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A B S T R ACT 

Several study areas were investigated at two Port Colborne 

terneries during the summers of 1973 and 1974 in an attempt to 

determine the influence of clutch size, time of clutch initiation, 

position in the colony, proximity to Ring-billed Gulls, vegetation 

and nesting substrate on the reproductive performance of the Common 

Tern. Hatching success and reproductive success (the number of 

chicks fledged per egg laid) were generally higher for 3-egg than 

2-egg clutches but fledging (the number of chicks fledged per egg 

hatched) success was usually independant of clutch size. Hatching, 

fledging and reproductive success declined as a function of time of 

clutch initiation. Mean clutch sizes also generally declined as a 

function of time. Nests located in the center of the colony 

exhibited higher fledging success than those on the periphery. 

Rock-based clutches had a lower hatching success than clutches 

initiated on sand or dried vegetation. Reproductive performance 

did not appear to be related to proximity to Ring-billed Gulls 

or vegetation within the study area. 
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CHAPTER I 

INTRODUCTION 

The Common Tern (sterna hirundo) is a gregarious ground nesting 

bird belonging to the Family Laridae. It might be described by the 

layman as being a small pesky seagull, having a forked tail, a sharp 

red bill with a dark tip, short red legs and a black cap which comes 

down to its eyes. A more formal description of the Common Tern and 

its physical characteristics may be found in Godfrey (1966). See 

also Plate I, a and b. 

It has been said (O.L. Austin Jr., 1929) that for a Common Tern 

colony to be successful it must be located near a constant supply 

of food and sufficiently isolated to allow freedom from predators. 

This combination of isolation and proximity to fishing areas is generally 

achieved by the establishment of insular breeding grounds. Thus the 

majority of reports on this species concern island populations (e.g. 

Austin, 1940; Palmer, 1941; Marshall, 1942; Hawksley,1957; Power, 1964; 

Langham, 1968; Nehls, 1969; Hatch, 1970; Cooper, Hays and Pessino, 

1970; Switzer, Lewin and Wolfe, 1971; Lemmetyinen, 1972; Hunter and 

Morris, 1976; Fox, 1976). 

Non-insular colonies reported in the literature have generally 

been relieved of predator pressure by corporate ownership of 

colony sites (Ludwig, 1962; Hakala, 1971; and this study, Canada Furnace 

ternery) or through management by agencies such as the Massachusetts 

Audubon Society (Howard, 1968; Nisbet, 1972). Other Larids require 

similar breeding grounds and are often found nesting near Common 

Terns (Cullen, 1960; Langham, 1968; Hatch, 1970). In the Great 

Lakes the principle nesting associates are Ring-billed (Larus 
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PLATE I 

a) Adult Common Tern G.E. Schoenherr 

b) Common Tern chicks and egg in nest. G.E . Schoenherr 
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delawarensis) and Herring Gulls (~. argentatus) (Ludwig, 1968; 

Harris and Matteson, 1975; Morris and Hunter, 1976). 

The foraging habits of this species however differ greatly from 

those of the euryphagic gulls with which it often nests. Tinbergen 

(1932:12) described the Common Tern as an "overspecialized plunger" 

(trans. from Hawksley 1957:58). Palmer (1941) who reviewed the 

literature pertaining to the feeding habits of this tern found that 

it depended almost entirely on fish for food. It does however 

consume other food items, notably crustaceans and insects (Palmer, 

1941; Nisbet, 1973; Lemmetyinen, 1973a; Vermeer, 1973). 

Common Terns do not generally nest until their third or fourth 

summer and older birds generally return to the breeding grounds 2 to 

6 weeks before birds nesting for their first time (Austin, 1938; 

Palmer, 1941 . Langham, 1968). This, coupled with the fact that 

if their first clutch fails, terns often lay second clutches, results 

in an extended breeding season. Ludwig (1962) reported eggs laid 

as late as August 10 in a colony on Lake Huron. 

The nest, or lack of nest, where the tern deposits its eggs is 

found in various degrees of elaborateness ranging from a grass lined 

scrape to a depression in the sand (Palmer, 1941). I have found 

clutches on bare rock as well as pressed gravel, sand, chipped 

concrete and dead vegetative matter. Austin (1938) reported that 

birds nesting for their first or second time seldom lay more than 

two eggs whereas mature birds always lay two eggs and most often 

three. Mean clutch sizes reported in the literature range from 1.92 

(Cooper et al.1970) to 2.94 (Nisbet and Drury, 1972). Cooper et al. 

attributed the low value which they reported to the age structure of 

the individuals comprising this newly established ternery. 
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Hatching success is usually expressed in the literature as the 

number of chicks hatched per egg laid (often given as a percentage) and 

has been found to vary markedly from study to study. Values reported 

vary from almost total failure (Austin 1942; Marshall 1942) to almost 

complete success (95-98%) Nisbet and Drury (1972). The latter values, 

as well as the high mean clutch size noted above, may be related to 

the fact that the study areas selected by Nisbet and Drury do not 

represent a temporal or spacial cross section of the ternery from 

which they were derived. Rather, their figures represent early nest-

ing and thus experienced birds presumably nesting in optimal areas 

of a New England ternery. 

Fledging success as defined in the literature may have four 

meanings. These include: 1) the number of chicks fledged per egg 

laid; 2) the number of chicks fledged per egg hatched; 3) the number 

of chicks fledged per breeding pair and 4) the number of chicks 

fledged per nest. Furthermore, to my knowledge no two investigators 

define 'fledged' in the same way. Exceptions to this rule of course 

are those who include no definition (Chestney, 1970, Switzer et al., 

1971 and 1973). The age at which a chick is assumed to have fledged 

varies from 5 days (Langham, 1968) to 22 days (Nisbet and Drury, 1972). 

Thus considerable caution must be exercised if comparisons of fledging 

success between studies are to be made. The highest number of chicks 

fledged per egg hatched is 0.878 (Langham, 1968). This may of course 

be an exaggerated value resulting from the author's definition of 

fledged. The lowest recorded fledging success in the literature is 

zero reported by Nisbet and Drury (1972) for a study area containing 

87 nests on one of the Monomoy Islands in Massachusetts. 
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Reproductive success is defined in this thesis as the number of 

chicks fledged per egg laid . Values reported in the literature vary 

from 0.71 to 0.00. Both values were reported by Nisbet and Drury 

(1972) . It i s clear from the above that it is difficult to predict 

or categorize the reproductive behaviour of a Common Tern colony from 

a survey of the current literature. Some of this difficulty stems from 

the variety of directions from which studies of the Common Tern have 

been approached . 

Studies of the Common Tern appearing in the literature can 

be divided into four groups: 

1) anecdotal accounts or descriptions (sometimes quantitative) 

of behaviour and breeding biology e.g. (Austin, 1932, 1945, 1 947, 

1949, 1951, 1953; Palmer, 1941; Marshall, 1942; Power, 1964). 

2) quantitative and/or qualitative descriptions pertaining to 

isolated factors influencing the reproductive performance of 

colonies (most notably pertaining to predation or food) e.g. 

(Cullen, 1960; Collins, 1970; Hatch, 1970; Dunn, 1975; Hunter 

and Morris, 1976). 

3) studies designed to compare the breeding biology and reproductive 

performance of Common Terns and other Larids e.g. (Langham, 1968; 

Hays, 1970; Nisbet and Drury, 1972; Lemmetyinen, 1973b). 

4 ) studies carried out in an attempt to ascertain the effects of 

pollutant load (principally chlorinated hydrocarbons) on the 

reproductive performance of this species e.g . (Switzer et al., 

1971, 1973; Gilbertson and Reynolds, 1972; Fox, 1976). 

The research from which this thesis evolved would be classed 

with the fourth type listed above. In 1972 the Department of Biological 

Science, Brock University was contracted by the Canadian wildlife 
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service (Toxic Chemicals Section) to assess the reproductive performance 

of the Common Tern at selected colonies on Lakes Erie and Ontario. 

This was part of a study initiated by the C W S in an attempt to 

determine the reproductive consequences of high levels of chlorinated 

hydrocarbons on fish eating birds in the lower Great Lakes. The bulk 

of the field work in 1972 was carried out by James F. McElman (Lake 

Erie) and myself (Lake Ontario) . 

The Common Tern was studied at the Port Colborne (Lighthouse), 

Toronto (Muggs Island) and Hamilton (Neare and Farr Island) colonies. 

The reproductive performance of this species was found to vary 

considerably from location to location. Hatching success at the 

three study locations was: 
1 2 

0.805 + .008 (n=910) Port Colborne 

Lighthouse, 0.695 ~ .020 (n=331) Muggs I, 0.386 ~ .029 (n=254) 

Muggs II, 0.376 ~ .037 (n=189) Farr Island, and 0.277 + .043 (n=65) Neare 

Island. Fledging and reproductive success was not recorded for 

the Muggs I study area because between June 19 and 22, 1972 a large 

portion of this area was destroyed by flooding. Study of the Muggs II 

area commenced on June 24 and thus represents a late sample. Fledging 

success, chicks fledged per egg hatched, varied from a high of 0.474 + 

.011 (Port Colborne, Lighthouse) to a low of 0.112 +.09at the Neare 

Island colony. Values for Muggs II and Farr Island were 0.194 + .049 

and 0.155 + .046 respectively. 

1 
+ one Standard Error. 

2 
total number of eggs. 
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The Port Colborne Lighthouse colony exhibited the highest 

reproductive success at 0.360 + .012 chicks fledged per egg laid 

while the Neare Island colony was lowest at 0.030 + .016 • 

Corresponding values for the Muggs II and Farr Island colonies were 

0.060 + .037 and 0.075 + .038 respectively (Morris, Hunter, and 

McElman, MS). 

Mean levels of DDE (dichloro-diphenyl-dichloro-ethene) and 

PCB's (polychlorinated biphenyls) for four eggs collected from 

the Port Colborne colony were 6.37 ~ 2.80 and 45.31 ~ 7.87 

ppm_ wet weight respectively while the mean levels of these 

chemicals in eight eggs collected late in the breeding season at 

Muggs Island were 17.50 +4.44 and 82.31 ~ 9.63 ppm we t 

weight. Mean levels of DDE and PCB's in Muggs Island eggs were 

significantly higher than those in Port Colborne eggs (Morris et 

al. MS). No eggs from Hamilton were analysed in 1972. 

Although differences in hatching, fledging and reproductive 

success were quite evident, no relationship between reproductive 

performance of the Common Tern and levels of chlorinated hydrocarbons 

could be established if only because of the small number of eggs 

analysed. Furthermore, the study areas differed in many respects 

and it was clear that several factors, independent of pollutant load, 

involving the breeding biology of the species as well as the physical 

and biological environments of the colony sites could potentially 

influence the reproductive success of the birds. 

Some of these differences and their potential means of influencing 

reproductive success are presented below. 
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1) The number of nests per colony varied from about 1,200 at the 

most successful Port Colborne site through approximately 500 

2) 

at Muggs Island to 70 and 28 respectively at Farr and Neare 

Islands. Curiously, there appeared to be a positive correlation 

between colony size and the level of harrassment of the invest

igator. In Port Colbourne, an individual entering the ternery 

was relentlessly mobbed by nesting terns. At the other extreme, 

in Hamilton, the terns usually deserted the colony sites when 

the investigator approached and did not return until he departed. 

Austin (1940:158) noted that large terneries generally exhibited 

greater reproductive success than smaller ones and suggested that 

"the only gain accrued from group formation is a much greater 

consistency of incubation which some unknown factor engenders in 

a large colony". Coulson and White (1960) found that Kittiwake 

Gulls (Rissa tridactyla) nested progressively earlier subsequent 

to their first nesting and that smaller colonies were composed 

of a higher proportion of less successful, younger birds similar 

to those nesting in the peripheral areas of large colonies. 

Thus ternery size or the portion of a ternery studied might be 

a factor influencing the observed reproductive success. 

The distance of Common Tern nests from Ring-billed Gull 

nesting or loafing areas varied greatly in 1972. While a 

mixed population of about 5,000 non-breeding Herring and Ring

billed Gulls regularly loafed approximately 4 km from Neare and 

Farr Islands, in Port Colborne the nearest Ring-billed nesting 

site was only 80 m from the Common Tern study area. Ring-billed 

Gulls nested within 2 m of the Muggs I area and were seen loafing 

at night on a beach 3 to 4 m from the Muggs II study area. 
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Although no reports of predatio~of either tern chicks or eggs 

by Ring-billed Gulls appear in the literature, several other gull 

species had been reported to prey upon tern eggs and/or chicks 

e.g. the Herring Gull (Tinbergen, 1953 and Hatch, 1970), the 

Laughing Gull (L. artricilla) (Ansingh, Koelers, van der Werf, 

and Voous, 1960), and the Black-head Gull (~. ridibundus) (Chestney, 

1970). One occurrence common to all of the 1972 study areas was 

that a large proportion of eggs and chicks simply disappeared. 

The Ring-billed Gull appeared to be a likely predator. 

3) In contrast to the Muggs I and II study areas,Neare and Farr Islands 

and the Port Colborne study areas possessed little vegetation. Farr 

Island supported a single sugar maple (Acer saccharum) beneath 

which grew isolated clumps of assorted grasses and thistles. 

Vegetation within the Port Colborne study area was limited to 

sparse patches of vegetative mat and Neare Island was almost 

devoid of vegetation. Vegetation within the Muggs I study area 

was quite dense and composed predominantly of thistles and grasses. 

willow shoots (Salix sp.) grew throughout the Muggs II area. 

Interestingly, while experimental evidence reported by O.L. Austin 

Jr. (1932:126) indicated that vegetation (grasses) had a "decidedly 

detrimental" influence on the hatching success of Common Terns , 

Langham (1974) reported that Common Tern nest sites in the 

highly successful colony which he studied were restricted to 

areas in which Yorkshire fog grass (Holcus lanatus) and sheep's 

sorrel (Rumex acetosa) predominated. This presented a conundrum. 

4) Substrate type also varied greatly amongst the colonies. The 

substrates varied from sand in the Muggs II study area, to soil 

and sand within the Muggs I area, to chipped concrete with some 

soil at the Port Colborne Lighthouse. Neare and Farr Islands were 



- 25 -

simply large piles of limestone rocks deposited in Hamilton Harbor 

for the purpose of supporting hydro towers. Although no studies 

of the effect of nesting substrate on reproductive success had 

appeared in the literature, it seemed likely that the probability 

of an egg deposited on a rocky substrate being broken during 

normal incubation activity would be greater than for an egg 

deposited in a normal smooth scrape. 

5) The potential food supply was not measured at any of the 1972 

colonies. It appeared, however, that the 'fishing potential' and 

'fishing ease' were considerably greater at the Port Colborne 

colony (Morris, pers. comm.) .. The importance of an ample food 

supply in proximity to the colony is obvious. Langham (1968), 

Evans and MCNicholl (1972) and Lemmetyinen (1973~have all suggested 

that the amount of food available during or immediately prior 

to egg laying is an important proximate factor influencing clutch 

size in Arctic (~. paradisaea) and/or Common Terns. In addition, 

Nisbet (1973) found a correlation between egg size and the 

performance of the male during courtship feeding. Furthermore, 

he suggested that the amount of food brought by the male while 

the female was brooding was an important indicator of the future 

fledging success of a brood. 

6) It appeared that weather patterns were for the most part the 

same for all study areas throughout the 1972 breeding season, 

although some local variations likely did occur. Weather cond

itions have been noted to affect this species in a variety of 

ways. Some of these are: flooding (Austin, 1940; Rooth, 1958; 

Ludwig, 1962; Nisbet, 1972), deterioration of fishing conditions 
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(Howard, 1968 and Langham, 1968), burial of eggs by wind blown 

sand (Austin, 1932 and Palmer, 1941), starvation and/or prolonged 

exposure due to the inability of parents to procure food (Hawksley, 

1957; LeCroy and Collins, 1972; Morris et al . , MS). 

AlthQugh the study areas differed in many respects, some striking 

similarities in reproductive performance related to clutch size and 

time of clutch initiation were evident. In three study areas (Port 

Colborne, Muggs II and Farr Island) 3-egg clutches exhibited signif

icantly higher hatching and reproductive success when compared to 2-egg 

clutches. In these same study areas, early clutches were found to 

exhibit higher hatching, fledging and reproductive success than clutches 

initiated later in the season. Thus it appeared that the proportion of 

3-egg clutches and the temporal distribution of nest starts could 

potentially influence the observed reproductive performance of a 

Cornmon Tern colony. 

In summary, it seems that one, or a combination of several factors 

could account for differences in reproductive performance observed 

among tern colonies in 1972. Some of these factors were colony 

size, the portion of a colony censused, the assiduity of incubating 

birds, proximity to heterospecifics (predation), vegetation or lack 

of vegetation, nesting substrate, food availability and weather as 

well as chlorinated hydrocarbon loads. 

The data presented in this thesis are derived from an ongoing 

study designed to determine the influence of various factors on the 

reproductive performance of the Cornmon Tern. Originally, I intended 

to carry out a comparative study of the reproductive performance of 

the large, highly successful Port Colborne Lighthouse colony and the 
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smaller, unsuccessful (see above) Hamilton colonies. This was to be 

another class 4 study (defined above) with two notable exceptions. 

First, I had planned to provide several areas of sand substrate 

on Neare and Farr Islands. The working hypothesis was that sand

based eggs would have a higher hatching success than rock-based eggs. 

Secondly, I intended to monitor incubation attentiveness both in 

Port Col borne and on Farr Island. The working hypothesis was that 

Port Colborne terns would be more attentive (assiduous) than those 

nesting in Hamilton. 

The water levels of the Great Lakes, however, were extremely high 

during the summer of 1973, making the low lying Farr Island unsuitable 

for nesting. Furthermore, by mid-May no terns had returned to the 

loftier Neare Island site. Only about 20 pairs of Common Terns 

nested in the Hamilton Harbour region during the entire summer. 

By mid-May it was obvious that experiments involving Hamilton 

birds were not feasible. Therefore, I began to look for alternative 

courses of action. At the Port Colborne Lighthouse ternery, I was 

already monitoring a study area in the central portion of the colony 

in order to obtain typical demographic data for the colony. I had 

also been monitoring a Rocky area of the Lighthouse colony since 

May 14. Since the substrate here was quite similar to that of 

Neare and Farr Island, in late May the sand boxes intended for 

Hamilton were placed in this area. Thus the proposed substrate manipu

lation experiment was carried out in Port Colborne. 

On May 20th, a large breeding ground was discovered about 2 km 

east of the Lighthouse at the rear of the Canada Furnace Company. 

This large open space contained a considerable variety of vegetation 

types as well as considerable numbers of nesting Common Terns and 



- 28 -

Ring-billed Gulls. It was therefore possible to test the effect of 

two more parameters on the breeding success of the Common Tern at 

this colony; proximity to heterospecifics (Ring-billed Gulls) and 

vegetation. To facilitate this experiment the following additional 

study areas were started: two heterospecific areas, vegetated and 

non-vegetated, and one single-species vegetated area, all at Canada 

Furnace. A non-vegetated study area was also set up on the periphery of the 

Lighthouse colony (see Methods for details). 

Thus by early June, I was collecting data from six study areas 

within a very localized region. The obvious advantage of studying two 

Port Colborne colonies was that while terns in this location nested 

under a wide range of environmental conditions, food availability 

and weather conditions were constant at anyone point in time. The 

needs and intentions of the cws (Toxic Chemicals section) were not 

neglected in this new program. Eggs were collected from both Port 

Colborne colonies at various times for chlorinated hydrocarbon analysis. 

These lines of research were also pursued at Port Colborne 

in 1974. The major differences from 1973 were the sub-division of 

study areas into two types "vegetated" and "sparse" and the exclusion 

of the substrate manipulation experiment. My better knowledge of 

the site enabled me to match study areas more closely in 1974. By 

collecting data so that it could be analysed as a function of clutch 

size and time of clutch initiation, as in 1972, I hoped to gain 

further insight into the relationship between these two parameters and 

reproductive performance. 

