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ABSTRACT

The Common Tern (Sterna hirundo) is a ground nesting colonial seabird. Terns

rely primarily on small prey fishes which they obtain through plunge diving for their

survival as well as the survival of their offspring during the breeding season. The zebra

mussel {Dreissena polymorphd) is a small bivalve mollusk that invaded North American

waters in the late 1980'^. Through its suspension feeding, the zebra mussel has the ability

to alter the entire aquatic ecosystem, ultimately leading to a reduction in pelagic organisms

including small prey fish. The objective of the study was to determine what (if any)

indirect effects the invasion of the zebra mussel has had on fish prey captured by terns.

The study took place in two separate two-year periods, 1990-91 and 1995-96 on a

concrete breakwall off the north shore of Lake Erie near Port Colbome, Ontario. Daily nest

checks revealed clutch initiation dates, egg-laying chronology, hatching success and

morphological egg characteristics (length and breadth). Behavioural observations included

time each sex spent in attendance with its brood, the frequency of feeding chicks and the

prey species composition and size fed to chicks as well as to females (courtship feeding).

Egg sizes did not differ between study periods, nor did feeding rates to chicks,

suggesting that food was not a limiting resource. Terns spent less time with their broods

(more time foraging) in the 1995-96 period. However, they also had significantly larger

broods and fledged more offspring. The time of each individual foraging trip decreased,

suggesting that fish were easier to obtain in 1995 and 1996. Lastly, kleptoparasitism rates

decreased, suggesting that the costs of foraging (time, energy) actually decreased as fewer

birds adopted this strategy to compensate for what I assumed to be a lack of available food

(fish). The only significant difference between the periods of 1990, 1991 and 1995, 1996

was a change in diet. Terns delivered significantly fewer rainbow smelt and more emerald

shiner in 1995 and 1996. However, the average size of fish delivered did not change.

Thus, there was little impact on prey captured by Common Terns in Lake Erie since the

invasion of the zebra mussel.
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INTRODUCTION

1.1 SEABIRDS AS MONITORS OF ENVIRONMENTAL CHANGE:
CHANGES IN PREY STOCK

Seabirds have been used by fisherman for years to locate fish; their highly visible

nature also makes them easy to survey, census and study. Aspects of seabird biology have

been used to indicate changes in availability of food bases. Some of these include: parental

attendance patterns, food provisioning rates, changes in diet and population fluctuations

(Klomp and Fumess 1992), as well as physiological parameters such as egg and clutch size

(Pehrsson 1991), timing of egg laying (Aebischer etal. 1990) and breeding success, chick

growth and fledging mass (reviewed in Montevecchi 1993a). More recently, researchers

have adopted this strategy in an attempt to complement fisheries assessments of prey

species. Montevecchi (1993b) found that the harvest of short-finned squid (Illex

illecebrosus) by northern gannets {Sula bassana) was significantly correlated with inshore

fisherman harvests in northeastern Newfoundland from 1977-1990. Similarly, mackerel

(Scomber scombrus) harvested by fisherman and northern gannets were also correlated

around the Newfoundland coast from 1977-1992 (Montevecchi and Myers 1995).

Schaffner (1986) found extensive overlap between age class distribution of northern

anchovy {Engraulis mordax) samples taken by commercial fisheries and those fed to chicks

of Elegant Terns (5. elegans) near San Diego in 1980 and 1981. Hislop and Harris (1985)

examined the diet fed to young puffins (Fratercula arctica) and found significant positive

correlations between the frequency of sprats (Sprattus sprattus) fed to chicks and estimates

of the total biomass of sprats in the North Sea over the years of 1974-1982. Similarly,

they found a positive correlation between overwintering larval herring (Clupea harengus)

and annual frequencies of herring in the diet of young puffins.

