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Summary 

The Witless Bay Islands Ecological Reserve, in south-eastern Newfoundland, 
supports large and diverse populations of breeding seabirds, including internationally 
important numbers of Atlantic Puffins (Fratercula arctica) , Common Murres (Uria aalge) 
and Leach's Storm-Petrels (Oceanodroma leucorhoa). During the summers of 1999 to 
2003, breeding populations of five seabird species, namely Common Murres, Razorbills 
(Alca torda) , Atlantic Puffins, Black-legged Kittiwakes (Rissa tridactyla) and Northern 
Fulmars (Fulmarus glacialis), were surveyed on Gull and Great Island in the reserve. 
Common Murres were surveyed by counting adults on breeding areas from boats, and 
an estimate of the number of breeding pairs was derived using a correction factor 
obtained from a detailed study plot on Great Island. Populations have increased 
substantially on both islands, with an estimated 1 632 ± 197 (± 1 SE) and 7 369 ± 889 
pairs breeding on Gull and Great Island, respectively in 2003. Razorbills were counted 
from ground surveys of adults in nesting areas. Razorbill populations remain low, but 
have certainly increased in recent decades, with an estimated 285 and 221 pairs 
breeding on Gull and Great Island, respectively, in 2003. The Atlantic Puffin breeding 
population was estimated on Gull Island in 2003, using total area occupied and burrow 
occupancy calculated from 4 different areas across the island. Additionally, data from 
100 randomly-placed burrow occupancy plots were available for 1984 and 1985, and 
provided estimates for these years (based on using a total area occupied measured in 
1979). In 2003, an estimated 140429 ± 5 088 (95% CI: 130137 -150721) pairs of 
Atlantic Puffins bred on Gull Island, surpassing Great Island as the largest known colony 
in North America. Black-legged Kittiwakes were surveyed by counts from boats of active 
nests. In contrast to the auks, Black-legged Kittiwake populations have declined in 
recent years, with only 4 314 and 9292 pairs remaining to breed on Gull and Great 
Island, respectively, in 2003. Northern Fulmars were censused somewhat haphazardly 
with a variety of methods (boat and ground counts). In 2003, a minimum of 6 and 34 
site-holding pairs were present on Gull and Great Island, respectively, suggesting the 
population has not changed greatly in recent years. The first documented nesting of 
Northern Ravens (Corvus corax) occurred on Great Island in 2000 and Gull Island in 
2002. 

Overall, populations of auks breeding on Gull and Great Island are showing 
increases in recent years, and appear to be healthy. Black-legged Kittiwakes, on the 
other hand, have been declining since the 1990s. Auk populations are increasing and 
kittiwakes are declining at most colonies monitored in eastern North America. Given that 
seabird populations in Witless Bay are matching these regional trends, there do not 
appear to be any pressing site-specific conservation issues in the Reserve. Continued 
monitoring, with a special focus on kittiwakes, is probably warranted for the future. 
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Resume 

La Reserve Ecologique des Ties de Witless Bay, situee au sud-est de Terre­
Neuve, heberge des populations importantes et diversifiees d'oiseaux marins nicheurs, 
incluant des concentrations d'importance internationale de macareux moines (Fratercula 
arctica), de guillemots marmettes (Uria aalge), ainsi que d'oceanites cui-blanc 
(Oceanodroma leucorhoa) . Au cours des etes de 1999 a 2003, on a recense cinq 
especes d'oiseaux marins, c'est-a-dire Ie guillemot marmette, Ie petit pingouin (Alca 
torda) , Ie macareux moine, la mouette tridactyle (Rissa tridactyla), et Ie fulmar boreal 
(Fulmarus glacialis), en nidification dans la reserve sur les Ties Gull et Great. On a 
compte en bateau les guillemots marmettes dans les zones de nidification et on a evalue 
Ie nombre de couples au moyen d'un facteur de correction obtenu grace aux parcelles 
d'une etude detaillee sur I'Tle Great. Les populations ont connu une forte augmentation 
dans les deux Ties, avec un nombre de couples reproducteurs evalue a 
1 632 ± 197 (± 1 SE) sur I'Tle Gull et 7 369 ± 889 sur I'Tle Great, en 2003. On a recense 
au solles petits pingouins en comptant les adultes dans les zones de nidification. Les 
populations de petits pingouins demeurent petites mais ont certainement subit une 
augmentation au cours des dernieres decennies, I'estimation du nombre de couples 
etant de 285 sur I'Tle Gull et 221 sur I'Tle Great, en 2003. On a produit une estimation de 
la population nicheuse de macareux moines sur l'ile Gull en 2003, en utilisant Ie secteur 
total occupe et Ie taux d'occupation des terriers calcules de 4 regions differentes de I'Tle. 
De plus, des donnees de 100 parcelles situees au hasard evaluant les taux d'occupation 
des terriers etaient disponibles pour les annees 1984 et 1985, et ont fourni une 
estimation pour ces annees (basee sur Ie secteur total occupe obtenu en 1979). En 
2003, Ie nombre de couples de macareux moine en nidification sur l'ile Gull etait evalue 
a 140 472 ± 5 088 (intervalle de confiance [IC] de 95%: 130 137 - 150 721), surpassant 
I'Tle Great comme la plus grande colonie connue en Amerique du Nord. On a recense 
les mouettes tridactyles a partir de denombrements en bateau des nids actifs . En 
comparaison des Alcides, les populations de la mouette tridactyle ont decline dans les 
dernieres annees, avec seulement 4314 et 9 292 couples reproducteurs sur les Ties 
Gull et Great, respectivement, en 2003. Les recensements du fulmar boreal ont ete 
effectues de maniere moins systematique, soit avec un assortiment de methodes (en 
bateau et au sol). En 2003, il Y avait au moins 6 couples qui occupaient un site sur I'Tle 
Gull et 34 couples territoriaux sur I'Tle Great, ce qui suggere que la population a peu 
change recemment. On note la premiere observation de corbeaux (Corvus corax) en 
nidification sur I'Tle Great en 2000 et sur I'Tle Gull en 2002. 

En general , les populations nicheuses d'Alcides sur les Ties Gull et Great 
montrent des augmentations recentes et paraissent en sante. En revanche , les 
populations de la mouette tridactyle ont decline depuis les annees 1990. A travers la 
region de I'est de I'Amerique du Nord, les populations d'Alcides augmentent tandis que 
les populations de la mouette tridactyle sont en declin dans la plupart des colonies ou 
des inventaires sont effectues. Puisque les populations d'oiseaux marins a Witless Bay 
suivent les memes tendances que celles observees dans la region, il ne semble pas 
avoir de problematiques de conservation pressantes dans la reserve. Le suivi des 
populations d'oiseaux marins nicheurs, et en particulier de la mouette tridactyle, devrait 
etre maintenu dans Ie futuro 
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1. Introduction 

1.1 Witless Bay Islands Ecological Reserve and protection 

From April through September, millions of seabirds from 10 different species 
come to breed in the Witless Bay Islands Ecological Reserve. The Reserve consists of a 
group of four islands (Gull, Green, Great, and Pee Pee Islands) approximately 4 km 
offshore of southeast insular Newfoundland (Figure 1) and 30 km south of St. John's, the 
capital of Newfoundland and Labrador. Gull, Green, and Great Islands are among the 
most important seabird breeding sites in eastern North America. Great Island alone 
supports the largest Atlantic Puffin (Fratercula arctica) colony in the Northwest Atlantic 
(Rodway et al. 2003) while Green Island is densely populated with Common Murres 
(Uria aalge). Green Island is also the breeding ground for a small group of Thick-billed 
Murres (u. 10m via) , making it one of the most southerly colonies of the species' breeding 
range. In addition, Leach's Storm-Petrels (Oceanodroma leucorhoa) and Black-legged 
Kittiwakes (Rissa tridactyla), two other major species breeding in the Reserve, are found 
in large numbers on Gull, Green and Great Islands. 

Gull, Green and Great Islands were first protected in 1964 collectively as a 
Wildlife Reserve under the Wildlife Act. In 1983, these islands were protected under the 
Wilderness and Ecological Reserves Act (1980) as an Ecological Reserve. At that time, 
the boundaries were defined as the three islands and the adjoining waters under 
provincial jurisdiction. Following the approval of the Witless Bay Islands Ecological 
Reserve Management Plan in 1994, the marine boundaries for commercial traffic were 
limited to one kilometre around the three major islands and included Pee Pee Island 
because of its importance to Atlantic Puffins. This is the boundary currently in place. 
Under the current legislation, access on these islands is only allowed under permit. 

Following the groundfish moratorium in 1992, ecotourism in Witless Bay has 
increased dramatically with several tour boat operators taking advantage of the 
opportunities to view the large numbers of seabirds, as well as other popular attractions 
such as whales and icebergs. Although recreational boaters and kayakers must maintain 
certain distances from the islands (see Witless Bay Ecological Reserve Management 
Plan 1994), tour boat operators are currently exempted from these operating distances. 

1.2 History of research 

Over the past few decades, the islands in the Reserve have regularly been the 
summer homes for investigators, and their students, interested in the population and 
breeding biology of various seabirds. The following is a summary of some of the major 
research programs that have existed over the years, along with some of the studies 
which resulted from these programs. This is by no means a comprehensive summary, 
but merely highlights some major contributions related to seabird research. 

Initial attempts at estimating population sizes of seabirds breeding in the Witless 
Bay Islands Ecological Reserve can be dated back to the 1940s, with H. Peters and T. . 
Burleigh estimating numbers on Green and Gull Island (Peters and Burleigh 1951). L. 
Tuck visited Green, Gull, and Great Island throughout the 1950s. These historical 
accounts have provided some insight on colonization dates and expansion of various 
species. For example, Common Murres began breeding on Green Island around 1936 
(Tuck 1961) and on Gull Island in 1962 (as referenced in Mahoney 1980). No Common 
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Murres were reported breeding on Great Island in 1950 (see Cairns and Verspoor 1980) 
but were regular breeders by 1968 (Nettleship 1972ab). In general, it appears that Green 
Island was the primary colony for most major breeding seabirds, such as Common 
Murres, Black-legged Kittiwakes, and Atlantic Puffins, with the other two islands 
accommodating the expanding populations. Changes in seabird populations since the 
1940s have been summarized up to 1979 in Cairns and Verspoor (1980). 

Until 1959, visits to the islands in the Reserve were limited to activities related to 
the census of breeding seabirds. In 1966, W. Threlfall of Memorial University of 
Newfoundland began a research program on Gull Island which lasted until 1984. Avian 
studies resulting from this program focused on the diet of Herring Gulls (Threlfall 1968a), 
the breeding biology of Black-legged Kittiwakes (Maunder and Threlfall 1972), the 
climate, vegetation, and avian populations of the island (Haycock 1973), ectoparasites of 
auks (Eveleigh 1974) and gulls (ThrelfaIl1968bc), and the breeding biology of Common 
Murres (Mahoney 1980, Mahoney and Threlfall1981) and Great Black-backed Gulls 
(Larus marinus; Roy 1986). Breeding population sizes of most major seabird colonies 
were also assessed from 1969-1971 (Maunder and Threlfall 1972, Haycock 1973). The 
current cabin on Gull Island was built in 1974 by Parks and Natural Areas Division under 
the Summer Naturalist Program. This program was designed to bring tourists onto Gull 
Island and educate them on the natural history of the island. Because of disturbance 
issues, however, the program was quickly discontinued. 

