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ABSTRACT

One component of successful parenting is related to efficiency in foraging

behaviour. The relationships among chick feeding, the size and type of food package, and

length of parental foraging trips has not been well studied in seabirds. In addition,

relatively few data have been collected on the activities of seabirds when foraging away

from the nest site. The objectives of this study were: (1) to contrast productivity, feeding

rate, and attendance patterns of individuals carrying a novel transmitter with a control group

of birds; (2) to use radio-telemetry to assess the variability in foraging locations within and

between individual male Common Terns; (3) to determine the seasonal variation in chick

diet; (4) to determine for each transmittered bird, the relationships among the foraging

patterns, parental behaviour, and seasonal reproductive success.

The study took place over two years (1990-91) on a concrete breakwater 1 km

offshore on Lake Erie near Port Colbome, Ontario. Ten pairs of terns in 1990 and 12 pairs

in 1991 were radio-tracked by boat or car during the chick rearing stage. Concurrent

behavioural observations documented the time each sex spent foraging or at the nest. The

frequency and prey species composition of feeds to chicks were also recorded.

The transmitters had negligible effects on the feeding frequency and brood

attendance patterns of transmitter carrying birds. Peak nesting transmittered birds in 1990

and 1991 exhibited some inter-individual variability in foraging locations, however intra-

individual variability was low. Birds foraged primarily to the west and northwest of the

colony. Late nesters exhibited greater inter-individual variability, however intra-individual

variability remained low for most birds. Neither group demonstrated sufficient variability

to support the regular use of this colony as an "information centre".

Individual transmittered birds had unique and predictable foraging patterns, and

corresponding differences in feeding frequencies and brood attendance patterns, yet

productivity was essentially equal between nests due to the impact and importance of





stochastic events. Individuals that were recaptured in 1991 exhibited very similar foraging

patterns to 1990, suggesting littie variability between years. Conservation of foraging

patterns between years may have potential implications for mate choice decisions in future

breeding seasons.

Prey species delivered to chicks differed between morning and evening for peak

and late nesters in 1990, but not 1991. Peak nesters in 1990 fed significantiy more

Rainbow Smelt fOsmerus mordM) than Emerald Shiner (Notropis atherinoidesV this trend

was reversed for late nesters who also fed large numbers of unidentified larval fish. No

significant differences were found in 1991. Seasonal changes in prey species delivered to

chicks is believed to be attributable to the temperature tolerances of the smelt and shiners,

and the presence of large schools of larval fish during the late nesting season.





ACKNOWLEDGEMENTS

I would like to express my sincere gratitude to Dr. Ralph Morris for his financial

support, his guidance, and help with the focussing of this project. Jeffrey P. Bruce

provided high quality help in the field and did an outstanding job of collecting telemetry

data. Although I suggested it on many occasions, it would have been difficult to have

replaced him with a monkey. Thanks go to Dr. John Chardine for the use of his computer

during a period of the writing of this thesis, and for challenging me to get the word

"seagull" past the editor. Well I just did. Thanks to Dr. I Kirkham for useful comments,

discussions and corrections to the wording of the text. Although some of his ideas I

disagree with, many others I wish I had thought of myself. Drs. A. Bown and J.

Middleton, made useful comments and corrections to the text To my committee members:

Drs. M. Dickman, J. Middleton, P. Ramm; thank you for offering suggestions on how to

improve the project. Finally, thanks to Kevin Brown and Dave Moore for useful insights.

Chuck Rutledge for info on Lake Erie fisheries, and to all the grad students for making my

few years at Brock so enjoyable - especially those in and associated with "The House of

Masters".

I dedicate this thesis to the memory ofmy father: Dr. Alfred T.H. Bumess,

who was my inspiration to do graduate work.





LIST OF TABLES

1 . Hours and dates of behavioural observations performed

in 1990-91. . 23

2. Time (mean ± 1 SD min/hr) in attendance with the brood by peak
and late nesting control and experimental Common Terns in 1990. 27

3. Feeding rate (feeds chick/ hr, mean ± 1 SD) of peak and late nesting

control and experimental pairs of Common Terns in 1990. 28

4. Prey species delivered to chicks by peak and late nesting

Common Terns in 1990-9 1

.

31

5. Time (mean ± 1 SD min/hr) in attendance with the brood by peak and

late nesting pairs in the morning and evening in 1990-91. 41

6. Feeding rate (feeds/chick/hr, mean ± 1 SD) of peak and late nesting

pairs in the morning and evening in 1990-91. 42

7. Time (mean ± 1 SD min/hr) in attendance with the brood by each sex

during 1990-9 1 (AM and PM are pooled). 44

8. Feeding rate (feeds/chick/hr, mean ±1 SD) of each sex during

1990-91 (AM and PM are pooled). 45

9. Brood sizes (X ± 1 SD) included in inter-year analyses (Transmitter

1/5 was excluded from 1990 data). 48

10a. Movement data summary for 7 peak nesting Common Terns during

the summer of 1990. 56

10b. Directional bearings of peak nesters in 1990 pooled into 60° blocks. 56

11a. Movement data summary for 7 peak nesting Common Terns during

the summer of 199 1

.

57

lib. Directional bearings of peak nesters in 1991 pooled into 60° blocks 57

12a. Movement data summary for 4 late nesting Conunon Tems during

the summer of 1990. 58

12b. Directional bearings of late nesters in 1990 pooled into 60° blocks. 58

13 a. Movement data summary for 5 late nesting Common Tems during

the summer of 1991. 59

13b. Directional bearings of late nesters in 1991 pooled into 60° blocks. 59

14. Directional bearings of peak and late nesters radio-tagged in 1990
and recaptured in 199 1

.

60





LIST OF FIGURES

8

1 . The north shore of Lake Erie, showing points of land utilized

by foraging tems. 17

2. The transmitter attached by epoxy to a metal band. 20

3

.

Percentage of prey delivered to chicks by peak and late nesting

males in 1990. 33

4. Percentage of prey delivered to chicks by peak nesting males in 1991. 35

5a. Percentage of prey delivered in 1990 to chicks by peak nesting males
in the morning and evening. 38

5b. Percentage of prey delivered in 1990 to chicks by late nesting males
in the morning and evening. 38

6. Percentage of prey delivered in 1991 to chicks by peak nesting males
in the morning and evening. 40

7 . Mean percentage of trips by radio-tagged male Common Tems in a

given 60° directional bearing. 62

8. Percentage of trips made in a given directional bearing by each
radio-tagged Peak nester in 1990. 64

9. Percentage of trips made in a given directional bearing by each
radio-tagged Peak nester in 199 1

.

66

10. Percentage of trips made in a given directional bearing by each
radio-tagged Late nester in 1990. 68

1 1

.

Percentage of trips made in a given directional bearing by each
radio-tagged Late nester in 1991. 70

12. Percentage of trips made in a given directional bearing by individuals

radio-tagged in 1990 and recaptured in 1991. 72





INTRODUCTION

1.1 PARENTAL ROLES

In contrast to all other major groups of vertebrates and invertebrates, monogamy is

thought to be the primary mating system of birds (Mock and Fujioka 1990; but see Gibbs et

al. 1990), being found in greater than 90% of all species (Lack 1968). In colonial nesting

seabirds, this is likely due to the need for biparental care to successfully raise young

(Montevecchi and Porter 1980). A male can often increase his reproductive success most

effectively by providing increased paternal care rather than seeking extra-pair copulations

(Mock and Fujioka 1990).

At egg laying it has been assumed that females have invested more energetically in

reproduction due to egg formation (Trivers 1972). This energy is partially regained in

females of species that allocate considerable time to feeding during male incubation bouts

(e.g. Northern Fulmars, Fulmarus glacialis. Hatch 1990) . Unlike the case for mammals

where only the female can provision the young initially, nestlings can be fed equally well

by either sex (Mock and Fujioka 1990). In such cases, males can provide significant

contributions to parental care (e.g. Wiggins and Morris 1987) resulting in differences

between the sexes only in the timing and form of parental investment rather than in total

energy expenditure (e.g. Burger 1981, Butler and Janes-Butler 1983, Wiggins and Morris

1987, Hatch 1990).

Numerous studies of seabirds have documented relationships between the sex of

parents and the care provided to offspring (e.g. Montevecchi and Porter 1980, Burger

1981, Pierotti 1981, Buder and Janes-Butler 1983, Wiggins and Morris 1987, Hatch 1990,

Creelman and Story 1991). In Great Blacked-backed Gulls (Lams marinus) . for example,

no sexual differences were found in territorial attendance, brooding, or chick feeding,

suggesting equal investment by both sexes (Butler and Janes-Butler 1983). In Western
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Gulls (Li occidentalis ') males brought back larger and heavier food items, and fed chicks

more frequently than females (Pierotti, 1981). In contrast. Black Skimmer (Rynchops

ni ger') females brought back more fish, while males contributed more to nest, chick and

female defence (Burger 1981). Similarly, Atlantic Puffin (Fratercula arctica't females spent

significantly more time incubating eggs and feeding chicks than males who invested more

in territorial defence (Creelman and Storey 1991). Comparisons of different parental

behaviours at different breeding phases are complicated by defining the currency of

investment (Knapton 1984).

For most seabird species, coordinated parental behaviour in attendance with the egg

or chick (Morris and Chardine 1990), over nest relief during incubation (Hand 1985), and

to achieve compatibility in foraging schedules (Niebuhr and McFarland 1983), are essential

for successful breeding. The feeding and care of chicks to fledging and beyond is a crucial

component of successful parenting and not all partners are equally compatible (Morris

1987) or equally efficient at a particular role (Wiggins and Morris 1987). The relationships

among chick feeding, the size and type of food package, and foraging time away from the

chicks have not been well studied in seabirds. This is largely because many species

regurgitate a pre-digested bolus which makes quantification difficult. Common Terns

(Sterna hirundo') . however, carry a single fish cross-wise in the bill, making quantification

of species and size relatively easy.

Parental contributions of Common Terns to chick feeding have been investigated at

5 locations: Port Colbome, Ontario (Wiggins and Morris 1987); Long Island, New York

(Wagner and Safina 1989); Bird Island, Massachusetts, and Peters and Ball Islands, Nova

Scotia (Kirkham 1986). Wiggins and Morris (1987) found that rates of chick feeding by

parents varied with the sex of the adult; males fed chicks more frequently and at higher

rates than females. Wagner and Safina (1989) found no difference in the number of

deliveries of prey between males and females although the composition of prey species

differed between the sexes. They suggested that possibly members of each sex foraged in





11

different locations. Nisbet and Kirkham (I. Kirkham pers. comm.), found that males and

females use a common foraging territory during courtship and possibly later on. Kirkham

(1986) found similar and different feeding rates between the sexes depending on the

colony. Unlike studies by Kirkham (1986) and Wagner and Safina (1987) prey species

compositions delivered by each parent have not been assessed at Port Colbome.

One component of successful parenting is related to efficiency in foraging

behaviour. This will include distance travelled, time away from the chicks, and success of

prey capture. It may be hypothesized that individuals that are successful at raising chicks to

fledging may exhibit different foraging strategies from those that are unsuccessful.

Relatively few data have been collected on the activities of seabirds when foraging away

from the nest site. Foraging ranges have been inferred from times between colony visits

(e.g. Harris 1984) and feeding sites through aerial surveys (Kirkham et al. 1985) and direct

observation of birds at sea (e.g. Gaston and Nettieship 1981, Schneider and Hunt 1980).

Recent use of activity timers (e.g. Caims et al. 1987a, Gales et al. 1990), radio-telemetry

(e.g. Anderson and Ricklefs 1987, Trivelpiece et al. 1986, Wanless et al. 1990), and

satellite telemetry (Jouventin and Weimerskirch 1990) have increased our knowledge of

foraging locations and established inter-and intra-individual variation. With the exception

of only a handful of studies on seabirds (e.g. Morris and Black 1980) few have attempted

to relate differences in individual foraging patterns with brood success.