These comparisons are not, however, free of complications. Any long-term

monitoring using avian and fisheries comparisons may be confounded by technical





improvements in finding and catching fish, fluctuation in market conditions, implemented

catch quotas, overharvesting and even misreporting (Montevecchi 1993a). More recently,

these fisheries data sets have been complemented with research catches and acoustic

surveying. However, these techniques of using commercial trawls, research catches and

acoustic surveying often do not survey shallow inshore waters where pelagic fish and

young demersal fish occur (Hewitt and Brewer 1983, cited in Montevecchi 1993a) or are

hydroacoustically invisible (Hampton et al. 1979, cited in Montevecchi 1993a). In

addition, actual abundance, and vertical and horizontal distributions are very much

dependent upon environmental and behavioural differences. In other words, results from

fisheries and avian sampling techniques may not only vary considerably in terms of actual

availability, but caution must be taken when attempting to draw conclusions on actual

abundance (population numbers) using such 'availability' measures. Nonetheless, as

Montevecchi (1993a) suggests, availability is ultimately the most important determinant for

both human and avian fisheries. A good understanding of a particular avian species, its

foraging domain (range and depth), and diurnal and seasonal foraging patterns will provide

natural indices that can be used to complement traditional fisheries data and sample regions

typically inaccessible to traditional sampling techniques.

1.2 THE COMMON TERN (Sterna hirundo)

1.2.1 The biology of the Common Tern

The Common Tern is an attractive bird, characterized by whitish-grey plumage,

black crown and nape and reddish-orange bill and legs (personal observation). Adult terns

are sexually monomorphic, small-bodied seabirds. They winter throughout Central

America, South America, Europe, Asia and coastal regions of the United States (Sibley and

Monroe 1990). The breeding season brings migrating birds to numerous areas throughout

North America, including several colonies located on the Great Lakes.
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Common Terns nest in colonies and are monogamous. A typical tem colony will

be isolated (usually on an island) from terrestrial mammalian predators and will be located

near a constant supply of food (Austin 1929, cited in Hunter 1973). The nesting substrate

may vary from gravelly substance to sand to rocky beach, all of which may or may not

contain vegetation in the form of dense grasses or bush-like weeds (Burger and Lesser

1978; Blokpoel et al. 1978; Richards 1982; Richards and Morris 1984). The modal clutch-

size for Conmion Terns is three eggs, usually laid over a four-five day period (unpublished

data). The diet of breeding Common Terns is typically made up of primarily small prey

fishes (Courtney and Blokpoel 1980; Nisbet 1973; Moore 1993) which both males and

females obtain through plunge diving. Fish (and other food items) not consumed are

carried cross-ways in the bill and delivered back to the nest/scrape for consumption either

by a female partner (male courtship feeding) or a chick (biparental chick feeding).

1.2.2 The Port Colborne colony: A brief history

The Conmion Tem colony located near Port Colborne, Ontario, is one of the largest

on the Great Lakes. Each year approximately 800-1000 pairs of Common Terns migrate to

this colony for the breeding season (R.D.Morris, unpublished data). The colony located

near Port Colborne has been the focus of research since the formation of the Brock

University Seabird Group, under the direct supervision of Dr. Ralph D. Morris. The focus

of this group was research on the breeding biology of the Herring Gull {Larus argentatus),

Ring-Billed Gull (L. delawarensis) and the Common Tem. The research done on the

Common Tem has been aimed primarily at the maintenance and restoration of this colony,

in an attempt to ensure the yearly visit of the Common Tem to this area.

Research at this colony began in the summer of 1972 as a joint effort between the

Canadian Wildlife Service and the department of Biology at Brock University in St.

Catharines, Ontario (Hunter 1973). The focus of Hunter's research was to assess the

reproductive consequences of high levels of chlorinated hydrocarbons in fish-eating birds.
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His B.Sc.(Honours) study addressed several aspects of tern breeding biology that may

have a direct influence on reproductive output, including: food, weather, interspecific

competition, nest crowding, predation, social stimulation, age structure and toxic chemical

load. Essentially, Hunter (1973) discovered that the terns at this colony are quite

susceptible to catastrophes due to food availability, weather, nesting site limitations and

predation. Recommendations included the use of observation blinds, large enclosures and

daily monitoring of nests, eggs and chicks, all in an attempt to better determine

reproductive success at this and other colonies.

During the summers of 1973 and 1974, Hunter (1976) monitored reproductive

success at this colony. He found that hatching and fledging success were both higher in

three egg clutches than in two-egg clutches, and that hatching and fledging success decUned

as a function of time with respect to clutch initiation. In addition, he discovered that

clutches located near the center of a colony did better than those on the periphery, and that

Ring-Billed Gull proximity did not influence Common Tern reproductive success.

