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Figure 1. Distribution and size of Leach’s Storm-Petrel colonies in �ewfoundland and 

Labrador, Canada and St. Pierre and Miquelon, France. Inset map shows 500 m 

isobath. 

Figuur 1. Verspreiding en grootte van kolonies van Vaal Stormvogeltje in �ewfoundland 
en Labrador (Canada) en St. Pierre en Miquelon (Frankrijk). De inzet laat de 

500 m isobath zien. 
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Figure 2. Population size (log 10) and trends of Leach’s Storm-Petrel colonies  

monitored in �ewfoundland, Canada. Data sources for older information can be 
found in Stenhouse et al. (2000), Robertson et al. (2002) and Robertson & Elliot 

(2002) and 95% confidence are presented where available. 

Figuur 2. Populatiegrootte (log 10) en trends van gemonitorde kolonies van Vaal 

Stormvogeltje in �ewfoundland (Canada). Bronnen van oudere data zijn te 

vinden in Stenhouse et al. (2000), Robertson et al. (2002) en Robertson & Elliot 
(2002). Indien beschikbaar worden de 95%-betrouwbaarheidsintervallen 

gepresenteerd. 
 
 

For analysis, if a grid intersection had at least one burrow in the 16 m
2
 

plot then the surrounding area, specifically half the distance to the next grid line, 

was considered occupied habitat. Technically, plots without burrows could be 

included to calculate occupied burrow densities and then multip lied by total 

island area to obtain a population estimate. However, we chose not to include 

these unoccupied plots in the analysis, as it had the undesirable effect of 

skewing the distribution of occupied burrow densities due to the large number 

of 0s. Removing unoccupied habitat and 0 occupied burrow densities had two 

statistical advantages, firstly it allowed the standard error to be calcu lated on a 

distribution that approximated a normal distribution, and second, it effectively 

reduced the standard error of the estimate of population size. For islands with 
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steep topography, the occupied area was further corrected by the mean angle of 

all plots, measured with a clinometer. Occupied burrow densities for each plot 

were calculated by multiply ing occupancy rates (excluding unknown burrows as 

the contents of these burrows was not known) by the burrow density in each plot 

(including unknown burrows).  Mean occupied burrow densities were then 

calculated from all plots which had burrows. Finally, the total corrected 

occupied area was multip lied by the mean occupied burrow density to obtain a 

final population estimate. Standard errors and 95% confidence intervals are 

available in the original reports. 

 
Table 1. Estimated population sizes, most recent census year, occupancy rates, burrow 

densities and occupied burrow densities for the largest known Leach’s Storm-

Petrel colonies in �ewfoundland and Labrador, Canada and St. Pierre and 

Miquelon, France. 
Tabel 1. Geschatte populatiegrootte, meest recente inventarisatiejaar, bezettingsgraad, 

holendichtheid en dichtheid bezette holen voor de grootste bekende kolonies in 

�ewfoundland en Labrador (Canada) en St. Pierre en Miquelon (Frankrijk) van 

Vaal Stormvogeltje.  

Colony Year Size 
(pairs) 

Occupancy 
rate 

Burrow density 
(m

-2
) 

Occupied burrow 
density (m

-2
) 

Source 

Baccalieu Island 1984 3,360,000 0.680 0.046-4.166 0.017-2.495 1 
Gull Island (Witless Bay) 2001 351,866 0.722 1.070 0.772 2 
Great Island (Witless Bay) 1997 269,765 0.659 1.870 1.233 3 
Grand Colombier, St Pierre 2004 142,783 0.617 0.670 0.451 4 

Corbin Island
 

1974 100,000    5 
Green Island (Fortune Bay) 2001 65,280 0.747 0.874 0.653 2 
Little Fogo Islands

 
1975 38,000    5 

Middle Lawn Island 2001 13,879 0.709 0.666 0.472 2 

Iron Island
 

1974 10,000    5 
Small Island 2001 1,038 0.338 0.223 0.076 6 

 

1 
 Sklepkovych & Montevecchi 1989; 

2
 Robertson et al. 2002; 

3
 Stenhouse et al. 2000; 

4
 CWS, Alder 

Institute and Service D’Agriculture et de la Faune, and Le Centre Culturel, St. Pierre et Miquelon; 
5 

Cairns et al. 1989; 
6
 Robertson & Elliot 2002. 

 
RESULTS 

 

The distribution of Leach’s Storm-Petrel breeding colonies in Newfoundland 

and Labrador is shown in Figure 1, with details for the larger colonies in Table 

1. In addition to the colonies in Table 1, another 7 have population sizes in the 

1,000-10,000 range, 12 are in 100-1,000 range and 32 have between 1-100 

breeding pairs. The informat ion availab le on trends for Newfoundland shows 

that most larger colonies appear stable, while two smaller colonies showed 

declines since the early 1980s (Figure 2). As the estimate of 533,186 pairs 

available for Gull Island in 1979 (Cairns & Verspoor 1980) was based on a 
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single transect through habitat that had unrepresentatively high burrow 

densities, the apparent decline from 1979 to 1984 is a sampling artefact. 

Occupancy rates were relatively consistent among colonies, while burrow 

densities were much more variable (Table 1).  

 
DISCUSSION 

 

Newfoundland harbours some of the largest Leach’s Storm-Petrel colonies in  

the world, totalling over 4 million breeding pairs. The distribution of colonies is 

highly skewed, with Baccalieu Island holding 3.36 million pairs (Sklepkovych 

& Montevecchi 1989), a few co lonies harbouring 100s or 10s of thousands of 

pairs and a collection of smaller colonies of tens, hundreds or thousands of 

pairs. All large colonies have been surveyed at least once (although Corbin 

Island requires a thorough re-assessment) and are reasonably well known. On  

the other hand, most small colonies have only been visited once, have not had 

quantitative assessments of population size, and many more are likely to have 

gone unnoticed. The majority of the colonies occur in eastern Newfoundland, a 

distribution typical of most pelagic seabirds breeding in the province. This is 

likely a function of the proximity to appropriate foraging grounds near the 

continental shelf break. Labrador has a few known colonies, with numbers of 

pairs in the tens or hundreds, and represents the northern breeding limit of this 

species in the Northwest Atlantic. Québec has only a small population of 

Leach’s Storm-Petrels, while Nova Scotia supports some larger colonies (tens of 

thousands) and may have over 100,000 breeding pairs (Huntingdon et al. 1996). 

New Brunswick and Maine support about 20,000 pairs, while Massachusetts 

represents the current southern breeding limit (Huntington et al. 1996). 

 Burrow occupancy rates did not vary greatly among colonies, ranging 

from 0.62-0.75, except for the sharply declining colony on Small Island (0.34). 

In contrast, excluding Baccalieu Island, burrow densities ranged from 0.22 to 

1.87 burrows/m
2
 across different islands; with Baccalieu Island itself showing 

an even greater range of 0.046-4.166 burrows/m
2
. These ranges likely reflect 

habitat differences among islands, as burrow densities are related to habitat 

(Sklepkovych & Montevecchi 1989; Stenhouse & Montevecchi 2000). When 

used alone, the lack of range in occupancy rates, and the great range in burrow 

densities, make neither a suitable monitoring metric to assess population trends 

for this species in Newfoundland (except for crashing populations such as those 

on Small Island). Therefore, continued censuses to estimate island-wide 

breeding populations are recommended for future monitoring.  

 Both older and recent surveys used burrow grubbing to assess burrow 

contents. In other regions, the use of tape playbacks and/or video probes has 

been recommended (Ambagis 2004; Mitchell et al. 2004). These two methods 
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were attempted during recent surveys in Newfoundland, but reports from field  

workers suggested that they proved to be more difficult and less efficient than 

burrow grubbing. Playbacks proved difficult to interpret due to the high density 

of burrows. In Newfoundland, Leach’s Storm-Petrel burrows tend to be 

relatively short and straight holes in peaty soils, making grubbing relatively easy 

(the contents could not be assessed for about 10% of burrows), especially in  

contrast to European Storm-Petrels Hydrobates pelagicus which nest in crevices 

and in scree.  However, further work will be conducted to investigate the value 

of these less invasive methods in assessing burrow occupancy.  

Although the data on population trends for colonies in Newfoundland is 

somewhat sparse, a few patterns emerge from the available in formation. Firstly, 

between the 1970s-early 1980s to the late 1990s-early 2000s, there has been 

litt le change in the population size of the large colonies that have been 

monitored. On the other hand, the two smaller colonies that have been 

monitored have shown significant, and in the case of Small Island, precip itous, 

declines. Both these colonies share one feature; hundreds of pairs of Herring 

Larus argentatus and Great Black-backed Gulls L. marinus began nesting in the 

vicinity of these colonies since the 1970s (Robertson & Elliot 2002; Robertson 

et al. 2002).  

It is not clear why these small co lonies have declined in the face of gull 

predation, while the larger colonies appear stable. In the case of Green Island, 

light keepers are still present on the island, which keeps the island free of 

nesting gulls. Baccalieu Island is similarly gull free, due to the presence of red 

foxes Vulpes vulpes (Sklepkovych & Montevecchi 1989); although trend data 

for this island are not available. The large islands in Witless Bay support over 

600,000 pairs of Leach’s Storm-Petrels and harbour significant gull colonies, 

with approximately 2,900 pairs of large gulls on Gull Island and 1,700 pairs on 

Great Island (Robertson et al. 2001). Stenhouse et al. (2000) estimated that 

49,000 Leach’s Storm-Petrels were killed by gulls annually on Great Island 

alone, while Robertson et al. (2001) postulated that habitat-specific changes in 

gull nesting locations could lead to increasing predation pressure on Leach’s 

Storm-Pet rel. However, Leach’s Storm-Petrel populations on Gull and Great 

Island appear to have been stable over the last 25 years. In general, b reeding 

success of Leach’s Storm-Petrel in Newfoundland is high and does not appear to 

vary greatly in response to ecosystem changes, as seen in other seabirds 

(Stenhouse & Montevecchi 2000; Regehr & Rodway 1999). Consistently high 

chick production, and the subsequent abundance of young pre-breeding cohorts, 

could exp lain how these mortality levels are maintained. Clearly, more work is 

needed to understand the degree to which Leach’s Storm-Petrel populations are 

impacted by predation pressure from large gulls.  



48 G.J. ROBERTSON ET AL. Atlantic Seabirds 8(1/2) 
 

Additional threats to Leach’s Storm-Petrel could include contaminants, 

as there are indications that Mercury (Hg) levels in the eggs of this species have 

risen from 1972-2000 in the Northwest Atlantic (Burgess & Braune 2001). 

Recent offshore oil and gas explorat ion and production on the Grand Banks and 

Scotian Shelf has increased the risk of Leach’s Storm-Petrel colliding with 

offshore installations and being incinerated in gas flare booms (Wiese et al. 

2001).  Newfoundland has one on of the largest chronic ship-source (bilge 

dumping) o il pollution problems in  the world (Wiese & Ryan 2003).  As surface 

feeders, Storm-Petrels consume hydrocarbons while forag ing (Boersma 1986), 

which can impact chick survival and the reproduction of breeding adults 

(Trivelpiece et al. 1984). Unlike most major seabird colonies in the world, there 

is one significant  threat that Leach’s Storm-Petrel (and other seabirds) in 

Newfoundland are not currently facing, that is the introduction of predatory 

mammals or other invasive species (e.g. rats or rabbits). However, monitoring 

will be required to ensure that this remains the case. 

