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Amencan Eider nesting habitats were satdied within the Eastern Shore 

Islands Wiidlife Management Area of Nova Scotia in 1992 and 1993. The 

importance of island size, distance to the mainland and presence of other nesting 

seabuds to nestïng eider were investigated at an islarid scale. The use'of natural 

cover types, the value of artificial shelters as alternative nesting sites and the 

reproductive importance of natural cover types and artifkW shelters were al1 

examineci. 

Islands surveyed ranged fiom 0.8 to 14.8 hectares in size and fiom 1.3 to 

7.1 kilometres in distance fiom the mainland. Neither characteristic was an accurate 

predictor of eider nesting populations. Eiders and gulls aested on the same islands 

in the WMA. Guli presence did not appear to limit eider nesting populations. 

The largest proportion of nests were recorded for shmb growth of 

gooseberry. Nests were sparsely scattered in barren cover while beach and forest 

cover were generally avoided as nesting cover. Deadfds were particularly important 

for nests in sparse vegetative cover, with 59% of nests in barren cover recorded 

under deadfalls. 

Low shelter use (O to 1.4%) on most islands was attributed to the placement 

of sheltea in cover normally avoided by eiders. Use of shelters was much higher 

(38%) on Inner East Bud Island where shelters were Iocated throughout ta11 grasses 

and fems. There was a high rate of reuse of nesting sites under shelters in 

consecutive years. 

Clutch sizes were significantly lower in beach cover than under gooseberry 

cover. Nests in the least favored cover types were the most nilaerable to predation. 

Overaii nest loss was 16% in 1992 and 17% in 1993. Nests under beach cover were 

the most vulnerable while nests under tuckarnoor and shelters were most likely to 

hatch successfully. 

xi 
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The Common Eider, Somateria molIissima (Linnaeus), nests primarily on isolated 

coanal islands of temperate North Ametica, Empe and Asia The breeding range of the 

Amencan subspecies, S. m. dresseri Sharpe, extends fiom south-central Labrador, 

Newfoundland and eastem Quebec to Nova Scotia, New Brunswick and Maine (Lock 

1986). The highest known concentration of nesting eider in Nova Scotia OCCLUS on the 

eastem shore between Clam Harbour and Tor Bay with a number of important nesting 

islands located in the Eastern Shore Islands Wildlife Management Area (hereafter refemd 

to as the WMA)- 

Eiders have been observed to use a variety of nesting habitats throughout their 

breeding range, from unvegetated sand and grave1 b h e r  islands on the Central Beaufort 

Sea Coast of Alaska (Johnson et al, 1987) to sofnvood forest in the Grand Manan 

Archipelago of New Brunswick (Minot 1976). Severai studies have documented the 

importance of grasses as eider nesting cover (Gross 1944, Milne and Gorman 1974) while 

others have found that eiders exhibited a preference for nesting in patches of woody shrubs 

(Reed 1964, Sabean 1972, van Dijk 1986). 

Sparse vegetative cover has been found to be associated with high levels of nest 

predation, particularly by avian predatoa (Bourget 1973, van Dijk 1986, Gotmark and 

&und 1988). ArtifkiaI nest shelters have been used for protection of nest sites for eider 

in areas of poor natural cover. Manmade Stone sheltea have been used in Nomay and 

Iceland to protect nesting females of the Northern race, S. m. borealis (Brehm), from avian 

predators (Munro 196 1, Doughty 1979). Clark (1968) found that American Eiders nesting 

under wooden sheiters in Penobscot Bay, Maine, had significantiy higher nesting success 

than nests in natural vegetation. A later study conducted by Korschgen (1976) in 

Penobscot Bay, reported that older females not only nested under artificial shelters but also 

produced significantly greater clutch sizes than hens nesting in natuml cover. American 



Eider readily use artifïcial wooden shelters in the St Lawrence Estuary (Lacroix and 

SrnaiIwcmd 1989) and off the coast of Newfoundland and Labrador (Gilliland et al. 1996). 

The size of an island and the distance h m  au island to the mainiand have also been 

considered important for eiders nesthg in Maine (BIumton et al. 1988) where then is a 

high incidence of ncreational use by boa- and cottage owners on large islands~close to 

shore. Although human disturbance may not yet be as common along the coastline of 

Nova Scotia, island sizc and distance to the mainland may still be of importance where the 

distribution of predators, such as corvids and mustelids, may also be a factor. 

Common Eider - gull interactions have k e n  found to range from beneficial 

(Scharnel 1977, Gerell 1985) to neutral (Pimlott 1952, G6tmark and &und 1984) and 

detrimental for nesting eider (Bourget 1973, van Dijk 1986). If there is a relationship 

between eider and gull nesting populations on islands in the study area it may be helpful in 

determining island suitability in other areas. Similarly, an island which is capable of 

supporting a nesting colony of cornorants may ais0 offer favorable or unfavorable 

conditions for nes ting eiders. 

The Wildlife Division of the Nova Scotia Department of Natural Resources has 

undertaken annual breeding seabird surveys on selected islands within the WMA since 

1977 (Austin-Smith et al. 1987, 199 1). As a nsult of these surveys, estimates of eider 

breeding populations exist for islands along this part of the coast. Less is known about 

breeding populations in other parts of Nova Scotia. An understanding of eider nesting 

habitat wiihin the WMA can be applied to the moni to~g of biecding populations elsewhere 

in the province. Knowledge of the physical charactenstics of nesting islands and the 

vegetation cover types most ofien used as nesting cover may be applicable in determining 

which unsurveyed islands possess suitable nesting habitat and are potentiai candidates for 

ground surveys. The distance between an island and the mainland, the size of an island, 

and the presence of nesting seabirds were chosen for examination at an island scale. The 
- 

type of vegetative cover used by msting eider was chosen for study at the scale of an 



individual nest site. To determine if eider wouid use artificid nesting shelters on Nova 

Scotian islands, wooden and plastic shelters were encted on a numbet of islands in the 

WMA. Shelter effectiveness was assessed by comparing use and reproductive success 

among natural vegetation cover types and artificial shelters. The general objective of this 

thesis was to M e r  knowledge concemïng habitat use by breeding American Eider dong 

the eastem shore of Nova Scotia. 

With respect to charactmstics of nesthg islands, the foiiowing questions were 

posed: (1) Was there a quantifiable relationship ktween the size of an island or 

distance from the mainland and the number of nesting eider? 

(2) Was the= a quantifiable relationship between the number of nesting 

gulls or cornorants and the number of nesting eider? 

With respect to nest site selection in natural cover types, the following questions 

were examined:(l) What vegetation cover types were most often used by nesting eider? 

(2) How important were deadfalls as a component of eider nesting habitat? 

With respect to artficial nest sheltm, the foliowing questions were fonsidered: 

(1) Did eiders nest under &ciai nest shelters in the WMA? If so, what 

perCentage were used and was there variation among different shelter types? 

(2) How often were nest sites under shelters reused in consecutive years? 

(3) Did shelter presence result in an increase in eider bneding populations? 

With respect to reproductive success, the following questions were considered: 

(1) Was there variation in clutch s k  among natural cover types? Were 

clutch sizes higher under &cial shelters than in naturai cover types? 

(2) Did the rate of nest predation Vary among natural cover types? Were 

shelters effective in decreasing nest prrdation? 

(3) Did overall nest success Vary among nanird cover types? Were shelters 

effeaive in increasing nest success? 



The Eastern Shore Islands Widlife Management Area was estabiished in 1976 

because of its importance as a breeding area for several species of seabirds. The WMA 

contains approximately 50 vegetated islands and 10 non-vegetated islets or ledges and 

stretches fiom Round Isiand off Beaver Hatbour at 44O51' 62'24' to Little White Island off 

Marie Joseph Harbour at 44'54' 62'06' (Figure 1). Islands in the WMA range between 

0.50 hectare to 3 1-50 hectares in size and fiom 1.35 km to 7.10 km in distance from the 

mainland. 

Vegetation on islands within the WMA ranged from dense forest to sparse 

herbaceous growth. Wwded areas (Figure 2) were dominated by White Spruce, Picea 

glaucu, and Balsam Fir, Abies balsamea, with scattered Black Spnice, Picea mariana, 

Mountain-Ash, Sorbus amencuna, Yeilow Buch, Betufu alleghoniensis, and Red Maple, 

Acer nibrum. The understory in wooded areas was primarily Bunchberry, Cornus 

canademis, Wood Fem, Dryopteris spinulosa, Star-Fiower, Trientafis borealis, and Wood- 

Sorrel, Oxalis montana. Knimholtz or tuckamoor was characterized by stunted, 

windblown sofnwoods with low bough cover (Figure 3). Staading dead sofnvoods were 

commonly associated with patches of Wild Raspberry, Rubus strigosus (Figure 4). 

S kunk-Currant, Ribes glandulosum, and Gooseberry, Ribes hirtellum (Figure 5), were 

abundant on some islands. Patches of American Dune-Grass, Elynius mollis, Conon- 

Grass, Eriophorum spp., Blue Fiag, Iris versicolor, and Cinnamon Fem, Osmunda 

cinnumomeu, were also common on some islands (Figure 6). Ta11 herbaceous growth was 

dominated by Fireweed, Epilobium angustifolium, Curled Dock, Rumex crispus, and 

Meadow-Rue, Thalictnun polygmum. Black Crowberry, Empe- n i g m ,  and short 

herbaceous growth of Sheep-Sonel, Rumex acetosella, Y m w ,  Achillea lanulosa, Spotted 

Touch-Me-Not, Impatiens capensis, Lion's-Paw, Prenanthes trifoliolata, Common 

Chickweed, Stellaria media, and Scotch Lovage, Ligurticum scothicum. were found on 



most islands (Figure 7). Beach vcgetation was pcimafily Bindweed, Convolvulus sepim, 

Seaside Goldenmi, Solidago senrpentirens, Seaside Aster, Aster novi-belgii, Cow- 

Parsnip, Heracleum Ianatum, Beach Pea, Luthyms jcponicrcr, Seashore-Plantain, P h t a g o  

juncoides, and Süverweed, Potentilla unseraio (Figure 8). A complete list of the plant 

species recorded during gmund surveys in the WMA is presented in Appmdix A- 

In addition to American Eider, a number of seabirds nested on islands within the 

WMA, These included Leach's Stonn Petrel, Ocemodroma leumrhoa, Great and Double- 

crested Cormorants, Phalacrocorax carbo and P. auritus, Arctic and Common Terns, 

Sterna paradisueu and S. h i d o ,  and Black Guillemot, Cepphus grylle. Greater Black- 

backed and Hemng Guils, Larus marinus and L. argentafus, commonly nested in the 

WMA and were important predators of eiàer aests and hatchluigs. Other common breeding 

species included Osprey, Pandion haliaetus, Spotted Sandpiper, Actitis maculuria, and 

Willet, Catoptrophow semipalmatus. A pair of Bald Eagles, Haliaeetus leucocephulus, 

have nested on Brokenback Island since the spthg of 199 1. The Amencan Crow, Corvus 

brachyrhynchos, and Northem Raven, Corvus corax, nested and predated eider nests on 

forested islands in the WMA. 

The only resident mammai on most islands was the Meadow Vole, Microtus 

pennvylvanicus. Some of the larger wooded islands supported populations of introduced 

Snowshoe Hue, Lepus americanus, and transient White-tailed Deer, Odocoile us  

virginianus. Grey and Harbour Seals, Halichoerus grypus and Phoca vitulina, both 

pupped on islands in the area Important ma~nmalian predators of eider nests, hatchlings 

and adults were Arnerican Mink, Mustela vison, and River Otter, Lutra canadensis. 

Appendix B contains a complete list of the fama observeci in the WMA. 





