species and diversity index, with those with two 
fires having the highest values. With increase in time since last fire, as expected, the number of 
species and diversity decreased. Two years after fire occurrence registered the highest value. These 
changes seem to be consistent with the expected recovery dynamic. 
 
Figure 2 Effects of fire on average number of species and on average Shannon Weiner Diversity 
Index per heathland plot with regard to the number of fires and time since last fire. 
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Discussion 
 
The results, showing an increase in the number of species and diversity, along with more species 
being gained than lost in all habitats, are consistent with a typical post-fire recovery pattern of 
Mediterranean fire-adapted vegetation. Time since last fire did, unsurprisingly, have an impact on 
the community, with similar the number of annual species decreasing in abundance as the time 
since fire increases. Vegetation height not surprisingly increased with time since fire, and as the 
shrub species such as Erica australis, Cistus spp. and Ulex minor develop the bare ground is shaded 
out and the number of annuals declines. 
 
This evidence of a typical recovery pattern may indicate that the habitats are recovering healthily 
and over an expected period, even after such a severe fire event in 2003 and a very dry year in 2005. 
In the first year after a fire sprouting begins almost immediately (Trabaud, 1994). After the rains, 
the herb species increase in number immediately because of a general reduction in the tree and 
shrub cover that brings more light to the soil. This is a short-time effect, given that the resprouting 
woody species are able to recover within a few years. In Mediterranean systems the majority of 
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species that gain dominance after fire are present in the first few years (Trabaud, 2003), and 
therefore it is not unreasonable to suggest that an early survey of plant species composition (such as 
the current study just two years after the fire) provides an indication of the vegetation community 
that will establish in later years. Nevertheless, further monitoring of the vegetation status is required 
and at the time of writing (2007) a new set of data on plant composition has been collected from the 
plots. Fire ecology studies usually require long-term results for reliable conclusions. 
 
While not measured in this study the loss of vegetation structure may have an effect on other 
aspects of biodiversity. Whilst it waits to be seen whether plant community composition is affected 
by the frequency of fires, one can envisage the frequency of fires can have an effect on the animal 
communities supported. More frequent fires will keep the vegetation on average shorter, and this 
might have implications for insects or birds that rely on vegetation structure for either feeding or 
nesting.  
 
In conclusion, from the initial results presented here heathlands and the other habitats sampled 
appear to be well adapted to fire and showed expected patterns of recovery two years after the fire 
event. The use of multivariate statistical tools (in process) will provide more powerful analyses of 
plant composition change, and vegetation resilience, for different habitats and fire regimes. It will 
then be possible to better understand the possible implications of more frequent fire occurrence, in 
the context of climate change, on the conservation status of the Monchique habitats and their flora.  
 
 
Acknowledgements 
The summer field work was done in collaboration with Ruth Mitchell and Laura Flegg of the Centre 
for Ecology and Hydrology, Banchory. Their work was funded by a British Ecology Society small 
project grant. P.S. would like to thank Will Simonson, as coordinator and mentor, for the knowledge 
and motivation sharing; the field workers Jeanette Hall, Ruth and Laura, and “companheiras” Helen 
Baker and Karina Sousa.  
 
 
References 
 
Barbour, M. G., & Minnich, R.A., 1990, The myth of chaparral convergence. Israel Journal of 

Botany 39: pp.453–63. 
Braun-Blanquet, J., Rozeira, A. & Pinto da Silva, A.R. (1964) Résultats de trois excursions 

géobotanique à travers le Portugal septentrional et moyen – III Landes à cistes et ericacées 
(Cisto-Lavanduletea et Calluno-Ulicetea). Agronomia Lusitanica 23:229–320. 

Canadell, J., F.& Zedler, P. H., 1995, Underground structures of woody plants in Mediterranean 
Ecosystems of Australia, California, and Chile. In M. T. K. Arroyo, P. H. Zedler & M. D. 
Fox [eds.], Ecology and biogeography of Mediterranean ecosystems in Chile, California, 
and Australia. Springer-Verlag, New York, pp.177–210. 

Dallman, P.R., 1998, Plant life in the World’s Mediterranean Climates. Oxford University Press, 
Oxford. 

Davis, G.W. & Richardson, D.M., 1995, Mediterranean-type Ecosystems: Function of Biodiversity. 
Springer-Verlag, Berlin. 