1.2 RADIO-TELEMETRY

Data on the foraging locations and activities of birds at a distance from a breeding

colony can be reliably obtained with the use of radio-transmitters. Radio-telemetry has a

history of variable success (c.f. Massey et al. 1988, Wanless et al. 1989), but often

produces valuable data on the foraging pattems of individuals (Morris and Black 1980,

Anderson and Ricklefs 1987, Jouventin and Weimerskirch 1990). Of tern species. Least
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Tems (S.. antillarum ') and Common Tems have both been subjects in previous radio-

telemetry studies. Each study used glue to fix the transmitter units to the back of study

animals with positive (Hill and Talent 1990, Becker et al. 1991) and negative (Massey et al.

1988) results. Despite early warning that transmitter devices may affect performance

seriously (e.g. Cochran et al. 1972), and evidence from experimental studies of subtle

behavioural effects (e.g. Boag 1972, Gilmer et al. 1974), recent studies still claim no

obvious behavioural changes associated with radio-transmitters (see Lance and Wilson

1979). Rarely are the behaviours quantified (e.g. Becker et al. 1991).

There are numerous techniques for attachment of radio transmitters to study

animals. These include back-packs (Morris and Black 1980), breast packs (Gilmer et al.

1977), tail clips (Bray et al. 1975), adhesives (Sykes et al. 1990, Becker et al. 1991), and

sewing into the retrices (Pennycuick et al. 1990). While most investigations limit the mass

of the transmitter package relative to the body mass of the study animal, flying ability and

the energy cost of transport may be more important than unit mass (Caccamise and Hedin

1985), and loads of 2.5% body mass can significandy affect flight performance (Gessaman

and Nagy 1988). It has recendy been suggested that the mass of the transmitter should not

even be considered as a percentage of the mass of the bird carrying it, but of the mass of

food that is normally transported to the chicks (Pennycuick et al. 1989).

1.3 INFORMATION CENTRE HYPOTHESIS

Use of radio-telemetry has the additional benefit of allowing comment on the use of

colonies as sites of information exchange (Ward and Zahavi 1973). Colonial breeding in

birds is a common breeding strategy, but its evolution has evoked considerable debate in

the literature (see Wittenberger and Hunt 1985). Two important suggestions to explain

coloniality are (1) to reduce the probability of predation and (2) to increase foraging
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efficiency (see Wittenberger and Hunt 1985). One of the benefits of a radio-telemetry is

that it may give insight into the latter.

Many species of birds feed on patchy and ephemeral food supplies that may be

difficult to find. The "information centre hypothesis" (Ward and Zahavi 1973) postulates

that colonies evolved to allow for the transfer of information about profitable foraging sites.

Unsuccessful foragers could return to the colony and later follow successful birds to more

profitable feeding sites. Information exchange need not be active and simple following

would be sufficient (Waltz 1982).

Many avian species have been implicated in information exchange (e.g. Common

Terns, Waltz 1987; Cliff Swallows, Hirundo pvrrhonata . Brown 1986; Black Vultures,

Coragvps atratus . Rabenold 1987; Ospreys, Pandion haliaetus . Greene 1987), however,

many accounts can be explained through more parsimonious explanations, e.g. local

enhancement (defined as finding food "by opportunistically joining flocks of foraging or

feeding individuals," Wittenberger and Hunt 1985).

Plunge-diving piscivores such as sulids or terns appear better candidates for

information exchange than, for example, wading birds (Ciconiiformes) where the costs to a

"leader" appear high (Mock et al. 1988). Waltz (1987) provides evidence of synchronous

and directionally identical departure bearings for Common Terns in two New York

colonies. Terns returning with fish (successful foragers) were also more likely to be

followed on subsequent trips (Waltz 1987). Similar observations have been made for

Sandwich Terns (S- sandvicensis") although successful birds were followed no more often

than unsuccessful (which refutes a central prediction of the hypothesis, Gotmark 1990).

Clumped departures may be due to clumped arrivals (stemming from for example prey

depletion at the foraging patch; Gotmark 1990), or because group foraging may enhance an

individual's foraging success (Gotmark et al. 1986). There is actually little evidence to

suggest that birds departing synchronously even go to the same site (but see Andersson et

al. 1981). Radio-telemetry can give insight into this final point.
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If the Port Colbome Common Tem colony is being used for information exchange,

two testable predictions can be made: (1) Intra-individual variability in foraging locations

would be high. (2) Birds would often be seen foraging in flocks. Realization of these two

predictions does not preclude the use of local enhancement by the birds. Failure to find

support for the two predictions would, however, cast doubt on the use of the colony

during my study as a site of information exchange.

The objectives of this study were: (1) to contrast productivity, feeding rate, and

attendance patterns of individuals carrying transmitters with a control group of birds. (2) to

use radio-telemetry to assess the variability in foraging locations within and between

individual males. (3) to determine the seasonal variation in chick diet. (4) to determine for

each transmittered bird, the relationships among the foraging patterns, parental behaviour,

and seasonal reproductive success.
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METHODS

2.1 STUDY SITE AND CHOICE OF STUDY PAIRS

The study took place over two years (1990-91) at a concrete breakwater 1 km

offshore on Lake Erie, near Port Colbome, Ontario (42°52'N, 79°15'W ; Fig. 1). Data on

aspects of Common Tern breeding biology have been collected there since 1977 (Morris et

al. In press). Before the arrival of the Common Terns, traditionally in late April, two

study sites, each 4 X 15 m were selected along the breakwall at the east and west end of the

colony based on previous nesting patterns of the birds. Clutch initiation in Common Terns

is bimodal, with the first mode representing the peak nesters, which typically initiate

clutches in the first week of May. The second mode occurs later in the season and, as in

many other larids, is comprised of young birds and renesters (Nisbet et al. 1984 and

references contained within). In order to synchronize clutch initiation of late arriving birds

and discourage peak nesters from nesting at the east end of the colony, a 4 X 15 m area at

the east end was covered with sheets of polyethylene plastic. An elevated blind was erected

in front of the site at the west end and the nesting substrate was supplemented with wood

and rocks to give the chicks cover.

Daily or twice daily nest checks of the area in front of the blind began on 1 May in

both 1990 and 1991 and confirmed clutch initiation dates and clutch size for potential study

pairs. Each new nest was marked with a sequentially numbered aluminum nest marker.

Eggs were individually marked in order of laying sequence, weighed, and width / length

measurements recorded.

Behavioural observations of courtship feeding and copulations were performed

from the blind to sex individuals of study and control pairs. It was assumed that only

males courtship feed and that males stand on the backs of their mates during copulations.

All pairs chosen for observation contained one bird that had been banded previously, had

been dyed with picric acid during incubation (from a spray gun), or had a recognizable bill
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Figure 1 The north shore of Lake Erie, showing points of land utilized by foraging tems.

The colony is indicated by a star.
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pattern. All peak nesting study pairs in 1990 (N=14) had 3-egg clutches while late nesters

in 1990 (N=9), and both peak (N=14) and late nesters (N=10) in 1991 had either 2 or 3 -

egg clutches.

2.2.DESCRIPTION OF TRANSMITTER PACKAGE

The transmitter package (Morris and Burness In press; Fig. 2) consisted of a

transmitter crystal and battery adhered to a standard USFWS aluminum leg band (size #2)

normally used to band Common Terns. The unit was built by Holohil Systems Ltd.,

Woodlawn, Ontario. The crystal (LD-2) and round lithium battery were encased in epoxy

and the entire unit was fastened by epoxy to the metal band. A copper wire was embedded

in the epoxy that contained the crystal and battery, and was wrapped around the leg band at

a point opposite the opening. An 8-cm braided steel wire projected from the unit such that

when the bird was fitted with the transmitter the aerial lay in a plane parallel to the upright

orientation of the birds' body. Removal of a small external magnet activated the unit

moments before release of the bird. Individual transmittered birds were designated by their

band/channel combinations which corresponded to the frequencies of each transmitter e.g.

1/5 (band 1, channel 5).

The mass of the USFWS leg bands normally used on Common Terns is 0.20 ±

0.005g (SD, N=40). The mass of 12 units used in 1991, including tiie bands to which

they were attached was 1.28 ± 0.014g (SD). The package was 0.96% of the bird's total

body mass, 133.17 ± 6.09 (SD, N=23), which is considered acceptable; Caccamise and

Hedin 1985; but see Pennycuick et al. 1989) and transmitted in the 170.0 - 174.0 Hz

range.
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Figure 2 The transmitter attached by epoxy to a metal band
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cm





21

2.3 RADIO-TELEMETRY

During the last few days of incubation in 1990 males from ten pairs and females

from two others were captured using a walk-in trap constructed from chicken wire.

Trapping was completed between 23-27 May (peak nesters) and on 11 July 1990 (late

nesters. Captured adults were dyed with picric acid and individually colour-banded to

make recognition easier. Mass, head-bill length and wing-span (see Pennycuick 1989 for

technique of wing-span measurement) were measured in 1990 and mass, head-bill length,

and depth at gonys in 1991. The transmitter, fused to an aluminum leg band was attached

in a normal fashion to the leg, and the bird was released. An additional eleven pairs acted as

controls to determine the effect (if any) of radio-tagging Common Terns (see Massey et al.

1988, Wanless et al. 1988). The criteria for selection of control pairs were their

similarities in clutch size and clutch initiation dates to those of experimental pairs.

Similar procedures were performed in 1991, however, no females were captured.

Seven peak nesting and five late nesting males were trapped between 28-29 May (peak

nesters) and 11-15 July Gate nesters). An additional 12 birds acted as controls.

Chicks of study pairs were dyed in order of hatching sequence and the fate of each

individual chick was followed until fledging which was considered to have occurred at 20

days of age (Hunter 1976).

Radio-tracking started immediately following transmitter attachment to study birds.

Most data were obtained from a boat with periodic observations from land using a hand-

held 4-element Yagi antenna. Usually a single observer obtained transmitter signal data

while a second observer obtained data on attendance and chick feeding fix)m the blind.

The standard procedure for transmitter work involved an initial check for signals

from 200 m offshore from the colony at the beginning of an observation period, followed

by a periodic return to the study site throughout the 3-h observation period. Between

checks, the boat observer travelled east and west along the north shoreline, checking for
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signals every 5 min or as appropriate. Standard "listening positions" were established at

specific locations of known distance from the colony, and at points along known routes of

travel by Common Terns. With the exception of times when a rapid movement by boat

from one location to another was required, the transmitter signal observer conducted a

channel scan every 5-8 min throughout the total period of observation. Data collected from

telemetry addressed the following questions: (1) where are the terns foraging; (2) does the

frequency and destination of foraging trips differ within and between individuals; (3) does

foraging location vary between peak and late nesters?

2.4 BEHAVIOURAL OBSERVATIONS

Concurrent with radio-tracking I performed regular observation sessions each day

finom the blind and entered the study area twice daily during hatching to colour dye chicks.

The area was |)eriodically entered thereafter to replace lost chicks from study broods with

similar age chicks from elsewhere. The purpose of this procedure was to avoid desertion

of birds carrying transmitters by retaining 3 chicks in study broods for as long as possible

during collection of transmitter movement data. Chick additions were taken into account

when calculating reproductive success. Observations were performed between 0600-0930

and 1700-2030 as these have previously been established as times of peak foraging

(Morris, 1987). Six hours were spent in the blind each day (weather permitting) during

most of the radio-tracking, and 3 hours per day, alternating morning and evenings during

other periods (Table 1). In 1990 a total of 212.8 hours of observation were performed and

in 1991 a total of 165.25.