The results of these studies are presented below. 
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CHAPTER II 

METHODS 

1) Description of colonies and study areas 

The Port Colborne Lighthouse ternery was originally selected for 

study by the C W S (Toxic Chemicals section) in 1972 because background 

data indicated that the terns nesting there carried unusually high loads 

of chlorinated hydrocarbons. As noted in Chapter I, because this large 

and easily accessible ternery showed high reproductive success in 1972, 

study at this location was resumed in 1973. On May 20, 1973 terns and 

gulls were found to be nesting at the rear of the Canadian Furnace Company 

and shortly after this discovery, study of this colony was initiated. 

Detailed descriptions of the ternery sites are provided below. 

a) Lighthouse 

This ternery was situated on a concrete breakwa ll which extended 

westward at the Lake Erie terminus of the WeIland Canal. The majority 

of Common Terns nested on the lee side of the breakwall on a gently 

sloping concrete shelf. Substrate within the colony varied from 

predominantly unvegetated chipped concrete near the lighthouse to sparsely 

vegetated mat and chipped concrete littered with driftwood and loose 

rock close to the tunnel (Figure 1). West of the tunnel the shelf was 

increasingly covered with litter and gravel terminating in a large rock 

pile 50 m west of the tunnel (Figure 1). The distribution of Common 

Terns, Ring-billed Gulls and Herring Gulls nesting at this colony during 

1973 and 1974 is presented in Figure 2. In 1973 the number of Ring-billed 

Gulls nesting at the Lighthouse was estimated at about 750. By 1974 the 

number of this species had risen to 1000-1200. The number of 

Herring Gulls increased from about 100 to 128 during the same period 



FIGURE 1 The physical characteristics of the Lighthouse tern 

and gull colony (1973 and 1974). 

1 Lighthouse 

2 Tunnel 

3 Rock Pile 
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while the number of Common Terns increased from about 1500 to 1750. 

Despite these changes in numbers the distribution of the three species 

remained largely the same over the two years. 

study area locations within the ternery for 1973 and 1974 are 

presented in Figure 2. Data presented in this thesis were collected 

from three study areas in 1973; Central, Peripheral and Rocky. Those 

collected in 1974 are from the Central and Peripheral study areas. 

These study areas are described with respect to number of nests enclosed, 

substrate type, vegetation, and area enclosed in Table I. Individual 

plant species present in the two areas studied in 1974 are presented in 

Appendix I. Neither the species present nor the relative abundance of 

vegetation appeared to change from 1973 to 1974. 

b) Canada Furnace 

This ternery was situated about 1 km east of the Lighthouse on 

the opposite side of the Welland Canal. The property is leased by 

the Algoma Steel Corp., Canadian Furnace Division from t he St. Lawrence 

Seaway Authority and is used as a dump area for by-products of pig iron 

manufacture. The substrate for the most part resembles pressed gravel 

which is either vegetated or unvegetated depending on traffic patterns 

and the time that the area was last used as a dump site. It appears that 

Lamb's Quarters (Chenopodium album), Bladder eampion (Silene cucubalis), 

Shepherd's Purse (Capsella bursa-pastoris) and thistle species typically 

colonize a dump area first forming sparse vegetation. Later in succession, 

grasses, oats (Avenae sp.) and sweet clover (Meliotus alba) become dominant. 

The distribution of Ring-billed Gulls, Herring Gulls, Common Terns 

and study areas for 1973 and 1974 are shown in Figures 3 and 4. I estimate 



FIGURE 2 

1 

2 

3 

The distribution of Common Terns, Ring-billed Gulls 

and Herring Gulls and the location of Common Tern 

study areas at the Lighthouse location (1973 and 

1974). 
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TABLE 1 Characteristics of study areas and enclosures, 
Port Colborne Lighthouse ternery 1973-74. 

Area # of Nests 
Year Study Area Substrate Type Type of Vegetation Enclosed Enclosed 

1973 Central chipped concrete patchy vegetated 325 m 
2 

158 
and some soil mat. 
scattered rock 
and drift wood 

Peripheral chipped concrete a few individual 170 m 
2 

49 
plants 

Rocky large loosely 390 m 
2 

92 rocky none 
piled rocks 20 sandbox 
patchy areas of 281Sc i r pus w 
dried Scirpus sp. 140' total U1 

sandboxes 

1974 Central same as 1973 same as 1973 275 m 
2 

103 

Peripheral same as 1973 same as 1973 170 m 
2 

47 

1 Total includes flooded nests from each group . 
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that in 1974 the number of Ring-billed Gulls increased by approximately 

2000 individuals over the 1973 total of 30,000 while the number of nesting 

Herring Gulls and Common Terns remained the same at 50 and 1200 respectively. 

Reproductive performance was measured in three study areas at the 

Canada Furnace site in 1973. These were: 1) Non-Veg. RBG (a non

vegetated tern study area which included 30 Ring-billed Gull nests); 

2) Veg. SS (a vegetated study area containing Common Terns only) and; 

3) Veg. RBG (a vegetated tern study area which included 12 Ring-billed 

Gull nests). The predomrrantplant species of the Veg. SS study area in 

1973 were Lamb's Quarters, Bladder Campion, Shepherd's Purse and 

sweet clover. Grasses, oats and clover were the most common plants in the 

Veg. RBG study area. The greatest distance between a tern nest and 

the nearest Ring-billed Gull nest in the early (pre June 6) part of the 

breeding season was 3.5 m and 4.7 m for the Veg. RBG and Non-Veg. RBG 

study areas respectively. Locations of Canada Furnace study areas in 

1973 are shown in Figure 3. Further information about the study areas 

is presented in Table 2. 

In 1974 eight study areas representing three vegetation types 

(non-vegetated, sparsely vegetated, and vegetated) were fenced. 

The study areas were named as follows: Non-Veg. SS; Non Veg. RBG; 

Sparse SS, Sparse RBG 1 and 2; Veg. SS and Veg. RBG 1 and 2. Locations 

of these are shown in Figure 4. The plants most characteristic of the 

areas designated as Sparse were Lamb's Quarters, Shepherd's Purse and 

thistles. The predominant plants in the areas classed as Vegetated were 

grasses, oats, and sweet clover. A complete list of the plant species 

present in each study area which contained vegetation in 1974 is 

presented in Appendix II. Data for study areas Sparse RBG 1 and 2 and 



FIGURE 3 The distribution of Common Terns, Ring-billed Gulls 

and Herring Gulls and the location of Common Tern 

study areas at the Canada Furnace location in 1973. 

1 Water 0 !. : Common Terns 

2 Non-Veg . REG ~ Ring-Billed Gulls 

3 Veg. REG 0 Herring Gulls 

4 Veg . ss 
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FIGURE 4 

Water 

2 Veg. 

3 Veg. 

4 Veg. 

ss 

The distribution of Common Terns, Ring-billed Gulls 

and Herring Gulls and the location of Common Tern 

study areas at the Canada Furnace location in 1974. 

5 Sparse RBGl 

6 Sparse RBG2 

RBGl 7 Sparse ss 

RBG2 8 Non-Veg. RBG 

9 Non-Veg. SS 

~ Common Terns ~ Ring-billed Gulls o Herring Gulls 
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TABLE 2 Characteristics of study areas and enclosure information, 

Port Colborne Canada Furnace ternery in 1973-74. 

Year 
Type of Area 

(m2 ) 
# of Nests 

Study Area Substrate Type Vegetation Enclosed Enclosed 

Non-Veg RBG pressed gravel none 400 81 CT\ 
with scattered debris 30 RBG 

1973 

Veg SS gravel and sand Al 130 36 

Veg RBG pressed gravel 
2 

220 29 CT B 
and sand 12 REG 

1974 Non- Veg SS pressed gravel none 115 27 
with scattered debris 

Non-Veg REG pressed gravel none 110 18 CT 
with scattered debris 4 REG 

Sparce SS pressed gravel A 70 17 
01::> 

and sand f-' 

Sparce REG 
1 

pressed gravel A 50 18 CT 
and sand 6 REG 

Sparce RBG 
2 

pressed gravel A3 15 6 CT 
and sand 3 REG 

Veg SS pressed gravel B 295 49 
and sand 

1 
pressed gravel 65 11 CT Veg RBG B 
and sand 13 REG 

Veg RBG 
2 

pressed gravel B 90 9 CT 
and sand 11 REG 

1 Lamb's quarter, bladder campion, shepherds purse, and thistles prevalent . 

2 
Grasses, oat and sweet clover prevalent. 

3 Bladder campion not present in this study area. 

4 
Common tern. 

5 Ring-billed gull. 
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Veg . REG 1 and 2 have been combined and will be presented as Sparse RBG 

and Veg. REG. The following facts justify these g~oupings: 

1) when a 2 x 2 contingency table with Yates'correction for continuity 

was employed to compare the hatchin~ fledging and reproductive success 

of the study areas which were combined, no significant differences were 

found (Appendix III)i 

2) each study area was located within 10 m of the study area with 

which it was combined and 

3) nest starts occurred at roughly the same time within the areas. 

An attempt was made to fence heterospecific study areas so 

that they would represent true tern Ring-billed Gull interfaces. This 

was easily accomplished in the Sparse REG and Veg. RBG study areas. 

Here the greatest distance between a tern and gull nest was 3 m. In 

the Non-Veg. REG study area however some tern nests were located between 

5 and 6 m from the nearest gull nest. 

Additional information concerning the 1974 Canada Furnace study 

areas is presented in Table 2. 

2) Procedures for measuring reproductive performance 

Ideally investigations designed to measure the reproductive success 

of a particular bird colony should begin prior to the laying of the 

first egg. Although in this study every attempt was made to initiate 

investigation prior to initiation of the first clutch this was not always 

possible. The date of initiation of study for each study area as well 

as the estimated or actual time of clutch initiation will be presented 

at the beginning of each section of the results as appropriate. 



- 43 -

In 1973 both terneries were visited regularly until the last egg 

or chick disappeared from the study areas. In 1974, however, visits to 

the Lighthouse colony were curtailed on August 7 at which time a few 

chicks still remained within the Central study area. 

h .. 1 d h d 48 h . 1 Weat er permlttlng , stu y areas were searc e at our lnterva s. 

Where substrate permitted, a tongue depressor bearing a nest number was 

inserted beside each new nest. In rocky areas nest numbers were usually 

written on rocks adjacent to the nests. In order to determine fledging 

success, all study areas were surrounded by standard poultry mesh 

fencing (2.5 cm diameter hexagonal) which was either buried in, attached 

to, or flush with the substrate. All fences were supported by metal 

poles. Q.L.AustinJr.(1932),Lecroy and Collins (1972) and Nisbet and Drury 

(1972) have previously employed poultry mesh enclosures in studies 

designed to ascertain the reproductive success of t .erns . 

On each visit all eggs were handled and the number and condition 

of eggs present per nest was recorded. Eggs were marked with a non 

toxic magic marker. Chicks were banded within 48 hours of hatching with 

standard U. S. Fish and Wildlife bird bands size 2A. During this period 

the downy chicks are incapable of wandering far from the nest. Thus 

it was possible to determine the nest and in the case of an asynchronous 

hatch, the egg from which a chick originated. Band numbers of all 

chicks within each study area were recorded on each visit. This enabled 

the age of death or disappearance of individual chicks to be determined. 

If a chick reached nineteen days of age, it was considered to have fledged. 

1 
study areas were not visited during periods of wet weather as inter-
ruption of brooding activity during these times could have detrimental 
affects on chicks and eggs. 
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3) Substrate manipulation 

On May 26, 1973, 14 0.425 m2 boxes filled with sand were placed 

in the Rocky study area, top surface flush with the rocky substrate. 

Four additional sandboxes were added on June 18. On June 2, eight rock 

boxes were created by boxing 0.425 m2 areas of the rocky substrate. 

In addition to the rock and sand, one other substrate type, dried bullrush 

(Scirpus sp.) and cattail (Typha sp.) stems (largely remnants of Herring 

Gull nests) was present. Clutches initiated in this study area were 

categorized as being either "Rocky", "Sandbox" or "Scirpus", depending 

on the substrate on which the eggs were deposited. 

4) Chlorinated hydrocarbon residues 

Twenty-four first eggs from 3--egg clutches were analysed for 

chlorinated hydrocarbon residues in 1973, twelve eggs from each of the 

terneries. Six of these were taken from clutches initiated before June 5, 

and six from clutches initiated after this date. These eggs were 

analysed by Dr. L. Reynolds of the Ontario Research Foundation using 

methods outlined in Reynolds (1969). 

Although eggs were collected for analysis in 1974 as yet none 

have been analysed for levels of chlorinated hydrocarbons. 

During both years chicks were routinely examined for physical 

deformities. 

5) Additional procedures 

In addition to the above procedures, extensive diurnal and 

nocturnal observation of the study areas was made in an attempt to 

determine whether any predation or aberrant behaviour was occurring 

in the colony. A total of thirteen night watches were made at the 

Lighthouse colony between late June and early August 1973, while 



- 45 -

only three were made during the same period in 1974. Observations 

were made from a blind at the edge of the colony and extended from 

20:30 to 07:00 the following morning. A Havahart live trap (30 x 

20 cm opening) was used intermittently in both of the terneries during 

the summer of 1973. 

6) Statistical procedures 

The majority of the data presented in this thesis are nominal in 

nature; e.g. an egg could either hatch or not hatch and chicks either 

fledged or did not fledge. In addition, frequency distributions tended 

to be both highly and inconsistently skewed. For these reasons 

par~~etric statistical tests could not be utilized (Siegel 1956). There

fore, the following non-parametric statistical tests were employed 

where applicable: 

i) the 2 x 2 contingency table with Yates' correction for continuity, 

for N 40. When N 40 this test was used only if no expected 

value was 5. 

ii) the Fisher exact probability test, for N 20 or where N 40 with 

one or more expected values 5 in a 2 x 2 contingency table. 

iii) the Mann-tihitney U test for unpaired samples. 

Detailed descriptions of these tests as well as sample calculations 

are presented in Seigel (1956). The 0.05 level of significance was set 

as the level at which null hypotheses were rejected. 
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C HAP T E R 

RESULTS 

I I I 

The data are presented in five separate sections: reproductive 

performance of study areas in 1973, reproductive performance of study 

areas in 1974, the substrate manipulation experiment, chlorinated 

hydrocarbon residue analyses, and observations and trapping. Since 

reproductive success depends on hatching success and subsequent 

fledging success, data on both of these, as well as data for mean 

clutch size, pre-hatch and post-hatch mortality will be presented 

in Sections 1, 2 and 3. 

1) Reproductive Performance of Study Areas (1973) 

The date of first regular visit together with the estimated date 

of clutch initiation and the date of initiation of the last clutch for 

each of the 1973 study areas are presented in Table 3. Clutch initiation 

began in early May 1973 in the Central and Non-Veg. RBG study areas 

and in mid May in the remaining areas. Throughout this thesis, June 5 

will be used as the date separating early and late nests. This date 

has been chosen because it represents the central minimum of the 

predominantly biphasic distribution of clutch initiation dates. This 

type of frequency distribtuion for clutch starts is not uncommon in 

this species and believed to be caused by an influx of first year 

nesters up to six weeks after the arrival of the more mature birds, 

together with some renesting by unsuccessful early nesters (Austin 1940; 

Palmer 1941; Langham 1968). Clutch initiation dates have not been 

plotted for the study areas in 1973 but examination of the distribution 

for 1974 study areas (Appendix VI A-H) provides evidence supporting 

the June 5 split date. 



TABLE 3 

study Area 

LIGHTHOUSE 

Central 

Peripheral 
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Date of first regular visit, estimated date of 
initiation of first clutch, and date of initiation 
of last clutch for Common Tern study areas in 1973. 

Date of First Estimated Date of Date of Initiation 
Regular Visit Clutch Initiationl Of Last Clutch 

May 15 May 3 July 25 

June 5 May 14 July 16 

CANADA FURNACE 

Non-Veg. RBG May 26 May 4 July 16 

Veg. SS June 7 May 18 June 19 

Veg. RBG June 5 May 13 July 4 

1 
Estimate based on mean incubation time of 21 days (Morris et al.MS) . 
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a) Hatching Success 

Hatching success for the Central and Peripheral (Lighthouse) and 

Non-Veg. RBG (Canada Furnace) study areas, partitioned with respect to 

clutch size and time of clutch initiation, are presented in Table 4. 

Data for the Veg. SS and Veg. RBG (Canada Furnace) study areas partitioned 

in the same manner, are presented in Table 5. The data in Tables 4 and 

5 are clearly different in two respects. The study areas in Table 5 

had a relatively small number of late nests and a low degree of clutch 

size variation when compared to the study areas in Table 4. 

Hatching success during the early time period varied from 0.799 

+ .030 (Veg. SS) to 0.889 ± .020 (Peripheral). Hatching success in 

the Central, Peripheral and Non-Veg. RBG study areas appeared to 

decline as a function of time (Table 4). A 2 x 2 contingency table 

with Yates' correction for continuity (X~) was employed to determine 

whether statistically significant differences in hatching success, as 

a function of clutch size and/or time of clutch initiation existed 

for the values presented in Table 4. Chi-square values and levels 

of significance for these tests are presented in Table 6. Examination 

of Table 6 reveals the following. First, during the early time period 

eggs in 3-egg clutches had significantly higher hatching success than 

eggs in 2-egg clutches only in the Non-Veg. RBG area. Secondly, eggs 

from 3-egg clutches were found to hatch significantly better in the 

Central and Non-Veg. RBG areas when late 3-egg and 2-egg clutches 

were compared. Thirdly, when "all nests" were considered, eggs from 

3-egg clutches had a significantly greater hatching success than eggs 

from 2-egg clutches for all three study areas. Finally, with the exception 

of Non-Veg . RBG "2 vs 2" early eggs had a significantly higher hatching 

success than late eggs. Due to the small number of I-egg c lut che s 



TABLE 4 Hatching success related to clutch size and time of clutch initiation for three of the Common Tern study 
areas in 1973 

CENTRAL PERIPHERAL NON-VEG. RBG 

Time Clutch # of # of # Ha. per Clutch # of # of # Ha. per Clutch # of # of # Ha. per 
Period Size Nests Eggs Ha. Egg Laid Size Nests Eggs Ha. Egg Laid Size Nests Eggs Ha. Egg Laid 

1 6 1 0.166 (.152) 1 1 1 1.00 1 0 0 0.00 

Early 
1 

2 7 14 1.00 2 7 12 0.857 (.060) 2 4 4 0.50 (.153) 

3 72 189 0.875 (.015) 3 19 51 0.895 (.02.0) 3 47 126 0.894 (.017) 

Total 85 204 0.864 (.016) Total 27 64 0.889 (.020) Total 51 130 0.872 (.021) 

1 2 0 0.00 1 3 0 0.00 1 2 0 0.00 

Late 
2 

2 25 20 0.40 (.066) 2 10 5 0.25 (.090) 2 16 6 0.188 (.069) 

3 46 90 0.652 (.031) 3 9 13 0.481 (.062) 3 12 21 0.583 (.061) "'" \!) 

Total 73 110 0.579 (.030) Total 22 18 0.360 (.047) Total 30 27 0.386 (.070) 

1 8 1 0.:1.25 (.116) 1 4 1 0.25 1 2 0 0.00 

All 2 32 34 0.531 (.060) 2 17 17 0.50 (.078) 2 20 10 0.25 (.064) 
Nests 

3 118 279 0.788 (.016) 3 28 64 0.762 (.032) 3 59 147 0.830 (.021) 

Total 158 314 0.737 (.017) Total 49 82 0 . 672 (.040) Total 81 157 0.717 (.027) 

1 Clutches initiated on or before June 5. 

2 Clutches initiated after June 5. 

Standard Errors in parentheses. 