Dennis, R., Meijaard, E., Applegate, G., Nasi, R. & Moore, P., 2001, Impact of human-caused fires 
on biodiversity and ecosystem functioning, and their causes in tropical, temperate and 
boreal forest biomes. CBD Technical Series No. 5. Montreal, Canada, Convention on 
Biological Diversity. 

EEA, 2004, Impacts of Europe’s Changing Climate. The European Environment Agency.  
FAO, 2001, FAO Global Forest Fire Assessment 1990-2000. FAO Forest Resources Assessment 

Programme; Working Paper No. 55. Food and Agriculture Organisation. 



A Rocha Portugal Observatory Report 2005-2006 

James, S., 1984, Lignotubers and burls - their structure, functions and ecological significance in 
Mediterranean ecosystems. Botanical Review 50: pp.225–66.  

Kopp, E., Sobral, M., Soares, T. & Woerner, M., 1989, Os solos do Algarve e as suas 
características. Vista Geral, Faro. 

Lloret, F., Verdú, M., Hernández, N. & Valiente-Banuet, A., 1999, Fire and resprouting in 
Mediterranean ecosystems: insights from an external biogeographical region, the mexical 
shrubland.  American Journal of Botany 86: pp.1655–61. 

Malato Beliz, J., 1982, A Serra de Monchique – Flora e Vegetação. Colecção Parques Naturais, 
nº10. Serviço Nacional de Parques, Reservas e Património Paisagístico, Lisboa.  

Naveh, Z., 1975, The evolutionary significance of fire in the Mediterranean region. Vegetatio 29: 
pp.199–208. 

Neto, J.B., 1988, A evolução da agricultura no século XX – Uma abordagem antropológica. 5º 
Congresso do Algarve, Racal Clube, Faro, pp.835–43.  

Pausas, J. & Vallejo, V., 1999, The role of fire in European Mediterranean Ecosystems. In: 
Chuvieco E. (ed.) Remote sensing of large wildfires in the European Mediterranean basin. 
Springer-Verlag, pp.3–16. 

Rivas Goday, S., 1959, Contribución al estudio de la Quercetea ilicis hispánica. Ana. Inst. Bot. 
Cavanilles 17(2): pp.285–406. 

Rivas Goday, S., 1964, Vegetación y flórula de la cuenca extremeña del Guadiana. Pub. Excnma. 
Diputación Prov. Badajoz, Madrid. 

Rivas-Martinez, S., Lousã, M., Diaz, T.E., Fernabez-gonzales, F. & Costa, J.C., 1990, La vegetation 
del Sur de Portugal (Sado, Alentejo y Algarve). Itinera Geobotânica 3: pp.5–126. 

Rocha Faria, J.M., Godinho, S., Almeida, M.J.R., & Machado, M.S., 1981, Estudo 
Hidroclimatológico da Região do Algarve. In: O Clima de Portugal, Instituto Nacional de 
Metereologia e Geofísica, Lisboa. 

Seng, M. & Deil, U., 1999, Forest vegetation types in the Serra de Monchique (Portugal): 
Antropogenic changes of Oak Forests. Silva Lusitana 7(1): pp.71–92.  

Silva Martins, J., 1973, Estructuras Agrárias em Portugal Continental. Vol. I. Lisboa. 
Simonson, W. D., 2004, Bio-Parque Monchique: Levantamento da Flora - Descrição e 

Mapeamento Vegetal. Associação A Rocha, Portimão. 
Thonike, K., Venevsky, S., Sitch, S. & Cramer, W., 2001, The role of fire disturbance for global 

vegetation dynamics: coupling fire into a Dynamic Global Vegetation Model. Global 
Ecology & Biogeography 10: pp.661–67. 

Trabaud, L., 1987, Fire and survival traits of plants. In: L. Trabaud [ed.] The role of fire in 
ecological systems. SPB Academic Publishing, The Hague, pp.65–89. 

Trabaud, L., 1994, The effect of fire on nutrient losses and cycling in a Quercus coccifera garrigue 
(southern France). Oecologia 99: pp.379 – 86. 

Trabaud, L., 2003, Towards a sounder fire ecology. Frontiers in Ecology and the Environment, 1: 
pp.274–75. 

Yih, K., Boucher, D. H., Zamora, N. & Vandermeer, J. H., 1991, Recovery of the rain forest of 
southeastern Nicaragua after destruction by Hurricane Joan. Biotropica 23: pp.106–13. 