During each observation session the following activities were recorded for each

member of both study and control pairs: During chick rearing: (1) length of time each sex

spent away from the brood; (2) the length of time in attendance of chicks; (3) the frequency

of feedings; (4) the species of fish brought to chicks.
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Table 1 Hours and dates of behavioural observations performed in 1990 and 1991

Year
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Fish were usually identified to species. If the identity of a fish species was in

doubt it was recorded as missed, while species that were unknown, as they had not been

seen before, were considered "unidentified". I feel confident that the species of fish

delivered were identified correctly (the results of Cezilly and Wallace 1988

notwithstanding) as on a number of occasions when two observers were in the blind, fish

species were identified identically (probably owing to the small number of species). In

addition, I became very familiar with the species through observations of courtship

feeding, where the time taken to feed a fish is greater than during chick feeding. This

allowed opportunity to familiarize myself with morphological differences before the

increased speed of chick feeding even began.

2.5 STATISTICAL TREATMENT OF DATA

All data were analysed using non-parametric statistics. To assess differences

between two independent groups, e.g. feeding frequency or attendance of control and

transmittered birds, a Mann-Whitney U test was used. Between sex comparisons, or

within day comparisons utilized Wilcoxon-Sign Rank tests. Changing sample sizes and

non-independance of male and female activities precluded analyses with a repeated

measures ANOVA.

In cases where more than two independent samples were compared, e.g. attendance

rates among four transmittered birds, a Kruskal-Wallis ANOVA was used. Between group

comparisons were determined through use of a Tukey-type multiple comparison test, which

calculates a corresponding Q-statistic (Zar 1984).

For analyses of radio-telemetry data, compass bearings were pooled into 60°

blocks. A Friedman 2-way ANOVA was used to test for homogeneity of compass bearing

use by each transmittered bird. In all tests, alpha was set at 0.05.
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RESULTS

3.1 EFFECTS OF RADIO-TRANSMITTERS

When assessing foraging behaviour through radio-telemetry it is necessary to

demonstrate that the transmitter has a negligible effect on the radio-tagged individual.

Captured birds were processed quickly and released; the time from capture to release was

not recorded in 1990 but was less than five minutes (4.4 ± 0.89 min, N=5) for similar

procedures in 1991. The most common behaviour upon release was to fly out over the

water behind the blind, to "dip" into the water at frequent intervals, and to rise periodically

to shake out the feathers. Return times were not recorded in 1990. In 1991, there was

some variation in the amount of time taken to return to the nest site following release. Of

seven peak nesters processed, four returned within 30 minutes (11.8±11.12 min, range =

2-29 min); three did not return before the end of the trapping session but all were present

during the next observation. Trapping sessions were approximately 2-3 hours in duration.

I felt that attendance with the brood and feeding frequency were good measures of

parental contributions during chick rearing, and also likely to be sensitive to the effect of

the transmitters. Pennycuick et al. (1989) suggested that the payload mass may be reduced

by the presence of a transmitter. I felt that this was unlikely in this study owing to the low

mass of the transmitter unit. Comparisons of control and experimental groups were

performed for a sample of birds in 1990 only (Morris and Bumess In press).

3.1.1 Attendance with the brood

Analyses of attendance patterns in 1990 suggest that transmitters have a negligible

effect on the behaviour of the birds (Morris and Bumess In press). Length of time in

attendance was considered from the date the last chick hatched to fledging of the last chick

(assumed to be at 20 days of age; Hunter 1976). The reason for measuring attendance
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from hatching of the last chick rather than the first was to avoid the parents dividing time

between feeding chicks and incubating eggs. The number of minutes/hour each male and

female was in attendance was combined into two day blocks of chick age. Analyses were

performed using Mann-Whitney U tests.

For males trapped between 23-27 May, 1990 the length of time that male

transmittered birds (N = 5) spent in attendance at the nest site during morning (06:15-

09:30) observation periods did not differ from that of control (non-transmittered, N = 7)

males (Table 2). Similarly, there was no significant difference in the amount of time the

two groups of males spent in attendance with their brood during evening (17:00-21:00)

observation periods. For males trapped on 11 July 1990, the equivalent times spent in

attendance during morning and evening observation periods were not significantly different

between experimental (N = 5) and control (N = 4) males (Table 2).

Transmitter-induced negative effects on the foraging efficiency of males might

increase the time spent away from the brood by female partners. This did not occur. There

was no difference in brood attendance time between female partners of control and

experimental males in either the peak or late sampling periods (Table 2).

3.1.2 Feeding frequency

Feeding data were collected from hatching of the last chick in each study brood to the

day that the chick was capable of free flight (assumed 20 days of age). The feeding

frequency was standardized for differences in brood sizes among the control and

experimental pairs within each trapping period by dividing feeds/hr by the number of

chicks in each brood. Data were pooled into two-day age blocks of chick age. Analyses of

the number of feeds/chick/hr indicate that transmitters had no measurable effects on the

foraging efficiency of the peak-nesting birds that carried them (Table 3). For peak nesting

birds, the delivery rate of prey items to chicks by transmittered males (N = 5) did not differ

fi-om that of control males (N = 7) in either the moming or evening observation periods.





Table 2 Time (mean ± ISD min/hr) in attendance with the bnxxi by peak and late

nesting control and experimental Common Terns in 1990. P values were
assessed using Mann-Whitney U tests.
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Time Sex Attendance Significance

Z P

Peak Nesters (1990)

Control (7) Experimental (5)

Male 14.8 ± 12.0 15.9 ± 12.3 - 0.6 0.56

Female 22.8 ± 17.2 20.8 ± 16.2 - 0.4 0.67

Male 10.3 ± 10.3 10.3 ± 10.5 - 0.012 0.99

Female 21.8 ± 18.3 21.6 ± 17.6 - 0.043 0.96

AM (47.5)1

PM (49.8)

Late Nesters (1990)

Control (4) Experimental (5)

Male 7.3 ±7.8 11.6 ±11.5 -1.7 0.08

Female 19.0 ± 16.2 16.0 ± 13.5 - 0.5 0.60

Male 12.0 ± 12.5 12.3 ± 9.7 - 0.7 0.49

Female 19.8 ± 17.9 17.3 ± 15.6 -0.4 0.71

AM (62.0)

PM (53.5)

1 hours of observation





Table 3 Feeding rate (feeds/chick/hr, mean ± 1 SD) of peak and late nesting control and

experimental pairs of Common Terns in 1990. P values were assessed using

Mann-Whitney U tests.
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Time Sex Feeds/chick/hr Significance

Z P

AM (47.5)1

PM (49.8)

AM (62.0)

PM (53.5)

Peak Nesters (1990)

Control (7) Experimental (5)

Male
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For males trapped on 1 1 July 1990, delivery rate of prey to chicks did not differ

significantly between the transmittered birds (N=5) and the control birds (N=4) in either the

morning or evening observation sessions (Table 3).

As a transmitter on one partner may force greater levels of parental activity fi-om the

non-transmittered individual, I also contrasted feeding rates for the female partners of

control and transmittered males for both peak and late nesters (Table 3). One significant

difference was identified but in a direction opposite to that expected for a "transmitter

effect"; females of transmittered males fed at a lower rate than females of control males.

3.1.3 Transmitter behaviour

The typical prey capture technique used by Common Terns is "plunge-diving" in

which the bird dives under the water following a straight drop from up to five m above the

surface. I had a concern that the shock of repeated entry into the water would disrupt the

transmit crystal and/or fractxire the epoxy shell around the unit. Neither of these concerns

was realized. Three of the 12 transmitters used in 1990 changed cadence following several

"dips" by the released birds into the water, becoming either very slow (15 signals/min; 1/8,

1/10) or very rapid (120 signals/min; 1/7). Both conditions are problematic. The slow

cadence, while conserving battery power, can readily be missed in a channel-scan whereas

the rapid cadence, quickly drains the battery and shortens the life of the transmitter.

The functional lifetime of a transmitter is determined by output strength of the battery

and the integrity of the whip antenna. Excluding one transmitter that failed immediately, the

mean lifetime of the remaining units in 1990 was 14.89 ± 5.31 days (N = 9). Whip

antennae remained intact for 16.38 ± 5.15 days (N = 8); one antenna was still attached to

the unit after 20 days.
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3.2 PARENTAL CONTRIBUTIONS

3.2.1 Seasonal fluctuations in chick diet

A variety of prey species were delivered to chicks by peak and late nesters in both

years of the study (Table 4). Prey delivered to chicks by the five peak males transmittercd

in 1990 and seven in 1991 were partitioned into three major categories: smelt, shiner and

other (includes all other fish; Table 4). The majority of prey delivered was either smelt or

shiner.

A comparison of percentages of prey delivered to chicks by peak and late nesters in

1990 revealed a prey switch from smelt to shiner (Fig. 3). The relative frequency of smelt

deliveries dropped fi-om 55.2% for peak nesters to 17.5% for late nesters. The relative

frequency of shiners increased in the diet from 32.9% for peak nesters to 56.6 % for late

nesters. Significandy more smelt than shiner were fed to chicks by peak nesters

(X2=29.38, df=l, P<0.(X)1); while significantly more shiners than smelt were fed to late

nester's chicks (X2=103.05, df=l, P<0.001). The increased contribution of 'other' fish

(from 11.9% to 25.9% of the diet), was due to the availability of large schools of larvae

(which presumably hatched after the peak nesters had bred or had come inshore during the

late nesting breeding season). Often huge flocks of foraging terns could be seen from the

blind preying on large schools of larval fish (inferred from delivery to chicks) that appeared

at the surface within about 500 m of the colony. The terns used the strategy of feeding

large numbers of low mass larvae, which required short flights to obtain.

In contrast to both peak and late nesters in 1990, peak nesters in 1991 exhibited no

significant difference (X2= 0.04, df=l, P>0.05) in the proportions of smelt and shiners

delivered to chicks (Fig. 4). During the late nesting phase in 1991, there was heavy

nocturnal predation by a Black-crowned Night Heron. This resulted in no prey delivery

data for late nesting birds.
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Table 4 Prey species delivered to chicks by peak and late nesting

Common Terns in 1990-91

Common name Scientific name

1

.

Emerald shiner Notropis atherinoides

2. Rainbow smelt Osmerus mordax
3. Alewife Alosa pseudoharengus

4. Trout perch Percopsis omiscomaycus
5 . Yellow perch Perca flavescens

6. Bass Micropterus sp.

7. Northern pike/ Esox sp.

Muskellunge



1
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Figure 3 Percentage of prey delivered to chicks by peak and late nesting males in 1990
(numbers above bars are the number of deliveries of each fish species). See text

for fish classified as "other".
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Figiire 4 Percentage of prey delivered to chicks by peak nesting males in 1991 (numbers
above bars are the number of deliveries of each fish species). See text for fish

classified as "other".
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On no occasion during the observation sessions for peak nesters (1990 or 1991)

were transparent larval fish delivered to chicks by study pairs. In contrast, larval fish were

delivered frequently in both 1990 and 1991 by late nesting terns, but generally in the

evening as opposed to the morning. This suggests that there were differences in either the

prey distributions or foraging behaviour of the birds over the day. Such temporal

differences occurred for both peak (X2=5.89, df=2, P=0.05) and late nesters (X2=122.38

df=3, P<0.001) in 1990 (Figure 5a and 5b), although more strikingly so for the lates.

Predominantiy shiners were delivered in the morning while large numbers of larval fish in

the evening. It is possible that the larval fish were either making an evening vertical

migration or were driven to the surface by predatory fish (e.g. Ashmole 1963, Safina and

Burger 1985). In 1991, there was a significant difference between the distributions of prey

delivered in the morning and evening observation sessions (X2=5.99, df=2, P=0.05; Fig

6).

3.2.2 Temporal variation in brood attendance and chick feeding rate

The length of time that males and females spent in attendance with the brood did not

differ between the morning and evening observation sessions for most time periods (Table

5). During the peak period in 1990, however, males spent significantly more time in

attendance in the morning than in the evening. As allocation of parental care occurs over

the entire day, difference in the proportions of time between two sessions (morning and

evening) does not necessarily translate into entire day differences.