Given the extent of the current potential threats, and uncertainties 

surrounding the impact of gull depredation, continued monitoring of Leach’s 

Storm-Pet rel in Newfoundland is clearly warranted. A survey of the large 

colony on Baccalieu Island is particularly critical for any future assessment of 

this population. 
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OMVANG EN TRENDS VAN BROEDPOPULATIES VAN 

VAAL STORMVOGELTJE OCEA�ODROMA LEUCORHOA 

IN NEWFOUNDLAND 

 
De grootste kolonies van Vaal Stormvogeltje Oceanodroma leucorhoa ter wereld bevinden zich in 
�ewfoundland, Canada, met alleen op Baccalieu Island al meer dan 3 miljoen paar. Sinds 2001 
wordt inspanning verricht om de grotere kolonies in �ewfoundland opnieuw te inventariseren 

teneinde huidige populatieschattingen te vergelijken met die van de jaren zeventig en begin jaren 
tachtig. Inventarisaties werden uitgevoerd door te ‘graaien’ in kleine plots (met de hand holen 
inspecteren), dichtheden van bezette holen te berekenen en deze dichtheden te extrapoleren naar het 

gebied dat door de stormvogeltjes wordt gebruikt. Playback van geluidsopnames en monitoring van 
ingangen van holen bleek minder of even efficiënt als graaien, maar vereiste veel meer tijd, mogelijk 
als gevolg van hogere dichtheden van bezette holen. De onderzochte grotere kolonies leken stabiel 
tussen de jaren zeventig/tachtig en begin 2000. De twee kleinere kolonies daarentegen Middle Lawn 

Island en Small Island vertoonden een afname. De vestiging in de jaren zeventig van grote 
meeuwenkolonies (bestaand uit Grote Mantelmeeuw Larus marinus en Zilvermeeuw L. argentatus) 
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dichtbij deze twee eilanden kan de populatie-afname op deze eilanden verklaren. Verschillen in 
habitatkwaliteit tussen de eilanden kan echter niet uitgesloten worden. Aan de andere kant leek 
massale predatie (een geschatte 49000 adulte vogels per jaar) van stormvogeltjes op Great Island, 

Witless Bay door grote meeuwen de broedpopulatie, die nu nog bestaat uit 270000 broedpaar niet 
gereduceerd te hebben. Hoewel het kolonies van Vaal Stormvogeltje in �ewfoundland de laatste twee 
à drie decades voor de wind gaat, is een voortgaande monitoring aanbevolen gezien de potentiële 
bedreigingen door predatie (door meeuwen), gifstoffen, chronische olievervuiling en offshore olie- en 

gasproductie.  
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Appleton, D., Booker, H., Bullock, D.J., Cordrey, L. & Sampson, B. 2006. The 

Seabird recovery project: Lundy Island. Atlantic Seabirds 8(1/2): 51-60. The UK 
holds 93% of the world’s breeding populations of Manx Shearwater Puffinus puffinus. 

Lundy Island’s populations of Manx Shearwater and Puffin Fratercula arctica, another 
burrow-nesting seabird, are currently much lower than those reported over 100 years ago. 
A major factor responsible for these declines was believed to be predation by rats. In 2002 a 

programme to eradicate rats to benefit these seabirds was started. Both the Black and 
Brown Rats Rattus rattus and R. norvegicus occurred on the island. The former is rare in the 
UK but both are globally widespread and abundant, and both are predators of seabirds. The 
two-year eradication programme was completed in March 2004, since which there has been 

no evidence of rats. Monitoring will now focus on the populations and productivity of the 
target seabirds although an increase in the breeding populations is not expected in the short 
term. 

 
1 English Nature, Level 2 Renslade House, Bonhay Road, Exeter, Devon, EX4 

3AW; 2 RSPB, Keble House, Southernhay Gardens, Exeter, Devon, EX1 1NT; 3 
The National Trust, Heelis, Kemble Drive, Swindon SN2 2NA; 4 The Landmark 

Trust, Lundy Island, Bristol Channel, Devon, EX39 2LY 

 

INTRODUCTION 

 

Lundy Island (51°10’N, 04°40’W; 430 ha) lies 18 km off the north Devon coast 

in the Bristol Channel. Rising steeply to a plateau dominated by grassland and 

heath, it is a popular tourist destination with 23 holiday cottages, a working 

sheep farm and a small residential population. Traditionally, Lundy was known 

as a seabird island holding important populations of cliff and burrow-nesting 

species. These include the Manx Shearwater Puffinus puffinus, for which the 

UK holds 93% of the global breeding population (Stroud et al. 2001), and the 

Puffin Fratercula arctica from which Lundy gets its name (“lund” is Norse for 

Puffin).  

In 2001 the first comprehensive survey of the Manx Shearwater on 

Lundy using tape-playback at burrows returned an estimate of  166 pairs (Price 

& Booker 2001). Th is is much lower than previous estimates from 1976 and 

1985 of between 2,800 to 7,000  (Thomas 1981) and 1,200 pairs (Taylor 1985) 
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respectively. However, these estimates were based largely on counts of birds in 

flight and may not be direct ly comparable with the more recent estimate. 

For the Puffin a similar decline is evident: in 2000, only 13 individuals 

were counted compared with an estimated 3,500 pairs in 1939 (Perry 1940). 

Several factors could have caused the declines in these seabird species on Lundy 

of which predation by rats (Rattus spp.) on eggs and chicks was believed to be 

one of the most important. Lundy’s Manx Shearwater and Puffin populations 

are significantly lower than those on nearby Welsh islands of Skomer and 

Skokholm both of which are rat free. Rats can devastate seabird populations on 

islands but recovery following rat removal is documented (Micol & Jouventin 

2002; Stoneman & Zonfrillo 2005). In 2001 a feasibility study concluded that, 

with systematic and comprehensive use of poison bait, eradication of rats from 

Lundy was a realistic and achievable goal (Bell 2001). On this basis an 

eradication programme was in itiated in 2002.   

Unusually, two species of rat have been recorded on Lundy: the Brown 

Rat Rattus norvegicus which is ubiquitous in main land Britain and the Black 

Rat R. rattus which is nationally rare. Historically the Black Rat was widespread 

in the UK and Ireland but is now largely confined to four island groups. It was 

probably replaced by the Brown Rat when it arrived in the mid-18th century. 

Both species are globally widespread and abundant (Corbet & Harris 1991) and 

known to kill and eat adult seabirds, or their eggs or young (Atkinson 1978;  

Micol & Jouventin 2002).  

A description and appraisal of the eradication programme forms the basis 

of this report, together with some observations on the productivity of the target 

seabird species, the Manx Shearwater.   

 

METHODS 

 

The primary aim of the Seabird Recovery Project was to remove or reduce the 

factors preventing the populations of the Manx Shearwater (and Puffin) on 

Lundy from achieving their potential population sizes. The initial objective was 

to eradicate the island’s rats to allow an immediate increase in the productivity 

of these two species.  The decision to remove the rats was not taken lightly. The 

eradication programme was likely to be difficult given the terrain. It attracted 

many protests from people or groups objecting to the use of rodenticides to kill 

the rats, and the killing of the Black Rat which many considered to be “Britain’s 

rarest mammal” (Appleton et al. 2002). 

The eradication programme ran from November 2002 to March 2004 

with effo rt concentrated in the two winter periods when the natural food supply 

for rats was low and take up of bait would be h ighest. Expert contractors, 
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assisted by a total of 57 volunteers, conducted the fieldwork, totalling some 

2,485 people days. 

Rats were poisoned using cereal-based wax bait blocks, each weighing c. 

24 g. Three to four of these were set in 2,100 bait stations in a 50 m grid that 

covered the entire island and offshore stacks; stations consisted of 0.75m long 

sections of plastic corrugated pipe with a diameter of 0.1m. Bait stations were 

also placed on the island ferry. All stations were regularly checked and 

maintained, bait take noted and replaced or changed to ensure a constant supply 

of intact blocks. Data were collated on a daily basis to track project progress.  

The bait blocks contained 0.005% active ingredient difenacoum, a 

second generation anticoagulant that causes internal haemorrhage by inhibit ing 

synthesis of Vitamin K.  For a 400g Brown Rat, the LD50 for d ifenacoum was 

18g of the wax bait block bait. On average two to four feeds are required for a  

lethal dose, after which death occurs within four to seven days.  Difenacoum is a 

routinely used anticoagulant rodenticide throughout the UK (and the active 

ingredient in poison bait used for many years previously to control rats in 

buildings on Lundy). 

Monitoring stations within the bait grid held “chewsticks” (wooden pegs 

soaked in oil) and candles or soap. Rats routinely gnaw on chewsticks etc 

revealing their characteristic incisor marks providing a further means of 

detecting their presence when no bait was being taken.   

Quarantine measures to reduce risk of rat re-infestation and contingency 

procedures to remove rats if any were sighted were agreed and drawn up. 

Full details of the poisoning programme are given in the unpublished 

final report (Bell 2004) which can be made availab le on request. 

The likely trends of Manx shearwaters following rat eradication were 

investigated using difference equations (Croxall & Rothery 1991). The starting 

population size was taken as 166 pairs and the start date for modelling 2001 

when this count was made. The productivity was assumed to be 0.1 chicks per 

pair prior to rat eradication in winter 2002 (based on data from rat predation 

years on Canna; A. Ramsay, pers comm.) and 0.7 ch icks per pair afterwards 

(based on productivity at rat free islands; Mavor et al. 2005). Age of first 

breeding was assumed six years (Brooke 1990), survival from fledging to the 

first-year of life to be 44% (Brooke 1990, Perrins pers. comm.) and adult 

survival 93% (Richdale 1963, Brad ley et al. 1989, Cuthbert & Davis 2002, 

Perrins pers. comm.). 

 

RESULTS 

 

Over the winter of 2002/3 bait uptake, as indexed by the number of stations 

where bait was replaced, increased rapidly and then declined indicating by 
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Figure 1. Temporal variation in uptake from bait stations during the poisoning 

programmes. Top line – from Bait check 1; first part of 2003 (4th  January  to 
4th June), and bottom line – from Bait check; late 2003 to 2004 (9th  

December to 1st March). From: Bell, 2004.  

Figuur 1. Variatie in ‘verdwijnen’ van aas op aasplekken gedurende het 

verdelgingsprogramma.  Bovenste lijn: eerste helft van 2003 (4 januari tot 4 

juni); onderste lijn: eind 2003 tot 2004 (9 december tot 1 maart). >aar: Bell,  
2004. 

 

March 2003 a significant decrease in the rat population (Fig 1). However, 

monitoring of chew sticks revealed that ‘hot spots’ of rat activity remained.  

With one exception, these were associated with human habitation and the farm. 

To target the remain ing rats effort was intensified in these areas by using a 

smaller grid size (25 x 25 m) effect ively tripling the density of stations. 

By the end of May 2003 monitoring showed that rats where still being 

detected in the “hot spots”.  A combination of increased natural food sources, 

reducing the chance of rats eating bait, and increased visitor pressure meant that 

the baiting of stations was scaled down until the autumn. In November 2003 

both the bait and monitoring grids were re-established over the entire island. 

Bait take occurred at a small number of locations during December 2003 and 

January 2004 (Fig 1). However no rat sign was detected on chew sticks at 

monitoring stations indicating that once bait take had stopped, the rats had been 

killed. 
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The final bait take was noted during February 2004. For the rest of that 

year, weekly checks of bait stations (initially containing bait, and later 

candle/soap) located at previous “hot spots” were conducted followed by 

monthly checks in 2005.  No evidence of rats has been recorded since February 

2004.  In  the wild  very few rats live for more than a year (Corbet & Harris 

1991). A whole island final check in early 2006 confirmed the rat-free status of 

the island.  Monitoring to detect rats will continue indefinitely at the island’s 

jetty and associated buildings. 

