184 T.DITTMANN ET AL. Atlantic Seabirds 3(4)

Figure 2. Proportion of fledged Common Terns with known hatching order that were
resighted in the natal colony (absolute numbers of returned and non-returned
birds in brackets).

Figuur 2. Percentage uitgeviogen jonge Visdieven met bekende volgorde van uitkomst
dat na verloop van tijd terugkeerde als hoopvolle broedvogel in de kolonie
(totale aantallen teruggekeerde en niet-teruggekeerde aantallen vogels).

large tern species (Burger 1980). In the Common Terns studied, a higher
number of fledged siblings did not result in increased mortality after fledging
despite the possibility that competition for food might continue into the post-
fledging period. Viksne & Janaus (1993) even found greater survival of
fledglings from large broods of Black-headed Gulls. Similarly, after fledging,
hatching position of the Common Terns studied had no effect on survival. This
is in contrast to the findings of Coulson & Porter (1985) in the Black-legged
Kittiwake Rissa tridactyla, and may indicate that effects of hatching position on
Common Tern chick survival that are known to occur in the first days of life
have been balanced already at the age of fledging by other factors.

As in other seabird species, recent investigations have shown that
Common Tern adults differ greatly in quality, with consequences for their
reproductive performance (Wendeln & Becker 1999). Many authors studying
long-lived seabirds report that older birds have a higher breeding success
(Coulson & Thomas 1985; Ollason & Dunnet 1988; Clutton-Brock 1988;
Forslund & Part 1995). In the Common Tern, reproductive success seems to
increase with age only during the early years of reproduction (Nisbet et al.
1984). Besides age, individual body condition may reflect bird quality, and the
breeding success of Common Terns strongly depends on the parents’ body
masses, a constant individual trait with low intra-individual variation between
years and mostly independent of age (Wendeln & Becker 1999; Becker et al.
2000).
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Consequently, hatching order and sibling number may be important
factors during the first days in the life of a chick. But the number of chicks that
can be reared successfully under the prevailing environmental conditions mainly
depends on the quality of the parents. At fledging, possible effects of hatching
order have been balanced by parental quality, and brood size has been adapted
to the parental capacity for rearing chicks (see also Becker et al. 2000). The lack
of influence of both hatching order and sibling number on post-fledging survival
of Common Terns indicates that the quality of a pair that is reflected already in
the number of fledglings, loses much of its importance after their young fledge.
Probably post-fledging care is much less demanding than pre-fledging care
because the fledglings accompany their parents to the feeding grounds within a
few days after fledging (Nisbet 1976; own unpubl. data). Furthermore, parents
are able to exploit additional feeding resources that are situated beyond the
feeding range during the pre-fledging stage. Both factors might minimise the
competition between siblings.
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DE INVLOED VAN DE VOLGORDE VAN UITKOMEN EN UIT VLIEGEN OP HET
PERCENTAGE TERUGKERENDE JONGEN BlJ DE VISDIEF STERNA HIRUNDO

Bij dit onderzoek werden uitgeviogen Visdieven die als hoopvolle broedvogels terugkeerden op de
onderzoekskolonie in de Banter See (havengebied Wilhelmshaven, Duitsland), vergeleken met vogels
die niet terugkeerden. Bij ieder legsel werden de jongen gemerkt en werd bepaald in welke volgorde
de eieren uitkwamen. Vervolgens werd gekeken in welke volgorde de jongen de kolonie als
viiegviugge juvenielen verlieten. Er bleek geen enkel verband te bestaan tussen de volgorde van
uitkomen en uitvliegen en de kans dat een dergelijk jong in de kolonie werd teruggezien. De
gegevens suggereren dat gedurende de jongenzorg na het uitvliegen van de jongen (rond de kolonie
en onderweg naar de overwinteringsgebieden) de individuele verschillen in kwaliteit van de ouders
een ondergeschikte rol spelen op de overlevingskansen van het jong.
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THE DISTRIBUTION AND BREEDING SUCCESS OF
SEABIRDS ON AND AROUND ASCENSION IN THE
TROPICAL ATLANTIC OCEAN

W.R.P. BOURNE' & K.E.L. SIMMONS?

Bourne W.RP. & Simmons K.E.L. 2001. The distribution and breeding success of
seabirds on and around Ascension in the tropical Atlantic Ocean. Atlantic Seabirds 3(4):
187-202. Ascension was once one of the greatest seabird colonies in the world,
comparable to the largest in the Pacific and Indian Oceans, the only one in the
apparently barren centre of the tropical South Atlantic. The birds have been reduced by
introduced rats and cats over the last three centuries, but early accounts, guano and
bones suggest there were once more, most breeding in the north of the island.
Observations from the shore and at sea indicate that while some seabirds may feed
offshore and in an area of marine turbulence in the lee of the island to the west, many
fly north towards the Equatorial Counter-current, where there are many more birds and
cetaceans than to the south. Periodically there is increased rainfall which may be
accompanied by seabird breeding failures, as in 1876, 1924, 1958-59, 1963, 1991-92
and 1997, possibly associated with fluctuations in the counter-current, similar to, but
not always simultaneous with, El Niio-Southern Oscillation (ENSO) events elsewhere.
There is a need for world-wide monitoring and attention to the implications of these

Sfluctuations.

"Department of Zoology, Aberdeeen University, Tilydrome Avenue, Aberdeen AB24
2TZ, UK. %66 Romway Road, Leicester LE5 5SB, UK.

"We steered away SSE and SSE half East until in the Lat. of 7 deg. 50. min. we met with
many Ripplings in the Sea like a Tide or strong Current, which setting against the wind
caused such a rippling. We continued to meet these Currents from that Lat. until we
came into the Lat. of 3 deg. 22 N. when they ceased. During this time we saw some
Boneta's and Sharks, catching one of these."

William Dampier (1703)
INTRODUCTION

Ascension is a recent volcanic island some 10 km in diameter lying at 07°57'S
14°22'W, nearly 500 nautical miles south of the Equator in the central tropical
Atlantic (Figs. 1, 2). Its climate is usually dry, with local orographic conden-
sation where the prevailing SE trade-winds strike 500 m Green Mountain in the
east, and with torrential rain mainly in March and April at irregular intervals of
several years. It originally had a poor flora and terrestrial fauna, now reinforced
by introductions, but when first discovered in 1501 many breeding seabirds
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Table 1. Seabirds breeding on Ascension. Population size given in individuals (Moreau
1962-63 and Ashmole et al. 1994, corrected from later observations).

Tabel 1. Broedvogels van Ascension (individuen; Moreau 1962-63, Ashmole et al. 1994,
gecorrigeerd voor latere waarnemingen).

Species Subfossil bones Recently
Audubon's Shearwater Puffinus lherminieri * (1?)
M adeiran Storm-petrel Oceanodroma castro * 3000
Red-billed Tropicbird Phaethon aethereus * 1100
Yellow-billed Tropicbird Phaethon lepturus * 2200
M asked Booby Sula dactylatra ok 9000
Brown Booby Sula leucogaster ok 2000
Red-footed Booby Sula sula ok 30
Ascension Frigatebird Fregata aquila *x <10 000?
Sooty Tern Sterna fuscata ok 350 000
Brown Noddy Anous stolidus * 1000
Black Noddy Anous minutus 20 000
White Tern Gygis alba * 5300

*- some bones, **- many bones found.

occurred (Stonehouse 1962; Packer 1968; Ashmole et al. 1994; Ashmole &
Ashmole 2000).