Research on Great Island intensified in 1967 with D. Nettleship from McGill 
University, in collaboration with CWS (Canadian Wildlife Service), residing on the island 
to assess factors contributing to the breeding success of Atlantic Puffins (Nettleship 
1972ab). D. Nettleship built a cabin on the southwest part of the island as well as two 
wooden observations blinds. The cabin and one of the wooden blinds still stand today. 
The collection of puffin and storm-petrel eggs was also initiated in 1968, by P. Pearce 
and D. Nettleship of CWS, as part of a long-term program monitoring contaminant levels 
in the marine environment in Eastern Canada (Pearce et al. 1979, Noble and Elliott 
1986, Pearce et al. 1989, Noble and Burns 1990, Elliott et al. 1992). Eggs were collected 
every four years on Great Island from 1968-1988, with egg collection continuing on Gull 
Island from 1992 to present, also at four-year intervals (N. Burgess, pers. comm.). 

In 1973, R. Montgomerie, under the CWS program "Studies on northern 
seabirds" (initiated by D. Nettleship), conducted the first major census of seabirds on all 
four islands in the Reserve. These population estimates have been presented in several 
reports, including Brown et al. (1975), Cairns and Verspoor (1980), and Nettleship 
(1980). In 1979, D. Cairns and E. Verspoor revisited Gull, Green, Great, and Pee Pee 
Island to obtain new popula~ion counts for the major seabird species and to provide 
estimates for species that had not been censused since the early 1970s (Cairns and 
Verspoor 1980, Nettleship 1980). 

From 1976-1978, research on Great Island was resumed by R. Pierotti from 
Dalhousie University, in collaboration with CWS (D. Nettleship). This study focused on 
various aspects of Herring Gull (Larus argentatus) breeding biology, including habitat 
selection and reproductive success (Pierotti 1982), interactions with puffins (Pierotti 
1983), and diet preference (Pierotti and Annett 1991). Meanwhile on Gull Island, gull and 
puffin interactions were being studied by J. Rice in 1978 and 1979 (Rice 1985, 1987), 
while J. Lien (Memorial University of Newfoundland) had a student investigating habitat 
selection in Leach's Storm-Petrels (Grimmer 1980). 
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In 1982, W. Montevecchi (Memorial University of Newfoundland) re-initiated a 
research program in the Reserve, which lasted until 1986. A permanent wooden blind 
overlooking a Common Murre plot on the south-east part of Great Island was built in 
1985 by D. Cairns. Studies stemming from this program focused on activity budgets and 
energetics of Common Murres (Cairns et al. 1987, Cairns et al. 1990) and Leach's 
Storm-Petrels (collected from Green Island; Montevecchi et al. 1992), and interactions of 
Common Murres and Atlantic Puffins with their main prey, capelin (Mal/otus villosus; 
Piatt 1987, Piatt 1990, Burger and Piatt 1990). During this time, investigations from the 
CWS research program "Studies on northern seabirds" (D. Nettleship) shifted toward the 
incidental by-catch of seabirds in fishing nets in the Witless Bay Reserve (Piatt et al. 
1984, Piatt and Nettleship, 1985, 1987), however population surveys for burrow nesting 
species were conducted in 1984 and 1985. In 1985 and 1986, A.E. Storey (Memorial 
University of Newfoundland) also had a student on Gull Island investigating sex 
differences in reproductive behaviour of puffins (Creelman 1987, Creelman and Storey 
1991 ). 

In 1988, J. Porter (Department of Fisheries and Oceans; DFO) initiated the 
investigation of puffin and kittiwake reproductive success on Gull Island (Chatman 
1989). Black-legged Kittiwakes became a species of concern in the 1990s, following the 
documentation of low breeding success in 1991 on Gull Island and in other colonies in 
the Northwest Atlantic (Neuman 1993; under J. Porter (DFO) and J. Chardine (CWS)). 
In 1992 and 1993, under the supervision of W. Montevecchi, H. Regehr investigated the 
relationship between capelin availability and the breeding success of kittiwakes on Great 
Island (Regehr 1994, Regehr and Montevecchi 1997), which yielded additional stUdies 
related to the breeding success of other seabirds (Regehr and Rodway 1999, Rodway 
and Regehr 1999). During this time, under the supervision of W. Montevecchi and J. 
Chardine (CWS), M. Rodway investigated various aspects on the breeding performance 
of Atlantic Puffins (Rodway 1994, Rodway 1997, Rodway and Montevecchi 1996, 
Rodway et al. 1998) also on Great Island. In 1993 and 1994, a census was conducted 
on Atlantic Puffins to estimate the number of breeding pairs on Great Island (Rodway et 
al. 2003). 

Research on Great Island was continued in 1995 by A.E. Storey (Memorial 
Univer~ity of Newfoundland) with a research program primarily focusing on the long-term 
monitoring of individual Common Murres. Various aspects of breeding biology of 
Common Murres have been studied, including extra-pair copulation and paternity (Walsh 
2001), divorce rates and contributing factors (Moody 2001, Moody et al. in press), 
parental allocation toward male and female chicks (Cameron 2003), and sex differences 
in behavioural and physiological responses of breeding adults. (Wilhelm and Storey 
2002, 2004, Wilhelm 2004). These studies were conducted on the same murre plot and 
in the same blind as D. Cairns during the 1980s. The blind was functional until the 2001 
breeding season, but was replaced at the beginning of the 2002 breeding season by P. 
Taylor and G. Robertson (CWS). 

In 1996, W. Montevecchi also re-initiated a research program on Great Island, 
which initially focused on habitat utilization of Leach's Storm-Petrels (Stenhouse 1998, 
Stenhouse and Montevecchi 2000) and their interaction with gulls (Stenhouse and 
Montevecchi 1999a, Stenhouse et al. 2000). In 1996 and 1997, population estimates of 
Northern Fulmars (Fulmarus glacia/is) were conducted on Great and Ship Island (see 
Figure 1) by I. Stenhouse and K. Squires. These census results along with other fulmar 
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surveys in Witless Bay and in Eastern Canada are summarized in Stenhouse and 
Montevecchi (1999b). In 1998, W. Montevecchi expanded his program on Great Island 
to include foraging strategies of Common Murres (Davoren 2001, Davoren and 
Montevecchi 2003, Davoren et al. 2003) and in collaboration with D. Ballam (Province of 
Newfoundland and Labrador), effects of tour boats on the behaviour of auks (Logan et 
al. 2001). 

Meanwhile, research on Gull Island was resumed in 1990 by J. Chardine (CWS) 
and later with I. Jones (Memorial University of Newfoundland), under the Atlantic 
Cooperative Wildlife Ecology Research Network (ACWERN). Studies include the effects 
of tour boats on alcids (Hearne 1998) and the effects of predation by gulls on kittiwakes 
(Massaro 2000, Massaro et al. 2000). I. Jones had an additional student in 1997 and 
1998 studying diet, growth, and success of Atlantic Puffin chicks (Baillie 2001, Baililie 
and Jones 2003, 2004). G. Robertson (CWS) succeeded J. Chardine as the CWS 
Seabird Scientist in Newfoundland, and expanded the program to monitor vital rates of 
important species in Witless Bay. This included developing or expanding banding 
programs of puffins (started in 1997), kittiwakes (early 1990s), Herring Gulls (1999), 
Great Black-backed Gulls (2000), Common Murres (2001), and monitoring productivity 
of selected species. Further collaboration with ACWERN led to theses on the impact of 
large gull predation on seabird populations on Gull island (Veitch 2003) and the utility of 
attendance counts and other measures to assess population trends of puffins (Calvert 
and Robertson 2002ab). A. Hedd and W. Montevecchi established long-term monitoring 
plots for Leach's Storm-Petrels on Gull Island in 2003. Studies are currently underway 
on Gull Island to assess the impact of tour boat disturbance on puffins by using stress 
hormones (C. Baker, supervised by A. Storey, D. McKay and G. Robertson), determine 
winter movement of puffins by data loggers (D. Fifield, supervised by W. Montevecchi 
and G. Robertson) and parasitology of seabirds (S. Muzzafar, supervised by I. Jones). 

1.3 Objectives 

Although much research has been focused on the seabirds in Witless Bay, less 
attention has been given to monitoring population numbers in recent decades. To 
determine population status and trends of seabirds breeding in Witess Bay, CWS re­
initiated a monitoring program to census major breeding species on Gull (starting in 
1999) and Great Island (2001). This report focuses on population counts of breeding 
Atlantic Puffins, Common Murres, Razorbills and Black-legged Kittiwakes. It also 
presents recent data on Northern Fulmar, updating the previous comprehensive 
summary provided by Stenhouse and Montevecchi (1999b). Results for Herring Gulls 
and Great Black-backed Gulls and Leach's Storm-Petrels have been reported 
previously, so are not repeated .in this report .(Robertson et al. 2001, 2002a). 

2. Study site 

2.1 Gull Island (4r15'N, 52°46'W) 

The topography, vegetation, and avifauna of Gull Island, the largest of the group 
(1.6 km x 0.8 km), have been described in detail in Haycock (1973). Briefly, Gull Island 
is mainly forested with edges consisting of either exposed grassy hummock or rocky 
slopes and vertical cliffs, with numerous narrow ledges. Deep coves on the north­
eastern end are bordered by steep cliffs with maximum relief amounting to 69 meters. 
The southern end, slightly lower in elevation, is characterized by three coves and a rocky 
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projection on the southwest corner, referred to as the Finger. The Saddle, a low lying 
rocky area, splits the Finger roughly in half along its east-west axis. 

2.2 Great Island (47°11 'N, 52°46'W) 

Great Island, a slightly smaller island (1.4 km x 0.7 km), is less forested and 
characteristically more rugged. The island's upper periphery consists of grasses, 
exposed peat, and small flowering plants. This vegetation edge then gives way tei 
steeper rocky slopes and vertical cliffs surrounding numerous deep coves. Peak 
elevation is approximately 83 meters, occurring on one of Great Island's three, high 
north-south ridges. A more detailed description on the island's topography and 
vegetation can be found in Nettleship (1972b). 

3. Methods 

3.1 Methods common to more than one species 

To assess number of breeding Black-legged Kittiwakes, Common Murres and 
Northern Fulmar, we counted birds or nests (see below for species-specific details) on 
all nesting cliffs by circling the whole island in inflatable zodiacs outfitted with outboard 
motors. Razorbills were counted during these boat surveys, but were also counted from 
the ground (see 3.3). During boat surveys, 3-4 workers were present, one driving the 
boat, one recording the data on maps of the island and the remainder counting birds or 
nests. Four observers proved to be valuable, as one could concentrate on kittiwake 
nests, while the other would count Common Murres and Razorbills. In each case counts 
were called out by observers and recorded on the maps. Boat surveys were conducted 
on 15 June 2001,4 July 2002 and 2 July 2003 on Gull Island, and on 4 July 2002 and 30 
June and 2 July 2003 on Great Island (the survey had to be abandoned half way through 
on 30 June 2003 on Great Island, due to freshening winds). Surveys generally took 2-3 
hours to complete, and were conducted during reasonable boating and observation 
conditions « 1 m swells and no precipitation). 

