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ABSTRACT

-

Bird communities at Gibraltar are examined
and the ecology and behaviour of two species pairs
which dominate numerically, the Blackcap oyvlvia
atricapllla and the Sardinian Warbler S.melanocephala
in Matorral, and the Swift Apus apus and the Pallid
owift A.,pallidus in the air,are compared,

The communities exhibit seasonal changes in
speclies and biomass probably due to habitat seasonality
and geographical location, The latter in part produces
tne large migrant element in the communities. Largest
seasonal fluctuations occured in the simplest habitats.,
I'he number of species which potentially interacted
wlth the two species pairs studied changed with season,
The communities at Gibraltar differ from those studied
by others elsewhere in the Mediterranean Rasin.

I'ne Blackcap and the Sardinian Warbler ere
resident and exhibit morphological deviations from
other known forms. The local Blackcazp nopulation is
lntermediate morphologically between the Sardinian
werbler and the nominate Blackcap population, which
arrives atl Glbraltar in winter. The life cycle of the
residents is related to climatic conditions, food
supply end the presence of migrants. The two species
overlap exXtensively in resource use but the Sezrdinizsn
#erbler is broader-niched., Interspecific aggression
end territoriality spaces individuals 21l year. Resident
warblers accumulated fat during favoursble periods.
Mortality was high in both species. Northern Blackcaps
returned in successive winters.

oWlfts exploited seasonal resources and left
1n autumn, Life histories are modified accorcaingly,
Uverlaps in resource use are high but there is spacing
out of groups. Pallid Swifts are less specialised than
oWlfts and remain longer at Gibraltar, raising two
oroods instead of one., Pallid Swift mortality is low but
nlgher than for Swift.

Ine two pairs studied may not be in equilibrium
and behavioural interactions maintain resources
partitioned, The question is raised as to whether

Lerritoriality is related to competition or to
lnterference,
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AN INTRODUCTION

" As specles of the same genus, have usually, though by

no means invariably, some similarity in habits and
constitution, and always in structure, the struggle will
generally be more severe between species of the same genus,
when they come into competition with each other, than

between species of distinct genera.,™

Charles Darwin 1859, The Origin of Species,



1.1, THE BIOLOGLCAL PROBLEM

Our present knowledge of competition and its
consequences to community structure ( for historical
surveys see Lack 1971, Cody 1974 ) is due mainly to the
pioneer work of Hutchinson ( 1958 ), MacArthur ( 1958 ),
and of those following their line of thinking ( Cody &
Diamond 1975 ). In general terms, their studies have
revolved around attempting to quantify competition coefficients

( =<4 ) based on the classical Lotka-~Volterra equations

of the form

dN. r.N.

dt 14

Since the actual coefficients are difficult to
estimate, and can only be done so by performing population
removal experiments ( Pianka 1974, May 1975 ), most of the
work which nas been carried out has been based on
determining estimates of overlap between species and
relating these to the competition coefficients (

MacArthur 1972, Cody 1974 ). Unfortunately, most of this
work has lnvolved limited and very brief amounts of data
collecting in the field ( Cody & Walter 1976, Cody 1978 ).
Most data have, in the case of birds, only been gathered
durlng the breeding season.

The behaviour of 1ndiviaduals and of entire

communities can change from one season to the next, in



some cases from one day to the next, Surprisingly little
is known of seasonal changes in community structure and of
corresponding changes in the response of the components

of such communities., Karr ( 1976 ) has pointed out that

" Purther advances in the analysis of avian community
structure will be made by persons who evaluate the
substructure of avian communities using perspectives of
guild configuration ( or other subcommunity sets ) in the
light of substrate availability, physical environment and
food resource seasonality, and historical factors and

perhaps others, "

The descriptive treatments of seasonal changes

in bird communities are of some use in this respect

( Blondel 1969, Frochot 1971 ). Nevertheless treatment of

the ecology and behaviour of the community components is

usually minimel.

The importance of changes in the competitive
environment, especially in areas where sudden changes due
to 1nfluxes of migrating birds can produce an unpredictable
flux ( on a day-to-day basis ) of species through =a
community, has been largely ignored ( but see Rappole &
Warner 1976 ).This is so despite some interesting
predictions from competition theory about the effect of
cnhanges in the number of competing specles 1n a community
( O'Connor et al. 1975 ),

It i1s the aim of this work to examine the
seasonal changes which take place in some scrub communities
al Glbraltar and to compare the corresponding changes
in ecology and behaviour of some of the more important

specles numerically, Two species pairs have been chosen [Or



close study, a pair of resident Sylvia warblers and a palr

of Apus swifts.