By the time of the British Omithologists' Union's Centenary Expedition
to Ascension in 1957-1959 (Stonehouse 1960; Moreau 1962-63), seabirds were
mostly confined to outlying stacks except for a vast colony of Sooty Terns
Sterna fuscata breeding in the south every ten lunar months. Guano and
subfossil bird bones are still widely distributed on the low ground, especially in
the north, however. This showed that the original species were probably much
the same as today (Table 1), with more Red-footed Boobies Sula sula and
Audubon's Shearwaters Puffinus lherminieri, and an extinct endemic night-
heron and rail, which may have exploited the seabird colonies (Ashmole 1963a;
Olson 1977; Bourne et al. in prep).

During 1962-1997 Simmons made a series of visits to the island,
latterly with R.J. Prytherch, largely to study the boobies, but also collecting
various other information and bones (Simmons 1967a,b, 1970, 1990; Simmons
& Prytherch 1994, 1997, 1998). Between 1982-1990 Bourne, W.F. Curtis and
other members of the Royal Naval Bird-watching Society (RNBWS) made
many voyages from Britain past Ascension to the Falklands, recording the birds
seen at sea, and sometimes landing. Since 1987 there have also been visits by
the Royal Air Force Ormnithological Society (RAFOS) in February 1987 and
November 1988 (Blair 1989; Osborn 1994), and Army Omithological Society
(AOS) with members of the other societies in March 1990, June-July 1992, and



2001 Seabirds on Ascension 189

T T T
.,
klas Canarias™ ?

20N|- Ilheus Cabo
Verde

4
Northern Equatorial current =’

«—

Y

Y

10NR

Equatorial counter currel

Southern Equatorial current

Ascension
10S|-

‘St Helena

20S|-

308 | L L L
60W 40W 20w 0

Figure 1. Location of Ascension and (shaded) areas of observation in Table 2.
Figuur 1. Ligging van Ascension en (gearceerd) de locaties waar de in tabel 2

weergegeven waarnemingen werden verricht.

April 1994 (Nash et al. 1991; 1992, Hughes et al. 1994; Dickey et al. 1997).
These results are summarised by Bourne & Simmons (1998, Table 1), and we
now draw some general conclusions about the seabirds on Ascension.

THE DISTRIBUTION OF SEABIRDS ASHORE

It remains debatable how many seabirds formerly bred on Ascension, which lies
far from the continental shelves in an area of impoverished tropical surface
water where birds are normally only seen at intervals of hours or days (Table 2
part 2). Large quantities of bird remains and guano are still found in areas where
the birds must have gone over a century ago, however, with more in the north of
the island (Fig. 2). Since such remains are very durable in such a dry climate it
is possible that they were deposited over a long period. Populations no larger
than the present ones may have moved around, perhaps to avoid the
accumulation of parasites, as with Sooty Terns on Bird Island in the Seychelles
(Feare 1976), since a similar tick Ornithodoros denmarki was also found in the
Ascension Wideawake Fairs (colonies) in 1990.
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Figure 2. Ascension Island, location of greatest old guano deposits and modern
Wideawake Fairs, and most important directions of movement of the birds.

Figuur 2. Ascension, locatie van oude vogelmestafzettingen en moderne Wideawake
Fairs en de belangrijkste viiegrichtingen van broedvogels.

The possibility that seabirds were once more numerous is confirmed by
a report by Van Linschoten in 1589. When they called at Ascension "birds of
the bignesse of young geese... came by thousands flying about our ships, crying
and making great noyse, and ran up and down in the ship, some leaping and
sitting on our shoulders and armes, not once fearing us, so that we took many of
them and rung their neckes, but they are not good to eate, because they taste
morish (fishy)" (Tiede 1885), in a way now unknown anywhere. The large
seabird seen most often by the RNBWS on ships in the tropics is the Red-footed
Booby, which normally nests on trees and is now rare at Ascension. Its fossil
remains are common there, however, and the lava-flows are stained with old
guano in patterns suggesting it nested on them instead.
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Table 2. Birds and cetaceans seen in ten-minute periods during ten voyages by Bourne,
two by W.F. Curtis, two by B.W. Rowlands, and one by Cadée (1981), 1979-
1990.

Tabel 2. Vogels en walvisachtigen in tien-minuten perioden tijdens 10 reizen van Bourne,
twee van W.F. Curtis, twee van B.W. Rowlands en één door Cadée (1981), 1979-
1990.

Birds and cetaceans seen per hour within 5° of the Equator be tween 15-17°W

Month Aug Oct Nov Jan Feb Apr May Total
Hours 28 127 47 47 227 58 128 66.2
Bulwer's Petrel

Bulweria bulwerii 0.2 0.4 6
Cory's Shearwater

Calonectris diomedea 8.1 3.1 7.2 34 229
Great Shearwater

Puffinus gravis 2.7 26
Large shearwaters

Calonectris/ Puffinus 0.2 1.0 12
Wilson's Storm-petrel

Oceanites oceanicus 0.2 1
Leach's Storm-petrel

Oceanodr. leucorhoa 3.6 5.1 120 0.2 313
M adeiran Storm-petrel

Oceanodroma castro? 0.7 0.6 32 0.3 1.0 1.3 50
Storm-petrel

Hydrobatidae sp 3.6 1.3 0.2 0.2 58
M asked Booby

Sula dactylatra 0.04 0.5 8
Large skua

Catharacta sp 0.4 2
Small skua

Stercorarius sp 34 0.7 1.9 43
Sooty Tern

Sterna fuscata 0.4 5.1 10,0 429 0.1 495
Arctic Tern

Sterna paradisaea 3.6 21
Terns Sterna sp 6.1 10.2 138
Noddies Anous sp 0.4 8.6 54
Large whale sp 1.7 0.4 16
Pilot whale sp 64 0.04 31
Dolphin sp >04 8.6 >60

Total 1.1 9.9 16.1 227 316 808 107 1563
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[Table 2 continued]

Birds and cetaceans seen per hour be tween 10-20°S and 8-21°W

Month Aug Sep Nov Jan Feb Apr May Total
Hours 3 5 4 5 11 2.8 11.5 423
Bulwer's Petrel

Bulweria bulwerii 0.25 0.09 2
Great Shearwater

Puffinus gravis 0.09 1

M adeiran Storm-petrel

Oceanodroma castro? 0.09 1
Black-bellied Storm-petrel

Fregetta tropica 0.09 1
Yellow-billed Tropicbird

Phaethon lepturus 0.25 1
Large whale sp 0.40 2
Total 0 040 050 0 0.18 0 0.17 8

Some identifications may be uncertain; thus Wilson's and Madeiran Storm-petrels may have been
identified as Leach's, which certainly come on board ships much more often (Boume 1992). It is
also uncertain if the few large skuas catharacta sp. were C. skua, C. antarctica and its allies, or C.
maccomicki, but all three smaller skuas Stercorarius sp. have been reported, S. parasiticus in
November and February, S. pomarinus in February, and S. longicaudus in April. Arctic and possibly
other terns also appear to stage in this area on migration. The cetaceans included Sperm Whales
Physeter catodon in January, a Sei Whale Balaenoptera borealis and other unidentified rorquals in
February, a Bryde's Whale B.edeni in October, and unidentified smaller species, none seen around
Ascension.