A Rocha Portugal Observatory Report 2005-2006 

VEGETATION MAPPING OF THE GUADIANA ESTUARY 
 

Will Simonson 
 
 
Introduction 
 
The Guadiana Estuary has an extremely important natural heritage. The salt-marsh vegetation of the 
Estuary makes up part of this richness and carries out an essential role in the functioning and 
maintaining of a healthy status of this ecosystem. As part of the overall objective of ‘MegaSIG’ to 
create a tool for environmental management and education, description and mapping of the 
vegetation of the estuarine zone was undertaken. 
 
Methodology 
 
The vegetation map was developed on a GIS platform (ArcView 8.3) through photo-interpretation 
of georeferenced aerial photographs at a scale of 1:5000, provided by MegaSIG partners, 
integrating data already available from the study area. The classification of the vegetation was 
based on the scheme adopted by the European Habitats Directive, given that a large proportion of 
the area in question is a Natura 2000 site covered by this legislation. Field visits allowed for the 
verification of the vegetation types present, and the collecting of other data such as the presence of 
non-native species, evidence of disturbance and threats. From the field observations and published 
records, an inventory of plant species was compiled and a library of photographs of plants species 
and communities was developed.  
 
Results and discussion 
 
An area of 4605 ha of estuarine habitats was mapped (Figure 1). The areas of the different classes 
of vegetation are given in Table 1. The inventory of plants contains 420 species, including some of 
conservation importance. Examples are Cistanche phelypaea (Orobanchaceae), a parasitic plant 
with large flowering spikes of yellow flowers (Figure 2), and Limonium algarvense 
(Plumbaginaceae), a more delicate plant, endemic to the Iberian Peninsula and Morocco and one of 
more than 100 species of this genus present in Spain and Portugal. A large part of the area is 
dominated by plants of the family Chenopodiaceae and other ‘halophytes’, in particular the 
succulent shrubs Arthrocnemum macrostachyum and Sarcocornia. A typical zonation was found in 
places, from the colonies of the Cord-grass Spartina maritima, frequently submersed in tidal waters 
at the edge of the creeks, passing through the Sarcocornias and Sea Purslane Halimione 
portulacoides in the mid-marsh, to the plants of the upper marsh such as Arthrocnemum, Shrubby 
Seablite Suaeda vera and Shrubby Sea Lavender Limoniastrum monopetalum, which also form a 
distinct community on top of the banks of the salt pans and fish farms. However, it also became 
clear that a large proportion of the marshes is affected by the presence of the highly competitive 
exotic grass Spartina densiflora.  
 
Spartina densiflora is a South American cord-grass that has become established in the salt marshes 
of SW Europe, as well as parts of NW Africa and SW North America. It was introduced to Iberia as 
early as the 16th century, and has become invasive in the estuaries of the Odiel and Guadiana. In the 
former, it has invaded 90% of the tidal marshes (Mateos et al, 2006). It has a wide salinity range 
tolerance (Castillo et al, 2005), and high rates of both vegetative and sexual reproduction. In the 
Guadiana study areas Spartina densiflora was recorded as present on more than 1000 ha of the salt 
marshes. This represents 22% of the total salt marsh area (23% of the 644 polygons mapped). Some 
168 ha consisted of Spartina swards of between 70 and 100% cover of this one species. The areas 
of invasion for each of the Portuguese and Spanish territories are given in Table 2. The vegetation 
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communities most affected were channel margins and middle marshes with Sarcocornia perennis 
subsp. alpini and Halimione portulacoides, lying above the colonies of Spartina maritima which 
have a lower elevational tolerance (Castillo et al, 2000). The ecological restoration works at the 
Castro Marim/ V.R.S.A Nature Reserve appear to have facilitated the invasion of the cord-grass, as 
has also been experienced in the Guadalquivir marshes (Castellanos et al, date unknown). 
 
Figure 1  Vegetation map of the Guadiana Estuary. 

