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ABSTRACT

Nathalie Bays Natural Resource
Sciences

This study was initiated to determine the effects of Herring Gulls (lArus

argenta/us) on the vegetation and soils of their nesting sites within the Mingan Island

National Park Reserve. Both vegetation (species composition, cover, density, growth) and

soil charCÎCteristics (PH, N, P, K, Ca, Mg) were monitored throughout the 1995 breeding

season. Exclosures were installed within the colonies as control sites to prevent gull

activity and these were compared to "treatment plots" or areas where gulls were present.

AlI plants loeated at the study sites were native perennials with the exception ofSte/laria,

a native annual. Ledum groenlandicum was the only plant species significantly affected

by gull activities. Both % cover and shoot growth for Ledum were greater in the

exclosures than in the treatment plots over the breeding season. The gulls were aIso found

to significantly increase pH and phosphorous levels in the sail through the deposition of

faeces. Gull roosting sites were found ta have higher nutrient levels than the nesting areas .

(treatment plots). The gulls appear to have minor effects over the short term, however the

increases in sail nutrients may lead to significant changes over the long term. It is

therefore imperative the excIosures remain in place to monitor for anY long tenn changes

which may occur.
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RÉSUMÉ

Nathalie Bays Natural Resource
Sciences

"'.'.:,:

Cette étude avait pour but de détenniner l'effet des goélands argentés (Larus

argentalUs) sur la végétation et les sols aux alentours de leurs sites de nidification à la

Résèrve du ~arc National de l'archipel de Mingan. La végétation (espèces, couverture,

densité, croissance) ainsi que les nutriments du sol (pH, N, P, K, Ca, Mg) ont été suivis

pendant la saison de reproduction 1995 dans des traitements (avec goélands) et des exclos

contrôles excluant toute activité de reproduction des goélands argentés. Les éspèces

végétales retrouvées dans les sites étaient toutes spontanées et vivaces avec l'exception de

Ste//aria. une plante annuelle. Ledum groenlandicum est la seul éspèce qui a été affectée

par les goélands et dont le pourcentage de recouvrement et la croissance a été

significativement (P < 0.10) plus elevés dans les exclos-contrôles que dans les traitements.

Les goélands ont également eu un effet sur les sols en augmentant significativement

(P<O.lO) le pH ainsi que le taux de phosphore. Les lieux de repos des goélands avaient

des niveaux de nutriments plus élevés que les périmetres (sites de nidification). Les

goélands ont eu peut d'effet significatif à cour terme mais il est impératif que les exclos

restent en place pour surveiller les changements possibles à long tenne.
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PREFACE

This thesis deals with the effects of Herring Gulls (Laros argentatus) on the

vegetation and soils oftheir nesting sites in the Mingan Island National Park Reserve and

is presented in the traditional thesis format in two main sections. The first section is a

general discussion ofthe literature pertaining to the fragility of maritime tundra vegetation

and the effects of marine birds on vegetation. It also incIudes a brief discussion on the

distribution and abundance of Herring GuIIs, as well as the management of this species.

The second section focuses more specifie impacts of the Herring Gulls on the vegetation

oftheir breeding sites. This section aIso includes information on the study site, materials

and methods, results and final discussionlrecommendations.

x
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SECTION 1:

LITERATURE REVIEW

Introduction

The attention given to the vascular fiora of the Mingan Island National Park

Reserve began when Frère Marie-Victorin performed an intensive study of the area

between 1924 and 1928 (Belland et al. 1992). His detailed inventory (Marie-Victorin and

Rolland Gennain 1969) brought attention to the uniqueness of the island fiora. The rare

plants of the archipelago faH into one of five categories: a) Endemic - species confined

to the gulf of St Lawrence; b) Cordilleran - species which are found in the Rockies but

are rare in eastem Canada; c) Arctic-alpine - species at the southem lirnit of their

distribution; d) Fragmented boreal - species which grow in the boreal zone but require

limestone; e) Species at the northern limit oftheir distribution. Vegetative communities

have been under the protection of Parks Canada since the opening of the park in 1984.

Once threatened by intensive hunting and egg-collecting, the birds of the area are also

protected within the park. A conflict becomes evident when protected gulls are believed

to be a causal element in the destruction of the protected vegetation.

This study was therefore initiated at the request and with the collaboration of

Parks Canada to determine the effects of the Herring Gulls (Larus argentatus) on the

vegetation and soils of their nesting sites, as this was deemed imperative for any future

management decisions for the area.



Tundra Vegetation

Maritime Tundra is an area with no trees present, dominated by low shrubs and

herbaceous plants located on a coastline or adjacent to a body of salt water (Bliss 1971).

This type of habitat is particularly sensitive to physical trampling, du·e to its slow growth

rate (Pounder 1985, Gratton et al. 1988) and shows an extremely 10w recovery rate after

disturbance. Visits by only 11-15 people on a trail can result in a loss of 50% of the

vegetative cover (Gratton et al. 1988). This trampling by people kills plants directly and

initiates an erosion process which allows soil particles to be washed away from

unprotected soil during heavy rain (Willard and Marr 1971, Pounder 1985). The damaging

effects ofh~avy trampling are long tenn and are not restored by seasonal growth (Babb

and Bliss 1974, Pounder 1985). Trampling aIso causes indirect effects, such as changes

in both the physical and chemical composition ofthe soil (Gouvernain 1996). Physically,

soil porosity is decreased while bulk density increases, limiting sail aeration ta plant roots.

Compacted soils hold humidity for longer periods and have a higher temperature than

non-compacted soils, making minerai uptake difficult for the plants (Gouvernain 1996).

More extreme disturbance such as vehicle compaction results in significant decreases in

species richness when compared ta undisturbed sites (Chapin and Shaver 1981). The

crushing effect on the vegetation increases decomposition due ta the increased proximity

of soil mic~obes (Rickard and Brown 1974) causing a thaw of the permafrost layer

(Rickard and Brown 1974, Gersper and Challinor 1975). The improved nutrient status,

as a resuIt of this decomposition, in nutrient poor soil explains the increased resistance

2
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and produetivity ofthose plants which can survive the trampling process. Light levels of

disturbance cao be beneficial, whereas heavy levels bring about irreversible damage to the

vegetation (Challinor and Gersper 1975, Gersper and Chalinor 1975). Both the weight of

the impact and the frequency of disturbance play a Tole in the impact on both the

vegetation and soil of the affected area.

Marine Birds and Vegetation

Many marine bird species have been sho'Wll to alter vegetation in and around their

nesting sites (Gillham 1960a, Soots and Parnell 1975). Most seabirds are colonial nesters,

which intensifies effects on the ecological pattern of plant succession through defecation

and trampling (Gillham 1977). Seabird faeces are considered to be the major contributoTs

of nitrogen, phosphorous, potassium, and sometimes calcium and suIfur into the soil

(Burger et al. 1978). The toxicity of the faeces leads to vegetation which is specialized,

displacing native vegetation. However, in small quantities, seabird faeces cao constitute

a powerful fertilizer, and may enhance the vegetation when deposited onto the soil

(GiIJham 197Î, Bosman and Hockey 1986).

Several different studies have looked at the effects ofdifferent marine bird species

on the vegetation and soils on their breeding sites (Lewis 1929, Russell 1940, Gillham

1960b, GilIham 1963, Ishizuka 1966, Blakemore and Gibbs 1968, Weseloh and Brown

1970, Dusi 1977, Smith 1978, DesGranges et al. 1984, Bazely and Jefferies 1985,

Grondin et al. 1986, Mizutani et al. 1986, Mizutani and Wada 1988, MooTs et al. 1988,

3



Mizutani et al. 1991, Gaston and Donaldson 1995, Hawke and Powell 1995, Headley

1996). The m.ost damaging elements ofbird activity are faeces deposition, and, to a lesser

extent, trampling of vegetation. Sorne of these effects are summarized in Table 1.

The effects of birds on the soil and vegetation are therefore dependent on both the

quantity and frequency offaeces deposited in a given area. The population ofbird species

on the breeding sites and the spacing between territories helps to determine these possible

effects. The fragility of the plant species found within the colonies also determines how

they will react to a moderate or high activity level by the birds. Tundra vegetation is

extremely vulnerable to human trampling activities, however few studies have examined

the effects of the birds on this type ofvegetation.

Distribution and Abundance of Herring GuUs

The Herring Gull is the most common gull in Quebec (Gauthier et Aubry 1995).

Herring Gulls have a circumpolar breeding range and can be found on most shorelines of

either salt or freshwater. In winter, the guUs may also he found along the coastline from

Canada to Mexico (Pierotti and Good 1994).