THE DISTRIBUTION OF THE BIRDS AT SEA

The long incubation shifts found for several Ascension seabirds (Moreau 1962-
63) imply that they travel far to feed. Stonehouse (1962) suggested they may
exploit enriched water to lee of the south-west African upwelling. This might be
reinforced by the passage of mesoscale eddies of upwelling water raising
nutrients and food from the thermocline along the northern border of the
Benguela Current where it passes west out to sea around 20°S to become the
South Equatorial Current (Diester-Haass 1985), in the way found along the Gulf
Stream (Haney 1986). However, Rowlands (1992) and Barritt (1992) among
others have failed to find many birds here.

Oceanographic investigations, the presence of more bones and guano in
the north, and the main direction of flight of the birds (Fig. 2) and their density
at sea (Table 2) indicate that most birds may feed instead to the north of
Ascension. Bourne (1955) has postulated that the Atlantic equatorial current
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system (Fig. 1), apparently first described by Dampier (1703, quoted above)
may provide food for seabirds here. Basically the easterly trade-winds drift
surface water to the west in the tropical oceans, and compensatory counter-
currents then return east, often below the westward surface drift. The change in
the direction of Coriolis' force also leads to a divergence in westbound currents
near the equator, causing local turbulence and upwelling. This leads to increased
biological productivity, attractive to tuna which drive their prey to the sea
surface where it becomes available to birds (Khanaychenko 1965; Neumann
1965; Longhurst & Pauly 1987; Scullion 1990 in Ashmole ef al. 1994).

The RNBWS have reported flocks of seabirds occur here (annual
reports in Sea Swallow), but there have been few detailed accounts, possibly
because most activity occurs over a narrow, fluctuating belt which is liable to be
crossed in a few minutes, half the time by night, when the birds can only be
heard calling in the darkness. Where counts were made, the vicinity of the
equator was frequented by over a hundred times more birds than a comparable
area to the south (Table 2), and Jesperson (1930) reported equally few birds to
the north.

In general, Ascension seabirds go out to sea in the morning, and few
can be seen feeding from the shore except when there is an influx of pelagic
prey fish. Flocks of hundreds of Ascension Frigatebirds Fregata aquila, Masked
and Brown Boobies Sula dactylatra and S. leucogaster, Sooty Terns, noddies
Anous sp. and White Terns Gygis alba feed in declining numbers for at least a
hundred miles out to sea during the day. When a flock formed the first birds to
appear were adult Ascension Frigates which came down out of the sky, after
which Sooty Terns, Black Noddies Anous minutus and Masked Boobies, with a
few Brown Boobies and small skuas Stercorarius sp. joined them over the sea.
Although the skuas often chased the other birds, the Ascension Frigates did not
hover over the rest and parasitise them as Magnificent Frigatebirds Fregata
magnificens do around the West Indies, but led the feeding frenzy, though they
rob other birds at other times.

These fish shoals might be feeding in eddies passing along the South
Equatorial Current as already mentioned. Alternatively, when naval exercises
were carried out west of Ascension on 11 Feb 1985 most birds were seen where
the sea surface temperature fell from the usual 27.8° to 26.8°C eight miles
offshore, implying turbulence and upwelling to the lee of the island. A thousand
Black Noddies with fewer Brown Noddies Anous stolidus, Brown Boobies and
an immature Red-footed Booby occurred here again on 16 April 1986, when
although some breeding Sooty Terns dispersed in all directions, most went NW.
In 1976-1977, 1993 and 1996-1997 Simmons and Robin Prytherch also saw
many birds, mainly boobies and Black Noddies, return from the NW along the
north coast of Ascension in the evening to roost in the vicinity of Boatswainbird
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Islet (Simmons 1990; Simmons & Prytherch 1994, 1997), as also reported by
Blair (1989) and Hughes et al. (1994). The main flight-line of Sooty Terns
returning to the south of the island is also from the north-west (Simmons &
Prytherch 1997; Bourne pers. obs.), so most seabirds may feed in this direction.

Further out to sea the SE trade-wind usually extends north across the
equator in the northern spring and summer, doubtless drifting the birds west,
which may explain why more were seen returning from the north-west at dusk
than departing in that direction in the moming. While some birds were seen
along the equator at this season, the numbers were higher, with feeding flocks of
many Sooty Terns and fewer shearwaters, where the equatorial counter-current
is marked on the chart far to the west off northern South America. Incidentally,
although Sooty Terns are alleged to remain on the wing for months on end
(Ashmole 1963b), on 22 May 1985 Bourne saw about thirty briefly fold their
wings and sit together on the water in the middle of a feeding flock of about 500
birds at 08°13'N 52°20'W. In the autumn and winter the vicinity of the equator
north of Ascension was more often calm (the doldrums'), and birds were then
more noticeable there, with shearwaters and even storm-petrels also often
resting on the water in flocks.

Bourne also saw scattered Sooty and other terns, Cory's Shearwaters
Calonectris diomedea, leach's Oceanodroma leucorhoa and other storm-
petrels, skuas, a Masked Booby, several rorquals, and many dolphins, at 04°S
15°W on 10 Feb 1985, when the sea showed the clear lanes separated by lines of
ripples aligned north and south caused by internal waves where opposed
currents occur at different levels (Longhurst & Pauly 1987). Presumably this
patterned water surface marked the narrow eastward flow sometimes submerged
below the westward drift of surface water before the trade winds reported within
the westerly South Equatorial Current at this latitude by Mazeika (1968). The
birds fed over the lines of ripples in the way described by Haney (1987), and
settled to rest in the calm lanes in between. Their numbers reached a climax
where a long drift-net, presumably set for tuna, was aligned east and west along
the southern boundary of the patterned water, and declined to the south. Many
birds have also been found further east along the equator where there is a fertile
'dome' in the thermocline at the end of the counter-current in the Gulf of Guinea
(Mazeika 1967) during the northern winter by Cadée (1981), and in April by
Lambert (1988).

The equatorial counter-current also appears to provide an important
winter-quarters for Sooty Terns (Robertson 1969) and storm-petrels. In addition
to numerous northern Leach's Storm-petrels Oceanodroma leucorhoa (Bourne
1992) the type of the Black-bellied Storm-petrel Fregetta tropica, thought to be
'confined to the equatorial regions, being most abundant in the vicinity of the
line' (Gould 1844), but now known to breed to the south, was taken here at
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06°33'N 18°06'W in July 1838, with "Rhynchops" (presumably Sooty Terns?)
and frigates (Gould 1840). There is another old F. ¢ tropica from 00°12°S
30°W, a Tristan White-bellied Storm-petrel F. grallaria leucogaster from
07°05'S 03°30'W on 11 Apr 1950, and a Tristan White-faced Storm-petrel
Pelagodroma m. marina from 05°S 4°W on 23 Apr 1957, all in moult, and an
Antarctic Tern Sterna vittata said to come from between Ascension and St.
Helena (Saunders 1876) in the (British) Natural History Museum, and two F. g.
leucogaster from 03°02'S 03°W on 31 May 1916 at Leiden.