No significant differences between morning and evening occurred in feeding rate

for any groups in 1990 or 1991 (Table 6). Males and females during the peak 1990

approached significance. This would be expected based on the difference found for

attendance rates of males during this same period. Because of minimal differences between

morning and evening sessions for both attendance and feeding rate, observations were
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Figure 5a Percentage of prey delivered in 1990 to chicks by peak nesting males in the

morning and evening (numbers above bars are the number of deliveries of each
fish species). See text for fish classified as "other".

Figure 5b Percentage of prey delivered in 1990 to chicks by late nesting males in the

morning and evening (numbers above bars refer to the number of deliveries of
each fish). See text for fish classified as "other". Note that "other and "larvae"

are now two groups.
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Figure 6 Percentage of prey delivered in 1991 to chicks by peak nesting males in the

morning and evening (numbers above bars refer to the number of deliveries of
each fish). See text for fish classified as "other".
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Table 5 Time (mean ± 1 SD min/hr) in attendance with the brood by peak and late

nesting pairs in the morning and evening in 1990-91. Significance was assessed

using a Wilcoxon Sign-Rank test

Sex Period Attendance Significance

Z P

Am Pm

Peak 1990 15.2 ± 12.1 10.3 ± 10.3 -3.1 0.0016

MALE Late 1990 9.6 ±10.1 12.2 ±11.1 -1.4 0.1577

Peak 1991 14.4.± 12.4 14.3 ± 12.0 -0.7 0.5029

Peak 1990 22.0 ± 16.8 21.7 ± 18.0 -1.3 0.2036

FEMALE Late 1990 17.4 ± 14.8 18.5 ± 16.7 -0.8 0.4507

Peak 1991 29.7 ± 18.0 29.5 ± 17 -0.8 0.4443
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Table 6 Feeding rate (feeds/chick/hr, mean ± 1 SD) of peak and late nesting pairs in the

morning and evening in 1990-91. Significance was assessed using a Wilcoxon
Sign-Rank test.

Sex Period Feeds/chick/hour Significance

Z P

Am

Peak 1990 0.4 ± 0.3

MALE Late 1990 0.7 ± 0.5

Peak 1991 0.5 ± 0.4

Peak 1990 0.3 ± 0.2

FEMALE Late 1990 0.6 ± 0.5

Peak 1991 0.4 ± 0.3

Pm
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pooled for the purpose of comparisons among males and females, and peak and late

nestersin 1990 and 1991.

3.2.3 Inter-sexual variation in brood attendance and feeding rate

Males and females at Port Colbome have been shown to exhibit distinctive patterns

of parental care allocation (Wiggins 1985, Wiggins and Morris 1987). Such differences,

although not striking at a Long Island Common Tern colony (Wagner and Safina 1989),

were again exhibited in Port Colbome in 1990 and 1991. Males spent significantly less

time in attendance for all study groups in 1990 and 1991 (Table 7). The number of

feeds/chick/hour did not differ significantly between males and females for late nesters in

1990, yet did for Peak nesters in 1990 and 1991 (Table 8).

3.2.4 Seasonal and annual contributions to chick care by males

i) Length of successful foraging trips

When a bird leaves the nest, and sight path of an observer, there is no way, apart

from intensive radio-telemetry, of knowing whether it is foraging or simply loafing out of

sight of the blind. Not enough data could be obtained for each trip using just telemetry, so

it was felt that the length of foraging trips would have to be determined by the observer in

the blind. When a bird returns to the nest scrape with a fish it is a good assumption that it

spent some time foraging. Previous studies (e.g. Harris 1984) have inferred inter-annual

variability in prey abundance based on the length of time between foraging visits. This,

however, does not take into account flexible time activity budgets (e.g. Burger and Piatt

1990, Cairns et al. 1987) or differential foraging abilities of individuals.

I investigated broad patterns of male contributions to chick feeding between

samples of birds (i.e. Peak and Late nesters in both years). Realizing the potential

limitations, I predicted: (1) inter-annual differences in prey availability would be reflected
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Table 7 Time (mean ± 1 SD min/hr) in attendance with the brood by each sex during
1990-91 (AM and PM are pooled). Significance was assessed using a Wilcoxon
Sign-Rank test.

Period Attendance Significance

Z E_
Male Female

Peak 1990 12.8111.5 21.9 ± 17.3 -6.3 0.0001

Late 1990 10.9 ± 10.7 17.7 ± 15.5 -4.3 0.0001

Peak 1991 14.4112.2 29.6117.4 -6.8 0.0001
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Table 8 Feeding rate (feeds/chick/hour, mean ± 1 SD) by each sex during 1990-91 (AM
and PM are pooled). Significance was assessed using a Wilcoxon Sign-Rank
test.

Period
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in the length of successful foraging trips by p>eak nesters in 1990 and 1991 and (2) that late

nesters, the majority of which are young birds (Massey and Atwood 1981) and

consequently less efficient foragers (D. Shealer, Rutgers University, pers. comm.) would

spend longer times away from the nest before they brought back a fish than peak nesters of

the same year (1990). Realization of this second prediction does not exclude the possibility

that there was a decrease in prey after the peak nesting phase (see for e.g. Safina and

Burger 1988a).

I calculated the length of foraging trips from day 1-11, as during this time period I

had good data for each bird. As I was interested in total daily contributions, AM and PM

were pooled. The length of each foraging trip was recorded, and multiple recordings could

occur per session. As bird 1/5 of 1990 was recaptured in 1991, the data for this bird were

included only for 1991 to avoid violations of statistical independence.

When the length of foraging trips was compared between f>eak nesters in 1990 and

1991, and late nesters in 1991, a significant difference occurred among groups (Kruskal-

Wallis test, H=66.4, df=2, P=0.0001). A Tukey-type non-parametric multiple comparison

test revealed significant differences between peak nesters in 1990 (X=26.4 ± 18.3, N=10)

and 1991 (X=35.5 ± 28.2, N=8; Q=2.45, P<0.05), with an increase in foraging times in

1991. Significant differences were also detected between peak and late nesters (X=19.2 ±

20.4, N=7; Q=6.12, P<0.001) in 1990. The low foraging trip time for late nesters,

contrary to the prediction, was likely due to many rapid trips to a nearby food source (e.g.

schools of larval fish).

n) Variation in attendance and chick feeding rates

I have assumed that increased time away fi-om the nest is due to increased duration

of foraging trips, and is likely a result of difficulty finding food. If prey was limiting

during peak nesting in 1991 or abundant for late nesters in 1990, as suggested by foraging

durations, the following predictions can be made concerning attendance and feeding
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frequency: 1) attendance would be reduced for peak nesters 1991 compared to 1990, as the

birds would be spending relatively more time foraging. 2) late nesters in 1990 would

spend more time in attendance than peak nesters, as they have more free time. 3) feeding

rates would be depressed for peak nesters in 1991 and higher for late nesters in 1990

relative to peak nesters 1990.

Attendance rates were pooled for morning and evening for each of peak 1990 and

1991, and late 1990. There was a significant difference in length of time in attendance

among groups (Kruskal-Wallis test, H=8.8, df=2, P=0.01). Contrary to predictions, there

was no significant difference in attendance between peak nesters in 1990 (X=12.4 ± 1 1.3,

N=10) and 1991 (X=15.0 ± 12.3, N=7; Q=1.79, P>0.05). Peak nesters in 1990 had

larger broods than in 1991 (Table 9), and would be expected to spend less time in

attendance (and more time foraging; Wiggins 1988). The fact they spent an equal amount

of time as peak nesters in 1991 suggests that in 1991 more time needed to be allocated to

foraging (which was also found for the length of foraging trips). Attendance of late nesters

in 1990 (X=10.9 ± 10.7, N=9 ) did not differ significandy from peak nesters of the same

year (Q=1.32, P>0.05), but did differ from peak nesters of 1991 (Q=2.97, P<0.01).

There was a significant difference in the feeding rate (feeds/chick/hour) among

groups (Kruskal-Wallis test, H=16.1, df=2, P<0.0003). The feeding rate of late nesters in

1990 (X=0.7 ± 0.7, N=9) was significantly greater than either peak nesters in 1990

(X=0.5 ± 0.3, N=10; Q=3.85, P<0.001) or in 1991 (X=0.5 ± 0.4, N=7; Q=2.83,

P<0.02). This was likely due to the late nesters' rapid delivery of low energy-content

larval fish. No significant difference in feeding rate was found between peak nesters in

1990 or 1991 (Q=0.73, P>0.05). This suggests that peak nesters in 1991 were not feeding

their single chick any more frequently than each chick in the multi-chick broods of 1990

(Table 9 for brood sizes). As peak nesters in 1991 spent the same length of time in

attendance (and conversely, the same length of time away from the nest) as peak nesters in
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Table 9 Brood sizes (X ± 1 SD) of study pairs included in inter-year analyses

(Transmitter 1/5 excluded for 1990)

Period Chick age

Day 2 Day 10 Day 20

Peak 1990 2.40 ± 0.52, N=10 2.00 ± 0.94, N= 10 1.70 ± 0.48, N=10

Late 1990 2.00 ± 0.58, N=7a 1.22 ± 0.44, N=9 1.22 ± 0.44, N=9

Peak 1991 1.43 ± 0.53, N= 7 1.00 ± 0.00, N=7 1.00 ± 0.00, N= 7

* N=7 rather than 9 due to exclusion of chicks that were supplemented on day 3.
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1990, it seems likely that they were spending more time looking for food (corroborated by

increased foraging times).

3.3 FORAGING PATTERNS ASSESSED THROUGH RADIO-

TELEMETRY

Limitations of equipment and personnel precluded the use of triangulation

procedures that would have permitted precise comment on distance travelled, routes taken

and foraging locations of birds that left the colony. Nevertheless, data obtained from a boat

by a single or pair of observers, in concert with data from the observer in the blind on

departure and arrival times of individuals, permit a detailed commentary on daily

movements of the 24 birds carrying transmitters.

Movement patterns are summarized by compass bearing. The estimated bearings

are broken into 30° departure and arrival bearings, spanning 360° in Tables 10a, 11a, 12a

and 13a. The number codes in the tables, e.g. 1/2, refer to the band/channel designations

of each transmitter and were used to identify individuals. The letter codes (A, B, C ...L)

refer to the angle of departure or arrival of the individual transmittered birds: A=00-030°

WeUand Canal, 8=030-060°, C=060-090° Nickel Beach, D=090-120° IMS and Cassaday

Pt., E=120-150°, F=150-180°, G=180-210° south of colony, H=210-240°, 1=240-270°

Morgan's Ft., J=270-300° west Gravelly Bay and Sugarloaf Pt., K=300-330° Port

Colbome Yacht Club and north Gravelly Bay, L=330-360° Marlon Marina (Fig. 1). If a

bird was tracked leaving and returning from the same trip (confirmed when compared with

attendance data), only the return trip was recorded as it was assumed that birds fly directly

from the site of fish capture.
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3.3.1 Peak nesters 1990

Movement patterns obtained for five males and two females in 1990 are

summarized by compass bearing in Table 10a. Six of these seven peak birds produced

sufficient data for comment on the movement patterns. The transmitter on the seventh bird,

a female (1/7) apparently failed on 31 May following a rapid cadence and weak signal

during the only record when the bird was heard away from the colony.

There were considerable dumpings of bearings (Table 10a), and while some were

not used at all, e.g. A, B, C, F, others were used extensively, e.g. I and J. "I" was the

directional bearing of Morgan's Point, a peninsula of land 8 km west of the colony. "J"

referred to west Gravelly Bay and Sugarloaf Point, another, but much broader peninsula

(Fig. 1).