Softwood forest on Outer East Harbur Island, lune 1992. 

3; Tuckamoor on Middle Halibut Island, May 1992. The foreground is 
~rninated by crowbeny and spane raspberry cane. 



mre 4; Standing d e a d w d  and raspbeq cover on Middle Haiibut Island, May 1992. 

mre 5; Gooseberry cover on h e r  Halibut Island, July 1992. 



6: Taü gras on Inner East Bird Island, July 1992. A wooden nesting shelter can 
be seen on the hi11 in the background, 

Tt Barren area of low herbaceous growth on Littie White Island, Iune 1992. 



8; American Eider nest in beach vegetation on Inner East Bird Island, June 1992. 

. 1 CHARACTERISTICS OF NESTING ISLANDS 

Island sizes (area in hectares) were determined by digitizing 1 : 5,000 and 1 : 

10.000 scale aerial photos with software provided by the Nova Scotia Department of 

Natural Resources. The digitizing program was developed by the Plant Examination 

Division of the S w e y s  and Mapping Branch and was nui on a Commodore 40 cornputer. 

The accuracy of the digitizer was tested by taking repetitive measurements of the same ana 

during four successive days of digitizing. These tests indicated that errors were 

cornpensatory and wiihia i: 5% of the mean. 



To examine the importance of the distance to the shoreline in nest site selection on 

larger islands, a transect survey was canied out dunng pst-hatch in 1993 on Big White 

Island. Big White Island was the oaly predominantly wooded island on which eiders 

nested in any number within the WMA. Although nest dmsities within the woods were 

low, a large amount of nesting habitat was provided by the large size of the island (3 1.50 

hectares). The outer side was bounded by tail grass and patches of raspberry and 

gooseberry dong the forest edge. Transect lines were established acms the width of the 

island. Each transect was divided into smaller 50 by L5 metre plots which were searched 

for active eider nests. The number of nests within 50, 100 and 150 metres from the 

shoreline were then tallied A total of 21 plots. seven in each distance category. 

represented a total sampled m a  of 15,750 m2- 

The distance between an island and the uearest point on the mainiand was measured 

from a 1 : 10,000 scale Nova Scotia Department of Natufal Resources Forestry Inventory 

Map. 

Breeding seabird surveys carried out in the *ring and summer of 1992 and 1993 

provided data on the number of nesting eiders, gulls and corrnorants on each island 

surveyed. Islands were systematically ground searched by three or more observers to the 

edge of the strand line on the beach. The numbers of nests present were recorded by 

species. S w e y s  were carried out from June 9 to 11 and July 1 to 30 during the 1992 field 

season and €rom May 27 to June 9 and July 2 to 20 in 1993. Fourteen islands were 

surveyed in the WMA during the spring and summer of 1992. Twenty isiands were 

surveyed in the WMA during the spring and summer of 1993. There was some overlap 

with eight islands king surveyed both in 1992 and 1993. A total of 26 different islands 

were surveyed for breediag seabirds during the two field seasms. Appendix C provides a 

summary of the type of data collected on each of these islands during the 1992 and 1993 

field seasons. 



III. 2 VEGETATION COVER TYPE USE AND AVAILABlLITY 

Vegetation cover types were separated hto the foiIowing eight categories: 

( 1 ) Sohood forest consisted of mature stands of White Spmce and Balsam Er. Fu 

thickets near the shoreline and mixed coniferous and deciduous woods were included in 

this category; ( 2 ) Tackamoor or krumholtz refemd to shinted, windswept conifers with 

low branches not present in the more open sofnivood forest; ( 3 ) Standing Deadwood 

was composed of standing dead trres and deadfaüs. Dead and blown d o m  trees in manire 

forest were placed under this category; ( 4 ) Gooseberry also included other woody 

shrubs such as LarnbkiU, Kalmia c u i g ~ o l i a ,  and Bayberry, Myrica pensylvanica; ( 5 ) 

Raspberry and Skunk-Cunant ranged from sparse to dense cane cover and were 

commonly associated with standing deadwood. Standing deadwood and raspberry were 

grouped together in 1992 but were treated as separate categories in 1993; ( 6 ) The Tall 

Grass category contained both new growth and stems from the previous year. Fireweed 

and fems were aiso placed in this category; ( 7 ) Crowbeny, short grass and herbaceous 

growth less than 20 cm in height were recorded as Barren cover. This category dso 

included rock outcrops and crevices and areas around active corrnorant colonies which 

lacked vegetation; ( 8 ) Beach herbaceous growth was sparse on sand, cobble and 

bedrock shelves- 

Plant species abundance was sampled with the Braun-Blanquet quadrat method 

(cited in Shimwell 1971) for eadi of the major vegetation cover types. Vegetation surveys 

were carried out during the summer of 1992, from Iuly 9 to August 14, after hatchlings 

had left for feeding areas near the mainland. A total of 140 quacirats were examined using a 

stratified random sampling method. Quadrats were located on 1 1 different islands. Quadrat 

sizes varied by vegetation cover type as follows: 

( 1 ) ~ u c k k o o r  and Forest (10m by 1Om); 



( 2 ) Taii Grass, Raspbeny, Gooseberry and Standing Deadwood (7m by 7m); 

( 3 ) Beach and Bamn (Sm by Sm). 

Percent cover was determined visually and recorded for each species. Vertical 

stratification levels are presented dong with the tesults of the vegetation surveys in 

Appendix D. 

m. 2.2 Avii l~l l l ty of e ~ w  . . *  V ver T m  

To d e t e d e  the area of each vegetatïon cover type avaiiable for use by nesting 

eider on the islands surveyed, 1 : 5,000 and 1 : 10,000 scde aerial photos wexe examined 

using an Old Delft Scanning Stereoscope (OD Sm) at 4 . 5 ~  magnif~cation. Cover maps 

were constructed for al1 of the islaads in the WMA which had k e n  surveyed for nesting 

eider in 1992 and 1993. An example of these cover maps is presented in Appendix E. The 

area of eacb type of vegetation avaiiable was calculateci using digitking software provided 

by the Nova Scotia Department of Natural Resowces (Section III. 1). 

m. 2.3 Nest Survevs 

Eider nest -surveys were made in the spring during mid-incubation and in the 

summer after hatching. Ten islands known to have nesting populations of eider were 

surveyed in the spring of 1992 from June 9 to 1 1. In the spnng of 1993 (May 27 to June 

9), 1 1 of 17 islands surveyed were found to have eider nests. Eider nests were recorded 

by vegetation cover type during these mid-incubation surveys. Eider nests were also 

recorded post-hatch by cover type for rven of nine islands surveyed in the summer of 

1992 (July 1 to 30) and for 15 islands in the sumer of 1993 (July 2 to 20). 

Care was taken during mid-incubation to place as linle stress as possible on nesting 

femaies. No surveys were made in wet weather due to the obvious danger to exposed 

eggs. Surveys were carried out as quickly as possible to minimize nest abandonment by 

hem. Eggs kere covered with dom afrer king recorded by the observer. Human activity 



on nesting islands has been show to increase encounters ktween ducklings and avian 

predators immediately foliowing disturbance (Keller 1991). To avoid this, mid-incubation 

surveys were halted once hatchüngs were observed in the WMA and pst-hatch swveys 

were aot started until hatchlings had left the islaads. 

The number of eider nests located under deadfalls was recoràed by vegetation cover 

type for ten of the islands surveyed during pst-hatch smeys in 1993. Deadfalls were 

defined as any form of failen dead trees (ie. blowdowns, faen logs or stumps) or 

driftwood. This should be differentiated From standing deadwood which refers to the 

overall vegetation type category composed of both standing dead trees and deadfdls. A 

nest was recorded as king under a deadfail if at least 5096 of the nest was obstructed fiom 

overhead view. 

m. 2.4 Use of Vestation Co 
. * .  

ver Types Relative to Aviulabtli~ 

As a measure of the relative use of different vegetation types, the total nest density 

was calculated for each cover type. The total number of eider nests recorded during nest 

surveys was divided by the total area of that cover type available as determined from aerial 

photographs. 

Mean nest densities were also calculated for each vegetation type as the average 

across al1 surveyed islands with that particular cover type. Mean nest densities were 

calculated for aine islands in 1992 and for eight islands in 1993. Islands with nest shelters 

were not included in nest density calculations. In 1993, six pmiominantly wooded islands 

were surveyed. A total area of 2 1.89 hectares of forest were surveyed and only one eider 

nest was found. These six islands were not included in calculations for nest densities or in 

utilization and availabilïty analyses. Areas of forest cover on islands with a variety of cover 

types were included. 



The methocl of Neu et 01. (1974) was applied to detemine which cover types were 

utilized more or iess fhquentiy than expected based on theu avdability for niw islands in 

1992 and eight islands in 1993. 

III. 3 ARTIF1CIA.L JNEST SHELTERS 

III. 3.1 S h e n _ C _ o n s t n i c t i o n l a c e a  

Artifkial nest shelters were first placed on islands within the WMA by the Nova 

Scotia Department of Lands and Forests in 1985 and 1988. As part of the present study, 

an additionai 286 single plastic shelters were placed on four islands in the WMA in 1992 

(Table 1). 

Five different types of -cial nest shelters were available for use by eider in 1992 

and 1993. The typical wooden artificial shelter was built using 1.3 cm thick plywood for 

the top and 2.5 cm by 18 cm boards for the sides with an overali dimension of 6 1 cm wide 

by 8 1 cm deep. A double wooden shelter of similar constmctioa measuring 122 cm wide 

by 8 1 cm deep was also used. The entrance height of wooden structures ranged between 

15 cm and 20 cm high. Figure 9A shows the typical design of a double wooden shelter. 

Single plastic nesting sheltea were originaily constructed from plastic fish boxes 

measuring 30 cm high by 46 cm wide by 8 1 cm long. These were turned upside dom and 

an entrance 18 cm high by 30 cm wide was cut at one end Only five of these fish box 

structures were constructed and all were on Inner East Bird Island. 

Al1 other plastic artificial shelten were made h m  juice concentrate bamls (54 U.S. 

gallon) which had been cut in half lengthwise to produce a dome. One end of the structure 

was cui out to provide a single entrance. The shelter measured 98 cm long and was 39.5 

cm wide at the ends and 66 cm wide in the rniddle with an entrance height between 18 cm 

and 23 cm h&h. Double plastic shelters were constructed by placing dornes side by side 



and strapping hem to a wooden frame. ûnIy six of these double plastic shelters were! 

placed in the WMA and ail were located on h e r  Eaa Bird Island. 

Plastic sheiters were held dom with 1.5 cm diaxneter reban. Wooden boards (10 

cm wide by 9 1 cm long by 3 cm thick) were laid under the structure. Tbe steel rebars were 

fitted through holes in the dome and wood into the ground The last 7 cm of the 58 cm 

long rebars were bent at a right angle to hold the shelter dom. Two bars were located in 

the Front and one in the back. Figure 9B is a diagram of the typical design of a single 

plastic shelter. Driffwood and flat cobble were placed on shelters to weight them down and 

each structure was painted with a large number so shelar use and nest success could be 

recorded on an anaual basis. 

Several guideiines were followed when placing shelters on an island. Shelters were 

not placed in areas which already possessed dense natural cover but were concentrated near 

the penphery of these areas in more open cover. Colonies of Double-crested Connorant 

were present on three of the seven islands on which shelten were located. Shelters were 

placed at a minimum distance of three metres h m  these colonies. 

III. 3.2 Shelter Use bv Nestiqg Eider 

Eider nests found under artificial nest shelters were recorded during the spring and 

surnmer breeding seabird surveys (Section IV. 2. 3) for four islands in 1992 and six 

islands in 1993. The shelter type and sheltcr number were also recorded so that shelter use 

in consecutive years could be followed. Historical data from surveys made by the 

Depanment of Naturd Resources on the Bird Islands (Austin Smith et al. 1991) were 

examïned to compare nesting populaaons before and after the addition of amficiai shelters. 