i, Two species of the genus Sylvia, the Blackcap
S.atricapilla and the Sardinian Warbler
S.melanccephala occur in the same habitats at
high densities throughout the year at Gibraltar,
In addition, large numbers of Blackcaps from
northern Furope spend the winter at Gibreltar
and they are separable from the local Blackcaps
in the hand. Many other insectivorous species,
especially warblers, occur with these two species
at various times of year., For example, 1in spring
there are 15 other warbler species ( Sylviidae )
at Gibraltar, including 6 in the genus Sylvia,
This situation provides a convenient opportunity
for studyling two species which interact with each

other under conditions of a2 marked annual cycle

of physical and biotlic conditions,

. & - Two very similar species of swifts ( Apodidae ),
the Pallid Swift A.pallidus and the Swift A.apus,
nest side by side, occasionally in mixed colonies,
at very high densities at Gibraltar, A third

species, a nirundine, the Crag Martin Hirundo

rupestris, spends the wilinter 1in Glbraltar in large
numbers at a time when swifts have migrated for
tropical Africa. They aere the only species of

aerial foragers of which a high proportion

remain in Furope all winter. By examlining the diet

of the martins in winter, it 1is possible to obtain



some idea as to why the swifts leave in the

avtunmn,

This study is divided into five chapters. The

rest of this first chapter is devoted to describing the

physical environment and the habitats at Gibraltar. The
second chapter looks at the bird communities of Gibraltar
and examines the effects of a seasonal environment, In
chapters 3% and 4 I look at the ecology and behaviour of
the Sylvia warblers and the Apus swifts, The last chapter

m

is a general discussion of the results.

1.2, GEOGRAPHICAL LOCATION

Gibreltar is a small peninsula, about 6 kilometres

long ( from north to south ) and 1 kilometre across, at the

southern extremity of Iberia ( Fig.da ). It is situated on

the north-eastern corner of the Strait of Gibraltar ( Fig. 1.

1b ), Its east-facing coastline borders the Mediterranean

Sea and on the west it overlooks the Bay of Gibralter. The
Rock ( a term which will be used synonymously with Gibraltar )
is therefore geographically situated at the meetling point

of two continents, Europe and Africa, and of two large

bodies of water, the Mediterranean Sea and the Atlantic

Ocean.

The Strait ( defined in the present context as
the stretch of sea encircled by a line from Glbraltar to
Ceuta in the east, and from Cape Trafalgar to Cape Spartel
in the west, Fig.1lb ) is about 56 kilometres long. It is

narrowest between the Spanish town of Tarifea and the

Hloroccan coast near Jebel Musa, at which point it is only
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15 kilometres across,

le5e TOPOGRAPHY

The Rock 1tself is an isolated messif of Jurassic

limestone, towering above the surrounding countryside. It
1s linked in the north to the mainland by a narrow sandy
1sthmus, To the south of this it widens and rises to a
maximum altitude of 426 metres ( Fig.le ). Its eastern
and northern sides consist of sheer cliffs which drop
right down to the sea in places ( Fig.l2b ), or which
break 1nto gentler slopes in others,

The peak lies towards the southern end of
Gibraltar and from there a series of slopes and terraces
lead southwards towards the sea at Europa Point ( Fig.l12 ).
The drop alcong the western side is gentler ( Fig.l2b ), o

series of Wild Olive-~covered slopes leading down to the

town which lies by the Bay of Gibraltar ( Fig.l1l ).
Ine extent and location of the habitats present

on the Rock is to a large extent dictated by relief. The
sheer east~ and north-facing cliffs hold little soil znd
nence little vegetation., Some soil accumulates at the base

of cliffs and low vegetation ( steppe or garigue ) habitats

develop., Dense maquis covers the west-facing slopes which

are not so steep and which have a better layer of soil than

the steeper slopes,

lela HABITATS

The habitats found in Gibraltar are typical
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0f most Mediterranean areas ( Mooney et al. 1974 ) but heve

features whilch make them unique in the area around Gibraltar

( J.Cortes pers.comm., ), This is so because most of the

solls on the Spanish hinterland are acid whereas on the Rock
they are alkaline, since the parent rock is limestone, The
soills on the eastern side of Gibraltar are mostly sandy
as most of the slopes at the bases of the cliffs have been
formed from windblown sand ( Fig.ifB). The so0ils on the
Wwestern slopes are of the typical Mediterranean Rendzins-
like form, and may have the appearance of ' terra ross !
or ' terra fusca ' depending on the humus content and on
the degree of oxidation ( Cortes 19783).

Various habitat classifications are possible for
Gibraltar ( Cortes 1979 ) but here I have chosen one based
on features, such as vegetation height and density, floral
composition, which are most likely to be of relevance to
birds choosing themn.

Matorral is the name given to much of the scrub
found in the Mediterranean area ( Polunin & Smythies 1973 ),
ror Gibraltar, Cortes ( 1979 ) has subdivided the metorral

into High Maquis, Low Maquis, Magulo~garigue, and Garigue.

L omit Maqulo-garigue for several reasons. It describes o

very localised portion of the vegetation which may quite

);

aequately be ascribed to either Garigue or Low Maquis

4

for present purposes. As far as habitat selection by birds
1s concerned, the distinction is probably unecessary., The
flaquio-garigue is a stage in the succession of the
vegetation from Steppe through to the climax Maquis, Other

ln~-between stages could probably be recognised. The
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cneracteristlics of the main habitats used by land birds at
Zlbralter are given in Table 1,1., and their distribution
in Figure 1,3,

There 18 a growing body of evidence which indicates
thet most of the vegetation at Gibraltar a century ago
conslsted of steppe and garigue and that this was kept
from developing by goats, sheep and cattle which were
crazed on the Rock ( Landsdowne in litt. ). The donminant
vegetation at present is High Mequis ( Fig.l.4. ) and this
may well be the local climax community ( Polunin & Huxley
1974 )., Some areas of High Msquis contain Stone Pines
Pilnus plnea and Aleppo Pines P.halepensis but they occur
in small patches and have a limited distribution within
Gibreltar, Cortes ( 1978a, 1979 ) lumps pines into High
riaquis,

oteppe has nowadays a very limited range in
Glbraltar, and it is found mainly on the southern terraces
Fig.1l.5., ). Some areas within the maquis are regularly
clezrea by lMan and have a pseudosteppe vegetation community
( Fig.l.4, ). Garigue is also rather limited in extent
nd occurs chiefly on the lower portions of the Rock,
1:08T O the vegetation is maquils, and the majority is High