There was generally little inter- or intra-individual variation in directional bearings

for peak nesters (Table 10a). Of the 143 trips made by males and females more than two-

thirds (N=102, 71.3%) were in a westerly direction (I-J, 240-300°), either toward an

apparent destination of Morgan's Point, or to the north shoreline of Lake Erie, west of

Sugarloaf Point. There were 28 trips (19.6%) with movements between 300-360° (K-L)

with destinations to the Marina harbour north of the colony, or to the north or west

shoreline of Gravelly Bay. There were only three trips (2%) between 0-180°.

It is likely that birds heading toward Sugarloaf Point would often trace the

shoreline past Reebs and Sunset Bays to Morgan's Point. For this reason, 30° directional

bearings were pooled into 60° bearings to account for those birds whose ultimate

destination may have differed from their vanishing direction (Table 10b and Fig. 8). The

mean percentage of trips in a given directional bearing was calculated for males only and

indicates the degree of inter-individual variability. Mean percentage was used to

standardize the number of trips as some birds make more trips than others (compare for e.g
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birds 1/11, N= 9; with 1/8, N=36). The majority of trips (94.38%) were towaid 270° and

330°, suggesting little individual variability (Fig. 7a).

3.3.2 Peak nesters 1991

Peak nesters in 1991 followed almost identical patterns to those birds transmittered

in 1990. Of the 143 trips recorded in 1991, 98 (68.5%) were in a westerly direction (I-J,

240-300°). A total of 24 trips were between 300-360° (K-L, 16.8%), while nine trips

(6.3%) were made between 0-180° (A-F; Table 1 la).

When the directional bearings were pooled into 60° blocks a strong directional

preference was demonstrated (Table lib and Fig. 9). There was little difference in the

mean percentage of trips to the west (270°) between 1991 and 1990 (67.2% as compared

to 70.0%; Tables 10b and 1 lb). The data fix)m peak nesters in 1990 and 1991 suggest that

the low level of individual variability is conserved between years (Figs. 7a and 7b).

3.3.3 Late nesters 1990

Predation of tern chicks by gulls was heavy for late nesters in 1990 (Bumess and

Morris, In press) and nests had to be supplemented with chicks. Useful data on foraging

directions were obtained for four of the five birds (one transmitter failed completely).

In contrast with peak nesters, which foraged primarily at compass bearings of

between 240° and 360°, Table 12a and Figure 10 show the increased degree of inter-

individual variability in departure bearings exhibited by late nesters in 1990. Birds were

located at least once in all compass directions other than 30-60° (B). The majority (N=80,

62.5%) of the 128 trips that were tracked were to the west and northwest (I-L), however

26 (20.3%) trips were also made east (C-D). This contrasts with peak nesters in 1990

where only 1.4 % of trips were to the east (Table 10a). Table 12b and Figure 10 show the

degree of variability in choice of foraging locations when pooled into 60° bearings. Similar
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mean percentages (22,7%, 30.8%, and 29.0%) were made to the east (90°) west (270°) and

northwest (330°) respectively (Table 12b and Fig. 7c).

3.3.4 Late nesters 1991

Data were collected for about a week for most late nesters in 1991. Extreme

nocturnal predation of chicks by a Black-crowned Night Heron resulted in the loss of

1(X)% of late nesting chicks within approximately a week of their hatching. Chick shelters

(Bumess and Morris In press) were ineffective against such predation. Radio-telemetry

data for late nesters was based on nests supplemented with newly hatched chicks.

The patterns exhibited by the late nesters in 1991 more closely resembled late

nesters in 1990 than peak nesters in 1991. There was much greater inter-individual

variability than was the case for peak nesters in either 1990 or 1991, with birds being

located at least once in most compass bearings (Tables 13a and 13b). Of the 61 trips

recorded for late nesters, the majority (N=32, 52.5%) were tracked to the west and

northwest (I-L, 270-330°; Table 13a and Fig. 1 1). In concurrence with late nesters in 1990,

but in contrast to peak nesters in both years, 14 (23.0%) trips were made by late nesters to

the east (C-D, 60-120°).

When mean percentages were calculated for each 60° directional bearing, the degree

of variability in foraging direction can be seen clearly (Table 13b and Fig.7d). Although

the majority of trips were at 270° (41.2%) large numbers were also at 30°, 90°, and 210°.

3.3.5 Degree of individual variability

When the data from all males radio-tagged in 1990 and 1991 (Tables 10b, lib,

12b, 13b) were compared, a distinct trend occurred with peak and late nesters appearing as

two distinct groups of birds. Statistical analyses utilized a Friedman 2-way ANOVA (Zar

1984), with individual birds and pooled 60° compass bearings acting as the two variables.

Peak nesters radio-tracked in 1990 (N=5) exhibited directional preferences during the
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course of the observation period and not all 60° quadrants were used equally (Xi2=20.99,

df=5, P<0.001). Although appearing to demonstrate individual directional specificity,

late nesters in 1990 as a group did not exhibit unique foraging patterns when tested using

60° bearings (K^=6.0S, df=5, P=0.30), that is, all quadrants were used equally.

The results from seven peak nesting males and five late nesting males tracked in

1991 mirror those of 1990. Statistically, the seven peak nesters exhibited unique foraging

patterns (Ki^=23.32, df=5, P=0.0003), while late nesters were more variable in their

choice of directional bearings (Xi2=8.24, df=5, P=0.14).

3.4 FORAGING PATTERNS

3.4.1 Distinct foraging patterns

Individual birds could be categorized as fitting into six distinct foraging patterns: (1)

direct flight west to Morgan's Point; (2) shoreline foraging west toward Morgan's Point;

(3) holding a feeding territory; (4) foraging in Marlon Marina; (5) Easterly foraging; (6)

variable (multi-directional) foraging pattern.

(1) For peak and late nesters in 1990 and 1991,the most common foraging pattern

was a direct flight to Morgan's Point (Fig. 1). Of the 21 male terns for which reliable

transmitter data were obtained, a total often (47.6%) showed strong directional preferences

for Morgan's Point : Peak 1990 (1/2, 1/8, 1/11; Fig.8), Peak 1991 (2/1, 1/9, 1/11, 1/12;

Fig. 9), Late 1990 (3/1; Fig. 10), Late 1991 (2/1, 2/7; Fig. 11). This pattern involved

either a direct flight due west from the colony along a "flyway" used by many birds, or a

flight southwest out to about 1km and then bearing due west. In both cases the ultimate

destination was Morgan's Point.

2) Shoreline foraging was a pattern demonstrated by only a single bird: 1/5 (Peak

1990; Fig. 8) which was recaptured as 2/4 (Peak 1991; Fig. 9). The usual pattern for 1/5

(2/4) was to leave the colony, head toward the west end of the new marina breakwall (Fig.
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1), then move west along the north shore of Gravelly Bay, past the Port Colbome Yacht

Club harbour, around the end of Sugarloaf Point and track the shore west to Morgan's

Point. On occasion the bird also made direct flights to Morgan's Point.

3) There is good evidence that 1/4 (Fig. 8), a peak nester during 1990, held a

small "fishing" territory on the north shore of Gravelly Bay. Immediately upon release

following attachment of the transmitter, the bird flew directly to a boat dock on the north

shore of Gravelly Bay (330-360°). Subsequent visual observations confirmed the regular

patrolling of about 150 m of water by this individual, or it resting for several hours at a

time on the dock. It was on one occasion seen to defend this territory against an intruding

tern. When 1/4 was not detected at the colony it could be found reliably at the feeding

territory. This was the only radio-tagged bird that exhibited this behaviour, and one of

only about three terns in the entire colony for which I detected a territory. The other

territories were > 5 km from the colony.

4) Only one bird foraged regularly and predictably in Marlon Marina. During the

late nesting stage in 1990, 2/3 (Fig. 10) was tracked for a total nine days in which it made

28 trips. During the first six days it made 23 trips, of which 22 (95.6%) were to the

marina, while one (4%) was to the west of Gravelly Bay. During days 7-9 the bird was

tracked for five trips. Only one was to the marina while the other four trips started in the

direction of the marina, went east over an approximately 100m strip of land and north up

the Welland Canal. Although this pattern was picked up late in the radio-tracking, it is

possible that the bird exhibited it earlier but was not detected due to radio-interference

around the Welland Canal.

5) The pattern of foraging primarily to the east was detected for only two birds

both of which were late nesters (1990:2/1, 1991:2/8B; Figs. 10 and 11). Other birds were

detected foraging to the east although all were exhibiting a variable foraging strategy.

6) Variable strategies (multiple primary bearing for foraging departures) were

exhibited by one of 12 (8%) male transmittered peak nesters (1991: 1/10; Fig. 9) and three
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of nine (33%) late nesters (1990:3/7; Fig. 10, 1991:1/10 & 2/8A; Fig. 1 1 ). These birds

were particularly difficult to radio-track, as the locations of their foraging sites were

unpredictable and varied on a day to day basis.

3.4.2 Foraging patterns of recaptured birds

A total of three birds were recaptured in 1991; two peak nesters from 1990, 1/5

(=2/4 in 1991) and 1/11 (=1/12 in 1991), and one late nester, 2/1 in 1990 (= 2/8B in

1991). The patterns were similar between years. The pattern of 1/5 in 1990 (of foraging

along the shoreline westward towards Morgan's Point) was very distinct and was virtually

identical to that taken in 1991 (2/4). Peak nester 1/11 (=1/12; 1991) maintained the same

primary direction of going westward toward Morgan's Point (270°). Although there is a

discrepancy between making 22% of trips toward 330° (in 1990) versus 28% toward 210°

in 1991, the ultimate end point for both departures was likely Morgan's Point - suggesting

identical foraging locations .

Late nester 2/1 in 1990 (2/4B; 1991) held the same primary direction in 1991 as

1990 (due east). Rather than having three major directions as in 1990, however, 2/4B

(1991) had two; 90° and 150°. The 36% of trips toward 150° may have ultimately resulted

in a foraging site due east, as rarely were birds seen foraging offshore.
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Table 10a Movement data summary for 7 peak nesting Common Tems during the

summer of 1990. Bird identification numbers, e.g. 1/2, are the band/channel

designations. Birds 1/7 and 1/10 were females; all others were males.

Numbers in table are number of trips in a given directional bearing. See text

for description of estimated directional bearing.

Peak nesters 1990

Bird A E.

Estimated directional bearing

X D E E G H L J K L

1/2
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Table 11a Movement data summary for 7 peak nesting male Common Terns during the

summer of 1991. Numbers in table are number of trips in a given directional

bearing. See text for description of estimated directional bearing.

Peak nesters 1991

Bird Jk E.

Estimated directional bearing

H D E E G H L J K L

1/9
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Table 12a Movement data summary for 4 late nesting Common Terns during the

summer of 1990. All birds were males. Numbers in table are number of trips

in a given directional bearing.See text for description of estimated directional

bearing.

Late nesters 1990

Bird A B
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Table 13a Movement data summary for 5 late nesting male Common Terns during the

summer of 1991. Numbers in table arc number of trips in a given directional

bearing. See text for description of estimated directional bearing.

Late nesters 1991

Bird -E.