 
 
Figure 2  Cistanche phelypaea. 
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Table 1 
 

Habitats 
Directive 

Code 

Name of vegetation category Area (ha) 
Portugal Spain Total 

1130 Tidal water of estuary and channels 471.1 844.9 1316 
1150 Coastal lagoons 72.2 66.5 138.7 
1310 Salicornia colonies and other annual 

vegetation 
16.5 2 18.5 

1320 Pioneer Spartina maritima 
communities 

2.7 0 2.7 

(1320) Invasive Spartina densiflora 117.2 50.4 167.6 
1410 Rush beds 12.8 6.7 19.5 
1420 Halophilous mixed scrub of upper 

marsh and banks 
239.3 738.6 977.9 

1420(2/3) Shrubby Sarcocornias of channel 
margin and middle marsh 

31.9 527.2 559.1 

1420(4) Arthrocnemum scrub of upper marsh 134.6 68.5 203.1 
1420(5) Banks dominated by Suaeda vera 51.2 0 51.2 
1420(6) Banks dominated by Limoniastrum 0.3 0.1 0.4 
1430 Halo-nitrophilous scrub of upper 

marsh and banks 
0 1.8 1.8 

5330 Lygos scrub on old dunes 81.1 281.7 362.8 
92D0 Riparian gallery with Tamarisk 8.2 0 8.2 
Mixed categories 
1150 + 1420 + 
1430 

Fine scale habitat mosaic on traditional 
salinas 

167.6 21.9 189.5 

1320 + 1420 Mixed Spartina maritima and 
Sarcocornias 

14.2 46.5 60.7 

1320 + 
1420(1) 

Pioneer/marginal Spartina maritima 
and/or Sarcocornia perennis perennis 

1.7 52.8 54.5 

1410 + 1420 Mixed rush beds and halophilous scrub 192.4 87.8 280.2 
1420(2/3) + 
1420(6) 

Matrix of shrubby Sarcocornias and 
Limoniastrum on raised banks 

0 37.9 37.9 

1420 + 1430 Mixed scrub of upper marsh and banks 88.3 0 88.3 
1420 + 1510 Halophilous scrub with Salicornia and 

other succulent annuals 
1.4 65.1 66.5 

 Total: estuarine habitats 1704.7 2900.4 4605.1 
 
 
Table 2  Invasion by Spartina densiflora. 
 

 Portuguese 
territory  

Spanish 
territory  

Total 

Areas affected by Spartina 
densiflora (ha) 

432.5 577.7 1010.2 

Area of swards of Spartina 
densiflora (ha)  

117.2 50.4 167.6 

 
The high competitive ability of Spartina densiflora has allowed it to dominate large areas of salt-
marsh vegetation. Other studies have shown the reduced plant species diversity of such areas, 
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(Mateos et al, 2006) and this was again observed in the current investigation. Significant areas 
consisted of an almost 100% sward of the species. Exotic plant species generally do not support a 
rich native fauna, and whilst not investigated in this current study, one could expect this to be the 
case here. The species has a significant impact on the biodiversity of the Guadiana salt marshes, and 
represents one of the most important conservation challenges for this area. 
 
At the same time, this grass may be providing two important ecosystem services, as highlighted for 
the Odiel Marshes National Park (Figueroa et al, 2006). The grass has been shown to stabilise 
shorelines in the face of considerable erosion pressures, and also to be highly effective at cleaning 
inter-tidal sediments contaminated with heavy metals.  
 
It is recommended that control measures for Spartina densiflora concentrate on preventing further 
expansion, rather than eliminating it from areas where it has invaded extensively. Priority marsh 
areas with minimal connectivity to the rest of the estuary system, should be monitored for the 
presence of the Spartina, and any established foci should be eliminated by physical removal whilst 
still of small extent. 
 
Conclusion 
 
The GIS map developed in this study provides a useful tool for monitoring change in the condition 
of the salt marshes of the Guadiana Estuary in the future, and specifically to monitor, and plan 
control measures for, the invasive Cord-grass Spartina densiflora.  
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CRUZINHA WEATHER REPORT 2005 
 

Anouschka Hof 
 
 

Introduction 
 
The weather has a high impact on nature and therefore can be of a significant influence on diverse 
research projects going on at Cruzinha, eg bird ringing, fire hazard and botanical research. The 
centre of A Rocha Portugal, Cruzinha, has its own weather station which is equipped with a 
thermometer, a rain gauge and a humidity meter. From September 2002 onwards, the weather has 
been recorded on a daily basis.  
 
This report gives the results and some analyses of the weather data for the year 2005. The data were 
collected from 1 January 2005 until 31 December 2005. The following data were collected: current 
temperature at recording, maximum and minimum temperature of the last 24 hours (
C), relative 
humidity (%), and rainfall over the last 24 hours (mm), wind direction and strength (registered on 
the Beaufort scale), cloud cover, visibility and extra observations. All data were recorded daily at, 
or as near as possible to, 0900hrs Universal Time Co-ordinated (UTC).  
 