POTENTIAL ENSO-RELATED EVENTS

St Helena was included among the areas affected by droughts during a major El
Nifio-Southern Oscillation or ENSO due to global fluctuations in the
atmospheric pressure as early as 1791 (Grove 1998). Similar events have been
identified again in the Atlantic as well as the Pacific during more recent major
ENSOs (symposium in Nature 322: 236-253; Longhurst & Pauly 1987; Glantz
1996; Davis 2001). These include a long series of records of fluctuations in the
Humboldt Current affecting breeding seabirds at the time of the arrival of El
Nifio at Christmas along the west coast of South America, and more recently the
Benguela Current off SW Africa and the Christmas Island which occupies a
comparable position to Ascension on the north side of the equatorial current
system in the central Pacific (Duffy & Schreiber1988; Schreiber & Schreiber
1989). While there are few regular records of tropical seabird breeding
performance on oceanic islands elsewhere except recently for Roseate Terns
showing a similar pattern in the Seychelles in the Indian Ocean (Ramos 1998),
on Ascension there are also records of exceptional rainfall (Duffey 1964;
Walmsley 1997), also be related to ENSOs, as follows:

1876-1877 On 5 September 1876 a local naturalist, Unwin, reported to Howard
Saunders that the Sooty Terns had "remained months longer than usual, due to a
very unusual downpour of rain, which flooded their breeding ground, and killed
thousands of young birds. They left about May, and were back in August"
(Penrose 1879). It seems debatable if the mortality was necessarily due to the
downpour, which Duffey (1964) reports occurred on 26 March 1876. Gill
(1878) reports the terns returned on time two breeding cycles later in October
1877. By this time an ENSO had caused droughts and famines throughout the
world (Nicholls & Katz 1991; Davis 2001).

1924-1925 Three days of heavy rain were also associated with poor breeding
success for the Sooty Terns in February and March 1924 (Huckle 1924; Duffey
1964), and subsequently interfered with the collection of guano in 1925-1928
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(Packer 1968). There were exceptional Niflo conditions in both the Humboldt
and Benguela currents in 1925 (Murphy 1936:103), and a very severe ENSO in
SE Asiain 1925-1926 (Davis 2001).

1957-1959 The BOU Centenary Expedition found that first the chicks of the
Masked and Brown Boobies and Black Noddies starved while the Sooty Terns
were away in July-October 1958, and then when the Sooty Terns returned their
young also starved in January-February 1959, though the other seabirds
appeared unaffected (Moreau 1962-63; Ashmole et al. 1994). There was an
ENSO in the Pacific, Brazil and China in 1957-1958 and disturbance of the
marine biology of the tropical Atlantic in 1958-1959 (Longhurst & Pauly 1987
Davis 2001).

1963 There was 295 mm of rain on Ascension in March, when the annual mean
between 1962 and 1987 was 176mm (RAF records, Simmons 1967b; Packer
1968). At the two Brown Booby colonies studied in 1962-1964 by Simmons
(1967b, 1970), laying ceased from 7 February-15 July 1963, the males lost the
breeding colour of their bare parts, the birds made unusually long hunting trips
out to sea, nine of eleven dependent juveniles returned to be fed for much longer
than usual, and the other two almost certainly died. In late February and March
1963 some Sooty Terns also deserted their eggs, and at least one fair was
abandoned. The birds were about a month late in returning to breed (Simmons
and John Packer, personal observations). There was an ENSO in the Pacific
(Jordan 1991).

1972-1974 An ENSO in the Pacific, Brazil, Africa and Asia in 1972-1973 was
also followed by 104 mm of rain in Ascension in March 1974, but there were no
observations on the birds then.

1982-1984 There was a major world-wide ENSO in 1982-1983 (Davis 2001),
with a massive disruption of seabird populations in the Pacific (Schreiber &
Schreiber 1984), followed by a prolonged decline in Great Frigatebirds Fregata
minor in particular during Christmas Bird Counts at Hawaii (Vandenbosch
2000). 152 mm of rain fell on Ascension in March 1984, and 339 mm in April
1985, but there were no observations on the birds. The Sooty Terns may have
been away, since when Bourmne passed through the island in October 1984 they
had eggs and young, though Brown Boobies on the Stacks had no large chicks.

1986-1988 There was seabird mortality off SW Africa in 1985-1986 (Crawford
et al. 1986) and a Niilo in the Pacific in 1986-1987. The Sooty Temns started
breeding on Ascension in December 1986 (Islander 12 December), and two
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RAFOS Expeditions found them completing cycles in February and November
1987, but nothing unusual was noticed (Blair 1988; Osbormn 1994) except 135
mm of rain on Ascension in April 1988. The Roseate Terns on Aride Island in
the Seychelles had poor success in the northern summers of 1985-1988 (Ramos
1998).

1991-1992 There was a Nifio in Peru and severe drought in Africa and Mexico
between September 1991 and March 1992 (Davis 2001). The Sooty Terns
returned to Ascension in late October 1991 and were incubating by December,
but the eastern Mars Bay Fairs were then abandoned, and some 23 600 and
20 700 eggs deserted, though reduced breeding continued at the Waterside Fair
and at Pillar Bay to the west. They laid again at the Waterside Fair in September
(N.J. Sylverwood Brown, Islander 31 January, 14 February, 16 April and 18
September, and with B.J. Hughes in Nash ez al. 1992). After two good years the
Roseate Temns in the Seychelles failed to breed in 1991 and had poor success in
1992 (Ramos 1998).

1997 Simmons and Prytherch (1998) visited Ascension in October and
November during an ENSO with world-wide repercussions (Davis 2001). They
found that the Pelecaniformes and Black Noddies were exploiting a coastal
influxof fish, but a Sooty Tern breeding cycle had failed with massive desertion
of eggs and small young (including 97 000 in one 'fair'), and there were many
non-breeding birds. The Roseate Terns on Aride Island in the Seychelles also
had poor breeding success again after four better seasons (Ramos 1998).

