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Marsh Harrier Migration through Malta in Autumn in Relation to Weather 
1~. A. THAKE 

Marsh Harrier Circus aeruginosus miaration in autumn was observed over five seasons 
C1974- 1978) in the course of systematic watches made at Buskett, Malta. The results of 
this study are compared with those of earlier authors, and interpreted in terms of proces
ses· thought to operate in raptor migration. 

Methods 

Observations were maintained by the author -at ll-Wejba, Buskett. On a number of occa
sions, watches were made elsewhere in the islands while watches were maintained at Buskett 
by E. Curmi. 

Details of the observation methods have already been oublished CThake 1977, 1980). 
Data recorded in the field included flock size, height and direction of flight, time of 
sighting, as well as details of behaviour. Local weather was recorded at hourly intervals 
during the watch. Other meteorological data,were taken from the records of RAF Orendi and 
Luqa records published in 'The Times'. The Deutscher Wetterdienst supplied regional 
weather maps. 

Coverage was most thorough in 1976, with watches being mai~tained dally from the 
second week of August to the third week of November. Only a few watches were missed. 
Watches in August and September Lasted from 1000 to 1800 CET. About half of the remaining 
watches began at 1500 and _ended at 1700 to 1800 c:=:T. Observations in other years were less 
extensive 1 covering most of the period from Late August to early October. 

Results 
Seasonal totals and distribution 

The total number of Marsh Ha riers recorded in each season is given in Table l. The 
totals from 1976 onwards (Table and E. Curmi pers. comm. J are higher than those reported 
by previous authors. This coinc ded with the use of high powered binoculars (12 X 50, 
16 X 50), and it seems Likely that in previous years some distant birds were overlooked or 
erroneously identified. In view of the consistent results obtained from Buskett watches 
since 1976, there seem to be sufficient grounds for considering the Marsh Harrier as 
'frequent' in autumn. 

The results obtained over the study period support the statements of Beaman and Galea 
(1974) and Sultana and Gauci (1982) with regard to the distribution of slghtings over the 
autumn migration season. This distribution showed a mean on the 27th September and a 
standard deviation of 8.42 days. 

There was no significant difference between the mean time of appearance of males, and 
females and juven i les. This suggests that adults and juven i Les migrate at similar times and 
at similar rates. 

Dight style 

Soaring was indulged in frequently, with birds often soaring to cloud-base~ Such be-

TABLE 1 Year 

1974 

1975 

1976 

1977 

1978 

Observations 

September 

Early Sept. - Early Oct. 

Mid Aug. -Late Nov. 

Mid Sept. - Mid Oct. 

Late Aug. - End Sept. 

15 

100 

84 

131 
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hav i ou: was sometimes observed l n strong w i rds, when the birds drifted downwind. 
Typically the birds soared in thermals or slope tift, and glided out of area of Lift 
after having gained sufficient height. Marsn Harriers in the company of Honey Buzzards 
appeared to glide more raoidly than usual in ord~r to keep up with the flock. Flapping 
flight was also employed intermittently, apparently 1n an attempt to incrE1ase speed. Under 
the same conditions, -~arsh Harriers appeared to use flapping flight more frequently than 
Honey Buzzards. 

Height and direction of flight 

Marsh HarT i ers were usuaLly sighted Lower than Honey Buzzards, even when convect 1 ve 
cloud-base was high. There was Little variation with time of day. At dusk flocks appeared 
to fly Lower and oft-en circled over Buskett for Long periods. 

Fig~l4 Headings of ~1arsh Harriers 
migrating over Buske tt, Malta. The 
headings of all birds which passed 
within lOOm of the watchpoint were 
estimated (~10°) by reference to 
known compass points. Each unit re
presents a flock of one or more 
birds. 

The scatter of headings of Marsh Harrier sightings at Buskett is illustrated in 
i="i 1. This scatter diagram shows birds heading southwards, but also heflaing 

sourh. This is rtot consisTent with the known south to south movement 
Marsh Harriers across the central 1Vlediterranean <Cramp and Simmons 1980; see also rec 
veries of Marsh Harriers Listed in Sultana and Gauci 1982 which suggest a similar direc
tion of migration). This feature of the scatter diegram, however, is readiLy interpretaole 
in terms of a coasting movement by some of the Marsh Harriers sighted. 