Table 1: Number and year of placement of different shelter types on islands in the WMA. 

4 

Year of Plastic Wooden 
Island placement Sinele Double Single Double Toial 

Ouier East Harbor 
Western White 
Inner East Bird 
Little White 

Little White a 

The Specks 

East Brother 
West Brother 
Total 

a 51 single plastic shelters were placed on Little White in April and were available for use during the breeding season. 
The remaining 53 shelters were placed on the island in August after ducklings had hatched and left the area. 



E[eure 9; A diagram of the typical design of (A) a double wooden shelter and (B) a 

single plastic shelter. 



III. 4 REPRODUCTIVE SUCCESS 

Ciutch sizes were recorded as the number of eggs per nest (ranghg h m  one to 1 1) 

during mid-incubation surveys for ten islands in 1992 and 1 1 islaads in 1993. Incomplete 

nests were thenfore included, as were nests containhg eggs laid by more than one hen 

(multiple clutches). The surroundhg vegetation cover type was mcorded for aII nests. 

l hedated nests were cecorded by vegetation cover type for eight of the isiands 

surveyed during mid-incubation surveys in 1993. Nests were recorded as k ing  predated if 

no hatched membranes were found and there was obvious sign of predation such as 

scattered down or eggs pecked apart. 

The number of c o ~ d s  sightcd during eider nest surveys were recorded during rnid- 

incubation in 1992 and 1993. These were compared arnong islands with and without forest 

cover. A third category was included for islands without forest cover but adjacent (within 

500 rnetres) to forested islands. 

Eider nest fates were ncorded by vegetation cover type as either successful or 

unsuccessful during post-hatch surveys for seven islands in 1992 and 15 islands in 1993. 

A nest was considered successfbl if one or more newly hatched membranes was found in 

or near it (Girard 1939). The sheU membranes of successfully hatched eggs easily 

separated fkom the sheii and could be found in the nests as a leathery membrane. The shell 

Iining or membrane of an egg that was broken before hatching remained tightly attached to 

the shell af'ter exposure to the elements. Nests which showed signs of having been 

destroyed or abandoned andlor which did aot contain at lest one hatched membrane were 

considered to have beea unsuccessful. 

nr. s STATISTICAL ANALYSES 

An ANCOVA was appiieâ to test the relationship between eider nesting populations 

and island si& distance from the mainland and pnsence of nesting gulls. 



A one-way factorial ANOVA followed by a Bonferroni I DUM p s t  hoc test was 

applied to test the effect of cover type on mean nest density. A log likelibood ratio test for 

goodness of fit was used to test the hypothesis that nesting eidm utilized each cover type 

in exact proportion to its occcnrrnce within the shdy area. 

A log likelihood ratio test for goodness of fit was applied to determine if 

proportions of nests under deadfalls differed among cover types. If significance was 

detected, pairwise compatisons were then made among cover types using the Bonferroni 

corrected p-value (Sokal and Rohlf 1995). Similar methods were used in analyzing the 

proportion of nests wbich were predated and unsuccessfîd and to determine if occupancy 

rates differed sigiifcantly among artificial sheiter types. 

Nonparametric Kniskal-Wallis and Mann Whitney CI -Tests were applied to 

compare median clutch sizes for ne& in Werent types of natural vegetation and under 

nesting shelters (Zar 1984). The Bonferroni rnethod was used to correct signifkance levels 

and Iimit the probability of making a Type 1 error (Sokai and RoW 1995). 

Al1 tests w e n  performed with the StatView~ 4.01 statistical package and al1 

hypotheses were tested at the 5% leml of significance. AU means were reported i one 

standard deviation (S. D.) unless othewise indicated. 

IyLmmbn 

IV. 1 CHARACTERISTICS OF NESTING ISLANDS 

N. 1. 1 m d  Sizg 

The number of eider nests was recorded for 14 islands in 1992 and 20 islands in 

1993. Island size ranged fiom 1 .O to 8.3 hectares (3.6 I 2.3 hectares) in 1992 and 0.8 to 

14.8 hectares (3.6 i 3.4 hectares) in 1993. The number of eider nests on these islands 



ranged fiom O to 541 (1 1 1 f 156) in 1992 and from O to 97 (39 f 34) in 1993. There were 

no observable patterns in the numben of nesting eider over the size range of islands 

surveyed. No relationships between island size and number of eider nests were observed 

in 1992 or 1993 (Fgure 10). Island size was not a significant variable for explaining the 

number of eider nests when using an ANCOVA model cable 2). The interaction terni for 

island size and distance to the mainland was non-significant: (ANCOVA, Fi,i7=0.03, 

p=0.86). 

Of the 21 nests found during the transect survey of Big White Island in 1993, ten 

(48%) were within 50 m of the shonline (Figure 11) while siguificantly fewer nests (four 

nests or 19%) were found more than LOO m from the shorehe ( Log likelihood ratio test, 

DF = 1, G-statistic = 3.95, P = 0.05 ). 

N. 1.2 Pistance f i o a e  

Distance from the island to the maidand was not a significant predictor for number 

of eider nests in 1992 or 1993. Island distance from the mainiand ranged fiom 1.7 to 7.1 

kilometres (4.5 f 1.6 km) for the fourteen islands sweyed in 1992 and from 1.3 to 7.1 

km (3.8 k 1.9 km) for the twenty islands surveyed in 1993. The number of eider nests on 

these islands ranged from O to 541 (1 11 f 156) in 1992 and from O to 97 (39 I 34) in 

1993. There were no observable differences in eider nest number over the range of 

distances to the mainland examined. No relationships between island distance fkom the 

mainland and number of eider nests w m  observed in 1992 or 1993 (Figure 12). Island 

distance to the mainiand was not a significant variable for explaining the number of eider 

nests when using an ANCOVA model (Table 2). As mentioned in Section IV. 1. 1, the 

interaction terni for island size and distance to the mainland was non-significant. 



TV. 1.3 Presence of Nesti&W& 

The number of guli nests was recordecl for thirian islands m 1992 and for nineteen 

islands in 1993. The number of gull ne t s  rauged ftom O to 118 (48 f 41) in 1992 and 

fiom O to 1 1 1 (26 & 32) in 1993. The number of eider nests on these islands ranged from 

O to 541 (1 11 + 156) in 1992 and nom O to 97 (39 f 34) in 1993. Akhough no 

relationships between the number of gull nests and the number of eider nests were 

observed in 1992 or 1993 (Figure 13), no guU nests were found on any of the six islands 

lacking nesting eider in 1993. Number of guil nests was not a significant variable for 

examining the number of eider nests using an ANCOVA mode1 (ANCOVA, FiV13=û.43, 

p=0.52). The interaction terms for number of guil nests, island size and distance to the 

mainiand were ail non-signir~cant (Table 3 ). 

Four of the twenty islands surveyed in 1993 supponed active connorant colonies 

(Table 4) ranging from 35 to 3 14 nests (123 f 129). Eiders nested in moderate numbers 

(57 t 14) on ai l  four islands. Eider nests were also found on sixteen other islands lacking 

cormomt colonies in 1993. 



Island size ( ha ) 

Fimre 10; Relationship between island size and the number of eider nests in ( A ) 1992 
and ( B ) 1993. The number of eider nests could not be predicted by island size (see text). 



Table 2: ANCOVA d e l  for the effects of island sue and distance from the mahiand on 
the number of eider nests. 

Variable Source DF me an^ F- P- 
~q- value value 

Eiders Size 1 

Distance 1 

Size*Distance 1 



O to 50 50 to 100 100to 150 

Distama from rhmelim ( rn-s ) 

m r e  11; The number of eider nests located at dif5erent distances fiom the shoreline on 
Big White Island in the summer of 1993. A total of 21 plots, seven in each distance 
category, represented a total sampled ana of 15 750 m2. 

a signifjcantly different from the number of nests O to 50 m from the shoreiine at p = 0.05 



lJmd dirbnca from th. mainluid ( km ) 

1 2 3 4 5 6 7 8 

Island diatmce from th. mainland ( km ) 

m r e  12: Relationship between island distance from the mainland and the number of 
eider nests in ( A ) 1992 and ( B ) 1993. The number of eider nests could not be predicted 
by island distance fiom the maidand (see text). 



Number of gull nests 

Numbw of gull n ~ a t s  

Fiaure 13: Relationship between the number of pii nests and the nurnber of eider nests 

in ( A ) 1992 and ( B ) 1993. The number of eider nests could not be predicted by the 
number of gull nests (see text). 



Table 3: ANCOVA mode1 for the effects of the number of guii nests and island size and 
distance fiom the mainiand intemtinns on the nurnber of eider nests. 

Variable Source Means F- P- 
squared value value 

Eiders Gulls 1 
Gulls*Size 1 

Gulls*Distaace 1 

GullsXS ize*Distance 1 

Year 
Error 



Table 4: Location and size of cormorant colonies on islands in the WMA surveyed for 
nesting eider in 1993. 

Island Number of Number of 
eider nests cormorant nests 

Specks 
West Brother 

Long 
Little White 



IV. 2 NESTS IN NATURAL SITES 

N. 2.1 A v w t y  u s e  of . 0 .  V e m v e r  Tybes 

1992 

During post-hatch sumys in 1992 (Juiy 1 to 30). 656 eider nests were recorded by 

vegetation cover type for seven islands. The number of eider nests p r  island ranged from 

23 to 233. Seven cover types were available for use by nesting eider and al1 were used to 

some degree. In addition to naturai cover, 53 shelters were located among the different 

vegetation types on one of the islands (Inner East Bird) suweyed post-hatch in 1992. 

During these surveys, 248 eider nests were ncorded in gooseberry; 206 nests in raspberry; 

13 1 nests in grass cover; 30 nests in barren cover; 19 nests under tuckamoor; and 18 nests 

under shelters (Figure 14A). Only 3 nests were found among cobble or sparse vegetation 

on the beach and a single nest was found in fonst cover. 

Total eider nest densities were calculated by dividing the total number of eider nests 

recorded during nest sweys by the total ana of that cover type surveyed. The total nest 

density for al1 the vegetated area surveyed in 1992 was 91.3 nests per hectare (Table 5). 

Highest total nest densities were found for gooseberry with 370.2 nests per hectare and for 

raspberry with 119.4 nests I ha. The lowest nest density was recorded for beach cover 

with 6.2 nests 1 ha, 

Mean eider nest densities f I standard error wem calculated for each cover type as 

the average across al1 surveyed islands with that particular cover type. Simiiar patterns 

were recorded as with total nest densities with the exception that tuckamoor cover had the 

second highest mean density with 255.7 i 99.2 nests per hectare (Table 5). Barren cover 

had the lowest mean density with 9.6 I 2.9 nests / ha. nie mean nest density for 

gooseberry was significantly greater than that for bamn cover and beach cover (14.2 nests 

per hectare) i t  @.O0 1. 



Using the method of Neu et al. (1974) to compare uti1i;ration with availability, there 

were considerable differences among vegetation cover types in 1992 (Log iikelihood ratio 

test, DF=6, G-statistic = 1928.2). FoiIowing the terminology of Neu et al. (1974), bamn, 

beach, forest and grass cover were considered to be avoided while gooseberry and 

raspberry cover were prefemd (Tabie 6). 

1993 

During pst-hatch surveys in 1993 (Juiy 2 to 20), 990 eider nests were recorded by 

cover type for 15 islands. The number of eider nests per isiand ranged from 24 to 155. 

Eight cover types were available for use by nestiDg eider and all  were used to some degree. 