Thus as occurs with the variable timing of ENSOs elsewhere (Davis
2001) ornithological effects of oceanic and climatic fluctuations in the tropical
Atlantic often appear to occur within months of, but not always simultaneously
with, the more prominent events in the Pacific (Longhurst & Pauly 1987), and
also Indian Ocean (Ramos 1998). Part of the breeding population of Sooty Terns
on Ascension with their short breeding cycle may then be washed out, fail to
lay, desert their eggs or lose their chicks, though they maintain their normal 10
lunar month breeding cycle afterwards. The Brown Boobies, on the other hand,
which breed continually with a longer cycle, may try to rear existing young with
reduced success, but lay no more eggs. It is not yet clear what happens with the
other seabirds, but the Masked Boobies and Black Noddies may also be
affected, while the tropicbirds and frigates may not (Ashmole et al. 1994).
These events do not appear so closely related to seabird breeding failures in
higher latitudes, as in the North Atlantic in recent years, and to the south in
1977-1978, 1983-1984 and 1985-1986 (Bourne 1987, Croxall et al. 1988),
which may be affected by local factors.
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CONCLUSION

It appears Ascension once formed the only breeding-station for a large, distinct
community of seabirds, including the endemic Ascension Frigatebird and many
more Red-footed Boobies than are found now, exploiting a biologically-
enriched area along the equatorial counter-current about 500 nautical miles to
the north in the tropical Atlantic. Its numbers have been reduced over the last
500 years as a result of human activity, especially the introduction of cats
(Ashmole ef al. 1994).

It appears that while Ascension Sooty Terns breed very regularly every
ten lunar months (Chapin 1954), there are also variations in the weather and
seabird breeding success in this area comparable with those elsewhere. This
may help explain the poor breeding success of some seabirds found by the BOU
Expedition on Ascension in 1958-1959 (Asmole er al. 1994). It is however
notable that AOS censuses of Sooty Temns breeding on Ascension indicated a
population of 176 000 in March 1990 before a breeding failure, 202,000 in
November 1996, and 207 000 in June 1998 after a breeding failure the previous
year (Hughes 1999). Thus these events do not appear to have affected the adult
population of these and other seabirds, who can presumably if necessary
disperse until conditions improve.

Such events make it increasingly necessary to exercise care in
interpreting such factors as breeding seasons, cycles and success and adult
survival of seabird populations, since they may also have other more complex
effects, including for example not only a change in the food supply, but in the
weather, the vegetation, and the number of predators or competitors at the
breeding places, cascading up and down the food-chain afterwards (Holmgren et
al. 2001). Therefore it seems desirable that attempts to rehabilitate the damaged
ecology of oceanic islands should be accompanied by a long-term, but perhaps
low intensity, international monitoring programme, as discussed in Symposium
29 at the 19th International Ornithological Congress in 1986 (Schreiber & Duffy
1988) and by Schreiber & Schreiber (1989).

While there are records from western South America for a long period,
and they are now made more widely in the eastern Pacific, there are still very
few from elsewhere in the tropics. If possible in addition to Ascension they
should be obtained from at least the islands in the Gulf of Guinea to the east and
Fernando de Noronha and Rocas Reef to the west in the Atlantic, on Christmas
Island (Schreiber & Schreiber 1984) and Henderson Island (Brooke 1995)
where reduced seabird breeding success has occurred during ENSOs, but in the
latter case was attributed to rats, among many other places in the Pacific, and on
Christmas Island with another endemic frigatebird, Fregata andrewsi, and
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endemic Abbott's Booby Papasula abbotti, and other island groups in the Indian
Ocean, to discover more about the fluctuation in breeding success.
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DE VERSPREIDING OP ZEE EN HET BROEDSUCCES VAN DE ZEEVOGELS VAN
ASCENSION IN DE TROPISCHE ATLANTISCHE OCEAAN

Omvangrijke afzettingen van vogelmest, grote hoeveelheden subfossiele en fossiele vogelbotten en
historische verslagen van zeevarenden laten zien dat vroeger op Ascension belangrijke
zeevogelkolonies moeten zijn geweest. Geintroduceerde ratten en katten hebben daaraan gedurende
de afgelopen drie eeuwen effectief een einde gemaakt. De vroegere zeevogelkolonies zijn naar alle
waarschijnlijkheid vergelijkbaar geweest met de grootste kolonies in de tropische Grote en Indische
Oceanen en het was de enige geschikte broedplaats in dit afgelegen, op het eerste gezicht
voedselarme gedeelte van de Atlantische Oceaan. Op grond van waamemingen ten noorden en ten
zuiden van Ascension, aangevuld met gegevens over vliegrichtingen bij vertrek- en aankomst van de
zeevogels die hier nu nog steeds broeden,en de ligging (het noorden) van de nu verdwenen en
zonder meer meest belangrijke kolonies uit eerdere jaren wordt afgeleid dat veel zeevogels van
Ascension op grote afstand van het eiland foerageren. De verzamelde aanwijzingen suggereren dat
het vooral de Equatoriale tegenstroom is (een naar het oosten gerichte waterbeweging; Fig. 1) waar
de meeste zeevogels en zeezoogdieren gezien worden. Behalve de broedvogels van Ascension
foerageren hier ook soorten die elders broeden en hier als doortrekkers of tijdelijke pleisteraars
voorkomen. Op Ascension wordt soms exceptioneel veel neerslag gemeten, soms leidend tot het
afbreken van het broedseizoen van de grondbroeders (1876, 1924, 1958/59, 1963, 1991/92 en 1997).
Deze regenval lijkt samen te hangen met fluctuaties in de kracht van de Equatoriale tegenstroom en
is vergelijkbaar met, maar niet altijd simultaan optredend met de El Niio/Southemn Oscillation
(ENSO) in de Grote Oceaan. De auteurs geconstateren dat er een grote behoefte bestaat aan een
wereldwijd monitoringprogramma waarin de effecten van dergelijke fluctuaties in de voomaamste
golfstromen worden gedocumenteerd.
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FLIGHT ALTITUDES OF COASTAL BIRDS IN
RELATION TO WIND DIRECTION AND SPEED

THORSTEN KRUGER!”® & STEFAN GA RTHE*?

Kriiger, T. & Garthe S. (2001): Flight altitudes of coastal birds in relation to wind direction and
speed. Atlantic Seabirds 3(4): 203-216. During systematic sea watches carried out between 1
September and 15 November 1999 on the East Friesian island of Wangerooge, observations were
recorded of the flight altiude of coastal birds in relation to wind direction and speed. In Red-
throated Diver Gavia stellata, Common Eider Somateria mollissima and Common Scoter Melanitta
nigra the proportion of birds flying into the wind low over the water (0-1.5m) increased with wind
speed. On the other hand, in the same species, the number of low-flying birds decreased in inverse
proportion to the speed of a tail wind and the ratio of birds flying at greater altitudes increased
(1.5-12m and 12-25m respectively). Irrespective of wind speed, the proportion of individual birds
flying low into the wind was highest in Red-throated Diver, Shelduck Tadorna tadoma, Common
Eider and Common Scoter. This pattern is repeated at a higher level in Sandwich Tem Stema
sandvicensis and Common/Arctic Terns S. hirundo/paradisaea. In contrast, in tail winds, the greatest
proportion of birds of these species invariably flew at the highest levels. Comparisons of flight
altitudes reveal that these species fly noticeably higher in tail winds. This behaviour can be
explained in terms of economy of effort on migration. The present study also reveals that diurnal
movement of the observed species takes place mainly at a low flight altitude (up to 25m,
occasionally up to 50m, rarely higher) above sea level. This demonstrates potentially adverse effects
on binds from construction of proposed offshore wind farms. The data indicate that, to be of any
value in the assessment of the potential disturbance of the wind farms to North Sea migrants, flight
altitude records must be viewed against the background of the meteorological situation as a whole.