In the nineteenth century, egg collecting and reduction of fish stocks contributed

to the decline ofHerring Gull numbers to a point where they were considered rare by the

Audubon Society (Fumess and Monaghan 1987, Lloyd et al. 1991, Pierotti and Good

1994). However, by the tum ofthe century, Herring Gull populations had increased in size

and distribution in many areas of the world (Thomas 1972, Sobey and Kenworthy 1979,

4
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Chapdelaine et Bourget 1981) either because of increases in food availability with the

increase in garbage and landfill sites, or an increase in the availability of small fish due

to a gene~a1 decrease in piscivorous cetacean and pinniped populations (Pierotti and Good

1994). However, between 1988 and 1993, another turn-around occurred when a sharp

decline (24%) (Chapdelaine 1995) in Herring Gull populations was documented in most

sanctuaries along the north shore of the Gulf of St Lawrence. Similar declines have been

noted in the Gaspé Peninsula with a 41 % decrease from 1979 to 1989 (Chapdelaine and

Brousseau 1992). It is suspected that the crash ofAtlantic fish stocks due ta overfishing

influenced this decline, although other marine bird species (e.g. alcids) which specialize

on fish actually increased during this period (Chapdelaine 1995). The decline of the

fisheries also affects guUs indirectly because of the decrease of fishing boats on the water

which p~ovide a source of food. Fish preparation plants, another source of food, have

c10sed down. One of the similarities between two declining species, Herring Gulls and

Kittiwake Gulls (Rissa tridacty/a), is that they feed on surface waters near the shore. The

cooling of these waters in the early 1990's (Montevecchi and Myers 1996), may have

decreased the availability of certain fish species, such as the capelin (Mallotus vil/osus).

Because of the decreased surface temperature of the water, these fish remain at lower

depths in the water, making them unavailable to surface-feeding birds, and thereby

leading to the decreased reproductive success of both species (Montevecchi and Myers

1996).

5
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In Britain and Ireland, Herring Gull populations are a1so declining according to

censuses conducted in the mid and late 1980's. Western European colonies have shown

the sharpest decline, where populations are estimated to have more than halved (Lloyd et

al. 1991). The few populations which increased did not change the overall decline of

26% in the Irish breeding population (Lloyd et al. 1991). These declines are believed to

be due in part to diseases such as salmonella and botulism contracted at refuse tips.

Herring Gulls following fishing trawlers lose over half of the fish they have caught to

stronger competitors such as Greater Black-backed Gulls (Laros marinus}, Gannets (Sula

bassanus) and Great Skuas (Catharacta skua) (Lloyd et al. 1991).

Although there has been an increase in Larus spp. in Gros Morne National Park

in Newfoundland, whether Herring Gulls populations have ehanged is unknown (Howes

and Montevecchi 1993).

Management of GuUs

When gulls are believed to cause damage to their breeding areas or displaee other

breeding birds, management techniques have been utilized to keep populations down.

Techniques employed have included culling, egg smashing and spraying of eggs with oil

(Thomas ]972, Pierotti and Good 1994). In Aberdeen, Scotland, thousands ofgulls have

been killed to keep the numbers down to a "satisfactory level" (Sobey 1976). This euH was

initiated by the Nature Conservancy Council as part of a management plan for the Isle of

May National Nature Reserve (Coulson et al. 1982). Similar culls have occurred in Britain

and Ireland as weIl as several other European eountries (Lloyd et al. 1991).

6



Gulls are not only considered a pest species due to their opportunistic feeding

habits, but ~ey also take over nesting areas which could be used by other more

vulnerable marine species such as puffins (Fratercula arctica)(Thomas 1972), Common

(Stema hirundo) and Caspian Tems (Hydroprogne caspia), and Piping Plovers

(Charadrius melodus) (Blokpoel and Tessier 1984). It is believed that large numbers of

gulls may pose a hazard to human health when volatile faeces which harbour fungal and

bacterial diseases may be inhaled. They also contribute to the bacterial degradation of

recreational water (Blokpoel and Tessier 1984, Levesque et al. 1993). Along with other

bird species, gulls have caused serious accidents near airfields by colliding with aircraft

(Murton and Wright 1968, Wright 1980).

Monofilament cages have recently been used to keep gulls away from sensitive

areas to prevent the negative public reaction associated with killing large numbers of

animaIs (Blokpoel and Tessier 1983). In sorne areas, control structures such as exclosures

have been built ta keep whole areas free of gulls (Blokpoel and Tessier 1983, 1984,

Robinson 1991). Small islands near a Hydro-electric plant in Beauharnois, Québec were

covered with large exclosures made with monoftlament to prevent the gulls from nesting.

Monofilament wires have also been used al fish hatcheries as a control method to reduce

predation on fish by golls (Ostergaard 1981), and even to exclude gulls from areas where

they are believed to exclude other marine bird species (Robinson 1991). Although the

monofilament lines are effective and show immediate results, problems occur when the

gulls have no alternative breeding sites. Exclosures need to be checked frequently to

remove birds entangled in the wires (Blokpoel and Tessier 1983)

7
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SECTION II:

The effects of Herring Gulls (Larus argentatus) on the vegetation and soils of their

nesting sites.

INTRODUCTION

Nesting activities of Herring gulls (Lams argentalus) have been the subject of

much interest in the past few years. This is in part due to the dramatic increase in

population density and distribution of this species in many areas of the world at the tum

of the century (Sobey and Kenworthy 1979). The other focus of attention is due to its

opportunistic feeding habits having given it the reputation of being a "pest" species

(Monaghan 1983).

One of the main reasons for people wishing to prevent gulls from nesting is

concern over the drastic effects gulls have on vegetation where they nest (Gillham ]956a,

1956b, 1961, Géhu and Géhu-Frank 1961, Bernard el al. 1971, Shugart ]976, Sobey

1976, Sobey and Kenworthy 1979, Hogg and Morton 1983, Zelenskaya 1995).

Impacts of GuUs on Vegetation

Gulls usually retum to the same nesting site in subsequent years (Tinbergen 1967)

and most often nest on the ground, therefore they have a more direct impact on the

vegetation than most other marine birds which use cliffs (Sobey and Kenworthy 1979).

8
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Four different gull activities have been found to affect the vegetation at breeding sites.

(1) Treading occurs when the birds stand or sit near their nesting sites, resulting in

compaction ofthe vegetation. This mechanical trampling occurs throughout the breeding

season and may have considerable impacts throughout the breeding colony, particularly

for the growth of seedIing plants (Ishizuka 1966). (2) Nest-building or collecting of

material, requires the use of vascular plants and mosses while (3) boundary clashes

between male gulls lead to the removal of vegetation (Tinbergen 1967). (4) The

potentially longest lasting effect is created by defecation. Initially faeces may just diminish

photosynthesis and respiration if they are deposited directly on the plant surface, however,

with time repeated defecation will cause changes in soil nutrient levels (Gillham 1961,

Sobey and Kenworthy 1979, Hogg and Morton 1983, Gillmore et al. 1984, Hogg et al.

1989). A single gull pair with three nestlings produces between 95-170 kg of faeces per

breeding season (Zelenskaya 1995). When the faeces are deposited in one location, such

as around the nest site, they alter the composition of the plant root medium, making the

soil unsuitable for pre-existing plants and thereby altering the species composition

(Gillham 1961). AIthough sorne nutrient levels (nitrates, potassium, pH and total salts)

retum to normal after abandonment of nesting sites, other long terro changes

(phosphorous, calcium and Magnesium levels) May prevent the reestablishment of native

plants (Sobey 1976, Sobey and Kenworthy 1979, Hogg and Morton 1983, Hogg et al.

1989). In small quantities, faeces deposition leads to an increase in the existing

vegetation, although species composition May change (Bukasinski et al. 1994). In large

9
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quantities, however, the faeces becorne toxie, killing many plant species. Gulls may also

increase soil'depth through the accumulation of allochthonous organic matter (nesting

material, dead birds, and eggs), and regurgitation pellets which may eontain bones,

feathers, shells and vegetative remains (Gillham 1956a, Ishhizuka 1966), causing a further

increase in soil phosphorus levels (Hogg and Morton 1983, Bukacinski et al. 1994).