( Fig.l.3. ). Some low Maguis is found =t intermediate

'he only other natural or semi-netursl hebitat
zvallable to birds at Gibreltar is cliff ( Fig.l.3., ). Ais
ler as the present study extends, cliffs ezre relatively

unimportant except for thelr use by some serizal foragers
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TARLE 11 Tharacteristics of the habitats occupnied by ovlrd specl

Habltal Name

High Magqudis

._,_ OW H:

Garigue

steppe

study at Glbralta

Uoin plant species

Olea europasea, Pistacia lentiscus, Rhamnus
alaternus, Osyris lanceolata, Acanthus

mollis, Clematis cirrhosa, Smilax aspera,

Lonicera implexa, Pinus pinea, P,halepensis,

Asparagus albus,

Olea europaea, Pistacie lentiscus,
P.terebinthus, Rubia peregrina, Rhamnus
alaternus, Osyris lanceolata, Acanthus

es 0f relevance to this

Maximum Height (m)

mollis, Ferula tingitana, Foeniculum vulgare,

Asparagus albus, Calicotome villosa, Teline
linifolia, Coronilla valentina, Oxalis
pes~caprae, grasses., _

Inula viscosa, Calicotome villosa,

Foeniculum vulgare, Smilax aspera, Pistacia

Lentlscus, grasses,

MNarclssus papyraceus, Scllla peruviana,
Lotus spp., Lobularia marina, Asteriscus

maritinus, Iris sop., Sresses..

i,....i

R Ll

sxtent (ha)

21

18



13

FIGURE 1l.4. Seral stages in vegetation succession =zt CGibraltar
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2t various times 0f the year, The rest of Gibraltar coansists
¢ the town, with scattered gardens which attract meny

q

A —': '*1 rﬂ F - . ~, .I-"‘ r'-‘ '- N ] - -
cirds, Tne town 1s &lso thic maln breeding ground of the

b L 3 i : :
B SR - J,,.-‘ .‘ﬁ et Ao P I R SR

Glbreltar haes a Medliterranean climate ( Mooney

et al., 1974 ), Summers are dry and hot and winters are mild

renge from 12.89C in January to 23,9°C in August, Toteal
eannual rainfell averages 310 mm, and the average monthly
rainfall ranges from 0.3 mm in July to 13%9,2 mm in
December, Snow and frost are very rare.

Winde throughout the year blow from the east znd
west sectors and this must at least be partly due to the
local effect produced by the east to west orientation of

T

the Stralt itself ( Fig.l.l. ). In summer, easterlies

precomlnate, These winds gather moisture over the ses

end are then forced upwards ageinst the eastern cliffs

11ttle rain, the humidity which it carries is thought to

partly alleviate the extreme summer drought for some

Lsms although there is no direct evidence for this.

)
w
B B Le!
),
£
}......I

T is unlikely to have much effect on the vegetation as most

plants in summer are inactive ( Mooney et al. 1974 ). In

winter, westerlies dominate due to the influence of the
neny depressions which pass nearby,
Although it is useful to consider average conditions,

1L must be noted that the climste is very varlable =t

L 5

e
L =

14
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i

Z“lbraltar on a year to year basis ( Table 1.2, ). This

L ]
[

tavle summerlses tne climete during the periods of study

ot Gibraltar,

The bulk of the work which is presented in this
cnesls was collected while in possession of the David Lack

udentsihlp from the British Ornithologists! Union between

J

1976 and 1979, The periods of field study at Gibralter
quring this time were : December 1976 - December 1977,
“arch 19738 - December 1978, and March 1979 - July 1979,
Iln aaditlon, some field data was gathered, while an
undergraduate, during short intervals in 1975, 1974 and

1975, 1If thought relevant such data have been included.
Lads FOOD SAMPLING

arthropod aveilability wes determined by

recording the number of individuals observed in a2 bush
curing 1 minute periods, Different bushes could be
sampled quickly and so biases due to different westher

ditions when sampling, could be made minimal. The
method also allowed large samples to be taken within
reasonable time limits, The ground was sampled simllerly,
sampling was always done about 4 hours after sunrise on
calm mornings, Fruit were also sampled in this wey, that

-
18

the number of fruit counted per bush in one minute.
I'ne ratio of ripe to unripe berries was a2l1so0 recorded,
Total food per bush was calculated as food per unit time X

size of food ( length or weight ) X bush volume,

16
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TARLE 1,2, Rainfall and wmgweﬁwﬁﬁwm aeviations from average

lionth Year
19795 1974 L1970 19876
January R -101.3 1,0
_H_ +H¢W +Hm....tlww
February R ~-14,2 + 5P .
T +0 s t . |
March R ~79.9 +0a
T +2 o 4 O
April R +71 .2 -0.8
T -1 .6 -~ 4
May R ~26.9 = o6
T -0,2 -0 e 9
June R —~2 ¢ 5 -3 ¢ 5
T 0 -0 oD
July R ~0.3 ~043
T = 5 +0 .4
August R -1 aG
T il o 5
september R ~1G.2 :H@ m
T g o +0,.3
October R ~635."7 +25.3
T () g D e A
November R -15.7 -125.4
T +0, 3 +0,1
December R A Y ~-158.5 + 152 2
i iO-W +H4W +O-ﬂ