"Ingtitut fir Vogelforschung ,Vogelwarte Helgoland‘, An der Vogelwarte 21, D-26386
Wilhelmshaven, Germany; thorsten.krueger@freenet.de “Institut fiir Meereskunde, Diistembrooker
Weg 20, D-24105 Kiel, Germany; sgarthe@ifm.uni-kiel.de, *Present address: Forschungs- und
Technologiezentrum W estkiiste (FTZ) Universitit Kiel, Hafentom, 25761 Biisum Germany

INTRODUCTION

Little is known about the flight altitudes of coastal birds migrating through the
southern North Sea, and even less about their relation to meteorological
parameters. Statements about flight altitudes based on sea-watch observations
have generally been vague; scattered information about species migrating at a
particular height may be found in Berndt & Drenckhahn (1974), Camphuysen &
van Dijk (1983), Nehls & Zollick (1990) and Temme (1995). Although radar
observations have improved our understanding of bird migration over the North
Sea substantially (Lack 1963; Jellmann 1979; Buurma 1987), they have not
been able to provide clear information on low-level migratory movement until
very recently; radar equipment used to date is mostly accurate only at heights
above (50) 100-300 m, and it is often not possible to identify birds to species
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level using radar (Williams & Williams 1990; Berthold 2000). For a long time
the intensity of low-level migratory movements over the sea generally were
thought - aside from the moult migration of Shelduck Tadorna tadorna- to be of
minor importance (¢f. Jellmann 1979, 1987, 1989). Major improvements in
radar technology now enable exact measurements of flight altitudes (e.g.
Dirksen et al. 1996, 1998). However, such studies have been carried out so far
only at selected locations, usually to inform environmental issues such as wind
energy utilization.

The purpose of the study described here was to examine the flight
altitudes of the most common coastal birds and seabirds by field observations of
visible migration and to identify the influence of the meteorological parameters
wind direction and speed.

METHODS

Visible migration of coastal birds and seabirds was studied on 52 days between
1 September and 15 November 1999 on Wangerooge Island, Germany.
Wangerooge is located in the southern North Sea (German Bight; 53°47'N
07°54'E) and constitutes the easternmost of the FEast Frisian islands.
Observations followed common sea watching methods (Camphuysen & van
Dijk 1983) using a telescope (Swarovski, AT 30x80 HD). We excluded all
common gull species from the observations (Larus argentatus, L. fuscus, L.
marinus, L. canus, L. ridibundus) because it was impossible to distinguish
between true migration and frequent local movements between resting and
feeding sites. The method of sea watching has been proved suitable for
describing and analysing migratory behaviour (e.g. phenology, influence of
wind) of birds along the coast and at sea (e.g. Camphuysen & van Dijk 1983,
Platteeuw et al. 1994). It is not the purpose of this study to assess all birds flying
during day and night, which could be done much more comprehensively by
radar studies.

In order to study whether wind direction and wind speed influence
directly the flight altitude of migrating birds, all individuals passing
Wangerooge were allocated to one of several pre-arranged flight levels. Because
the estimation of flight altitude is difficult in general and because "observers
nearly always overestimate the height of migrating birds" (Thienemann 1931,
see also Gitke 1900, Lucanus 1923), a simple but accurate schema had to be
devised (Fig. 1):

e Birds flying low over the water were allocated to the lowest level (low). The upper
limit of this level was about 1.5 m. In light winds and relatively calm seas it was
easy to identify this level. In these conditions, the birds often flew so low over the
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Figure 1. Allocation of flight altitude above the sea surface to various pre-
determined levels.

Figuur 1. Verdeling van vlieghoogte in hoogteklassen ten opzichte van het
zeeopperviak.

surface that the reflection of their wingtips in the water was clearly visible at
considerable distances. In rougher or stormy seas, high waves frequently forced the
birds to leave their low trajectories for at least part of the time. To be sure of a
correct flight altitude allocation, the observers were obliged to follow the flight
paths over longer distances in order to distinguish between a medium flight altitude
and a tendency towards a low trajectory.

The upper limit of the next higher level (medium) was at eye-level for the observers
and thus encompassed the space from about 1.5 mto 12 ma.s.l. This categorised all
those birds that were not clearly flying "low" and yet not flying above eye-level (=
side view). Birds in flight above eye-level, and thus viewed at an angle from below,
were allocated to a third level (high), whose upper limit was assigned to about 25 m.
A further category (very high) was established for birds flying even higher, at flight
altitudes > 25 to 100 m.
The levels low, medium and high lay all within the telescope’s field of vision. The
observations were regulary interrupted by searching the sky for very high-flying
birds with a binocular (Zeiss 10x40). As a rule, birds passing >3 km away were
excluded from flight altitude assessments as these could not be estimated accurately.
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Table 1. The correlation (r) between the percentage of birds passing Wangerooge in
autumn 1999 and wind speed, grouped according to wind direction and flight
altitude. Correlation coefficient r is in italics where p< 0.05 (cf. Fig. 2).

Tabel 1. Correlatie (v) tussen het aandeel vogels dat Wangerooge in het najaar van
1999 passeerde en de windsnelheid, gegroepeerd naar windrichting en
vilieghoogte. Correlatiecoéfficiént r is cursief indien p < 0.05 (cf. Figuur 2).

Headwind Tail wind
Low Low
Red-throated Diver 0.295 -0.720
Common Eider 0.550 -0.770
Common Scoter 0.223 -0.668

To minimise distortion of the results through other meteorological
factors, rainy, hazy and foggy days during the period of the investigation were
excluded from the evaluation (c¢f Bruderer 1971). In order to correlate the
observed migration with the wind, measurements of wind speed and wind
direction were taken from a meteorological station on Minsener Oog (8 km E of
Wangerooge;  Wasser- und  Schiffahrtsamt ~ Wilhelmshaven,  Abt.
Gewisserkunde). During the study, the main migration direction was west.
Consequently, winds from SW-NW are defined as headwinds, those from SE-
NE as tail winds.

RESULTS
Flight altitudes in relation to wind speed and direction

Red-throated Diver Gavia stellata During headwinds, most Red-throated
Divers migrated low over the water (range: 60-100%; Fig. 2). The proportion of
low-flying birds increased with increasing wind speed, and was up to 100%
beyond speeds of 10.8 m s High-flying individuals were seldom recorded in
headwinds and even then the breezes were only light.

During light tail winds, the greatest percentage of Red-throated Divers
were still low-flyers, even though this decreased significantly with increasing
wind speed (Table 1, Fig. 2). No low flying Red-throated Divers were recorded
in tail winds of over 15.4 m s™". Thus, the proportion of birds flying at medium
height became greater with increasing wind speed. High-flying Red-throated
Divers — rarely observed in headwinds — made up as much as 90% of the
individuals in tail winds. Their proportion increased in general with wind speed.