Quarantine measures have been implemented to prevent rodents reaching 

Lundy. Contingency procedures have also been drawn up should a rodent be 

detected on the island (Bell 2004). These have already been used to detect and 

remove a mouse or mice in the farm build ings where a 25 x 25 m bait station 

grid within a 50 m rad ius check of the sighting (of droppings) was installed.   
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Figure 2. Predicted trend of the Lundy Manx Shearwater population to the 

eradication of rats in winter of 2002.  

Figuur 2. Berekende populatietrend van de >oordse Pijlstormvogel op Lundy na het  

uitroeien van ratten in de winter van 2002.  
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Using the model and assuming a closed population the number of Manx 

Shearwaters is expected to continue to fall owing to poor productivity during 

years prior to rat removal (Fig 2). Six years on from rat erad ication, the 

population should increase owing to higher productivity and hence recruitment. 

The trajectory of the increase is convex between 6 and 12 years following the 

eradication owing to the declining number of breeding pairs in previous years 

making the cohorts progressively smaller. Fo llowing this period, growth 

becomes exponential; a pattern that should continue until density dependent 

limitat ion causes growth rates to slow. Figure 2 also illustrates that counts prior 

to 2022 are unlikely to detect an increase in Manx Shearwater numbers, and 

those made earlier may indeed result in a decline being detected. 

 

DISCUSSION 

 

Eradication of rats from Lundy Island presented many challenges, from the 

logistical and technical d ifficu lties of working on an inhabited and farmed island 

which is a tourist attraction, to opposition from animal rights campaigners 

wishing to conserve the Black Rat and prevent the use of poisons to kill rats 

(Meech 2005). The feasibility study (Bell 2001) d id not take into account an 

unforeseen increase in visitor use of the island during the winter months. This 

resulted in additional food sources from the visitors, being available to rats 

reducing their bait uptake in the crucial winter period. Waste management 

procedures were significantly tightened during the course of the project to the 

point where scrap food and animal feedstuffs are now much less accessible to 

rodents. 

In wet weather the bait blocks swelled and crumbled, leaving them 

unpalatable to rats and requiring frequent replacement. Bait stations, although 

designed to min imise access by non-target animals and birds, were sometimes 

damaged by livestock and ponies. Adaptations to stations and project design 

were generally successful in minimising interference by non-target animals 

although a small number of crows Corvus corone corone (8) and rabbits 

Oryctolagus cuniculus (7), were found to have been poisoned during the two 

year programme. The crow and rabbit carcasses for which we suspected non-

target poisoning as the cause of death were sent to the Department of the 

Environment Food and Rural Affairs for autopsy and reporting. The post-

mortem of one crow revealed traces of three second generation anticoagulants, 

difenacoum, flocoumafen and brodifacoum, the last two of which are banned for 

use outdoors in the UK. These incidents strongly suggested that the bait blocks, 

which should have contained only difenacoum as the active ingredient, also 

contained traces of more toxic anticoagulants, through contamination during 

manufacture. The bait manufacturers were immediately informed and 
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contaminated bait removed and sent back to source. These unfortunate incidents 

highlighted the problem of the potential contamination of commonly available 

‘off the shelf’ baits. 

During the eradication programme on Lundy an attempt was made to 

collate details of similar projects on four other Brit ish Islands (Willcox 2000, 

2001; Zonfrillo 2002a, 2002b., B. Zonfrillo pers. comm.; Ratcliffe & Sandison 

2001, 2002; J. Ratcliffe pers. comm.; Bell et al. 2000). This was done for two 

reasons: first to identify common issues and second to compare costs. The 

islands, including Lundy, varied in size between 32ha and 424ha. Rat  

eradication cost/ha was however, much less variable: mean = £164/ha, S.E. = 

47.67, range = £14-£191/ha. Thus the estimated cost/ha of rat eradication for 

these Brit ish Islands is comparable with area payments for farmland in agri-

environment schemes. The success of two of these projects, (Handa and Ailsa 

Craig), based on an increase in seabird productivity, gave rise to an expectation 

of a similar result to occur on Lundy. 

The eradication of rats from Lundy has been successful. Quarantine 

measures and a contingency plan are in place to prevent and remove any new 

invasion respectively. Monitoring will now focus on the breeding success of the 

burrow-nesting seabirds, and especially the Manx Shearwater. Survey 

techniques including burrow-scope observations and mark recapture of chicks 

have been trialled to investigate the productivity of shearwaters on the island. 

The steep slopes and deep, convoluted burrows make burrow-scopes and other 

underground studies impract ical. Mark recapture will be favoured following 

observations of juveniles outside burrows at night which confirmed successful 

breeding in 2004 and 2005 (H Booker pers. comm.).   

The Seabird Recovery Project cannot be considered a success until we 

record an increase in the number of breeding pairs of Manx Shearwater on 

Lundy. The model shows that the population will continue to decline for a  

further six years following rat eradication and that it is only likely to exceed the 

2001 count after 2022. This assumes, however, that the population is closed. 

Brooke (1990) suggested that half the chicks fledging from Skokholm move to 

other colonies. Given that Lundy is only 60 km away, it is highly  likely that it  

will receive immigrants from this and other Pembrokeshire colonies. Even if the 

proportion of Pembrokeshire fledglings emigrat ing to Lundy was small, this 

could generate a higher rate of increase than predicted by the closed population 

model owing to the relative sizes of the source and recipient colonies.  
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HET ZEEVOGELHERSTELPROJECT OP HET EILAND LUNDY 

 
Groot-Brittannië herbergt 93% van ‘s werelds broedpopulatie van Noordse Pijlstormvogel Puffinus 

puffinus. De populatie van Noordse Pijlstormvogel en Papegaaiduiker Fratercula arctica, een 
andere in holen broedende zeevogel, is momenteel veel lager dan honderd jaar geleden werd 
gemeld. Predatie door ratten werd geacht een belangrijke factor voor deze afname te zijn. In 2002 
werd een programma gestart  om ratten uit  te roeien, met als doel om de populaties van deze 

zeevogels te herstellen. Zowel de Zwarte, als de Bruine Rat Rattus rattus en R. norvegivus kwamen 
op het eiland voor. Eerstgenoemde soort is zeldzaam in Groot-Brittannië, maar beide komen 
wereldwijd voor, zijn algemeen én prederen zeevogels. De twee jaar durende uitroeiingscampagne 

werd maart 2004 afgesloten en sindsdien is geen bewijs voor hun aanwezigheid. Hoewel een 
toename in de broedpopulatie niet op de korte termijn verwacht wordt zal monitoring nu 
geconcentreerd worden op de populaties en productiviteit  van de doelsoorten Noordse 
Pijlstormvogel en Papegaaiduiker.  
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THE NATIONAL TRUST FOR SCOTLAND’S 

SEABIRD RECOVERY PROGRAMME: PROPOSED 
BROWN RAT ERADICATION FROM THE INNER 
HEBRIDEAN ISLANDS OF CANNA AND SANDAY 

 
 

A.J. PATTERSON* 
 

Patterson, A.J., 2006. The National Trust for Scotland’s seabird recovery 
programme: proposed Brown Rat eradication from the Inner Hebridean Islands of 
Canna and Sanday. Atlantic Seabirds 8(1/2): 61-72.   The islands of Canna and 
Sanday are situated off the west coast of Scotland within the Inner Hebridean archipelago.  
The island of Canna is the largest being 5 mile long by 2 mile wide and Sanday 1½ mile  
long by ½ mile wide.  The islands (excluding all inbye land) were designated an SSSI in 

1987 and an SPA in 1997 for their seabird and raptor populations, particularly Manx 
Shearwater Puffinus puffinus, Shag Phalacrocorax aristotelis and White-tailed Eagle 
Haliaetuus albicilla. Studies carried out by The Highland Ringing Group have highlighted 
declines in several species of seabirds.  The 3ational Trust for Scotland in conjunction with 

the Highland Ringing Group investigated the cause of decline and brown rat was suspected 
to be the main cause.  Some remedial work was carried out in 1997-1999 to prevent Manx 
Shearwater declining further but this species became extinct in 2000. Plans for a full rat 

eradication program were initiated in 1997 for the islands of Canna and Sanday and 
research into the environmental impact on other species for such a program were 
undertaken. A small mammal survey took place 1997-1999 since little was known on this 
group’s status.  Studies found that there were few species on the islands and that numbers 

were low.  It was found that Wood Mouse Apodemus sylvaticus had an interesting 
physiology and that further work would be needed to establish if this was genetically 
different from mainland species.  However, this added to the project where this species had 
to be protected and samples are now in quarantine in Edinburgh Zoo until the eradication 

program has been completed.  A rat distribution survey was carried out in the winter of 
2000-2001 to determine their location and rough densities.  There are several raptor species 
on the island and most do scavenge rabbits and rats which will be affected by poisoning.  
Though secondary poisoning in raptors using a 1st generation poison is unlikely, these risks 

had to be reduced to an acceptable level.  A steering group was set up in 2003 to carry the 
project forward.  LIFE-3ature fund application was made to Brussels and the Trust has now 
received full funding for the project. 

 
*National Species Recovery Officer, The National Trust for Scotland 

 
INTRODUCTION 

 

The islands of Canna and Sanday are situated off the west coast of Scotland 
within the Inner Hebridean archipelago.  A small farm, light crofting and 
tourism constitute the main livelihood of the 12 residents currently living on the 
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islands, which are owned by The Nat ional Trust for Scotland (NTS).  The 
islands (excluding all inbye land) were designated a Site of Special Scientific  
Interest (SSSI) in1987, fo r their bio logical and geological features, and a Special 
Protection Area (SPA) in 1997 for raptors and seabird populations, particularly  
Manx Shearwater Puffinus puffinus and European Shag Phalacrocorax 

artistotelis. 
Over the past 30 years, The Highland Ringing Group has, on behalf of 

The Joint Nature Conservation Council (JNCC), collected data on seabird 
breeding success and numbers through the Seabird Monitoring Programme 
Canna Studies.  These studies have highlighted a decline in seabird numbers 
between 1973 and 2004 with a steep decline from the nineties.  Burrow-nesting 
birds such as Manx Shearwater showed a very dramatic decline.  More recent 
declines have been noted in more robust species such as European Shag and 
Razorbill Alca torda.  Predation by Brown Rats Rattus norvegicus has been 
identified as the cause of the decline, and a series of studies were initiated by 
The National Trust for Scotland to investigate the feasibility of setting up an 
eradication programme, with a future Brown Rat control programme, and to 
establish the impacts this may have on non-target species.  This programme of 
eradicating Brown Rats began in September 2005. 

 

SEABIRD DECLINE 
 
Overall there has been a 49% decline in seabirds between 1995 and 2004, with 
Manx Shearwater showing the steepest decline, at 99% (Tab le 1).  All species 
have exhibited marked declines, with the exception of Black-legged Kittiwake 
Rissa tridactyla, which has experienced a 44% increase in numbers (Table 1).  
Other seabird colonies within the archipelago have faired better and do not share 
Canna and Sanday’s trends, suggesting that the problem of seabird decline  is 
local. 