Variation with time of day 

Fi 2 is a histogram illustrating the variation of the numoe;- 0f s 
time day. constructed for 1976, 19T7, and 1978 1 all shOINed 
features : a smal peak at around Larger in the late afternoon. lf11s 

histogram differs appreciably from that (Thake 1981 ). In particular, 
Marsh Harrier hislogram. 
Marsh Harriers are on miaration 

ions are poss ble. ~ 

Figure 2 is misleadinq in that it that Mars1 Harrier ion through F3us-
kett commences at around 1000 CET. The on which the present is based s-tarted 
at 1000 CET. Sporac;c early morni watches r·eveaLed some ;·~arsh Harrier 'Tii ion at these 
times. This feature li'Jas noTed by and Galea ( 1974). 1-t is not cLear -!-hese 
are birds which roosted in the nor~h of the islands and in Gozo, or ·r-~hether !-hey cr·ossed 
the Sicilian channeL early in the day. 

Flocking 

Fig.2. Distribution of sightings of 
Marsh Harriers over the day. Sight
ings made in 1976 were grouped in 
hourly intervals and the mean cal
culated over the watches during 
which that hourly interval was 
covered. The ordinates represent 
the mean number of Harsh Harriers 
sighted during the period in ques
tion. Time is recorded on the 
abscissa. 

Variation of the mean flocks ze with time of day ls illustrated in Figure 3. During 
most of the day~ Marsh Harriers m grated singly. In the Late afternoon, the species became 
more gregarious, and flocks conta ning as many as 13 ~~arsh Harriers were sighted. Thts 
g~-egar i ousness was dispLayed preferentially towards other Marsh Harriers, and fLocks of 
two birds contained only Marsh Harriers more often than would have been expected by 
chance. Nevertheless, rvJarsh Harriers sometimes flew in the company of other species, gene
rally Honey Buzzards. 8 i rds were aLso sometimes seen in the company of 8 Lack Kites Milvus 
migrans, smaller harriers Circus sp., Hobbys Falco subbuteo, Eleonora's Falcon Falco 
eleonorae and on one occasion a Booted Eagle Hie.raaetus pennatus. 

'I ~ 
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3 

Fig~J. Variation of mean flock size 
of Harsh Harriers with time of day. 
The ordinates represent mean flock 
size. 
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Correlation of sightings with weather variables 

The results of some of the correlation analyses performed on the observational data 
are Listed ln Table 2. The of correlations obtained is simiLar to that exhibited 
by the Honey Buzzard in significant negative correlations were found with wind 
strength ln the early morning and in the late afternoon. CorreLation onLy approached sig
nificance at mid-day. Correlation was best with mean wind strength below i500m: just as 
ls the case with the Honey Buzzard. 

TABLE 2 : Results of Correlation analyses of f1arsh Harrier sightings with weather. 

I Weather variable j Correlation coefficient 

Pressure ( 12.00) ,·.358* 

Significance lev~ 
.1)P).05 I 

Visibility (2000) ··. 140 I p ).1 I 
strength (surface) . I :1 WJ no 

(0600) --.593** .01) p 
( 1200) -.328* i . 1 )p ).05 
( 1800) ·-.444** I .05 )P ).01 i 

Wind strength I -- ! 
(mean below 1500m) 1 I' 

(0600) I -.630** .01) p 

Southerlv vector ( 1800) I --,1 
· surface I +.167 I P).1 , 

1500m I -·. 106 P "). 1 I 
5500m ··.261 1 p ).1 

surface •.262 p ). 1 

Easterly vector (JSOOl--~~ __________ T _______ l 
: ·soom 1 c.164 p ).1 
I 5500m I •.139 p ).1 _J 
j";Marg1 na l L v s 1 gn 1 f 1 cant I 
\ ~~~~ gn if i cant I Trmes auored are local i.e. Central European Time. I -

Some differences also eme:-ge. Correlation with atmospheric pressure was poor and only 
weakly significant. An important difference is the abseno9 of correlation with strength 
of the southerly vector of wind strength at aU times of day and at aLL Levels. Tne re
sults of these correLation analyses are interpreted and discussed below. 