At gull-affected sites, there is a general increase in alien, annual and biennial plant

species (resulting in a decrease in native and perennial plants), as weIl as a transition

towards a more species-poor community (Sobey 1976, Sobey and Kenworthy 1979, Hogg

et al. 1989). This a1teration ofthe environment creates vacant niches which encourage the

colonization ofalien weeds, whose seeds are frequently dispersed by the gulls themselves

(Gillham 1961, Hogg and Morton 1983, Hogg et al. 1989). This dispersal occurs both

by endozoic dispersal, whereby the gull ingests the seeds only to later pass them with its

faeces or regurgitation pellets~ and ectozoic dispersal whereby plant propagules are

carried extemally with nesting material or adhere to feathers and feet (Morton and Hogg

1989).

While sorne studies have investigated effects caused by treading, nest-building,

boundary clashes and defecation (Sobey and Kenworthy 1979, Hogg and Morton 1983),

most have simply monitored the end effects of the gulls on vegetation and soils through

the use of control sites, without looking at specifie mechanisms.

10



Mingan Island Gull Population

Within the Mingan Archipelago in 1990, the Laridae (gulls and tems) accounted

for 67% of marine birds (Roberge unpub.) as compared to 97% in the late seventies

(Chapdelaine et Bourget 1981). Herring Gulls account for approximately 61 % of gull

species present in the Achipelago. Other gulls include the Kittiwake (Rissa

tridactyla)(21 %), Ring-billed Gull (Larus delawarensis)(16%), and the Greater Black

backed Gull (Larus marinus) (1 %) (Grenier et Kavanagh 1993). Ile Nue, located in the

western sector of the park (59°12'3D"N 64°07'30'W)(Fig 2), contains the largest Herring

Gull colony in the park (Brousseau 1984, Grenier et Kavanagh 1993). This colony

increased from 1750 pairs in 1978 to over 6000 by 1991 (Grenier et Kavanagh 1993).

Since the Mingan Island National Park Reserve was established in 1984, human access

to marine bird colonies has been forbidden from mid April to the end of August during

the oesting period. According to Parks Canada, marine birds within the park have

benefited from the protection against uncontrolled hunting and egg collection.

The dramatic increase of oesting Herring Gulls on Ile Nue has raised questions

concerning the resistance of the vegetation ta the high level of gull activity. Herring Gulls

begin ta arrive in the Mingan Archipelago as early as March, and rernain on their

breeding sites until mid-September. According to a study by FORAMEC (Bouchard et

Ouzilleau 1992) in the archipelago in 1991, areas in the tundra which experience no gull

activity have remained fairly stable in tenns of species composition. Concems have been
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raised about the 10ss of native tundra vegetation followed by an invasion by species such

as Epilobium flngustifolium and Poa pratensis (Dryade Ltée 1986) in areas where guIIs

are present. Although it is believed that the disappearance of the more fragile species

(e.g.Cypripedum passerinum var minganense) is due to the gulls because of its low

tolerence to disturbance (Groupe Chardon pers. comm., 1995), no studies have been

performed to validate this statement. The presence of other rare plants (Dryas

integrifolia, Diapensia laponica), is usually restricted ta lichen tundra where the gulls

have not been nesting, however one species ( Erysimum inconspicuum) was observed on

a few barren areas within the colonies. The presence of these rare plants makes the

protection of this island a top priority for Parks Canada.

The purpose of this study was therefore ta determine whether the Herring Gulls

on Ile Nue affect the vegetation and soils on their nesting sites over a breeding season.

It was predicted that over one season gulls would cause decreases in % cover of plants

due to the ripping of leaves and branches during nest building activities and burning of

vegetation through faeces deposition. Changes in species composition in the gull-affected

sites could occur on a more long term basis due to changes in sail nutrient levels, and

would therefore not appear in this short term study. It was also predicted that the high

nutrient content of the faeces deposited would cause significant increases in sail nutrients

at the gull affected sites.
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MATERIALS AND METHODS

Study Area

The Mingan Achipelago National Park Reserve consists of approximately 900

islands and islets, of which 40 are larger than 10 ha, situated in the Gulf ofSt Lawrence

up to 4 km affthe coast ofthe Moyenne Côte Nord (55°10-15'N, 62°50W - 64°13'W) (Fig

1). One ofthe unique features ofthe Mingan Island National Park Reserve is its rich flora.

There are more plant species within the archipelago (452 species over 90 km2
) than have

been found on the rest of the north shore combined (380 species over 225 000 km2
)

(Dryade Ltee. 1986). Of these, 419 plant species are indigenous to the area and

approximately 20 are considered to be rare. The increased variety on the islands oeeur

because of a combination ofthree factors: 1) soil, 2) climate and 3) habitat diversity.

1) Soil: The limestone base of the islands releases nutrients such as calcium and

magnesium which are accessible to plant roots. Many ofthe rare plants in the Archipelago

require limestone to grow.

2) Climate: Ninety percent of the archipelago is in the Boreal zone and 10% is

hemi-Arctic. Although the archipelago is not in the temperate zone, certain elements of

this c1imatic zone are at their northem limit. There is a strong maritime influence which

results in warmer winter temperatures and delays the advent of spring. The small

accumulation ofsnow in the winter favours dwarf trees and bushes, lichens, and Arctic-

alpine plants. There is also increased humidity from the ocean (Dryade Ltee. 1986).
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3) Habitat Diversity: Six distinct habitats are present on the islands ranging from

boreal forest to open cliffs (Table 2).

Ile Nue has been zoned in the highest category for protection due to its highly

sensitive flora. Sixty-two percent of the surface of the island is covered with maritime

tundra, consisting of low vegetation exposed to strong maritime winds (Dryade Ltée

1986). Two types of tundra occur on Ile Nue: The fust is dominated by Arctic-alpine

vegetation forming a carpet dominated by Cladina stellaris and Empetrum nigrum, which

is extremely sensitive to physical impact due to its slow recovery rate (Gratton et al.

1988), while the second consists of small shrubs and plants (dominated by Empetrum

nigrum and Ledum groenlandicum). Due to the fragility of this habitat (i.e. designated

"zone de protection integrale" according to Environment Canada), public access to the

area is strictly forbidden. The gulls nest in the second category of tundra, only a smaIl

tem colony having been observed in the lichen dominated tundra.

Methods

Prior to nest-building activities by the gulls (mid-May) in 1995, exclosures were

established as control sites within the colony using a Randomized Complete Block

Design (Sokal and Rohlf 1981.). Three sites in the gull colony (shrub tundra) were

chosen for the installation of 3 exclosures each, making a total of 9 control plots.

Exclosures measured 5x5 m and were comprised of 1.25 cm mesh netting for the walls

and 12.5 cm mesh netting on the top. To minimize the effects of gulls nesting nearby,
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a 50 cm buffer zone was established along each wall inside the exclosures where no

vegetative or ~oi1 measurements were taken. For each exclosure, a paired treatment plot

of the same size was established. Treatment plots were positioned to ensure that guIls

were present. The exact number of nests could not be controlled, however, the plots

contained either one or two Herring Gull nests. The treatment plots were approxirnately

20 m from the exclosures ta reduce disturbance of the nesting golls when sampling within

the exclosure (Fig 3). Presence of nesting birds at the sites was determined using aerial

photographs and ground census data obtained during the sununer of 1994.

Vegetation and sail measurements:

Ta quantify vegetation, 6 circular quadrats (50 cm2
) were placed inside each

exclosure. Plots were subdivided iota 6 equal parts and a quadrat was randomly placed

within each part to obtaio an average sample representative of the whole area within the

exclosure (Barbour et al. 1987). Vegetation characteristics were noted (species

composition, cover and density) within each quadrat. AlI species in the quadrat were

identified and categorized as either native or alien, and annual or perennial (Table 3).

Percentage cover was estimated using phytosociological methodology, estimating caver

visually ta within 5% (Barbour et al. 1987). Density was calculated for species where

individual plants could be counted (Table 3). This was achieved by counting the number

of plants in each quadrat. Seasonal growth was determined for Ledum groenlandicum

using a standard mler to measure the length ofnew shoots (approximately 10 shoots per
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exclosure) at the end of the breeding season (mid August). These same vegetative

measurements were taken at each treatment plot. Small stieks were planted in the centre

of the quadrats to mark the areas for the next sampling period. Measurements were

repeated on a monthly basis, from the beginning of the nesling period (end of May) until

the end of the fledging period (mid-August).

To obtain soil measurements, each exclosure and treatment plot was divided into

four equal parts. Soil cores were taken randomly from each of the four using a standard

soil sampler with a 5 cm core diameter. The first 5 cm of topsail was collected for

analysis. Each group of four subsamples was then combined for each site within the

colony to get one average sample representative of that particular site Cie. gull versus

exclosure). Samples were taken monthly during the same period as the vegetation

measurements. These samples were dried and later analysed far nitragen (N) and

phosphorous (P) using colorimetrie analysis (Bremner and Mulvaney 1982), potassium

(K) using a flarne photometer (Knudsen et al. 1982) as weIl as calcium (Ca) and

magnesium (Mg) using atomic absorption spectrometry (Lanyon and Heald 1982).