TABLE 5 Hatching success with respect to time of clutch initiation and c l utch 
size for the two Vegetated study areas in 1973. 

VEG. SS VEG. REG 

Time Clutch # of # of # Ha. per Clutch # of # of # Ha. per 
Period Size Nests Eggs Ha. Egg Laid Size Nests Eggs Ha. Egg Laid 

Ea rly 
1 

1 2 1 0.500 1 0 

2 1 2 1. 00 2 1 2 1. 00 

3 30 72 (.030) 3 27 69 0.852 (.040) 

Total 33 75 ( . 030) Total 28 71 0.855 (.039) 
U1 
0 

Late 
2 

1 0 1 0 

2 0 2 0 

3 3 6 0.667 ( . 000) 3 1 0 0.00 

Total 3 6 0.667 Total 1 0 0 . 00 

All Nests 1 2 1 0.500 1 0 

2 1 2 1. 00 2 1 2 0.00 

3 33 78 0.788 (.027 ) 3 28 69 0.821 ( . 041) 

Total 36 81 0.786 (.027) Total 29 71 0.826 ( . 040) 

1 1 h .. , d C utc es lnltlate on or b e fore June 5 . 

2 Clutches initiated after June 5. 

Standard Errors in parenthese s. 



TABLE 6 The influence of clutch size and time of clutch initiation on 
hatching success as revealed by X~ analysis 

CENTRAL PERIPHERAL NON-VEG. RBG 

Clutch Size 
x2 

Level of 
2 

Level of 
2 

Level of 
Tested Time Period Signif. Xc Signif . Xc Signif. 

C 

1 
7.301 <.01 2 vs 3 early 0.960 ns 0.005 ns 

2 vs 3 
2 

<. 005 late 8.604 <.005 1. 717 ns 9.496 

2 vs 3 all nests 17.674 <.001 6.544 <.025 52.098 <.001 

2 vs 2 early vs late 13.494 (.001 9.836 (.005 F3 ns 

3 vs 3 early vs late 23.721 <.001 15.053 (.001 17.472 <.001 Ul 
f-' 

all nests early vs late 42.800 <.001 35.094 <.001 53.228 (.001 

1 
Eggs in clutches initiated on or before June 5. 

2 
Eggs in clutches initiated after June 5. 

3 . h FlS er exact probability test. (see Methods) 
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present in the study areas 1 vs 1 and 1 vs 2 test categories were not 

included in the analyses. 

b) Mean Clutch Size 

The mean clutch sizes for the five 1973 study areas are presented 

in Table 7. The one clear trend which emerges from these data is that 

clutch size decreases as a function of time in the Central, Peripheral 

and Non-Veg. RBG study areas. 

It is difficult to determine whether significant differences exist 

between the mean clutch sizes reported for these study areas. Parametric 

tests cannot be used because the data is ordinal in nature and not normally 

distributed (Seigal 1956). Some measure of clutch size variation can 

be obtained however, by dividing the data into two categories; large 

clutches (> 2 eggs) and small clutches (~2 eggs). Thus the frequency 

of large and small clutches for an individual study area or time period 

can be compared to another by means of a 2 x 2 x~ (see Appendix IV). 

When the three study areas mentioned above were tested internally with 

respect to time of clutch initiation, the frequency of large clutches 

was found to be significantly greater for the early nests (vs late nests) 

in the Central and Non-Veg. RBG areas (Appendix IV). Large clutches 

were more common in the early Peripheral sample than the late but not 

significantly so (0.1 > p > .05), (Appendix IV). The remaining test 

combinations in Appendix IV will be discussed in part f) of this 

section of the results. 

c) Egg Failures 

Causes of pre-hatch mortality for the three large study areas are 

presented in Table 8. Despite the wide variety of factors which contribute 

to egg failure, the "Disappeared" category ranks as the number one cause 
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TABLE 7 Mean clutch size in five Common Tern study areas according 
to time of clutch initiation in 1973 

T I M E P E R I o D 

study Area early 
1 

(n) late 
2 

(n) all nests (n) 

LIGHTHOUSE 

Central 2.78 ±0.06 (85) 2.60 ±0.06 (73 ) 2.70 ±0.04 (158) 

Peripheral 2.67 ±O.ll (27) 2.27 ±0.15 (22) 2.49 ±0.09 ( 49) 

CANADA FURNACE 

Non-Veg. REG 2.92 ±0.04 (51) 2.33 ±O.ll (30) 2.70 ±0.06 81) 

Veg. ss4 2.85 ±0.09 (33 ) 3.00 3) 2.86 ±0.08 36) 

Veg. REG 2.96 ±0.04 (28) 3.00 1) 2 . 97 ±0.03 29) 

1 
Clutches initiated on or before June 5. 

2 
Clutches initiated after June 5. 

3 
± 1 Standard Error. 

4 
Early late split date June 7. 



TABLE 8 Egg losses and failures according to category in the three largest 
Port Colborne study areas in 1973. 

CENTRAL PERIPHERAL NON-VEG. REG 

Failure % total Failure % total Failure % total Failure 
Category # lost lost Rank # lost lost Rank # lost lost Rank 

Disappeared 34 30.4 1 12 30.0 1 28 45.2 1 

Rotten 
1 

23 20.5 2 5 12.5 3 3 4.8 6 

Deserted 21 18.8 3 3 7.5 5.5 12 19.4 2 

Cracked 12 10.7 4 2 5.0 7 4 6.5 5 

. 2 
D1S. W.P. 9 8.0 5 4 10.0 4 5 8.1 4 

U1 
.I:>-

Broken 8 7.1 6 11 27.5 2 9 14.5 3 

3 
4 D.W.P. 3.6 7 3 7.5 5.5 0 

Worker Error 1 0.9 8 0 1 1.6 7 

Total 112 40 62 

1 Sloshing sound when shaken. 

2 Disappeared while pipped. 

3 Died while pipping. 
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of egg loss for all three study areas (Table 8). The categories of 

"Broken", "Deserted" and "Rotten" also appear to be major contributors 

to egg failure. 

In both the Veg. SS and Veg. REG study areas "Rotten" eggs accounted 

for over 50% of all pre-hatch mortality, 54.5% (n = 12) in the former 

area and 53.3% (n = 8) in the latter. Disappeared ranked second in 

both study areas contributing 18.2% (n = 4) and 26.7% (n = 4) of the 

egg losses in the respective areas. In the Veg. SS area the second 

rank was shared with the "Broken" category. 

Both the "Disappeared" and "Dis. W.P." (disappeared while pipping) 

categories are quite disturbing. The former because the cause of 

disappearance can only be speculated upon, and the latter because it 

is impossible to determine whether the pipped egg disappeared or 

whether the egg hatched and the chick subsequently disappeared. The 

information yielded by each is equally ambivalent. 

d) Fledging and Reproductive Success 

Birds which survived to 19 days were considered to have fledged 

successfully. Fledging success is defined here as the number of chicks 

fledged per egg hatched while reproductive success is defined as the 

number of chicks fledged per egg laid. Thus, fledging success is a 

measure of the ability of parents to raise chicks and of chick viability 

independent of hatching success; whereas reproductive success, as 

defined, is dependent on both hatching and fledging success. In this 

section data on the reproductive success of the five study areas will 

be presented subsequent to the presentation and examination of fledging 

success. 
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i) Fledging Success Fledging success for the five study areas is 

presented in Tables 9 and 10 in the same format as was hatching success. 

Fledging success during the early time period ranged from 0.413 ± .038 

to 0.691 ~ .027 chicks fledged per egg laid for the Veg. SS and Central 

areas respectively. In the three study areas containing large late 

samples, fledging success was noted to decline markedly as the breeding 

season progressed (Table 9). 

2 
The data in Table 9 were tested statistically using a 2 x 2 Xc test 

to determine the influence of clutch size and time of clutch initiation 

on fledging success (Table 11). Two definite trends are shown in this 

table. First, in all cases where fledging success was tested with 

respect to clutch size, no significant difference was found between 2-egg 

and 3-egg clutches. Secondly, when 2-egg, 3-egg and "all nests" categories 

were tested with respect to time of clutch initiation, fledging success 

was found to be significantly greater for early nests than for late 

nests. 

ii) Reproductive Success Values of reproductive success for the 1973 

study areas are presented in Tables 9 and 10. The number of chicks 

fledged per egg laid in early nests was found to vary from 0.330 = .029 

to 0.597 ~ .021 for the Veg. SS and Central areas respectively. When 

the data in Table 9 are examined internally, a consistent trend towards 

reduced reproductive success for 2-egg and 3-egg clutches and "all nests" 

as a function of time is evident. However, no clear trend in reproductive 

success related to clutch size is apparent. When a 2 x 2 x2 was 
C 

employed to test the influence of clutch size and time of clutch 

initiation on reproductive success (Table 11), reproductive success of 



TABLE 9 Fledging success and reproductive success related to clutch size and time of clutch initiation for three of the Common Tern study 
areas in 1973 

CENTRAL PERIPHERAL NON-VEG. REG 

Time Clutch 1+ of Ch. Fledging 
3 

Reprod. 
4 

Clutch 1+ of Ch. Fledging " Reprod. Clutch 1+ of Ch. Fledging Reprod •. 
Period size Fledged Success Success SizE! Fledged Success Success Size Fledged Success Success 

1 0 0.00 0.00 1 1 1.00 1.00 1 0 0.00 0.00 

Early 
1 

2 10 0.714 (.059) 0.714 (.059) 2 6 0.50 (.144) 0.429 (.111) 2 3 0.75 ( .395) 0.375 (.147) 

3 131 0.693 (.026) 0.606 (.022) 3 27 0.529 (.041) 0.474 (.036) 3 70 0.556 (.031) 0.496 (.027) . 
Total 141 0.691 (.027) 0.597 (.021) Total 34 0.523 (.042) 0.472 (.037) Total 73 0.562 (.033) 0.490 (.025) 

1 0 0.00 0.00 1 0 0.00 0.00 1 0 0.00 0.00 

Late 2 
2 5 0.25 ( .101) 0.10 (.035) 2 0 0.00 0.00 2 0 0.00 0.00 

3 29 0.322 (.036) 0.210 (.022) 3 1 0.077 (.044) O. 037 (.020) 3 1 0.048 (.027) 0.028 (.015) 
U1 

Total 34 0.309 (.036) 0.174 (.018) Total 1 0.056 ( .031) 0.02 (.011) Total 1 0.037 (.021) 0.014 (.007) -...J 

1 0 0.00 0.00 1 1 1.00 0.25 1 0 0.00 0.00 

All 2 15 0.441 (.096) 0.234 (.047) 2 6 0.353 (.131) 0.176 (.058) 2 3 0.30 ( .207) 0.075 (.038) 

3 160 0.573 (.025) 0.452 (.018) 3 28 0.438 (.047) 0.333 (.034) 3 71 0.483 (.032) 0.401 (.025) 

Total 175 0.557 (.026) 0.411 (.017) Total 35 0.427 (.048) 0.287 (.036) Total 74 0.471 (.035) 0.338 (.024) 

1 Clutches initiated on or before June 5. 

2 Clutches initiated after June 5. 

3 Chicks fledged per egg hatched. 

4 Chicks fledged per egg laid. 

Standard Errors in par~theses. 



TABLE 10 Fledging and reproductive success r e lated to clut ch size and time of clutch initiation 
for the two Vegetated Common Tern study areas at Canada Furnace in 1 973 . 

V E G . S S 

Time Clutch # of Ch. Fledging 
3 

Period Size Fledged Success 

Early 
1 

1 0 0.00 

2 0 0.00 

3 31 0.431(.037) 

Total 31 0.413 (.038) 

Late 
2 

1 

2 

3 0 0.00 

Total 0 0.00 

All Nests 1 0 0.00 

2 0 0.00 

3 31 0.397 (.036) 

Total 31 0.383(.036) 

1 Clutches initiated on or before June 5. 

2 Clutches initiated after June 5. 

3 Chicks fledged per egg hatched. 

4 Chicks fledged per egg laid. 

Standard Errors in parenthesis . 

VEG.RBG 

Reprod . 
4 

Clutch # of Ch. Fledging 
3 

Success Size Fledged Success 

0.00 1 

0.00 2 0 0.00 

0.333(.028) 3 39 0.565 (.051) 

0.330(.029) Total 39 0.549(.051) 

1 

2 

0.00 3 0 0 . 00 

0.00 Total 0 0.00 

0.00 1 

0.00 2 0 0.00 

0.313(.027) 3 39 0.565(.049) 

0.301(.027) Total 39 0.549 ( . 050) 

Reprod. 
4 

Success 

0.00 

0.481 (.041) 

0.470 ( . 040) 

0.00 lTl 
00 

0.00 

0.00 

0.464(.040) 

0.453(.040) 
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TABLE 11 The influence of clutch size and time of clutch initiation 
on fledging success and reproductive success as revealed 
by x2 analysis. 

C 

3 4 
FLEDGING SUCCESS REPRODUCTIVE SUCCESS 

Clutch 
Size 2 level of 2 level of 

Study Area Tested Time Period Xc signif . Xc signif . 

2 3 early 
1 

0.018 0.270 vs ns ns 

Central 2 3 
2 

0.133 0.082 vs late ns ns 

2 vs 3 all nests 0.924 ns 3.883 < .05 

2 vs 2 early vs late F 5 <.01 10.044 <.005 

3 vs 3 early vs late 25.233 <.001 42.912 < .001 

all nests early vs late 32.379 < .001 63.725 < .001 

2 vs 3 early 0.019 ns 0.000 ns 

Peripheral 2 vs 3 late F ns 0.000 ns 

2 vs 3 all nests 0.124 ns 2.189 ns 

2 vs 2 early vs late F < .005 7.668 < .01 

3 vs 3 early vs late 6.878 < .01 13.816 < .001 

all nests early vs late 14.774 <.001 27.238 < .001 

2 vs 3 early 0.068 ns 0.016 ns 

Non-Veg. 2 vs 3 late F ns 0.000 ns 
REG 

2 vs 3 all nests 0.613 ns 20.215 <.001 

2 vs 2 early vs late F < .05 F < . 01 

3 vs 3 early vs late 16 . 619 < .001 21 . 627 <.001 

all nests early vs late 21.638 < . 001 46.059 < .001 

1 
in clutches Eggs initiated on or before June 5. 

2 
in clutches initiated after June 5. Eggs 

3 
Chicks fledged hatched. per egg 

4 
Chicks fledged laid. per egg 

5 
Fisher exact probability test (see Methods) . 
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early eggs was found to be significantly higher than late eggs for 

all test categories. However, statistically significant differences 

were found only for the Central and Non-Veg. REG "all nests" category 

when the data w~retested to assess the influence of clutch size on 

reproductive success. In both instances the reproductive success of 

3-egg clutches was higher than 2-egg clutches. 

e) Age and Distribution of Post-Hatch Mortality 

Of the 341 pre-fledge mortalities, only 90 (26.4%) were actually 

sUbstantiated by the recovery of dead chicks. The distribution of 

post-hatch mortality related to chick age for all study areas is 

presented in Appendix V. Because sample sizes are small and rates of 

disappearance for each group are inconsistent, totals for disappearance 

and pre-fledged mortality (disappearance plus death) were lumped on a 

number per pre-fledged time period basis (Figure 5). Examination of 

Figure 5 indicates that both the number of deaths and disappearances 

decrease as a function of time (at least up to day 15). 

Ninety-two chicks (36.6%) disappeared prior to reaching day four 

(during the first one-sixth of the pre-fledged period). During each of 

the first two pre-fledged time periods, 30 (33.3%) deaths occurred. 

These numbers of disappearances and deaths deviate significantly from 

the expected values, if disappearance and death occurred at a constant 

rate up to day 19 (X 2 = 74.34, p<O.OOl, df = 1), (X2 = 15.00, p<O.OOl, 

df 
2 

1) and (X = 15.00, p<O.OOl, df = 1) respectively. 

f) Comparison of Reproductive Performance between study Areas 

Thus far, reproductive success and the two components contributing 

to it (hatching and fledging success) have been examined within study 

areas in relation to clutch size and time of clutch initiation. To 



FIGURE 5 Disappearance and disappearance plus death of 

Common Tern chicks as a function of age for 

all nests in six study areas in 1973. 

--0-- Disappearance 

-tt-Disappearance plus death 



- 62 ... 

120 • Chick Mortality-

ALL SITES,1973 

100 

0 
\ 
\ 

\ 
\ 

80 \ 

~ 
\ 
\ 

\ h: \ 
........ \ • ...J \ 

~ \ 

Q:: 60 \ 
\ C) 
\ 

/ total ~ \ 

~ 
\ .~ 

~ 
\ 

40 
b.- ~~. ~ -"0- ~ :::s ...... ,0 

~ ... 0 ' 
/ " " 

... .' 
20 

disappeared ...... 0" 

6 12 18 
DAYS POST - HATCH 



- 63 -

determine whether position in the colony, proximity to RBG's, vegetation or 

a combination of proximity to RBG's and vegetation were affecting the 

r e p r oductive performance of Common Terns, individual study areas were 

2 
paired and the 2 x 2 X test was employed to compare hatching, fledging 

C 

and reproductive success for the appropriate test classifications 

(Table 12). 

Significant differences were found in only one test classification, 

position in colony (Central vs Peripheral) (Table 12). Hatching success 

was significantly different (Central >Peripheral) for late nests 

whereas fledging success was significantly different only for early and 

all nests (Central> Peripheral). Fledging success for the "late" time 

period showed the same trend but the difference was not significant 

(O.l>p> 0.05). Reproductive success also tended to be higher in the Central 

area, significantly so for late and all nests categories. The same 

trend for reproductive success was evident during the early time period 

but a statistically significant difference was not found (0.1> p> 0.05) 

(Table 12). Only early Veg. SS and Veg. RBG data were included in the 

analyses presented in Table 12; and these were only compared to the early 

data of other study areas. Thus any bias resulting from a dispropor-

tionate number of late nests amongst the study areas tested was avoided. 

Because it was demonstrated earlier that some components of 

reproductive performance were clutch size dependent and since in four 

cases significant or nearly significant differences in the proportion 

of large clutches were found when study areas in the test combinations 

in Table 12 were compared (Appendix IV), the test combinations prese nted 

in Table 1 2 were reanalysed using data from 3-egg clutches only. The 



TABLE 12 The influence of position in colony, proximity to Ring-billed Gulls 
and vegetation on various components of reproductive performance of 
the Common Tern in 1973 as revealed by X~ analysis. 

FLEDGING SUCCESS 
HATCHING SUCCESS 

Test 
2 

Classification Study Areas Tested Xc 

position in Central vs Peripheral earlyl 0.116 
colony 

late 
2 

6.770 

all nests 1.686 

proximity to 
3 

RBGI 0.615 Veg. SS vs Veg. 

RBG's Peripheral vs Non-Veg.RBG 
early 0.017 

late 0.009 

all nests 0.045 

vegetation Veg. Ssl vs Peripheral 
(early) 1.857 

proximity to Veg. 
1 

RBG vs Non-Veg.RBG 

RBG's (early) 0.067 

1 
Includes only eggs or chicks from clutches initiatea 

2 Eggs and chicks from clutches initiated after June 5. 

3 
Eggs and chicks from clutches initiated before June 7. 

4 Chicks fledged per egg hatched. 

5 Chicks fledged per egg laid. 

Level of 
x2 Signif. 

C 

ns 4.816 

.01 3.810 

ns 7.670 

ns 2.184 

ns 0.060 

ns 0.196 

ns 1.543 

ns 1.484 

ns 0.003 

on or before June 5. 

Level of 
Signif • 

<.05 

ns 

< .025 

ns 

ns 

ns 

ns 

ns 

ns 

4 5 
REPRODUCTIVE SUCCESS 

x 2 
Level of 
Signif . 