3.2 Common Murres 

Breeding Common Murre numbers were estimated by counting all birds present 
at a nesting location from the boat survey. In locations where birds were clustered 
together at high densities, i.e. 200+ individuals, numbers were estimated. For colonies 
up to about 500 pairs, groups of 10 birds were generally counted, while for larger 
colonies (> 500 pairs), birds were counted as clumps of 50 or 100 birds. When breeding 
areas could not be counted from the boat, locations were counted from land; these 
counts were usually conducted within a week of the boat survey. 

To estimate a k-ratio, a value which translates the number of adults to the 
number of breeding pairs, we used data collected at the Cairns blind in 2002 and 2003 
(southeast portion of Great Island). Long-term studies of Common Murres have been 
conducted at this blind by Anne Storey and her research associates. This plot is 
monitored regularly, and the number and location of all eggs laid on the plot are known. 
On, or close to the day of the boat survey, a count of all adults on the plot was also 
conducted, which provides the data needed for a k-ratio (number of eggs/number of 
attending adults). Boat counts were multiplied by the k-ratio to obtain the number of 
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breeding pairs (Birkhead and N'ettleship 1980). For the count on Gull Island in 2001 , a 
mean of the 2002 and 2003 k-ratios was used. 

3.3 RazorbiliS 

To assess the number of Razorbills present on Gull and Great and Islands, 
researchers surveyed areas from the ground as well as from boats. For ground counts, 
the periphery of the entire island was walked to look for adult Razorbills. Where they 
were found , the nesting area was approached to within 50-100 m, depending on the site, 
so that nesting birds would flush from crevices, but hopefully not flush from the general 
nesting area. On Great Island, adult Razorbills were counted immediately upon having 
approached the nesting area. On Gull Island, adult RazorbiliS were counted repeatedly 
for 5-10 minutes, to obtain a maximum number present. It was soon discovered that 
some of the birds that flushed would soon return to nesting area if observers were not 
too close, or could be seen on the water at the base on the nesting area. Once the count 
was relatively stable, observers moved on to search for the next site. Eggs were counted 
in some areas sporadically, mostly in 1999 and 2003 to try and assess k-ratios of 
Razorbills nesting on Gull Island. Overall , it was determined that the topography made it 
difficult to be sure that all eggs i~ a plot were counted, and in many areas, nesting areas 
could not be safely reached. One plot that was accessible was at the northwest corner of 
the Saddle and eggs were counted in this plot in 1999 and 2003, During the boat survey 
of cliff nesting birds on Gull and Great Island, number of adults present in nesting areas 
was counted . No repeat counts were conducted in these cases. 

3.4 Atlantic Puffins 

3.4.1 2003 

Atlantic Puffin breeding populations were assessed by calculating occupied 
burrow densities and total area of occupied habitat used by breeding puffins. A burrow 
was defined as a suitable tunnel that could house a pair of breeding puffins, and did not 
include unsuitably short holes, or additional entrances to a burrow. A hole was defined 
as any suitable entrance that could lead to a puffin burrow, when assessed by an 
observer standing up (Le. not kneeling down to look in the hole), Holes may, or may not, 
lead to burrows, whereas a burrow always begins with a hole. 

Recent studies that have calculated Atlantic Puffin breeding population sizes in 
Newfoundland and Labrador have used island-wide total hole counts instead of using 
estimates of occupied area (Robertson and Elliot 2002ab, Robertson et al. 2002b). 
Using total hole counts, rather than estimating densities of occupied burrows and 
extrapolating to the area of the colony, can remove biases associated with uneven 
burrow densities across the breeding colony. However, total hole counts were simply not 
feasible on Gull Island, as the nesting area was far too extensive to accurately count all 
the holes. Therefore, we mapped the distribution of occupied habitat on a large scale 
map (1 :2690) of Gull Island. A UTM grid was overlaid on the map, and 20 meter 
contours were also included to increase the precision of the sketch of the occupied area 
on the map. The area of occupied habitat on Gull Island occurs in a regular continuous 
band around the island, and we feel that our mapping effort accurately encompassed the 
area occupied by puffins. 
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Hole and burrow occupancy rates were assessed by grubbing (reaching into the 
hole as far as possible, using a 30-40 cm stick or spoon to extend reach if necessary) all 
holes in randomly placed plots. As burrow densities are known to vary across habitats, 
even within an island (Nettleship 1972ab), we stratified Gull Island into four, roughly 
equal, sections, based on known differences in the habitat between the north, east, west 
and south sides of the island (Robertson et al. 2001). Within each of the strata, 8 to 12 
plots for grubbing were randomly selected . Plot locations were chosen by constructing a 
grid on a map of the island and then selecting locations based on randomly generated 
pairs of numbers. Only locations that fell in suitable habitat were selected and a few 
extra locations were selected beyond the number needed in case that location was not 
suitable for grubbing (too steep or to close to breeding Common Murres). Once a plot 
location was reached by the field crew, a stake was placed in one corner, and a 5 x 5 m 
grid was laid out with rope (20 m long) and three more stakes. 

Each hole in all plots was assessed for puffin occupancy, with holes on the edge 
of the plot alternately included and excluded. Holes were classified into the following five 
categories; unknown (in which the end of the burrow could not be reached), entrance to 
another burrow, a short burrow « 30 cm) that was not of sufficient length to 
accommodate a breeding puffin, an empty burrow, or an occupied burrow. Occupied 
burrows were those that contained an egg, a chick, an adult, an adult with its chick or 
egg, or other evidence of occupancy such as extensive nest material, chick faeces or 
egg shells from the current season. Useable burrows were defined as occupied burrows 
plus empty burrows. The slope of each plot was measured with a clinometer. A total of 
40 plots were grubbed between 24 and 26 June 2003. 

The area of each of the four sections was measured four times with a planimeter, 
to obtain a mean and a variance. This area was multiplied by the scale to obtain 
horizontal occupied area. The four horizontal areas were corrected for the slope of the 
habitat, using the mean and variance of the slopes measured in each plot. Finally, the 
slope corrected occupied area was multiplied by the occupied burrow density to estimate 
the total population size of puffins breeding on Gull Island (in pairs). The Delta method 
(Williams et al. 2002: 736-737) was used to combine the variances from each of the 
estimates. The error on the occupied area was based on the number of replicates taken 
with the planimeter (n = 4), while occupied burrow density and total population size were 
based on the number of plots sampled (n = 8 to 12) in each section. 

Although not needed for calculating total population size, the following useful 
statistics were also calculated for comparisons with other studies. Burrow occupancy 
rates were calculated as the number of occupied burrows divided by the number of 
occupied burrows plus the number of empty burrows. Hole occupancy rates were 
calculated as the number of occupied burrows divided by the sum of the number of 
occupied burrows, the number of empty burrows, the number of additional entrances 
and the number of burrows too short to support a breeding pair. To calculate section­
wide and island-wide occupancy rates each plot was weighted by the number of holes 
grubbed in the plot, therefore plots with greater number of holes contributed more to the 
calculation of mean rates. Mean burrow densities were not calculated by weighting by 
number of burrows in the plot. Standard errors were based on the number of plots 
grubbed (not the number of holes) in a section. 
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3.4.2 1984 and 1985 

Similar protocols were used in 1984 and 1985 except for the following. First, 
random plots were randomly selected across all areas of appropriate habitat (Le. the 
island was not stratified). Second, larger 30 m2 circular plots were used. Finally, no 
assessment of occupied areas or hole counts were undertaken, so the occupied area 
calculated for 1979 by Cairns and Verspoor (1980) was used to estimate total population 
size. The grubbing took place from 31 July - 5 August 1984 and 10- 16 July 1985 on 
Gull Island, and 4 - 28 August 1984 and 1 - 5 August 1985 on Great Island. 

3.5 Black-legged Kittiwakes 

Population estimates were based on a count of active nests (or apparently 
occupied nest; AON), which were assumed to represent a breeding pair. Active nests 
were those nests that appear completely constructed and well maintained, and although 
they were often attended by one or two adults, this was not a requirement to be 
considered active. Adult birds standing on ill-constructed or degraded nests were not 
counted as active nests. In areas where visibility was impeded by physical geography, 
especially gulches on the southern end of Gull Island and horizontal platforms and 
opposite facing slopes on Great Island, nests were counted from land and added to the 
count. Generally, the land counts occurred within the same week as the boat surveys. 

3.6 Northern Fulmars 

Northern Fulmars present on breeding ledges were recorded during the boat 
surveys. During some Razorbill ground surveys, adult fulmars present on ledges and 
eggs/chicks found were recorded, but the focus of the Razorbill surveys was not on 
counting fulmars, so birds and eggs/chicks were certainly missed. Records were also 
kept of incidental observations of nesting fulmars by researchers on both islands, and 
include counts of eggs and chicks, and counts of adult birds on nesting ledges. 
However, the extent of the information varied considerably between island and across 
years. As the sources and quality of the data varied annually, different data sets were 
used to produce annual counts. 

3.7 Other species 

Other breeding species were noted during routine field operations on the two 
islands. No systematic surveys were conducted for these species. 

4. Results 

4.1 Common Murres 

4. 1. 1 Population estimates for study period 

Between 1 636 and 2 814 Common Murres were counted on Gull Island, 2001-
2003 (Table 1). Great Island had larger numbers with two counts at 9 996 and 12706 in 
2002 and 2003, respectively. K-ratios obtained at the Cairns plot on Great Island were 
similar among the two years they were assessed and were generally low (0.58 - 0.61; 
Table 1). Using these k-ratios, breeding population estimates of 998 to 1 632 pairs on 
Gull Island and 6 098 and 7 369 pairs on Great Island were calculated (Table 1). 
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Common Murres breed over most of Gull Island, but the bulk of breeding population is 
concentrated on the southern end of the island (Figure 2 and 3). A similar pattern was 
seen on Great Island (Figure 4). 

4.1.2 Comparisons with previous surveys 

Common Murre populations grew with a population growth rate (A) of 1.068 ± 
0.020 on Gull Island from 1942 to 2003, and 1.035 ± 0.006 on Great Island from 1972 to 
2003 (Table 2). On Gull Island between 1971 and 2002, Common Murres have both 
increased at sites where they were present in 1971 and have expanded to occupy other 
areas (Figure 2 and 3). The core of the colony was on the east side of the island in 
1971 . Now major breeding concentrations are present on the west side of the Finger, 
and a major colony has developed on the southeast corner of the island. Colonies have 
also developed on the west and north side of the island. 

4.2 Razorbills 

4.2.1 Population estimates for study period 

On Gull Island, 172 - 285 Razorbills were counted from ground counts in 1999-
2003 (Table 3). Boat counts were consistently lower with 94 -195 counted between 
2001 and 2003, and averaged 41 .7% lower than the ground counts (Table 3). Similarly 
on Great Island, although only one year of data is available, the boat count (138 adults) 
on Great Island in 2003 was 37.5% lower than the ground count (221 adults) in 2003 
(Table 3). Razorbills are scarce on the west side of Gull Island, being most commonly 
seen on the east side (Figures 5-7). They are more evenly distributed around Great 
Island (Figure 8). 