The population of Manx Shearwaters was estimated as between 1000-
1500 pairs in 1973, since when it has been monitored annually. This species has 
been decreasing since 1976, with a sharp decline in 1989 when only 15 out of 
62 study burrows contained chicks, and only four chicks successfully reared 
(Swann, 2001).  By 1998 productivity in the colony was too low to measure 
(Figure 1). 
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Table 1. Percentage change in numbers of breeding seabirds (individuals) for each 

species on Canna and Sanday 1995-2004. 
Tabel 1. Procentuele verandering in aantallen broedende zeevogels (individuen) op 

Canna en Sanday 1995-2004. 

Species 1995 2004 Increase (%) Decrease (%) 

Manx Shearwater 268 2  99 

Northern Fulmar 1306 886  32 

European Shag 2060 1080  48 

Common Guillemot 7716 6243  19 

Razorbill 2104 498  76 

Atlantic Puffin 1225 740  40 

Black Guillemot 85 44  48 

Common Gull 34 12  65 

Lesser Black-Backed Gull 78 26  67 

Herring Gull 2652 744  72 

Greater Black-Backed Gull 170 88  48 

Black-legged Kittiwake 1864 2680 44  

Common Tern 6 2  67 

   Overall decline 49% 

 
In May 2000 no responses were elicited when a tape was played to 240 burrows 
within the study area, though in 2001 a single bird responded (Swann pers. 
comm.).  Historic nesting sites were checked in June and again in August 2001.  
Shearwaters were heard calling in flight at some of these locations at night and 
additional checks were made by day using tape playback. Although there was 
some physical evidence of burrow occupancy in terms of droppings at burrow 
entrances, no birds responded (Patterson 2003).  The nearby Manx Shearwater 
colony on the island of Rum has not shown a decline, though data is 
inconclusive and cannot be used as a comparison. (Swann pers. comm.).   

Northern Fulmar Fulmaris glacialis numbers have fluctuated since 1973, 
with a notable decline in apparently occupied sites (AOS) occurring between 
1995 and 1999 (Figure 2). 

It is difficult to draw any clear trends from this as different counting 
methods were used and the number of non-breeders occupying sites in mid-
summer may vary (Swann pers. comm.).  In one study site in 1997, out of 16 
Northern Fulmar eggs laid only four chicks fledged, and in 1998 out of 12 eggs 
laid only one chick fledged.  In 2004 breeding success was 0.56 for all study 
plots collectively.  Sites on high inaccessible cliffs tended to be more successful, 
possibly because rats could not gain access. 
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Figure 1. Manx Shearwater chicks fledged per egg laid within study plots where the 
species became extinct in 2000. 

Figuur 1. Aantal uitgevlogen jongen per gelegd ei in studieplots, waar de 3oordse 

Pijlstormvogel in 2000 was uitgestorven. 
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Figure 2.  Declining trend off 3orthern Fulmar decline in Apparently Occupied Sites. 

Figuur 2. Een afnemende trend in het aantal door 3oordse Stormvogels bezette 

nestplaatsen (AOS). 
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The European Shag colony is located in a boulder field at the foot of 
cliffs at Garrisdale, in the west end of the island.  There was a steady increase in 
the European Shag population throughout the 1970s to the 1980s; thereafter 
there has been a steady decline.  The number of apparently occupied sites 
(AOS’s) remained fairly constant during the 1990s followed by a decline from 
2002.  Up until 2000 there were increasing numbers of nest failures at the 
colonies at Garrisdale and Nunnery.  There was an almost complete failure at 
the Nunnery and Lamasgor colonies in 2000 and 2001 (Swann 2001).  Surviv ing 
nests were restricted to inaccessible cliff ledges or deep recesses under large 
boulders at the top of the colony furthest from the shore.  At Garrisdale all nests 
failed except for a small section in the core of the colony where breeding 
success was normal.  In contrast the large colony at Geugasgor had normal 
breeding success.  Of the four, this colony is the most inaccessible to ground 
predators being on a raised wave-cut platform below h igh cliffs.  In 2004 all 
nests failed at Garrisdale and the remains of predated eggs were found and 
strongly suggest that rats may be to blame.  Overall at Garrisdale three nests 
produced chicks with a success rate of 0.1 chicks per nest and these were all on 
inaccessible cliffs (Swann 2004). 

Between 1979 and 1996, 400 to 500 Razorbill AOS were counted at 
Geugasgor.  Other sites have fluctuated above and below 100 AOS with a 
steady decline from 1995 to 2004 (Swann in press).  The number of chicks 
produced declined over the period 1986-2000 from 550 to around 420.  
However, the study areas of the Nunnery and Garrisdale showed a particularly  
dramat ic decline, and almost total breeding failure occurred in 2000.  Geugasgor 
colony being less accessible was in itially less affected but declined from 1995, 
and there is strong evidence indicating that ground predators may be responsible 
for this decline (Swann, 2001).  There were signs of Brown Rat activity in these 
areas in the form of rat runs and droppings.  In 2004 the total count for Canna 
was 169 nests with 162 of those at Geugasgor.  Many previously occupied 
Razorbill sites, for example Garrisdale and the Nunnery, are now totally 
abandoned and large numbers of predated eggs were found in the Geugasgor 
colony. 

 
BROWN RAT SURVEY 

 
A survey was carried out in winter 2000-2001 to map the distribution of Brown 
Rats and to record rough densities throughout the islands (Patterson & Quinn, 
2001).  W inter was chosen because Brown Rats are at their weakest with 
relatively little food available and this time would coincide when an eradication 
programme would have the greatest chance of success (Zonfrillo pers. comm.).  
Survey points were made up of four chewsticks coated with lard and placed into 
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the ground, the site marked with a bamboo cane for ease of locating and survey 
points placed in a 200 m² grid.  Rats can detect food on average 300 m away and 
a 200 m grid should, given the right circumstances away from other competing 
food sources, attract Brown Rats (Taylor 1978).  To check for movement 
between islands, survey points were placed on the pedestrian bridge linking 
Canna and Sanday, and also on small islets accessible at low tide.  This survey 
pattern was detailed enough to monitor all Brown Rat act ivity on the islands 
(Figure 3).  The presence of Brown Rats was determined by teeth marks on 
gnawed chewsticks.  
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Figure 3. Mean (± SE) of chewstick activity on Canna and Sanday and small accessible 

islets. 

Figuur 3. Gemiddelde ‘kauwstok-activiteit’ (± SD) op Canna, Sanday en kleine 

toegankelijke eilandjes. 

 
Of a total of 434 chewstick stations, 343 were on Canna, 78 on Sanday, three on 
the footbridge that connects the islands, and a further 10 on small islets.  Small 
offshore islands and sea stacks were not surveyed.  Chewsticks were coated in  
lard as an attractant for rats and chew marks then recorded on a scale of 1-5 
where 1=light chewing (low activity), and 5=heavy chewing (h igh activity).  
The highest level of rat activ ity was found around the coast reflecting the greater 
availability of food washed up.  Brown Rat activity was also found on inland 
areas and correlated with watercourses and Rabbit Oryctolagus cuniculus 
colonies.  Brown Rats coexist with Rabbits in their burrows and prey on sick or 
weak indiv iduals as a food source.  Myxomatosis was widespread on Canna and 
Sanday during the survey period and an abundance of carcasses and ailing 



2006 Brown Rat eradication on Canna and Sanday 67 
 

individuals was available to rats.  There are several islets adjacent to Canna and 
Sanday that can easily be accessed at low tide.  Of the two islands and four islets 
included within the survey, only two of the smallest islets had no signs of rat 
activity.  The presence of rats on the other larger islets highlights that Brown 
Rats will cross at low tide and access both Canna and Sanday.  Chewstick 
stations on the footbridge showed no signs of Brown Rat activity indicating that 
they will not cross at this point.   
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Figure 4. (a) Reported 1st and 2nd generation poisoning incidents in birds. (b) 

Reported 1st and 2nd generation poisoning incidents in mammals. 

Figuur 4. (a) Gemelde eerste en tweede generatie vergiftigingen bij vogels. (b) 

Gemelde eerste en tweede generatie vergiftigingen bij zoogdieren. 
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NON-TARGET SPECIES 
 

Diphacinone, a first generation anticoagulant rodenticide, will be the primary  
poison for the eradication programme.  Diphacinone has limited, if any, 
secondary effects on raptors.  Between 1998 and 2002 in the UK there were no 
incidents reported of birds being poisoned by a first generation rodenticide, 
whereas over the same period there have been incidents of poisoned birds by 

second generation rodenticides (DEFRA 1998 to 2003).  Similarly, there are 
very few cases of first generation poisoning in non-target mammals, in contrast 
to a much larger number poisoned by second generation rodenticides (Figure 4 a 
& b).  However, it could be hypothesised that there are more farmers/land-
owners using second generation poisons than first generation poison and that 
this will skew the results.  

Raptors are a priority when planning an eradication programme.  It is 
important to maintain and increase productivity of White-tailed Eagles 
Haliaeetus albicilla as, the two pairs on Canna represent 6% of the UK 
population.  All poison will be placed in bait stations designed to prevent access 
to species larger than rats and so inaccessible to raptors.  Rats will die 
underground and therefore cannot be scavenged by raptors.  Poison is contained 
in wax b locks and held in place with a metal pin within a plastic flexib le tube, 
which is secured to the ground with metal pins and cannot be pulled out (Figure 
5). 

 

 
Figure 5.  Poison bait dispenser made from drainage flexible plastic piping. 

Figuur 5. Doseerbuis voor vergiftigd aas, gemaakt van een flexibele plastic afvoerbuis.  
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1988-2005 White-tailed Eagle Breeding
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Figure 6. Breeding success of White-tailed Eagle at site 1 and 2. 

Figuur 6. Broedsucces van Zeearend op ‘site 1 en 2’. 

 
The timing of the erad ication (start September / October 2005) will also 

reduce the risk of disturbance to raptors and should be completed by May 2006.  
Raptor areas can be poisoned early in the season to prevent disturbance. 

It is possible that rats may be causing problems to the breeding success 
of White-tailed  Eag les, though no evidence exists.  Of 13 breed ing attempts at 
one site, ten  were  successful, while at another site chicks only fledged in  4 out 
of  16 attempts (Figure 6).  The low success rate at Site 2 could be caused by 
many variables but rats have to be considered (Patterson 2003).   
 

SMALL MAMMALS 
 
Other than rats, the small mammal fauna of Canna and Sanday is limited  to 
Wood Mouse Apodemus sylvaticus and (in smaller numbers) Pygmy Shrew 
Sorex minutus (Patterson & Brough 1999: Patterson & Lloyd 2000).  Wood 
Mice on Canna and Sanday are apparently morphologically unique, being 
heavier than their mainland conspecifics (Table 2). 

Small mammals are susceptible to Diphacinone poison and populations 
could be depleted during the eradication programme.  The  50m grid is designed 
so that species with smaller home ranges will not always encounter bait stations, 
and so it is hoped that many Wood Mice and Pygmy Shrews will not be 
poisoned.  In addition, samples of  Wood Mouse will be kept in  quarintine at 
Ed inburgh Zoo and at Kincraig Wildlife Park.  They will be allowed to breed in 
captivity and thereafter be released on Canna and Sanday. 
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Table 2. Weight (g) and home range of Wood Mouse from Canna and other areas. 