C 

3.035 ns 

6.803 <.01 

9.270 < .005 

3.070 < .05 
0'1 
~ 

0.011 ns 

0.232 ns 

2.202 ns 

2.900 ns 

0.012 ns 
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sole test classification affected by analysing the data in this manner 

was "position in colony" (Central vs Peripheral). In contrast to the 

values in Table 12 no significant differences in hatching success were 

found. Early fledging success remained significantly higher in the 

Central area but fledging success was only marginally (0.1 >p> 0.05) 

higher when "all nests" (all 3-egg clutches) were compared. Reproductive 

success remained marginally higher in the Central area during the early 

time period. However, during the "late" and "all nests" time periods, 

reproductive success dropped from being significantly higher in the 

Central area to being marginally higher. These changes in significance 

can be explained by the larger proportion of less successful 2-egg 

clutches present in the Peripheral study area (Tables 4 and 9; Appendix 

IV) . 

2) Reproductive Performance of Study Areas (1974) 

The date of the first regular visit and dates of initiation of 

the first and last clutch for each study area are presented in Table 13. 

The distribution of clutch starts for each of the study areas is 

available in Appendix VI A-H. Based on these distributions June 5th 

was taken as the split date for the "early" and "late" time periods 

for all study areas. 

a) Hatching Success 

Hatching success for the two Lighthouse study areas and for the 

Veg. SS (Vegetated single species) study area in the Canada Furnace 

ternery are presented with respect to clutch size and time of clutch 

initiation in Table 14. These three areas represent the largest of the 

numerous study areas and are thus considered in some detail. 
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TABLE 13 Date of first regular visit, estimated date of 
initiation of first clutch, and date 6f initiation 
of last clutch for Common Tern study areas in 1974. 

Date of First Date of Clutch Date of Initiation 
Study Area Regular Visit Initiation Of Last Clutch 

LIGHTHOUSE 

Central May 3 May 5 July 30 

Peripheral May 26 May 121 July 28 

CANADA FURNACE 

Non-Veg. SS May 20 May 81 June 11 

Non-Veg. REG May 11 May 101 June 19 

Sparse SS May 31 May 161 June 14 

Sparse REG 1 May 6 May 101 June 10 
2 May 20 May 13 May 22 

Veg. SS May 6 May 7 July 1 

Veg. REG 1 May 6 May 10 May 24 
2 May 6 May 13 June 5 

1 
Estimate based on mean incubation time of 21 days (Morris et ale MS) --



i 

TABLE 14 Hatching success related to clutch size and time of clutch initiation for three of the Common Tern study 
areas in 1974 

CENTRAL PERIPHERAL VEG . SS 

Time Clutch # of # of # Ha. per Clutch # of # of # Ha. per Clutch # of # of # Ha. per 
Period Size Nests Eggs Ha. Egg Laid Size Nests Eggs Ha. Egg Laid Size Nests Eggs Ha. Egg Laid 

1 3 0 0.00 1 0 0 0.00 1 0 0 0.00 

2 8 11 0.688 (.087) 2 5 9 0.900 (.063) 2 5 7 0.70 ( .126) 

Early 1 
3 57 143 0.836 (.022) 3 17 46 0.902 (.027) 3 40 95 0.791 (.034) 

4 1 1 0.25 

Total 68 154 0.811 (.022) Total 23 56 0.861 (.024) Total 45 102 0.785 (.033) 

1 6 0 0.00 1 1 0 0.00 1 0 0 0.00 

Late 2 2 13 9 0.346 (.071) 2 5 8 0.80 ( .077) 2 3 4 0.667 (.096) 

3 16 34 0.708 (.061) 3 18 45 
(j\ 

0.833 (.043) 3 1 3 1.00 -...J 

Total 35 43 0.538 (.050) Total 24 53 0.815 (.038) Total 4 7 0.778 (.083) 

1 9 0 0.,00 1 1 0 0.00 1 0 0 0.00 

All 2 21 20 0.476 (.058) 2 10 17 0.85 (.051) 2 8 11 0.688 (.067) 
Nests 3 73 177 0.808 (.022) 3 35 91 0.867 (.029) 3 41 98 0.797 (.034) 

4 1 1 0.25 

Total 103 197 0.703 (.036) Total 47 109 0.838 (.023) Total 49 109 0.784 (.032) 

1 Clutches initiated on or before June 5. 

2 Clutches initiated after June 5. 

Standard Errors in parentheses. 



TABLE 15 The influence of clutch size and time of clutch initiation on 
hatching success as revealed by x~ analysis 

CENTRAL PERIPHERAL VEG. SS 

Clutch Size 
x2 

Level of 

x~ 
Level of 

x~ 
Level of 

Tested Time Period Signif. Signif. Signif. 
C 

1 
2 vs 3 early 1.332 ns 0.315 ns 0.077 ns 

2 vs 3 
2 4 

late 7.661 < .01 0.040 ns 

2 vs 3 all nests 19.236 <.001 2.452 ns 0.457 ns 

2 vs 2 early vs late 3.359 ns F3 ns 

3 vs 3 early vs late 3.175 ns 0.558 ns (}I 
OJ 

all nests early vs late 23.160 < .001 2.904 ns 0.l39 ns 

1 
Eggs in clutches initiated on or before June 5. 

2 
Eggs in clutches initiated after June 5. 

3 Fisher exact probability test. 

4 Sample size too small to test. 
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TABLE 16 Hatching success related to time of clutch initiation for five 
of the Common Tern study areas in 1974. 

Time # of # of # of # Ha.per 
Study Area Period Nests Eggs Eggs Ha . Egg Laid 

Non-Veg.SS early 
1 

26 77 73 0.948 (.013 ) 

late 
2 

1 3 3 1.00 

Total 27 80 76 0.950 ( . 013) 

Non-Veg.RBG early 
1 

17 50 43 0.860 (.037) 

late 
2 

1 3 2 0.667 

Total 18 53 45 0.849 ( . 035) 

early 
1 

Sparce SS 16 44 38 0.864 (.041) 

late 
2 

1 3 3 1.00 

Total 17 47 41 0.872 (.039) 

early 
1 

Sparce RBG 23 66 58 0.879 (.021) 

late 
2 

1 3 2 0 . 667 

Total 24 69 60 0.865 ( .020) 

early 
1 

Veg.RBG 20 58 49 0 . 845 (.036) 

late 
2 

Total 20 58 49 0.845 ( . 036) 

Standard Errors in parenthesis 

1 
in clutches initiated Eggs on or before June 5. 

2 
in clutches Eggs initiated after June 5. 
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A statistical assessment of hatching success as a function of 

clutch size and time within areas revealed few common trends (Table 15). 

The Central area was the only one in which any significant differences 

were found. Three-egg clutches had a higher hatching success than 2-egg 

clutches for both the "late" and "all nests" categories. Furthermore 

the Central study area ("all nests" category) was the only area in 

which early eggs hatched significantly better than late eggs (Table 15) . 

The "2 vs 2" and "3 vs 3" egg test categories in this study area fell 

just short of the required level of significance (0.1>p>0.05) (Table 15). 

Hatching success of eggs for the five remaining study areas is 

presented in Table 16. Hatching success for early eggs in these areas 

varied from a high of 0.948 ± .013 eggs hatched per egg laid (Non-Veg.SS) 

to a low of 0.845 ± .036 eggs hatched per egg laid (Veg. REG) which is 

comparable to the early eggs from the three larger areas (Table 14). 

Because of the small number of late nests and low degree of variation 

in clutch size in these study areas (Appendix VII) no comparisons were 

made with respect to clutch size and time of clutch initiation. 

b) Mean Clutch Size 

The mean clutch sizes for all 1974 study areas partitioned with 

respect to time of clutch initiation are shown in Table 17. Once 

again because mean clutch sizes could not be directly compared statist-

ically, the proportion of large (> 2.,.egg) and small clutches (~2-egg) 

2 
were compared using a 2 x 2 Xc test. When this was done on an early vs 

late basis for the Central Peripheral and Veg. SS study areas Appendix VIII, 

the proportion of large clutches in the Central and Veg. SS study areas 

were found to decline significantly from early to late in the season. 
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TABLE 17 Mean clutch size in eight Common Tern study areas according 
to time of clutch initiation in 1974 

T I M E P E R I o D 

Study Area early 
1 

(n) late 
2 

(n) all nests (n) 

LIGHTHOUSE 

Central 2.79 ±0.063 (68) 2.29 ±0.13 (35) 2.62 ±0.06 (103) 

Peripheral 2.83 ±0.10 (23) 2.71 ±0.08 (24) 2.77 ±0.08 ( 47) 

CANADA FURNACE 

Veg. SS 2.89 ±0.05 (45) 2.25 ( 4) 2.84 ±0.05 49) 

Veg. REG 2.90 ±0.10 (20) 2.90 ±0.10 20) 

Sparse SS 2.75 ±0.11 (16) 3.00 1) 2.76 ±0.10 17) 

Sparse REG 2.87 ±0.07 (23) 3.00 1) 2.88 ±0.07 24) 

Non-Veg. SS 2.96 ±0.07 (26) 3.00 1) 2.96 ±0.08 27) 

Non-Veg. REG 2.94 ±0.06 (17) 3.00 1) 2.94 ±0.05 18) 

1 
Clutches initiated on or before June 5. 

2 
Clutches initiated after June 5. 

3 
± 1 Standard Error. 



- 72 -

The proportion of large clutches in the Peripheral area however, did 

not change significantly as a function of time. Further discussion of 

the data in Appendix VIIIwill be presented in Results 2,(f). 

c) Egg Failures 

Individual causes of pre-hatch mortality along with the relative 

contribution to egg failure of each category are presented in Table 18. 

Of the 124 eggs lost in the three areas, disappearance accounted for 

45 (36.6%) of the egg failures. This cause was ranked first in the 

Central study area and was tied for first and second rank respectively 

in the Peripheral and Veg. SS study areas (Table 18). "Rotten" and 

"Deserted" categories were additional major contributors to egg 

mortality. 

Examination of egg failure among the remaining study areas 

revealed no consistent trend. Only four eggs (5.2% of the total laid) 

failed to hatch in the Non-Veg. SS area and two of these disappeared 

while pipping. Seven (38.9%) of the 18 eggs which failed to hatch in 

the Non-Veg. RBG area disappeared. Broken eggs (n=4) represented 22.2% 

of the egg mortality in this area while Rotten (n=3) and Deserted (n=3) 

eggs each represented 16.7% of the egg failures. six eggs (13.6% of the 

total laid) failed to hatch in the Sparse SS study area and two of these 

were classed as cracked; the remaining four were spread over four 

separate categories. Of the nine eggs which failed in the Sparse RBG 

study are~ three were cracked, three were rotten and three failed 

from other causes. Finally in the Veg. RBG study area, the major 

category of egg failure was "Rotten" (66.7%, n=6). 



TABLE 18 Egg losses and failures according to category at three 
Port Colborne study areas in 1974. 

CENTRAL PERIPHERAL 

Failure % total Failure % total 
Category # lost lost Rank # lost lost 

Disappeared 32 43.8 1 6 28.6 

Rotten 
1 

7 9.6 3.5 6 28 . 6 

Deserted 12 16.4 2 1 4 . 8 

Cracked 6 8.2 5.5 1 4.8 

. 2 
D1.s. w. P. 7 9.6 3.5 3 14 . 3 

Broken 6 8.2 5.5 1 4.8 

3 
3 4.2 D.W.P. 7 3 14.3 

Total 73 21 

1 
Sloshing sound when shaken. 

2 Disappeared while pipping. 

3 Died while pipping. 

VEG. SS 

Failure % total Failure 
Rank # lost lost Rank 

1.5 7 23.3 2.5 

1.5 10 33 . 3 1 

6 7 23 . 3 2 . 5 

6 1 3.3 5 

-...J 

3 . 5 0 w 

6 5 16.7 4 

3.5 0 
30 
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d) Fledging and Reproductive Success 

i) Fledging Success As in 1973, chicks which survived for 19 days were 

considered to have fledged. Fledging success for the eight study areas 

is presented in Tables 19 and 20. The data in Table 20 are presented in 

greater detail in Appendix IX. Fledging success among early samples, 

measured as the number of chicks fledged per egg hatched, varied from 

a high of 0.824 + .053 (Veg. SS) to a low of 0.581 + .056 (Non-Veg. REG). 

2 
A 2 x 2 Xc test was employed to determine whether fledging success 

varied as a function of clutch size or time of clutch initiation in 

the Central, Peripheral or Veg. SS study areas. Chi-square values and 

levels of significance are presented in Table 21. When tested within 

a time period, the number of chicks fledged per egg hatched was signif-

icantly different in only one case (3) 2, Peripheral "all nests"). 

The fledging success of early chicks was significantly greater than 

for late chicks in all three study areas when "all nests" were considered 

but not for the "2 vs 2" Central and Peripheral and "3 vs 3" test 

combinations (Table 21). 

ii) Reproductive Success Reproductive success for the eight study 

areas is shown in Tables 18, 19 and Appendix IX. The nlli"tlber of 

chicks fledged per egg laid in early clutches varied from a high of 

0.766 + .029 (Non-Veg. SS) to a low of 0.538 + .048 (Peripheral) 

(Tables 19 and 20). 

Examination of reproductive success for the Central, Peripheral 

and Veg. SS study areas (Table 19) reveals two general trends. First, 

reproductive success appears to be clutch size dependent (3)2) and secondly 

time dependent, (early late ) . with few exceptions these trends proved to be 



TABLE 19 Fledging success and reproductive success related to clutch size and time of clutch initiation for three of the Common Tern 
study areas in 1974 

Time Clutch # of C~ 
Peri od Size Fledged 

1 0 

2 10 

Ear1y1 3 116 

Total 126 

1 0 

Late 
2 

2 2 

3 22 

Total 24 

1 0 

All 2 12 
Nests 

3 138 

Total 150 

CENTRAL 

Fledging 3 
Success 

0.909 (.158) 

0.811 (.032) 

0.818 (.033) 

0.222 (.131) 

0.647 (.085) 

0.558 (.091) 

0.60 ( .156) 

0.781 (.032) 

0.761 (.036) 

1 Clutches initiat.ed on or before .june 5. 

2 Clutches initiated after June 5. 

3 Chicks fledged per egg hatched. 

4 Chicks fledged pex egg laid. 

Standard Errors in parentheses . 

Reprod. 4 
Success 

0.625 (.083) 

0.687 (.025) 

0.633 (.023) 

0.077 (.035) 

0.458 (.054) 

0.30 (.042) 

0.286 (.056) 

0.630 (.023) 

0.556 (.073) 

PERIPHERAL 

Clutch # of Ch. Fledging 
Success Size Fledged 

1 0 

2 3 0.333 (.077) 

3 31 0 . 674 (.052) 

4 1 1.00 

Total 35 0.625 (.048) 

1 0 

2 0 

3 14 0 . 311 (.050) 

Total 14 0.264 (.044) 

1 0 

2 3 0.176 (.061) 

3 45 0.495 (.043) 

4 1 1.00 

Total 49 0.450 (.036) 

Reprod. 
Success 

0.30 ( .087) 

0.608 (.046) 

0 . 2~0 

0.538 (.048) 

0.259 ( . 040) 

0.215 (.035) 

0 . 15 (.051) 

0.429(.036) 

0.25 

0.377 (.030) 

Clutch # of Ch. 
Size Fledged 

1 0 

2 4 

3 80 

Total 84 

1 0 

2 0 

3 0 

Total 0 

1 0 

2 4 

3 80 

Total 84 

VEG. SS 

Fledging 
Success 

Reprod. 
Success 

0.571 (.186) 0.40 (.118) 

0.842 (.053) 0.667 ( . 037) 

0.824 (.051) 0.647 (.029) 

0.364 (.135) 0 . 25 (.088) 

0.797 (.051) 0.650 (.037) 

0.771 (.050) 0.604 (.036) 

-..J 
1Tl 
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TABLE 20 Fledging success and reproductive success related to time 
of clutch initiation for five Common Tern study areas in 
1974 

Time # of # of Ch. 
3 4 

Fledging Reprod. 
Study Area Period Eggs Ha. Fledged Success Success 

Non-Veg. SS early 
1 

73 59 0.794 (.027) 0.766 ( • 029) 

late 
2 

3 0 0.00 0.00 

Total 76 59 0.776 (.023) 0.738 ( • 030) 

early 
1 

Non-Veg. RBG 43 25 0.581 (.056) 0.500 (.046) 

late 
2 

2 0 0.00 0.00 

Total 45 25 0.556 (.054) 0.472 (.045) 

early 
1 

Sparse SS 38 27 0.711 (.072) 0.614 ( .061) 

la,te 
2 

3 3 1.00 1.00 

Total 41 30 0.732 (.074 ) 0.638 ( • 058) 

early 
1 

Sparse RBG 58 47 0.810 ( • 056) 0.712 (.037) 

late 
2 

2 0 0.00 0.00 

Total 60 47 0.783 ( .049) 0.681 ( . 040) 

early 
1 

Veg. RBG 49 32 0.653 (.049) 0.552 (.041) 

late 
2 

0 

Total 49 32 0.653 ( • 049) 0.552 (.041) 

Standard Errors in parenthesis 

I 
in clutches initiated Eggs on or before June 5. 

2 
Eggs in clutches initiated after June 5. 

3 
Chicks fledged per egg hatched. 

4 
Chicks fledged laid. per egg 
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TABLE 21 The influence of clutch size and time of clutch initiation 
on fledging success and reproductive success as revealed 
by x~ analysis. 

3 4 
FLEDGING SUCCESS REPRODUCTIVE SUCCESS 

Clutch 
Size x 2 level of x~ level of 

Study Area Tested Time Period C signif . signif. 

2 vs 3 early 
5 

0.165 ns 0.025 ns 

Central 2 vs 3 late 
6 

3.627 ns 19.601 < .001 

2 vs 3 all nests 2.281 ns 15.726 < .001 

2 vs 2 early vs late Fl ns 12.071 <.001 

3 vs 3 early vs late 3.405 ns 6.870 <.01 

all nests early vs late 11.122 <.001 28.617 < .001 

2 3 early 
5 

2.397 2.095 vs ns ns 

Peripheral 2 3 late 
6 

0.900 17.650 < .001 vs ns 

2 vs 3 all nests 4.650 < .05 4.397 <.05 

2 vs 2 early vs late F ns F ns 

3 vs 3 early vs late 10.570 <.005 11. 629 < . 005 

all nests early vs late 12.909 < .001 13 .102 < .001 

2 3 early 
5 

1.688 12.574 < . 001 vs ns 

2 3 late 
6 2 

Veg. SS vs 

2 vs 3 all nests 1.158 ns 8.689 <.005 

2 vs 2 early vs late 

3 vs 3 early vs late 

all nests early vs late 20.690 < . 001 10 . 236 <.005 

1 
Fisher exact probability test. (see Methods) 

2 
Sample sizes too small to test. 

3 
Chicks fledged hatched . per egg 

4 
Chicks fledged laid . per egg 

5 
Clutches initiated on or before June 5. 

6 
Clutches initiated after June 5. 
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statistically significant (Table 21). The exceptions were: 3 vs 2-egg 

clutches (early) and early vs late "2 vs 2" in the Peripheral and 

Veg. SS areas (Table 21). 

e) Age of Distribution of Post-Hatch Mortality 

Only 53 (25.7%) of the suspected pre-fledge mortalities were 

substantiated by the discovery of dead chicks. The majority 153, (74.3%) 

of the losses were caused by chick disappearance prior to day 19. The 

distribution of chick death and disappearance for each of the eight 

study areas is presented in Appendix X. One point of interest in 

Appendix X is the low number of chick deaths which occurred in four of 

the study areas: zero in the Sparse SS, Sparse RBG and Veg. RBG and 

two (10%) of all post-hatch mortality in the Non-Veg. RBG study area. 