The nesting area on the northwest and southwest corner of the Saddle on Gull 
Island had 13 eggs in 1999 and 15 eggs in 2003. Numbers of adults counted on these 
nesting areas were 11 in 1999 and 24 in 2003. Together, these combine for a k-ratio of 
0.8. However, we chose not to use this correction factor at this time, as it only represents 
only one plot in just 2 years. Instead, we used a k-ratio of 1.0: k-ratios of about 1 were 
calculated for the Sainte-Marie Islands, a colony where adults are also counted rafting 
on the water (Chapdelaine et al. 2001), so is likely reasonable 

4.2.2 Comparisons with previous surveys 

Razorbill populations grew with a population growth rate (A) of 1.052 ± 0.007 on 
Gull Island from 1943 to 2003, and 1.027 ± 0.007 on Great Island from 1972 to 2003 
(Table 4). Between 1971 and 2002, Razorbills have both increased at sites where they 
were present in 1971 and have expanded to occupy other areas (Figures 5-7). 

4.3 Atlantic Puffins 

4.3.1 Population estimates for study period (1984-2003) 

In 2003, Atlantic Puffins showed considerable variation in occupancy rates and 
densities of burrows across the four areas of Gull Island (Table 5). Occupied burrow 
rates were higher on the east side of the island, while they were lowest on the west side 
(Table 5). Burrow densities and occupied burrow densities were highest on the north 
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side, while lowest on the south side (Table 5). However, the north side only harboured 
25 072 ± 2 629 breeding pairs, as total area was relatively small (Figure 9). The bulk of 
the breeding population occurred on the east and west sides of the island. In total an 
estimated 140 429 ± 5 088 (95% CL: 130 137 - 150 721) pairs of Atlantic Puffins bred 
on Gull Island in 2003 (Table 5) . 

Population size estimates for Gull Island calculated from the data collected in 
1984 and 1985 were similar (Table 6). Occupied burrow rates tended to be quite high 
(0.782 and 0.874 in 1984-85) but burrow densities were much lower than 2003 (0.349 
burrows/m2 and 0.310 burrows/m2 1984-85 versus a mean of 1.023 burrows 1m2 in 
2003). An estimated 31 454 ± 2 799 (25 895 - 37 013) and 30 832 ± 2 417 (26 044 - 35 
620) Atlantic Puffin pairs bred on Gull Island in 1984 and 1985, respectively. On Great 
Island, the estimates were quite high, due to high burrow densities and high occupancy 
rates (Table 7). An estimated 86692 ± 7955 (70 614 - 102770) and 82 076 ± 6 461 (69 
062 - 95090) Atlantic Puffin pairs bred on Great Island in 1984 and 1985, respectively. 

4.3.2 Comparisons with previous surveys 

There are fewer estimates of Atlantic Puffin population sizes than for other 
species and the quality of these estimates varies (Table 7). Due to these uncertainties, 
interpretations of these older population estimates and trends are presented in the 
discussion. 

4.4 Black-legged Kittiwakes 

4.4.1 Population estimates for study period 

Kittiwakes nest on most cliff ledges around Gull and Great Islands (Figure 10 and 
11). We counted between 4 070 and 5 204 kittiwake nests on Gull Island in 2001-2003, 
and 9292 and 10237 nests on Great Island in 2002-2003 (Table 8). 

4.4.2 Comparisons with previous surveys 

Black-legged Kittiwake populations on Gull Island were increasing through the 
late 1960s-early1970s, but have substantially declined by the early 2000s (Table 8). 
With the long 30-year gap in the time-series, calculating a population growth rate was 
considered inappropriate. On Great Island, the population size was similar in 1968 and 
1994 but had substantially declined by 2003, showing a 60.9% reduction between 1994 
and 2003. 

4.5 Northern Fulmars 

4.5.1 Population estimates for study period 

4.5.1.1 Gull Island 
During the 1999 Razorbill survey, one fulmar egg was seen on the west side of 

the Finger, and 6 adults were seen on the east side of Gull Island (Figure 12). In 2000, 2 
adult fulmars were noted on the west side of the Finger from incidental observations of 
field crews. In 2001, 1 fulmar was seen on a ledge on the west side of the Finger during 
the boat count. In 2002, fulmars were not noted during the boat count, however, 1 chick 
was found on the west side of the Finger and 3 eggs were found on the east side of the 
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Finger. In 2003, 6 fulmars were seen on ledges during the boat survey, 5 on the west 
side of the Finger and 1 on the east side of the Finger. Fulmars were not noted in the 
2000, 2001 or 2003 Razorbill ground count. 

4.5.1 .2 Great Island 
During the 2002 boat count, 19 fulmars were counted on the ledges facing the 

cabin (Figure 12). In 2003, 14 fulmars were seen on ledges during the boat count, 9 on 
the cliff facing the cabin , and 5 on the northwest corner of the island. During the 
Razorbill ground count, which only examined the southern two-thirds of the island, 29 
fulmars were seen , 4 west of the cabin , 17 on the ledge facing the cabin, 6 in the 
southern most coves, and 2 on the main east-facing cliff of Great Island. 

The cliff face across from the cabin has been surveyed for Northern Fulmars in 
more detail in recent years. In 2000, 27 site-holding adults were counted , 34 in 2001 and 
20 in 2002. Of these, chicks were confirmed in 2 sites in 1999 (adults not counted in 
1999), and 1 each in 2001 and 2002. 

4.5.1 .3 Population estimates 
It was clear from our surveys that all fulmars could not be counted by anyone 

technique, especially on Great Island. Some adults could only be seen from ground 
locations, others only from a boat. We present the maximum counts from our techniques 
as the annual population estimate (Table 9), and note that these most likely 
underestimate the total number of fulmars present. In the case of 2003, we combined 
the ground and boat count, to provide the most comprehensive estimate for Great Island 
between 1999 and 2003. 

4.5.2 Comparisons with previous surveys 

Although population counts for fulmars represent a mix of counts of sites-holding 
adults and eggs/chicks, there does not appear to be any great change in the population 
in the last 10-20 years (Table 9). 

4.6 Current estimates 

A summary of the most recent breeding population size estimates for seabirds 
breeding on Gull Island and Great Island are presented in Table 10. 

5. Discussion 

5.1 Common Murres 

Our technique to count Common Murres was based on a single boat count, with 
the inclusion of some areas counted from the ground. For sub-colonies with relatively 
few birds « 200) our technique should suffice to provide a reasonable estimate of the 
breeding population , as each individual murre is counted. In the case of larger sub­
colonies, significant biases in the counts are possible as counts are based on counting 
sets of birds in 10s to 100s. In general , observers tend to bias counts of large numbers 
of birds low (Erwin 1982), so our estimate is more likely to underestimate the total 
breeding population. Additionally, birds hidden behind ledges or boulders would not 
have been counted , further lowering our estimate. Our k-ratio was based on a single 
small plot, which may result in a potential bias, although we feel it is a relatively 
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representative plot, as it occurs in an area long-used (minimum of 20 years) by breeding 
Common Murres, and the topography is similar to many of the flatter areas used by 
murres. The low k-ratio obtained from the plot is consistent that includes a growing 
population with many young prospecting birds (Gaston and Nettleship 1982, Hatch and 
Hatch 1989). If populations continue to grow, more intense methods, such as 
photographing denser areas and more plots for k-ratio monitoring may be warranted. 

Since establishing breeding in the mid part of the 20th century, populations of 
Common Murres are continuing to increase on Gull and Great Islands. Great Island now 
harbours a significant breeding population, with over 7 000 pairs estimated to breed in 
2003. Gull Island, previously only a relatively insignificant breeding colony, now has well 
over 1 000 breeding pairs. Areas occupied by murres have also increased, with more 
colonies present on Gull Island. 

Population trends of Common Murres in Newfoundland and Labrador have been 
variable over the last 2-3 decades. The large population on Funk Island has apparently 
remained stable between 1972 and 2002, with an estimated 412 000 breeding pairs 
(Chardine et al. 2003). In Labrador, the population on the Gannet Islands declined 
between 1983 and 1998 from 60 000 pairs to 36 000 pairs (Robertson and Elliot 2002a), 
while the small populations in Groswater Bay increased, both in size and in the number 
of colonies (Robertson et al. 2002b). Populations of Common Murres on the Quebec 
North Shore increased up to 1993 and stabilized by 1998-1999 (Rail and Chapdelaine 
2002). 

The reason that the Witless Bay population has continued to grow may be due to 
a number of factors. Significant numbers of Common Murres were captured in gill nets 
as fishery by catch (Piatt and Nettleship 1987) until 1992 when the moratorium on 
groundfish fisheries was implemented. The removal of gill nets from the water around 
Witless Bay may have released the population from this mortality source and has 
allowed it to expand. Populations in Groswater Bay may also be benefiting from a 
reduction in fishing effort (Robertson et al. 2002b), as Groswater Bay used to be a major 
fishing grounds on the Labrador coast. Why Funk Island and Gannet Islands have not 
increased are not known, but may be due to intraspecific competition at the large Funk 
Island colony (Chardine et al. 2003), and disturbance by Arctic Foxes (A/opex /agopus) 
at the Gannet Islands (Robertson and Elliot 2002a). 

5.2 Razorbills 

Even though the Razorbill is a notoriously difficult species to monitor, our 
technique to monitor them in Witless Bay is still relatively crude. Both islands have a 
variety of habitat types, which include both accessible and inaccessible cliffs, boulder 
screes and rocky crevices. We suspect that our annual count of adults from the ground 
likely represents a minimum number of the breeding population, although our 
assumption that a bird equals one breeding pair has not been rigorously tested. The 
boat counts consistently produced numbers lower than the ground counts, which is not 
unexpected, as Razorbills nest in areas not readily observable from the boat. 
Furthermore, Razorbills nesting at higher sites probably do not flush from their nests 
while a boat passes by below. 

For the purpose of monitoring this small population, we feel our technique of 
ground counting adults in nesting areas, although not ideal, is certainly adequate to 
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detect large scale trends. If possible, future work to include egg count plots to determine 
k-ratios would be worthwhile. The one plot on the Finger appears to be a good site, but 
other plots would be needed. Possible sites include sites on the east side of the Finger, 
and some nesting areas on the southeast portion of the island. However, given that most 
nesting areas are inaccessible, better estimates are likely not possible without much 
more intensive efforts. 

Formerly, Razorbills were a very rare breeding species on Gull and Great 
Islands. Now, with populations numbering somewhere over 200 pairs on both islands, 
Razorbills, although by no means common, have increased to a level where they could 
be considered established and secure breeders in Witless Bay. Razorbill populations 
have been increasing at every North America colony examined in the last 10 years 
(Chapdelaine et al. 2001); clearly Witless Bay is no exception. Reductions in fisheries 
bycatch, hunting mortality, disturbance, competition with fisheries for forage fishes, have 
all likely played a role in releasing Razorbills from these mortality sources and allowing 
populations to grow. 

5.3 Atlantic Puffins 

Monitoring burrow-nesting species does not involve counting nests or birds 
directly, but rather involves assessing occupancy rates of burrows or holes and 
assessing the extent of area where burrows are present. As a result, Atlantic Puffins are 
difficult to monitor. For most of the older estimates, one or both of these components 
was not assessed in a rigorous manner, or the techniques used were not documented. 
However, regardless of the quality of the historical data for Atlantic Puffins the results 
from this study strongly suggest the population has substantially increased. 