In addition to n a d  cover, 440 sheiters were locaîed amoag the ditfereut vegetation types 

on six of the islands surveyed pst-hatch in 1993. During these sweys, 264 eider nests 

were recorded in gooseberry; 256 nests in caspbeny; 189 nests in gras cover; 95 nests in 

barren cover; 61 nests under standing deadwood; 42 nests under tuckamoor; and 42 nests 

under shelters (Figure 14B). Thirty-nine nests were fouad among cobble and sparse 

raspberry vegetation on the beach and two nests were found in forest cover. 

The total nest density for ail the vegetated area suyeyed in 1993 was 58.5 nests per 

hectare (Table 7). Highest total nest densities were found under gooseberry with 221.6 

nests per hectare and under staading deadwood with 134.8 nests I ha. The lowest nest 

density was recorded for barren cover with 2.6 nests / ha, 

Similar patterns were recorded for mean nest deasities with the exception that 

tuckammr cover had the second highest mean density with 237.9 & 98.0 nests per hectare. 

Forest cover had the lowest mean density with 2.1 f 2.1 nests I ha. There were no 

significant differences among mean eider nest densities in 1993. There were also no 

significant ciifferences between mean nest densities in each cover type for 1992 and 1993. 

Similarly, there was no signifïcant difference (ANOVA, Fi, i5= 1.2 1, p4.29)  between 



mean nest density for the total amount of vegetated m a  in 1992 (86.3 f 16.1 nests I ha) 

and 1993 (64.1 t 1 1.4 nests / ha). 

Using the methocl of Neu et al. (1974) to compare utiiization with availability, there 

were considerable ciifferences among vegetation cover types in 1993 (Log likelihood ratio 

test, DF=8, G-staristic = 525.3). Barren, beach, and forest cover were considered to be 

avoided while standing deadwood and gooseberry cover were prefemd (Table 8). 

IV. 2.2 Use of De- 

Of 912 eider nests recorded during post-hatch sweys on tcn islands in 1993,234 

or 25.7% were found under deadfalls. There was considerable variation in the proportion 

of nests located under deadfalls among different natural cover types (Figure 15). Nests in 

barren and standing deadwood cover were most cornmonly located under deadfalls with 

58.8% and 49.3 96 of nesa being under deadfalls respectively . These proportions were 

significantly greater at p-0.01 than al1 other cover types. A significantly greater (at 

p=0.002) proportion of nests were under deadfalls in raspberry cover (35.4%) than were 

under deadfails in beach ( 1  1.4%) and gooseberry (15.7%) cover. The lowest use of 

deadfdls was under tuckamoor at 3.4%. 
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m e  14; Use of vegetation cover types by nesting eider during pst-hatch surveys for 
(A) seven islands in 1992 and (B) 15 islands in 1993. The total number of nests recorded 
in each cover type is presented above each column. 
a A single nest was found under forest cover in 1992. 



T a b u  Eider nest densities recorded by vegetation cover type for nine islands sweyed 

in 1992 in the WMA. 

Cover type Nurnber of Mean nest 1 Total nest 
islands with density deasity 
cover type (nestdha f 1 S.E.) (nesrna) 

Barren 9 

Beach 9 

Forest 2 
Gooseberry 6 
Grass 8 

Rupberry 9 
Tuckamoor 7 

Al1 vegetated cover 9 

calculated as the mean of nest densities on each island for which the cover type was 

presen t 

Mean densities with the same letter were significantly different from one another at 
p=O.OO 1. 

2 calculated by dividing the total number of nests found in the cover type on all islands by 
the total area of that cover type surveyed in 1992 



Table 6: Occurrence of eider nests relative to availability of vegetation cover types on nine islands in the WMA in 1992. 

' Covcr type Proportion Expfcced no. Observcd no. Proportion Confidence interval Cover type 
of tolal area of nests of nests observed an proportion of prc ference 

( PO 1 ( pi ) wcurtcnce ( pi ) 

B m i i  0.35 1 

Beach 0.094 

Forest 0.023 

Gooscberry 0,130 

Grnss O, 194 

R W P ~ W  O. 175 

Tuc kamoor 0.034 

Tuial 

a Proportions of total ûrea represent the perceiitage of cach vegetation type rivuilable For use by nesting eider 
b Calculated by multiplying proportion po x Total n ( Le., 0.351 x 1441 = 506) 

pi represents theoretical proportion of occurrence and i s  cornpared to the corresponding confidence interval to 

determine if hypothesis of proportional use is accepted ( Le., po = p i ) or rejected . 
( O - test value calculated = 1928.19; tabular value, 6 dî, 0.05 level of probability = 12.59 ). Therefore we reject the 

hypothesis thai al1 habitais are being used equally. 



Table 7: E ider nest densities recorded by vegetation cover type for eight islands surveyed 
in 1993 in the WMA. 

Cover type Number of Mean nest 1 Total nest 2 
islands with density dmsity 
cover type (nests/ha f 1 S.E.) ( nestsha ) 

Barren 
Beach 
Deadwood 
Forest 
Gooseberry 

Grass 

Raspberry 
Tuckamoor 

AU vegetated cover 8 

1 calculated as the mean of nest densities on each island for which the cover type was 

present 
2 caiculated by dividing the total number of nests found in the cover type over ai i  islands 
by the total ana of that cover type sweyed in 1993 





Vsgrbtfon cwar typa 

15: Use of deadfalls by nesting eider in different vegetation cover types for 
ten islands sweyed in 1993. The total number of nests recorded 
in each cover type is presented above each column. 

a Signuicantly greater than nests in aii other cover types at pvdue of 0.01. 
Significantly greater than nests in tuckamoor cover at p-value of 0.0003. 
Significantly greater than nests in beach and goosebeny cover at gvalue of 0.02. 



W .  3 ARTIFICIAL NEST SEiELTERS 

1992 
Artificial nest sheltus w e n  available for use by nesting eider on four islands in the 

WMA in 1992. Shelters were used on WO of the four islands. Although 235 shelters were 

available, only 18 (7.7%) were used by nesting eider. Fïfteen sheIters were used by a 

single hen whiie t h e  were used by two females (Table 9). Eider nests were found under 

15 of 53 available shelters (28.3%) on Inner East Bird Island and under only three of 144 

shelters (2.18) on Little White Island- 

Al1 four shelter types wen used by nesting eider to some degree (Figure 16A), 

although variation on Inner Bird Island was observed where use of double wooden shelters 

(8.3%) was lower than the other three shelter types (304, 33.3 and 50.0%). Differences 

in occupancy rates were not significant (Log iikelihood ratio test, DF=3, G-statistb4.4 1, 

Pd.22). Oniy single plastic and double wooden shelters were present on Little White 

Island and both were infrequently occupied by nesting eider. 

m.  
Artificial nest shelters were examined for use by msting eider on six islands in the 

WMA in 1993- Shelters were used on five of the six islands. Of the 440 shelters 

available, 40 (9.19) were used by nesting eider. Thirty-seven shelters were used by a 

single hen while three shelters were used by two females (Table 9). Eider nests wen 

found under 20 of 53 available shelters (37.7%) on h e t  East Bird Island and under only 

three of 197 shelters (1.5%) on Little White Island. Shelter use on the other islands ranged 

fiom none of eight to four of 78 (5.1%) to three of 30 (10.0%) and ten of 74 (13.596). 

Similar to 1992, all four shelter types were used by nesting eider to some degree 

(Figure 16B). Use of double wooden shelters on Inner East Bird Island was signifîcantly 



lower (8.5%) than occupancy of double plastic shcltas (66.7%) at the comcted Bonferroni 

pvalue of 0.0125. Use of single plastic and wooden shelten was 30.4 and 33.3% 

respectively. ûniy single plastic and double wooden shelters wm present on Little White 

Island and both were infquentiy occupied by nestiag eider. Single plastic shelters had 

been placed on West and East Brother Islands and the Speclrs prior to the 1993 season and 

received relatively low use (ranghg h m  5.1 to 13.5%) by nesting eider. 

N. 3.2 

The rate of reuse of the same nest site in consecutive years was relatively high 

(Table 10). It was not hown whether reuse was by the same or different hens. 

On Inner East Bird Island, six of the nine sites (66.7%) used by nesting eider under 

shelters in 199 1 were also used in 1992. Similady, 16 of the 18 (88.9%) sites used under 

shelters in 1992 were also used in 1993. Five of the nine sites (55.6%) used under shelters 

in 199 1 were used by nesting eider during both 1992 and 1993. 

On Little White Island, one of the three sites (33.346) used in 1992 was used again 

in 1993. 

N. 3.3 Effect on Nesting- 

Shelters had been placed on Inner East Bird Island in 1985. In 1987, the 

proportion of nests under shelters at 6.746 was much lower than the 37.9% recorded in 

1993. The number of nests placed under shelters had inczased while the number of nests 

placed in naniral cover had decreased. Figure 17 shows the relative proportion of nests in 

natural cover and under shelters from 1986 through 1993 on hner East Bird Island. The 

proportions of nests recorded in naturai cover and under shelters converged over tirne. 

This occurred without an overall increase in the total number of nests on the island. Nest 

surveys before 1985 reported a mean annual nesting population of 69.2 f 8.0 nests ( n 4 )  

compared with 43.7 rt 19.6 nests (n=8) after shelters had been placed on the island. The 



increased use of nest shelters over tïme did not reflect an ovedl  increase in total nesting 

eider population on this island. 

On Linle White Island, the propomon of nests under shelters has nmained low 

(less than 1.4% of nests under shelters) fiom 1988 through 1993. The o v e d  nesting 

population has remained steady on Little White Island at 38 f 12.9 nests (n-6). Thirty- 

eight nests were found in 1988 and 32 nests were found in 1993. 

Shelters have not been placed on the nearby islands of Outer Bird and huer West 

Bird Islands. These islands were left as control islands for cornparison with Inner East 

Bird Island. Annual nesting populations on Inner East Bird Island and the control islands 

are presented in Figure 18. Nest numbers on Inner East and Inner West Bird Islands 

followed a similar paneni until 198 1. Nest numbers on Inner East Bird Island decreased 

sometirne between the 1981 and 1986 surveys. After the addition of nest shelters on h e r  

East Bird in 1986, nest numben on both islands increased and foiiowed similar patterns 

thereafter. Nesting populations on lnwr East and Outer Bird Islands experienced the same 

annual fluctuations. Nesting populations on aii three islands foLlow similar annuai patterns 

and the addition of shelten on Inner East Bird Island did not appear to have affected the 

total nesting population relative to the control islands. 





inner East Bird Little White 

Shslter type 

Single plastic 

Double plastic 

Single wood 

Double wood 

lnner East Little Specks East West 
Bird White Brother Brother 

s)wmtype 

w e  16: Proportion of each type of nesting shelter used by eider in (A) 1992 and (B) 
1993. The total number of sheltea which were available are preseatcd above each column. 



Table 10 Reuse of the same nest site by eider under artifkia.1 shelters in consecutive 
years from 199 1 through 1993. 

Island Year Sites used Same sites used Sites used in 
in preceding aii three 

Y== Y e m  
- - - - - - . - . - 

Inner East Bird 1991 9 

Inner East Bird 1992 18 

Inner East Bird 1993 23 

Little White 

Little White 



Fimire 17: Relative proportion of eider nests in natural sites and under nest shelters on 
Inner East Bird Island fkom 1986 to 1993. 



Y lnner East Bird 

- Inner West Bird 

-- 
.--O 

Year of survey 

V m r  of survey 

Fjmire 18: Trends in eider nest numben on ( A ) Inner East and Inner West Bird Islands 
and ( B ) Inner East and Outer Bird Islands from 1977 to 1993. Nest shelters were first 
placed on Inner East Bird Island in 1985 as represented by the dotted vertical line. 