Discussion 

A number of theories of raptor migration i·hrough Malta exist. Indeed, practically 
every ornithologist who wrote about the local avifauna had something to say about the ef
fect of weather on daily totaLs. These statements were usually not supporteC by correla
tion analyses, or indeed by any quantitative analysis. The hypotheses of De Lucca (1969) 
and Beaman and Galea (1974) are worthy of note in tha+ they provide a plausible framework 
within which raptor migration through Malta might be explained. These two hypotheses will 
be examined below with regard to Marsh Harrier migration -~hrough fvlalta. 

Delucca (1969) proposed that diurnal migrants travel in a concent;aied stream "To the 
west of the islands, and occu1- in numbers in rvlalta when westerly winds drift this stream 
over the islands. Most raptor migration over ~!alta occurs during Light winds, when wind 
determined drift is expec-i"ed to be slight. Moreover, correlation analyses on a numbel- of 
r_9ptor species, incLuding Marsh Harrier-sr have· faiLed to produce the poshive correlation 
with westerly winds ired by this hypothesis Csee iable 2). The available evideno:':! 
therefore runs counter DeLucca's hypothesi;:,. 

Beaman and Galea ( 1974) i raptor sightings in terms of weather induced ver-
ticaL movements within a str-eam migrants passing over the Maltese Islands. Their anal-
yses considered the effects of weather on sightings of all species combined. No 
attempr was made to isolate the effects of wec,ther to the var species in turn. Inevi-
tabLy, their findings were influerJced by the rumericaL dorrlinance of Honey Buzzards and 
the kestreLs Falco naumanni and Falco tinnunculus in autur1n totals. They concluded that 

headwinds and bad weather induce raptors to migrate at lower levels where they can be 
seen. Convergence on the islands was aLso invoked to account for large totaLs (mostly 
KesTreLs) coinciding wlth the passage of depressions through the islands. 

Beaman and Galea's C 1974) hypothesis requires correlation to exist between the numoer 
of slghtings and the strength of the southerly vector of the wind at upper levels. Marsh 
Harrier sightings were not correlated with southerlies at upper levels, or fndeed at any 
level or time (see Table 2). CLearly, the hypothesis is not supported by these results~ 

ihe absence of positive correlation with visibility (iabLe 2) suggests that day to day 
changes in visibility are not responsible for the variation of Marsh Harrier daily totaLs. 
Convergence on the islands thus cannot be the principal factor determining the number 
sighted 1 but convergence on the islands, especially during bad weather, cannot be ruled 
out. The high total (36) recorded on 26/9/77 under an overcast sky might represent such 
'fall t type convergence. 

l\ Leading Line effect is thought to operate in Honey Buzzard migration through Malta. 
The fraction of birds following the direction of the coast is thought to increase with the 
approach of dusk and with the increasing strength of a contrary wind CThake 1981 ). ihe 
scatter diagram illustrating the headings of Marsh Harrier flocks (Figure 1} shows some 
fLocks heading east of south. These birds might have been following the coast. Howeve:, 
if an effect simiLar to that in Honey Buzzard operates in Marsh Harrier migration, its 
magnitude must necessarily be smaLL and there ls no evidence for it at present. TMe absen
ce of a significant correlation with southerlies at low Levels at any time of day (espe
cially at noon) runs counter to expectation if a Leading Line effect were being induced 
by contrary winds. The fact that the greatest number of sightings per hour are made in 
the Late afternoon rather than in the early afternoon (see Figure 2), again suggests that 
a Leading Line effect caused by contrary sea breezes is not as important in this species 
as it is thought to be in Honey Buzzard. In the Honey Buzzard, coasting increases as dusk 
approaches. No such effect is apparent lr. the Marsh Harrier .. There.was Little difference 
{Watson and Williams two sample test p).1) between scatter diagrams of headings before 
1500 and after 1600 CET. However, the sample size is small, and this analvsis should be 
repeated when more extensive directional data oecome available. 

The weight of evidence thus does not favour the hypothesis of a strong Leading Line 
effect in this species. !n particula:-, one cannot invoke a leading line effect to account 
for the high numbers which occur over Buskett towards dusk. The absence of siml Lar con
centrations of ~v'iarsh Harriers elsewhere in the isLands is not very convincing evidenc€ as 
obser-vations elsewhere are few. Marsh Harriers do :1ot usually attempt to roost at 5usKett 
(a fact which results in very few being shot there). Suitable reedbeds for roosting occur 
in the valleys of Girgenti nearby, and Buskett records late in the afternoon might refe:
fo birds which are converging on Girgenti and soaring in the generaL vicinity. 