Estimated directional bearing

H D £ E G H L K

1/10
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Table 14 Directional bearings of peak and late nesters radio-tagged in 1990 and
recaptured again in 1991. Bearings are pooled into 60° blocks. Numbers in

table are number of trips in a given direction. Parentheses contain percentage

of total trips for each bird in a given directional bearing.
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Figure 7 Mean percentage of trips by radio-tagged male CommonTems in a given 60°

directional bearing. A=Peak; nesters 1990, B=Peak nesters 1991, C=Late
nesters 1990, D=Late nesters 1991. Concentric circles in intervals of 20%
indicate the mean percentage of trips.
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(A) Peak 1990 (B) Peak 1991

270 90° 270'

210° 150° 210° 150°

(C) Late 1990 (D) Late 1991

270' 90° 270'

210 150° 210 150°
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Figure 8 Percentage of trips made in a given 60° directional bearing by each radio-tagged

Peak nester in 1990. All birds other than 1/10 were male. Female 1/7 was
omitted due to transmitter failure. Concentric circles in intervals of 20% indicate

the percentage of trips.
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270 90" 270'

210 ISO" 210 150°

270 90° 270"

210 150° 210 150°

1/11

270

210

1/10

90° 270°

150° 210 150°
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Figure 9 Percentage of trips made in a given 60° directional bearing by each radio-tagged

Peak nester in 1991. All birds were male. Concentric circles in intervals of

20% indicate the percentage of trips.
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270 90° 270

210 150" 210 150°

270

1/12

90° 270°

210 150° 210 150°

270 90° 270

210' 150° 210 150°

270

210 150°
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Figure 10 Percentage of trips made in a given 60° directional bearing by each radio-tagged

Late nester in 1990. All birds were male. Concentric circles in intervals of
20% indicate the percentage of trips.
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270 90" 270

210 150"= 210 150'

270

3/7

gO" 270"

210 150' 210 150'
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Figure 1 1 Percentage of trips made in a given 60° directional bearing by each radio-tagged

Late nester in 1991. All birds were male. Concentric circles in intervals of

20% indicate the percentage of trips.
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270' 90" 270°

210 150' 210 150'

1/10

270

2/8 A

100

90° 270'

210 150' 210 150«

2/8 B

270
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Figure 12 Percentage of trips made in a given directional bearing by individuals radio-

tagged in 1990 and recaptured in 1991. (A) Tx 1/5 in 1990 was coded 2/4 in

1991. (B) Tx 1/11 in 1990 was coded 1/12 in 1991. (C) Tx 2/1 in 1990 was
coded 2/8B in 1991. Tx 1/5 and 1/1 1 nested during the peak phase in both

years. Tx 2/1 was a late nester in both years. All birds were male. Percentages

are listed directly on the figure.



72

o





73

DISCUSSION

4.1 EFFECTS OF THE RADIO-TRANSMITTERS

One of the major objectives of this study was to design and test the effectiveness of

a novel transmitter design. The benefits of the design are: (1) attachment requiring a total

bird handling time of <5 min; (2) a unit mass < 1% of the mass of the bird; (3) rapid

removal of the aerial once the unit's batteries die; (4) no effect on attendance with the

brood or feeding rates by either partner. This new design has proved to be the least

invasive of any present design (Morris and Bumess In press).

Apart from the benefits, there were however, two short-comings: (1) the signal

could be detected at little more than 1 km and (2) unless the bird is recaptured and has the

transmitter unit removed it shall remain on the leg of the bird for some unknown period of

time.

Similar sized transmitter packages have been used on bats with a slightiy greater

range (B. Hickey, York University, pers. comm.). Those packages are unlikely to be in

contact with water, however, and can be built lighter (and have a larger transmitting unit)

due to reduced amounts of epoxy. Only with further reductions in the size of components

could the leg-mounted package attain a significantiy greater range. The use of fixed base

stations may have increased the range as has been reported for similar-sized back-mounted

transmitters, used on Ancient Murrelets (A.J. Gaston, C.W.S., pers. comm.). The

topography at Port Colbome was not amenable to stations of great height, leaving no

option but to track the birds by boat. Such tracking in concert with observations from a

blind did yield exceptional information on individual foraging patterns.

The long-term effects of the transmitters on the birds is unknown. A total of four

birds with transmitters still attached were seen in 1991. As the colony contains

approximately 900 pairs of terns, it is likely that others returned but were not noticed.

Ideally, the birds should be recaptured and have the units removed.
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Of the three birds that were recaptured, inspection of the area of the leg beneath the

band revealed no chaffing or sign of injury. In addition, the copper wire that loops

vertically around the inside of the band was not worn and was still covered in epoxy.

Birds that had transmitters attached could not be identified while flying due to any

obvious reduction in maneuverability. While on the ground, the birds did occasionally step

on the aerial, and were seen to peck at the unit. They will, however, also peck at colour

bands when they are first put on.

This type of transmitter unit would likely be inappropriate for a bird any smaller

than a Common Tern, due to constraints on the weight (and hence range) of package that

could be placed on the bird's leg. This design may also be inappropriate for birds that

spend extensive amounts of time on the water (with legs submerged; as the signal

disappears). Terns spend little time sitting on the water, and a future transmitter design

should involve a record of instances of signal loss during a trip (Cairns et al. 1987b). This

could yield insight into the number of plunge dives made by an individual, and could be

used as a measure of foraging efficiency.

Becker et al. (1991) report the only other study that used radio-telemetry to track

Common Terns. Their units were mounted to the backs of the individuals with glue, with

claims of no obvious effect. Their units weighed between 5.3% - 6.6% of the mass of the

birds, and took between 3-25 minutes to install (c.f. <1% mass of bird, and <5 minutes to

attach, Morris and Bumess In Press). Becker et al. (1991) did, however, as a function of

the increased size of the unit, and use of fixed base stations, have increased ranges (8-9

km). The only advantage that their design had over the one I used was that it fell off at

between 6-28 days.
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4.2 PARENTAL CONTRIBUTIONS

4.2.1 Seasonal fluctuations in chick diet

There were changes in the relative frequencies of smelt and shiner delivered to

chicks between peak and late nesters in 1990. Late nesters are comprised of some

renesters, but primarily younger birds (Massey and Atwood 1981). If peak and late

nesting Common Tems are each a distinct group of birds, then different foraging strategies

ought to be expected. When considering the types of prey delivered, the switch from

Rainbow Smelt being the predominant prey of peak nesters to Emerald Shiners for lates

was striking. This is likely due to changing prey availability over the period of the

breeding season with smelt becoming less available. Whether peak nesters foraging for

themselves or fledglings late in the season also made a prey switch is unkown.

Water temperatures will traditionally warm in Lake Erie over the period of the

summer. Smelt are sensitive to temperature, and in Lake Erie occupy water of about 7.2°

C, but will enter water at 15.6° C for short periods (Hart and Ferguson 1966, in Scott and

Grossman 1973). Smelt generally spawn in March - May, and spawning will not begin

until the water temperature rises to 8.9° C (in the earliest streams) and will not continue

beyond 18.3° C (in the latest streams; Scott and Grossman 1973). In contrast, it appears

that Emerald Shiners are more tolerant of high water temperatures. Preferred temperatures

at summer acclimations have been reported as between 22-23° C in laboratory studies

(Barans and Tubb 1973), and as high as 27° G from field observations (WAPORA 1971, in

McCormick and Kleiner 1976). Shiners are also thought to have a long spawning season

which begins when waters reach 20-22° G and continues through 27° G (e.g. Rittner 1964,

in McCormick and Kleiner 1976). Spawning occurs usually from May until mid-August

(Scott and Grossman 1973). The intolerance of smelt to high water temperatures probably

results in them going offshore to deeper (cooler) waters for the duration of July and

August, putting them out of reach of the plunge-diving tems.
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In 1991, there was no significant difference in the proportions of smelt and shiners

delivered to chicks by peak nesters. The waters of Lake Erie during peak nesting seemed

uncharacteristically warm in 1991 (C. Rutiedge pers. comm.). Such increased temperature

may have resulted in intermediate proportions of each prey species when compared to

1990. Such intermediate numbers would result in the equal proportions of smelt and shiner

being delivered to chicks. It would be predicted that late nesters in 1991 would have fed

their chicks prey highly biased toward Emerald Shiners.

Future studies at Port Colbome should place anchored minnow traps off Morgan's

point, Mowhawk Point, Sugarloaf Point, the north shore of Gravelly Bay, Nickel Beach

and Cassaday Point. This would allow for tests of equal distributions of bait fish over the

breeding season, and between years; and could allow insight into the different behaviour

patterns of the groups of birds.

Both peak and late nesters in 1990 exhibited a significant difference in the

distributions of prey delivered in the morning and evening. This was particularly striking

for late nesters which brought in high frequencies of Emerald Shiner in the morning while

in the evening, the relative proportions of an unidentified transparent larval fish increased.

Safina et al. (1990) reported hourly changes in the relative frequencies of prey species

delivered to chicks by Common and Roseate Tern adults, and suggested that the birds' prey

may have their own internal rhythms. Scott and Grossman (1973) report that adult Emerald

Shiners move with their planktonic prey toward the surface at dusk and descend again

during day break. This is in contrast to the pattern of deliveries of prey to chicks by late

nesters. Larval Emerald Shiners, however, in concurrence with the terns' prey deliveries,

probably undergo similar vertical migrations. Frequencies of larval shiners captured in

icthyoplankton tows were significantly higher in night than day samples in western Lake

Erie (Reutter et al. 1977) although this could be due to net avoidance during the day

samples, as is suspected in other studies (for discussion of sampling problems see Hamley

et al. 1983).
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As no larval fish were delivered to chicks of peak nesters in either 1990 or 1991, it

was likely that they were not available to the birds. I feel the variability in prey delivered

was reflective of the variability in prey between the breeding times of peak and late nesters.

The peak breeding bout may coincide with times of peak prey abundance, which declines

as the season progresses. Much of the marine seabird literature supports this conjecture

(e.g. Safina and Burger 1988a).

Although there were differences in the species of fish that were delivered to chicks

in the morning and evening, there were few trends that could be drawn when this was

coupled with attendance with the brood and chick feeding rates. Peak nesters in 1990 spent

significandy longer periods of time in attendance (and presumably less time foraging) in the

morning than in the evening. This could be interpreted as indicative of an easier time

finding prey. However, as the feeding rate in the evening was greater (approaches

significance P=0.056) the birds were simply foraging more, and not necessarily spending

more time per bout. No other groups demonstrated significant differences.

4.2.2 Inter-sexual variation in attendance and feeding rate

Wiggins and Morris (1987) demonstrated that males contribute more to chick

feeding at the Port Colbome Common Tern colony than females. In contrast, Wagner and

Safina (1989) found no differences in allocation of parental care at a colony on the Atlantic

coast, and suggested it was possibly due to the differences between a marine and

freshwater environment. Kirkham (1986) found that males fed 1-5 day old chicks more

than females; thereafter females contributed more and the role of the sexes became

approximately equal. In 1990 and 1991 at Port Colbome there were again significant

differences in attendance and feeding rates between males and females.

Wiggins and Morris (1987) found that male Common Terns increase the size of the

prey as the chick ages, while females do not, and cited this as evidence to suggest that

chick feeding is primarily the responsibility of the male. Although during peak nesting in
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1990 and 1991 males fed chicks at higher rates, females did contribute to some of the

feeding. There was at least one female at Port Colbome that adopted a strategy of being

almost exclusively a kleptoparasite (pers. obs.). Considerable time was spent brooding the

chick, while on occasion a flight would be made along the length of the breakwall looking

for chicks with fish extending from their bills, or adults about to feed chicks. The female

would then attempt to steal the prey. This was observed for a couple of other females

although not with such frequency. It is possible that the size disparities between fish

delivered by males and females over the breeding season may be reflective of

kleptoparasitism as a female strategy of feeding chicks while simultaneously brooding.

Not all chicks in a colony are the same age at a given time, and consequently not all are

being fed a uniform sized prey by the males. If females, through spending more time in

attendance have increased opportunities to be a kleptoparasite, they are likely to steal a

variety of sized prey.

Wagner and Safina (1989) worked at Cedar Beach, a colony that contained as many

as 6000 pairs of terns during their study (Safina and Burger 1988b). Such a large number

of birds (c.f. 900 pairs at Port Colbome) would likely allow females an increased

opportunity to kleptoparasitize other nests. Wagner and Safina (1989) found in contrast to

Wiggins and Morris (1987) and this study, that there was no difference in the feeding rates

between males and females. This would be supportive of the kleptoparasite suggestion.