Additional soil samples were taken from gull roosting areas in mid-June and mid-August.

Faeces collected at this time were analysed for nutrient content using the same

methodology. Because fresh faeces were collected using plastic sheeting, all the faeces

pooled into folds, making it impossible ta determine the actual number of deposits

present. The faeces data were therefore not analysed statistically along with the soils.
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Egg hatching chronology and density for pre and post hatching periods were

recorded for the treatrnent plots throughout the season. The density ofgulls present within

the plots was determined by observation from blinds set up at two of the three sampling

sites.

Statistical Analysis

Vegetation and soil data were analysed by applying Repeated Measures Analysis

of variance (ANOVAR) (Crowder and Hand 1990, Tzilkowski and Storm 1993), as an

efficient method for monitoring pennanent sites over a period oftime (Green 1993). This

was perfonned using the statistical package SAS (SAS Institute 1985). Due to the small

p/n ratio (where p is the numher of dependent variables and n is the sample size), the

Univariate analysis was chosen as the strongest test in this case (Moser and Saxton 1990,

Potvin et al. 1990, Green 1993). Since every exclosure had a nearby corresponding

treatment in a similar habitat, paired observation differences (i.e. exclosure-treatment)

were used for the analysis (Green 1993). This method was used to compare % cover and

density for plants as weil as nutrient changes in the soil (pH, N, P, K, Ca, Mg). Data were

collected for 13 species ofplants, 5 ofwhich appeared too infrequently to analyse (Table

3). Percentage cover ofbare soil was a1so recorded and analysed statistically. The Arcsine

Transformation was used for the percentage cover data to prevent the variance from

becoming a function of the mean (Sokal and Rohlf 1981).
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Growth measurements for Ledum were analysed using a paired (-test (Sokal and

Rohlf 198]). The shoot lengths measured at the end of the season for each

exclosure/treatment pair were analysed to establish the significance of the differences

between these two plots.

ANOVAR results are discussed using the corrected F-test, which applies any

necessary corrections ta the degrees offreedom (Green 1993). The Huynh-Feldt (H-F)

adjustment was chosen over the Greenhouse-Geiser (G-G)~ for this study, G-G tends to

overestimate the power of the test because the number of replicates (9) is small with

respect to the number ofrepeated measures (4)(Greenhouse and Geiser ]959, Huynh and

Feldt 1970). Significance was established at the O. ]0 level because the small sample size

for this study makes it more difficult to detect differences between treatment and

exclosures over time.

RESULTS

Four of nine treatment plots contained two nests, however in only two ofthese

were both nests successful (Table 4). Unfortunately, this treatment with two successful

nests (P2) contained the most missing quadrats for the last sampling period, therefore the

mean was based on fewer quadrats. Two of the single nest treatment plots were

abandoned after disappearance of the eggs, but gull faeces and trampled vegetation

confirmed gull activity. Ail treatment plots were treated equally because the overall

average of successful nests per area was close to one.
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~.,, Ine peak ot hatching occurred from the last week of June into the frrst week of

July (Table 4) . Because high predation rates involving neighbouring gulls were observed

during mid season, visits to the nests to deteffiÙne hatching chronology were minimized.

Adult gulls thus stayed around their nest sites ta proteet their eggs. This ensured that

vegetative and soil measurements were taken where gull activity actually occurred.

Although taU vegetation within the treatment plots made an accurate count of

gulls difficult, density data showed that attendance patterns differed markedly between

pre and post hatching periods (Figure 4). On average, there was a higher number of gulls

within the nest site during the pre hatching period (1.4 gulls per nest; n=29; based on a

daily average of 4 observations per haif hour) as compared ta the post hatching period

(1.1 gulls per nest; n=25; based on a daily average of4 observations per haIfhour)(Figure

4).

Vegetation

The dominant vegetative association in the treatment plots consisted of

Deschampsia (44% for treatments, 57% average caver for exclosures ) and Stellaria

(42% treatments, 42% exclosures) in June, switching to Deschampsia (66% exclosures,

43% treatments) and Epilobium (25% exclosures, 290/0 treatments) by August (Figure 5).

Ledum was aIso present in large patches in both the exclosures and treatment plots. A

total of 12 species of plants was found in the exclosures and 13 in the treatment plots.

The one species occurring only for the treatment plots was Maianthemum, which
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occurred in 2 quadrats ofa possible 63. Moss and bare soil were found in both exclosures

and perimeters, however the moss was only present during the ftrst and second sampling

periods (June and July).

Percentage caver: No significant site effects were found for the plant species

analysed (F-test; P>0.10), indicating that all sites were homogenous.

Only Ledum groenlandicum showed a significant effect over time (F-test; P<

0.10; Table 5), indicating that the differences between the percentage caver of this

species in the exclosures versus the treatment plots increased over the season. For

quadrats where Ledum was present, the plant showed an average increase in cover of 3%

in the exclosures as compared ta a 5% decrease in the treatment plots from May until

August (Figure 5).

Deschampsia, Urtica and Stellaria did not show significant differences in

percentage caver (F-test; P>O.10; Table 6). Deschampsia followed a similar trend in both

exclosures and perimeters, until August when there was a decrease in the treatment plots

as compared to an increase in the exclosures. Urtica peaked higher in the exclosures than

treatment plots in July however decreased more by August. Stellaria followed a similar

trend for bath exclosures and treatment plots (Figure 5). Epilobium and bare soil also did

not show significant differences with P values being close to one (Table 6).

Density: Plant species measured for density did not reveal significant differences

between exclosures and treatment plots throughout the season. There was a greater

increase in individual Epilobium plants in the exclosures than the treatment plots,
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however this increase was not significant (F-test; P>O.10; Table 7), and the pattern over

the season for exclosures and treatment plots was similar (Figure 6). The F-test

probabilities of differences for the other plant species analysed are listed in Table 8.

Density differences between exclosures and treatment plots increased for Cornus

throughout the summer, peaking in August when there was an increase in the average

nurnber of individuals in the exclosures and a decrease in the treatment plots (Figure 6),

however this was not significant. Differences in density between exclosures and

treatment plots were at their highest in June for both Urtica and Trientalis, however they

decreased during July and August.

Growth: Growth measurements for Ledum revealed that shoots in the exclosures

were 13% longer than shoots in the treatment plots. This result was significant (t-test;

P=O.056; Table 10).

The rneans and standard errors per month for all plant species analysed are

summarized in Table 9. Sorne small sticks used to mark the quadrat locations for all the

vegetative measurements were removed by immature gulls in mid-August prior to the last

sarnpling date. The doser the quadrats were to the nest, the greater the loss of markers.

This activity accounted for a loss ofnearly 50% of the markers in the gull treatment plots

at the end of the season. This made it impossible to find the initial quadrat locations

thereby reducing the nurnber of quadrats used to represent the average for each treatment

for the final sampling session.
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SoUs

Soil ~alysis yielded no significant site effects for the nutrients measured (F-test;

P>O.IO), therefore this effect was deemed to be negligible.

No significant changes in nitrogen, potassium, calcium or magnesium were found

between exclosures and treatment plots. Sail pH in the treatrnent plots showed a

significant increase over the summer (7%) as compared ta the exclosures which

decreased by 1% (F-test; P<O.10; Table 11; Figure 7). There was also a significant

difference in soil phosphorous levels between treatment/exclosure pairs, with

phosphorous levels in the exclosures increasing slightly (8%) from 0.8 to O.9mg/g, while

increasing by 115% (1.1 to 2.4mg/g) in the treatment plots (F-test; P<O.lO; Table 12;

Figure 7). Differences in calcium were not significant (F-test; P>O.IO; Table 12)

increasing bath in the exclosures (from 5.2 to 8.5mg/g) and the treatment plots (7.2 ta

11.9mg/g) which resulted in increases of 63% and 64% respectively (Table 13; Figure

7) . Although there were also increases in nitrogen, potassium and magnesium in the

treatment plots, these were nt significant (Table 12). Means and standard errors for the

differences in soil nutrients between exclosures and treatment plots over the summer are

summarized in Table 14.