2001

Headwind

o
o
.
3
.
.
)

g Jnrr o
gso .‘/..
= \d
2 60 ’ (4
-

° 40

3

S20

2 o0

Windspeed [m s"]
Red-throated Diver (n = 147)
< 100
=
2 80 *
5 60 - &
2 -
° 40
(3
-
2 20
2 o+
0 5 10 15 20
Windspeed [m s'1]
Eider (n =4,241)
< 100 £ o .
= -
8 80 «3 .
-
S 4] . -
% 20 .
Z 0
0 5 10 15 20 25

Windspeed [m s"]

Common Scoter (n = 4,030)

Flight altitudes of coastal birds

Tail wind

=)
S

80

60

40 s

20 T 4 =<

Numberof birds [%]

o

Windspeed [m s"]

Red-throated Diver (n = 111)

100
80
60
.
40 .
20 ’

Numberof birds [%]

25

Windspeed [m s'1]

Eider (n = 10,164)

100 »
80
60
40
20

30

Number of birds [%]

Windspeed [m s'1]

Common Scofer (n =2,724)

207

Figure 2. Flight altitude of westward migrating coastal birds in headwinds (NW-
SW) and in tail winds (NE-SE). Lines = linear regression per flight level;

correlation coefficient r: see Table 1.

Figuur 2. Vlieghoogte van westwaarts vliegende kustvogels bij tegenwind (NW-ZW)
en bij meewind (NO-ZO). Lineaire regressielijn per vlieghoogte, zie tabel 1

voor waarden van correlatiecoéfficiént r.
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Common Eider Somateria mollissima The low flight path was the most
frequently chosen by this species (46-72%; Fig. 2), increasingly so with stronger
headwinds. The medium level was used most frequently at wind speeds of 4.1 m
s (42%), this proportion decreasing with stronger winds. The percentage of
high-flying Common Eider dropped from 34% at 4.1 m s'to 0% at 13.4 ms™
and more.

In light tail winds Common Eiders mainly flew low over the surface of
the water (2 ms™': 68%; Fig. 2). The low level was used less with increasing
wind speed, and was not used at all in winds in excess of 13.3 m st Instead, the
proportion of high-flying Common Eider increased, reaching 86% at wind
speeds of 13.3 ms™. The proportion of Common Eiders flying at medium height
tended to remain constant with increasing wind speeds.

Common Scoter Melanitta nigra The percentage of Common Scoters flying
low into the wind increased with increasing wind speed, reaching values of over
90% at speeds of 10.3 m s™ and above (Fig. 2). Correspondingly, the stronger
the wind, the smaller the number of Common Scoters migrating at medium
level. Only 1-9% of the Common Scoters observed flew high into the wind. In
taill winds of increasing strength, Common Scoters became increasingly
reluctant to fly low over the surface of the water (Fig. 2). Instead, the percentage
of birds migrating at medium height rose and eventually predominated. 5-39%
of the Common Scoters passed at the high level but increasing wind speeds did
not result in a clear trend.

Flight altitudes in relation to wind direction Considered without reference to
prevailing wind speeds, westward moving Red-throated Divers used most
frequently the low level in winds from the NW-SW sector (headwind; 83%; Fig.
3). They rarely flew higher (medium: 15%, high: 2%). In winds from the NE-SE
sector (tail winds), the two (or three) higher flight levels were used more often:
low = 34%, medium = 27%, high = 38%, very high = 1%. The pattern of flight
altitude allocation in headwind conditions differed significantly from that in tail
winds (Table 2).

When flying against the wind, approximately 75% of Shelduck passed
low over the water and 23% selected the next higher level (Fig. 3). In tail winds,
a preference for the high and very high levels was detected (51% and 3%
respectively); the percentage of low-flying birds was 15%. In headwinds, the
majority (58%) of Common Eider migrated low over the water, but large
numbers also chose the medium level (34%; Fig. 3). In tail winds, the greatest
number of Common Eiders flew past at medium height (38%), but almost as
many (31%) — certainly much more than in Red-throated Divers and Common
Scoters — migrated at high level. Westward migrating Common Scoters mostly
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Table 2. The numbers of coastal migrants passing Wangerooge in autumn 1999,
grouped according to wind direction and flight altitude. * = significance of
the 2*3 contingency tables for differences between headwinds and tail winds.
p<0.001.

Tabel 2. Aantal trekvogels dat Wangeroog najaar 1999 passeerde, gegroepeerd naar
windrichting en vlieghoogte. p < 0.001.

Headwind Tailwind
low medium high low medium high 12
Red-throated Diver 113 21 2 38 30 43 74 .4
Shelduck 218 70 17 107 221 380 349.9

Common Eider 2442 1428 371 2998 3850 3316 1305.9
Common Scoter 3286 711 33 1022 1389 308 1429.8
Sandwich Tem 179 560 40 0 63 117 392.1
Comm/Arctic Tern 5 117 26 0 33 90 85.8

flew low over the water during headwinds, whereas the medium level was used
most often during tail winds (51%; Fig. 3).

Most Sandwich Terns Sterna sandvicensis flying into the wind clearly
preferred the medium level (72%) and a further 23% selected the low level (Fig.
3). In tail winds the high level was most frequently used (65%); 35% flew at
medium height, and there were no records of low-flying migrating Sandwich
Terns. 79% of Common/Arctic Terns S. hirundo/paradisaea migrated in
headwinds at medium levels and another 18% flew high (Fig. 3). Headwinds
saw the bulk (73%) of the birds in the high flight path, whereas only 23% were
to be found at mediumheight.

Even within a single observation day it became evident that flight
altitude was influenced by the direction of the wind. During the autumn
migration period, Common Eiders off Wangerooge regularly moved in both
easterly and westerly directions (see also Camphuysen & van Dijk 1983,
Platteeuw et al. 1994). On days during which migration took place in both
directions, one of the routes — eastward or westward — had headwinds. On nine
headwind days (only days with more than 1,000 individuals were considered),
Common Eiders migrated for the most part low in a westerly direction.
Conversely, birds moving east on those days mostly had a medium or high flight
altitude (Fig. 4). In same-day comparisons, they always moved one or two levels
higher up. On nine tail wind days, however, the mass of the birds migrated
medium or high levels in a westerly direction. The birds moving east for the
most part flew low over the water (Fig. 4).
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Figure 3. Relative frequency of westward moving coastal birds, grouped according to

flight altitude and wind direction.
Figuur 3. Relatieve verdeling van westwaarts vliegende kustvogels, gegroepeerd naar

vlieghoogte en windrichting.



2001 Flight altitudes of coastal birds 211

11.10. [ |
12.10. [ |
14.10. [ |
27.10. I
31.10. | |
02.11. [ |
03.11. I
04.11. [ |
15.11. 1

25 12 15 15 12 25

Flight altitudes, upper limits [m]

15.10. |
16.10. I
18.10. I
19.10. I
24.10. | |
08.11. | |
10.11. |
.11, T
14.11. |

|
25 12 15 15 12 25

Flight altitudes, upper limits [m]

Figure 4. Common Eider flight altitudes on days with NW-SW winds off Wangerooge
(upper) and Common Eider flight altitudes on days with NE-SE winds off
Wangerooge (lower), autumn 1999. The bars show in each case the most
frequent level; westerly migrants to the lefi, easterly to the right of the central
axis.