Summary of the year 2005 
 

·  Maximum temperature: The maximum temperature recorded was 37.0 
C and occurred on 
17 June, 23 August and 4 September.  

·  Minimum temperature: The minimum temperature recorded was -2.0 
C during the night of 
28–29 January. 

·  Total annual rainfall: 445 mm over 75 days with rain. 
·  Maximum rainfall in 24 hours: 71 mm on 27 October. 
·  Prevailing wind direction: NNE on 42 of the 315 days recorded (11.5%).  
·  Maximum wind strength: Level 6 on the Beaufort scale was reached on a total of 8 days in 

February, March, November and December. 
 
Air temperature and relative humidity 
 
The year 2005 compared to 2003 and 2004 
The year 2005 was on average slightly cooler then the preceding years. Both the average maximum 
temperature and the average minimum temperature were lower for the year 2005 than for 2003 and 
2004. The lower average maximum temperature was mainly accounted for by the lower maximum 
temperatures during the summer (June, July and August). Table 1 shows the average maximum and 
minimum monthly temperatures at Cruzinha, for the years 2003, 2004, and 2005. The absolute 
maximum and minimum temperatures of 2005 were also lower than in 2003 and 2004 (Figure 1).  
 
Figure 2 shows the average relative humidity for 2003, 2004 and 2004 at Cruzinha. The relative 
humidity in the year 2005 was on average 5% higher than in 2004 and 2% lower than in 2003.  
 
Cruzinha (September 2002 – December 2005) compared with Praia da Rocha (1941–1971) 
Both Carpenter (2004) and Baker (2005) found that the average maximum temperatures at Cruzinha 
in 2003 and 2004 respectively were several degrees higher than at Praia da Rocha (Faria et al, 
1981). This trend continues in the year 2005 (Figure 3). As can be seen in Figure 4, the average 
maximum temperature for the whole period September 2002–December 2005 at Cruzinha is higher 
than the average data for the period 1941–1971 at P. da Rocha. This difference is on average 3.3
C.  
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Table 1  Average maximum and minimum monthly temperatures at Cruzinha: 2003, 2004, and 
2005. 
 

 
Average maximum temperature 

(°C) 
Average minimum temperature 

(°C) 

Month 2003 2004 2005 2003 2004 2005 
January 17.6 18.2 17.7 6.3 7.5 3.3 
February 17.4 17.8 17.9 6.6 7.2 3.3 
March 19.1 20.2 19.2 7.9 8.0 9.5 
April 21.0 22.8 23.4 9.1 9.0 10.3 
May 28.3 24.4 26.6 12.8 11.9 13.1 
June 30.7 32.9 31.0 16.8 17.4 17.0 
July 32.3 34.3 31.8 16.4 17.8 16.9 
August 33.8 33.5 33.0 18.7 18.4 17.5 
September 30.6 29.5 29.4 16.4 15.7 15.9 
October 23.9 25.1 24.1 13.8 13.4 14.7 
November 19.4 20.7 19.0 10.4 8.6 8.4 
December 17.0 17.5 17.0 7.5 6.2 7.0 

 
Figure 1  Maximum and minimum monthly temperatures at Cruzinha, 2003, 2004, and 2005. 
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Figure 2  The average relative humidity at Cruzinha for the years 2003, 2004 and 2005. 
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The average minimum temperature is lower in 2005 at Cruzinha than in the period 1941–1971 at 
Praia da Rocha (Figure 3). Additionally, for the period September 2002–December 2005 at 
Cruzinha, the average minimum temperature was lower than the average minimum temperature for 
the period 1941–1971 found at Praia da Rocha (Figure 4). Comparing average relative humidity 
between sites over the same periods, the air tends to be dryer at Cruzinha in the summer months, 
while the air in the winter months tends to be wetter. 
 
Figure 3  Average maximum and minimum temperature and relative humidity, at Cruzinha 2005 
compared with the data for the period 1941–1971 at Praia da Rocha. 
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Figure 4 Average maximum and minimum temperature at Cruzinha for the period of September 
2002–December 2005 compared with the data for the period 1941–1971 at Praia da Rocha. 
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Figure 5  The average relative humidity at Cruzinha (2003–2005) and at Praia da Rocha (1941–
1971).  
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Rainfall 
 
Rainfall measurement started at Cruzinha in September 2002. Figure 6 shows the total precipitation 
in millimetres per month at Cruzinha for the period September 2002–December 2002 and for the 
years 2003, 2004 and 2005. As can be seen the drought that occurred in the year 2004 continued 
until October 2005. 2005 was characterized by many fires until the autumn when the rains started 
coming. By August 140,000 hectares of land had already been burned (International Herald 
Tribune, 2005). The surroundings of Cruzinha remained unthreatened. 
 