Due to the small sample sizes, post hatch mortalities were lumped 

for all areas on a disappearance or a death plus disappearance vs pre-

fledged time period basis (Figure 6). When all study areas were consid-

ered, the number of dead chicks found per time period was found to decline 

up to day 9. After day 9 the number of deaths remained constant (Figure 6). 

The number of disappearances decreased as a function of chick age up to 

day 12 but after day 12 the number of disappearances increased dramat-

ically (Figure 6). 

Since it appeared that a disproportionate number of chicks died 

(n=15) and disappeared (n=50) prior to day four, the numbersof chicks 

which died and disappeared during this early period were tested to deter-

mine whether they deviated significantly from the expected values if 

death and disappearance occurred at a constant rate over 18 days. 

Death and disappearance prior to day four were both found to be significantly 

2 
greater than the expected (constant rate) values (X = 4.57, p< 0.05, 

2 
df=l) and (X =23.24, P <0.001, df=l). 



FIGURE 6 Disappearance and disappearance plus death of 

Common Tern chicks as a function of age for all 

nests in all study areas in 1974 . 

--O--Disappearance 

-e- Disappearance plus death 
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f) Comparison of Reproductive Performance between Study Areas 

2 
Individual study areas were paired and a 2 x 2 Xc test was employed 

to determine whether significant differences in hatching, fledging and 

reproductive success were related to position in the ternery, proximity 

to Ring-billed Gulls, vegetation or a combination of vegetation and 

proximity to Ring-billed Gulls (Table 22). Only "early" data for the 

six Canada Furnace study areas were included in the analyses. Thus 

any bias which may have occurred as a result of a disproportionate 

number of late nests in any of the study areas was avoided. 

Several trends of interest are evident in Table 22. First, although 

hatching success in the Peripheral area was significantly greater than 

in the Central ("late" and "all nests" categories), fledging success was 

significantly better (Central> Peripheral) for all time periods. 

Furthermore, the reproductive success of "all nests" was significantly 

higher in the Central area when compared to the Peripheral area. Thus 

a significant difference in overall reproductive success was found in 

relation to position in the colony largely due to the superior fledging 

success apparent in the Central area. Secondly, when vegetation was 

controlled, and proximity to Ring-billed Gulls was considered, the 

fledging and reproductive success of the Non-Veg. SS area was found 

to be significantly higher than that of the Non-Veg. REG study area. 

In addition fledging success in the Veg. SS study area was significantly 

greater than that of the Veg. REG area. No significant difference in 

hatching success was found between the latter two areas, however, and 

the higher fledging success was not great enough to cause a significant 

difference in reproductive success. Thirdly, when vegetation alone was 



TABLE 22 The influence of position in colony, proximity to Ring-billed Gulls, and vegetation 
on various components of reproductive performance of the Common Tern in 1974 as 
revealed by X~ analysis. 

HATCHING SUCCESS FLEDGING SUCCESS 4 REPRODUCTIVE SUCCESS 5 

Test x2 level of x2 level of 2 level of 
Classification Study Areas Tested C signif C signif Xc signif 

position in Central vs Peripheral earlyl 0.773 ns 14.500 < .001 2.722 ns 
colony 2 

11.166 <.001 7.394 <.01 2 . 114 late ns 

all nests 5.192 < .025 28.660 <.001 10.497 < .005 

proximity to Non-Veg. SS vs Non-Veg. REG 1.962 ns 6.586 < .025 8.443 <.005 
REG's3 

Spars e SS vs Sparse REG 0.003 0.792 0.284 ns ns ns 

Veg. SS vs Veg. REG 0.578 ns 4.487 < .05 1. 640 ns 

vegetation 
3 

Non-Veg. SS vs Sparse SS 1. 636 1.150 2.473 ns ns ns 

Non-Veg . SS vs Veg. SS 8.673 < .005 0.017 ns 2.727 ns 

Sparse SS vs Veg. SS 0.851 ns 1.520 ns 0.043 ns 

Proximity to Non-Veg. REG vs Sparse REG 0.225 ns 5.255 < .025 3.260 ns 
REG's + 

Non-Veg. REG vs Veg. REG 0.003 0.241 0.118 
vegetation ns ns ns 

Sparse REG vs Veg REG 0.082 ns 2.636 ns 1. 729 ns 

1 Eggs from clutches initiated on or before June 5. 

2 Eggs from clutches initiated after June 5. 

3 To eliminate influence of time of clutch initiation on reproductive performance, only after June 6 nests included. 

4 Chicks fledged per egg hatched. 

5 Chicks fledged per egg laid. 

ro 
t\..l 
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examined only one significant difference was found. Eggs in the Non-

Veg. SS study area had a significantly higher hatching success than 

eggs in the Veg. SS area. 

Finally, when proximity to Ring-billed Gulls and vegetation were 

considered together, one significant difference was identified among 

the three test pairs. Terns in the Sparse REG study area exhibited a 

significantly higher fledging success than terns in the Non-Veg. REG 

study area. This difference did not have a significant effect on 

reproductive success although the trend was toward significance 

2 
(X =3.260, 0.1>p>0.05). C -

Because some components of reproductive performance were demonstrated 

to be clutch-size dependen~ the pairs in the test classifications in 

Table 22 were compared on a 3-egg clutch only basis. Thus any bias 

based on a difference in the proportion of large and small clutches per 

test pair was avoided. Analysis of the data in this manner caused 

significant changes in two test classifications: position in colony and 

proximity to Ring-billed Gulls plus vegetation. Whereas previously 

(Table 22) Peripheral "late" and "all nests" eggs had a significantly 

higher hatching success than those in the Central area, when 3-egg clutches 

only were examined,no significant differences in hatching success were 

found. Fledging success remained significantly higher in the Central than 

in the Peripheral study area during the late and all nests time periods. 

However, during the early time period, fledging success was reduced to 

being marginally higher (0 . 1> p> 0.05) in the Central area. 

No dramatic changes in significance levels were found when the 

reproductive success of the Central and Peripheral study areas were 

compared on a three egg only basis. 
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When proximity to Ring-billed Gulls plus vegetation was compared 

for the Non-Veg. RBG and Sparse RBG study areas on a 3-egg clutch only 

basis, the Sparse RBG study area was found to have a significantly 

higher reproductive success than the other area (p>.025). Previously 

the reproductive success of this area was found to be greater than 

that of the Non-Veg. RBG study area but only at a marginal level of 

significance (0.1> p> 0.05) . 

3) Substrate Manipulation Experiment 

Regular visits to the Rocky Lighthouse study area commenced on May 14, 

1973. At this time two substrate types were present in this area: 

rock and bunches of dried bullrush and cattail (Scirpus sp. and Typha 

sp.) stems. Fourteen sandboxes were positioned in this study area on 

May 26, 1973 and four additional sandboxes were added on June 18. 

On June 2 eight rocky areas equal in size to the sandboxes were encompassed 

by strips of wood, thus representing rock boxes. Clutches in this area 

were categorised as "Rocky", "Sandbox" or "Scirpus" depending on the 

substrate on which eggs were laid. I estimated that the first rock-

based and Scirpus-based clutches were initiated on May 7 and May 12 respec-

. 1 1 h . . tlve y. T e flrst sand-based clutch was initlated on May 31. 

The study area was inundated twice during the 1973 breeding season 

resulting in the loss of 5 (25%) of the sandbox, 29 (31.2%) of the rocky 

and 12 (42.9%) of the Scirpus nests. These nests have not been included 

in the analyses which follow. In order to be consistent with the other 

study areas, June 5 was chosen as the split date for early and late nests. 

1 
Based on incubation time of 21 days (Morris et ale MS) 
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a) Hatching Success 

Hatching success for the three substrate types is presented with 

respect to clutch size and time of clutch initiation in Table 23. 

The low number of pre June 6 sandbox nests is due to the late (May 26) 

placement of the boxes in the study area . Overall hatching success 

varied from a high of 0.714 ~ .061 (Scirpus) to a low of 0.447 + .032 

(Rocky) (Table 23). The one clutch which was initiated in a "rock box" 

was destroyed by flooding. 

Hatching success of 3-egg clutches was generally higher than that 

of 2-egg clutches for rock and sand based nests and declined as a function 

of time on all three substrates (Table 23). When it was statistically 

examined internally for each substrate type (Table 24) the success 

of eggs from 3-egg clutches was found to be significantly higher than 

for eggs from 2-egg clutches on the rocky substrate when "all nests" 

were considered . Eggs laid on sand showed no significant differences 

in hatching success related to clutch size. Scirpus sites contained 

no 2-egg clutches. Early eggs experienced a significantly higher hatching 

success than late eggs for both the Rocky and Scirpus substrates (Table 

24). Eggs laid in sandboxes were not tested on an early vs late basis 

due to the late placement of sandboxes. 

b) Mean Clutch Size 

Mean clutch sizes for each of the three substrate types partitioned 

with respect to time are presented in Table 25 . In all cases, mean 

clutch size declined as a function of time. The early and late sample 

sizes of rock based nests was large enough to warrant statistical 

testing . When tested on a proportion of large (>2-egg) and small 

(~2-egg) clutch basis early nests were found to have a significantly 

higher proportion of large clutches than late nests . 



TABLE 23 Hatching success with respect to time of clutch initiation and clutch size ~or the three substrate types in the Rocky study 
area 1973. 

ROCKY SANDBOX SCIRPUS 

Time Clutch # of it of it Ha. per Clutch it of it of it Ha. per Clutch it of it of it Ha. per 
Period Size Nests Eggs Ha. Egg Laid Size Nests Eggs Ha. Egg Laid Size Nests Eggs Ha. Egg Laid 

1 1 0 0.00 1 0 1 0 

2 4 4 0.50 (.117) 2 1 0 0.00 2 0 

Early 1 
3 31 63 0.677 (.040) 3 2 6 1.00 3 7 18 0.857 (.053) 

4 0 0.00 

5 1 2 0.40 

Total 37 69 0.645 (.038) Total 3 6 0.75 (.135) Total 7 18 0.857 (.053) 

1 4 0 0.00 1 2 0 0.00 1 3 2 0.667 00 

2 9 0 0.00 2 3 4 0.667 (.192) 2 0 
(j\ 

Late 
2 

3 13 7 0.179 (.054) 3 6 12 0.667 (.091) 3 6 10 0.556 (.098) 

4 0 4 1 0 0.00 

5 0 

6 1 0 0.00 

Total 27 7 0.104 (.033) Total 12 16 0.533 (.083) Total 9 12 0.571 (.093) 

1 5 0 0.00 1 2 0 0.00 1 3 2 0.667 

2 13 4 0.154 (.071) 2 4 4 0.50 ( .176) 2 0 

All 3 44 70 0.530 (.038) 3 8 18 0.75 ( .074) 3 13 28 0.667 (.059) 
Nests 4 0 4 1 0 0.00 

5 1 2 0.40 

6 1 0 0.00 

Total 64 76 0.447 (.032) Total 15 22 0.579 (.074) Total 16 30 0.714 (.061) 

1 Clutches initiated on or before June 5. 

2 Clutches initiated after June 5. 

Standard Errors in parentheses. 



TABLE 24 

Substrate 
Type 

Rocky 

Sandbox 

Scirpus 
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The influence of clutch size and time of clutch 
initiation on hatching success for the three 
substrate types in the Rocky area for 1973 as 
revealed by statistical analysis. 

Clutch Time 21 
Xc 

Level of 
Size Period 

2 vs 3 all nests 

2 
all nests early vs late 

2 vs 3 all nests 

all nests early vs late 

2 vs 3 all nests 

all nests early vs late 

3 

10.894 

53.158 

4 
F' 

5 

4 
F 

Significance 

< .001 

< .001 

ns 

< . 05 

1 
2 x 2 contingency table with Yates' correction for continuity. 

2 
in clutches Eggs initiated on or before June 5. 

3 
Eggs in clutches initiated after June 5. 

4 
Fisher exact probability test. 

5 
Sample size too small to test. 



TABLE 25 

Substrate 
Type 

Rocky 

Sandbox 

Scirpus 

1 
Clutches 

2 
Clutches 
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Mean clutch size for the three substrate types according 
to time of clutch initiation in the Rocky study area 1973 

T I M E P E R I o D 

early 
1 

(n) late 
2 

(n) all nests 

+ 3 2.89 -0.09 (37) 2.46 ±0.20 (26) 2.71 ±0.10 

2.67 ( 3) 2.50 ±0.25 (12) 2.53 ±0.21 

3.00 ±O.OO ( 7) 2.33 ±0.38 ( 9) 2.63 ±0.20 

initiated on or before June 5 . 

initiated after June 5. 

3 ± 1 Standard Error. 

(n) 

(63) 

(15) 

(16) 
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c) Egg Failures 

Causes of egg failure together with their relative contribution to 

total number of eggs lost are shown in Table 26. Disappearance ranked 

as the primary cause of egg failure, while "Rotten", "Deserted" and 

"Broken" generally ranked next in importance. "Cracked" eggs contributed 

to 19.5% of the pre-hatch mortality on the rocky substrate while no 

"cracked" eggs were found on the Scirpus or sand substrate (Table 26). 

The significance of this observation will be discussed later. 

d) Fledging and Reproductive Success 

i) Fledging Success 

Fledging success of chicks from the th:hee substrate types is 

presented in Table 27. Overall fledging success ranged from a low of 

0.136 + .057 (Sandbox) to a high of 0.529 ~ .083 (Rocky) (Table 27). 

A statistical assessment of fledging success for the various substrates 

indicated that it was independent of both clutch size and time for 

the rocky substrate and independent of clutch size for the sand substrate 

(Table 28). Due to the small number of early Sandbox nests (n=3) no early 

vs late assessment was made. No 2-egg clutches occurred on the Scirpus 

substrate. However, the number of chicks fledged per egg hatched 

from early Scirpus clutches was significantly higher than for late 

clutches (Table 28). No other significant differences were observed. 

ii) Reproductive Success 

Reproductive success for nests from the three substrate types is 

also presented in Table 27. Overall reproductive success varied from 

a low of 0.079 + .035 (Sandbox) to a high of 0.357 ~ .060 (Scirpus). 

A statistical assessment of reproductive success as related to clutch 

size and time is presented in Table 28. It is clear from this table 



TABLE 26 Egg losses and failures according to category for the three substrate 
types in the Rocky study area in 1973. 

ROCKY SANDBOX 

Failure % total Failure % total Failure 
Category # lost lost Rank # lost lost Rank # lost 

Disappeared 43 43.9 1 6 37 . 5 1.5 3 

Rotten 
1 

11 11.2 4 1 6.25 4.5 2 

Deserted 15 15.3 3 6 37.5 1.5 2 

Cracked 19 19.5 2 0 o 
. 2 

D1.s. w. P. 2 2.0 6 1 6.25 4.5 3 

Broken 7 7.1 5 2 12.5 3 2 

D.W.P. 
3 

1 1.0 7 0 o 

Totals 98 16 12 

1 Sloshing sound when shaken. 

2 Disappeared while pipping. 

3 
Died while pipping. 

SCIRPUS 

% total 
lost 

25.0 

16.67 

16.67 

25.0 

16.67 

Failure 
Rank 

1.5 

4 

4 

1.5 

4 

\D 
o 



TABLE 27 Fledging and reproductive success with respect to time of clutch initiation and clutch size for the three substrate types in the 
Rocky study area 1973 

ROCKY SANDBOX SCIRPUS 

Time Clutch # of Ch. Fledging 
3 

Reprod. 
4 

Clutch # of Ch. Fledging Reprod. Clutch # of Ch. Fledging Reprod. 
Period Size Fledged Success Success Size Fledged Success Success Size Fledged Success Success 

1 0 0.00 0.00 1 1 

Early 
1 

2 1 0.25 ( .176) 0.125 (.102) 2 0 0.00 0.00 2 

3 40 0.635 (.067) 0.430 (.040) 3 2 0.333 (.135) 0.333 (.135) 3 14 0.778 (.128) 0.667 (.068) 

4 

5 2 1.00 0.40 

Total 43 0.623 (.066) 0.407 (.037) Total 2 0.333 (.135) 0.25 ( .135) Total 14 0.778 (.128) 0.667 (.068) 
\.0 
I-' 

1 0 0.00 0.00 1 0 0.00 0.00 1 0 0.00 0.00 

2 0 0.00 0.00 2 0 0.00 0.00 2 

Late 
2 

3 2 0.286 (.119) 0.151 (.029) 3 1 0.083 (.045) 0.056 (.029) 3 1 0.10 (.046) 0.050 (.029) 

4 4 0 0.00 0.00 

5 

6 0 0.00 0.00 

Total 2 0.286 (.119) 0.030 (.033) Total 1 0.063 (.045) 0.333 ( .035) Total 1 0.08) (.046) 0.043 (.025) 

1 0 0 0.00 1 0 0.00 0.00 1 0 0.00 0.00 

2 1 0.25 0.038 2 0 0.00 0.00 2 

All 3 42 0.600 (.076) 0.318 (.034) 3 3 0.107 (.064) 0.125 (.047) 3 15 0.536 (.093) 0.385 (.062) 
Nests 

4 4 0 0.00 0.00 

5 2 1.00 0.40 

6 0 0.00 0.00 

Total 45 0.529 (.083) 0.259 (.028) Total 3 0.136 (.057) 0.079 (.035) Total 15 0.50 ( .089) 0.357 (.060) 

1 Clutches initiated on or before June 5. ~ Chicks fledged per egg hatched. Standard Errors in parentheses. 

2 Clutches initiated after June 5. 
4 Chicks fledged per egg laid. 
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TABLE 28 The influence of clutch size and time of clutch initiation 
on fledging and reproductive success for the three substrate 
types in the Rocky study area, 1973, as revealed by statistical 
analysis. 

Substrate 
Type 

Rocky 

Sandbox 

Scirpus 

Clutch 
Size 

2 vs 3 

all nests 

2 vs 3 

all nests 

2 vs 3 

all nests 

Time 
Period 

all nests 

3 4 
early vs late 

all nests 

early vs late 

all nests 

early vs late 

FLEDGING SUCCESS6 

21 Level of 
Xc Significance 

0.944 ns 

1. 762 ns 

5 

<.001 

1 2 x 2 contingency table with Yates'correction for continuity. 

2 
Fisher exact probability test. 

3 
Eggs in clutches initiated on or before June 5. 

4 
Eggs in clutches initiated after June 5. 

5 
Sample size small too to test. 

6 
Chicks fledged per egg laid. 

7 
Chicks fledged per egg laid. 

I 

7 
REPRODUCTIVE SUCCESS 

2 Level of 
Xc Significance 

7.524 < .01 

26.489 < .001 

F ns 

F < .001 
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that rock-based 3-egg clutches exhibited a significantly higher reprod

uctive success than their 2-egg counterparts. In addition, early rock

based clutches had a significantly greater number of chicks fledge per 

egg laid than did late clutches. On the other hand, no significant 

difference in reproductive success related to clutch size existed 

for Sandbox eggs. Early Scirpus based eggs were found to have a signif

icantly higher reproductive success than late ones (Table 28). 

e) Age and Distribution of Post-Hatch Mortality 

Age at disappearance and/or death for chicks from each substrate 

type are presented in Appendix XI. Thirteen (21.7%) of the 61 suspected 

post-hatch mortalities were actually accounted for by dead chicks. The 

remainder disappeared. Numbers of disappearances and disappearances 

plus death per pre-fledge time period lumped for the three substrate 

types are presented in Figure 7. 