Thus, Marsh Harrier migration over Buskett seems interpretable as follows. Marsh Har
riers leave Sicily principally when wind strength in the early mornings is low, during 
anticyclonic weather. While a few birds do follow the coast, there is no evidence that 
local weather or time of day alter the fraction of birds which do so to such an extent as 
to affect daiLy totals. Marsh Harriers converge on the Buskett area in the late afternoon. 

Comparison between the various raptor species whose sightlngs have been analysed is 
instructive. Honey Buzzards ( Thake 1977), Hobbys ( Thake 1978 a), and Marsh Harriers 
(this study) probably Leave Sicily and Southern Italy during anticyclonic weather, when 
wind strength in the early morning is Low. Hobbvs converge on Buskett throughout the day 1 

perhaps to hunt CThake 1978 a, 1978 b). Marsh Harriers converge on Buskett in the late 
afternoon, perhaps to roost nearby. Honey Buzzards converge on Buskett for roosting pur
poses (Beaman and Galea 1974). Moreover, local weather.~ especially contrary winds, ap
pears to alter the proportion of this species which follows the coast earlier in the day, 
resulting in higher totals at Buskett (Thake 1981). ln contrast~ the kestrels appear to 
Leave east-central Europe on a long flight to the wintering grounds. This flight is pro
bably initiated during fair weather, and is only interrupted towards dusk or during bad 
weather (Thake in prep l. Southerlies at l ntermed i ate heights above the ground increased 
daily totals, elther by increasing the fraction which attempted to roostr or by causing 
the birds to fly Lower. Thus the kestrels may be the only species of raptor in which the 
effect postulated by Beaman and Galea ( 1974) operates. 

Clearly, the effects of weather on the migration p ttern of each species are diffe
rent. These results suggest that analyses which deaL w th the effects of weather on a 
number of different species should be interpreted caut ously. 



Correlation of sightings with weather variables 

The results of some of the correlation analyses performed on the observational data 
are Listed ln Table 2. The of correlations obtained is simiLar to that exhibited 
by the Honey Buzzard in significant negative correlations were found with wind 
strength ln the early morning and in the late afternoon. CorreLation onLy approached sig
nificance at mid-day. Correlation was best with mean wind strength below i500m: just as 
ls the case with the Honey Buzzard. 

TABLE 2 : Results of Correlation analyses of f1arsh Harrier sightings with weather. 

I Weather variable j Correlation coefficient 

Pressure ( 12.00) ,·.358* 

Significance lev~ 
.1)P).05 I 

Visibility (2000) ··. 140 I p ).1 I 
strength (surface) . I :1 WJ no 

(0600) --.593** .01) p 
( 1200) -.328* i . 1 )p ).05 
( 1800) ·-.444** I .05 )P ).01 i 

Wind strength I -- ! 
(mean below 1500m) 1 I' 

(0600) I -.630** .01) p 

Southerlv vector ( 1800) I --,1 
· surface I +.167 I P).1 , 

1500m I -·. 106 P "). 1 I 
5500m ··.261 1 p ).1 

surface •.262 p ). 1 

Easterly vector (JSOOl--~~ __________ T _______ l 
: ·soom 1 c.164 p ).1 
I 5500m I •.139 p ).1 _J 
j";Marg1 na l L v s 1 gn 1 f 1 cant I 
\ ~~~~ gn if i cant I Trmes auored are local i.e. Central European Time. I -

Some differences also eme:-ge. Correlation with atmospheric pressure was poor and only 
weakly significant. An important difference is the abseno9 of correlation with strength 
of the southerly vector of wind strength at aU times of day and at aLL Levels. Tne re
sults of these correLation analyses are interpreted and discussed below. 

Discussion 

A number of theories of raptor migration i·hrough Malta exist. Indeed, practically 
every ornithologist who wrote about the local avifauna had something to say about the ef
fect of weather on daily totaLs. These statements were usually not supporteC by correla
tion analyses, or indeed by any quantitative analysis. The hypotheses of De Lucca (1969) 
and Beaman and Galea (1974) are worthy of note in tha+ they provide a plausible framework 
within which raptor migration through Malta might be explained. These two hypotheses will 
be examined below with regard to Marsh Harrier migration -~hrough fvlalta. 