Reinfall (R) in mm, Temperature (T) in ~C,




CHAPTER 2

THE wWCOLOGY OF SOME BIRD COMMUNITIERS
AT GIBRALTAR

" Since the seasonal pattern of resource avallability seens

Lo be a key factor in the evolution of communlty diversity,
and variation in the nature of exploltation of different
resources results in diversities which vary emong subsets

0f consumers, it seems advisable to consider subsets of thne

svifaunas in evaluating the effects of seasonality,"

Karr, 1976 a,

18



2 INTRODUCTIOR

A knowledge of the structure ( Pisnka 197% ) and o

the seasonal changes wnich take place in any community of

)

reenismns 1s essentlial pvefore a detailed study of the

O

within a specles, tien between congeners, less-related forms
vy als0 have an effect on each other perticularly in highly
competltive environments. The extent of such interactions
will probably vary seasonally. Many species, each having a
smoll effect on the competition coefficient ( ©¢ )of
another specles, may affect this species as much sz just

one specles which competes more extensively with it, This

effect has been termed diffuse competition ( MacArthur 1972 ),

wnen consildering the ecology of the two pairs of

species which form the main studies of this thesis, =

background knowledge of the bird communities in which they

live will be required, For example, the Blackcap and the

serdinlian Warbler mey interact more at certain times of the

year vinen tney overlap more in habitat than duriang less
critlcal periods, or they may 4o S0 when t range Of

I'ne following questions are askecd in this chapter,
| PDoes the bird communily structure in Matorral and
1in the ailr change during the year %
A D0 the number of species which potentially intera

with the Rlackcan and the Sardinian Warbler in the

-

19



Matorral, and with the Swift znd the Pallid Swift

in the alr, change seasonally ?

5 e Wnich specles utilise these habitats most and how
important are the habitats to them 2

L, How cnaracteristic ere these bird communities of the
Medliterranean area 9

£ sl g METHODS

Tl ks Censusing techniques

} T !

Tne densities of birds outside the breeding season

2re currently measured in a number of ways ( zZmlen 1971,
Hilsson 1974, Franzreb 1976 ). All involve walking repeatedly
tarough an area of vegetation and recording the birds seen
snd neard. Many such studies have ignored or probably
underestimated ( Cox & Ricklefs 1977 ) the proportion of
non-resident birds in the communities, This overlooking is
probably so because non-resident birds, especially wmigrants
on passage, often skulk and are silent, and thus go by
undetected, Yet, as will become apparent, passage birds ey
oe lmportant in communities ( 2.3%. ). Other recent studies
1eve also pointed to the importance of transit species in
communities ( Rappole & Warner 1976, Alerstam & Znckell 1979,
Abramsky & Safriel in prep. ).

Underestimation of some species is also likely in
censusing communities with a proportion of winteri ng residents

. Britton 1974 ). Underestimation is most probeble in

communitles in dense vegetation and which contain a large

proportion of skulking species ( Franzreb 1976 ). For example,



2% Gibraltar, the Dunnock Prunella modularis was overlooked
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past ( Lathbury 1970 ). It has since been mist-

nettea Irequently in winter and is now considered a regular

clement 1n the Maquls communities, though it is rarely seen.
In tne dense Maquis at Gibraltar no method appears

(0 glve an adequate measure of species densities outside the

oreecaing season, Mist-netting has shown that some species

whnich were thought to be rare at Gibraltar are in fact

bundant ( Finlayson 19746 ). Manvy other specles
J

o)
OF
Q3

% l=zr and

)

-~
b .t
i

L S

D
D

(i

re under-represented, especially passage birds ( Cortes

st al, in press ).

Cf 57 passerines regularly trapped at the Jews!
wate study site in low Maquis, six were never observed, and
slgnt others on fewer than five occasions each., All these
specles are thick vegetation skulkers ( e.g. Reed Warbler
crocephalus scirpaceus, Garden Werbler Sylvie borin,
dlshtingale Juscinia megarhynchos ), All the species seen

vere regulerly trepped.

— =1

ln Garigue, the vegetation is very open and low

cnd olrds could not be mist-netted systematically as very
Olten tThe nets were detected and avoided them. Howev rer, evell
T

cXireme sxulkers, e.g., Garden Warbler, were regular)] 1y

neared Lo bhe

A

letected by line transect and this method ap
tie more reliable technique of the two in 'Garigue.
Thus mist-netting was preferred for censu using in

1ow [laquis and transects ( Zmlen 1971 ) in Garigue, Care

tierelore has to be taken in comparing results since different
netncds neve been used, Since most of the discussion %o follow

= oy

will ©e centred sround the imvortance of specles and

rtrgt{;gleg ( Morse 1971 ) wilithln conn uﬁltluaj the malin

21



result which 1s regquired is the proportion of each species

in the community, The results presented are minima and GO not
indicate the absolute density in the habitat. For eaxmple,
the numbers of, say, Garden VWarblers in low Magquis nmust be =«
creater than the number caught in mist nets, and so their

cosolute density 1n the habitat must be higher than the

figures given ( Avppendix 1 )., If it is assumed that each

2 il

species 1s belng trapped relative to 1ts . sbundence in the

nabitet, then the proportions of each species in the community

)

: Selc _h
czlculated from the numbers trapped - “probably accurate,

R i

olnce the same number of censuses were not carried

out each month, the density estimates given are birds per

nectare per day. In other words, the numbers of birds
caugnt or seen were divided by the area covered ( constant )
and by the number of days censused.