Although no statistical analysis was conducted, soil nutrient levels on the study

sites versus roosting sites and actual faeces content showed that roosting sites had higher

concentrations of nutrients than the treatment plots (Figure 8). The pH levels of the

roasting sites increased by 36% from June (pH = 4.7) to a pH of 6.4 in August, which is

close to the pH of the faeces, 6.5.
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DISCUSSION

Vegetation .

The same plant species were present in the exclosures and treatment plots

throughout the season with the exception of Maianthemum for which a total of 19

individuals appeared in two treatment plots in July and disappeared by rnid August. It was

not expected that changes in species composition would occur over one breeding season

since increased sail nutrient levels from faeces only bring about such changes over time

once the nutrients have been absorbed by the plant (GiUham 1961, Sobey and Kenworthy

1979, Gillmore et al. 1984, Hogg and Morton 1983? Hogg et al. 1989). The dominant

plants, Deschampsia, Ste/laria and Ledum in June, and Deschampsia, Epilobium and

Ledum in August, are not the same as those described for the island in 1983 (Dryade

1986) when the dominant plant species in the gull colonies consisted of Empetrum

nigrnm? Ledum and Epilobium. Although the dominant species were chosen subjectively

by visual observation in 1983 (P. Grondin? pers. comm.), our study found no Empetrum

in any of the exclosures or treatment plots. This species was only observed close to the

shore where gull activity is at a minimum. Empetrom is sensitive to repeated trampling

(Gratton et al. 1988). Feeding studies on the island in 1995/1996 showed that the berries

ofthis plant constituted 81 % offood pellets collected when the berries became available

in August (A. Boyne pers. comm.). These two factors combined with possible increases

in soil nutrients since the last study may have contributed to the disappearance of this

species within the gull colonies.
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Ledum groenlandicum was the only plant ta differ significantly in the exclosures

versus the treatment plots over the 1995 breeding season. Percentage cover increased in

the exclosures and decreased in the treatment plots. There were also significantly larger

increases in growth rate according to shoot length in exclosures versus treatment plots.

Ledwn is commonly found in organic bog soils across Québec, although it is most

abundant in the cooler northern regions of the province (Marie-Victorin 1964). Bog soils

are characterized by their high acidity and low nitrogen levels. According to the Canadian

Soil Classification System (Commission Canadienne de Pédologie 1987), these organic

fibrisols are what characterize the soils of gull nesting sites on ne Nue (Dryade Ltee.

1980). Ledum bushes are not usually trampled by birds, because of their height and

"robustness". However, as observed, gulls do perch on this plant, burning the leaves

directly with their faeces. As a bog species, Ledum is tolerant of low levels of nitrogen,

giving it a competitive edge against most other species in nitrogen poor soils. However,

when the nutrient level is raised, other plants who were out-competed in the low nitrogen

soils are then able to out-compete Ledum. This secondary effect of fertilization should

occur on a more long-term basis and affect other species as weIl. For this study, the only

immediate effect likely ta be shown over one season is the tearing of Ledum both by

adults during territorial disputes and by the young as they grow. It is likely that this

combination ofeffects on Ledum made it the onlyone to show significant change during

the study. While other plant species received faeces and/or were trampled, only Ledum

was seen to be pulled and tom by the birds.
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GuUs are known to have carried seeds of alien annual plants ta areas where they

nested (Gillh~ 1961, Hogg and Morton 1983). This was not observed in this study

(Table 2). Stellaria was the only annual plant species found in the study site quadrats.

The lack of annuals in such tundra ecosystems of which perennials dominate may be due

ta the lack of prolonged heat which enables the seeds of annual species to germinate

(Bliss 1971).

On average, the percentage of bare sail increased aImast fivefold in the treatment

plots and threefold in the exclosures, although this was not significant due to high

variability within the data set.

There were no significant effects of the gulls on either the % cover or density of

Epilobiuln over one season. This does not support the view that nesting gulls are

associated with Epilobium (Couillard et Grondin 1983, Dryade 1986). People from the

area who have frequented the island for generations state that the plant has always been

present, although possibly not in such large quantities (C. Kavanagh pers. comm.).

Epilobium is a pioneer species and often invades areas which have recently been ravaged

by frre, hence the common name frreweed. Its seed, equipped with a coma, or feather-like

structure, is dispersed by wind and water (Morton and Hogg 1989). Although gulls do

not disperse the seed of this plant directly, they may till and manure the soil creating a

suitable area for a pioneer species to grow (Gillham 1961).

Ten of the 20 plant species categorized as rare in the park cao be found on lie Nue

(Dryade Ltee. 1986). It should be noted that these species remain confined to cliffs
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and/or calcareous rock surfaces which tend ta be concentrated near the shores. Although

Erysimum inconspicuum was observed within the colony on patches of exposed rock,

these patches are not used for nesting, nor for roosting and therefore are not likely ta be

damaged by the gulls.

SoUs

The pH level of the soil was significantly increased by the presence of the gulls.

This contradicts other studies where faeces rendered the sail more acidic (Bernard et al.

1971, Gilmore et al. 1984). At De Nue organic fibrisol sail is already very acidic (pH 4.3-

5.1), therefore the addition of faeces (pH 6.3-6.9) has a buffering effect causing the pH

ta rise. This may be another reason why a plant such as Ledum, which is tolerant ta acidic

soils does not do as weIl in the presence of the gulls.

A higher increase in phosphorous in the treatment plots versus exclosures (Figure

7) was the only significant nutrient change recorded over the season. Although other

studies have shown significant changes in more than one nutrient, the increase in

phosphorous levels was usually much greater than the rest (Gilmore et al. 1984) because

phosphorous remains in the sail for several years after many other nutrients have leached

out (Hogg and Morton 1983). High phosphorous levels can be attributed not only ta

direct input from faeces, but also ta the accumulation of dead and decaying animal matter

around the nest sites (Hogg and Morton 1983). Although phosphorous was the only

nutrient found ta be significantly different between exclosures and treatment plots, with
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the exception of nitrogen there was generally a larger increase in nutrient levels in the

treatment plots compared to the exclosures (Table 13). AIthough the increases in nutrient

levels were not statistically significant in our study, we feel that given a longer term

experiment these changes would have yielded significant differences. Nitrogen is the only

nutrient which showed a greater overaIl increase in the exclosures as compared to the

treatment plots, however the level was still higher in the treatment plots by the last

sampling date (Figure 7).

This study focussed specifically on the effects of the gulls on nesting sites. During

our observations it was confirmed that adult gulls do not defecate on their territories until

the young have hatched. The largest deposition of faeces onto the nesting site therefore

occurs during the second haIf of the breeding season, limiting the input of faeces and

therefore the duration of the nutrient input into the soil to a periad of approximately two

months (Table 4). AduIt gulls were seen congregating at roosting sites, which vary in size

and are often located on mounds where the ground is sIightly elevated from its

surroundings. At these sites, both trampling and faeces input effects were concentrated

due to the large number of birds occurring in a relatively small area. Unlike the nest sites,

birds were seen to defecate at these sites throughout the breeding season. The highest

levels of soil nutrients occurred at these roasting sites. For pH, calcium, potassium and

magnesium, these levels rose close ta thase of the faeces themselves (Figure 8). Calcium

and magnesium levels in the faeces were high in June, and decreased sevenfold by

August. Gulls usually alter their diet to fish once the young have hatched (Pierotti and
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Anette 1990). The birds were feeding on foods containing high levels of calcium and

magnesium (~olluscs, crustaceans) at the beginning of the summer, switching later to a

diet consisting of fish (from chick regurgitation data) explaining the large decrease in

magnesium and calcium levels as the summer progressed. Landfill sites are a common

roosting location for gulls (Belant et al. 1993): Ile Nue is located approximately 6 km

from the nearest landfill. Although gulls will travel to find food, their roosting areas are

usually located near the nesting sites. Herring Gulls will not feed at landfill sites if higher

quality food such as fish is available (Belant et al. 1993). Observations showed few gu]Js

at the landfill when capelin normally spawn in the Archipelago from July to August

(Grégoire 1996), however they were seen feeding at the landfill site prior to this period

(A. Boyne pers.comm.). The roosting areas therefore may vary from one colony to

another. Vegetation on these mounds was either nonexistent, or dOllÜnated by Steliaria

sp. This may be because Stellaria is most often dispersed by gulls through faeces

deposition after they digest the seeds. (Morton and Hogg 1989). Stellaria tends to

dominate other plant species which may have been present on the roosting sites before

the arrivaI of the birds (Sobey and Kenworthy 1979).

Ali the sail and vegetation of the islands lays on a bed of sedimentary limestone.