IV. 4 REPRODUCTnfE SUCCESS 

IV. 4-1 Ç l u m  

Ciutch sizes were recorded for 1414 nests on ten islands during mid-incubation 

surveys in 1992 (Table 11) and for 552 nests on 11 islands in 1993 (Table 12). The 

surroundhg cover type was ncorded for ai i  of these nests. 

The number of eggs per nest ranged h m  one to 11 in 1992 and one to seven in 

1993. Less than 0.35% of nests in 1992 had greater than seven eggs and the effect of nests 

with multiple clutches was therefm regarded as minimai. 

In 1992, clutch sizes did not Vary among cover types (Kn>skal-Wallis, DF=7, 

H=5.48, Pd.60). The mean clutch size for all nests f one standard deviation in 1992 was 

3-79 f 0.03. 

In 1993, clutch size for nests in beach cover (3.00 f 0.19, median=3.00) was 

significantly lower than for nests under sta~ding deadwood (3.94 f 0.12, median=4.00), 

gooseberry (3.69 f 0.09, median=4.00) or grass cover (3.63 & 0.10, rnedian4.00) at the 

corrected Bonferroni level of p<O.005. Clutch size in beach cover in 1993 was also 

significantly less than that in beach cover in 1992 (3.88 f 0.27, medim4.00). The mean 

clutch size for al1 nests in 1993 was 3-56 f: 0.05. 

Median clutch size for all nests was 4.00 in both 1992 and 1993 . 

IV. 4.2 Nest Pre- 

The proportion of predated nests was recorded by cover type for 441 nests dunng 

mid-incubation surveys on eight islands in 1993. Nest predation ranged h m  1.6% of 6 1 

nests under gooseberry cover to 18.0% of 50 nests in beach cover (Figure 19). Nests in 

beach (1 8.0%) and raspberry (14.3%) cover were signiricantiy (Log-likelihood ratio test, 

corrected Bonferroni level of pd.005) more likely to be predated than nests under 

gooseberry (1.6%) or gras (3.2%) cover. None of ten nests under artificial nest shelters 



had k e n  preâated. Two nests were recorded in fonst cover and neithee had been pdated. 

Of the 441 nests in total, 38 (8.6%) had been predated. 

Eighteen corvids were sighted on islands adjacent to forested islands in 1992 and 

1993 (Table 13) while ten cowïd sightings were made on predominantly forested islands. 

The greatest number of pndated eggs were found on islands with corvid activity. . 

N. 4.3 Overail Nat  Success 

Nest fates were recorded for 661 nests on seven islands during pst-hatch surveys 

in 1992. Of these, 106 or 16.0% were recorded as not having hatched successfuily. Nest 

fates were recorded for 909 nesn on 15 islands during pst-hatch surveys in 1993 (Figure 

20). The surroundhg cover type was recorded for ail 909 nests. Of these, 159 or 17.5% 

were recorded as not having hatched successfully. 

The proportion of nests which did not successfully hatch in 1993 ranged from 

7.9% of 38 nests under tucicarnoor to 39.5% of 38 nests in beach cover. Only 9.8% of the 

41 nests under artificial shelters were not successful. Two nests were recorded under 

forest cover, both of which hatched successfully. Nests in beach cover (39.5%) were 

significantiy (Log-iikelihood ratio-test., corrected Bonferroni level of p< 0.006) more iikely 

to be unsuccessful than nests in all other cover types except for grass (19.0% unsuccessful) 

and raspberry (1 8.6%) cover. 



Mean and median clutch s i w  of eider nests recordeci by vegetation cover type 

in 1992. Ten islands were surveyed for clutch size. 

Vegetation Mean ciutch Median clutch Number 
cover type f 1 SE, of nests 
- - - - - - - - - - - - - - -- 

Barren 3-72 f 0.12 

Beach 3.88 f 0.27 

Forest 4.33 I 0.80 

Gooseberry 3.83 i 0.04 

Grass 3.77 f: 0.07 

Rapberr~ 3-66 f 0-07 4.00 

S helter 3.67 i 0.33 3 -50 

Tuckamoor 3-88 f 0.15 4-00 

Total 3-79 f 0.03 4.00 



Table u: Mean and &an clutch s i w  of ei&r nests recor&d by vegetation cover type 

in 1993. Eleven islaDds were w e y e d  for clutch sïze. 

Vegetation Mean clutch Median clutch Number 
cover type t, 1 SE. of nests 

Barren 

Beach 

Deadwood 

Forest 

Gooseberry 

Grass 

R=pkrry 

Shelter 

Tucicarnoor 

Total 

a Significantly greater than in beach cover at comcted Bonfenoni level of 0.05.  



Vegetaüon cowr types 

m e  19: Proportion of nests predated by avian predators recorded by vegetation cover 
type in 1993. Proportions were recorded during rnid-incubation surveys for eight islands 
in the WMA. The total number of nests recorded in each cover type is presented above 
each column. 

a Significantiy greater than for nests in gooseberry and gras cover a< comcted 
Bonferroni p-value of 0.005. 



Table 13: Corvid observations during mid-incubation sweys in the WMA in 1992 and 
1993. 

Island cover Number Raven Crow Predated 
of islands %gs 

Adjacent 
to forested 

Forested 

Also recorded were 29 predated cormorant eggs and eight predated petrel eggs. 



Fimire 20: Proportion of unsuccessful nests recorded by vegetation cover type in 1993. 
Unsuccessful nests were those which were abandoned, predated by avian predaton or 
contained down without any sign of a successfùi hatch. Proportions were recorded during 
post-hatch nvveys for 15 islands in the WMA in 1993. The total number of nests recorded 
in each cover type are presented above the colwnns. 

a Sign8icantiy less than nests in beach cover at comcted Bonferroni p-value of O.OO6. 

b Proportion of unsuccessful nests recorded for seven islands in 1992. 



V. 1 PHYSICAL CHARACTERISTîCS OF NESTING ISLANDS 

Observations made by authors in othcr eider studies have suggested that an island's 

distance ftom the maialand and the size of an island were important characteristics for 

nesting populations (Blumton et al. 1988. Schmua et al. L983). There was no evidence 

for this in the present study aloag the eastem shore of Nova Scotia. Islands surveyed in 

the WMA in 1992 and 1993 were located 1.3 to 7.1 kilometres from the mainland and 

ranged from 0.8 to 14.8 hectares in size. Neither distance h m  the mainland nor island 

size were accurate predictors of eider nesting populations for these islanàs. 

In Maine, American Eider nested on smaii, isolated islands and the distance to the 

mainiand and island size were considered important factors (Blumton et al. 1988). A high 

level of human recreational activity occumd along coastal Maine. Large islands and 

islands close to the mainland were more likely to have cottages and to be disturbed by 

recreational boaten. This type of pressure did not exist along the eastem shore of Nova 

Scotia Islands examined during this study were protected within a wildlife management 

area during the breeding season. While island size and distance from the mainland were 

important characteristics of eider nesting islands in Maine, they were not as crucial within 

the WMA wbere human disturbance was of a lower intensity. 

It is generally accepted that eiders nest on offshore islands as protection from 

mammalian predaton (Ahlén and Andersson 1970, Gerell 1985, Schmutz et al. 1983, 

Schamel 1977). There was no evidence of mainland rnamrnalian predators such as Red 

Fox, Vulpes vulpes, Coyote. Conis latrans, or Raccwn, Procyon lotor. on any of the 

islands sweyed in the WMA. A distance of 1.3 kilometres nom the mainland represented 

a safe distance from such predators for n e s ~ g  eider. The fact that no eider colonies were 

known to exist closer to the mainiand suggested that islands within 1.3 kilometres may 

have been &cessible to these predators and unsuitable for nesting eider. 



Mink and otter were common on offshore Ïslands within the WMA and there was 

evidence of predation on nesting hens by both musteiid spccies durhg the 1992 and 1993 

nesting seasons. Distance ftom the mainland did not provide a bar& to either mïnk or 

otter for the range of distances examinecl in this study. The large number of islands within 

the WMA meant that mustelids could usuaiIy move between islands to mach islands 

furthest from the mainland. Active mink &ns and the ternains of hen eiders were found on 

four islands mging fiom 1.8 to 5.0 kilometres h m  the mainland It is interesting to note 

that the nanual mink population in the area was repuiarly supplemented by escaped mink 

from a nearby fm on the mainland (Levy pers. corn.). Active otter dens and dead 

eiders were also found on several islands. Two dead hens were found near an otter den in 

1993 on an island 5.9 kilometres from the mainland. McAioney (1973) reported that rnink 

were nsponsible for killing hens during his two year study period on Tobacco Island, two 

kilometres fkom the nearest point on the mainland, Mink were considend major predaton 

of eider hens and hatchlings on islands within 2.1 km of the mainland in southem Sweden 

(Gerell 1985). Although it was felt that mink predation rnay have been a contniuting factor 

in the decline of eider nesting populations on a few islands within the WMA (Müton pers. 

comm.), overall eider populations do not appear to be threatened by the presence of 

mustelids. Sirnilarly, Gerell(1985) concluded that nesting eiders were able to coexïst with 

resident rnink. Since eider nesting populations on all study islands were likely to encounter 

predation by mustelids. distance from the mainland was not a major factor in reducing hen 

predation. 

Within the WMA, islands of al1 sizes supported nesting populations and although 

nest densities may have been pater on some small islands, large islands still supported 

substantial numbers of nests. Gerell(1985) reported that although highest nest densities 

were found on small islands in southem Sweden (less than 1.5 ha), large islands still 

represented an important source of eider production. Eiders were found to nest on al1 &es 

of islands in West-spitsbergen, providing thcy were not so small as to becorne affocted by 



wave action nor so large as to support zesident Arctic Fox, Alopex lagopus (Ahlén and 

Andersson 1970). 

As an island increases in size, the area of ncsting habitat Mer from the shoredine 

increases (Schmutz et al. 1983). The relationship between island size aad amount of 

available cover within easy access of the shorehe was not Iikely to have k e n  a major 

factor in choice of nesting islands by eider in the WMA The majority of islands were less 

than 8.0 hectares in size with access to the water fiom most areas of the island. Access to 

the shoreline would be most M ~ c u l t  on wooded islands. Regardiess of island size, eiders 

did not nest on forested islands in the WMA in any substantial aumbers. To determine if 

forest cover on large islands had an effkct on eider nest placement, transects were surveyed 

on the lone large wooQd island within the WMA known to have a substantial number of 

nesting eider. Forty-eight percent of recorded nests were w i t b  50 metiw of the shoreline 

while 81% were within 100 meaes. Schmutz et al. (1983) found that Hudson Bay Eiders 

preferred to nest on promontories near the shore on larger islands with more than 7096 of 

nests king located within three metres of the shoreline. 

V. 2 PRESENCE OF NESTING SEABIRDS 

Aithough no quantifiable relationships were found between number of nesting eider 

and number of nesting gulls andfor cormorants, al1 commonly nested on the same islands 

within the WMA. 

Herring and Great Black-backed Gulls were observed to predate eider nem within 

the WMA. Gull colonies were not large (cl20 nests) and eiders nested in protective cover 

abundant on most islands. Choate (1966) found that the physical barrier provided by the 

stems and branches of shrubs hindered gull movement Hence, predation pressure by gulls 

in the WMA was not considered intense enough to have had deletenous effects on overd 

eider nesting populations. Although predation on eider eggs by both Hemng and Black- 



backed Gulls was common in southwest Swedcn (Gatmark and Ahluad 1988), the kvel of 

predation was not severe enough to have had an effect on eider populatiom. Inmases in 

both eider and guii nesting populations cm  oc^ on the same island (Bruemmer 1979). 