Data on differential kleptoparasitism rates between the sexes is unfortunately extremely

difficult to collect, yet deserves future consideration.

4.2.3 Seasonal and annual contributions to chick care

Prey availability is a major determinant influencing the reproductive success of

numerous seabird species (e.g. Courtney and Blokpoel 1980, Harris 1984). All species of

forage fish have certain levels of tolerance to increased light attenuation, temperature or any

number of abiotic factors. Such factors likely affect the distributions of forage fish during
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the course of a summer. With a temperature increase which approaches the maximum

tolerance level, the fish may move to deeper water. Such variability may also be reflected

in the behaviour of higher trophic level consumers.

Peak nesters in 1991 spent significantly longer periods of time away from the nest

before returning with a fish than peak nesters in 1990, suggesting that it was taking longer

to find food. Peak nesters in both years spent the same length of time in attendance, and

fed the same number of prey items to each of their chicks. Peak nesters in 1991, however,

had smaller broods and would have been predicted to spend more time in attendance than

peak nesters in 1990. Similarly, the feeding rate of a single chick in 1991 was not greater

than each chick in the muM-chick broods of 1990.

It is possible that Common Terns are selected to feed their chick (s) at a constant

rate. Rather than feed the chick in a single chick brood more frequently than each

individual in a multi-chick brood, the parents simply have more free time. This free time

could act as buffer against periods of reduced prey availability (Burger and Piatt 1990).

Radio-telemetry did not indicate that birds were spending more time loafing in one year

than the next, as when the bird was not at the colony, it was generally tracked to its

foraging site.

Based on numerous other studies suggesting that young birds are less efficient

foragers than older conspecifics (e.g. Sandwich Terns, Dunn 1972; Royal Terns, Buckley

and Buckley 1974; Glaucous-winged Gulls, Searcy 1978; Brown Pelicans, Carl 1987), I

predicted that late nesters - often younger birds (e.g. Hays 1978, Nisbet et al. 1984) would

spend longer periods of time foraging, less time in attendance, and have lower chick

feeding rates than peak nesters of the same year. Late nesters spent significantly less time

finding a fish than peak nesters. Late nesters also spent the same length of time in

attendance but fed their chicks at a higher rate. These data are not reflective of age-specific

foraging efficiency (e.g. Searcy 1978) or contradictory to suggestions of increased

reproductive effort with age (Pugesek 1981). Late nesters had large schools of tiny larval
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fish available to them to which they made numerous, rapid trips. The rapid trips of small

larval fish conform to predictions of Central Place Foraging theory (Orians and Pearson

1979), which has been supported for common tems elsewhere (Kirkham 1986). Data are

unfortunately not easily partitioned to consider only trips when a large smelt or shiner was

delivered to the chick.

Possibly there is a trade-off; late nesters have to contend with high predation rates

but have a ready food supply, while peak nesters have reduced predation but not such

easily accessible prey. In addition it is possible that peak nesters time their breeding season

so that their fledglings can exploit the larval fish schools when learning to forage (I.

Kirkham pers. comm.)

4.3 FORAGING PATTERNS ASSESSED THROUGH RADIO-TELEMETRY

4.3.1 General and specific patterns

Results from the radio-telemetric portion of this study suggest that Common Tems

in PcHi Colbome behave as individuals and exhibit unique and predictable foraging patterns

during the breeding season. With a few exceptions (e.g Herring Gulls, Morris and Black

1980; Brown Noddys, Anous stolidus. Harrison and Stonebumer 1981; Black-legged

Kittiwakes, Rissa tridactyla . Irons 1991) unique individual strategies are rarely reported for

radio-telemetric studies, and many report considerable intra-individual variability (e.g.

Anderson and Ricklefs 1987, Wanless et al. 1990). In the only other study using radio-

telemetry on Common Tems, Becker et al. (1991) displayed two foraging trips for a single

individual. The trips were completely different, and while one was 95 minutes, the other

was 305 minutes. Common Murres (Uria aalge") . Razorbills (Alca torda") and Puffins

(Wanless et al. 1990), and Masked fSula dactylatra) and Blue-footed Boobies (S. nebouxii :

Anderson and Ricklefs 1987) do not show strong fidelity to a particular feeding area and

individuals were found to forage in different places on different days and on the same day.
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The complex patterns of feeding area use in Alcids is viewed by Wanless et al.

(1990) as consistent with suggestions that delayed maturity in seabirds is a period of

learning during which an individual becomes a skilled forager (Lack 1968).

An alternate hypothesis is that the Alcid colony is functioning as an information

centre (Ward and Zahavi 1973), with a variety of feeding locations being identified.

Inshore feeding Alcids, however, e.g. Black Guillemots, do not appear to use information

transfer (Ewins 1986, Caims 1987). In contrast, colonial nesting ospreys that fed close to

a colony appear to utilize the information of returning conspecifics (Greene 1987) while

those that foraged at greater distances did not - presumably because of the ephemeral nature

of their prey (Hagen and Walters 1990).

One benefit of radio-telemetry is that it allows possible comment on the use of the

Port Colbome tem colony as a site of information exchange. I made two predictions to test

the information centre hypothesis: (1) Intra-individual variability would be high, in a

patchy environment, it would be assumed that not all birds would be going to the same

sites and consequently if information exchange occurs individuals foraging unsuccessfully

at one site would return to the colony and then go to the temporal "hot spot"; (2) birds

would often be seen foraging in flocks. As stated in the Introduction, realization of these

two hypotheses does not necessarily mean that the colony is acting as an information

centre, as alternate hypotheses (e.g. local enhancement) could also yield similar results.

Negation of the hyp>otheses, however, would cast doubt on the existence of information

transfer.

The predictions were not supported. Intra-individual variability was low with both

peak and late nesters going to predictable locations. Data from peak nesters in 1990

suggested that Common Tems did not even use local enhancement as a strategy - they were

never seen foraging in flocks. It seems likely that the food resources off Morgan's Point in

1990 and 1991 were sufficiently rich and predictable that little (if any) information transfer

occurred, or need occur. Late nesters were however often seen in flocks. The existence
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of flocks could be considered as support for the information centre hypothesis - although

local enhancement could produce an identical result (and undoubtedly did in many instances

as larval fish schools, for example, were visible from the colony). It has been suggested

that under food stress birds may utilize information transfer (Ward and Zahavi 1973). This

has been tested with negative results for Sandwich terns (Gotmark 1990) but is extremely

difficult to test at Port Colbome.

Apart from the degree of individual variability in foraging patterns, the other major

finding from telemetry was the contrasting behaviour of peak and late nesters. Peak nesters

went primarily to the west, while late nesters demonstrated greater individual variabihty and

were often found foraging to the east (Fig. 7). This could be due to two possibilities: (1)

the prey distributions changed over the breeding season, resulting in different foraging

strategies between peak and late nesters, and/or (2) late nesting birds are a distinct group of

birds with specific foraging behaviours.

It is difficult to separate these two suggestions as no information is known on prey

availability or distributions in Port Colbome. It is known, however, that the late nesters,

although sometimes re-nesting individuals, are often a younger, less experienced group of

birds (Massey and Atwood 1981, Nisbet et al. 1984). Common Terns are plunge divers

and must deal with wind conditions (Dunn 1973, Taylor 1983), refraction, glare and the

avoidance behaviour of their prey (Carl 1987). Age specific foraging ability in terns

(Dunn 1972, Buckley and Buckley 1974) is likely due to an extensive learning period

(Searcy 1978) during which younger birds leam sites that reliably contain prey, and acquire

the skills necessary to successfully raise young. Such a period may be accompanied by

increased sampling of foraging sites, and hence increased variability in the foraging

patterns between late nesting birds.
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4.3.2 Patterns of recaptured birds

A total of three birds that had transmitters affixed in 1990 were recaptured in 1991

and their patterns re-determined. One peak nester, 1/5 (=2/4 in 1991) held an identical

pattern while the other two had similar patterns, with the primary direction maintained for

each. Predictability of foraging behaviour may have implications for species that will

potentially retain the same mate in subsequent years (this did occur for one of the

recaptured birds, unfortunately heavy predation in 1991 resulted in a fledging success of

zero). Predictable foraging patterns may translate into predictable chick feeding or

attendance rates. If foraging patterns are conserved between years, a pair that is

unsuccessful in one year may divorce due to the increased probability of subsequent failure

through conservation of incompatible parental behaviours.

It is possible that predictability in foraging locations is driven by the fish

distributions, which at Port Colbome may be sufficiently conserved between years to allow

minimum alteration of foraging patterns. Birds at this colony may establish their foraging

preferences early in a breeding season, during courtship feeding. Courtship feeding may

even act as a period when prey distributions can be assessed or compared with experience

fi-om previous years. Reduced courtship rates may reflect reduced prey availability (Morris

1986), which may translate into reduced clutch-sizes (Nisbet 1973). It would thus be

predicted that birds would exhibit varied foraging patterns during courtship feeding, and

hone in on areas where fish are likely to be found (e.g. points of land where localized

upwellings often occur). Alternately, birds may exhibit patterns similar to previous years.

Testing this would require the placement of radio-transmitters during early courtship

feeding- a technique which cannot be performed yet (due to difficulty capturing the birds).
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4.4 RELATIONSHIP AMONG FORAGING PATTERNS AND

ASPECTS OF PARENTAL QUALITY

Selection should favour females that select males with optimal foraging strategies,

minimizing time and energy away from the brood. Courtship feeding appears a method of

assessment for females (Nisbet 1973) and significantly correlates with chick feeding

frequency (Wiggins and Morris 1987).

It is difficult to relate the foraging patterns of individual males with their seasonal

breeding success. This is due primarily to the influence of stochastic events in the tern

colony in Port Colbome. Sometimes entire broods died or disappeared and parents

adopted. In such cases, although the parents raised chicks successfully, their reproductive

success was zero. I attempted to relate the foraging pattern, length of successful foraging

trips (Days 1-11 min/hr), feeding rates (Days 1-20) and length of time in attendance with

the brood (Days 1-20), with the seasonal reproductive success (number of chicks fledged)

for selected transmittered birds (Peak 1990, 1991 and Late 1990). For the purpose of

discussion in the sections that follow, birds were chosen that exhibited distinct foraging

patterns from their cohorts. Analyses among birds used a Kruskal-Wallis non-parametric

ANOVA, followed by Tukey-type multiple comparison tests (Zar 1984).

4.4.1 Peak nesters 1990

Of the peak nesters in 1990, 3 had strikingly different foraging patterns: 1/4

(territorvl 1/5 (shoreline foragert. 1/8 (Morgan's Point forager) . There was a significant

difference in the length of foraging trips (H=19.4, df=3, P=0.0002). 1/5, tiie shoreline

forager had the shortest trips (X=14.5 ± 11.4, N=38), and was significantiy lower than

either 1/4, the territory holder (X=42.6 ± 24.5, N=16; Q=3.95, P<0.001) or 1/8, which

flew direct flights to Morgan's Point (X= 27.5 ± 18.9, N=27; Q=2.92, P<0.05). Birds
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1/8 and 1/4 showed no significant difference in the length of foraging trips. Much of the

territory holder's time, however, was likely spent patrolling the territory, and not actually

foraging, thus trip times for this bird may not be directly comparable with the others. A

significant difference existed also between the feeding rates of the three birds (H=12.4,

df=3, P<0.01). Bird 1/8, which flew to Morgan's Point, (X= 0.3 ± 0.2, N=16) had a

significantly lower feeding rate than 1/4, the territory holder (X= 0.6 ± 0.3, N=20;

0=3.36, P<0.005) and approached significance with 1/5 the shoreline forager (X=0.5 ±

0.3, N=17; Q=2.39, P=0.10).