The 1979 estimate of 29726 breeding pairs on Gull Island was well documented. 
Slope-corrected area occupied and burrow densities were calculated for 3 different 
areas (southwest cove, east slope and the rest of the island). Burrow occupancy rates 
from Great Island were used, as burrows were not grubbed on Gull Island. Since burrow 
occupancy rates were assessed late (29 Jul-10 Aug) in 1979, Rodway et al. (1996) felt 
the estimates for both Great and Gull Islands were potentially biased low. However, 
previously unpublished data from 1984 and 1985 from Gull Island gave population 
estimates of about 31 000 pairs, close to the 29 726 in 1979, suggesting the 1979 
estimate may not have been that badly biased. 

The over four-fold increase in numbers of breeding puffins on Gull Island 
between 1979 and 2003 were driven both by an increase in occupied burrow densities 
and total occupied areas. In 1979, 113796 m2 of area was occupied ; this value had 
doubled by 2003 to 246 660 m2

• Burrow densities in 1979 averaged 0.55 burrows/m2
, 

ranging from 0.14 - 0.86 across 3 areas (Cairns and Verspoor 1980). In 2003, the 
average almost doubled to 1.023 burrows/m2

. Burrow occupancy rates only increased 
slightly, from a 0.441 in 1979 to 0.578 in 2003. Therefore, the increase was roughly 
equally driven by two factors, a doubling of the total area occupied by puffins, and a near 
doubling of the burrow densities within the occupied areas. Increases in the occupancy 
rates of burrows were only a minor factor explaining the increase. 

Previous to this study, there were indications that the breeding population of 
puffins on Gull Island had been increasing. Calvert and Robertson (2002a) used a 
variety of population size estimators based on marked puffins to assess the relative 
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numbers of juveniles and adults, and non-breeders and breeders using a study plot. 
Combined with literature values for adult survival rates, Calvert and Robertson (2002a) 
estimated that populations on Gull Island were likely increasing (values for'll. ranging 
from 0.97 - 1.19), and that fecundity was very high, so high that they suspected that 
immigrants from other colonies may be recruiting to Gull Island. Breeding propensity 
values were estimated to be quite low, suggesting that density-dependent habitat 
limitation may be occurring on Gull Island. 

Trends on Great Island are more difficult to interpret, as the 1979 estimate of 52 
000 may have been biased low due to the late-timing of examining burrows which 
resulted in low burrow occupancy rates (Rodway et al. 1996, 2003). The data from 1985 
and especially 1984 were collected late as well, but both surveys indicated high 
occupancy rates (0.84-0.90) and resulted in higher population estimates of 82 000 - 87 
000. Occupied area did increase modestly (18%) between the 1979 and 1994 survey as 
well, further suggesting that the population had increased (Rodway et al. 1996, 2003). 

Atlantic Puffin population trends have been quite variable in eastern North 
America. The second largest colony in eastern North America, the Gannet Islands, 
showed a mix of trends among the 6 islands, with an overall slight decline in the 
breeding population between 1978 and 1999 (Robertson and Elliot 2002a). Similarly, in 
Groswater Bay, populations declined on 2 islands, increased on 1 and remained stable 
on 3 between 1978 and 2002 (Robertson et al. 2002b). Small Island, in northeast 
Newfoundland, showed a dramatic decline from 1984 to 2000, likely driven by predation 
risk due to Great Black-backed Gulls (Robertson and Elliot 2002b). In the Migratory Bird 
Sanctuaries on the North Shore of the Gulf of St. Lawrence, Atlantic Puffin populations 
have varied considerably since 1925, ranging from a low of 14716 in 1977 to a high of 
71 914 in 1935. Recently, the population increased between 1977 and 1993, only to 
decline again by 1998-1999 (Rail and Chapdelaine 2002). Overall , Atlantic Puffin 
population trends are quite variable, and vary considerably among colonies in eastern 
North America. Fortunately, the large colonies in Witless Bay have increased, fortifying 
numbers at the core of the breeding range. Whether the colonies in Witless Bay continue 
to increase remains to be seen, but given the evidence for possible density-dependent 
habitat limitation, and the degradation of habitat on the islands, increases may slow and 
the populations may stabilize in the future. Interestingly, burrow occupancy rates on Gull 
Island in 2003 were low (0.578) compared to the 1984-85 (0.774-0.849) rates and 0.879 
obtained on Great Island in 1993, possibly providing early evidence that increases seen 
on Gull Island may be beginning to stabilize. 

5.4 Black-legged Kittiwakes 

Black-legged Kittiwake populations appeared to be increasing in the late 1960s 
and early 1970s, but in the interim, populations in Witless Bay dramatically declined by 
the early 2000s. Unfortunately, with the gaps in the time-series it is difficult to determine 
when these declines occurred. The only data point that sheds some light is the estimate 
for Great Island in 1994 provided by Rodway et al. (1996). Between 1968 and 1994, the 
population on Great remained essentially unchanged, suggesting that the decline 
occurred in the last decade. Studies on the biology of kittiwakes in Witless Bay showed 
that reproductive success of kittiwakes plummeted in 1992 and 1993 (Regehr and 
Montevecchi 1997), when delays in the arrival of capelin inshore were noted. With the 
exception of 1996, reduced breeding success has been noted on Gull Island since 1990 
(Chardine, pers. comm.). Further studies in the late 1990s and early 2000s have showed 
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that predation by gulls on kittiwakes is significantly reducing their breeding success 
(Massaro et al. 2000), and that Great Black-backed Gulls are killing significant numbers 
of adults (Veitch 2003). There are few comparable data series available on kittiwake 
populations at sizeable colonies in Newfoundland and Labrador. On the Quebec North 
Shore, kittiwake populations increased steadily until 1988, after which they have also 
declined up to the last survey in 1998-1999 (Rail and Chapdelaine 2002). 

Even though current trends in Witless Bay can only be assessed with 2 or 3 
years of data, both islands are showing evidence that declines in populations are 
continuing. In fact, from 2001 to 2003, the kittiwake population on Gull Island declined by 
17%. Therefore, the decline in kittiwake populations is probably continuing, and may 
even be accelerating in recent years. As kittiwakes can be relatively long-lived, 
reductions in the population size may only be seen after a number of years of failed 
breeding. Further, since it has been over 10 years since changes in fishing practices 
have reduced fisheries offal and the delayed arrival of capel in, gull populations may 
have adjusted to the new feeding conditions and further focused their foraging efforts on 
kittiwakes. 

Given the steep and apparently continuing declines in Black-legged Kittiwake 
populations, efforts to monitor Witless Bay, and other colonies, should be undertaken 
and possibly augmented, especially given the relative ease of counting kittiwake nests. 

5.5 Northern Fulmars 

Our surveys only represent one boat or land count. Fulmars were generally not 
the focus of these counts, and we did not confirm breeding, so our counts are most likely 
low. Future work should combine more extensive ground searches with a boat survey 
more focused on fulmars. We believe our 2003 estimates are quite thorough, and 
probably represent only a slight underestimate of the current population size. 

Breeding fulmars were first confirmed in Atlantic Canada in 1973 on Great Island 
(Nettleship and Montgomerie 1974). Stenhouse and Montevecchi (1999b) documented 
the increase in Northern Fulmar populations at colonies in Newfondland and Labrador in 
the 1970s to the 1990s. Numbers in Witless Bay appear to have stabilized, and there are 
no signs that the population is continuing to increase. Although the underlying reason for 
the cessation of the increase in fulmars is not known, a possible explanation is that with 
the reductions in fish offal since the moratorium in 1992, less food is available and 
fulmars are not as attracted to the general area for nesting. 

5.6 Gulls and Leach's Storm-Petrels 

Recent population sizes and trends for Herring Gulls and Great-Black-backed 
Gulls have been previously published (Robertson et al. 2001). In general, Herring Gull 
populations have decreased since the 1970s, while the small Great Black-backed Gull 
population has probably remained stable. The large Leach's Storm-Petrel populations 
have remained notably stable on both Gull Island (Robertson et al. 2002b) and Great 
Island (Stenhouse et al. 2000), in spite of evidence of rather significant numbers of 
storm-petrels being taken by gulls (Stenhouse et al. 2000, Veitch 2003). 
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5.7 Other species 

A pair of Bald Eagles (Haliaeetus /eucocepha/us) continued to nest on Gull Island 
from 1999-2003. A nest has been active on the northwest corner of the island, back in 
the forested area, for many years. The nest was not checked regularly, but in years 
when it was investigated, chicks were generally present. Observers generally noted that 
murre carcasses were especially common under the nest site. Disturbances to nesting 
seabirds by eagles has been noted regularly by field crews. 

A pair of Northern Ravens (Corvus corax) began nesting on the southeast corner 
of Gull Island (Gulch) in 2002, and was also present in 2003. In both years, chicks were 
hatched, although the number of fledglings was not noted. On Great Island, a pair of 
ravens has nested on the southeast corner of the island since 2000. These observations 
represent the first nesting record of this species in the Witless Bay Islands Ecological 
Reserve. Ravens can be significant predators of seabird eggs and chicks (Gaston and 
Elliot 1996), so it will be worth monitoring future nesting of this species in the Reserve. 

Black Guillemots (Cepphus gryl/e) remain a rare nesting seabird in the Reserve. 
Populations were not monitored during the period of this report, but likely no more than 
10 pairs breed on Gull Island and probably fewer on Great Island. As systematic surveys 
were not conducted for these species, numerical estimates are not available. 

A brood of 3 Green-winged Teal (Anas crecca) and an accompanying hen were 
found in a pond on the Finger in 2001, in the middle of one of the densest Herring Gulls 
areas on the island. The young were still flightless, so the clutch must have been laid on 
Gull Island. Waterfowl have not been noted nesting in the Reserve since then. 

6. Summary 

In spite of large-scale changes in the oceanography and fisheries that occurred 
through the 1990s, seabird populations on Gull and Great Islands are faring well by the 
early 2000s. The notable exception is Black-legged Kittiwake. Since kittiwake 
populations are declining throughout their range in the Atlantic, likely little can be done 
for kittiwakes nesting in Witless Bay besides continuing to monitor their numbers. 
Populations of all auk species are showing signs of increasing. Notably, the large and 
important Atlantic Puffin population in Witless Bay appears to be healthy. The increase 
in puffin numbers is leading to habitat degradation across the islands, and eventually 
puffin numbers in Witless Bay may decline as appropriate habitat becomes degraded 
and limited. Witless Bay continues to remain a major breeding area for Leach's Storm­
Petrel. Northern Fulmars appear to have stopped increasing in the Reserve and 
numbers have somewhat stabilized. 

In light of potential and possible future threats to seabird populations, it becomes 
increasingly important to understand how factors influence population demographics. 
Population dynamics can be influenced by changing forage fish distribution, a changing 
local fishery, by-catch, climate change, mortality from chronic oil pollution, hunting, 
changing predator distribution and colony disturbance (Montevecchi and Tuck 1987, 
Chapdelaine et al. 2001, Montevecchi 2002). Continuing the monitoring of seabird 
colonies will help to understand which factors are most important in influencing seabird 
populations. Future work should focus on Green Island, as the size of the second largest 
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Common Murre colony in the Northwest Atlantic remains unknown. The large Atlantic 
Puffin population should also be surveyed on Great Island as soon as possible. 