Herrïng and Great Black-backed Gulls are major nest predators throughout the 

eider's range (Guignion 1967, Clark 1968, Bourget 1970, Milne and Gorman 1974, 

Gormark and Ahlund 1988). Both guil spcies commonly predate eider nests in Nova 

Scotia mwis 1959, Sabean 1972). However, there was no negative correlation between 

numbers of nesting eider and gulls within the WMA. G d  pnsence did not appear to be a 

serious Iimiting factor for overall eider nesting populations, presumably because adequate 

protective nesting cover was avaüable. 

In some cases, eiders have been found to nest within or close to laid colonies. 

Schamel (1977), found that eiders nested in highest densities inside the perîmeter of 

Glaucous Gull, Lurus hyperboteus, colonies where they were afforded protection from 

other avian predators. Spectacled Eider. Somateria jbcheri, also nested within gull and 

tem colonies on the hdigirka Delta (Kistchioski and Fiint 1974). General observations 

from the present study suggest that nesting gulls and eiders rarely overlapped in their 

habitat use on islands in the WMA. Gulls generally nested in the open beach and bamn 

habitats with üttle vegetative growth while eiders most ofien nested in vegetation with 

greater cover. A positive correlation found between the nest density of eiders and gulls in 

southwest Sweden (Gerell 1985) was felt to be due to both colonies king nstricted to the 

same habitat type. White-winged Scoters, Melanitta fusca, nested alongside larids in 

Saskatchewan. This association was also thought to be due to an overlap in habitat and not 

to some form of attraction between the two (Brown and Fredrickson 1989). 

Doublecrested and Great Cormorants nested on islands throughout the WMA. 

Double-crested Cormorants were the more common of the two and often nested in living 

and dead softwoods. Eiders nested on islands with and without active cormorant colonies. 

Researchers in the lower St, Lawrence (Thurston 199 l), found that connotant colonies 



destroyed forested cover used by nesting eider. Since eiders tanly nested under forest 

cover in the WMA, the presence of comorant colonies may actualiy be bcneficial. 

Considerable movement of comorant colonies has accurred within the WMA with old 

colony sites king abandoued for nearby treed islands W k  and Ross. 1973). Trres killed 

by comorant pano remained as dead and fallen s o ~ o o d s .  The nsulthg deadfalls and 

new shrub growth of raspbeny and gooseberry provided nesting cover for eiders. With a 

few exceptions, islands within the WMA were able to recover after loss of forest cover 

with new growth of Ribes and Rubus spp. and regenerating f~ and s p c e  (Austin-Smith, 

pers. comm.). 

V. 3 MSTS IN NATURAL SITES 

V. 3.1 AvailabilitvandUseofonCo erTvpes - .. v v 

Although aii vegetation cover types were used by nesting eiders to some degree, the 

largest number of nests and the greatest total nest densities were recorded in gooseberry 

and raspberry associated with standing deadwood. Use of gooseberry relative to its 

availability suggested that it was selected for as nesting cover. Studies of Amencan Eider 

have consistently shown that, while eiders will nest in a number of different cover types, 

they most often nest in cover types which provide the grratest amount of protective cover. 

On islands in Penobscot Bay, Maine, Gross (1944) observed that shrubs (Ribes, Rubus 

and Rosa spp.) provided excellent nest cover. Revious studies along the eastern shore of 

Nova Scotia found that shrub cover of Ribes and Rubus interrnixed with fallen, dead 

softwoods provided the most ofien used cover type (Sabean 1972, Milton 1986). In the 

St. Lawrence Estuary, eiders aiso showed a strong preference for nesting in protective 

cover of shnibs and ta11 grass (Reed 1975, van Dijk 1986). Hudson Bay Eiders nested 

under dwarf willow and birch (Guild 1968). European studies have shown that eiders 



seldom nested under deciduous forest cover but most commonly nested under s h b s  

(Emngton 1961. Swemea 1976. GereU 1985). Other large bodied seaducks such as 

White-winged and Black Scoters, Melanitta nigra, commonly nested under the dense. 

thomy cover pmvided by gooseberry bushes (Brown and Fredrickson 1989). 

Tuckamoor and gras cover were common on most islands in the WMA and 

supported substantial numbers of nests. Tuckamoor and grass were considered important 

sources of nesting cover on predominantly bamn islands. In Labrador, eiders nested in 

patches of grass and umbeWerous herbs on islands lacking tuckamoor cover (Gilliland et 

al. 1996). In Penobscot Bay, Maine, nests outside of shmb cover were most commonly 

found in grasses or under the low, spreading branches of softwmds near the shoreiine 

(Gross 1944, Choate 1967, Korschgen 1977). Eiders originally nested in shoreline 

grasses on Kent Island, New Brunswick until increasing gui1 populations caused a shift to 

nesting under thick spruce-fir woods (Grubb 1974). Heather and rush cover were 

preferred by eiders nesting on moorlands in Scotland (Mihe and Goman 1974). 

Nests were sparsely scattend in barren cover which represented the dominant cover 

type on islands within the WMA (>30% of the total area surveyed during both years). 

Beach cover was generally avoided as nesting cover. Areas near the beach were also most 

often frequeated by nesting and foraging gulls. Eiders have been recorded nesting on 

exposed sites in study areas where vegetative cover is poor (Hilden 1964, Gabrielsen and 

Lincoln 1959). Even on islands where most nests were under protective s b b  cover, an 

occasional eider nest was found in an exposeci barren or rocky area (van Dijk 1986). In 

banen cover, eiders generally nested near whatever cover was available in the form of short 

grasses or rock overhangs (Cooch 1958). 

Forest cover was rarely used by nesting eider in the study area. Of nine 

predorninantly forested islands surveyed, only Big White was found to have eider nests. A 

common characteristic of forestecl islands was a very dense thicket of fu dong the shorehe 

which may have discouraged hens ftom nesting within the woods. Much of the forest edge 



on Big White consisted of snuited tuckarnoor with an open understory. On the wooded 

island of he de Bicquette in the St. Lawrence, an open undergrowth and a network of trails 

ailowed eider hens easy access to forest habitat across the entire island (Thibault, pers. 

comm.). 

Andersson (1975). suggested that eiders were capable of being unspecialued in 

their selection of nest sites and were able to nest in both open and sheltered cover due to 

advantages resulting fram their nesting behaviour and biology. The small clutch size of 

eiders redting in a short p e n d  of egg exposute to pndators during laying, and the ability 

to iacubate nests continuously during daylight hours, were both cited by Andenson as 

being factors which allowed for nesting in open cover. However, most studies of 

American Eider have suggested that the amount of visual and physical protection Sorded 

to nests by vegetative cover was important in nest site selection (Choate 1967, Bourget 

1970, Miine and Reed 1974, Ciark et al. 1974). The present study tends to support the 

idea that while eiders were able to use a variet). of cover types within the study area, nests 

were most often located in cover types which offered the greatest arnount of protection. 

V. 3.2 Use of Deadf;dls 

Deadfalls were an important component of eider nesting habitat in the pnsent study. 

Twenty-six percent of all nesu were under deadfalls. Fifty-nine percent of nests in barren 

cover were under deadfails suggesting that the additional protection provided by deadfdls 

was of value to nesting hens. Visual and physical protection h m  predaton (Choate 1967, 

Milne and Reed 1974) and physicai protection h m  the elements (van Dijk 1986) have k e n  

considered important factors in nest site selection. Minot (1976), found that eiders in the 

Grand Manan archipelago nested most often around blowdowns with secondary shmb 

growth. Eiders nested under faüen dead spnice trees which provided thick, tangled cover 

on Kent Island, New Brunswick (Gross 1938). Common Eider also nested under 

- 



driftwood or next to fden trees and logs on the central Beaufort Sea Coast of Alaska 

(Schamel 1977, Johnson et al. 1987). 

V. 4 ARTIE'ICIAL NESTING SHELTERS 

v. 4.1 0 C c u t ) a n c y ~  

The literature suggests that eiders wïil use a?lfiial shelten. Anincial nest shelters 

provided an alternative to nesting in open cover on bamn islands and exbibited a high rate 

of use (33%) by nesting eider in Labrador in 1995 (GiiiiIand et al. 1996). The high use of 

shelters was likely due to the lack of high quality nesting cover on the barren islands. 

Wooden shelten in Penobscot Bay, Maine, were used extensively by nesting eider (Clark 

et al. 1974). Forty-eight shelters were placed on three islands in 1967. Shelter use was 

consistently very high, ranging from 79 to 85% between 1970 and 1972. Females which 

came ashore first usually chose sites under the shelters (Korschgen 1976). Shelter use 

declined significantly as the season progressed since females appeared to prefer naaual 

herbaceous and grass cover once it had developed in height and density. In 1985, 450 

wooden nest shelters were placed on ne Blanche in the St Lawrence Estuary. Use of these 

shelters was high in the years immediately foiiowing placement with approximately 30% of 

nests being under shelters (Lacroix and SmaUwmd 1989). Manmade Stone shelters were 

cornmooly used by nesting eider in Iceland (Munro 1961) and on Baffin Island (Cooch 

1965). 

Artificial nesting shelters were used by nesting eider on islands in the WMA but the 

amount of use varied among islands. Shelter use remaineci relatively low on most islands. 

This was the case on Little White, Western White and Outer East Harbour Islands. On 

these islands, shelters have ken  preant for six to eight years with little use (O to 1.4% 

occupancy). Part of the nason for low shelter use on these islands may have k e n  their 



smunding habitat. Shelters were placed in beach, bamn and h s t  cover nomdly 

avoided by eider (Section VI. 3.1). Work in Table Bay, Labrador has shown pfemntial 

use of shelters by nesting eider within different types of cover (Gülilmd et al. 1996). In 

Labrador, shelters in banen cover were not wd as kquently (17%) as those surrounded 

by gras cover (5 1%). Shelter use in the WMA was also low (~14%) in 1993 on isiands 

where shelters had ody ken  available for use for one season. 

-cial nest shelters have been present on Inner East Bird Island for eight 

seasons. Use of shelters has increased over this time and in 1993 reached a high of 3896. 

Shelters were scattered throughout ample nanual cover in the fonn of ta11 grasses and 

Ci~arnon Fera. 

Of the five different kinds of M ~ c i a l  nesting shelters placed on islands in the 

WMA, single plastic and double wooden sheiters were the most common. Double wooden 

shelters were used less frequently than al1 other shelter types. Small entrance sizes of 

double wooden shelters may have discouraged nesting hem. The heavier weight of double 

wooden sheiters often caused them to sink into the soil thereby reducing the size of the 

opening at the front. Clark et al. (1974) observeci that the entrantes of unused wooden 

shelters in Penobscot Bay, Maine were usuaily less than 13 cm high. 

Artificial nest shelters on Inner East Bird Island were examined to deterroine 

whether nest sites under shelters were reused in consecutive years. The high rate of reuse 

(67% in 199 111992 and 89% in 1992l1993) in the present snidy was supported by the 

literature. Reuse of shelters does not necessarily indicate repeated use by the same fernale. 

Milne and Goman (1974) reported that the same nest sites were used year after year, but 

not always by the same hen. In the Barent's Sea, eider nests were often surrounded by 

accumulated debris in the form of an elevated ring which suggested that the same nest was 

used for many years by the same or different nesting fernales (Belopolrskii 1956). Sirnilar 

observations have been made in the WMA with nest sites Ui naairal cover being occupied in 

consecutive years (O'Brien pers. comm.). A preference was shown by nesting fernale 



Common Goldeneye. Bucephda clmgula. for nest boxes that had been occupied by other 

hens in the preceding year @ow and Fredga 1984). Simüar behaviour bas dso k e n  

observeci in Bunleheaùs, Bucephukr a h o h  (Gauthier 1990). 