In 2005, 440 mm of rain fell. This does not include the observed dew in the rain gauge, and does 
not account for evaporation loss. For most of the year there was hardly any rain. During the months 
October, November and December 379 millimetres of rain fell, which made up 86% of the total 
rainfall for the year of 2005. There were in total 70 days with rain in the year 2005. In comparison, 
in the year 2004 there was a total of 56 rainy days and in 2003 we observed 71 rainy days.  
 
Figure 6  Total precipitation in millimetres per month at Cruzinha for September 2002–December 
2002 and for the years 2003, 2004 and 2005. 
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Figure 7 shows the total rainfall per month in 2005 compared with the average total rainfall per 
month measured at Praia da Rocha in the period 1941–1970 (Faria et al, 1981). As can be seen, the 
total rainfall in 2005, 440 mm, is comparable with the average rainfall per year found at Praia da 
Rocha, which is 471.2 mm. The distribution of the rainfall, on the other hand, is quite different. 
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Whereas in the period of 1941–1970 the rainfall is more or less equally distributed throughout the 
year apart from the dry summer, the rainfall in 2005 is concentrated in the months October, 
November and December.  
 
Figure 7  The total precipitation per month at Cruzinha in 2005 and the average total precipitation 
at Praia da Rocha for the period 1941–1970.  
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Wind direction, strength, cloud cover and visibility 
 
Wind direction and strength measurements started in September 2002, but from March 2003 until 
August 2004 no data were recorded. The prevailing wind direction in the year 2005 was NNE on 42 
days of 315 days recorded which accounts for 11,5%. The wind mainly came from the five north-
eastern directions (N, NNE, NE, ENE, E), this being the case on 147 days of the 315 recorded days 
(46,7%). When we take the data of September 2002–March 2003 and September 2004–December 
2004 also into account; a prevalence of these five directions still occurs with 47% of recorded days 
(Table 2). 

 
The maximum wind strength recorded in the year 2005 was level 6 on the Beaufort scale. This was 
reached on a total of eight days in February, March, November and December. Wind strength levels 
of 1, 2 and 3 were the most common (Figure 8). As can be seen from Figure 9, the sky was mainly 
clear or partly cloudy over Cruzinha in 2005. Also the visibility was mainly good during the year 
(Figure 10).  
 
Table 2: The wind directions and their percentage of occurrence September 2002–March 2003, 
September 2004–December 2005. 
 

Wind 
direction 

percentage Wind 
direction 

percentage 

N 4 % S 2 % 
NNE 12 % SSW 5 % 
NE 9 % SW 3 % 
ENE 10 % WSW 4 % 
E 12 % W 5 % 
ESE 5 % WNW 5 % 
SE 7 % NW 7 % 
SSE 5 % NNW 6 % 
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Figure 8  Wind strength (registered on the 
Beaufort scale), Cruzinha 2005. 

Figure 9 Cloud cover, proportion of 
records,Cruzinha 2005. 
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Figure 10  Visibility, proportion of records, Cruzinha 2005. 
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CRUZINHA WEATHER REPORT 2006 
 

Bethany Hawkins 
 
 

Introduction 
 
The daily weather conditions at Cruzinha have been monitored for the past four years to allow both 
short-term observations and long-term studies of the impact of weather on all the components of the 
varied ecosystems in this area. Climate is of particular importance due to the impact of 
anthropological activity on the atmosphere through emissions of greenhouse gases leading to global 
warming.   
 
The daily weather affects the many organisms studied at Cruzinha, being a key component of their 
environment and having implications on their survivability and success within their habitats.  Long-
term climate change events are of great importance to the biodiversity of the Algarve and to the 
fundamental survival and behaviour patterns of the species present. As climate changes, species 
must either move to new favourable regions where conditions are suitable, or must adapt to the new 
conditions found within their habitat. 
 