Tabel 2. Gewicht (g)en homerange van Bosmuizen op Canna en andere gebieden 

Location  Males    Females  
 Mean Range m2 

n  Mean Range m2 
n 

Perthshirea 19.1 13-27 20  17.8 13-24 13 
Muckb 19.0  3     
Rumb 30.6  19  31.7  6 
Canna 28  11  23.5  5 
Eiggb 27.4  4  30.3  5 
Cannac 33.8 27-41 18  33.3 31-35 6 

a Flowerdew 1991; b Berry, Evans & Sennitt 1967 & c Patterson & Lloyd 2000. 

 
Baseline data from surveys carried in 1999-2000 will facilitate 

comparison with post-rat-eradication numbers.  Densities of the two species are 
expected to increase in the absence of rats (from current low numbers), Brown 
Rats having been shown to suppress numbers of Wood Mice on Rum (Berry et 
al. 1967).  Feral Cat  Felis catus are common on Canna, however these predators 
may also play a ro le in regulating numbers of small mammals.  
 

CONCLUSION 
 
Seabirds have been declining steadily for 30 years with a more pronounced 
decline in the last 10 years.  If left unchecked, further ext inctions will occur, as 
seen recently with Manx Shearwater.  There is strong evidence to suggest that 
rats are the main predator causing these declines.  Rat eradicat ion is the only 
answer to this problem and mitigation procedures have been put in place to 
safeguard small mammals and raptors.  The consequences of the accidental 
mortality of raptors on Canna resulting from the eradication programme would  
be extremely serious both for the conservation of the species and the adverse 
publicity that it would generate.  It must therefore be avoided at all costs. 
Nevertheless, it is concluded that the mit igation measures proposed are such that 
the residual risk to White-tailed Eag le are vanishingly small and, the risk to 
small mammals reduced to an acceptable low-level to prevent extinction from 
rat-eradication activ ities. 
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DE ZEEVOGELHERSTELCAMPAGNE  

VAN THE NATIONAL TRUST FOR SCOTLAND: VOORSTEL TOT 
UITROEIÏNG VAN BRUINE RAT OP CANNA EN SANDAY 

 
De eilanden Canna en Sanday liggen voor de westkust van Schotland, in de archipel van de Inner 
Hebrides. Met een lengte van 5 mijl en een breedte van 2 mijl is Canna het grootst; Sanday is 1½ bij 
½ mijl groot. De eilanden kregen in 1987de status van Site of Special Scientific Interest (SSSI) en in 
1997 de status van Special Protection Area (SPA, Vogelrichtlijngebied) vanwege de populaties van 
zeevogels en roofvogels, met name van Noordse Pijlstormvogel Puffinus puffinus, Kuifaalscholver 
Phalacrocorax aristotelis en Zeearend Haliaetuus albicilla. Onderzoek door The Highland Ringing 
Group toonde een afname van verschillende zeevogels aan. De  National Trust for Scotland heeft, 
samen met The Highland Ringing Group, onderzocht wat de oorzaak van deze afname was; predatie 
door bruine ratten is waarschijnlijk de hoofdoorzaak. In 1997-1999 werden herstelmaatregelen 
genomen om verdere afname van Noordse Pijlstormvogel te stoppen, maar deze soort was in 2000 
verdwenen. 
Plannen voor een campagne om ratten op Canna en Sanday uit  te roeien werden in 1997 geïnitieerd, 
terwijl onderzoek naar de invloed van een dergelijke campagne op andere soorten werd opgezet. Een 
inventarisatie van kleine zoogdieren vond in 1997-1990 plaats, omdat er weinig bekend was over de 
status van deze groep. De inventarisaties lieten zien dat er een klein aantal soorten in lage aantallen 
op de eilanden voorkwam. Er werd vastgesteld dat de Bosmuis Apodemus sylvaticus een interessante 
fysiologie had, en dat verder onderzoek nodig is om vast te stellen of deze genetisch verschilt van de 
Bosmuizen op het vasteland. Een inventarisatie van de verspreiding van ratten werd in de winter van 
2000/2001 uitgevoerd. Op het eiland komen verschillende soorten roofvogels voor die foerageren op 
Konijnen en ratten en dientengevolge met gif in aanraking zullen komen. Hoewel secondaire 
vergiftiging van roofvogels bij een zogenoemd eerste generatie-gif onwaarschijnlijk wordt geacht, 
moeten de risico’s tot een aanvaardbaar niveau beperkt worden. In 2003 werd een stuurgroep in het 
leven geroepen om de campagne te volbrengen. Na een subsidieaanvraag bij het LIFE-Naturefonds 
heeft de Trust nu volledige subsidie voor het project ontvangen. 
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INTRODUCTION 
 

The Balearic Shearwater Puffinus mauretanicus is endemic to the Balearic 
Islands, in the western Mediterranean. Although its distribution, including 
non-breeding dispersal, and its biology are relatively well known (Ruiz & 
Martí 2004), various points remain unclarified regarding its taxonomy, its 
population size, and its conservation status. These topics are reviewed here 
with the aim of h ighlighting what the priorities could be for further studies. 

 
TAXONOMY 

 
First described by Lowe in 1921, mauretanicus has long been considered a 
subspecies of the Manx Shearwater P. puffinus together with another 
Mediterranean taxa, yelkouan. When the morphological and behavioural 
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differences between Manx and the two Mediterranean taxa became better 
understood, the latter duet was united into one species, the Yelkouan (or 
Levantine) Shearwater P. yelkouan, following Bourne et al. (1988). Reasons 
to split P. yelkouan into two species were therafter given by Sangster et al. 
(1997), who considered the two taxa as originating from different stocks. The 
latter assumption was contradicted by both bio-acoustics (Bretagnolle & 
Zotier 1998) and genetics (Heidrich et al. 1998, 2000; Austin et al. 2004), 
which both emphasized the sister relationships of mauretanicus and 
yelkouan, but the split of the two species became widely accepted (e.g. 
Sangster et al. 2002). 

As usual nowadays when accepting changes in avian systematics, a 
high credential was given to genetic data (i.e., Heidrich et al. 1998, 2000). 
As a genetist, Petra Heidrich (pers. comm. 1998) was however unsure 
whether these taxa were to be regarded as different species, because of a 
relatively low divergence between them, and because she had compared 
mauretanicus to birds from eastern Mediterranean, not to the nearest 
yelkouan from southern France or Sard inia. She was prompted to split the 
taxa by her correspondants in the Balearic, who put forward both biological 
and osteological reasons. Unfortunately, the osteological approach is 
weakened as it forgot to take into account Mayaud’s (1932) conclusions on a 
larger data set (Yésou & Paterson 1999), and it may even be flawed as the 
preparation technique affected the reference material (M. McMinn, pers. 
comm.). The biological support holds in differences in breeding calendar 
between the taxa and the fact that no ‘intermediate’ population was known, 
although overlap occurs in both biometry and overall appearance (Yésou & 
Paterson 1999). 

During the first intensive survey of breeding sites all over the Balearic 
Islands in 1999-2001, observers realized that some breeders in Menorca 
exhibited a more contrasted plumage than is usually seen around the other 
islands, almost pure white below and thus resembling yelkouan, and so news 
was quickly released that Yelkouan Shearwater was breeding in Menorca 
(Martí & Ruiz 2001; Ruiz et al. 2003; Guttiérrez 2004). A more crit ical 
approach might have been preferred, particularly since pale individuals were 
already known to occur in Menorca (e.g., E.J. Mackrill in Yésou et al. 1990) 
which at the time have been identified as mauretanicus on characters such as 
size and structure.  

Furthermore, some of the pale birds found in recent years were 
breeding in the same colony than undisputed mauretanicus (M. McMinn, 
pers. comm.; Genovart et al. 2005), a rather unexpected situation if they are 
not the same species. Although difference in breeding calendar has been put 
forward to support the split of yelkouan and mauretanicus in two species 
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(e.g., Heidrich et al. 1998, 2000), no such difference has been reported 
between the Menorcan pale birds given as yelkouan and the mauretanicus 
breeding nearby; even, it has been suggested that they might interbreed 
(Genovart et al. 2005). The fact is that intergradation between the two taxa 
might have occurred, since genetic study of Menorcan pale birds showed a 
differentation of only 1.6% from mauretanicus (Genovart et al. 2005), which 
is lower than the 2.2-2.9% found between mauretanicus from Mallo rca and 
undisputed yelkouan from eastern Mediterranean (Heidrich et al. 1998, 2000) 
and soutern France (Austin et al. 2004). A last point concerns the biometrics 
of the pale Menorcan birds, which are controversial: Genovart et al. (2005) 
assumed that they “showed phenotypic traits of Yelkouan shearwaters” but 
published no biometric data; this is particularly disappointing since 
measurements of the so-called yelkouan caught in Menorca in 2000 (S.E.O. 
unpublished, courtesy A.M. Paterson) differed markedly from those 
published for any undisputed yelkouan location, leading D. Oro and J.A. 
Alcover (in Ruiz & Martí 2004) to consider that either the variation between 
yelkouan and mauretanicus may be clinal, or the polymorph ism of 
mauretanicus is higher than usually suspected.  

To summarize, b irds breeding in Menorca could be considered as 
‘intermediates’ between yelkouan from other Mediterranean archipelagoes 
and the rest of the mauretanicus population, both in plumage and in 
measurements, questioning the phenotypical variability and relationships of 
these taxa. There is presently a wide agreement among scientists and 
conservationists in the Balearic that more research is needed (Ruiz & Martí 
2004 ; J. Mayol, M. McMinn, J. Muntaner & D. Oro, pers. comm.). 
 

POPULATION SIZE AND DYNAMICS  
 

The Balearic Shearwater breeds in caves often situated in steep cliffs. Hav ing 
difficult access to most colonies, the size of the breeding population has long 
remained a matter of guesswork, derived from both the number of pairs at 
surveyed sites and, e.g., the number of birds rafting off the cliffs. In 1984, 
J. Mayol (per J. Muntaner in litt.) considered that there were between 1,300 
and 2,800 breeding pairs (bp). De Juana (1984) and Capella (1988) thereafter 
proposed 1,000-5,000 and 2,000-3,000 bp, respectively. A census organized 
in 1991 gave 2,127-4,475 bp (Aguilar 1991 in Govern Balear 1997). Poo led 
estimates for the period 1991-1998 led to 2,084-4,414 bp and the population 
was still estimated at 2,190-4,256 bp in 1999, again pooling precise censuses 
and estimates (Ruiz & Martí 2004). Figures given by other authors were 
derived from the above, e.g. c. 3,000 bp in 1998 (Mayol-Serra et al. 2000) or 
c. 3,300 bp (BirdLife International 2000). Another census was carried out in 



76 P. YÉSOU Atlantic Seabirds 8(1/2) 
 
2001, with a more restrictive approach than in earlier years (optimistic 
estimates being avoided for those sites which cannot be carefully surveyed), 
leading to an estimated 1,750-2,125 bp (Ruiz & Martí 2004), not 1,650-2,050 
bp as given by BirdLife International (2004). The survey of many breeding 
sites has been improved in subsequent years, e.g.using mountain gear to visit 
inaccessible colonies, and in 2005 the population was estimated at 2,000-
2,400 bp (Rodriguez-Molina & McMinn-Grivé 2005a). 