Courtney (1977) expanded upon Hunter's work in the summer of 1976. He, too,

found the same relationship between clutch size and clutch initiation date, and the

consequences on breeding success. In addition, he discovered that early clutches took

longer to hatch but did so more synchronously than did later clutches. Eggs laid on

different substrates had different hatching successes as eggs generally did not hatch as well

on sand as on gravel or rock. On the other hand, no relationships were found between

incubation attentiveness and reproductive success or clutch size, nor was food availability

found to be a limiting factor in two chick broods.

During the summer of 1982, Richards examined nest site selection in the Common

Tern for her B.Sc (Honours) thesis. The terns at Port Colbome typically begin nesting

near the west end of the wall, which contains vegetation. Nest-site locations move

eastwardly as the season progresses. Late nesters that are unable to secure a position

within the preferred regions, are forced to nest in the sparse gravelly and bare concrete
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regions near the east end. When given a choice, however, late nesting birds preferred (in

order) the areas enhanced with vegetation and logs over loose gravelly areas and finally

bare concrete. As would be expected by these choices, reproductive success was highest in

the more 'preferred' areas of high relief and lowest in the bare concrete areas (Richards

1982; Richards and Morris 1984).

During the breeding seasons of 1982 and 1983, Wiggins examined specific parental

roles of males and females at the Port Colbome colony. Wiggins (1985) found that

courtship feeding by males occurred prior to, during and after egg laying; however, the

rates of feeding declined significantly after the second egg. Male courtship feeding rates

were also positively and significantly correlated with chick feeding rates. During

incubation, males and females spent similar amounts of time on the territory; females,

however, spent significantly more time incubating. Once chicks hatched, females spent

more time in attendance, while males generally fed chicks at a higher rate throughout the

entire chick rearing stage (approximately 20 days). In addition, males varied the size of

fish delivered, bringing larger fish as chicks aged, while females showed no such trend.

More recently, Bumess (1992) examined foraging ecology and parental behaviour

in the Common Tern over the summers of 1990 and 1991. Essentially, he found that the

terns were not using the colony as an "information centre" as individual birds had unique

and predictable foraging patterns both within season, and between years, regardless of the

effects on feeding frequency and brood attendance. The uniqueness of this study was that

it involved the use of a newly designed transmitter package (Morris and Bumess 1992) for

radio-telemetry work. This new transmitter package was attached to a USFWS aluminum

leg-band, weighed approximately 0.96% of the bird's total mass and showed no effects on

brood attendance patterns or feeding rates by transmittered birds. These transmitter devices

were later used at a tern colony at Hamilton Harbour, Ontario by David Moore for his

M.Sc. thesis at Brock University (Moore 1993) and currently are used in his Ph.D. thesis

at Simon Fraser University.
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Most recently Blanchard (1996) re-examined the role of courtship feeding and

copulation in the Common Tern based on an earlier study by Wiggins and Morris (1988).

The act of courtship feeding has been postulated to serve several different functions,

including: pairbond maintenance (Lack 1940), indication of male health and quality (mate

choice) as a father to future offspring (Grier and Burk 1992), nutrition for the production

of eggs (Royama 1966), and lastly stimulation of copulation (Brown 1967). Blanchard

(1996), however, found that the occurrence of a courtship feed did not significantly affect

the outcome of a mount. She also analyzed her behavioural data to determine whether

strings of feeds could stimulate copulation and again found no evidence to support this

prediction.

This and other research done by the Brock Seabird Group (including Bumess and

Morris 1992; Bumess and Morris 1993; Bumess et al. 1994; Hunter and Morris 1976;

Morris 1986, 1988; Morris and Bumess 1992; Morris and Hunter 1976; Morris et al.

1976, 1991, 1992; Morris and Wiggins 1986; Wiggins and Morris 1986, 1987,1988;

Wiggins et al. 1984) at the Port Colbome tem colony have been vital for any attempts at

maintenance and restoration of this colony. However, a more recent environmental impact,

the invasion of the zebra mussel, has added new concem for this tem colony and others

that have proved to be very susceptible to catastrophes due to food availability, weather,

nesting site limitations and predation (Hunter 1973).