Low Maquls and Garigue were censused from January
1977 to December 1977 and from March 1978 to December 1978,
In addition, some data collected in low Maquis from 1973

to 1976 were also incorporated.

Gl u o Diversity Indices

Much of the literature dealing with species

ey

Index of species

alversity refers to the Shannon-ieaver

diversity ( Lloyd & Ghelardi 1964, MacArthur 1965, Tramer

1969, Zricher 1972 ). The Shannon-Weaver equation is

!

H

e
- -:;,__g- ?i 10g p‘j_
C

where P; 18 the proportion of the total number of individuals

contributed by the ith species and s is the number of
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necles, iMore recently the Simpson Index of diversity has

i

.

oeen used in preference ( MacArthur 1972 ) since the relationshivn
1 the alpha matrix is more complicated in the Shannon-

~eaver equation, The Simpson Index is therefore more

realistic biologically ( MecArthur 1972 ) and it has been

e

usec Cthroughout this thesis. The Simpson Index is based
on the equation

~4 = 1

-

2

< Pj
&

waere p. and s are as in the Shannon-Veaver egustion.

‘:] Z . A
e el y Vi Biomess

1 -

Only blirds whicih were weighed during the early

o

q

aorning neve been used in the biomass analysis in order to
=vold variation due to diurnal weight changes, biliomess was

n slmply as weight and was measured on a vesols balance

S
A

“n the nes; s Moopauons R - s
> tne nearest 0,1 g. Consumer biomass was taken as mesn welght

0.7

'"r-"'l"':_"!.f_"" 3 !'L-'\ ' Ly { » - - -
ralsed to the power of 0.7 ( wt¥*') so zg to take the birds!

e o T CNDZ Y - = —~ 19 3~ -
ctabolism into account ( Salt 1957 ).
S 5 ™ Fos Fa e e
s st 5 viet and PMoraging methods
2 I_‘L:""\ ~— o~ re
In later chapters, a detailed account of the diet

1 1+ el 1 . . . - iy
inforzation in the literature ( Blondel 1969, Herrera 1978

9 T
I ] Q q 1
ooney 1978 ). Zach species has been categ



Sroups according to the mein method of foraging used and

tne type of food eaten ( seeds, insects, etc, ). Although

+1
L

tne metnod and the measures are crude, they give a good

reneral 1lmpression of the main types of strategles which

occur in the habitats being studied ( Appendix 2 ).

2 eSe RESULTS
N P Matorral Communities

Low Megquis and Garigue/Steppe habitats were studied

-
i

snd an analysis of these 1s given below, Hligh Maquis was
exemined briefly and 1s diliscussed and compared with the

two other habitats wnere relevant.

Low Magquils
L6 passerine species were recorded at Jews'! Gate; some
non-pesserines were also present but were relatively

insignificant in numbers. The most frequent among these

were four migrant species, Turtle Dove, Scops Owl, Hoopoe,

and Wryneck,

i b e L

in Low Haquis, the montns with hlighest speclies aiversity

11
!

were April and May ( Fig.2.2. ). There was a second, lower,

peak 1in October., In winter diversity was lower then during
the passage periods, but it was higher than in summer. The
spring lncrease in diversity was due to a sudden influx of
many snecles wnich were pessing northwards through the area.
Very few of these remained to breed, Although the number of
specles 1n the habitat in August and September wes high

( Fig.2.2., ), diversity remained low, This was because only
one or two species foraged regularly within the Maguis while
nlgrating south, so that many of the species were

epresented only by a small number of individuals. As



25

)

#1GURL 2.1, Densities of species in low Maguis at Jews' Gate.
1mm thickness = 1 bird/hs
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FIGURY 2.1. continued
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FIGURE 2.2, Specles Diversity and Number of Species
in low Maquis at Jews!'! Gate,
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b

nere 1is l1little food for most kinds of migrants 1n the

f)

Gibraltar area ( Appendix 3 ) in early autumn, as throughout
108t 0@ tne Mediterranean Basin ( Moreau & Dolp 1970 ),
vecause the ralns arrive in October, very few migrants
descend to feed. More migrants stop to forage in the habitat
eiter tne railns. By October most trans-Szharan migrents have

passed and it 1s those species which winter in the

flediterranean Basin which enter the community. Although
diversity dincreases in October, it is not as high as in
spring., The wet and mild winters enable the habitat to

T,

sustain a more diverse community than in summer., Lver
tnough the number of species in the habitat increassed fronm
January to February, diversity was low in the latter month,

I'nls was due to an immense passage of Blackcaps which

cominated the bird community numerically,

fhe term migrant is used to describe any species or population
whlch 1s not resident in the habitat all year. The te

therefore includes passage migrants, winter residents and
summer residents, and it i1s equivalent to the ' non-residents !