7. Acknowledgments 

Many people have contributed to counting seabirds in the Reserve over the last 5 
years; we thank Carla Baker, Andre Breton, Rachel Bryant, John Chardine, Dave Fifield, 
Scott Gilliland , Paul Harris, Bob Milko, Pat O'Hara, Pierre Ryan and Brian Veitch for their 
help. Anne Storey and her team on Great Island provided information needed for the 
murre k-ratio. We thank Martha Robertson for assisting in the creation of the maps, John 
Chardine for measuring occupied puffin habitat from the maps and Doug Ballam for 
information regarding the legislative history of the Reserve, and Ian Goudie for details on 
past activities on the islands. John Chardine, Dave Fifield and Jean-Franc;ois Rail 
provided helpful comments to improve this report. Permission to work in the Witless Bay 
Islands Ecological Reserve was provided by the Parks and Natural Areas Division, 
Government of Newfoundland and Labrador, and the Canadian Wildlife Service. 
Logistical support from O'Brien's Whale and Bird Boat tours, the Reddick family and 
Sean Power was much appreciated. This work was funded by the Canadian Wildlife 
Service of Environment Canada. 

8. Literature Cited 

Baillie, S. M. 2001. Atlantic Puffin response to changes in capelin abundance in 
Newfoundland and Labrador: an inter-colony and inter-decade comparison . M.Sc. 
Thesis. Memorial University of Newfoundland. 165 p. 

Baillie, S. M., and I. L. Jones. 2003. Atlantic Puffin Fratercula arctica nestling diet and 
reproductive parameters at colonies with high and low capelin Mal/otus villosus 
abundance in Newfoundland and Labrador. Canadian Journal of Zoology 81 : 1598-
1607. 

Baillie, S. M. , and I. L. Jones. 2004. Response of Atlantic Puffin Fratercula arctica to a 
decline in capelin Mal/otus villosus abundance at the Gannet Islands, Labrador in the 
late 1990s. Waterbirds 78: 102-111. 

Birkhead, T. R., and D. N. Nettleship. 1980. Census methods for murres, Uria species: a 
unified approach . Canadian Wildlife Service Occasional Paper No. 43. Ottawa, ON. 

Brown, R. G. B., D. N. Nettleship, P. Germain, C. E. Tull, and T. Davis. 1975. Atlas of 
eastern Canadian seabirds. Canadian Wildlife Service, Ottawa. 220 p. 

Burger, A. E. , and J. F. Piatt. 1990. Flexible time budgets in breeding Common Murres: 
buffers against variable prey abundance. Studies in Avian Biology 14: 71-83. 

Cairns, D. K., K. A. Bredin, and W. A. Montevecchi, 1987. Activity budgets and foraging 
ranges of breeding Common Murres. Auk 104: 218-224. 

Cairns, D. K., W. A. , Montevecchi , V. L. Birt-Friesen, and S. A. Macko. 1990. Energy 
expenditures, activity budgets, and prey harvest of breeding Common Murres. 
Studies in Avian Biology 14: 84-92. 

Cairns, D., and E. Verspoor. 1980. Surveys of Newfoundland seabird colonies in 1979. 
Unpublished Report, Canadian Wildlife Service, St. John's. 237 p. 

Calvert, A. M. and G. J. Robertson. 2002a. Colony attendance and individual turnover of 
Atlantic Puffins in Newfoundland. Waterbirds 25: 382-387. 

Calvert, A. M. , and G. J. Robertson. 2002b. Using multiple abundance estimators to infer 
population trends in Atlantic puffins. Canadian Journal of Zoology 80: 1014-1021. 

Cameron, M. L. 2003. Sex-specific growth and pre-and post-hatching patterns of sex 

17 



allocation in murres (Uria spp.) and Atlantic puffins (Fratercula arctica). M.Sc. 
Thesis. Memorial University of Newfoundland. 111 p. 

Chapdelaine, G., A W. Diamond. R. D. Elliot, and G. J. Robertson . 2001 . Status and 
population trends of the Razorbill in eastern North America . Canadian Wildlife 
Service Occasional Paper No. 1 05. Ottawa, ON. 

Chardine, J. W., G. J. Robertson, P. C. Ryan , and B. Turner. 2003. Abundance and 
distribution of Common Murres breeding at Funk Island, Newfoundland in 1972 and 
2000. Canadian Wildlife Service Technical Report Series No. 404. Atlantic Region. 
Sackville, NB. 

Chatman, E. 1989. The influence of nesting density on the reproductive success of the 
Atlantic Puffin Fratercula arctica (L.) and the Black-legged Kittiwake Rissa tridactyla 
(L.) on Gull Island, Witless Bay, Newfoundland in 1988. B.Sc. Thesis . Memorial 
University of Newfoundland. 49 p. 

Creelman , E. 1987. Sex differences in reproduction effort and the potential for a mixed 
reproduction strategy in the Atlantic puffin (Fratercula arctica). M.Sc. Thesis. 
Memorial University of Newfoundland. 52 p. 

Creelman , E. , and A. E. Storey, 1991. Sex differences in reproductive behavior of 
Atlantic Puffins. Condor 93: 390-398. 

Davoren, G. K. 2001. Predator-prey interaction of Common Murres (Uria aalge) and fish 
in the Northwest Atlantic: foraging strategies on multiple scales. Ph.D. Thesis. 
Memorial University of Newfoundland. 264 p. 

Davoren, G. K. , and W. A Montevecchi. 2003. Consequences of foraging trip duration 
on provisioning behaviour and fledging condition of Common Murres Uria aalge. 
Journal of Avian Biology 34: 44-53. 

Davoren, G. K., W. A Montevecchi, and J. T. Anderson . 2003. Search strategies of a 
pursuit-diving marine bird and the persistence of prey patches. Ecological 
Monographs 73: 463-481. 

Erwin, R. M. 1982. Observer variability in estimating numbers: an experiment. Journal of 
Field Ornithology 53: 159-167. 

Elliott, J. E., A M. Scheuhammer, F. A. Leighton, and P. A Pearce. 1992. Heavy metal 
and metallothionein concentrations in Atlantic Canadian seabirds. Archives of 
Environmental Contamination & Toxicology 22:63-73. 

Eveleigh, E. S. 1974. A study of the ectoparasites of alcids in Newfoundland. M.Sc. 
Thesis. Memorial University of Newfoundland. 176 p. 

Gaston, A J. , and D. N. Nettleship. 1982. Factors determining seasonal changes in 
attendance at colonies of the Thick-billed Murre Uria lomvia . Auk 99: 468-473. 

Gaston, A J., and R. D. Elliot. 1996. Predation by Ravens Corvus corax on BrOnnich's 
Guillemots Uria lomvia eggs and chicks and its possible impact on breeding site 
selection. Ibis 138: 742-748. 

Grimmer, B. L. 1980. Habitat selection of Leach's Storm Petrel (Oceanodroma 
leucorhoa) in three Newfoundland colonies. M.Sc. Thesis. Memorial University of 
Newfoundland. 121 p. 

Hatch, S. A, and M. A Hatch. 1989. Attendance patterns of murres at breeding sites: 
implications for monitoring. Journal of Wildlife Management 53: 483-493. 

Haycock, K. 1973. Ecological studies on Gull Island, Witless Bay, with particular 
reference to the avifauna. M.Sc. Thesis. Memorial University of Newfoundland. 91 p. 

Hearne, E. P. 1998. Effect of tour boat activity within an Ecological Reserve on the 
behavior of three Atlantic alcids: Common Murres Uria aalge, Razorbills Alca torda , 
and Atlantic Puffins Fratercula arctica. M.Sc. Thesis. Memorial University of 
Newfoundland. 94 p. 

18 



Logan, M. S., W. A Montevecchi, and D. Ballam. 2001. Effects of different types of boat 
disturbance on breeding auks. Unpublished manuscript. Memorial University of 
Newfoundland. 

Mahoney, S. P. 1980. Breeding biology and behaviour of the Common Murre (Uria aalge 
aalge (Pont.)) on Gull Island, Newfoundland. M.Sc. Thesis. Memorial University of 
Newfoundland. 155 p. 

Mahoney, S. P., and W. Threlfall, 1981. Notes on the eggs, embryos and chick growth of 
Common Guillemots Uria aalge in Newfoundland. Ibis 123: 211-218. 

Massaro, M. 2000. Investigation of causes and effects of predation by Herring (Larus 
argentatus) and Great Black-backed Gulls (L. marin us) on Black-legged Kittiwakes 
(Rissa tridactyla) on Gull Island, Newfoundland. M.Sc. Thesis. Memorial University 
of Newfoundland. 123 p. 

Massaro, M., J. W. Chardine, I. L. Jones, and G. J. Robertson. 2000. Delayed capelin 
(Mal/otus villosus) availability influences large gull predatory behaviour on black­
legged kittiwakes (Rissa tridactyla) , causing a reduction in breeding success. 
Canadian Journal of Zoology 78: 1588-1596. 

Maunder, J. E., and W. Threlfall. 1972. The breeding biology of the Black-legged 
Kittiwake in Newfoundland. Auk 89: 789-816. 

Montevecchi, W. A 2002. Interactions between fisheries and seabirds. Pages 527-557 
in E.A Schreiber and J. Burger (eds.), Biology of Marine Birds. CRC Press, Boca 
Raton, FL. 

Montevecchi, W. A, and L. M. Tuck. 1987. Newfoundland birds: exploitation, study, 
conservation. Nuttall Ornithological Club, Cambridge, MA 

Montevecchi, W. A, V. L. Birt-Friesen, and D. K. Cairns. 1992. Reproductive energetics 
and prey harvest of Leach's Storm-Petrels in the Northwest Atlantic. Ecology 73: 
823-832. 

Moody, A T. 2001 . An analysis of divorce in the alcid seabird Common Murre (Uria 
aalge) on Great Island, Newfoundland. B.Sc. Thesis. Memorial University of 
Newfoundland. 43 p. 

Moody, AT. , S.1. Wilhelm, M.L. Cameron-MacMillan, C.J. Walsh, and A.E. Storey. 
Divorce in common murres (Uria aalge): relationship to parental quality. Behavioral 
Ecology and Sociobiology, in press. 

Nettleship, D. N. 1972a. Breeding success of the Common Puffin (Fratercula arctica L.) 
on different habitats at Great Island, Newfoundland. Ph.D. Thesis, McGill University, 
Montreal. 122 p. 

Nettleship, D. N. 1972b. Breeding success of the Common Puffin (Fratercula arctica L.) 
on different habitats at Great Island, Newfoundland. Ecological Monographs 42: 239-
268. 

Nettleship, D. N. 1980. A guide to the major seabird colonies of eastern Canada: 
identity, distribution and abundance. Studies of northern seabirds, Canadian Wildlife 
Service, Report No. 97. 132 p. 

Nettleship, D. N., and R. D. Montgomerie. 1974. The Northern Fulmar (Fulmaris 
glacia/is) breeding in Newfoundland. American Birds 28: 16. 

Neuman, J. A. 1993. Aspects of the behaviour and ecology of Black-legged Kittiwakes, 
Rissa Tridactyla, breeding at two sites in Newfoundland, 1990-1991. M.Sc. Thesis. 
Memorial University of Newfoundland. 206 p. 

Noble, D. G., and S. P. Burns. 1990. Contaminants in Canadian seabirds. A state of the 
environment fact sheet. Environment Canada, Ottawa, ON. 12p. 