The number of post day 6 chick carcasses found was negligible 

(n=4). The interesting points concerning chick disappearance were 

the large number of pre-day four disappearances and the prominent peak 

of disappearance which occurred between days 9 and 12 (Figure 7). 

f) Comparison of Reproductive Performance between the Three Substrate Types 

In order to determine the effect of substrate on hatching, fledging 

and reproductive success, substrate types were paired and compared by 

means of a 2 x 2 X~ or Fisher exact probability test. Due to the late 

placement of sandboxes and consequent small sample size of early nests 

(n=3) the reproductive performance of Sandbox nests was not compared to 

that of Rocky or Scirpus on an early vs early basis. 

The results presented in Table 29 demonstrate that the major 

component of reproductive success affected by substrate type was hatching 



FIGURE 7 Disappearance and disappearance plus death of 

Common Tern chicks as a function of age for all 

nests in the Rocky study area only in 1973. 

--O--Disappearance 

-e- Disappearance plus death 



30 

• 
o 

\ 
\ 
\ 

\ 
\ , 

\ , 

- 95 -

Chick Mortality -

ROCKY ONLY ,1973 

\ " 
\ I 

, 
I 

~ total 

• 
o 

" ~., 

\ . " \\.--::-:~ 
\, /o~ b---
0"" disappeared 

6 12 18 

DAYS POST- HATCH 



TABLE 29 The influence of substrate type on various components of reproductive performance 
as revealed by X~ analysis. 

HATCHING SUCCESS FLEDGING SUCCESS 4 REPRODUCTIVE SUCCES? 

Substrate Type Time 2 level of X~ level of x2 level of 
Tested Period Xc signif. signif . C signif. 

Rocky vs Sandbox late 18.764 < .001 F3 ns 0.034 ns 
all nests 1.997 ns 12.415 < .001 5 .321 < .025 

Rocky vs Scirpus 
1 

2.723 early ns 0.903 ns 3.969 < .05 

2 
17 . 927 < .001 F 0 . 001 late ns ns 

all nests 3 . 885 <-.05 0.270 ns 1.365 ns 
U) 
(j\ 

Sandbox vs Scirpus late 0 . 001 ns F ns 0.186 ns 
all nests 1.066 ns 5.895 < .025 7.331 < .01 

1 Eggs in clutches ini tiatedon or before June 5. 

2 Eggs in clutches initiated after June 5. 

3 Fisher exact probability test. (see Methods) 

4 Chicks fledged per egg hatched. 

5 
Chicks fledged per egg laid. 
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success. Scirpus-based eggs had a significantly higher hatching success 

during both the late and all nests time period when compared to "Rocky" 

late and all nests. Sand-based eggs had a significantly higher hatching 

success than rock-based eggs only during the late time period. The 

other point of interest in Table 29 is that both the fledging and 

reproductive success of Rocky and Scirpus nests were significantly 

higher than for Sandbox nests when "all nests" were considered. This 

in all likelihood was the result of the very small number of early 

Sandbox nests. 

When only 3-egg clutches were compared for the respective test 

categories and time periods, no dramatic changes occurred. Hatching 

success for Rocky vs Sandbox "all nests" was raised to marginal signif

icance (Sandbox > Rocky, X~ 3.143, O.l>p> 0.05, df = 1). Conversely 

hatching success for Rocky vs Scirpus "all nests" was reduced to 

marginal significance, (Scirpus >- Rocky 
2 Xc = 3.600, 0.1>p>0.05, df 1) • 

4) Chlorinated Hydrocarbon Residue Analyses 

Mean levels of DDE and PCB's expressed in ppm wet weight 

for six "early" and six "late" eggs collected from each of the Port 

Colborne terneries in 1973 are presented in Table 30. Mean levels of 

DDE ranged from a high of 4.31 ~ 1.11 ppm (Lighthouse, late) to a low 

of 2.65 ~ 0.59 ppm (Canada Furnace, early) and mean levels of PCB's 

ranged from a high of 24.25 ~ 5.48 ppm (Lighthouse, early) to a low 

of 15.47 ~ 1.93 ppm (Canada Furnace, early) (Table 30). 

When the levels of DDE and PCB's were compared between samples 

with respect to time and colony location, using a Mann-Whitney U test 

for unpaired samples (Seigel 1956), only one significant difference 

was found. The mean level of PCB's in the late Lighthouse sample was 

significantly higher than that of the late Canada Furnace sample. 
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TABLE 30 Mean content of DDE and PCB'sin Common Tern eggs from the 
two Port Colborne terneries 1973. Sample sizes in parentheses 

Time 
Study Area 

Period Lighthouse Canada Furnace 

DDE early 
1 

3.45 ±0.78 
3 

(6) 2.65 + (6) -0.59 

late 
2 

4.31 ±l.ll ( 6) 2.66 ±O.38 (6) 

PCB's early 24.25 ±5.48 (6) 15.47 ±l. 93 (6) 

late 23.32 ±2.53 ( 6) 16.08 ±0.93 (6) 

1 
First from 3 clutches collected on or before June eggs egg 5 . 

2 
First from eggs 3 egg clutches collected after June 5. 

3 
± 1 Standard Error. 
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Approximately 1000 and 1200 Common Tern chicks were examined 

for physical deformities in the Port Colborne colonies in 1973 and 

1974 respectively. One deformed chick was found during each year. 

Both of these were found to have the upper mandible crossed over 

the lower. 

S) Observations and Trapping 

In 1973, I spent 13 nights in a blind on the edge of the Lighthouse 

tern colony. A single Black-crowned Night Heron (Nycticorax nycticorax) 

was first observed at 01:20 on the morning of 18 July 1973 and was 

subsequently seen on the nights of 23-24 July and 2-3 August. It was 

also heard on 19-20 July, 31 July and 1 August. Nounusual events were 

noted on the other eight nights. 

Although a night heron was seen to consume seven 1-3 day old 

chicks on 18 July, it was not possible to establish the total number 

of prey taken. Stomach analysis of a heron collected early in the 

morning of 3 August 1973 revealed the remains of two young chicks plus a 

late stage embryo and shell fragments. 

On each occasion when the predator was seen or heard, the majority 

of the adult terns and gulls deserted the colony for periods from 2-6 

hr. With the exception of a single pair of Common Terns which briefly 

attacked the heron on the evening of 17-18 July, the predator was not 

harrassed by either gulls or terns while in the colony. No nocturnal 

predation was observed in 1974. 

Judging by the number of carcasses surrounding Herring Gull nests, 

predation by this species on Common Tern chicks was quite common during 

both 1973 and 1974. It appeared that the terns most affected by 

Herring Gull predation were those which had recently fledged. The 

prey was quite often taken while in the water or loafing near the 



- 100 -

water's edge. At no time during 1973 or 1974 was a Herring Gull seen 

within a Common Tern study area. 

Predation by a Ring-billed Gull on a Common Tern chick was 

observed on only one occasion . In mid July 1974, a juvenile Ring-

billed Gull caught and consumed a 6-8 day old tern chick at the 

Lighthouse colony. 

A muskrat (Ondata zibithicus) was trapped at the Lighthouse 

on May 9th, 1973 and a rabbit (Sylvilagusflor idans) trapped at 

Canada Furnace on July 20th, 1973. 



- 101 -

C HAP T E R I V 

DISCUSSION 

The 1972 study was initiated in an attempt to determine the effects 

of chlorinated hydrocarbons on the reproductive performance of the 

Common Tern by comparing different colonies presumed to be carrying 

different levels of pollutant loads. As was pointed out in Chapter I, 

such comparisons might well be invalid because of intercolony variations 

in biotic and abiotic factors such as: colony size or portion of 

colony censuse~ time of census, proximity to potential predators 

(Ring-billed Gulls), vegetation, substrate type, food, weather, and 

chlorinated hydrocarbon loads. 

The experiments described in this thesis were designed to evaluate 

the significance of some of these factors and their relationship to 

reproductive performance. The data for 1973 and 1974 will be discussed 

below under the following headings: clutch size and time; position in 

colony; predation; vegetation and substrate; and lastly chlorinated 

hydrocarbon residues. 

1. Clutch Size and Time 

I begin by discussing the relationship between clutch size and 

time and the various components of reproductive performance. Subsequently, 

I will discuss the relationship between clutch size and time and 

suggest causal agents for the general trends which were observed. 

i) Hatching success. Clutch size dependent hatching success as 

well as seasonal declines in hatching success are not uncommon 

amoung Larids, although these trends are not always emphasized by 

investigators. Three-egg clutches have been found to exhibit 

significantly higher hatching success than 2-egg clutches in the 

• 
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following species: the Herring Gull (Paynter, 1949; Haycock and Threlfall, 

1975), the Kittiwake Gull (Coulson and White, 1958), the Ring-billed 

Gull (Morris and Hunter unpublished data from Mohawk Island, 1972). 

Furthermore, analysis of the data of other investigators reveals the 

same trends for the Herring and Lesser Black-backed (~. fuscus) Gulls 

(Harris, 1964) and the Common Tern in one out of two years for which 

data is available (Langham, 1968; LeCroy and Collins, 1972) and in two 

of three years in Dunn (1972). 

Statistically significant seasonal declines in hatching success 

have been found for the Kittiwake Gull (Coulson and White, 1961) and 

the Herring Gull (Erwin, 1971; Haycock and Threlfall, 1975). Austin 

(1938 and 1940) indicated that seasonal declines in the hatching 

success of Common Terns were a regular occurrance but he provided 

no statistical evidence. Interestingly, Erwin (1971) found increased 

hatching success in the Great Black-backed Gull (~. marinus) as the 

season progressed during the same season that he observed the opposite 

trend in Herring Gulls. 

The findings of this study generally concur with the above 

observations. In 1973 the hatching success of 3-egg clutches was 

consistently found to be significantly higher than that of 2-egg 

clutches when "all nests" were compared (Table 6). I n 1974 however, 

this trend was observed in the Central study area only (Table 15). 

In 1973, the hatching success of early eggs was significantly higher 

than that of late eggs for all test categories except Non-Veg. REG 

"2 vs 2" (Table 6). However in 1974 only in Central "all nests" was 

this trend found to be significant (Table 15). Thus the 1974 Peripheral 

and Veg. SS study areas deviated from the general trend both with 
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respect to clutch size and time of clutch initiation. 

Tern eggs collected from the Port Colborne colonies in mid July 

1975 and incubated in the laboratory (Hunter and Ball, unpublished 

data) showed a hatching success which was comparable to the early 

Central samples, (1973-74). This suggests that changes in egg 

viability are not a cause of egg failure in 'late' nests. 

(ii) Fledging success. Information pertaining to the fledging 

success of Larids as a function of clutch size and/or time of clutch 

initiation is not common in the literature. Two factors are probably 

responsible for this: 1) most investigators are merely interested 

in overall reproductive success and 2) amongst Larids, especially gulls, 

an investigator's presence may upset the territorial stability of a 

colony culminating in maltreatment or killing of chicks trespassing 

on neighbouring territories. This discourages study of this phase of 

the reproductive cycle (Emlen, 1956; Hunter, pers. obs.) 

Fortunately, although the Common Tern is an adamant defender 

of its territory against the intrusion of heterospecifics, it is 

generally quite tolerant of young conspecifjcs intruders. Therefore 

an investigator may enclose a large number of nests and safely enter 

the enclosure throughout the breeding season without fear of causing 

chick mortality as a result of upsetting the territorial stability. 

In both 1973 and 1974, chicks originating from 3-egg clutches 

generally had a higher probability of fledging than those originating 

from 2-egg clutches, particularly when the "late" and "all nests" 

time periods were considered (Table 9 and 19). However, the fledging 

success of 3-egg clutch chicks was only significantly higher than that 

of 2-egg clutch chicks in 1974 for the Peripheral "all nests" test 
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category (Table 21). On the other hand in both 1973 and 1974 the 

fledging success of early chicks was significantly higher than that 

of late chicks when all nests were considered (Table 11 and 21) for 

all study areas. 

This general trend toward clutch size independent fledging 

success (at least for 2 and 3-egg clutches) is in accord with the 

results of the few studies with which this data may be compared. 

Analysis of two seasons of fledging success data presented in 

Langham (1968) and LeCroy and Collins (1972) revealed no significant 

differences in fledging success between chicks from 2-egg and 3-egg 

clutches. 

Although Langham (1968) found a time dependent decline in 

fledging success for the Cornmon Tern in only one of three years, 

other investigators have reported significant or substantial decreases 

as a function of time. Larid species showing this trend are: the 

Herring Gull (Paynter, 1949), the Kittiwake Gull (Coulson and White, 

1958), the Arctic Tern (Lernmetyinen, 1972) and the Cornmon Tern (Nisbet, 

pers. cornm.). Langham's (1968) findings are of course based on a 

fledging age of only 5 days and should be treated with caution. 

(iii) Reproductive success. When 2 and 3-egg clutches were compared 

on an "all nests" basis, the reproductive performance of 3-egg clutches 

was found to be significantly higher than 2-egg clutches for all but one 

study area tested, Peripheral, 1973 (Tables 11 and 21). Furthermore, 

early clutches exhibited a significantly higher reproductive success 

than late clutches in each of the study areas when all nests were 

considered (Table 11 and 21). Since trends in reproductive success 

represent the curnrnulative effects of hatching and fledging success, 

these trends are not surprising. 
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Once again, literature with which to compare these results is 

scarce. In contrast to these results, analysis of each of two years 

data presented in Langham (1968) and LeCroy and Collins (1972) yielded 

no significant differences between the reproductive success of 2 and 

3-egg Common Tern clutches. However, several authors have found a 

sUbstantial or significant decline in reproductive success with time 

ego (Paynter, 1949; Harris, 1969; Lemmetyinen, 1972). 

iv) Clutch size in relation to time. Clutches were categorized as 

large (>2-egg) or small (~2-egg) and early (initiated on or before 

June 5) or late (initiated after June 5). The proportion of large 

clutches decreased significantly as a function of time in the Central 

and Non-Veg. REG study areas (1973) (Appendix IV) and in the Central 

and Veg. SS study areas (1974) (Appendix VIII). In 1973 a marginally 

significant (0.1>p>0.05) decline in clutch size occurred in the 

Peripheral study area but in 1974 the decrease in clutch size in this 

area was minimal. Thus the general trend was toward a decline in 

clutch size as a function of time; the notable exception being the 

1974 Peripheral study area. 

A decline in clutch size as the breeding season progresses is 

not uncommon in Larids. Significant declines in clutch size or the 

proportion of large clutches as a function of time have been reported 

for the Kittiwake Gull (Coulson and White, 1961); the Herring Gull 

(Harris, 1964; Brown, 1967; Haycock and Threlfall, 1975); the Lesser 

Black-backed Gull (Brown, 1967); the Arctic Tern (Lemmetyinen, 1972); 

and the Red-billed Gull (~. novahollandiae scopulinus, Mills, 1973). 

Some of the trends in reproductive performance noted above may 

be clarified to some extent when the data in Tables 4 and 14 are 
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examined with respect to clutch size and time. First, 3-egg clutches 

generally exhibited higher hatching success than their 2-egg counter

parts. Secondly, the hatching success of early clutches was generally 

higher than that of late clutches. Finally, in the majority of cases, 

the proportion of more successful 3-egg clutches decreased with time. 

The notable exception was Peripheral,1974. The general trends in 

hatching success cited above may be explained by the occurrance of an 

increased number of less successful small (predominantly 2-egg) clutches 

later in the season when hatching success was generally declining. 

Th e two areas which did not show the above trendscwere the 1974 

Peripheral and Veg. SS study areas. The former showed only a slight 

seasonal decline in clutch size (Table 17) and the latter had a 

late sample size of only four nests. 

There was a pronouncErldecline in fledging success with time in 

all study areas, but both clutch sizes were affected (Tables 9 and 19). 

Therefore the general decline in fledging success as a function of time 

was not influenced by the seasonal decline in the ratio of 3 to 2-egg 

clutches. 

The seasonal shif~ in the proportion of large and small clutches 

however had a decided effect on the clutch size dependence of reproductive 

success since it is by definition related to hatching success. Time 

dependent reproductive success was the result of the interaction between 

time dependent hatching and fledging success. 

The causes of clutch size dependent hatching success have received 

little attention in the literature. Several authors have however 

related seasonal declines in clutch size to: age of breeding birds, 
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food availability and/or weather conditions (Perrins, 1965; Snow, 1969; 

see also review by Klomp, 1970). 

Coulson and White (1961) reported that Kittiwake Gulls breeding 

for their first or second time nested later in the season and 

produced smaller clutches when compared to more mature birds. 

Similar observations were made by Mills (1973) for the Red-billed 

Gull. Austin (1938) and Palmer (1941) reported that younger Common 

Terns nest later and lay smaller clutches than their elders. 

Clutches initiated by inexperienced breeding birds as well as 

those resulting from renesting by early nesters probably account for 

the bulk of the "late" nests. Both renesters and young terns have 

been reported to be less successful than birds nesting earlier in 

the season (Austin, 1938, 1940). Austin suggested that the former 

were less successful due to a waning reproductive drive and 

the latter as a result of inattentiveness. 

Unfortunately it was not possible to determine the age of the 

terns nesting at Port Colborne because extensive banding was not 

initiated until 1972 at the Lighthouse and 1973 at the Canada Furnace 

colony. However, because the Port Colborne tern colonies are both 

large and successful, in fact the Lighthouse colony has actually 

been increasing its numbers, one would expect substantial recruitment 

of young inexperienced terns into the population. The influx of these 

younger birds later in the season combined with renesting of unsuccess

ful early nesters may to some extent be responsible for the observed 

declines in clutch size and hatching success as a function of time. 
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Positive correlations between clutch size and food availability 

have been well documented for several species of raptorial birds 

(see Lack, 1954). Equally clear cut correlations however have not 

been established for terns or other Larids although some evidence 

does suggest that the clutch size of tern species may be affected 

by food supply. 

Langham (1974) found significant seasonal declines in the 

average clutch size of the Common,Arctic, and Roseate (~. dougallii) 

Terns in 1965 and of the Roseate Tern in 1967. This author suggested that no 

seasonal decline occurred in 1966 because of a failure of the local 

food supply during the early part of that particular season. He 

did not however explain why a significant decline in clutch size did 

not occur in 1967. Lemmetyinen (1972) found the average clutch size 

of Arctic Terns nesting on the outer part of a Finnish archepelago 

between 1965 and 1968,tobe significantly lower than that of terns 

nesting on the inner part of the archepelago where food availability 

was greater. Unfortunately food availability was measured in 1972. 

During both years in Port Colborne full broods of three chicks 

hatching as late as July 14 exhibited 100% fledging success. There

fore even in the latter half of July enough food was available for 

some parents to rear three chicks to fledging age as well as feed 

themselves. This is not an easy task (pers. comm. A.J.S. Ball). 

Other evidence however indicated that food was in short supply. 

Mr. L. Cross a local bait dealer and R. Prophet a local marina 

operator both complained that bait fish, the principle prey items 

of terns (see Chapter I) were in short supply in JulYof 1973 and 1974. 

The local opinion is that as the water warms up during the season 

fish are less likely to be found near the surface or close to the 

shore where they are most accessible to terns. Thus an interaction 
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between normal weather conditions and food availability may result 

in decreased clutch sizes. I.C.T. Nisbet (pers. comm.) suspects 

that in the Cape Cod area although sufficient food may be avaiable to 

experienced birds late in the season, younger birds may not fish 

competently enough to procure sufficient food in times of relative 

short supply. 

It is clear from the above that a combination of age of breeding 

birds, food availability and weather could potentially account for 

the observed relationships between clutch size and time of clutch 

initiation and hatching success. 

The seasonal decline in fledging success may also be explained 

by the factors discussed above since it has been suggested that 

younger terns are less attentive (Austin, 1938) and less competent 

at procuring food (Nisbetpers. comm.) at a time when food may be 

in short supply and when the reproductive drive of renesters may be 

waning. The influence of predation which likely contributed to the 

seasonal decline in fledging success will be discussed below. 