1n other studies ( Herrera 1978 a ). Migrants occuring at

slbraltar may be grouped under two headings, trans-Saharan

11grants and Mediterranean-wintering migrants. The former
eare blrds which breed in Europe and winter in Africa, south
Ol tThe Sanara Desert ( Moreau 1961, Rernis 19462 ), At

oreed 1n small numbers ( with the exception of swifts which
breed 1n large numbers on Gibraltar ), Mediterranean-
wintering migrants are birds which breed in LUrope and

wnlch winter along the shores of the Mediterranean Ses



; apy mmy Y ™ ] s W Lo =2 | * I
( Dernis 1962 ). At CGibreltar they occur as pessage migrants
end as winter resildents, Some species, such as the Chiffchaeff

Snylloscopus collyblita winter mostly in the Mediterranean

area but nave populations which enter tropical Africa
( ¥oreesu 1972 ). Such birds are counted as Mediterranean
wintering migrants as 1t is not possible to distinguish

cetween the cdifferent populations,
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maln species sre Blackcap, Chiffchaff, Black Redstart

-noenicurus ochruros, Robin Erithacus rubecula, and Song

Iohrush Turdus philomelos . They are absent during the sunmer

-

montins but are abundant in winter,

v
.!1

frens=-5anaran migrants never reach the densities of the

iediterranean-wintering migrants ( Fig.2.3. ). In spring

they pass later and in 2utumn earlier than the Mediterranean-

wintering species., The spring peek coincides with the

autumn they are scarce and contribute 1i

diversity. The mein species are Reed Va

sclirpaceus, lMelodious VWarbler Hippolais

.1

serbler Sylvia hortensis, Garden Warbler Qe 0Orin, Wnlitethroat

sl.communis, Subalpine Warbler S,cantillans, Willow Warbler

raylloscopus trochilus, Bonelli's Varbler P.bonelli, Pied

flycatcner Ficedula hypoleuca, Spotted Flycetcl

striata, Redstart Phoenicurus phoenicurus, Nightingale

Luscinia megarhynchos and Ortolan Bunting Emberize hortnlans

b
.
- i el

170
S

o R T e

Liey are therefore mainly

b

nsectlivores wihlch tap temporary
[00d sources during the spring and summer in Lurope, and

wanlch depart rapidly in the autumn,



r1lGURL 2.5, Densities of Major Migrant Groupings in

low Maguis at Jews!' Gate,

Ay
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Density ( birds/ha )

month

Medlterranean-wintering migrants ( solid circles )
Irans-Saharan migrants ( open circles )
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There are three biomass peaks in low Maquis ( Fig.2.4. ) o

T

—— . " '}

The main peak is in July and is due to the emergence of
r young bkirds of the resident species ( for estimation

7% number of juveniles, see 3.3.1. ), particularly

P

Blackbird Turdus merula, Sardinian Warbler Sylvia

melanocephale and Blackcap., The other peaks are in
znd in November and are as a result of the large pessages
of Mediterrenean~-wintering migrants during tnese monihs

secially February ). The winter biomass is high and

(
(1
&

this is to a large extent due to the winter residents,
Tonsumer biomass 1is lowest in September 2t the helght of

the drought, when there .are few migranits using low Maquls

2nid wnen the number of resident individuels is at 1ts lowest

( probably as a result of a high Jjuvenile mortality at

this time ), The other miniwmum, in May, is due to a low

in the number of resident 1lndividuals prior to the ecmergence
of the year'!s offspring. At this time also, the number of

trans-5aharan migrants present in low Mequis is small and

thev add little to The consumer biomass,.

Resource exploitation in leow Maquls

e

() Ground I:

"fu i
i

Diversity is generally low except 1n bMay and in Octobver

{ R oy K Vieasxr  on Y - = 3 _ 3 -. -
\ IL%-E-?- ), LI May LHEe Hid4il gTQURd LNSEeCTILVOores are

t
-t

rans-saharan migrants sucin as tne Woocachnaet Shrike Lanius

senetor or the Tree Pipit Anthus trivialis but in October

—

1t is Mediterrenean-wintering migrants, sucn as BElack

zedstart or Dunnock Prunells modularis, which are donminant

numerically and by biomass. Ground insectivores are

(T
(T}
5

eounaant in low Maquis, even though there is a

m
ifo
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Consumer Biomass ( g )

FIGURE 2.4, Seasonal Changes in Consumer Biomsss in low Magquils

a2t Jews!' Gate,
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IGURE 2.5. Diversity of Main Foraging Groups in low
Magquls at Jews!'! Gate,
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nd by . ; (3 i)
GILG biomess. As many species are trans-Saharsn

lE ,{"!-. }"1‘ "".frﬁﬂ:r , | y y 3 4o
2 April-lay »eak in diversity is exvected. =a

2:4 1n April which is due mainly to nigrating Nighting

-} -

(D) Ground Granivores

.

Jutsiae the period June to August, the ground

—

il asmant 9 Y A : ; : ™S - .
ciement 1n low Maquis is diverse ( Fig.2.5. ) but it is

never significant in bilomass ( Fig.2.6. ).

Hel-al's
(c) Ground Polyphages
Iy ~ TN e a - 1 3 h J =
ine ground polyphage sub-community is diverse znd is also

ent by bilomass ( Figs.2.5., 2.6
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O tae incresses in the veriod November to Fetruary
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FIGURE 2.6, Impact of main Foraging Strategies in
low Maqulis at Jews! Gate,
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Folyphages are not a2s important in foliszge =zs they are

on the grouna and their diversity in folisge is low, A

(0

mell blomass 1increase 1n the summer probably results

from the emergence of young birds ( Fig,.2,.