The above figures do not indicate any clear trend, part icularly because 
upper range values are now considered to have been overestimated. 
However, although new colonies have been discovered, a decline is apparent 
at various sites surveyed over the long term and a contraction of the breeding 
range is obvious (Rodriguez-Molina & McMinn-Grivé 2005a). Similarly, a  
decline is suggested by surveys carried out during the summer exodus of 
Balearic Shearwaters to the Atlantic: by the mid 1980s it was estimated that 
8,000-10,000 individuals occurred in the French waters of Biscay alone 
(Yésou 2003), while in 2005 these 8,000-10,000 correspond to the estimated 
size of the whole population of Balearic Shearwater (Rodriguez-Molina & 
McMinn-Grivé 2005a). Moreover, demographic studies at predator-free 
colonies indicate a poor breeding success and a much lower adult survival 
than expected for a medium-sized shearwater, the calculated value of 
demographic parameters even lead ing to the prediction that the species might 
disappear within a few decades (Oro et al. 2004). This prediction of a fast 
decline is nevertheless at odds with the slower erosion suggested by 
population censuses. Obviously, demographic data are to be improved, 
particularly regarding adult survival and the frequency of sabbatical (D. Oro  
pers. comm.). 
 

CONSERVATION STATUS 
 

Despite its restricted range and limited number, the Balearic Shearwater was 
classified only as “lower risk / near threatened” by BirdLife International 
(2000), which is particu larly surprising as the same publication quoted the 
Black-vented Shearwater P. opisthomelas as “vulnerable” –a less favourable 
status– although its estimated population size was more than twenty times 
higher than that of Balearic Shearwater. The situation was amended 
following the extensive field work carried out in 1999-2001 (Ruiz & Martí 
2004) and the alarm bell rung by Oro et al. (2004), and the Balearic 
Shearwater is presently considered as “critically endangered” (BirdLife 
International 2004). 

These birds are facing well identified problems at most breeding sites, 
particularly in the form of introduced mammal predators (Black Rat Rattus 
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rattus, Domestic Cat Felix cattus and Genet Genetta genetta). The poor 
breeding success and the apparent low survival of adults at predator-free sites 
further indicate that Balearic Shearwaters are also facing difficult ies at sea. 
Indeed, fishing equipment is a source of mortality (Rodriguez-Molina & 
McMinn-Grivé 2005b). Lastly, it has been suggested that the food resources 
of these birds are under pressure; the distribution, abundance and availability 
of these resources are changing due to the evolution of fishery policies 
(including moratoria) and marked modifications in the marine environment. 
The effects of such changes remain unclear in the Mediterranean but have 
already led to a marked northward shift of the species range during its post-
breeding dispersal in the Atlantic (Yésou 2003; Wynn 2005). 

A conservation strategy is now under development in the Balearic 
Islands (Rodriguez-Molina & McMinn-Grivé 2005b) and this taxon has been 
given conservation priority all over its range unter the Convention on 
Migratory Species (UNEP 2005), but we still need to know more about the 
basic biology of the Balearic Shearwater in order to optimise our efforts to 
ensure its conservation. 
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VALE PIJLSTORMVOGELS PUFFI�US MAURETA�ICUS:  

EEN OVERZICHT VAN VRAGEN EN FEITEN  
 

De taxonomische status van de Vale Pijlstormvogel Puffinus mauretanicus, die op de Balearen 
in de westelijke Middellandse Zee broedt, is al onderwerp van discussie sinds dit  taxon voor het 
eerst als ondersoort van de Noordse Pijlstormvogel P. puffnus werd beschreven. Tegenwoordig 
wordt dit  taxon beschouwd als een soort, die weinig verschilt van Yelkouan Pijlstormvogel P. 
yelkouan, een ‘zustersoort’ die elders in de Middellandse Zee broedt. Op Menorca broeden 
echter vogels die schijnbaar intermediair zijn tussen beide taxa. Verder onderzoek is nodig om te 
bevestigen of het inderdaad verschillende soorten zijn. Gezien de beperkte broedverspreiding en 
populatiegrootte is het opmerkelijk dat de Vale Pijlstormvogel niet is geklassificeerd als 
bedreigd (“threatened”) in Threatened Birds of the World, 2000 van BirdLife International. Na 
deze publicatie werd de alarmbel geluid naar aanleiding van populatiestudies, die suggereerden 
dat deze soort binnen een paar decades zou kunnen uitsterven. Met als gevolg dat de Vale 
Pijlstormvogel nu in de categorie ernstig bedreigd (‘critically endangered’) valt. Gepubliceerde 
populatieschattingen blijken echter niet altijd betrouwbaar te zijn en over de populatiedynamica 
is weinig bekend. Er is meer bekend over bedreigingen, waaronder predatie door zoogdieren op 
broedplaatsen, sterfte door long-linevisserij en (mogelijk) grotere problemen om voedsel te 
vinden. 
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PRE-BREEDING MIGRATION OF MANX 

SHEARWATER PUFFI�US PUFFI�US IN THE 
WESTERN ATLANTIC: NEW INSIGHT FROM A 
SURVEY IN GUADELOUPE, LESSER ANTILLES 
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Levesque, A. & Yésou, P. 2006. Pre-breeding migration of Manx Shearwater 
Puffinus puffinus in the western Atlantic: new insight from a survey in 
Guadeloupe, Lesser Antilles. Atlantic Seabirds 8(1/2): 81-86. A sea-watching 
routine set up from 2001 to 2004 in Guadeloupe, Lesser Antilles, showed that large numbers 
of Manx Shearwaters Puffinus puffinus regularly migrate through this area from February 
to May, peaking in March. It has been estimated that each year on average 26,000 (95% 
confidence interval: 17,000-38,100) individuals are passing within 4 nautical miles off the 

coast, while more birds could be passing further offshore. It is suggested that these birds 
follow a northwestward direction from northern Brazil, and probably continue following the 
Gulf Stream up to their main summer range in northwestern Europe. 

 
1 Réserve naturelle des Ilets de Petite-Terre, impasse Maraudière, Labrousse, F-
97190 Gosier, Guadeloupe. E-mail: Anthony.levesque@wanadoo.fr; 2 ONCFS, 53 
rue Russeil, F-44000 Nantes. E-mail : pierre.yesou@oncfs.gouv.fr 

 
 

INTRODUCTION 
 

Little is known about the migration route followed by Manx Shearwaters 
Puffinus puffinus from their winter quaters off South America to their summer 
range in Europe. It is usually assumed that they follow a straight route, crossing 
the Atlantic Ocean from the northern coast of Brazil and flying straight to the 
Azores area, then continuing to NW Europe. Both the major handbooks (Cramp 
& Simmons 1977; del Hoyo et al. 1992) and the main monograph devoted to the 
Manx Shearwater (Brooke 1990) have mapped such a hypothetical route, which 
implies that the whole migration takes place east of 40°W (Figure 1).  

In such a context, it was not surprising that Manx Shearwaters were 
rarely  encountered in the West Indies (Raffaele et al. 1998). Moreover, although 
birds ringed in the British Isles had been recovered in Trin idad, Grenada and 
Guadeloupe, it was in itially proposed that most records there should relate to 
migrants from the small population breeding in the NW Atlantic, particularly in  
Newfoundland (Keith & Keith 2003), as already suggested for Manx 
Shearwaters observed off southeastern USA (Lee 1995).  
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Figure 1. Distribution of Manx Shearwater as mapped by Cramp & Simmons (1977: 

darker grey shade) and del Hoyo et al. (1992: paler grey shade). Filled circles: 
�orth American breeding localities. Open circle: study site in Guadeloupe. Line 

of  arrows: western migration route as proposed in this paper. 

Figuur 1. Verspreiding van �oordse Pijlstormvogel volgens Cramp & Simmons (1977: 

donkergrijs) en del Hoyo et al. (1992: lichtgrijs). Dichte cirkels: �oord-

Amerikaanse broedlocaties. Open cirkel: studiegebied op Guadeloupe. Pijlen: 
westelijke trekroute zoals in dit artikel voorgesteld. 

 
STUDY AREA AND METHODS 

 
The observations were carried out from 2001 to 2004 from Petite-Terre, in the 
Guadeloupe archipelago: at 16°15’N – 61°7’W is one of the easternmost islands 
in the Lesser Antilles and is bordered by a rather narrow Continental Shelf, with 
ocean sea-floor depths of 88 m, 376 m and 456 m at 2, 3 and 4 NM (nautical 
miles) respectively. Periods of 15 minutes non-stop observation were carried out 
from the top of a cliff (c. 7 m above sea level), looking through a tripod-
mounted telescope (x20-60 zoom, lens used at x30 during search). A few 
minutes rest was systematically taken between two consecutive 15 min-periods, 
which were designed as to take place within each one-hour daylight period of 
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each day (i.e. 6 to 7 am and so on, time zone UTC/GTM –4 hours). The 
distribution of observation effort was uneven, as the main passage periods 
received extra coverage to better document the birds’ status at that time. 
Logistical reasons also resulted in higher observation effort at early and late 
hours of the day. Simultaneous, co-ordinated, observations from the study spot 
and from a boat using GPS positioning showed that large-sized birds such as 
Manx Shearwater were detected through the telescope when passing up to 4 NM 
off at sea, with much of the observed passage occurring between 1 NM and 3 
NM from the islet. Data obtained during each 15 min-period (including ‘zero’ 
data) were pooled both per hour and per month, leading to the calculation of the 
mean number o f individuals observed per hour during a given month. Multip lied  
by the number of hours with daylight and the number of days per month, this 
allows a rough estimate of the number of birds that have been passing through 
the study area over a given period. AL is responsible for most of the field work. 
PY, who has long experience with shearwaters and has been particularly  
involved in the study of taxa related to the Manx Shearwater, joined for ten days 
in April 2004, mostly to assist in checking the validity of identificat ion 
characters used in the separation of Manx Shearwater from Audubon’s 
Shearwater Puffinus lherminieri. Preliminary results relating to the nine species 
of Procellariiformes observed during this survey were given in Levesque & 
Yésou (2005), while here we discuss in more detail the observed status of the 
Manx Shearwater. 
 

RESULTS 
 

Out of 3330 small shearwaters (either Manx or Audubon’s) seen during the 
four-year survey, only 6% were left unidentified. Most of the identified birds 
were Manx Shearwaters (N = 2543) which accounted for 34% of all tubenoses 
recorded, 40% of all shearwaters and 76% off all small shearwaters (81% of all 
identified small shearwaters). 

Manx Shearwaters were recorded off the observation point, singly or in 
small flocks of up to 18 birds, from mid-Autumn (earliest date 5 November) 
through late-Spring (latest date 10 June), but remained scarce outside the Spring 
passage, which occurred from February to May, peaking in March (Fig. 2). The 
February-May passage has been observed each year, with 72% of the birds 
recorded in March. The highest count was on 3 March 2004, when 597 b irds 
were recorded in 4 hours during strong north-easterlies (wind speed up to 80 
kmph) which had begun the previous day.  

From these observations, it can be estimated that on average an amazing 
26,000 (95% confidence interval: 17,000-38,100) Manx Shearwaters are passing 
by the observation spot in February-May each year. There is much inter-year 
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Figure 2. Mean numbers of Manx Shearwater recorded per hour from Petite-Terre, 

Guadeloupe, 2001-2004. The Standard Error illustrates the between-year  

variability. 
Figuur 2. Gemiddeld aantal waargenomen �oordse Pijlstormvogels vanaf Petite-

Terre, Guadeloupe, 2001-2004. De standaardfout is een maat voor de 

jaarlijkse variatie. 

variation in the intensity of passage within sight of land, however, with an 
estimated passage of only c.18,000 (95% CI: 10,600-28,500) birds in 2002 but 
over 33,000 (95% CI: 22,700-46,300) in 2004. 
 