In 2006 the weather at Cruzinha continued to be recorded at 0900hrs Universal Time Co-ordinated 
(UTC) and was assessed by the following readings: 
 

·  Current temperature (°C) 
·  Maximum and minimum temperature from the previous 24 hours (°C) 
·  Relative humidity (%) 
·  Rainfall collected in the past 24 hours (mm) 
·  Wind direction (compass bearing) 
·  Wind strength (Beaufort scale) 
·  Cloud cover 
·  Visibility 

 
Summary of the year 2006 
 

·  Maximum temperature: The maximum temperature was recorded on 2 September at 40.5 

C.  

·  Minimum temperature: The minimum temperature recorded was -1.0 
C and occurred on 30 

January. 
·  Total annual rainfall: 649 mm. 
·  Maximum rainfall in 24 hours: 50 mm on 5 November. 
·  Prevailing wind direction: SE on 34 days out of the 308 days when wind direction was 

recorded. 
·  Maximum wind strength: Level 6 on the Beaufort scale reached on six days in the months of 

January, June, October and November. 
 
Air temperature 
 
The year of 2006 was a relatively hot year at Cruzinha with a particularly high average minimum 
temperature of 12.5 °C and an average maximum temperature of 24.5 °C.  These values show an 
increase in average temperatures in comparison to 2005, a year which had lower than expected 
temperatures. It appears that the predicted warming trend was resumed in 2006 (Table 1).  The 
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increased average minimum temperatures can be explained by a particularly warm June in which 
the lowest temperature reached was only 13.0 °C.  The high average maximum temperatures will 
have been influenced by some particularly hot days in August and September, for example the 
hottest day of the year on 2 September when 40.5 °C was reached. 
 
Table 1 Average maximum and minimum temperatures 2004–2006 
 

Year 
Max Temperature 

(°C) 
Min Temperature 

(°C) 
2004 24.7 11.8 
2005 24.2 11.4 
2006 24.5 12.5 

 
 

The change in average temperatures is only slight, however when all data from the start of weather 
monitoring at Cruzinha is analysed, a slight increase can be seen in the average maximum 
temperatures recorded over the past four years at Cruzinha (Figure 1). This is shown by the line of 
best fit through the oscillating pattern of seasonal temperature variation. 
 
Figure 1  Trends in average maximum temperatures recorded since 2002. 
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Rainfall 
 
The amount of rainfall varies considerably depending on the time of year.  The data from 2006 
shows a high autumn peak of rainfall in November and a second peak in late winter (February).  
The summer months have very little rainfall with none recorded in May or July and a total of only 
10.5 mm in June (Figure 2). 
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Figure 2  Total rainfall at Cruzinha each month in 2006. 
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The total rainfall in 2006 was 649 mm with 44.7% of the rain falling in November alone and 74.8% 
falling within the months of October and November.  The total rainfall in 2006 was higher than that 
of the previous year, and was over twice that of the unusually dry year of 2004 (Figure 3, Table 2).  
The large number of forest fires and high summer temperatures in 2004 are correlated with the low 
average precipitation levels.  The pattern of monthly rainfall in 2006 mirrors that seen in 2003 to a 
large extent.  The rainfall in 2003, despite being higher in total, was more extreme with none 
recorded in June, July and August and 195.2 mm falling in the month of November.  In 2006 the 
autumn peak and summer trough is clear, however the presence of some precipitation in the summer 
and a more even spread through the winter meant that the year had a less extreme summer drought 
and did not experience the autumn floods which had been observed in 2003.   
 
Figure 3  Comparison of total rainfall per 
month 2003–2006. 
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Table 2  Total rainfall per year 2003–2006. 
 

Year 
Total rainfall 

(mm) 
2003 667 
2004 306 
2005 445 
2006 649 

 

 
Wind direction, strength, cloud cover and visibility 
 
The strength and direction of wind and the visibility of the sky are important factors to consider 
when assessing weather conditions. The wind direction is highly variable at Cruzinha as shown in 
Figure 4, however the most common direction was south-easterly.   
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Figure 4 Pie chart of prevailing wind directions in 2006. 
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Cloud cover (Figure 5) is not uncommon, although 28% of the year was recorded as clear, which is 
a significant number of days.  69% of the year was recorded as having good visibility (Figure 6) and 
only 7% was recorded as poor. The days of moderate visibility were often experiencing heat haze 
rather than mist or fog.  
 
Figure 5  Cloud cover in 2006 
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Figure 6  Visibility in 2006. 
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