1.3 THE ZEBRA MUSSEL (Dreissena polymorpha)

1.3.1 The biology of the Zebra Mussel

The zebra mussel (Dreissena polymorpha) is a small (5 cm or less) freshwater,

bivalve mollusk, bivalve referring to the fact it has two shells or valves (O'Neill and

MacNeill 1991). The common name "zebra mussel" comes from its typical alternating

black and white coloration. Its species name polymorpha, refers to the different morphs
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that may occur, ranging from solid black to solid white. They are typically found within

two to seven meters of water, preferring water temperatures ranging from 20° to 25°C

(O'Neill and MacNeill 1991). However, they have been found to colonize up to depths of

50 meters (Walz 1978, cited in O'Neill and MacNeill 1991). Zebra mussels feed primarily

on phytoplankton and small zooplankton that they filter from the water column through

what is known as suspension feeding. This refers to the fact that they filter

indiscriminately, but ingest selectively, rejecting unsuitable particles as pseudofeces (Ten

Winkle and Davids 1982). It has been estimated that on average an individual adult mussel

may filter up to 1 liter of water per day (O'Neill and MacNeill 1991).

Zebra mussels have separate sexes with external fertilization. Sexual maturity is

typically reached at two years of age but may occur in the first year in mussels growing to a

size of 3 to 5 mm (O'Neill and MacNeill 1991). A mature individual female may produce

up to 1 million eggs in two years (Gaston, personal communication, cited in Claudi and

Mackie 1994), but usually produce 30 000 to 40 000 per year as the water temperature

reaches 12°C (O'Neill and MacNeill 1991). Eggs hatch within 6-20 hours depending on

ambient temperatures (Claudi and Mackie 1994) and become free swimming veligers with

the development of a velum. It is during this life-stage as veligers that zebra mussels most

easily spread throughout a body of water, primarily by water currents. Other modes of

transportation of immatures and adults within a body of water as well as to new bodies of

water may include transportation on boats, in minnow buckets and other fishing gear, on

crayfish, turtles, waterfowl and aquatic mammals (O'Neill and MacNeill 1991).

Over the next 2-3 weeks after hatching, these veligers continue to mature and grow

in size. The velum will develop into a siphon and a foot will also develop. At this point

the veliger is no longer free swimming, but may still swim along the bottom using the foot,

and may also crawl along surfaces. This is known as the settling stage. Once a suitable

surface such as rock, gravel or filamentous algae is located, the veliger will secrete a byssal

thread to attach itself, undergo metamorphosis and eventually mature into an adult mussel.





1.3.2 Invasion of North America (Lake Erie)

It is believed that the zebra mussel was introduced to North America as veligers in

the ballast water of a European originated oceanliner during the summer of 1986 (Griffiths

et al. 1991). The first observation of the zebra mussel in North America was in Lake St.

Clair in June 1988 (Hebert et al 1989). By September of 1991 it was found in all five

Great Lakes and their connecting waterways (O'Neill and MacNeill 1991). In Lake Erie,

the zebra mussel was first discovered in the Western Basin in July of 1988 and by the

summer of 1990 it had reached densities of up to 342 000 m^ in the Western Basin of Lake

Erie (Leach 1993). As the zebra mussel increased in numbers they advanced eastwardly

and were found throughout the entire lake by August of 1989 (Griffiths et al. 1991).

Monitoring of zebra mussel densities and occupied area (percent frequency) has occurred at

Inner Long Point Bay since 1991. It is believed the first reproductive population was in

1990, after which an initial increase from 1990 to 1991 was followed by a sharp decline in

1992 and a slight, steady and consistent decline up to 1995 (Knapton, in press).

Lake Erie has a well documented history of eutrophication, specifically the western

basin, which was known for its dense algal blooms during the 1950'^ and 1960'^ (Davis

1968, cited in Nicholls and Hopkins 1993). In the 1970'^ however, significant reductions

in the phytoplankton were observed in the westem basin (Nicholls et al. 1911 \ 1980). This

was attributed to legislation reducing limits of phosphates in laundry detergents and

improved sewage treatment plant operations, which included the chemical precipitation of

phosphorus (Phosphorus Management Strategies Task Force 1980). As a result, the role

the zebra mussel has played in the changes in the Lake Erie aquatic ecosystem have been

unclear. Changes in Lake Erie water clarity and phytoplankton abundance have been

obvious; however, how much is due to zebra mussel acfivity and how much is due to

legislation implementing lower levels of phosphorous loading is difficult to determine.