It is of interest to note that although the number of chicks 

hatched per egg laid was higher for 3-egg than 2-egg clutches 

(Tables 4 and 14), the number of chicks fledged per egg hatched was 

also higher for 3-egg clutches (Tables 9 and 21) although significantly 

so in only one case (see above). The fact that a greater number of 

eggs from 3-egg clutches hatched and a greater number of these chicks 

subsequently fledged suggests a difference in quality between 3-egg 

and 2-egg parents. The temporal and clutch size dependence of 

r eproductive success is expected and needs no further explanation. It 

represents the c\lmrnulative affects of hatching and fledging success 

and is thus governed by the factors influencing these. 
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The objective of the 1972 study was to compare colonies in an 

attempt to detect the possible e ffects of PCB's and DDE on reproductive 

success. It was suggested in Chapter I that the time of sampling or 

the time over which the data was collected might bias or invalidate 

such comparisons ego Muggs I (early) vs Muggs II (late). From the 

above it seems that this caution was justified. Clearly the temporal 

factors which affect hatching, fledging and reproductive success (above Y must 

be considered when drawing conclusions about relative reproductive 

performances either on a year to year or a colony to colony basis. 

2. position in Colony 

Lower hatching success, later nest starts and smaller clutch 

sizes are characteristic of Kittiwake Gulls nesting on the periphery 

of a colony as opposed to those nesting in the centre (Coulson, 1968). 

Coulson concluded that these differences could be attributed to 

differences in the quality of birds inhabiting each area. Predation 

was ruled out as a cause of decreased hatching success although this 

assertion was not well documented. Langham (1974) reported that 

Sandwich Terns (Thalasseus sandvicensis) which nested in the centre 

of sub-colonies had a higher average clutch size and exhibited 

significantly higher hatching success than those nesting on the 

perimeter. He suggested that this represented a graduation in the 

quality of nest sites which in turn represented a gradation in the 

quality of birds. On the other hand, Patterson (1965) attributed similar 

differences in hatching success in a Black-headed Gull colony to 

increased predator pressure on the periphery of the colony. 

The Central and Peripheral Lighthouse study areas were compared 

to determine whether position in the colony affected reproductive 
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performance in the Common Tern: the findings for both 1973 and 1974 

are presented below. 

1) Clutch initiation occurred approximately one week later in the 

Peripheral than in the Central area in both years (Tables 3 and 13). 

2) The proportion of large (>2-egg) clutches in the Peripheral area 

was significantly lower than in the Central area for 1973 

(Appendix IV) but in 1974 the mean clutch size was slightly 

higher in the Peripheral area (Table 17). 

3) In 1973 hatching success was generally higher in the Central 

area, significantly so during the "late" time period (Table 12) 

but in 1974 Peripheral hatching success was significantly higher 

than that of the Central area during the "late" and "all nests" 

time periods (Table 22). 

4) On the other hand, fledging and reproductive success were found 

to be consistently, and most often significantly, higher in the 

Central than in the Peripheral study area during both years 

(Tables 12 and 22). 

The only consistent trends which existed between the two 

Peripheral study areas during both years were the later date of 

clutch initiation and the reduced fledging and reproductive 

success. 

Unlike Patterson (1965), Coulson (1968) and Langham (1974), 

I found that fledging success rather than hatching success was the 

major component of reproductive performance influenced by position 

in colony. Assuming that chicks which disappeared were taken by 

predators, the most obvious explanation of this phenomenon is that 

the Peripheral area was subject to greater predator pressure than 
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the Central area . Because clutch initiation began later in the 

Peripheral area, one might speculate that it was a less desirable 

nesting area than the Central area and therefore that birds nesting 

in this area were younger and/or inferior competitors compared to 

those nesting in the central region of the colony. Thus as Coulson 

(1968) and Langham (1974) postulated the birds in the two areas 

might differ in quality. The comparison of reproductive performance 

in the two areas on a 3-egg clutches only basis (see Results 1 and 2 

(f)) .lends further suppor t to this postulation. In both years, 

no significant differences in hatching success were found. However, 

fledging success remained higher in the Central area, significantly 

so for "early" 1973, and "late" and "all nests" 1974. Marginal 

differences were found for the "all nests" 1973 and "early" 1974 

test pairs. Reproductive success was marginally (O.1>p>O.05) 

higher during all time periods in 1973, marginally higher ("late", 

1974) and significantly higher for the "all nests" time period in 

1974 . 

Since analysis on a 3-egg clutch only basis presumably 

controls for the age of nesting birds ego includes only mature 

birds in comp arisons (see Austin, 1938; Coulson and White, 1961; 

Mills, 1973), it might be concluded that the birds in the two areas 

differed in a quality which was in some way related to nest defence or 

acquisition of a more desirable territory. 

A simpler explanation however may be that the central area of 

the colony was less vulnerable to predation due to strength in 

numbers. Darling (1938) reported that members of large colonies of 

Herring and Lesser Black-backed Gulls nested earlier, exhibited 
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greater reproductive synchrony and were more successful than members 

of smaller colonies. He hypothesized that the mechanism by which 

these conditions were achieved was social stimulation which varied as 

a function of colony size. Although several authors eg o (Coulson and 

White, 1960; Orians, 1961; and Brown, 1967) have presented evidence 

refuting Darling's hypothesis, colony size may be of considerable 

advantage perhaps not as a result of social stimulation but rather due 

to the relative effectiveness of social behaviour such as the 

mobbing behaviour exhibited by Common Terns in response to the presence 

of a potential predator. 

Members of a small tern col ony such as Neare or Farr Island 

(see Chapter I) or on the periphery of a larger colony simply do 

not have the strength in numbers when compared to terns in the centre 

of a large colony. Thus they would be less likely to expel a 

persistent predator from the nesting area. In all likelihood, the 

decreased fledging success on the periphery of the colony is a 

result of a combination of factors involving the quality of individuals 

nesting in this area and its greater accessibility to predators. 

Interestingly, the proportion of eggs which disappeared from 

the Central study area was considerably higher than in the Peripheral 

study area in 1974 (Table 18) while the contribution of this category 

of egg loss was about the same in the two areas in 1973. If egg 

disappearance was the result of predation and the strength in numbers 

theory presented above is valid then it would appear that the number 

of Common Terns defending a nesting area was of little consequence 

to the egg predator(s) . Some evidence supporting this hypothesis is 
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presented in the next section. 

Clearly there was a difference in the reproductive success of 

the central and peripheral areas of the colony. This demonstrates the 

importance of taking a spatial cross section through a colony if one 

is to obtain a valid estimate of its reproductive success. It might 

also be implied that under certain conditions, colony size may also 

be related to reproductive performance. 

3. Predation 

As noted in Chapter I, I suspected that Ring-billed Gulls were 

responsible for the large number of chick disappearanc~which occurred 

in all three study locations in 1972. On the assumption that the most 

likely locations for predation by Ring-billed Gulls would be areas 

where the two species were nesting in proximity to one another, veget

ated and non-vegetated mixed Common Tern and Ring-billed Gull nesting 

areas as well as single species (Common Tern) control areas were 

enclosed and monitored throughout the 1973 and 1974 seasons. The 

findings were contrary to my suspicions. 

Proximity to Ring-billed Gulls had no effect on reproductive 

performance in 1973 (Table 12). In 1974 no significant differences 

in hatching success were found between terns in single species and 

heterospecific study areas. However, the Non-Veg. 88 study area 

exhibited significantly higher fledging and reproductive success 

when compared to the Non-Veg. RBG area and the fledging success of 

the Veg. 88 study area was significantly greater than that of the 

Veg. RBG area (Table 22). Neither the 1973 or 1974 results showed 

any change when analysed on a 3-egg clutches only basis. The significant 

differences in fledging success and reproductive success between the 
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Non-Veg. 55 and Non-Veg. RBG study areas is probably due to two 

factors: 1) the Non-Veg. 58 study area is the most successful group 

of terns I have ever studied and 2) some chicks may have escaped 

from the Non-Veq. RBG study area because a portion of the fence 

around this area was found down on two occassions. As noted above 

no difference in hatching success was found between the two areas. 

In three years in the field I observed only one instance of Ring

billed Gull predation on the Common Tern. In mid-July 1974 I saw a 

juvenile Ring-billed Gull chase down and consume a 6-8 day old 

Common Tern chick. Although in 1973 egg and chick disappearance were 

the major categories contributing to pre-hatch and post-hatch 

mortality (Tables 8, 18 and 26; Figures 5, 6 and 7) it appears that 

Ring-billed Gulls were not responsible. 

Because Leck (1971) reported feeding by Ring-billed Gulls at 

night and because I had seen this species loafing adjacent to a 

Common Tern study area on two nights in 1972, I spent several nights 

in a blind at the Lighthouse colony in attempt to determine whether 

any nocturnal predation was occurring. I did not witness nocturnal 

predation of tern chicks or eggs by either Ring-billed or Herring Gulls. 

However as reported in Chapter III, 5, on three separate occasions 

in the latter part of the 1973 season I saw a Black-crowned Night 

Heron eating 1-3 day old tern chicks. The heron was also heard above 

the colony on two separate nights. Reports of actual or suspected 

predation by this species in terneries are not uncommon in the litera-

ture. Austin (1932), Collins (1970), Nisbet (1972) and Nisbet (1975) 

have all presented evidence suggesting nocturnal predation by Black

crowned Night Herons on Cornmon Tern eggs and chicks. Marshall (1942) 
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actually saw a Black-crowned Night Heron eating Common Tern eggs in 

a Lake Erie ternery which had been temporarily deserted by its occupants. 

This is of considerable interest because on each occasion that a heron 

was seen or heard at the Lighthouse colony, virtually all of the terns 

deserted the colony. I have no way of knowing how often this predator 

frequented the colony. However, I thought that prolonged nocturnal 

exposure of eggs and chicks due to predator induced nocturnal desertion 

may have been the cause of the decline in hatching and fledging 

success late in the season. Therefore a simulated desertion experiment 

was carried out by exposing 9 groups of 30 Ring-billed Gull eggs to 

4 hr at 100C for one two or three consecutive nights at various 

stages during incubation. Hatching success of the experimental 

groups was not significantly different from the control. Therefore 

I concluded that nocturnal desertion did not have a detrimental 

effect on hatching success. Further details of this experiment may 

be found in Hunter, Ross and Ball (1976). These findings concur 

with those of Nisbet (19 0) who reported only slightly reduced hatching 

success despite regular predator induced nocturnal desertion by 

terns in a Cape Cod colony. It therefore is unlikely that predator 

induced desertion caused the dramatic decline in hatching success 

observed late in the season. The effect of nocturnal desertion on 

young non-predated chicks left unattended has not yet been determined. 

Because Common Terns remove egg shells from the colony site 

(Cullen, 1960) it is difficult to determine whether eggs which 

disappeared from study areas did so as a result of predation or 

because they were broken during normal incubation and discarded. It 

seems unlikely that the latter explanation could account for all of 
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the egg disappearance which occurred. There is some evidence support

ing the hypothesis that Black-crowned Night Heron predation may have 

accounted for at least some of the egg disappearance. First, as noted 

above, Marshall (1942) saw a night heron eating eggs in a deserted 

colony. Secondly I found egg shell fragments in the stomach of the 

heron I collected on August 3, 1973 . Finally,predation by a night 

heron could explain why egg disappearance was no greater on the 

periphery of the colony than in the central region (see previous 

section). Since it appears that the presence of the night heron(s) 

caused the terns to desert the colony, each portion 0 f the 

colony was equally accessible to the pre d at 0 r . This of course 

is speculative but represents a possible explanation of egg disappear-

ance. 

It certainly appears that the prey (1-3 day old chicks) which 

I observed the night heron to eat may provide an explanation for the 

fact that a disproportionate number of chicks of that age disappeared 

(Results 1 and 2, (e)i Figures 5, 6 and 7). 

The other species clearly identified as a predator of Cornmon 

Terns was the Herring Gull. Herring Gulls appeared to prefer newly 

fledged tern chicks whose increased ~obility and independence also 

made them increasingly vulnerable. On no occasion was a Herring Gull 

seen in any of the tern areas. However this species may have been 

responsible for some of the predation on the periphery of the colony 

where harrassrnent was likely to be less intense. 

Although A.W.F. Banfield (pers. corom.) informed me that predation 

by a muskrat on tern chicks was unlikely, the muskrat which was 

trapped at the Lighthouse colony in 1973 was removed from the area. 

The only other potential predator trapped was a rabbit taken at the 
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Canada Furnace site. Although Brown (1974) reported breakage of 

Brown Noddy (Oryctolagus cuniculas) eggs by a rabbit this was apparently 

done as a means of obtaining moisture. I feel that predation of 

tern eggs by rabbits at the Canada Furnace was unlikely as water is 

certainly plentiful at this location. 

Unfortunately it appears that many investigators believe that 

all major occurrances at a colony site take place while they are 

present. A typical example is the following from Switzer et al.(1971: 

71): "Gulls from the adjacent colony were apparently not responsible 

for the disappearance of tern eggs as they were observed to be vigorously 

driven off by the terns". Switzer and his colleagues go on to report 

that 44% of the eggs laid in their study area disappeared. 

The findings reported above suggest that investigators attempting 

to determine factors influencing the reproductive performance of a 

species should devote considerable attention to both diurnal and nocturnal 

observations. 

4) Vegetation and Substrate 

a) Vegetation Effects 

As noted in Chapter I although O.L. Austin Jr. (1932) found that 

terns nesting in grassy areas exhibited lower hatching success than 

those nesting in open areas, Langham 1974 reported that the highly 

successful Common Terns which he studied restircted their nest sites 

to areas where sheep's sorrel and Yorkshire fog grass predominated. 

Although he made no mention of hatching success Lemmetyinen (1973 b) 

reported that loss of Arctic Tern chicks was highest on islands with 

only sparse vegetation because chicks were presumably more visible 

to predators on these islands. 
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In 1973 and 1974 the reproductive performance of Common Terns 

nesting in various vegetation types was compared. In 1973 the 

comparison was simply a vegetated vs non vegetated comparison while 

in 1974 three vegetation types were compared. These were: vegetated; 

sparse and non-vegetated (see methods for detailed descriptions). 

Based on the assumption that the Ring-billed Gull was a potential 

predator of tern eggs and chicks, heterospecific areas of different 

vegetation types were also compared. 

The results of these experiments are summarized below. 

1) Whmthe influence of vegetation was assessed, the only significant 

difference found in either year was found in hatching success, 

Non-Veg. SS Veg. SS, 1974 (Table 12 and 22). No new differences 

were found when the data was analysed on a 3-egg clutch only basis. 

2) When proximity to Ring-billed Gulls and vegetation were considered 

together, no significant differences were found in 1973 when all nests 

(Table 12) or 3-egg clutches only were compared. In 1974, the 

fledging success of the Sparse P~G study area was significantly 

higher than that of the Non-Veg. REG study area when all nests 

were considered (Table 22). Both fledging and reproductive success 

of the Sparse REG area were found to be significantly higher when 

3-egg clutches only were compared. 

Once again the differences observed above can be explained by the 

fact that the Non-Veg. SS study area was the most successful area that 

I have ever studied and a portion of the fence enclosing Non-Veg. REG 

was found down on two occasions which probably perrnitted some chicks 

to escape. 
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It therefore appears that the presence of vegetation does not 

influence the reproductive performance of the Common Tern in Port 

Colborne, at least not during the early part of the season. Further

more, scrutiny of O.L. Austin Jr's. (1932) data reveals that the 

mean clutch size of birds nesting in the grassy quadrat was 1.9 

whereas in the open quadrat the mean clutch size was 2.6. The 

hatching success of the former was reported to be 32% while that of 

the latter was 90%. With this information at hand, one might argue 

that clutch size or the underlying factors influencing it may have 

had a greater influence on hatching success than vegetation did (see 

Chapter IV, i), Hatching success). 

b) Substrate Effects 

Although the general trends in reproductive performance with 

respect to clutch size and time coincided with those of the other 

larger study areas (Tables 24, 25 and 28), examination of the data 

present in Table 29 clearly indicates that nesting substrate has a 

pronounced effect on the hatching success component of reproductive 

performance. Scirpus-based and Sand-based eggs had a significantly 

higher hatching success than rock-based eggs during the "late", 

"all nests" and "late" time periods respectively (Table 29). When 

tested on a 3-egg clutch only basis, the Scirpus vs Rocky "all nests" 

difference was reduced to marginal significance (0.1>p>0.05). 

However, the Sandbox vs Rocky "all nests" test category was raised 

to marginal significance (0.1> P > 0.05) despite the temporal bias 

in favour of Rocky nests as a result of the late placement of sandboxes. 

The other significant differences in Table 29 are either due to 
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the disproportionate number of early nests as a result of the late 

placement of sandboxes (Rocky vs Sandbox and Sandbox vs Scirpus, 

"all nests", fledging and reproductive success or a disproportionate 

number of 3-egg clutches (Rocky vs Scirpus, "early", reproductive 

success). 

Although disappearance ranked as the major category of egg 

failure (Table 26) 19.5% of the failures on the Rocky substrate 

were attributed to cracked eggs. This is considerably higher than 

the frequency of cracked eggs observed for Scirpus and Sandbox 

nests (Table 26) and is also clearly different from all the other 

study areas described in Tables 8 and 18. 

Swick land (1974) reported that a sand substrate spread over a 

salt flat nesting area resulted in both increased nest density and 

increased hatching success for a Least Tern (~. albifrons) colony 

in southern California. The only other report of substrate manipulation 

found in the literature was reported by Eades (1972, in Lloyd, 

Bibby, and Everett, 1975). He found that Common Terns responded 

favourably to the provision of suitable nesting substrates in the 

form of artificial rafts,on the river Dee, U. K. 

When the hatching success of Neare and Farr Islands 1972 

(see Chapter I) was compared to that of rock-based eggs from the 

Rocky Lighthouse study area 1973,no significant differences were 

2 2 
found (XC = 2.93, df=l and Xc = 0.02, df=l) for Neare vs Rocky 

and Farr vs Rocky respectively. In addition~the contribution of 

"cracked" to egg failure was similarly high at 19.5% vs 11% and 27% 

for Farr and Neare respectively. 

These results suggest that substrate effects rather than chlori-

nated hydrocarbon loads per se could have caused the low hatching 
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success observed in Hamilton. 

5. Chlorinated Hydrocarbon Residues 

An inverse relationship between levels of PCB's, DDE and other 

chlorinated hydrocarbon residues in eggs and tissues of several 

avian species and reproductive performance has been established or 

inferred in a number of studies in the past decade ego (Keith, 1966; 

Cade, White, and Haugh, 1968; Fyfe, Campbell, Hagson and Hodson, 1969; 

Gilbertson and Reynolds, 1972; Fox, 1976). It has been reported that 

such chemicals may affect avian reproduction in the following ways: 

1) by disrupting calcium metabolism through the induction of hepatic 

degradative enzymes leading to a decrease in eggshell thickness 

(Peakall, 1967; Risebrough, 1968); 

2) by causing behavioural abnormalities in adults (McEwen and Brown, 

1966; Cade et al., 1968; Peakall and Peakall, 1973) and 

3) by causing chick deformities and abnormalities (Vos and Koeman, 

1970; Dahlgren and Linder, 1971; Hays and Risebrough, 1972; 

Tumasonis, Bush, and Baker, 1973). 

A recent review of the literature pertaining to chlorinated 

hydrocarbons and eggshell thinning is presented in Cooke (1973). 

Gilbertson (unpublished MS) reported a positive correlation between 

increased levels of DDE and PCR"s with time and decreased hatching success 

with time. Although in 1973 the latter trend was found in the two 

Port Colborne colonies, the former trend was not supported when 

levels of DDE and PCB's were compared on an early vs late basis. 