Delucca (1969) proposed that diurnal migrants travel in a concent;aied stream "To the 
west of the islands, and occu1- in numbers in rvlalta when westerly winds drift this stream 
over the islands. Most raptor migration over ~!alta occurs during Light winds, when wind 
determined drift is expec-i"ed to be slight. Moreover, correlation analyses on a numbel- of 
r_9ptor species, incLuding Marsh Harrier-sr have· faiLed to produce the poshive correlation 
with westerly winds ired by this hypothesis Csee iable 2). The available evideno:':! 
therefore runs counter DeLucca's hypothesi;:,. 

Beaman and Galea ( 1974) i raptor sightings in terms of weather induced ver-
ticaL movements within a str-eam migrants passing over the Maltese Islands. Their anal-
yses considered the effects of weather on sightings of all species combined. No 
attempr was made to isolate the effects of wec,ther to the var species in turn. Inevi-
tabLy, their findings were influerJced by the rumericaL dorrlinance of Honey Buzzards and 
the kestreLs Falco naumanni and Falco tinnunculus in autur1n totals. They concluded that 

headwinds and bad weather induce raptors to migrate at lower levels where they can be 
seen. Convergence on the islands was aLso invoked to account for large totaLs (mostly 
KesTreLs) coinciding wlth the passage of depressions through the islands. 

Beaman and Galea's C 1974) hypothesis requires correlation to exist between the numoer 
of slghtings and the strength of the southerly vector of the wind at upper levels. Marsh 
Harrier sightings were not correlated with southerlies at upper levels, or fndeed at any 
level or time (see Table 2). CLearly, the hypothesis is not supported by these results~ 

ihe absence of positive correlation with visibility (iabLe 2) suggests that day to day 
changes in visibility are not responsible for the variation of Marsh Harrier daily totaLs. 
Convergence on the islands thus cannot be the principal factor determining the number 
sighted 1 but convergence on the islands, especially during bad weather, cannot be ruled 
out. The high total (36) recorded on 26/9/77 under an overcast sky might represent such 
'fall t type convergence. 

l\ Leading Line effect is thought to operate in Honey Buzzard migration through Malta. 
The fraction of birds following the direction of the coast is thought to increase with the 
approach of dusk and with the increasing strength of a contrary wind CThake 1981 ). ihe 
scatter diagram illustrating the headings of Marsh Harrier flocks (Figure 1} shows some 
fLocks heading east of south. These birds might have been following the coast. Howeve:, 
if an effect simiLar to that in Honey Buzzard operates in Marsh Harrier migration, its 
magnitude must necessarily be smaLL and there ls no evidence for it at present. TMe absen
ce of a significant correlation with southerlies at low Levels at any time of day (espe
cially at noon) runs counter to expectation if a Leading Line effect were being induced 
by contrary winds. The fact that the greatest number of sightings per hour are made in 
the Late afternoon rather than in the early afternoon (see Figure 2), again suggests that 
a Leading Line effect caused by contrary sea breezes is not as important in this species 
as it is thought to be in Honey Buzzard. In the Honey Buzzard, coasting increases as dusk 
approaches. No such effect is apparent lr. the Marsh Harrier .. There.was Little difference 
{Watson and Williams two sample test p).1) between scatter diagrams of headings before 
1500 and after 1600 CET. However, the sample size is small, and this analvsis should be 
repeated when more extensive directional data oecome available. 

The weight of evidence thus does not favour the hypothesis of a strong Leading Line 
effect in this species. !n particula:-, one cannot invoke a leading line effect to account 
for the high numbers which occur over Buskett towards dusk. The absence of siml Lar con
centrations of ~v'iarsh Harriers elsewhere in the isLands is not very convincing evidenc€ as 
obser-vations elsewhere are few. Marsh Harriers do :1ot usually attempt to roost at 5usKett 
(a fact which results in very few being shot there). Suitable reedbeds for roosting occur 
in the valleys of Girgenti nearby, and Buskett records late in the afternoon might refe:
fo birds which are converging on Girgenti and soaring in the generaL vicinity. 