DISCUSSION 
 

The first record of Manx Shearwater for Guadeloupe was a corpse found 
washed ashore at Désirade island on 30 April 1997, which had been ringed in 
1978 as a flying bird (born before that year) at a colony in Saint Kilda, Scotland 
(Keith & Keith 2003; J. Clark/BTO pers. comm.), and no bird was recorded 
alive in waters surrounding Guadeloupe until 2001 (Levesque & Jaffard 2002). 
Thus it was a great surprise when the Manx Shearwater proved to be the most 
abundant species of Procellariiformes, and probably the most abundant of all 
seabirds off Guadeloupe, although no systematiced counts of terns and noddies 
have been undertaken.  

The above estimates can be disputed with regard to the fact that huge 
movements of Manx Shearwaters passing off the observation spot have 
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occasionally been given extra coverage: this may lead to slightly higher 
estimates than in a case of a strict protocol where observation are conducted 
over pre-defined periods. Regardless of the precision of the estimates, this 
survey has clearly shown that Manx Shearwaters regularly migrate close to the 
Lesser Antilles by the thousands. In such a pelagic species, movements detected 
from land might be just one part of a wider context. Thus can we conceive that 
much higher numbers than those reported here are passing offshore in West 
Indian waters?  

The observed and infered numbers are such that the presence of Manx 
Shearwaters off the Lesser Antilles can no longer be related to the very small 
population which breeds in the NW Atlantic (the tenuous breeding population in 
Newfoundland, which seems to have declined since the 1980s, has been 
estimated at only 55-170 individuals in 2004-2005: Robertson 2005). The 
numbers involved make it obvious that the spring movement observed each year 
off the Lesser Antilles is part of the return migration of the European population 
of Manx Shearwater. We suggest that these birds leave the South American 
waters in a northwest direction, following the nutrient-rich plumes of the 
Amazonian rivers off the Guyanas and the Antilles, to reach the Gulf Stream 
along which feeding conditions may be of importance to these birds during their 
return journey to Europe (the significance of the Gulf St ream as a feeding area 
is known for other seabirds species, including various shearwater species and 
other Procellariiformes: e .g. Brown et al. 1981; Haney 1986, 1987).  

Which part of the population actually fo llow this western route and at 
which lat itude do these birds turn eastward are questions still to be answered. 
Since breeders arrive at their colonies from late February to early April (Brooke 
1990; C. Perrins pers. comm.), their pre-breed ing migration must be earlier than 
observed here, suggesting that, at least, most of the Manx Shearwaters migrat ing 
off the Antilles are non-breeding birds. This agrees with the time schedule of the 
older immatures, which reach the breeding grounds as prospectors in May (C. 
Perrins pers. comm.), and with the fact that most recoveries of Brit ish Manx 
Shearwaters in the eastern coast of North America correspond to 2nd calendar 
year birds (Cramp & Simmons 1977); even recoveries of o lder birds (such as the 
first record for Guadeloupe –in late April) could correspond to non-breeders, 
e.g. birds having a sabbatical. Given the species’ regular presence in spring 
further north off southeastern USA and Newfoundland (Lee 1995, Robertson 
2005), it is entirely possible that this migration route follows the Gulf Stream all 
the way back to the Western Approaches. 
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VOORJAARSTREK VAN NOORDSE PIJLSTORMVOGEL PUFFI�US 

PUFFI�US IN DE WESTELIJKE ATLANTISCHE OCEAAN: NIEUWE 
INZICHTEN DOOR ZEETREKTELLINGEN OP GUADELOUPE 

 
Een zeetrektelprogramma dat van 2001 tot 2004 op Guadeloupe liep, liet  zien dat grote aantallen 
Noordse Pijlstormvogels Puffinus puffinus van februari t /m mei, met een piek in maart, regelmatig 
door dit gebied trekken. Naar schatting passeren gemiddeld 26000 (95%-betrouwbaarheidsinterval 
17000-38100) individuen binnen vier zeemijl van de kust, terwijl er meer vogels verder op zee 
kunnen passeren. Mogelijk volgen deze vogels een noordwestelijke koers vanaf Noord-Brazilië om  
vervolgens de Golfstroom te volgen naar hun belangrijkste zomergebieden in het noordwesten van 
Europa.  
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Thomas, R.J., Medeiros, R.J. & Pollard, A.L. 2006. Evidence for nocturnal inter-

tidal foraging by European Storm-petrels Hydrobates pelagicus during migration. 

Atlantic Seabirds 8(1/2): 87-96. European Storm-petrels Hydrobates pelagicus have 
previously been assumed to be exclusively pelagic foragers during migration. However, in 

this paper we report evidence that migrating Storm-petrels also forage at night along 
beaches. We highlight the repeated occurrence of the inter-tidal crustaceans Eurydice 
naylori & E. affinis (Isopoda: Cirolanidae) in the regurgitated crop contents of European 
Storm-petrels captured for ringing during their northwards migration past SW Portugal. 

The combination of the fresh condition of these crustaceans, their habitat and limited inter-
tidal distribution and their nocturnal pattern of activity, together indicate that the Storm-
petrels which had eaten them had been foraging by night along the inter-tidal zone of sandy 

beaches. We also found subtidal Eurydice species in the regurgitated samples, including the 
offshore species E. inermis and E. truncata that are nocturnal vertical migrants to the sea 
surface, providing further clues as to the location and timing of Storm-petrel foraging. We 
highlight the insights into the foraging behaviour of migrating Storm-petrels that can be 

obtained from the study of their gut contents and the behaviour and ecology of their prey. 
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INTRODUCTION 

 

Very little is known about the diet of seabirds during their long-distance 

migrat ions because of the difficulty of observing or catching birds on passage 

and of obtaining food samples from them. The Atlantic population of the British 

or European Storm-petrel Hydrobates pelagicus (henceforth “Storm-petrel”) 

migrates between its breeding colonies on islands and promontories in the NE 

Atlantic and its wintering grounds in South Atlantic waters off southern Africa 

(Wernham et al. 2002). As with most seabird research, all systematic studies of 

Storm-petrel forag ing ecology have focussed on the breeding colonies, where 

birds are accessible to researchers (Scott 1970, Cramp & Simmons 1977, 

D’Elbée & Hémery 1998). However, work by A Rocha Bird Observatory in SW 

Portugal has shown that Storm-petrels can be attracted to nocturnal shoreline 
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tape-lures during their summer passage migration past the Portuguese coast, 

several hundred km from the nearest known breeding colonies. At this time, the 

birds are heading rapidly northwards, often at speeds of over 100km/day (Harris 

et al. 1993, Wernham et al. 2002, A Rocha Bird Observatory unpublished data). 

Mist-netting the birds attracted to these tape lures provides a valuable 

opportunity to study Storm-petrels during their long-distance migrat ion. Most of 

the birds mist-netted in this way are thought to be wandering pre-breeders, in 

their second to fourth calendar years, which move into the NE Atlantic in mid-

summer, prospecting for mates and future nest sites (Bolton & Thomas 2001, 

Wernham et al. 2002, Okill & Bolton 2005). 

Storm-petrels are widely considered to be highly pelagic seabirds, and 

are generally thought to visit land only to breed, or when driven into inshore 

waters or even inland during storms (Cramp & Simmons 1977). During the 

season of northwards migration past Portugal (June), they are frequently 

observed during daylight by birdwatchers on pelagic boat trips several km off 

the southern Portuguese coast, with an apparent concentration of foraging birds 

seen at the edge of the continental shelf approx. 8-12 km offshore (pers. obs.), 

including in mixed species assemblages scavenging behind fishing boats 

(Valeiras 2003). Such observations, together with the lack o f observations of 

Storm-petrels from shoreline vantage points have led to the assumption that 

Storm-petrels are exclusively pelagic foragers during migration. 

A small proportion (<5%) of the Storm-petrels mist netted during 

migrat ion past Portugal employ the anti-predator strategy of regurgitating a 

mixtu re of stomach oils and partly digested food from their proventriculus 

(crop), thereby providing a convenient opportunity to obtain informat ion about 

the birds’ diet during the migration journey. Visual identificat ion of food items 

in Storm-petrel vomit samples is somet imes possible, though the vomit often 

contains prey material that is too well d igested to be identified, or contains 

stomach oils only.  

In this paper, we report evidence from a number of particularly revealing 

vomit  samples, which suggest that Storm-petrels may forage at night along the 

intertidal zone of Portuguese sandy beaches during their northwards migration, 

rather than exclusively far offshore as has generally been assumed. 

 
METHODS 

 

We captured Storm-petrels in mist nets, to which they were attracted by playing 

tape-recordings of the species’ “burrow call” (Cramp & Simmons 1977). These 

tape-lures were played throughout the night on a wave-cut platform at the base 

of a sea-cliff at Ponta da Almadena, on the south coast of the Algarve, Portugal 

(N 37º 04’, W 8º 47’). We collected samples of regurgitated proventriculus/ 
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stomach contents from the minority of birds which vomited during capture and 

handling. The regurgitated material was stored in 96% ethanol for subsequent 

identification and analysis.  

Though the capture site is on a rocky shoreline, it is within approx. 1km 

of sandy beaches to the east and west. At the beach to the west of the capture 

site, we sampled potential Storm-petrel prey taxa in the surf zone at hourly 

intervals through the night, from 20:00 GMT (dusk) to 05:00 GMT (dawn), as 

well as additional samples during full daylight at approx. 06:00 GMT. We 

waded approx. 3m out from the shore into the surf (i.e . the exact position up the 

beach varying with the tide), and swept along a 1m line parallel with the shore, 

for 2 minutes using a long-handled hand net with 500µm mesh (Alana Ecology 

Ltd., Shropshire, UK). All live animals captured were fixed and stored in 96% 

ethanol, and were later visually identified to genus level (Jones & Pierpoint 

1997). 

To study the behaviour of stranded but living Eurydice isopods, we 

netted Eurydice individuals from the surf zone at night, and placed them 

immediately on damp sand just above the reach of the breaking waves, in order 

to observe their behaviour, including the time taken for them to bury themselves 

in the sand. 

Tide times were calculated for Lagos, Portugal (10km east of the study 

site at 37.10°N, 8.67°W), using the Neptune Tides programme (v6.15, Neptune 

Navigation, Reading, UK). 

 
RESULTS 

 

Regurgitated samples  We captured 116 and 436 Storm-petrels during late 

May–late June in 2004 and 2005 respectively. From these, we collected vomit  

samples from 32 birds. Eight of these 32 individuals regurgitated a total of 23 

intact and apparently undigested small crustaceans of the Genus Eurydice. 

Figure 1 illustrates the intact nature of the specimens. The majority of the 

regurgitated specimens were subsequently identified to species level on the 

basis of skeletal morphology, by Prof. David Jones of Bangor University, UK 

(Jones & Pierpoint 1997). Table 1 shows the Eurydice species identified in each 

regurgitate sample, and the habitats of these species. The stage of the tidal cycle 

at which each Eurydice species was obtained in regurgitated samples is shown 

in Figure 2, and indicates that Storm-petrels forage on Eurydice throughout the 

tidal cycle. The graph also shows that the records of regurgitated isopods are 

clustered in the second half of the night, but this simply reflects the fact that the 

numbers of Storm-petrel arriv ing at the tape-lure peaks in the hours between 

01:00 and 05:00 GMT (A Rocha Bird Observatory, unpublished data). 
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Figure 1: A) Fresh specimen of the intertidal isopod Eurydice affinis, obtained by hand-

netting in the surf zone of a Portuguese beach. B) Typical specimen of Eurydice 

affinis, obtained from the regurgitated stomach contents of Storm-petrels 

captured in Portugal during the June passage migration season. Photographs by 
Geoff Swann, Cardiff University. 