Reductions in total phytoplankton in the Westem basin have been observed since the
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phosphorous reduction legislation. These declines, however, were not observed in the

central and eastern basins. As zebra mussels began their invasion, significant declines in

total phytoplankton were observed throughout the entire lake, and these declines appeared

to be attributable to the zebra mussel invasion (Nicholls and Hopkins 1993). When

compared to control sites of southern Lake Huron where zebra mussels were not abundant,

similar declines in total phytoplankton were not observed. Corresponding to the decrease

in phytoplankton was an increase in water clarity since the invasion of the zebra mussel

(Holland 1993; Lake Erie Fisheries 1994). In addition, the impacts of adult zebra mussels

appear to have a one year time lag. Adult mussels were first seen in the Port Stanley area

of Lake Erie in the fall of 1988 (Mackie 1991), but significant effects on phytoplankton

were not observed until the summer of 1989 (Nicholls and Hopkins 1993). The first

sighting of the mussel in the Port Dover area was in August of 1989 (Mackie 1991), and no

major impacts were observed until the summer of 1990 (Nicholls and Hopkins 1993).

The zebra mussel potentially has the ability to alter the entire Lake Erie aquatic

ecosystem by altering the pelagic-benthic energy balance. As mentioned above, zebra

mussels are suspension feeders, removing large amounts of seston and clarifying the

water. This essentially leads to an increase in the euphotic zone, but primary production

will decline since most of the nutrients have been deposited as pseudofeces and are now

available to the benthic community. Ultimately this will lead to a reduction in pelagic

autotrophs, heterotrophs, herbivorous zooplankton and planktivores which include small

prey fish (Claudi and Mackie 1994). These same prey fish are essential to the survival and

reproduction of the Common Terns that migrate to North America during the breeding

season.

1.4 OBJECTIVES

The first objective of this study was to determine whether Common Terns could

serve as indicators of the environmental impact of the introduction of the zebra mussel into
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Lake Erie. I was in the position to determine if the Common Tems nesting near Port

Colbome had been affected by the invasion of zebra mussels. During the summers of 1990

and 1991 Gary P. Burness, a former Brock University student, had collected data

pertaining to several aspects of Conmion Tern breeding biology for his M.Sc. thesis. By

collecting comparable data in a similar fashion I hoped to achieve my objective by

comparing the 1990/91 data set with data I would collect in 1995/96. Based on the

assumption that the zebra mussel has had a significant impact on the aquatic ecosystem,

specifically a decline in the small fish populations in Lake Erie, several predictions related

to tern breeding biology were addressed. In the years between 1990 and 1996, 1 predicted:

(1) a change in the proportions of fish delivered and a reduction in the size of fish dehvered

by adult Common Tems, (2) a decrease in the size (volume) of eggs, (3) a decrease in time

in attendance (increased foraging time) with the brood, (4) an increase in the time required

to return to the nest with a fish (trip time), and (5) a decrease in the rate at which chicks

were fed fish by their parents. The rationale for these predictions is as follows. First, with

respect to fish species and size of fish. Lake Erie trawl samples, obtained by the Ministry

of Natural Resources, suggest that smelt numbers have declined rapidly (in contrast to

shiners) since the mussel invasion. The average size of smelt has also shown a gradual

decline. Thus, I predicted that fewer smelt would be delivered and that those fish that were

delivered would be smaller year-wise from 1990 to 1996. The remaining predictions dealt

with the assumption that as fish numbers declined, fish should be more difficult to obtain.

This consequently should result in smaller eggs, less time in attendance (more time

foraging), longer trip times, decreased feeding rates to chicks and increased

kleptoparasitism rates

The second objective of my thesis was to compare tern fish data with Ministry of

Natural Resources trawl data. I wanted to determine if the fish the tems delivered were

consistent with the fish the ministry sampled to address whether it may be possible to use

the tems as an additional index for measuring small prey fish abundance.
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METHODS

2.1 STUDY SITE

The study took place during four Common Tem breeding seasons, spanning over a

six year period (1990-1996). Data were collected in 1990 and 1991 by Gary P. Bumess

for his M.Sc. thesis at Brock University in St. Catharines, Ontario. During the summers

of 1995 and 1996, 1 collected data at the same colony. Dates, times and procedures for

data collection were repeated as closely as possible to those reported by Bumess (1992).