The soil depth varies from 30 cm ta 1.5 m (P. Richard, pers. comm.). The raised mounds

used as roosting spots, have a thicker layer of peat sail than the surrounding areas.

Because ofthis, vegetative caver may differ from the surrounding areas. Because there

was no control site on the island it is difficult to make conclusions conceming the
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vegetation present prior to the arrivai of the gulls. It is recommended that future studies

examine the s?il composition at roosting sites by taking soil samples throughout the year

to determine nutrient inputs of high quantities of faeces. Placing exc10sures aver sorne

roosting sites would help to determine what plants would succeed, if any, when these

high usage areas are protected from gull activity. Although in the short tenn, the null

hypothesis of no effect by the gulIs is accepted for mast species of plants studied,

bialagically, certain changes discussed earlier confrrm the need for a follow up study. As

previous studies have shown, aIthough fertilization of nutrients cao be beneficial in small

amounts, extreme disturbance and high faeces input can cause considerable change in

vegetation (Table 1). Increases in soil nutrient levels brought about by the gulls, even

though not statistically significant are thus still plausible (Figure 7). This is the fIfst study

looking at effects of Herring Gulls on Maritime Tundra and therefore the effects on the

vegetation and soils may differ from studies discussed earlier (Table 1) as the habitats

were markedly different. Since gulls were probably nesting on sites used for exclosures

in prior years, it may take lime before more significaot differences appear, if any,

between the exclosures and treatments. The average density of nesls around the study

sites on Ile Nue was 0.007 nests/m2
, however denser sites have been located on other sites

on the island (B. Roberge pers. comm.). This Herring Gull nest spacing on the island is

the same as on Barrier Island in the Great Lakes (Hogg and Morton 1983) and lower than

on Great Island in Newfoundland at 0.018 nests/m2 (Pieriotti 1982). However, the

density within the treatrnents were 0.040 nests/m2 because for every 25 m control plot
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there was at least one nest. Differences in sail and sail chemistry (high acidity) of the

study site may' be a key element in changes in vegetation and soi! nutrient levels caused

by the gulls. The removal of sampling markers by immature gulls in areas with high gull

activity accounts for a 10ss of data points where effects on vegetation may have been

most prominent. This combined with the small sample size and high variability within

the data could also account for the differences in our results. The exclosuress will remain

in place after the 1995 season as a part of a long term Parks Canada study to monitor

effects of the gulls on the vegetation.

Since 1988-1993, there appears ta have been a sharp decline (-21.33%)

(Chapdelaine 1995) in Herring Gull populations in most sanctuaries along the north

shore of the Gulf of St Lawrence. According ta nest chronology data obtained on lie Nue

for the past two years, we have noted a significant decrease in successful nests, indicating

a possible future population decline. Data for the latest gull census on the island in 1996

is not yet available. Knowing whether gull populations in the archipelago are increasing

or decreasing will be important in fonnulating management decisions conceming

potential vegetation damage in the area.

Populations of other birds nesting on ne Nue such as Greater Black-backed Gull

(Larus marinus), Arctie (Sterna paradisaea) and Common Tems (Stema Hirundo) as

weIl as Eider Ducks (Somateria mollissima) should also be rnonitored ta verify how they

react ta this decrease in the Herring Gull population. Muskrats (Ondatra zibethica) were

abundant on ne Nue. They did not appear ta affect the gulls, although they contribute ta
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the fonnation of mounds or roosting spots through their excavations and soil

displacement. The activities of the muskrats may aIso affect the vegetation of the islands

through this soil displacement. It would aIso be beneficial ta have an estimate of their

population density.

Conclusion

One plant species was found to differ significantly between exclosures and

treatment plots in a gull colony over the 1995 season, Ledum groenlandicum. One soil

nutrient, phosphorons, was significantly higher in the treatment plots and soil pH was

lowered through faeces input on the treatment plots. Observations of roosting sites

suggest that, large concentrations of these birds damage all vegetation, leaving bare soil

behind. The soil samples from these sites indicate high nutrient levels, in sorne cases

close ta the Ievels in faeces themselves. This confirms the need to stndy these roosting

sites more closely. Over the short tenn study, 1 did not expect to see changes in species

composition, however the disappearance of Empetrum on the gull sites since the 1983

inventory shows that, over time, species changes have occurred. The reasons for its

disappearance remain unknown. It is therefore imperative to keep the exclosures intact

and ta watch for any long term changes caused by gull activity on Ile Nue.
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Table 1. The Effects ofmarine birds on the vegetation and/or soils of their breeding grounds.

f!!!'4.

Bird Species Causative Agent Impact Source

Heron faeces -decrease in percentage cover and Soots and Parnell 1975
Ardeasp. trampling density ofvegetation at base ofnest.

-stunted growth and death ofwoody
shrubs and trees. Weseloh and Brown t970

Northern Gannet faeces -acidification and nitrification of the Blakemore and Gibbs 1968
(Sula bassanus) soil.

-increase in soil phosphorous and
potassium. Gillham, 1963.

Cape Gannet -depletion in exchangeable calcium
(Sula capensis) and magnesium.

Westland Petrel faeces -significantly lower concentrations of Hawke and Powell 1995
(Procellaria westlandica) soil AI and natural organic matter.

-significantly higher concentrations in
extractable phosphates.

Kittiwake Gull faeces -high concentrations of heavy metals in Headley 1996
(Rissa tridactyla) soil.
Glaucous Gull

(Lanls hyperboreus)

Black-tailed Gull trampling -inhibited growth ofseedling plants Ishizuka 1966
(JAniS crassirostris) -growth ofomithocoprophilous plant Gillham 1963

communities such as lichen, bryophyte
and algae.
-destruction ofcertain shrub species
around nesting sites.
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Table 1. (cont'd)

~ ~

Bird Species Causative Agent Impact Source

Royal Terns faeces -enrichment of soil with nutrients, Russell 1940
(Slen1a maxima) rendering soil more suitable for non-

native species.
-alteration ofspecies composition.
-significant increase in soil nitrogen,
becoming readily available to plants
through the activity of bacteria in soil.

Dominican Gull faeces -aid in the establishment of lichens on Smith 1978
(Lanls donlÏniclIs) rocks.

Thick-billed Murre (Uria -faeces -correlation between breeding colonies Gaston and Donaldson 1995
lomvia) -food and distribution of peat moss deposits.

abandonment

Rockhopper Penguin faeces -changes in nutrient levels detected for Moors et al. 1988
(Eudyples crysocome) more than 30 years after abandonment Mizutani el al. 1991.

of the site.

Adelie Penguin faeces -certain plants, animais, and soils Mizutani and Wada 1988.
(Pygoscelis adeliae) found to be dependent on the input of

organic nitrogen.

The Jackass Penguin nest-building -tearing up of considerable quantities GiIlham 1963.
(Spheniscus demersus) of vegetation.

Gentoo Penguin faeces -damage of vegetation. Smith 1978.
(Pygoscelis papua) trampling
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Table 1. (cont'd)

~ ~

Bird Species Causative Agent Impact Source

King Penguin faeces -annihilation of plants. Smith 1978.
(Aptenodytes
patagoniclls)

White-capped Noddie faeces -replacement of original vegetation Gillham 1977
(Anous stolidus) cover to plant species more tolerant to

faeces input.

Bronze Shag faeces -elimination of most indigenous plants, Gillham 196Db
(Phalacrocorax trampling leaving bare ground behind.
cha/conollls).

Stewart Island Shag faeces -buming ofvegetation (absorption of Gillham 1960b
(Phalacrocorax stewarti) nest-building faeces through the roots which Gillham 1977

weakens tissues, facilitating damage
by perching birds).
-use oftwigs for nest-building
contributing to the eventual demise of
the tree.

Wandering Albatross faeces -increases in organic soil nitrogen and Smith 1978
(Diomedea exulans) phosphorous resulting in healthier dark
Giant Petrel green vegetation around nesting areas
(Macronectes
giganteus)
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Table 1. (cont'd)

~ e.

Bird Species Causative Agent Impact Source

Snow Goose faeces -significant increase in standing crop Bazely and lefferies 1985
(Anser caerulescells) and a higher nitrogen Jevel in shoots of

forage species in a nitrogen- deficient
salt marsh over a growing season.
-significant increases in nitrogen
isotopes.

Mizutani et al. 1986.

Double-crested faeces -buming of vegetation on lower Lewis 1929, Dusi 1977
Cormorant branches and ground vegetation below Grondin et al. 1986
(Phalacrocorax auri/us) nest sites due to high phosphoric acid

content.
-destruction of sheIter for other bird DesGranges et al. 1984.
species such as Eider Ducks
(Somateria mollissima) and Black
Ducks (Anas rubripes)
-aJteratioo of shrub community on
oesting sites.
-accumulation of faeces around nests.