+artlier, and both are capable of switching their diet

1

to other food sources in times of insect shortage

( %.4.9, ). A third foliage insectivore, the Blue Tit,
15 scarcer and only uses the habitat for forzging. The

two other species are ground foragers and both are
polyphagous, The Blackbird takes a wide range of foods

and the House Sparrow, though at times mainly a granlvore,
zlso takes arthropods, fruit, nectar, etc,

Very few other species breed in low Maquis and none of these

'1

nougn strictly a2 resident, appears

7T

are common, Tne Wren, T
L0 be absent from low Maquis in winter ( Fig.2.1, ).
cimllar phenomena elsewhere have been zttributed to inter-
nzbitat movements by others, even though the evidence is
no stronger than that presented here ( Frochot 1971,
derrera 1978 a )., The Nightingale is a summer visitor

210 Oone Oor itwo pairs breed in low Maguis.

several species enter the habitat in winter., Two zare abundant,

1)

tne Chiffchaff, a2 foliage insectivore which becomes

eassentlally a nectarivore at the height of the winter
¢ 2.4.10 ), and the Robin which is a ground polyphage,
Inere are several other species in smaller numbers in
t

n1s habitat in winter, Dunnock, Firecrest, Black Redstart,

L R |

and Song Thrush, The Blackcap population is augmented by

\

many individuals from further north ( 5¢3%+5. ). All other



sneclies occur in transit,

-y

.o

e dominant specles, numerically and by biomass, in low

-Sa—-

“mguls are 1lndlcated 1n Figs.2.7., 2.8. Folizge insectivores/

frugivores ana ground polyvhages are dominant.

Ll

Tne first

ategory may also be considered omnivorous. This situstion

-:l."

!._...l

50 occurs 1n the other habitats at Gibraltsr and appears

) be related to the spring/summer pesk in foliage insect

sbundance ( Appendix 3 ) and with the relative abundance

of ground arthropods in winter ( Avppendix 3 ). The few

specles winlch are resident are plastic ( Morse 1971 ),

]
e

1
e

ome generalistis

Q)

nd others specialists., The two ground

3
D
B

leeders have a varled diet and can easily cope with the

summer drought, whilst the foliage insectivores change to

slternative foods to insects in winter, A smzll number

0f species enter the community in winter but these are

more speclalised and have to leave in summer, The densities

of the few resident species are very high ( 5.3.,

p, Appendix

1 ). It appears that meny other summer visitors which

could utilise the habitat cannot settle there tecasuss

B

A

che numerical ( MciWaughton & Wolf 1970 ) and socizl

( Vorse 1974 ) dominance of the residents,

'

Jcn species are Subalpine Warbler, Melodious

tn addition, there are z few non-passerines of importance,

Partridge Alectoris barbera, Litt Cwl

.i_...i..k ¥ 5 Cf

L

ataene noctua, Hoopie and YWryneck

-~ + 1

»08 1montas with hignest species diversity in Garigue were

AT en A . N o] 3 I 3
warch, aprlii, October and November ( F18.2.9, ). The zutumn
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FIGUR® 2.7. Dominant Species by Numbers in low Maquis at Jews!' Gate,

Melodious Warbler (mw), Garden Warbler (gw), Blackcap nominate (bc), Blackcap local (be!'),
Sardinian Warbler (sw), Willow Warbler (ww), Chiffchaff (ch), Black Redstart (br),
Robin (r), Nightingale (n), Blackbird (bb), House Sparrow (hs).
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FIGURE 2,8, Dominant Species by biomass in low Maquis at Jews!' Gate.

legend as in Fig.2.7.
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Number of Species ( open circles )
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2.9, Speclies Diversity and Number of Species

L_"'i

IGUR:

B
in Garigue at Windmill Hill,

( soToJdTo pesoTd ) xepuy uosdurtg

Month

M



nealk remalns lower than the spring one, as in low Mequils,

_rh-|

but the difference between the two pezks 1s less pronounced

then 1n low Meaguls. The community is diverse in winter,

cgneclelly in December, but 1T 1s poor during the sunmer

- L - Bils e saaes bdvamanee o ; . . .
Arought ( Fig.l.5. ). The vattern is therefore essentislly

E % . _I""l -
~e dezlt with later,
- 1

o ; *1 = N, o F ot B ¥ "-"'s nr - : i "= I o -~ ..r'-] oy I - 2 :
Jediterranean~vintering wmigrants are most abundsesnt in

N < g o e A T s oo S : IS .~ g 1 8 “ . X
Cctober ( Fig.2.10., ). There is then a gradusl decline in

3 - RPN » A T A o > | PRI E 2r
increesc 1n Marcn, The density in winter is higa., Beitween
-'F". -, = l-: LS ‘1’ f""' = -'L' y T J“-I J = e | : -'I T ~y N "

April and September censity is low or zero, Trans-

' 1 - ~— 3 ™ o y - .'} 1 = 3 -3 N, 1 - =% " A= =~ =1 ¥
senaran migrants pezk 1n spring end 1n sutumn, after and

( Mig.2.10, ). The spring peask is in April and the zutumn

..

one 1s 1in September, Densitles are always low in compsrison

with those of the Mediterrenezn-winbtering migrants,
11 N o - RE-F= ff VMediteprrs winteringe milcranta 7
i'me maln species of Mediterranean-wintering migrants in