The following is a detailed account of the methods for my two field seasons of 1995 and

1996; for a more detailed account of 1990 and 1991 see Bumess (1992).

The location of the study was a concrete breakwall located in Lake Erie. The

breakwall is situated approximately 1 km offshore of the Welland Ship Canal in Port

Colbome, Ontario (42o53'N, 79oi5'W; Fig.l). This Port Colbome tem colony is one of

the largest colonies located on the Great Lakes. In the late 1980'^, there were in over 1300

pairs of tems nesting at this colony (R.D. Morris, unpublished data). Since the early

1990's, however, the colony size has maintained itself at approximately 800-1000 pairs

(R.D. Morris, unpublished data), remaining a vital nesting location for the Common Tem.

The Common Tems typically nest in the loose substrate comprised of small rocks,

gravel and driftwood. Mossy stonecrop (Sedum acre) also grows in patches throughout

the substrate, providing cover for the nests. Common Tem clutch initiation traditionally is

bimodal. At this particular colony, the first mode of clutch initiation occurs in early May

with a second mode in middle to late June (Courtney 1977). Later nesting tems are

typically younger, inexperienced pairs, or pairs renesting after the loss of an initial clutch

(Morris et al. 1991). Clutch initiation begins at the west end of the wall and moves

eastward throughout the season (Richards and Morris 1984). In accordance with these

observations of the pattem of clutch initiation at this colony, I chose two study sites each

year. An elevated observation blind was erected directly in front of the westem most site
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which would consist primarily of peak nesting birds. In order to concentrate clutches and

synchronize their initiation in the late period, polyethylene plastic was used to cover the

study site near the east end of the wall. The plastic was removed on 16 (1995) and 17

(1996) June, and an elevated observation blind was erected directly in front of this site. All

behavioural observations (discussed below) were performed from this observation blind.

2.2 FIELD PROTOCOL

Beginning 25 April each year, daily (or twice daily) nest checks were conducted

within the peak study site. Nest checks within the late study site began immediately after

the removal of the polyethylene plastic (16 and 17 June). The designated study area was

examined for the presence of newly initiated clutches. New clutches were marked

numerically with an aluminum stake and their fate was recorded up to and including

hatching. Individual eggs were marked with a Sharpie® permanent marker based on

laying order (when known). All eggs were weighed when first found using a 50 g

Pesola® scale, and length and breadth measurements were taken to the nearest 0. 1 mm

using Vernier calipers.

Beginning 6 May, I performed regular observation sessions from the erected

observation blind. Observations sessions of three hours in length (weather permitting)

were performed between the hours of 06:00-09:30 and/or 17:30-21:00 daily as described in

Bumess (1992). A list of dates and times of observation sessions for all four years is

provided (Table 1). Although behavioural observations were carried out both during an

AM and a PM session, diurnal significance is not reported. As allocation of parental care

occurs over the entire day, AM and PM differences do not necessarily indicate entire day

differences. This, in concert with the the objective of this study, which was to look for

broad differences between the periods of 1990, 91 and 1995, 96 suggested that including

diurnal analysis would serve only to complicate these broad-scale comparisons.
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Table 1 Hours and dates of courtship feeding observations for the years of 1990, 1991
(collected by G.P. Bumess) and 1995,1996.

Year Period Observation session Total hours

(3-6hr/day)

1990

1991

1995

1996

Peak





During an observation session, I observed a maximum of 20 pairs (peak) and 40

pairs (late). Birds that had been previously banded with a unique color band combination

were observed prior to egg laying; however, all other study pairs were observed after

clutch initiation as it is otherwise impossible to tell if the same pair of birds was at a

particular scrape from one observation period to the next. Mounting position and courtship

feeding were used to identify male and female birds in individuals pairs. Males and

females were distinguished based on either one or both members being uniquely color

and/or metal banded, using recognizable bill coloration, or alternately, by spraying one

member of the pair with yellow dye (picric acid). Data collected included courtship feeds,

fish species using morphological diagnostic characteristics (Thompson 1985; Scott and

Grossman 1973) and estimation of size of fish (to the nearest half of a bill length) using the

tern's upper mandible as a template (Morris 1986; Wiggins and Morris 1987).