Comparisons of attendance patterns among birds revealed a significant difference

(H=10.8, df=3, P=0.013). Bird 1/8, the Morgan's Point forager, spent significantly less

time in attendance (X=7.1 ± 8.4, N=16) than 1/4, the territory holder (X=17.5 + 11.8,

N=20; Q=2.92, P<0.05). The shoreline forager, although not significantly different spent

relatively large amounts of time in attendance (X=16.4 ± 12.8, N=17).

It would be predicted that 1/5 with short foraging trips, frequent feeds, and

relatively long attendance times would fledge more chicks than 1/8 which flew to Morgan's

Point. 1/5 and 1/8 both hatched three chicks. 1/8 fledged two, while 1/5 had all its chicks

go missing (but adopted two; which both fledged). Consequently, 1/5 expended additional

effort on chicks that were presumably genetically unrelated. The two distinct strategies did,

however, result in the same number of chicks being fledged. 1/4 , although having a high

feeding rate spent little time in attendance of chicks. It hatched three chicks but fledged

only one. Possibly the stochastic environment of the Port Colborne breakwall makes

territory holding a poor strategy. Neither 1/4 (nor any other bird) was seen holding a

territory in Gravelly Bay in 1991.

4.4.2 Peak nesters 1991

In 1991, three birds with different foraging patterns were chosen to investigate

questions of parental quality: 2/4 (this was 1/5 from 1990; shoreline forager) ; 1/10
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(variable foragin g pattern^ , 2/1 (Morgan's Point foragerl Length of foraging trips were

calculated for chick age 3-1 1 (or 12 when day 1 1 was not available), as the useful data set

was small. Feeding rate and attendance were calculated over the same time period.

The length of the foraging trips did differ between birds (H=13.4, df=2,

P=0.(X)12). As was the case in 1990, the shoreline forager, 2/4, had a significantly lower

foraging time (X=19.7 ± 12.7, N=32) than 2/1, the Morgan's Point forager (X=53.9 ±

34.0, N=16; Q=3.59, P=0.001). No differences existed between any other pairs. The

differences in feeding rate between birds approached significance (H=5.3, df=2, P=0.07).

Bird 2/4, the shoreline forager, (X=0.9 ± 0.3, N=10) had a higher mean rate of feeds per

chick per hour (although not significantiy) than either 1/10, the variable pattern forager

(X=0.8 ± 0.5, N=9) and particularly 2/1, the Morgan's Point forager (X=0.6 ± 0.3,

N=10).

The length of time each bird spent in attendance with the brood differed between

individuals (H=11.7, df=2, P<0.0028). The Morgan's Point forager, 2/1 spent

significantly longer periods of time in attendance (X=17.3 ± 7.4, N=10), than 1/10, the

variable pattern forager (X=5.3 ± 2.9, N=9; Q=3.38, P<0.002), and approached

significance with 2/4 the shoreline forager (X=10.3 ± 7.2, N=10; Q=1.31, 0.1>P>0.05).

The Morgan's Point forager, 2/1, would fly a few long trips per day (which would

take a long time) and feed its brood at a slow rate. It would consequently spend long

periods of time at the nest. In contrast, 2/4, the shoreline forager would spend relatively

short times away fishing per trip, but would make frequent trips. As a result it would spend

intermediate amounts of time at the nest. 1/10, the variable forager, had an intermediate

foraging time (X=35.0 ± 27.2, N=20) and moderate feeding rate, yet spent a very small

amount of time per hour in attendance brooding the chicks.

If feeding rate was a good predictor of a parent's seasonal reproductive success it

would be predicted that 2/4 would fledge the most chicks, 1/10 would be intermediate and

2/1 would fledge the fewest. In fact, all birds lost all their chicks to mink predation, so the
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reproductive success of each was zero. Chicks were fledged, however, because I added

chicks to the nests of 2/4 and 2/1, while 1/10 adopted two chicks. Both the Morgan's

Point forager (2/1) and shoreline forager (2/4) each fledged an added chick each. Bird 1/10

which spent a very small amount of time in attendance and lost its two adopted chicks by

day 12.

4.4.3 Late nesters 1990

Each of the late nesters for which I had transmitter data (N=4) had corresponding

attendance, feeding rate and foraging duration data. Analyses were performed from chick

age 1-12, however, because one of the birds was not easily identified after this point. All

four birds had different foraging patterns: 2/1 (Easterly forager) . 3/1 (Morgan's Point

forager) . 2/3 (Marina forager). 3/7 (Variable forager).

As was the case for peak nesters, a difference existed between the length of the

birds' foraging trips (H=19.3, df=3, P=0.0002). The Morgan's Point forager (3/1) had a

significantiy longer foraging trip duration (X=48.8 ±35.1, N=12) than the Easterly and

Variable foragers (2Zi: 19.9 ± 21.4, N=24, Q=3.08, P<0.02; Ml:- 10.2 + 8.8, N=26,

Q=4.32, P<0.001) and approached significance with 2/3, the Marina forager (X=21.6 +

21.0, N=33, Q=2.63, 0.10 >P > 0.05). No otiier significant differences existed.

Differences were found between the number of feeds/chick/hour for each

transmittered bird (H=18.1, df=3, P=0.0004). The Marina forager, 2/3, had a higher

feeding rate (X=1.2 ± 0.5, N=9) tiian the other three birds (3/7. Variable forager: X=0.4 ±

0.3, N=ll, Q=3.93, P<0.001; 2/1. Easteriv forager : X=0.4 ± 0.2, N=ll, Q=3.45,

P<0.005; 3/1. Morgan's Point forager : 0.5 ± 0.2, N=10, Q=2.95, P<0.02). No otiier

significant differences were detected.

As was the case for the previous measures of parental care, not all birds spend

equal amounts of time brooding their chicks (H=15.0, df=3, P=0.0018). Although 2/3,

the Marina forager, had the highest feeding rate, it also had the highest attendance rate
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(X=22.9 ± 6.0, N=9), and was significantly higher than 3/7, the Variable forager (X=6.5

± 9.9, N=12, Q=3.71, P<0.002) and 3/1 the Morgan's Point forager (X=8.2 ± 7.0,

N=10, Q=2.96, P<0.02). The Easterly forager, 2/1, was intermediate between other

groups (X=l 1.8 ± 9.4, N=l 1) and showed no significant differences.

Based on the assumptions that the number of times a bird feeds its chicks or the

duration of its brooding sessions will translate into the number of chicks fledged, 2/3, the

Marina forager, would be predicted to be most successful reproductively. Each of 2/3,

3/1, and 2/1 lost its chicks (either they went missing or were seen depredated by gulls) and

each of the nests was supplemented with a single chick. These three added chicks did

fledge. This suggests that a variety of foraging strategies can fledge the same number of

chicks. The variable forager, 3/7, which had the lowest attendance rate, and a low feeding

rate (in spite of the short duration of each trip), fledged two of its own chicks, and was the

only individual that was truly reproductively successful.

4.4.4 Foraging patterns and parental quality

Many parents fledged a single chick (even if it was not genetically related to either

parent). There were instances where chicks of different parents were fed at different rates

yet all survived to fledging (i.e. 20 days). The question arises: as a parent, why expend

extra energy feeding a chick frequently if infi^equent feeds also results in the chick fledging?

Survival to 20 days does not, however, guarantee survival through the first winter and it is

possible that chicks that fledge at low weights may have reduced pre-breeding survival.

Ultimately, parents that fledge three small chicks may have none reach breeding age,

whereas those that fledge a single fat chick may have greater assurance of the chick's

survival.

It is, however, possible that small chicks from multi-chick broods do survive to

breed, and that survival to fledging is purely a chance event. Nocturnal predation by a

mink during the peak, and a Black-crowned Night Heron during the late nesting phase of
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1991 reduced the reproductive success of the tems far more drastically than gulls ever did

in 1990. The mobbing behaviour of the tems is totally ineffective against many diurnal

predators, let alone nocturnal ones. In the case of the mink, nocturnal mobbing induced

death of the chicks by exposure (Bumess and Morris In prep.). It seems likely that a

chance predation event will reduce the reproductive success of even the highest quality

parent to zero. This was not the case for Herring Gulls where a relationship was found

among the length of foraging trips (Morris and Black 1980), attendance patterns (Morris

1987) and eventual reproductive success. Herring Gulls are, however, much larger than

tems, and individuals that remain in attendance with the brood are likely able to protect the

chicks from predation.

Natural selection may act quite strongly on parental quality at tem colonies isolated

firom mammalian and avian predators. High quality parents may have differential survival

of offspring resulting in genetic representation in future generations. The enormity of

stochastic events over 1990-91 at Port Colbome likely negated any effects that selection on

parental quality had, as very few parents fledged any of their own chicks (as opposed to an

adopted one). This study investigated reproductive success over two years. Over the

period of a lifetime, the quality of parents may be reflected in the differential survival of

offspring. If the level of predation over the last two years is, however, representative of

the level in the future, selection on parental quality as measured by the parameters that I

did, may become minimal.
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SUMMARY AND CONCLUSIONS

This study presents data on the degree of intra- and inter-individual variability in

foraging patterns of Common Tems nesting at Port Colbome. The transmitter design used

was novel, has wide applicability to a variety of bird species, and is to date, the least

invasive of any present attachment procedure. The transmitters had negligible effects on

the feeding frequency and brood attendance patterns of transmitter carrying males and their

mates.

Peak nesting transmittered birds in 1990 and 1991 exhibited some inter-individual

variability in foraging locations, however intra-individual variability was low. Birds

foraged primarily to the west and northwest. Late nesters exhibited greater inter-individual

variability, however intra-individual variability remained low for most birds. Late nesters

foraged to the west, however, variable strategies and easterly foraging were also prevalent.

This may have been due to late nesters, which are often younger birds, sampling the region

of the colony for reliable prey sources. Neither peak nor late nesters demonstrated

sufficient variability to support the suggestion that this colony is used extensively as an

"information centre".

Transmittered birds demonstrated a variety of predictable foraging patterns: direct

flight to Morgan's Point, shoreline foraging, variable foraging strategies, easterly foraging

and territoriality. Each bird had corresponding differences in length of foraging trips,

feeding frequencies and brood attendance patterns. Tems at Port Colbome are subject to

high predation rates, and consequently productivity was essentially equal between nests in

a breeding bout. It appears, that even the highest quality parent, as suggested by frequent

chick feeds, short foraging trips, and high attendances rates, is at no better advantage

reproductively than a parent that feeds its chick infrequently and spends little time in

attendance.
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Data on foraging patterns for recaptured birds suggest that at the least, the primary

departure bearing is maintained between years. Such predictability in foraging patterns

may have implications for mate choice in subsequent years. It is also possible that the

inter-year foraging patterns are driven by the predictability in prey at such locations as

Morgan's Point.

The major prey species delivered to chick in both 1990 and 1991 were Rainbow

Smelt (Osmerus mordax ") and Emerald Shiner (Notropis atherinoides") . Prey delivered to

chicks differed between morning and evening observation sessions for peak and late

nesters in 1990, but not 1991. Overall, in 1990 peak nesters fed significantly more

Rainbow Smelt (Osmerus mordax) than Emerald Shiner (Notropis atherinoides") : this trend

was reversed for late nesters which also fed large numbers of unidentified larval fish. In

1991, no differences in relative frequencies were found between the two major prey

species. Shiners can tolerate higher water temperatures than smelt, and it is postulated that

the two species' relative abundance in siuface waters was reflected in the chicks' diet . The

lack of difference in the frequency of smelt and shiners deliveries in 1991 was attributed to

unseasonably warm waters during the peak breeding phase.

Common Terns took longer to find food in 1991 than in 1990 as suggested by

increased foraging times. The feeding frequencies were the same however, as were the

attendance rates. In 1990, the birds had larger brood sizes and would have been expected

to spend less time in attendance. This was not the case, further suggesting difficulty

finding food.
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