Several authors have found that heu eiders exhibited a high level of fidelity to 

nesting islands. Nesting hens have b a n  banded and recaptured in ntbsequent year~ in the 

sarne area on the same island in the WMA (Boyd pers. cornm.). Cooch (1969, repoaed 

that eiders nested on the sam islaads in consecutive years with 86% of hens nesting within 

200 feet of their previous year's nest Gereli (1985), found that nestuig hens in southem 

Sweden showed a strong tenâency to r e m  to the same breeding island each year. Thllty- 

nine of 41 banded fernales returned to nest the foilowing year on the same island. 

Sirnilarly, a study of American Eider in Maine (Wakely and Mendail 1976), reveaied that 

nearly ail sumiving fernales renimed to the same breeding island year afw year. 

Nest site fidelity may help explain the mechanisrn behind nest site selection in 

different habitats. Fernale eiders have been shown to exhibit phiiopatry to their natal 

isiands (Coulson 1984, Baillie and Milne 1989, Swennen 1990) and hens also appear to 

r e m  to successfui nest sites in consecutive years. Eider hens which failed to successfidly 

hatch young were seen to move to new sites the foiiowing year (Milne and Goman 1974). 

Eiders which lost nests to predators did not retum to the same site while 25% of successful 

nesters retunied to the exact mst site the foiiowing year (Bustnes and Erikstad 1993). Nest 

site selection in White-winged Scoters was strongly influenced by nest conceaiment and 

previous nest success (Brown and Fredrickson 1989). Adult Wood Duck, & sponsa, 

hens retumed to the nesting areas where they last bred successfuily and young hens also 

retumed to their natal ana to nest. A high proportion of cavities (71 to 89%) having 

successful nests the year before were selected as nest sites whüe less than 50% of cavities 

in which nests were destroyed were used in foilowing y e m  ( Bellrose et al. 1964 ). In 

eiders, a combination of natal philopatry and fidelity to successfûl nest sites would increase 

nesting pop&tions in cover types with highest nesting success. 



Over tirne, the number of nests under shelters had increased on Inner East Bird 

ïsland from 7% in 1987 to 38% in 1993 without an overaii increase in the total number of 

nests on the island. The relative number of nests placed in vegetation had decreased over 

the same time period increased use of nest shelters on an island did not necessarily d e c t  

an overall increase in the total nesting population of eider on that island. 

Shelters were placed on Inner East Bird Island but not on the nearby islands of 

Outer Bird and Inner West Bird Islands. AU three islands experienced similar annual 

changes in nestiag populations (increasing or decreasing) whether shelters were presmt or 

not. Nesting populations had increased on all ttvee islands between 199 1 and 1993. These 

annuai variations were well within the ranges observed by Coulson (1984) on Coquet 

Island off the east Coast of Btitain. Coulson found considerable year to year variation 

related to the proportion of nonbreeding hens which avoided nesting during years of poor 

body condition. 

V. 5 REPRODUCTIVE SUCCESS 

V. 5.1 ClutchSjzes 

Mean clutch sizes in the pnsent study were 3.79 in 1 12 (n=1414) and 

1993 (n=552). These were at the Lower end of a range of clutch sizes reported elsewhere. 

Cooch (1965) reported mean clutches of 3.57 in 1955 and 3.83 in 1956 for eiders nesting 

on Baffin Island. In the Gulf of S t  Lawrence and St. Lawrence Estuary, mean clutches of 

4.04 (Lewis 1939), 4.33 (Guignion 1968) and 3.90 (van Dijk 1986) have been recorded. 

Mean clutches of 4.4 (Gross 1938) and 3.53 (Paynter 1951) have been reported on Kent 

Island while a mean of 4.06 was recorded on the Wolves Archipelago, New Brunswick by 



Gilliland (1990). In Penobscot Bay, Maine, mean cIutch sizes have ranged from 3.79 in 

1965 (Choate 1966) to 4.1 1 in 1966 and 3.53 in 1%7 (Clark 1968). Geogqhically closer 

to the present study area, Sabean (1972) reported a mean clutch of 4.35 on Tobacco Island 

on the eastern shore of Nova Scotia Milton (1986) reported an overall mean clutch of 3.% 

on islands w i t b  the WMA. Coulson (1984) recorded a range in ciutch sizes fkom 3.78 to 

5.40 over a 25 year pend on Coquet Island off the east Coast of Britain. Coulson felt that 

annual variation in clutch sizes was related to the body condition of hens within the nesting 

population in a given year. 

In the present snidy, clutch sizes did aot vary significantly among cover types in 

1992. However, in 1993, nests in beach cover contained significantiy fewer eggs (3.00) 

than nests under standing deadwood (3.94). gooseberry (3.69) and grass cover (3.63). 

There are two plausible explanations for the iower clutch size recorded in beach 

cover in 1993. Older, more experienced eider hem have been shown to be heavier, lay 

earlier and produce ~ i ~ c a n l y  Iarger clutches (Baillie and Milne 1982). This has been 

attributed to increased experience in accumulating fat reserves while foraging during the 

pre-laying period Other waterfowl species have exhibiteci similar patterns of older age and 

increased clutch size (Brakhage 1965, Morse et al. 1969). The variation among clutch 

sizes observed in the WMA in 1993 could be partly due to older females nesting less often 

in the pootly concealhg beach cover. 

A smaller clutch size may also have reflected increased partial predation by gulls 

which commonly foraged dong the beach and in herbaceous beach cover. Other studies 

have reported significantly lower clutches in Iess concealing cover types. Gerell(1985) 

found significantly smalier clutches on islands w i l  sparse raspbeny cover than on islands 

with dense cover of Jwiperus cornmunis in Sweden. Similarly, Milne and Reed (1974) 

observed lower clutch sizes on islands with open cover, where gull predation on eider nests 

was greatest, than on shmb covered islands. Milton (1986) found a significantly lower 

mean clutch for nests in seàges and grasses (3.06) than for clutches under shmb growth 



(4.35) on islands within the WMA. I n d  a- p a o n  on eider nests was observed 

by Milton on those islands with reduced nesting cover of low herbs, sparse grass andlor 

raspberry cane. 

If nesting shelters offend an advantage over naturai sites, it might be expected that 

nests under shelters would have higher than average clutch sizes duc to either a demase in 

egg losses to aviaa ptedators andlor cho ie  of shelters by older, more experienced hens in 

good breeding condition. This was not supported by the present study. Clutches under 

shelters (3.67 in 1992 and 3.36 in 1993) were not significantiy different from any of the 

other cover types for either year. Although eiders nesting under shelters in the WMA did 

not produce larger clutches than those in naiural sites, both Bourget (1970) and Korschgen 

(1977) found that nests uader shelters in Maine had si$nificantly larger clutch sizes (4.43 

and 5.0 eggs) than nests in natural herb and shrub cover (3.37 and 3.9). The mean 

minimum age of hens nesting under shelten was six years compared to a mean age of two 

years for hem in naturai sites (Korschgen 1977). It was not known whether ciifferences in 

clutch sizes in Maine were caused by gull predation or whether fewer eggs were actually 

laid. 

V. 5.2 Nest Su- 

Nine percent of the nests recorded during mid-incubation in 1993 had been 

predated. Average annual nest destruction in Soderskar between 1953 and 1959 was 10% 

(Grenquist 1959). Swennen et al. (1993) teported that 16% of 205 nests on the Island of 

Wieland had been destroyed by Carrion Crows, Corvus corone. A much higher rate of 

predation was recorded by van Dijk (1986) on !le aux Pommes, Quebec, with 63% of eider 

nests having been plundered by gulls. 

In the present study, nests in beach cover were the most Milnerable with 18% of 

nests surveyed during mid-incubation having been predated. Nests under gooseberry 

cover expe&nced the lowest predation rare of 1.6%. None of ten nests under shelters had 



been predateb Milne and Gomian (1974) nported that eider nests in the les t  favored 

habitats in Scotland were the most likely to be pndateé There was a greatcr chance of nea 

predation in gras cover than under cover of heather and rush. The physical obstruction 

provided by dense shrub vegetation has km found to d u c e  nest predation by @s (Reed 

1964. Clark 1968, Bourget 1970). Guils have m~uIty moving about in dense vegetation 

due to their large wingspan and wing structure and have even been found fatally entangled 

in heavy cover (Guignion 1967). Lewis (1959) reprted that weii concealed nests on 

wooded islands were rarely pirdated while 20% of nests on open islands had beea 

destroyed by predators. At artificial waterfowl nests in Alberta, egg losses to avian 

predaton were inversely comlated to the qudity of overhead cover (Dwernychuk and 

Boag 1972). 

The main nest predators within the WMA were larids and corvids. Hemng and 

Great Black-backed Gulls were observed to predate eider nests on islands lacking forest 

cover. Guils commonly nested on the same unforested islands as eiders. It was not 

detennined which species was the more important nest preàator. Only Great BIack-backed 

Gulls were observed atracking créches to pmdate eider ducklings. Sabean (1972) reported 

that Hemng Gdls were the most serious predators of eider eggs in his snidy area on 

Tobacco Island. Nest predation by gulls was the chief cause of nest faiiure on Baffh 

Island (Cooch 1965) and in Maine (Clark 1968). Clark (1968) observed Herring Gulis 

occasionally entering and predating eider nests under artificiai wooden shelters with 

entrance heigbts pater  than 20 cm. Both Herring Guils and Carrion Crows predated eider 

nests in the Sands of Forvie National Nature Rese~e, Scotland (Milne and Gorman 1974). 

American Crows nested on a few of the larger wooded islands within the WMA and 

were commonly observed on wooded islands and on open islands adjacent to forested 

islands. They were considered efficient predators of eider nests on these islands. It was 

not uncornmon during surveys of forested areas to find dozens of predated eider eggs 

under the forest canopy where they had been discardecl by crows. On Tobacco Island. a 



pair of nesting crows wem observecl to s l y  heavily on eider eggs for food and were second 

only to EIemng Gulls in importance as predators of eider n e m  (Sabean 1972). Corvids 

predated eider nests in- wooded areas of Sodenkar (Grenquist 1959). the Gulf of Bothnia 

(Hildén 1964) and Penobscot Bay in Maine (Choate 1966)- Simiiarly, crows predated 

eggs on the woodad Brandypot Island but were not seen to k a danger on treeless islands 

in the St. Lawrence Esmary (Guignion 1967). Giliüand (1990) also reported that crows 

were important predators on eider nests in the Wolves Archipelago while gulls preyed 

mainiy on ducklings. While guils were carely seen to venture into the forest on he de 

B icquette (Bruemmer 1979), the author observed crows predating eider nests in the fonst 

on that island in 1996 (Woolaver, pers. obs.). 

Sixteen percent of nests recorded pst-hatch in 1992 had not hatched successfuIly. 

Similarly, 17% of nests were not successfhi in 1993. Milton (1986) recorded a low rate of 

nest loss for islands in the WMA with ody 7% of 41 aests being unsuccessful. This was 

attributed to the high level of overhead and lateral cover provided by the surrounding s h b  

and hickatnoor cover. Considerable annual variations in nest losses have been reported for 

other studies. Guild (1974) reported 20% of nests unsuccesshil in 1972 and a much higher 

52% nest loss in 1973 for Hudson Bay Eiders. Guignion (1967) found nest losses to Vary 

among islands with 48%,71% and 87% of nests unsuccessful on t h e  islands in the St. 