GilIham 1963.
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Table 2. Distribution of vascular plants by habitat within the Mingan Island National Park Reserve.

Habitat 0,/0 of total surface area # of plant taxa

boreal forest 56% 55

bogs & fens 16% 135

littoral 16% 95

maritime tundra 8% 71

lakes 4% Il

c1iffs 35 km 50

(modified From Grondin et Melancon 1980)
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Table 3. Origin and classification of lifespan for species of plants measured at the
study sites on Ile Nue.

specles ongm lifespan % cover density

Belula pimula native bush x

Comus native perennial x x
canadensis

Deschampsia native perennial x
jlexuo~a

Epilobium native perennial x x
angustifOlium

Ledum native bush x
groenlandicum

( Maïanthemum native perennial x x
canadense

Poa pralensis native perennial x

Ribes hirtellum native bush x x

Rubus native perennial x x
chamaemonis

Rubus idaeus native perennial x

Stellaria sp. native annual x

Trienlalis borealis native perennial x x

Urlica dioica native perennial x x

Note: The plants marked with an x were measured for analysis. Percentage ofbare
soil was also used in the analysis.
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Table 4. Egg hatching chronology for the experimental treatment plots on Ile Nue in the 1995 breeding season.

treatment 05/30/95 06/01/95 06/06/95 06/15/95 06/22/95 06/29/95 07/) 6/95

WI 3 3 3 3 3 3ch 0

W2 1 1 2 2 0 0 0

W3 1 1 1 1 1 Ich 0

0 0 0 0 1 1 Ich

SI 3 3 2 2 2 2 lch

0 0 0 3 3 3 0

S2 1 2 3 3 3 3ch Ich+lde

S3 1 2 opred 0 0 0 0

Pl 1 1 3 3 3 2ch+lpip 0

0 0 1 0 0 0 0

P2 2 2 2 2 2 2ch 0

3 3 3 3 1+2pip 3ch 0

P3 3 3 3 3 3 3 0
Note: The numbers represent eggs found in the nest, ch=chicks found within 1 metre of the nest, pip=pipped eggs,
de=dead chick.
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Table 5. Univariate analysis ofrepeated measures for Ledum groenlandicum differences in % cover
between exclosuress and treatment plots on Ile Nue in 1995.

AdjP>F

o

Source

Time

Time * Site

Error

df

2

2

10

MS

0.09847

0.00760

0.00833

F

11.82

0.91

P>F

0.0023

0.4932

G-G

0.0115

0.4695

H-F

0.0023

0.4932

Note: Adj P>F are probabilities associated with the Greenhouse Geisser (G-G)(l959) and Huynh
Feldt (H-F) (1970) adjusted F-tests. MS, mean square.
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Table 6. Mean square (MS), F-ratio (F) and probabililities (P>F) from
the u'nivariate analysis of % cover differences between exélosure and
treatment pairs over time (n=9) on Ile Nue in 1995.

specles MS F P>F

-
Ledum 0.098 11.82 0.002
groenlandicum

Deschampsia 0.109 1.39 0.293
jlexuosa

Urtica dioica 0.003 0.73 0.505

Stellaria sp. 0.020 0.39 0.689

Epilobium 0.091 0.19 0.826
angustifolium

bare soit 0.008 0.17 0.843
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Table 7. Univariate analysis of repeated measures for Epilobium angllstijo/ium difTerences in
density between exclosures and treatment plots on Ile Nue in 1995.

AdjP>F

(!!!\

Source

Time

Time lie Site

Error

df

2

2

10

MS

29.7698

27.0334

15.2512

F

1.95

1.77

P>F

0.1924

0.2109

G-G

0.2121

0.2430

H-F

0.19241U

0.2109

Note: Adj P>F are probabilities associated with the Greenhouse Geisser (0-0)(1959) and
Huynh-Feldt (H-F) (1970) adjusted F-tests. MS, mean square.
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Table 8. Mean square (MS), F-ratio (F) and probabililities (P>F) from
the univariate analysis of density differences between exclosure and
treatment pairs over time (n=9) on Ile Nue in 1995.

speCles MS F P>F

--
Epilobium 29.77 1.95 0.192
angustifolium

Cornus 9.98 0.63 0.552
canadensis

Trientalis borealis 9.16 1.88 0.203

llrtica dinica 0380 0_37 - 0_702
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Table 9. The means (x) and standard errors (SE) of the differences between ex:closures and treatment plots in
cover and density from May to August on Ile Nue, 1995.

Species Cover Density

May June July Aug May June July Aug

Comus 'x -0.194 -0.054 0.533 2.378
SE 0.315 0.312 2.049 1.342

Deschampsia x 0.]55 0.140 0.060 0.289
SE 0.082 0.075 0.048 0.131

Epilobium x -0.037 -0.026 0.034 -0.010 -4.493 -3.442 -1.994 -1.649
SE 0.033 0.056 0.069 0.130 1.358 2.330 2.214 1.836

Ledum x 0.137 0.151 0.177 0.296
SE 0.067 0.069 0.075 0.062

Stellaria x -0.011 -0.029 0.008 0.064
SE O.] ]8 0.133 0.106 0.]62

Trientalis x -0.291 -2.380 1.603 0.357
SE 0.8]9 1.297 1.015 0.292

Urtica x -0.011 -0.0]3 0.008 -0.012 -0.049 -O.] 33 -0.096 0.269
SE 0.019 0.027 0.042 0.025 0.458 0.957 1.078 0.5125<

bare soil x 0.032 -0.055 0.003 -0.030
SE 0.082 0.010 0.057 0.099
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Table 10. Al-test of the differences oftwo means for Ledum groenlandicum growth shoots in the
exclosures versus the treatment plots on Ile Nue in 1995.

e

variable

shoot length

df

8

15

2.25

t Os(I44)

2.3]

p

0.054

Note: Is is the calculated value, 1.o.S{B) is the critical value for t for a 90% confidence limit with degees

of freedom (dt) equal to 8. P is the significance level of the Is calcuJated.
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Table) ). Univariate analysis of repeated measures for pH differences between exclosures and

treatment plots on Ile Nue in 1995.

Adj P>F

f!!!!'

Source

Time

Time Ife Site

Error

df

3

6

]2

MS

0.62380

0.08831

0.13990

F

4.46

0.63

P>F

0.0253

0.7035

G-G

0.0931

0.5904

H-F

0.0482·

0.6572

Note: Adj P>Fare probabilities associated with the Greenhouse Geisser (G-O)(1 959) and Huynh

Feldt (H-F) adjusted F-tests. MS, mean square.

57



e l'!\

. .
Table 12. Mean square(MS), F-ratio (F) and probabililities {P>/fJ from

the univariate analysis of soil nutrient differences between exclosure and

treatment pairs over time (0=9) on Ile Nue in 1995

soi1nutrient MS F P>F

pH 0.624 4.46 0.048

phosphorous 7.158 5.37 0.027

calcium 16.528 1.02 0.417

nitrogen 98.614 2.12 0.168

potassium 1.002 2. Il 0.201

magneslum 0.283 1.34 0.306
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Table 13. Percentage increases/decreases in soil nutrients in exclosures and treatment plots from

May to August, 1995, on Ile Nue.

soil nutrient exclosure treatment--
pH L 1.4% 16.7%

nitrogen 1216.8% 1119.9%

phosphorous 18.3% 1114.5%

potassium T1486.00/0 i 1919.6%

calcium 162.9% 163.7%

magneslum î 11.48% î8.7%
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Table 14. The means (x) and standard errors (SE) for differences

in pH and soil nutrients between exclosures and treatment plots

from May to August on Ile Nue, 1995.

soil nutrient May June July Aug

pH x -0.133 0.225 -0.067 -0.550

SE 0.102 0.062 0.130 0.262

nitrogen x -4.756 2.700 -1.275 -3.550

SE 3.843 3.784 1.070 1.398

phosphorou x -0.310 0.253 -0.463 -1.653

s SE 0.291 0.112 0.443 0.736

potassium x -0.036 0.031 -0.028 -0.801

SE 0.026 0.054 0.284 0.412

calcium x -3.465 -0.145 -1.929 -4.358

SE 1.120 1.357 1.901 1.331

magnesium x 0.133 0.534 0.169 0.155

SE 0.115 0.237 0.301 0.264
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Figure 1. Location of the Mingan Island National Park Reserve. Designated by the

black bar (from Belland et al. 1992)
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Figure 2. Location of Ile Nue within the Mingan Islands.
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Figure 3.. Location ofstudy sites and exclosure/treatment pairs on Ile Nue, Mingan

Island National Park Reserve
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Figure 4. Average number of gulls present on the treatment plots during the pre and
post-hatching periods on Ile Nue, 1995.
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Figure 5. Percentage cover of plant species measured in exclosures and treatment plots

during the 1995 breeding season on Ile Nue.
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Figure 6. Density of plant species measured in exclosures and treatment plots during

the 1995 breeding season on Ile Nue.
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Figure 7. Levels of nutrients in excIosures and treatment plots during the 1995

breeding season on Ile Nue.
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Figure 8.' Levels of nutrients detected in soils and faeces at exclosures, treatment plots

and roosting sites on Ile Nue.
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APPENDIXI:

STATISTICAL TABLES
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Table 1.1. Univariate analysis of repeated measures for Deschampsia flexuosa differences in % cover

between exc10sures and treatment plots on Ile Nue in 1995.