Figuur 4. Viieghoogtes van Eiders op dagen met NW-ZW-winden langs Wangerooge
(boven) en vlieghoogtes op dagen met NO-ZO-winden (onder), najaar 1999.
De staven geven voor iedere dag de meest frequente vlieghoogte weer;
westwaarts vliegende vogels links, oostwaarts vliegende vogels rechts van de

y-as.
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Black-throated Divers Parelduikers (Frits-Jan Maas)

DISCUSSION

According to Bruderer (1971), migration altitude is influenced — always within
the limits set by the aerodynamic and physiological characteristics of the species
— by secondary (external) factors, principally meteorological factors such as
wind, fog, cloud conditions and precipitation, and changes in overall weather
conditions. Among these, wind is of greatest importance (Alerstam 1979a). The
horizontal speed of wind over the sea increases with height; directly above the
water surface there is a zone of lower wind speed caused by the breaking effect
of the water. Jameson (1960) describes a case where the wind speed just 15 m
above sea level was at force 8 Bft, twice that immediately above the water
surface. Wind reaches its full force only above 500 m (Alerstam 1979b;
Nachtigall 1987; Stein & Schultz 1995).

Assuming that the radar ornithological results apply, the observations
of the present study confirm those of numerous investigations showing that the
height of migration in tail wind conditions is greater than that in headwinds, and
that where wind direction is opposed to the migration direction, in general lower
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flight altitudes with attendant lower wind speeds are selected (Bruderer 1971;
Karlsson 1976; Kumari 1983; Bruderer 1997; Bruderer & Liechti 1998).

The reason for the migratory behaviour observed off Wangerooge is
probably that birds need to save time and energy when on migration (cf
Berthold 2000). In general, active flying costs birds much energy per unit of
time. In order to minimise these costs, some bird species have developed flight
techniques that enable themto cover long distances with less energy expenditure
(e.g. gliding and soaring, formation flying; see reviews by Riippel 1980;
Norberg 1996). Still other species employ alternating flight techniques, such as
the shearwaters, which flap-glide, alternately beating their wings and sheering
through the wave-troughs. These means of saving energy are not available to all
species. Some species have unfavourable wing area to body mass ratios (wing
loading) and find it impossible to glide or soar long distances over water; such
species are obliged to propel themselves forward by continuous wing-beating
(swans, geese, ducks, auks etc., Riippel 1980; Pennycuick 1987 a, b). The
species under investigation in this paper belong mostly to the latter group. The
most efficient way for these birds to minimise energy costs of migrating up-
wind in terms of optimal migration (Alerstam & Lindstrdm 1990) is to fly low —
the stronger the headwind, the lower the flight level. In tail winds, they migrate
more efficiently at greater heights (see also Gatter 2001). The present study
suggests, that this pattern is also valid for migration across the North Sea at
low(er) altitudes.

Behaviour like this makes it possible for birds in some cases almost to
double their flight speed and to halve their energy costs (Liechti & Bruderer
1998; Liechti & Schaller 1999; Liechti et al. 2000). These relationships have
already been found by Bellrose (1967) who summarised the findings of his radar
studies: "[...] demonstrate that birds have a phenomenal understanding of winds.
They select [...] altitudes having favourable directional winds and favourable
wind speeds." The data on flight altitudes presented in this paper are
predominantly based on migration flights (Kriiger 2001). It is, however, not
possible to quantify the extent to which they have been influenced by
compensating movements or have been caused by disturbances. Those shorter
flights could be performed in a different manner (e.g. lower flight altitudes) and
under different energy saving strategies as real migration flights.

An interesting result of this study is that the visible, diurnal movements
of the species investigated take place mainly at low heights above the water
surface (up to 25 m, occasionally up to 50 m, rarely higher). This accords with
other observations of bird migration in coastal areas. Thus 75% of migrating
Red-throated Divers in the Fehmarn Belt (Baltic Sea) in the winter of 1956/57
were observed between 6 and 15 m (mean flight altitude: 10.5 m, maximum: 45
m). In other years also, flight altitudes of 60-100 m were registered during tail
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wind conditions (Drenckhahn er al. 1974). Temme (1974) found that the
majority of Common Eiders off Nordemey (southern North Sea) migrated
between 1 and 3 m over the water surface, in rare occasions up to 20-25 (45) m.
Common Scoters off Riigen (Baltic Sea) were recorded migrating usually at
altitudes of 1-2 m; in strong tail winds they reached 10-100 m (Nehls & Zdllick
1990).

The findings of this study are not only interesting in terms of coastal
bird ecology but also with respect to current environmental issues in the
southern North Sea. Extensive plans to construct windmill farms in offshore
areas of the German Bight and other areas may create a substantial risk for
migrating birds at sea. In order to study the potential risk with regard to collision
(which causes mortality) and flight route disturbance, comprehensive
environmental impact assessments need to be carried out (e.g. Garthe 2000).
Such studies should consider flight altitudes of birds also in relation to the
prevailing meteorological situations.
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VLIEGHOOGT ES VAN KUST VOGELS IN RELATIE
TOT WINDRICHTING EN WINDSNELHEID

Tijdens systematische zeetrektellingen tussen 1 september en 15 november 1999 op het Oost-Friese
eiland Wangerooge, werden waamemingen verzameld over de vlieghoogte van kustvogels in relatie
tot windrichting en -snelheid. Bij Roodkeelduiker Gavia stellata, Eider Somateria mollisima en
Zwarte Zee-eend Melanitta nigra nam het aandeel laag (0-1.5 m)tegen de wind in vliegende vogels
toe met toenemende windsnelheid. Het aandeel laag vliegende vogels nam met meewind omgekeerd
evenredig af met de windsnelheid, terwijl het aandeel hoger vliegende vogels (1.5-25 m) toenam.
Het aandeel individuen dat tegen de wind invloog was, ongeacht de windsnelheid, het hoogst bij
Roodkeelduiker, Bergeend Tadoma tadorna, Eider en Zwarte Zee-eend. Grote Stern Sterna
sandvicensis en Noordse Dief S.hirundojparadisaea vertonen een zelfde beeld, zij het op grotere
hoogte. Met meewind vloog het merendeel van deze soorten in de bovenste hoogteklassen.
Vergelijking van de vlieghoogtes laat zoen dat alle soorten met meewind aanmerkelijk hoger
vliegen. Dit gedrag kan verklaard worden uit energetisch oogpunt. Deze studie laat tevens zien dat
dagtrek van de waargenomen soorten met name op lage hoogtes (tot 25 m, soms tot 50 m, zelden
hoger) boven zee plaatsvindt. De gegevens wijzen op potentiéle, schadelijke effecten op vogels van
de bouw van voorgestelde offshore windmolenparken. Om van enig nut te zjn bij risico-analyse
van potenti€le verstorende effecten van windmolenparken op door de Noordzee trekkende vogels
moeten waamemingen van vlieghooges tegen de achtergrond van de gehele metereologische
situatie beschouwd worden.
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