Lawrence Estuary. The proportion of unsuccessful nests was also high for eider studies in 

Penobscot Bay, Maine. Nest losses ranged from 6 1% in 1964 and 64% in 1965 (Choate 

1966) to 61% in 1966 and 87% in 1967 (Clark 1968). Bourget (1973) recorded 55% of 

nests unsuccessful in the same area Nest losses in European populations of eider have 

been intermediate ktween those observed in Maine and in the present snidy. in noahwt 

Scotland, 38% of nests were recorded unsuccessful by Milne (1963) while 30% of nests 

were not successful in Valassarat, Finland (Hildén 1964). 

In the present shidy, nests under beach cover were most vulnerable with 40% of 

recorded ne& not having hatched successfully in 1993. This was significantly greater than 



all other cover types with the excepion of ncsts under gras and raspberry cover, both with 

19% of nests unsuccesshil, Nests under tuckamoor and under shelters were the most 

Likely to have a successfiil batch Mth only eight and ten percent of nests unsuccessful. 

Eider nest success has also ken shown to Vary among cover types in other studies with 

greatest nest loss in those cover types which offered the lest  amount of physical and/or 

visual protection from predators. Milne and Reed (1974) studied reproductive output of 

eiders nesting in the St. Lawrence Estuary. They found a direct relationship between the 

amount of overhead cover at 2 nest site and nest los. Unsuccessful nests were most ofken 

recorded on rocky islets with sparse grass cover (86% unsuccessful) compared with 75% 

nest Ioss on islands covered with grasses and shmbs and 64% on wooded islands. Sirnilar 

results were reported by Guignion (1967) where 84% of nests on rwky islets had not 

hatched successfuily compared with 64% on islands with grass and shrub cover. Choate 

(1967) found that nests in cover of grass and nightshade were more often unsuccessful 

han nests under hardwood shrubs and cow parsnip. Belopol'skii (1956), Grenquist 

(1959) and van Dijk (1986) al1 recorded higher nest tosses in open sites when compared 

with more sheltered sites. In Saskatchewan, only 15% of White-winged Scoter aests 

under shmb cover were unsuccessfd compared to 38% nest loss in spmer forb cover 

(Brown and Fredrickson 1989). 

Only 10% of nests under artificial shelters in the WMA were unsuccessN in 1993. 

Nest shelters offered nest sites of equal quality to that provided by the most successful of 

natural cover types in the WMA. Artïficial nest shelters in Maine have ken found to 

significantly lower eider nest losses by affording increased protection from gull predation 

(Clark 1968, Bourget 1970). In Bourget's study (1970), nests in natural cover were 

unsuccessful 46 to 85% of the time compared with only 27 to 39% of the time when 

located under artificial shelters. Clark et al. (1974) concluded that shelters were most 

beneficial early in the nesting season and on isiands lacking nanrral vegetative cover. 



American Eider nesting habitats were studied within the Eastern Shore Islands 

Wiidlife Management Area in 1992 and 1993. The importance of island sue, island 

distance to the mainland and the presence of 0th nesting seabirds to nesting eider were all 

examined at an island scale. It was determined which vegetation cover types were utilùed 

more or less often than expected relative to their availability. The importance of deadfails in 

nest site selection was also examined Occupancy of ciiffernt kinds of shelters, the amount 

of reuse by hens in coasecutive years and the effect of shelter presence on nestiag 

populations were ai l  measured to determine shelter effectivemss in providing alternative 

nesting sites. The reproductive value of natural cover types and artifkial shelters were 

assessed by comparing clutch s i m ,  nest predation and overail nest loss. 

Islands surveyed in the WMA in 1992 and 1993 ranged from 0.8 to 14.8 hectares 

in sue and from 1.3 to 7- I Hometres in distance to the mainland. Neither characteristic 

was an accurate predictor of size of eider nesting populations within the Wh424 where 

human disturbance (Le. cottage builders, recreational boaters) was not a major factor. 

Islands of aU sizes suppo~ted nesting eider and although nest densities were greatest 

on smailer islands, large islands supported substantial numben of nests. Any island large 

enough to protect eggs From wave action and to have adequate vegetative growth could 

support nesting eider. 

A distance of 1.3 km from the mainland was felt to represent a safe distance from 

most mammalian predators. Mi& and otter were common within the WMA and eiders 

nesting on al1 of the study islands were Iürely to encounter mustelid predation. 

Eiders, gulls and cornorants nested on the same islands in the WMA. Although 

both Hemng and Great Black-backed Gulls were important predators of eider nests, their 

presence didaot appear to limit eider nesting populations. Nesting gull(26 f 32 nests) and 



eider (39 f 32 nests) populations were moderate on islaads sweyed in 1993. Eiders and 

gulls were obsewed to nest in different habitats and eiders rarely nested within gull 

colonies. Double-crested Conwrants have converted softwood forest to standing 

deadwood and shnibbery on some islaads and may be regardcd as beneficial to nesting 

eider within the study area. An examination of the reiationship between the historical 

movements of cormorant colonies and the location of present eider nesting habitat wodd 

make an interesting fiiture projet. A better undcrstanding of the amount of time required 

for mature forest to regenerate fkom standing deadwood and shnib growth would be 

especialiy valuable. 

Aithough ail vegetation cover typs were used by nesting eiders to some degree. the 

largest proportion of nests and greatest nest densities were recorded for shrub growth of 

gooseberry and raspberry with standing deadwood. Use of gooseberry (2356 of nests in 

1993) relative to availability (6% of area) suggested it was highly prefened nesting cover. 

Grass and tuckarnoor cover, although not utilized more or Iess than expeaed based on their 

availability, were considered important sources of nesting cover on predominantiy barren 

islands. Nests were sparsely scattered throughout bamn cover while beach and forest 

cover were both generaily avoided as nesting cover. Whiie eiders were capable of nesting 

in a wide range of vegetation types with varying amounts of cover, there was an apparent 

selection for thick shmbs and standing deadwood as nesting cover. 

Deadfails were an important component of eider nesting habitat with twenty-six 

percent of ali nests locaied under deadfalls. Deadfidis were particuiarly important for nests 

in sparse vegetative cover with 59% of nests in bamn cover recorded under deadfalls. 

Use of artSiciai nest shelters varied among islands in the WMA. Shelter use 

remained low (O to 1.4%) on several islands. Low shelter use on these islands was 

atmbuted to the placement of shelters in predominantly b a n ,  beach and forest cover 

normally avoided by eiders. Use of shelters was much bigher on Inner East Bird Island 

where sheltek were located throughout tail &rasses and fems. Shelter use had Ulcreased on 



Inner East Bird Island to a high of 38% in 1993. Shelter use was also low (44%) in 

1993 on islands where shelters had only been available for one season. 

Use of double wooden shelters was lower than ali other shelter types. Only one of 

the 12 double wooden shelters (8%) had k e n  occupied on Inner East Bird Island in 1992 

while nine of the 23 single plastic sheltca (39%) had been used. Sm& entrance%izes of 

double wooden shelters may have discoqed nesting hem. 

There was a high rate of reuse of nesting sites under shelters in consecutive years 

(67 to 8996). A combination of natal phiiopatry and fidelity to successfd nest sites was 

suggested as a mechanism behind nest site selection. 

Use of nesting shelters did not necessdy reflect an immediate growth in overall 

nesting population. On Inner East Bird Island, nest shelter use had increased without an 

overall increase in eider nests on the isIand. The number of nests in naturaI sites declined 

suggesting that hens moved fkom na- sites to the shelters. Nesting populations on 

adjacent islands lacking shelters exhibited similar annual fluctuations as Inner East Bird 

Island Use of shelters as a means of increasing nesting populations does not appear to be 

effective in the short tenn on islands which already have estabüshed populations. While 

the availability of quality nest sites is an obvious limitiag factor, recruinnent of nesting 

eiders is a more complex process relying as much on environmental factors outside of the 

nesting area (Le. adult mortality in winterhg and staging areas, food availability and 

weather conditions during pre-laying period). 

Clutch sizes did not vary among cover types in 1992. In 1993, clutches under 

beach cover were signïficantly lower than under standing deadwood and goosebmy cover. 

Clutches under shelters were not sigaificantly different ftom any of the other cover types. 

Lower clutch sizes in beach cover could be explained by the use of beach cover by 

younger, less experienced hens producing smaller clutches andlor increased partial 

predation on nests in beach cover. 



Nine pemnt of nests surveyed during mid-incubation in 1993 had been pndated. 

Predatioa rates in the present study suggested that nests in the least favond habitats were 

most Likely to be predated. Nests in beach cover were most vulnerable (18% nest loss) 

while uests under gooseberry were the least vuinerable (1 -6% nest loss). None of tcn nests 

recorded under shelters bad been predated. 

The main predators of eider nests in the WMA were lands and cowids. Hercing 

and Great Black-backed Gds were most active on open islands and were m l y  observed 

in areas with thick shmb or forest cover. Crows were efficient predators of eider nests on 

islands with softwood forest cover or on open islands adjacent to forested islands. The 

extent of eider nest predation by each gull species would provide an interesting and 

valuable future study. Knowledge of even the relative proportion of each gull species 

nesting within the WMA would k helphil. 

Overall nest loss was 16% in 1992 and 17% in 1993. Nests under beach cover 

were most vulnerable with 40% of nests unsuccessful. This was significantly greater ihan 

dl other cover types with the exception of grass and raspberry cover (both 19%). Nests 

under tuckamoor and shelters were most likely to have a successful hatch with only eight 

and ten percent nest loss respectively. 

American Eider are increasing in popularity among waterfowl hunters in New 

England and have been under high levels of harvest pressure in Newfoundland and 

Labrador. Eider populations are also vulnerable to oil pollution and loss of habitat to 

coastal development. It is important that a close watch is kept on the health of Nova 

Scotia. populations. To this effect, eider management in Nova Scotia should continue to 

emphasize identification, protection and monitoring of important areas for breeding, 

ovemintering and staging populations. Long-term monitoring of hown colonies. 

identification of critical habitat requirements, and an understanding of the general biology 

of Nova ~cotian populations are essential components of eider management. 



Nest s w e y s  should continue to be c m k d  out in new areas dong the southwestern 

shore of Nova Scotia Long tenn monitoring of islands within the WMA, partîculaily 

those with shelters, should also be continueh It is recommended that mid-incubation 

surveys be avoided on pmdominantly grassy islands (i.e. The Brothers) w b  observer 

presence may inmase nest preàation by gulls. Eider nests un& shelters and in gras or 

sparse raspberry growth could be found nlatively w i l y  during pst-haîch sweys. Mid- 

incubation surveys on islands where eiders nest in concealing shrub cover (i-e The 

Halibuts) are necessuy and are not ükely to encounter the same levels of nest predation. It 

is also recommended that mid-incubation nest surveys not be carried out unless there are 

enough observers present to search the island within 1 to 2 hours or else some nest 

abandonment will occur. 

While habitat enhancement progtams for breeding populations are not presently as 

vital a component of eider management in Nova Scotia, they are of value. The information 

conceming eider nesting habitat requirements which is gained through these pro- is 

important and can be appM elsewhere. Although it is recoramended that no new shelters 

be placed on islands within the WMA, much can still be learned about eider nest site 

selection and monitoring of shelter use should be continue& 

Iî in the funire it is decided that artificial nest shelters are needed, they would be 

most beneficial if employed in situations where a known population of nesting eider aiready 

exist in marginal cover (i.e. grasses, sparse raspbecry cane). The high use of deadfalls in 

barren cover also suggests that shelten would be beneficial if placed in barren habitat 

where eiders were already nestiag under deadfds. Shelters placed in rarely used cover 

types (i.e. beach, forest), in the absence of an already established nesting population, 

would most iikely be ineffective in attracting new hens. Since small entrance sizes of 

double wooden shelters may have discouraged nesting hens, it is recommended that 

shelters have an entrance opening between 18 and 25 cm high after settling into the 
- 

substrate. 
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