Noble, D. G., and J. E. Elliott. 1986. Environmental contaminants in Canadian seabirds, 
1968-1985: trends and effects. Canadian Wildlife Service Technical Report 13. 
Ottawa, ON. 275 p. 

19 



Pearce, P. A. , J. E. Elliott, D. B. Peakall , and R J. Norstrom. 1989. Organochlorine 
contaminants in eggs of seabirds in the Northwest Atlantic, 1968-1984. 
Environmental Pollution 56:217-235. 

Pearce, P. A., D. B. Peakall, and L. M. Reynolds. 1979. Shell thinning and residues of 
organochlorines and mercury in seabird eggs, eastern Canada, 1970-76. Pesticides 
Monitoring Journal 13:61-68. 

Peters, H. S., and T. D. Burleigh. 1951 . The birds of Newfoundland. Department of 
Natural Resources, St. John's, NL. 431 p. 

Piatt, J. F. 1987. Behavioural ecology of Common Murre and Atlantic Puffin predation on 
capelin : implications for population biology. Ph.D. Thesis . Memorial University of 
Newfoundland. 311 p. 

Piatt, J. F. 1990. The aggregative response of Common Murres and Atlantic Puffins to 
schools of capelin. Studies in Avian Biology 14: 36-51. 

Piatt, J. F. , and D. N. Nettleship. 1985. Diving depths of four alcids. Auk 102: 293-297. 
Piatt, J. F., and D. N. Nettleship. 1987. Incidental catch of marine birds and mammals in 

fishing nets off Newfoundland, Canada. Marine Pollution Bulletin 18: 344-349. 
Piatt, J. F., D. N. Nettleship, and W. Threlfall, 1984. Net-mortality of Common Murres 

and Atlantic Puffins in Newfoundland, 1951-81. Pages 196-206 in D.N. Nettleship, 
G.A. Sanger, and P.F. Springer (eds.), Marine Birds: their feeding ecology and 
commercial fisheries relationship Canadian Wildlife Service Special Publication, 
Ottawa. 

Pierotti, R 1982. Habitat selection and its effect on reproductive output in the Herring 
Gull in Newfoundland. Ecology 63: 854-868. 

Pierotti, R 1983. Gull-puffin interaction on Great Island, Newfoundland. Biological 
Conservation 26: 1-14. 

Pierotti, R , and C. A. Annett. 1991. Diet choice in the Herring Gull: constraints imposed 
by reproductive and ecological factors. Ecology 72: 319-328. 

Rail, J.-F., and G. Chapdelaine. 2002. Quinizieme inventaire des oiseaux marins dans 
les refuges de la Cote Nord: techniques et resultats detailles. Series de rapports 
techniques no. 392. Service canadien de la faune, region du Quebec, 
Environnement Canada, Sainte-Foy, QC. 

Regehr, H. 1994. Breeding performance of Black-legged Kittiwakes on Great Island, 
Newfoundland, during periods of reduced food availability. M.Sc. Thesis. Memorial 
University of Newfoundland. 199 p. 

Regehr, H. M., and W. A. Montevecchi. 1997. Interactive effects of food shortage and 
predation on breeding failure of black-legged kittiwakes: indirect effects of fisheries 
activities and implications for indicator species. Marine Ecology Progress Series 155: 
249-260. 

Regehr, H. M., and M. S. RodwC\y. 1999. Seabird breeding performance during two 
years of delayed capelin arrival in the Northwest Atlantic: a multi-species 
comparison. Waterbirds 22: 60-67. 

Rice, J. 1985. Interactions of variation in food supply and kleptoparasitism levels on the 
reproductive success of Common Puffins (Fratercula arctica). Canadian Journal of 
Zoology 63: 2743-2747. 

Rice, J. 1987. Behavioural responses of Common Puffins to kleptoparasitism by Herring 
Gulls. Canadian Journal of Zoology 65: 339-347. 

Robertson, G. J., D. Fifield, M. Massaro, and J. W. Chardine. 2001. Changes in nesting­
habitat use of large gulls breeding in Witless Bay, Newfoundland. Can . J. Zool. 79: 
2159-2167. 

20 



-

Robertson, G. J., and R. D. Elliot. 2002a. Population size and trends of seabirds 
breeding in the Gannet Islands, Labrador. Canadian Wildlife Service Technical 
Report Series No. 393. Atlantic Region. Mount Pearl, NF. 

Robertson, G. J., and R. D. Elliot. 2002b. Changes in seabird populations breeding on 
Small Island, Wadham Islands, Newfoundland Canadian Wildlife Service Technical 
Report Series No. 381. Atlantic Region. Mount Pearl, NF. 

Robertson, G. J., J. Russell, and D. Fifield. 2002a. Breeding population estimates for 
three Leach's Storm-Petrel colonies in southeastern Newfoundland, 2001 . Canadian 
Wildlife Service Technical Report Series No. 380. Atlantic Region, Mount Pearl , NF. 

Robertson, G. J., R. D. Elliot, and K. Chaulk. 2002b. Breeding seabird populations in 
Groswater Bay, Labrador, 1978 and 2002. Canadian Wildlife Service Technical 
Report Series No. 394. Atlantic Region. Mount Pearl, NF. 

Rodway, M. S. 1994. Intra-colony variation in breeding success of Atlantic Puffin: an 
application of habitat selection theory. M.Sc. Thesis . Memorial University of 
Newfoundland. 150 p. 

Rodway, M. S. 1997. Relationship between wing length and body mass in Atlantic Puffin 
chicks. Journal of Field Ornithology 68: 338-347. 

Rodway, M. S. , and W. A. Montevecchi. 1996. Sampling methods for assessing the diets 
of Atlantic Puffin chicks. Marine Ecology Progress Series 144: 41-55. 

Rodway, M. S., and H. M. Regehr, 1999. Habitat selection and reproductive 
performance of food-stressed Herring Gulls. Condor 101: 566-576. 

Rodway, M. S., H. M. Regehr, and J. W. Chardine. 1996. Population census of breeding 
Atlantic Puffins at Great Island, Newfoundland in 1993-1994. Canadian Wildlife 
Service Technical Report Series No. 263, Atlantic Region . Sackville, NB. 

Rodway, M. S., J. W. Chardine, and W. A. Montevecchi. 1998. Intra-colony variation in 
breeding performance of Atlantic Puffins. Colonial Waterbirds 21: 171-184. 

Rodway, M. S. , H. M. Regehr, and J. W. Chardine. 2003. Status of the largest breeding 
concentration of Atlantic Puffins, Fratercula arctica, in North America. Canadian Field 
Naturalist 117: 70-75. 

Roy, N. A. 1986. The breeding biology and behaviour of Great Black-backed Gulls 
(Larus marinus L.) in Newfoundland. M.Sc. Thesis, Memorial University of 
Newfoundland. 103 p. 

Stenhouse, I. J. 1998. Habitat utilization and breeding success of Leach's Storm-Petrel. 
M.Sc. Thesis. Memorial University of Newfoundland. 61 p. 

Stenhouse, I. J. and W. A. Montevecchi. 1999a. Indirect effects of the availability of 
capelin and fishery discards: gull predation on breeding storm-petrels. Marine 
Ecology Progress Series 184: 303-307. 

Stenhouse, I. J., and W. A. Montevecchi. 1999b. Increasing and expanding populations 
of breeding Northern Fulmars in Atlantic Canada. Waterbirds 22: 382-391. 

Stenhouse, I. J., and W. A. Montevecchi. 2000. Habitat utilization and breeding success 
in Leach's Storm-Petrel: the importance of sociality. Canadian Journal of Zoology 78: 
1267-1274. 

Stenhouse, I. J., G. J Robertson and W. A. Montevecchi. 2000. Herring Gull Larus 
argentatus predation on Leach's Storm-Petrels Oceanodroma leucorhoa breeding on 
Great Island, Newfoundland. Atlantic Seabirds 2: 35-44. 

Threlfall , W. 1968a. The food of three species of gulls in Newfoundland. Canadian Field­
Naturalist 82: 176-180. 

Threlfall , W. 1968b. The helminth parasites of three species of gulls in Newfoundland. 
Canadian Journal of Zoology 46: 827-830. 

Threlfall , W. 1968c. The helminth parasites of the American herring gull (Larus 
argentatus Pont.) in Newfoundland. Canadian Journal of Zoology 46: 1119-1126. 

21 



Tuck, L. M. 1961. The murres. Canadian Wildlife Series 1. Canadian Wildlife 
Service. Ottawa. 260 p. 

Veitch, B. G. 2003. Diet choice and reproductive success of Great Black-backed Gulls 
(Larus marinus) and impacts on local seabird populations. M.Sc. thesis, Memorial 
University of Newfoundland, st. John's, NL. 61 p. 

Walsh, C. J. 2001. Copulation behaviour, paternity and genetic relatedness in Common 
Murres (Uria aa/ge). Ph.D. Thesis. Memorial University of Newfoundland. 219 p. 

Wilhelm, S. I. 2004. Behavioural and physiological responses of breeding Common 
Murres (Uria aa/ge): exploring inter-annual variability within individuals. Ph.D. Thesis. 
Memorial University of Newfoundland. 170 p. 

Wilhelm, S. I., and A. E. Storey. 2002. Influence of cyclic pre-lay attendance on 
synchronous breeding in Common Murres. Waterbirds 25: 156-163. 

Wilhelm, S. I., and A. E. Storey. 2004. Temporal comparisons in feeding ecology and 
growth of young common guillemots Uria aa/ge. Atlantic Seabirds 6: 49-66. 

Williams, B. K., J. D. Nichols and M. J. Conroy. 2002. Analysis and management of 
animal popUlations: modeling, estimation and decision making. Academic Press, San 
Diego, California. 

22 

-

-\ 



-

Table 1. Boat counts (individuals) , k-ratios and breeding population size estimates 
(pairs) of Common Murres on Gull and Great Island, Witless Bay, 2001-2003. 

Boat count Cairns plot' Population estimate 
Year Gull Island Great Island Eggs / adults k-ratio Gull Island Great Island 
2001 2004 1 172 ± 1402 

2002 1 636 9 996 30/49 0.61 ± 0.07 998 ± 115 6 098 ± 700 
2003 2814 12706 29/50 0.58 ± 0.07 1 632 ± 197 7 369 ± 889 
, data courtesy of Anne Storey 

2 based on mean of k-ratio from 2002 and 2003 
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Table 2. Estimates of the number of pairs of Common Murres breeding on Gull and 
Great Islands, Witless Bay, Newfoundland. 

Year Gull Island Great Island Source 
1942 50 Peters and Burleigh (1951) 
1962 4 Haycock (1973) 
1969 136 Haycock (1973) 
1970 260 Haycock (1973) 
1971 316 Haycock (1973) 
1972 1 970 M. Clements, unpubl. data 
1973 680 2800 Brown et al. (1975) 
1977 589 Mahoney (1980) 
1978 687 Mahoney (1980) 
1979 680 Cairns and Verspoor (1980) 
2001 1 172 this study 
2002 998 6098 this study 
2003 1 632 7369 this study 
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Table 3. Boat and ground counts of Razorbills on Gull and Great Island, 1999-2003. 
Dates of survey are below the count. 