Fox (1976) attributed a low observed hatching success (61%) in 

a colony of Common Terns located at Buffalo Lake, Alberta to high 

levels of DDE in eggs. The values reported were "biased toward eggs 

which failed to hatch or which were obviously abnormal"! One pooled 
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sample of 5 dented eggs contained 6.67 ppm wet weight DDE and another 

sample comprised of 5 pooL" of 5 eggs and 13 eggs analysed individually 

(n=39) had an average of 3.42 ppm wet weight DDE. Fox reported trace 

levels of PCB's. These values can be compared to 3.88 ppm DDE and 23.79 

ppm PCB's (n=12) and an observed hatching success of 73.7% recorded 

for the Central Lighthouse study area in 1973. Furthermore, in 1972 

the mean levels of DDE and PCB's in the same area were 6.37 and 45.31 

ppm (n=4) while hatching success was recorutd at 80.5%. Clearly other 

factors besides levels of DOE and PCB's were responsible for Fox's 

low hatching success. A closer examination of his data reveals a 

mean clutch size of 2.1. Again this emphasizes the responsibility 

of the investigator to consider alternative explanations wh~n attempting 

to establish causual relationships. 

Two cross-billed chicks were found in the Port Colborne colonies, 

one in each year. This incidence is very low compared to that found 

by Gilbertson, Morris and Hunter (1976) in Hamilton and Toronto (1:100) 

in 1972. Although the levels of PCB's and DDE were significantly 

different (at least compared to 1973) this evidence leads one to 

speculate about, but does not est'ablish, a casual relationship. 

, ' . 1 
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C HA P T E R V 

CONCLUSIONS 

This study represented an attempt to determine the influence 

of clutch size and time of clutch initiation, position in colony, 

proximity to Ring-billed Gulls, vegetation, nesting substrate, and to 

some extent the influence of chlorinated hydrocarbon residues O.n the 

reproductive performance of the Common Tern. Several conclusions 

are presented below. 

1) Clutch size and time of clutch initiation, or at least the under-

lying factors influencing clutch size, particularly those causing 

it to decline with time, appear to have a pronounced effect on the 

various components of reproductive performance. 

2) Birds nesting in the central region of the large Lighthouse 

colony exhibited significantly higher fledging and reproductive 

success than those nesting on the periphery of the colony. The 

most obvious reason for this is that predators found the periphery 

of the colony more accessible than the central area. This might 

be because the number of terns nesting in this area and thus 

available to defend it was fewer and/or because, for some 

unapparent reason, these birds were less attentive or aggressive • 

3) 
. , 

Neither proximity to Rirg-billed Gulls nor vegetatlon appeared to 

affect the rep rod u c t iv e performance of Common Terns, (at 

least not during the early part of the breeding season). 

4) Rock-based clutches exhibited a significantly lower hatching success 

than those based on sand or dried vegetative matter in the one 

year that this was examined. This indicates that nesting substrate can 

have considerable influence on reproductive performance. 
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5) In 1973 the decline in all components of reproductive performance 

as a function of time was not likely due to chlorinated hydrocarbons 

since levels of these chemicals were not observed to increase as a 

function of time. 

6) In addition to the above it can be concluded that if an investigator 

intends to determine the relative importance of various factors 

influencing the reproductive performance of a given colony, it is 

necessary to observe both diurnal and noctural activity within 

the colony. Unfortunately few investigators appear to have realized 

this. 

The major conclusion and underlying theme of this thesis is 

that one must proceed with caution when attempting to establish a 

cause and effect relationship between a given factor and levels of 

reproductive performance. 

The experiments and observations presented in this thesis were 

carried out at two Port Colborne terneries in 1973 and 1974. 

Although one might be tempted to form generalizations on the basis 

of these findings, it must be recognized that both abiotic and 

biotic factors may vary considerably from location to location. 
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APPENDIX I Plant species present in Lighthouse study areas in 1974. , 
STU D Y ARE A S 

PERIPHERAL 

Common Name Botanical Name Common Name 

Dandelion Taraxacum officinalis Oat 1 

Sow Thistle Sonchus oleraceus Sow Thistle 
List of 

Species Prostrate Knotweed Polygonum aviculare Curled Dock 

Lamb's Quarter s Chenopodium album Bull Thistle 

Oat !\vena sp. Dandelion 

1 Most abundant species. 

CENTRAL 

Botanical Name 

Avenae sp. 

Sonchus oleraceus 

Rumex crispus 

Cusium lanceolatum 

Taraxacum officinalis 



APPENDIX II Plant species present in Canada Furnace study areas in 1974. 

L 
I 

S 
T 

o 
F 

S 
P 
E 

C 

I 

E 

S 

VEG. SS 

Common Name 

1 
Grasses 

Oat 

Sweet Clover 

Lamb's Quarters 

Bladder campion 

Shepherd's Purse 

Dandelion 

Mustard 

Mullein 

Botanical Name 

Avena sp. 

Melilotus alba 

Chenopodium album 

Silene cucubalis 

Capsella bursa
pastoris 

Taraxacum officinalis 

Brassica kaber 

Verba scum thapsus 

STU D Y AREAS 

VEG. RBGl 

Common Name 

1 
Grasses 

Oat 

Sweet Clover 

Lamb's Quarters 

Pigweed 

Sorgham 

Botanical Name 

Avena sp. 

Melilotus alba 

Chenopodium album 

Amaranthus 
retroflexus 

Sorgham vulgare 

Common Name 

1 
Grasses 

Oat 

Sweet Clover 

VEG. RBG 2 

Botanical Name 

Avena sp. 

Melilotus alba 

Bladder campion Silene cucubalis 

Pigweed 

Blueweed 

Dandelion 

Quack Grass 

Sow Thistle 

cont'd. 

Amaranthus 
retroflexus 

Echium vulgare 

Taraxacum offinalis 

Argopyren repens 

Sonchas oberaceus 



APPENDIX II Continued 

SPARCE SS 

Common Name 

Bladder campion 
L 
I Shepherd's Purse 
S 
T Lamb's Quarters 

0 Sow Thistle 
F Mustard 

S Bull Thistle 
P 

Grass 
E 
C Dandelion 
I Golden Rod 
E 
S Ragweed 

Sweet Clover 

Botanical Name 

Silene cucubalis 

Capsella bursa 
pastoris 

Chenopodium album 

Sonchus oleraceus 

Barbarea vulgaris 

Cusium lanceolatum 

Taraxacum officinalis 

Solidago sp . 

Ambrosia sp . 

Melilotus alba 

1 . 
Most abundant speCles . 

STU D Y ARE A S 

SPARSE 1 

Common Name 

Bladder campion 

Shepherd's Purse 

Lamb's Quarters 

Sow Thistle 

Quack Grass 

Botanical Name 

Silene cucubalis 

Caspella bursa
pastoris 

Chenopodium album 

Sonchus oleraceus 

Argopyren repens 

SPARSE 2 

Common Name Botanical Name 

Lamb's Quarters Chenopadium album 

Shepherd's Purse Capsella bursa
pastoris 

Sow Thistle Sonchus oleraceus 

wild Barley Hordeum sp. 



APPENDIX III A X~ analysis of the reproductive per formance of 
two "Sparse" and two "Vegetated" study areas . 

HATCHING SUCCESSl 2 3 
FLEDGING SUCCESS REPRODUCTIVE SUCCESS 

Test x2 level of x2 level of X~ level of 
Classification C signif C signif signif 

Sparse REG 1 vs 0.055 ns 2.651 ns 1. 55 ns 

Sparse REG 2 

Veg.REG 1 vs 0.207 ns 0.772 ns 0.142 ns 

Veg.REG 2 

1 
Eggs hatched per egg laid . 

2 
Chicks fledged hatched . per egg 

3 
Chicks fledged laid . per egg 



APPENDIX IV 

study Areas 
Tested 

Central 

Peripheral 

Non-Veg. REG 

Central 

vs 

Peripheral 

Peripheral 

vs 

Non-Veg. REG 

Peripheral vs 

Veg. SS 

Veg. ss vs 

Veg. REG 

Non-Veg. REG vs 

Veg. REG 

An analysis of the proportion of large (> 2-egg) and 
small (~2-egg) clutches as a function of time and in 
relation to study areas for selected test combinations, 
Port Colborne, 1973. 

Time 2 
Level of 

Period Xc Signif 

1 2 
>.005 early vs late 8.660 

early vs late 3.178 ns 

early vs late 23.404 > .001 

early 1.203 ns 

late 2.542 ns 

all nests 5.194 > .05 

early 4.872 >.05 

late 0.048 ns 

all nests 2.726 ns 

early 2.925 ns 

early 0.121 ns 

early 0.069 ns 

1 Clutches initiated on or before June 5. 

2 
Clutches initiated after June 5. 



APPENDIX V Age at death or disappearance of chicks in the five 
Port Colborne study areas in 1973. 

Time post - hatch (days) 

Study Area 1 - 3 4 - 6 7 - 9 10 - 12 13 - 15 16 - 18 Total 

Central dis (n) 36 12 20 15 5 11 99 

dead (n) 10 15 8 6 1 0 40 

Peripheral dis (n) 17 5 2 2 2 3 31 

dead (n) 7 2 1 0 0 0 10 

Non-Veg. RBG dis (n) 21 9 6 4 8 15 63 

dead (n) 6 2 2 2 2 2 16 

Veg. SS dis (n) 16 5 7 5 3 2 38 

dead (n) 3 5 3 i 0 0 12 

Veg. RBG dis (n) 2 7 0 4 4 3 20 

dead (n) 4 6 0 0 0 2 12 

Total dis (n) 92 38 35 30 22 34 251 

dead (n) 30 30 14 9 3 4 90 

341 



tI) 

Q) 

~ 
~ 

....... 
::::, 

........ 
(.) 

........ 
<::) 

'" <b 
~ 

~ 

5 

o 

~5 

APPENDIX VI A Distribution of clutch initiation with respect to time 
in the Central (Lighthouse) study area in 1974. 
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APPENDIX VI B Distribution of clutch initiation with respect to 
time in the Perphipheral (Lighthouse) study area 
in 1974. 
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APPENDIX VI C Distribution of clutch initiation with respect to 
time in the Non-Veg. SS (Canada Furnace) study 
area in 1974 . 
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APPENDIX VI D Distribution of clutch initiation with respect to 
time in the Non-Veg. REG (Canada Furnace) study 
area in 1974 . 
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APPENDIX VI E Distribution of clutch initiation with respect to 
time in the Sparse SS (Canada Furnace) study area 
in 1974 . 
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APPENDIX VI F Distribution of clutch initiation with resp ect to 
time in the Sparse REG (Canada Furnace) study area 
in 1974. 
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APPENDIX VI G 

15 

) 

I I 
8 12 16 20 2 4 28 

may 

I 

Distribution of clutch initiation with respect to 
time in the Veg ss (Canada Furnace) 
1974. study area in 
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APPENDIX VI H Distribution of clutch initiation with respect to 
time in the Veg REG (Canada Furnace) study area 
in 1974. 
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APPENDIX VII Hatching success with respect to time of clutch initiation and clutch size for 
five Canada Furnace study areas in 1974 

NON-VEG. SS NON-VEG. RBG 

Time Clutch # of # of # Ha. per Clutch # of # of # Ha. per 
Period Size Nests Eggs Ha. Egg Laid Size Nests Eggs Ha. Egg Laid 

Early 1 
1 0 1 

2 2 4 1.00 2 1 2 1.00 

3 23 66 0.957 (.014) 3 16 41 0.854 (.038) 

4 1 3 0.750 

Total 26 73 0.948 (.013 ) Total 17 43 0.860 ( . 037) 

Late 
2 

1 0 1 

2 0 2 

3 1 3 1.00 3 1 2 0.667 

Total 1 3 1. 00 Total 1 2 0.667 

All 1 0 1 0 
Nests 

2 2 4 1. 00 2 1 2 1.00 

3 24 69 0.958 ( .011) 3 17 45 0.833 ( • 036) 

4 1 3 0.75 

Total 27 76 0.95 ( . 013) Total 18 47 0.887 (.035) 

cont'd. 



APPENDIX VII cont'd . 

SPARSE SS SPARSE REG 

Time Clutch # of # of # Ha . per Clutch # of # of # Ha. per 
Period Size Nests Eggs Ha . Egg Laid Size Nests Eggs Ha. Egg Laid 

Early 
1 

1 0 1 0 

2 4 5 0 . 625 (.146) 2 3 4 0 . 667 ( • 096) 

3 12 33 0 . 917 ( .033) 3 20 54 0.900 ( .018) 

Total 16 38 0.864 (.041) Total 23 58 0.879 (.021) 

Late 
2 

1 0 1 0 

2 0 2 0 

3 1 3 1.00 3 1 2 0.667 

Total 1 3 1.00 Total 1 2 0.667 

All 1 0 1 0 
Nests 

2 4 5 0.625 (.146) 2 3 4 0.667 (.096) 

3 13 36 0.923 (.030) 3 21 56 0.889 (.018) 

Total 17 41 0.872 (.039) Total 24 60 0.870 (.020) 

cont'd. 



APPENDIX VII cont'd . 

VEG. REG 

Time Clutch # of # o f # Ha . per 
Period Size Nests Egg s Ha. Egg Laid 

All 
Nests 

1 
1 1 0 0.00 

2 0 

3 19 49 0.860 ( • 034) 

Total 20 49 0.845 (.036) 

1 h '" d Clutc es lnltlate on or before June 5 . 

2 Clutches initiated after June 5. 

Standard Errors in parentheses. 



APPENDIX VIII 

Study Areas 
Tested 

Central 

Peripheral 

Veg. SS 

Central 

vs 

Peripheral 

Non-Veg. SS vs 
Non-Veg. RBG 

Sparse SS vs 
Sparse RBG 

Veg. SS vs 
Veg. RBG 

Non-Veg. SS vs 
Sparse SS 

Non-Veg. SS vs 
Veg. SS 

Sparse SS vs 
Veg. SS 

Non-Veg. RBG vs 
Sparse RBG 

Non-Veg. RBG vs 
Veg. RBG 

Sparse RBG vs 
Veg. RBG 

A statistical analysis of the proportion of large (> 2-egg) 
and small (~2-egg) clutches as a function of time and in 
relation to study areas for selected test combinations, 
Port Colborne, 1974. 

Time X~ Level of 
. Period Signif 

early 
1 2 

14.462 > .001 vs late 

early vs late 0.006 ns 

early vs late 6.797 >.01 

early 0.084 ns 

late 3.367 ns 

all nests 0.027 ns 

early 0.122 ns 

early F3 ns 

early 1.007 ns 

early 1.216 ns 

early 0.027 ns 

early 0.874 ns 

early F ns 

early F ns 

early 0.142 ns 

1 
Clutches initiated before June on or 5 . 

2 Clutche s initiated after June 5. 
3 

Fisher exact probability test. 



APPENDIX IX Fledging and reproductive success with respect to time of clutch initiation and 
clutch size for five Canada Furnace study areas in 1974 

NON-VEG. SS NON-VEG. RBG 

Time Clutch # of Ch. Fledging 
3 

Reprod. 
4 

Clutch # of Ch. Fledging Reprod. 
Period Size Fledged Success Success Size Fledged Success Success 

Early 
1 

1 1 

2 4 1.00 1. 00 2 2 1. 00 1. 00 

3 53 0.803 ( .030) 0.768 ( . 028) 3 23 0.561 ( . 056) 0 . 479 (.045 ) 

4 2 0.667 0.50 

Total 59 0.808 (.027) 0.766 (.029) Total 25 0.581 (.056) 0.500 ( . 046) 

2 
1 1 Late 

2 2 

3 0 0.00 0.00 3 0 0.00 0.00 

Total 0 0.00 0.00 Total 0 0.00 0.00 

All 1 1 
Nests 

2 4 1.00 1.00 2 2 1.00 1. 00 

3 53 0.768 (.026) 0.736 (.032) 3 23 0.511 ( • 052) 0.451 ( . 044) 

4 2 0.667 0.50 

Total 59 0.776 ( . 023) 0.738 ( . 030) Total 25 0 . 5% (.054) 0.472 ( . 045) 

cont'd . 



APPENDIX IX cont'd . 

SPARSE SS SPARSE RBG 

Time Clutch # of Ch. Fledging 
3 

Reprod . 
4 

Clutch # .of Ch. Fledging Reprod. 
Period Size Fledged Success Success Size Fledged Success Success 

Early 
1 

1 1 

2 4 0.800 ( . 329) 0.50 (.177) 2 3 0.750 0.50 (.167 ) 

3 23 0.697 ( . 068) 0.639 (.062) 3 44 0.815 (.053) 0.733 ( • 036) 

Total 27 0.711 ( . 072) 0.614 ( • 061) Total 47 0.810 (.056) 0.712 ( • 037) 

Late 
2 

1 1 

2 2 

3 3 1.00 1.00 3 0 0.00 0.00 

Total 3 1.00 1.00 Total 0 0.00 0.00 

All 1 1 
Nests 

2 4 0.800 (.329) 0 . 500 (.177) 2 3 0.750 0.50 (.167) 

3 26 o • 722 (. 065) 0.667 (.025) 3 44 0.786 (.047) 0.698 ( • 039) 

Total 30 0.732 ( . 074) 0.638 ( . 058) Total 47 0.783 (.049) 0.681 ( . 040) 

cont'd. 



APPENDIX IX cont'd. 

VEG. REG 

Time Clutch # of Ch. Fledging 
3 

Reprod. 
4 

Period Size Fledged Success Success 

All 1 
Nests 

1 0 0.00 0.00 

2 

3 32 0.653 ( .049) 0.561 (.041) 

Total 32 0.653 ( . 049) 0.552 ( • 041) 

1 1 h . . . d C utc es lnltlate on or before June 5. 

2 Clutches initiated after June 5. 

3 Chicks fledged per egg hatched. 

4 Chicks fledged per egg laid. 

Standard Errors in parentheses. 



APPENDIX X Age at death or disappearance of chicks in the eight 
Port Colborne study areas in 1974. 

Time post - hatch (days) 

Study Area 1 - 3 4 - 6 7 - 9 10 - 12 13 - 15 16 - 18 Total 

Central dis (n) 15 6 3 1 3 2 30 

dead (n) 5 0 0 2 6 4 17 

Peripheral dis (n) 9 4 2 5 12 9 41 

dead (n) 5 5 2 2 2 3 19 

Veg. SS dis (n) 8 2 4 1 0 2 17 

dead (n) 1 3 1 3 0 1 9 

Non-Veg. SS dis (n) 5 0 2 1 0 3 11 

dead (n) 4 2 0 0 0 0 6 

Non-Veg. RBG dis (n) 5 2 3 0 3 5 18 

dead (n) 0 0 0 1 0 1 2 

Sparse SS dis (n) 1 4 3 0 1 2 11 

dead (n) 0 0 0 0 0 0 0 

Sparse RBG dis (n) 1 0 3 1 3 1 9 

dead (n) 0 0 0 0 0 0 0 

Veg. RBG dis (n) 6 2 0 0 2 6 16 

dead (n) 0 0 0 0 0 0 0 

Total dis (n) 50 20 20 9 24 30 153 

dead (n) 15 10 - , 8 8 9 53 ~, 

206 



APPENDIX XI Age at death or disappearance of chicks with respect to 
substrate for the Rocky study area in 1973. 

Time post - hatch (days) 
Substrate 

Type 1 - 3 4 - 6 7 - 9 10 - 12 13 - 15 16 - 18 Total 

Rocky dis (n) 6 2 1 4 3 4 20 

dead (n) 4 3 1 2 1 0 12 

Sandbox dis (n) 8 0 1 4 2 1 16 

dead (n) 0 0 0 0 0 0 0 

Scirpus dis (n) 2 1 4 4 0 1 12 

dead (n) 1 1 1 0 0 0 3 

Total dis (n) 16 3 6 12 5 6 48 

dead (n) 5 4 2 2 1 0 13 

16 