Thus, Marsh Harrier migration over Buskett seems interpretable as follows. Marsh Har
riers leave Sicily principally when wind strength in the early mornings is low, during 
anticyclonic weather. While a few birds do follow the coast, there is no evidence that 
local weather or time of day alter the fraction of birds which do so to such an extent as 
to affect daiLy totals. Marsh Harriers converge on the Buskett area in the late afternoon. 

Comparison between the various raptor species whose sightlngs have been analysed is 
instructive. Honey Buzzards ( Thake 1977), Hobbys ( Thake 1978 a), and Marsh Harriers 
(this study) probably Leave Sicily and Southern Italy during anticyclonic weather, when 
wind strength in the early morning is Low. Hobbvs converge on Buskett throughout the day 1 

perhaps to hunt CThake 1978 a, 1978 b). Marsh Harriers converge on Buskett in the late 
afternoon, perhaps to roost nearby. Honey Buzzards converge on Buskett for roosting pur
poses (Beaman and Galea 1974). Moreover, local weather.~ especially contrary winds, ap
pears to alter the proportion of this species which follows the coast earlier in the day, 
resulting in higher totals at Buskett (Thake 1981). ln contrast~ the kestrels appear to 
Leave east-central Europe on a long flight to the wintering grounds. This flight is pro
bably initiated during fair weather, and is only interrupted towards dusk or during bad 
weather (Thake in prep l. Southerlies at l ntermed i ate heights above the ground increased 
daily totals, elther by increasing the fraction which attempted to roostr or by causing 
the birds to fly Lower. Thus the kestrels may be the only species of raptor in which the 
effect postulated by Beaman and Galea ( 1974) operates. 

Clearly, the effects of weather on the migration p ttern of each species are diffe
rent. These results suggest that analyses which deaL w th the effects of weather on a 
number of different species should be interpreted caut ously. 
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Summary 

Marsh Harriers were recorded at Buskett in autumn more frequently than in the recent 
past, possibly beacause the species was overlooked previously. The distribution of sight
ings over the day showed a peak in the Late afternoon, which also coincided with greater 
gregariousness on the part of the birds. Marsh f-larrier sightings were ne~atively corre
lated with wind strength, but significant correlations vdth other weather variables were 
few. Marsh Harriers appear to cross the Sicilian channel when wind strengths in the early 
mornlr.gs are Low, during anticyclonic conditions. In the Late afternoon, birds converge 
on the Buskett area~ 
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THE GIANT MALTESE SWAN 

E. MARJORIE NORTHCOTE 

The Maltese Swan cygnus falconeri Parker was evidently widespread in iJ.alta in the 
. Remains of this bird have been recovered from Zebbug, Ghar Dalam, Mnajd1~a, T3l-

ien and other Localities (Parker 1865, 1869; Lydekker !890, 1891; Bate 1916; Northcote 
1982). 1hey are stored in +he British 1'vluseum (Natural History)~ London, University Museum 
of ZooLogy, Cambridge, England and fhe National Museum of Natural History, Mdina. 

Adams (1870) described the excavation of a typicaL deposlt contain! 
Beneath a surface layer of earth was matrix containing r·emains of the 
other bird species, includi the Maltese Crane Grus melitensis, one 
species of elephant 1 a species and +wo species, one of 
fresh '.Vater turtle I Adarrs found pygmy hippopotamus associated with this faunal. 
'The oss1ferous layer was onLy a few feet in depth and it probable, as Adams con-
sldered, that alL the bones were deposited within a short i could find no 
countable poLLen in the t that coulc1 be used for datl elephant 
boner~ have been found in ily,and 5ondaar (1971~ cons istic of 
the Last Interglacial. Sici ned to ~alta at that tlme 7 in which case the 
rJJaL tese Swan, that was these should also be assigned to 
this l ial. Vander Hammen, Wijmstra & Zagv.riJn and Mangerud, Sonstegaard & 
Sejrup sugqested dates c. 125000 aqo for this period. 