R v o (Y, " 1::* T e - - 3 5, & - e ~ T > i i 3
sarigue are Skylark Alsuda arvensls, Crested Lark Galeride
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+ ATt 1 ey y e nA q vrerr T e o
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FIGURL 2.10, Densities of Major Migrant Groups
in Garigue at Windmill Hill.
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Bunting,

peax 1n blomass in Garigue occurs in July

( Fig.2.11. ), This, as in low ilaquis, 1s due to the
cnergence of many young birds from the nests, esneciaslly

»potless Starlings and Blackbirds., There are other peak

o)

1n Uctober and in Januery due meinly to Mediterranean—
migrants, Biomass is lowest in March when there

- s hd W og

low and there are few large migrants nresent

“esource exploitation in Garigue

(a) Ground Insectivores

Jlversity 1s low in mid-summer ( Fig.2.12, ) when the.

zround 1s dry end in mid-winter when few insects are active,

Laere are 1wo maln peaks in diversity, in Mav and in

September, and both are due to trans-Saharen migrants on

nassage, lne increese in oceptember is as a result of some

species,

a5 Wheatear and Redstart, which do 1

seem
L0 overtly the area as much as other trans-Saharan migrants

> thls time, As ground arthropods were not ss scarce 25

roliage arthropods at this time,it could be that these

were able to stop to feed Nailx

N
N
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( Avp

(D

cropicel Africa, the ground-foraging trans-Saharan

-t

2re Tnose which remain right through the dry season

f v :
. worel 1968, P,Lack pers.comm, )* There are many other s

present in small nunmbers in september, Further on towards

trivialls, Tawny Fipit A,campestris, Woodchet Shrike
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FIGURE 2.11, Seasonal Changes in Consumer Biomass in
Garigue at Windmill Hill,
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winter, tnere are Just a few, abundant, species snd so
civersity 1s low, in biomass terms, however, there are no
suchn peaks exXcepting a small increase in winter biomass
2nc = low in summer ( Fig,2.15%, ).

(L) Ground Granivores

es 1n ground granivore diversity are similar to

those of the ground insectivores excent that the sSpring

peekx occurs earlier and is higher t!

i e 1-.-.!'-1 - = .1 ; ‘f-.'h -."- o ‘*- 1 % *! 1 i e T ."I ¥ N - .r'- 1 -
ne2gs are aue to migrating finches and buntings, cspeclally

iinnet, Serin, Goldfinch and Corn Bunting. There is no
ring but there is one in summer, due to
ae patcnlng of young Barbary Pertridges, the only ground
srenlivore species present regularly in this habitat st

this time., There is a second, lower, pnesk in October due

0 the finches ( Fig.2.13, ).
(¢) Ground Polyphages
Mne ground polyphage community is very diverse especlally

in winter and early spring, but diversity is very low in

<

A ow e ] - by - e te g’ vy ) . 2 S = - -
A1EUST when only a small number of species is present

- -

( Fig.2.12, ). The biomass pattern is the Opposite of this

Al 2 ~, - - — 3 - 1 A » 1 1 1 -~y Y B - T <

year but the peak coincides with the emergence of young

N v e 3 BT FRa e s 1 = 1 [ ~ (" L - ]

cirds in July., The main species zre Spyotless starling,

g 1122 v o T3 coy, ¥ o P e oo "
cleckbird and House Sparrow, There follows & snarp decline,

~rana - By Yo Mt et 1 A w " LR
pronebly due to habitat emigration 2nd to mortallity

(d) Folizge Insectivores

“te follage insectivore community is diverse and fluctustes

iess than the ground insectivore community ( Fig.2.12. ).
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e malin peak 1s 1n April with the passage of a wide
renge of trans~Saharan warblers, After the summer dromp,

-
™

18 a gredual rise towards a more diverse wi

o

|_5

(D
b
(“'1'
..S

L

T tnere 1s no autumn peak., The biomass neak

()
2
-

mnunity b
ccecurs in July with the hatching of Sardinisn Yarbler
( Fig.2.13, ). Overall, foliage insectivores

insignificent in this habitat when comnared to ground

(D
N
h:‘_'i
O
|_J .

ag£e Granlvores

fhere are only a few foliage granivores in this hsbitat
cnd there 1s only a slight peak in adiversity, in Cctober
due to finches which are on passage ( Fig.2.12. ).

7ol }

lage granivores contribute little biomass but there
Are two recognisable peaks, one in s»ring and the other

in autumn ( Fig.2.13%. ).
(f) General Remarks

L¥X speclies are resldent 1in Garigue, Four are ground -

nolypvhages, the Snotless Star]

!._.!
l_.l'-

-.cck Thrush and the Hcouse Sparrow, They all have versati

clets, AU least two of these species can move from one

L..L

ioage 1 = A the Cerds s o el
Liage lngecllvore, tae Serdlianlan YWardb
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esluenis are taus malnly grouand forsgesrs,
.ﬁ. ] . s 7 o > ey - . B
O otaer 3wecles breed in Garisuec althougn some, like
Wasnm o T 7 4 T T 1 - ! i 1-
zn~talled Warbler Cisticols juncidis, Spectacled Verbler
i YT "":! £t TRYY 12 i~y s - = - VA e ] i S - ; HER <
anG L orn bunting attempt to do so in some vyears, There =ro

Yoo - 1 1 " ! 2 - - - -3 -
=OHe Specles wnlch enter the communityv in winter and

ng, the Blackbird, the Blue
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