Gull Island Great Island 
Year Ground count Boat count Ground count Boat count 
1999 172 

(22 June) 
2000 261 

(20 July) 
2001 213 94 

(17-18 July) (15 June) 
2002 228 142 185 

(8 July) (4 July) (4 July) 
2003 285 195 221 138 

(15 July) (2 July) (11 July) (2-3 July) 

25 



Table 4. Estimates of the number of Razorbill breeding pairs on Gull and Great Islands, 
Witless Bay, Newfoundland. 

Year Gull Island Great Island Source 

1943 25 Peters and Burleigh (1951) 
1959 10 L. M. Tuck, pers. comm. in 

Haycock (1973) 
1969 39 Haycock (1973) 
1970 47 Haycock (1973) 
1971 37 Haycock (1973) 
1972 70 M. Clements, unpubl. data 
1973 30 120 Brown et al. (1975) 
1979 50 100 Cairns and Verspoor (1980) 
1983 60 Montevecchi and Tuck (1987) 
1999 172 this study 
2000 261 this study 
2001 213 this study 
2002 228 185 this study 
2003 285 221 this study 
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Table 5. Occupancy rates, burrow densities and extent of occupied areas of Atlantic Puffins breeding on Gull Island in 2003. 
Horizontal occupied areas are areas measured directly from maps, while slope corrected areas were used to extrapolate total puffin 
breeding population size. Sample sizes to calculate standard errors and 95% confidence intervals for areas occupied are based on 
the four replicates of measurements taken with the planimeter. All others are based on the number of plots assessed . 

North 
Number of plots 10 

Occupied hole rate 0.409 ± 0.030 
(0.340 - 0.477) 

Occupied burrow rate 0.592 ± 0.041 
(0.499 - 0.684) 

Burrow density (1m2) 1.284 ± 0.064 
(1 .140 - 1.428) 

Occupied burrow 0.760 ± 0.084 
density (1m2) (0.572 - 0.947) 

Horizontal occupied 31 422 ± 174 
area (m2

) (30868 - 31 976) 

Angle of plots (0) 17.8 ± 3.2 
(10.7 - 24.9) 

Slope corrected 33002 ± 194 
occupied area 1 (m2

) (32385 - 33 619) 

Total population size 25072 ± 2 629 
(pairs) (19123 - 31 020) 

1Calculated by 
ah 

a correcled = cas( B) . 

East 
12 

0.424 ± 0.044 
(0.326 - 0.522) 

0.637 ± 0.054 
(0.517 - 0.756) 

1.030 ± 0.121 
(0.764 - 1.296) 

0.659 ± 0.088 
(0.465 - 0.847) 

75684 ± 45 
(75 541 - 75 827) 

27.3 ± 2.4 
(22.1 - 32.6) 

85194 ± 116 
(84825 - 85563) 

55870 ± 7149 
(39698 - 71 605) 

South West 
8 10 

0.358 ± 0.044 0.351 ± 0.037 
(0.254 - 0.462) (0.267 - 0.434) 

0.570 ± 0.061 0.493 ± 0.045 
(0.425 - 0.715) (0.390 - 0.596) 

0.735 ± 0.208 0.984 ± 0.088 
(0.2422 - 1.228) (0.786 - 1.182) 

0.419 ± 0.129 0.485 ± 0.046 
(0.122 - 0.717) (0.384 - 0.587) 

39043 ± 85 75178 ± 20 
(38771 - 39 313) (71 514 - 71 642) 

25.4 ± 3.7 32.9 ± 1.4 
(16.7 - 34.1) (29.7 - 36.1) 

43213±131 85215±66 
(42797 - 43630) (85040 - 85 461) 

18115±5219 41 372 ± 3 667 
(6 308 ~ 30 457L_{33 055 - 49 690) 

Where e is the mean angle of the slope and ah is the horizontal measure of the occupied area. 

Total 
40 

0.392 ± 0.020 
(0.352 - 0.432) 

0.578 ± 0.026 
(0.526 - 0.630) 

1.023 ± 0.066 
(0.890-1 .156) 

0.591 ± 0.039 
(0.513 - 0.669) 

217727 ± 100 
(217514 - 217 940) 

26.0 ± 1.6 
(22.8 - 29.1) 

246660 ± 135 
(246373 - 246947) 

140429 ± 5 088 
(130137 -150 721) 
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Table 6. Occupancy rates, burrow densities and assumed extent of occupied areas of 
Atlantic Puffins breeding on Gull Island and Great Island, in 1984 and 1985. Sample 
sizes to calculate standard errors and 95% confidence intervals are based on the 
number of plots assessed. 

Gull Island Great Island 
1984 1985 1984 1985 

Number of plots 100' 128' 40 45 

Occupied hole rate 0.541 ± 0.018 0.557 ± 0.015 0.573 ± 0.027 0.617 ± 0.024 
(0.504 - 0.578 (0.526 - 0.587) (0.518 - 0.627) (0.568 - 0.665) 

Occupied burrow 0.792 ± 0.017 0.874 ± 0.011 0.843 ± 0.015 0.904 ± 0.011 
rate (0.759 - 0.825) (0.852 - 0.825) (0.812 - 0.875) (0.882 - 0.926) 

Burrow density (1m2
) 0.349 ± 0.029 0.310 ± 0.023 0.764 ± 0.066 0.701 ± 0.055 

(0.291 - 0.408) (0.265 - 0.356) (0.660 - 0.928) (0.592 - 0.811) 

Occupied burrow 0.276 ± 0.025 0.271 ± 0.021 0.669 ± 0.061 0.634 ± 0.050 
density (1m2

) (0.228 - 0.325) (0.229 - 0.313) (0.545 - 0.793) (0.533 - 0.734) 

Occupied area (m2)a 113796 113796 129518 129518 

Total population size 31454 ± 2 799 30832 ± 2 417 86692 ± 7 955 82076 ± 6 461 
(pairs) (25895 - 37 013) (26044 - 35 620) (70614 - 102770) (69062 - 95090) 

1 Only 94 and 119 plots used in the calculations in Gull Island in 1984 and 1985, 
respectively, as 6 and 9 plots did not contain any burrows. 
a from Cairns and Verspoor (1980), based on measurements made in 1979. 
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Table 7. Population size estimates (in pairs) for Atlantic Puffins breeding on Gull and 
Great Island, Witless Bay. 

Year Gull Island Great Island Source 
1942 1 000 Peters and Burleigh (1951) 
1950 5000 5000 L. M. Tuck pers comm. to D. N. 

Nettleship 
1969 100000 Haycock (1973) 
1973 60000 148000 Brown et al. (1975) 
1979 29726 51 653 Cairns and Vespoor (1980) 

(71 000)1 
1984 31454 86692 this study 
1985 30832 82076 this study 
1994 123000 Rodway et al. (1996, 2003) 
2003 140429 this study 

1 Revised estimate provided by Rodway et al. (1996, 2003). 
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Table 8. Estimates of the number of Black-legged Kittiwake breeding pairs on Gull and 
Great Islands, Witless Bay, Newfoundland. 

Year Gull Island Great Island Source 

1942 500 Peters and Burleigh (1951) 
1950 500 500 L. M. Tuck pers comm. to D. N. 

Nettleship 
1951 500 L. M. Tuck, pers. comm. in 

Haycock (1973) 
1968 23229 Brown et al. 1975 
1969 6977 Haycock (1973) 
1970 8306 Haycock (1973) 
1971 10140 Haycock (1973) 
1994 23787 Rodway et al. (1996) 
2001 5204 this study 
2002 4070 10237 this study 
2003 4314 9292 this study 
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Table 9. Number of Northern Fulmar breeding pairs (egg/chick present at site) and 
number of site-holding pairs, possibly breeding or on empty site, in parentheses, on Gull 
and Great Island, Witless Bay. 

Year 
1973 
1974 
1975 
1979 
1983 
1989 
1993 
1994 
1996 
1997 
1999 
2000 
2001 
2002 
2003 

Gull Island 

(1 ) 
(2) 

3 + (1) 
(4) 

1 + (6) 
(2) 
(1 ) 
4 

(6) 

Great Island 
6+(4) 
(8-10) 
(12) 

17+(11) 
(17) 

(17) 
(29) 

10+(36) 
18+(30) 

(19) 
(34) 

Source 
Nettleship and Montgomerie (1974) 

Stenhouse and Montevecchi (1999b) 
Stenhouse and Montevecchi (1999b) 

Cairns and Verspoor (1980) 
Stenhouse and Montevecchi (1999b) 
Stenhouse and Montevecchi (1999b) 
Stenhouse and Montevecchi (1999b) 
Stenhouse and Montevecchi (1999b) 
Stenhouse and Montevecchi (1999b) 
Stenhouse and Montevecchi (1999b) 

this study 
this study 
this study 
this study 
this study 
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Table 10. Most recent population sizes estimates for breeding seabirds on Gull and 
Great Islands, Witless Bay Ecological Reserve. 

Gull Island Great Island 
Year Population size Year Population size Sources 

{~airs} {~airs} 
Common Murre 2003 1 632 2003 7369 this study 
Razorbill 2003 285 2003 221 this study 
Atlantic Puffin 2003 140429 1994 123000 this study, Rodway et 

al. (2003) 
Black-legged 2003 4314 2003 9292 this study 

Kittiwake 
Great Black- 2000 88 2000 28 Robertson et al. (2001) 

backed Gull 
Herring Gull 2000 2698 2000 1 640 Robertson et al. (2001) 
Northern Fulmar 2003 6 2003 34 this study 
Leach's Storm- 2001 351 866 1997 269765 Robertson et al. 

Petrel (2002a), Stenhouse et 
al. {2000} 
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Figure 1. Map of the Witless Bay Islands Ecological Reserve, Newfoundland. Line 
surrounding the islands represents the current boundary protecting the Reserve from 
commercial marine traffic, as defined in the Witless Bay Islands Ecological Reserve 
Management Plan (1994). 
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Figure 2. Distribution of Common Murres breeding on Gull Island, Witless Bay, 1971 and 
2001, based on boat counts of individual adults. 
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Figure 3. Distribution of Common Murres breeding on Gull Island, Witless Bay, 2002-
2003, based on boat counts of individual adults. 
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Figure 4. Distribution of Common Murres breeding on Great Island, Witless Bay, 2002-
2003, based on boat counts of individual adults. 
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Figure 5. Distribution of Razorbills breeding on Gull Island, Witless Bay, 1971-1999, 
based on ground counts of individual adults. 
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Figure 6. Distribution of Razorbills breeding on Gull Island, Witless Bay, 2000-2001, 
based on ground counts of individual adults. 
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Figure 7. Distribution of Razorbills breeding on Gull Island, Witless Bay, 2002-2003, 
based on ground counts of individual adults. 
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Figure 8. Distribution of Razorbills breeding on Great Island, Witless Bay, 2002-2003, 
based on boat counts of individual adults. 
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Figure 9. Extent of occupied breeding habitat by Atlantic Puffins on Gull Island 2003. 
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Figure 10. Distribution of Black-legged Kittiwakes breeding on Gull Island, Witless Bay, 
2001-2003, based on boat counts of apparently occupied nests. 
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Figure 11. Distribution of Black-legged Kittiwakes breeding on Great Island, Witless Bay, 
2002-2003, based on boat counts of apparently occupied nests. 
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Figure 12. General nesting locations of Northern Fulmars on Gull and Great Island, 
1999-2003. 
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