By ccmparing bones of Maltese Swans with those of recent swans; I have shown, else
where, that they were ~nl ike those of ~Aute Swans Cygnus olor but resembled those of 
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scaled-up Whooper Swans C~c.cygnus or Bewick's Swans C.c. bewickii CNorthcote 1982). 
Using this allometry, I employed carefully tested scaling formulae to estimate the weight 
and wing span of Maltese Swans based on tarsometatarsus measurements ln them and in 
\!./hooper Swans. Since that study. further Maltese Swan soecimens (collected by Bate, chief
ly from tal-0nien, in the 1930s, 8M(NH) unregistered) have become available. New estimates 
incorporating these are given here. 

Mdv1ahon's (1973,1675~ theory of elastic similarity predicts that bone length o:o a 
constant (K) x weight .2 . !n Whooper Swans mean tarsometatarsus Length = 118.18 mm and 
mean weight = 9. 72 kg CNorthcote 1981) so that 1-( = 66. 77. ~~ean length of this bone in 
Maltese Swans== 136.6.: 3.30 mm; n ""6; range 1 133.3- 141.0 mm. Therefore,mean weight of 
Maltese Swans= 17.5 kg. McMahon's theory of elastic similarity also predicts that bone 
width = a constant CK) x weight 0.375. !n Whooper Swans mean tarsometatarsus width::; 
8.24 mm CNorthcote 1981) so that K = 3.51. Mean width of this bone in Maltese Swans = 
10.08 ± 0.48 mm; n = 17; range, 7.0- 11.3 mm. Therefore, mean weight of Maltese Swans 
16.7 kg. Alexander (1971) showed that wing span= a constant CKl x weight0.39, In 
Whooper Swans wing span "' 2. 18 - 2. 43 m (Cramp & Simmons 1977) so that K = 1 • Therefore, 
wing span of Maltese Swans= 3.0 m. 

A fragment of Maltese Swan cranium included the supraorbital depression that housed 
the salt gland CNorthcote 1982). The size of this gland is directly related to the amount 
of salt imbibed with the food (Humphrey & Clark 1964). In Maltese Swans, the gland was 
evidently very small; certainly it was smaller than ln other northern hemisphere swan 
species (Northcote 1982), all of which often feed on brackish water. Presumably, Maltese 
Swans regularly fed further inland than them and away from the sea. The ratio (Length of 
middle digit of the toe (99 mm, Northcote 1982)/length of tarsometatarsus) in JVraltese 
Swans= 0.72. This is much lower than in Whooper or Bewick's Swans (vfz. 1.26 and 1.19 
respectively). Relatively shorter toes suggest greater ease in walking (Charig 1972); 
other features of the leg of Maltese Swans also suggest this CNorthcote 1982). 

In summary, then, Maltese Swans weighed c. 17 kg, had c. 3m wing span, fed inland 
and were more terrestrial in their habits than other swans. Th6 3m wing span of t•1al tese 
Swans would have limited their manoeverability, indeed at c. 17 kg they were probably 
flightless since the Largest flying birds such as Kori Bustard Ardeo-tis kori and 
CaLifornian Condor Gymnogyps californianus have a maxi mum weight c. 14 kg. 8u ring the Last 
Interglacial Malta supported a homogeneously Lush flora and there were no Large predators 
(Northcote 1982). Thus flight was unnecessarv for feedingr mating or escaping~ Furthermore 
reduced flight and Larger size have the advantage of greater economy (Schmidt-Nielsen 1973). 

Johnsgard (1974) considers that, in general 1 differences between 8ewick 1 s and 
Whooper sWans are predicatable results of allometric growth effects and i have shown that 
they conform to the same allometric scaling formulae CNorthcote 1982). According to 
Johnsgard ( 1974), a Eurasian swan produced the smaller, more northern Bewick's and the 
Larger, more southern Whooper Swan. ! suggest that there was an even larger, even more 
southern form that evolved into Maltese Swan. <This must have happened comparatively re
cently; the area of which the Maltese islands are now a fragment became a Land surface 
only during the Pliocene 1 Zammit-Maempel 1977). Allometric effects of large size would 
have obliged ancestors of Maltese Swans to become sedentary and thiS allowed selection 
processes to ada-pt them to expLoit the in Land fLora. As 1 n Land grazers, MaLtese Swans 
wouLd have occupied a specialised niche. The end of the InterglaciaL brought rather rapid 
environmental changes (Charlesworth 1957; Starkel 1977l. Their sedentary and specialised 
habits were probably the reason why Maltese Swans could not survive these c!"rAnges and be
came extinct. 
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