AdjP>F

Source

Time

Time *Site

Error

df

2

2

10

MS

0.10922

0.00622

0.78358

F

1.39

0.08

P>F

0.2924

0.9869

G-G

0.2917

0.9324

H-F

0.2930

0.9847

Note: Adj P>Fare probabilities associated with the Greenhouse Geisser (G-G)(1959) and
Huynh-Feldt (H-F) (1970) adjusted F-tests. MS, mean square.
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Table 1.2. Univariate analysis of repeated measures for Ur/iea dioica differences in % cover

between exclosures and treatment plots on Ile Nue in 1995.

Adj P>F

o

Source

Time

Time *Site

Error

df

2

2

ID

MS

0.00277

0.00116

0.00310

F

0.73

0.37

P>F

0.5049

0.8231

G-G

0.4839

0.7906

H-F

0.5049

0.8231

Note: Adj P>F are probabilities associated with the Greenhouse Geisser (G-G)(1959) and

Huynh-Feldt (H-F) (1970) adjusted F-tests. MS, mean square.
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Table 1.3. Univariate analysis of repeated measures for Slel/aria sp. differences in % cover

between exclosures and treatment plots on Ile Nue in 1995.

AdjP>F

e

Source

Time

Time *Site

Error

df

2

2

10

MS

0.01982

0.03608

0.05115

F

0.39

0.60

P>F

0.6585

0.6722

G-G

0.5868

0.6021

H-F

0.6885

0.6722

Note: Adj P>Fare probabilities associated with the Greenhouse Geisser (0-0)(1959) and

Huynh-Feldt (H-F) (1970) adjusted F-tests. MS, mean square.
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Table 1.4. Univariate analysis of repeated measures for Epilobiunl allgustifolium differences

in % cover between exclosures and treatment plots on Ile Nue in 1995.

AdjP>F

e.

Source

Time

Time * Site

Errar

df

2

2

10

MS

0.09127

0.01629

0.04693

F

0.19

0.35

P>F

0.8263

0.8401

G-G

0.7303

0.7635

H-F

0.8263

0.8401

Note: Adj P>F are probabilities associated with the Greenhouse Geisser (0-0)(1959) and

Huynh-Fe1dt (H-F) (1970) adjusted F-tests. MS, mean square.
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Table 1.5. Univariate anatysis ofrepeated measures for bare soil differences in % cover between

exclosures and treatment plots on Ile Nue in 1995.

AdjP>F

fe.

Source

Time

Time *Site

Error

df

2

2

ID

MS

0.00845

0.08904

0.04874

F

0.17

1.83

P>F

0.8433

0.2003

G-G

0.7146

0.2481

H-F

0.8433

0.2003

Note: Adj P>Fare probabilities associated with the Greenhouse Geisser (G-G)(1959) and

Huynh-Feldt (H-F) (1970) adjusted F-tests. MS, mean square.
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Table 1.6. Univariate analysis ofrepeated measures for Conlus cal1adel1s;s differences in
density between exclosures and treatment plots on Ile Nue in 1995.

Adj P>F

f'!!\

Source

Time

Time *Site

Error

df

2

2

]0

MS

9.98030

4.57914

]5.7934

F

0.63

0.29

P>F

0.5515

0.8779

G-G

0.4885

0.7968

H-F

0.5515

0.8779

Note: Adj P>Fare probabilities associated with the Greenhouse Geisser (G-G)(1959) and

Hllynh-Feldt (H-F) (1970) adjllsted F-tests. MS, mean square.
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Table 1.7. Univariate analysis ofrepeated measures for Trientalis borealis difTerences in

density between exclosures and treatment plots on Ile Nue in 1995.

Adj P>F

f!!'

Source

Time

Time *Site

Error

df

2

2

JO

MS

9.16329

3.31411

4.86925

F

l.88

0.68

P>F

0.2025

0.62]0

G-G

0.2158

0.5909

H-F

0.2025

0.6210

Note: Adj P>Fare probabilities associated with the Greenhouse Geisser (G-G)(1959) and

Huynh-Fe]dt (H-F) (1970) adjusted F-tests. MS, mean square.
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Table 1.8. Univariate analysis ofrepeated measures for U,.,ica dioica ditTerences in

density between exclosures and treatment plots on Ile Nue in 1995.

Adj P>F

~

Source

Time

Time *Site

Error

df

2

2

JO

MS

0.37997

0.86529

1.03754

F

0.37

0.83

P>F

0.7023

0.5336

G-G

0.6238

0.5056

H-F

0.7023

0.5336

Note: Adj P>F are probabilities associated with the Greenhouse Geisser (G-G)(1959) and

Huynh-Feldt (H-F) (1970) adjusted F-tests. MS, mean square.
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Table 1.9. Univariate analysis of repeated measures for Phosphorous differences between

exc10sures and treatment plots on Ile Nue in t995.

Adj P>F

f!!\

Source

Time

Time *Site

Error

df

3

6

12

MS

7.) 5834

1.43566

) .33274

Ji'

5.37

1.08

P>F'

0.0]4]

0.4277

G-G

0.0685

0.4247

H-F

0.0269

0.4284

Note: Adj P>Fare probabilities associated with the Greenhouse Geisser(G-G)(1959) and Huynh
Feldt (H-F) adjusted I;'..tests. MS, mean square.
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Table].IO. Univariate analysis of repeated measures for Calcium differences between exclosures and
treatment plots on Ile Nue in 1995.

AdjP>F

Source

Time

Time *Site

Error

df

3

6

12

MS

]6.5286

8.69153

16.1488

F

1.02

0.55

P>F

0.4166

0.7579

G-G

0.3999

0.6950

H-F

0.4166

0.7579

Note: Adj P>Fare probabilities associated with the Greenhouse Geisser (G-G)(l959) and Huynh
Feldt (H-F) adjusted F-tests. MS, mean square.
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Table 1.11. Univariate analysis of repeated measures for Nitrogen differences between excIosures and

treatment plots on Ile Nue in 1995.

Adj P>F

Source

Time

Time * Site

Error

df

3

6

12

MS

98.6142

74.9303

46.6164

F

2.12

1.61

P>F

0.1684

0.2505

G-G

0.2222

0.3107

H-F

0.1684

0.2505

Note: Adj P>F are probabilities associated with the Oreenhouse Oeisser (0-0)(1959) and Huynh

Feldt (H-F) adjusted F-tests. MS, mean square.
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Table 1.12. Univariate analysis ofrepeated measures for Potassium differences between exclosures

and treatment plots on Ile Nue in 1995.

AdjP>F

f!!!\

Source

Time

Time lie Site

Error

df

3

6

6

MS

1.00226

0.64250

0.47582

F

2.11

1.21

P>F

0.2008

0.4118

G-G

0.2631

0.4418

H-F

0.2008

0.4118

Note: Adj P>F are probabilities associated with the Greenhouse Geisser (G-G)(1959) and Huynh

Feldt (H-F) adjusted F-tests. MS, mean square.
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Table 1.13. Univariate analysis of repeated measures for Magnesium differences between exclosures

and treatment plots on Ile Nue in 1995.

Adj P>F

Source df MS F P>F G-G H-F

Time 3 0.28282 1.35 0.3059 0.3114 0.3059

Time * Site 6 0.25927 1.23 0.3552 0.3732 0.3552

Error 12 0.21058

Note: Adj P>F are probabilities associated with the Greenhouse Geisser (G-0)(1959) and Huynh
Feldt (H-F) adjusted F-tests. MS, mean square.
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