Figuur 1: A) ‘Vers’ exemlaar van de isopode Eurydice affinis uit de intergetijdenzone, 

verzameld met behulp van een handnet in de branding van een Portugees strand. 

B) Karakteristiekexemplaar van Eurydice affinis, verkregen uit uitgebraakte 

maaginhouden van Stormvogeltjes die in juni in Portugal tijdens de trek zijn 
gevangen. Foto’s Geoff Swann, Cardiff University. 
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Table 1. Date and time of capture (GMT) of each Storm-petrel that regurgitated 

Eurydice isopods.  The habitat of each Eurydice species is indicated as follows: I 
= Intertidal, S = Subtidal, O = Offshore. 

Tabel 1. Datum en vangsttijd (GMT) van Stormvogeltjes die Eurydice-isopoden 

opbraakten.. De habitat van de Eurydice-soorten is aangegeven met: I = 

Intergetijdezone, S = Sublitoraal, O = Offshore. 

Storm-petrel 

ring number 

Night Time of 

capture (GMT) 

Eurydice species found  

in vomit sample 

Habitat of  

Eurydice sp 

N01950 7-8 June 04 00:10 4 x Eurydice naylori I 

N02370 2-3 June 05 01:18 1 x Eurydice affinis 

1 x Eurydice truncata 

1 x Eurydice sp. 

I 

O 

- 

N02379 2-3 June 05 01:59 4 x Eurydice affinis I 

N02386 2-3 June 05 02:20 2 x Eurydice affinis 

1 x Eurydice truncata 

I 

O 

N02402 3-4 June 05 22:54 3 x Eurydice spinigera S 

N02547 5-6 June 05 02:28 1 x Eurydice truncata 

2 x E inermis 

O 

O 

N02564 5-6 June 05 04:10 1 x Eurydice affinis I 

N03114 14-15 June 05 22:55 2 x Eurydice sp. - 

 
Many of the birds that we captured also regurgitated fish remains and 

clear “stomach oil”, along with other more digested material that could not be 

identified visually. 

 
Behaviour & availability of live Eurydice isopods and other potential prey 

Our hand-net sampling revealed that Eurydice isopods were almost totally 

absent from samples taken from the surf zone during full daylight, but they 

appeared in the water column as dusk approached. They were abundant in the 

surf throughout the night, and disappeared (presumably into the sand) soon after 

dawn. Our visual searching during daylight to find Eurydice isopods proved that 

they are extremely difficult fo r humans to find in sand, even during daylight, 

because of their small size and cryptic colouration.  

We found that Eurydice isopods placed on damp sand just above the tide 

level at n ight immediately began to bury themselves, and disappeared from v iew 

into the sand within 2 minutes. 

We observed that Sandhoppers (Amphipoda: Orchestiidae) and the small 

crustacean Gastrosaccus spinifer (Mysidacea: Mysidae) were even more 

abundant than Eurydice isopods at night on the exposed sand and in the water 

column of the intertidal zone, respectively. However, despite their apparent 

availability, these potential prey taxa were strikingly absent from any of the 

identifiable prey remains in any of the Storm-petrel vomit samples. 
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DISCUSSION 

 

We found a total of five Eurydice species in the gut contents regurgitated by 

mist-netted Storm-petrels (Tab le 1). Of these, two species have intertidal 

distributions (E. naylori & E. a ffinis), two are offshore species (E. truncata & E. 

inermis), and one species (E. spinigera) is largely subtidal but occurs in smaller 

numbers in the intertidal zone (Jones & Pierpoint 1997). 
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Figure 2. Tidal cycles on nights when mist-netted Storm-petrels regurgitated Eurydice 

isopods. SS = Sunset, SR = Sunrise, Cte = Civil twilight ends, CTb = Civil 
twilight begins. The following symbols indicate different species of isopod and 

their habitats: Intertidal species: ○ = E. naylori,● = E. affinis;  Subtidal 

species: □ = E. spinigera; Offshore species: D = E. truncata, ▲ = E. inermis; + 

= Unidentified Eurydice sp 

Figuur 2. Getijdencycli tijdens nachten dat gevangen Stormvogeltjes Eurydice isopoden 
opbraakten. SS = zonsondergang, SR = zonsopkomst, Cte = begin schemering, 

CTb = einde schemering. Soorten van intergetijdezone: ○  = E. naylori, ●= E. 

affinis;  Sublitorale soorten: □ = E. spinigera; Offshore soorten: D= E. 

truncata, ▲= E. inermis; + = Unidentified Eurydice sp 
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Eurydice naylori and E. affinis are restricted to the inter-tidal zone, with 

greatest concentrations in the upper half of the tidal range, i.e. the zone between 

Mean Tidal Level and High Water Neap Level (Jones & Pierpoint 1997). Thus, 

the occurrence of fresh specimens of these species in the vomit of five of the 

eight migrat ing Storm-petrels that regurgitated Eurydice isopods (Table 1) 

indicates that these individual b irds had been foraging in the inter-t idal zone.  

E. naylori and E. affinis are normally found in the top 10-15cm of sand, 

but at night they emerge into the water column of the surf zone as the tide 

comes in (Salvat 1966, Jones & Pierpoint 1997). Several pieces of evidence 

suggest that Storm-petrels obtain these intertidal Eurydice isopods from water, 

rather than land, during darkness: (i) Eurydice isopods are abundant in the surf 

zone, but are probably unavailable on shore because they bury themselves 

within just a few minutes of being stranded on exposed sand. It seems very 

unlikely that Storm-petrels would dig in the sand to search for such small and 

cryptic prey at night, and we do not find sand grains on the bill, legs or plumage 

of the Storm-petrels that we capture at our tape lures. Furthermore, the legs and 

bills of Storm-petrels do not seem to be well adapted for digging in the sand to 

search for prey. (ii) In the water column, Eurydice are abundant at night, but not 

during the day. (iii) The very fresh and undigested condition of the Eurydice 

specimens found in the vomit samples of nocturnally-captured Storm-petrels 

suggests that the birds had very recently ingested them. 

We obtained live intertidal Eurydice sp. in our hand-netted surf samples 

throughout the nocturnal parts of the tidal cycle, and Figure 2 shows that the 

times at which Storm-petrels regurgitated undigested E. naylori and E. affinis in 

vomit are not restricted to the hours immediately around high tide.  

Eurydice truncata and E. inermis are offshore species, found exclusively 

in the subtidal zone (Jones & Pierpoint 1997, Macquart-Moulin 1998). Both 

species bury themselves in the substrate on the sea floor during the day, and 

perform nocturnal vertical migrations of many metres, to forage at the sea 

surface by night (Jones & Naylor 1967, Macquart-Moulin 1998), when they 

may become available to foraging Storm-petrels. Thus, the occurrence of these 

species in the vomit of migrating Storm-petrels indicates that these individuals 

had been foraging offshore at night. It is noteworthy that some individual 

Storm-petrels had fed both on intertidal and offshore Eurydice species (see 

Table 1). 

Studies at the breeding colonies indicate that Storm-petrels may regularly 

obtain food from the intertidal zone when they are anyway coming onshore to 

deliver food to their chicks. In a 5-year study of material regurgitated by Storm-

petrels captured while attending two separate breeding colonies in the Bay of 

Biscay, 37% of identified prey items were inter-t idal taxa, including Eurydice 

affinis & E. pulchra (D’Elbée & Hémery 1998), showing that breeding Storm-
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petrels routinely forage in the inter-tidal zone during summer nights –at least at 

these particular colonies (but see Scott (1970) for an apparently more pelagic 

diet among Storm-petrels attending a colony on Skokholm Island, S. Wales). 

Other records of Storm-petrels feeding on terrestrial invertebrates refer to 

insects that had probably been blown out to sea before being picked up from the 

sea surface by the birds (Voous 1954, Cramp & Simmons 1977). 

The ability of Storm-petrels to feed on very small (~3-5mm) non-

bioluminescent Eurydice isopods during darkness raises the question of how 

they locate and capture their prey. The European Storm-petrel does not have 

particularly large eyes compared to birds of equivalent body mass, and it has a 

relatively low retinal image brightness compared to other nocturnal birds 

(Thomas et al. 2004, & unpublished data). Such data imply that, although this 

species forages during darkness, it may not have particularly good nocturnal 

vision –though retinal and neural specialisations may allow Storm-petrels to see 

more detail in low light conditions than their small eye size might suggest. It is 

also possible that Storm-petrels detect their prey by smell (Roper 1999) or touch 

as well as -or instead of- by sight. The striking absence of other abundant 

potential prey taxa of the intertidal zone from any of the Storm-petrel vomit  

samples (see results) suggests that some feature o f Eurydice behaviour or 

ecology must make them relatively available to fo raging Storm-petrels.  

The presence of fish remains and subtidal and offshore Eurydice species 

in the vomit samples in our study shows that migrating Storm-petrels do not 

forage exclusively on intertidal Eurydice isopods, and indeed the diversity of 

prey taken near the breeding colonies show that they are often generalist 

foragers (Cramp & Simmons 1977, D’Elbée & Hémery 1998). However, our 

results indicate that at least some Storm-petrels do forage close to the shore by 

night during migration, at a t ime in their annual cycle when they have 

previously been assumed to be exclusively pelag ic. We believe that our 

observations are the first evidence for inter-tidal forag ing in migrating (rather 

than breeding) European Storm-petrels, and they illustrate the kind of detailed 

behavioural informat ion that can be inferred from combining the study of gut 

contents of migrat ing seabirds with information about the behaviour and 

ecology of their prey. 
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BEWIJS VOOR ‘S NACHT IN DE GETIJDEZONE FOERAGEREN DOOR 

STORMVOGELTJES HYDROBATES PELAGICUS TIJDENS DE TREK 

 
Vroeger werd gedacht dat Stormvogeltjes Hydrobates pelagicus t ijdens de trek uitsluitend 

pelagische foerageerders waren. In dit  artikel presenteren we echter bewijs dat trekkende 
Stormvogeltjes ’s nachts ook bij het strand foerageren. We benadrukken het herhaaldelijk 
voorkomen van de intergetijden crustaceeën Eurydice naylori & E. affinis (Isopoda: Cirolanidae) in 
de uitgebraakte voedselresten van Stormvogeltjes die tijdens hun noordwaartse trek langs ZW-

Portugal werden gevangen om geringd te worden. De combinatie van de ‘verse’ staat van deze 
crustaceeën, hun biotoop, hun beperkte verspreiding in de intergetijdezone en hun nachtelijke 
activiteitspatroon, indiceert dat de Stormvogeltjes die deze soorten hadden gegeten ’s nachts in de 
intergetijdezone van zandstranden gefoerageerd hebben. We vonden ook Eurydice-soorten van de 

sublitorale zone in de uitgebraakte monsters, inclusief offshore-soorten E. inermis en E. truncata die 
beide ’s nachts naar het zeeoppervlak migreren, hetgeen eveneens een aanwijzing  is voor de plaats 
waar én het tijdstip waarop Stormvogeltjes foerageren. We benadrukken de nieuwe inzichten in het 
foerageergedrag van Stormvogeltjes, die verkregen kunnen worden door analyse van hun 

maaginhoud en het gedrag en de ecologie van hun prooisoorten. 
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