Based on the data collected during the courtship feeding period, individual pairs of

terns were chosen for observation during the chick rearing period. A sub-sample of the

pairs observed during courtship feeding was chosen based on several criteria which

included sufficient numbers of mounts and/or courtship feeds to distinguish sex, clutch size

equal to three eggs (modal size of Common Terns), proximity to blind (to limit the area I

would have to observe), and date of clutch initiation in order to synchronize hatching of all

study pairs to within a day or two of one another. These chosen study pairs were

subsequently trapped late in incubation using walk-in traps, metal banded, color banded,

and one member of each pair was dyed on the tail or chest with picric acid for rapid

identification of pair member during chick feeding. Upon hatching, chicks were dyed on

the head, chest and rump respectively and their fate was recorded daily until fledging

occurred at approximately 20 days. Behavioural observations began upon hatching of the

third chick in each study clutch. Again, observation sessions of three hours in the morning

and/or evening were performed (See Table 2), and a maximum of 1 3 pairs was observed in





Table 2 Hours and dates of chick feeding observations for the years of 1990, 1991
(collected by G.P. Bumess) and 1995,1996.

Year



aoo



any one session. Data collected included time in attendance of each member at the nest,

species and size of fish delivered, which member (male or female) delivered the fish and

which chick consumed the fish.

2.3 INVESTIGATOR DIFFERENCES

The major objective of my work was to compare several aspects of Common Tern

breeding biology in 1995 and 1996 with similar data collected by Gary P. Bumess in the

early 1990's. In an attempt to minimize investigator differences, behavioural observations

were carried out as closely as possible to those described in Bumess' (1992) thesis.

Dates/times and procedures for behavioural observations were duplicated whenever

possible. Management of data into spreadsheet packages and statistical treatment of data

were also done in a similar fashion.

In addition, a study was conducted examining differences in data collection between

two experienced observers David J. Moore, and myself at two tern colonies, one near Port

Colbome, Ontario and the other in Windermere Basin, Ontario. At the Port Colbome

colony a total of 22 pairs of Common Terns was observed simultaneously on May 8, 1996

from 17:30-20:30. At the Windermere Basin Colony, a total of 34 pairs was observed on

May 17 from 08:00-10:(K). During these observation sessions, we independently recorded

at each marked nest site time of courtship feeds, species of fish delivered and estimated

length of the fish (to 1/2 a bill length) using the tern's upper mandible as a template. To

increase sample sizes we also occasionally would independently identify and estimate size

of fish carried by terns outside our study area. Dave or I would point to a bird with a fish,

and if we both had sufficient time to observe the fish we would record it for species and

size comparisons.

A controlled experiment was also conducted outside of Brock University using

previously collected samples of fish. Numbered fish of known species and size were

placed cross-ways in the mouth of a dead tern, and the tern was simulated in flight for
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approximately two seconds. From a distance of approximately 7.5 m Dave and I

independently recorded the identity and size of these fish. Our results were compared

against the actual species identity and size (converted to the nearest half a bill length).

2.4 STATISTICAL TREATMENT

All data, with the exception of investigator differences, were analyzed using

nonparametric statistics with the level of rejection set at alpha=0.05. All means (unless

stated otherwise) are reported plus or minus one standard deviation. Statistical tests used

are reported throughout, in the corresponding Table or Figure legend. Data applied to each

test met the assumptions and criteria required in Siegel and Castellan (1988) and in Zar

(1984).





RESULTS

3.1 COURTSHIP FEEDING

Courtship feeding is the act of a male feeding a food item to his female partner. The

exact role of courtship feeding in Common Terns is still not clear (Blanchard 1996).

Nonetheless, this distinct period in tern breeding biology provides several measures that

permit an assessment of changes in food availability (fish) to the terns since the invasion of

the zebra mussel, such as feeding frequency of males to their female partner, species and

size of fish delivered, and volume of eggs laid. Of these three only the latter two will be

addressed, as data from 1990 and 1991 were not collected with feeding rates in mind and

would not yield accurate frequencies (G.P. Bumess, personal communication).

3.1.1 Species of fish delivered

Common Tern studies completed at the Port Colborne study area, prior to the

invasion of the zebra mussel into Lake Erie, have shown the importance of Rainbow smelt

{Osmerus mordax) and to lesser degree, emerald shiner {Notropis atherinoides) in the

terns' diet during courtship feeding. Courtney and Blokpoel (1980) found that in 1979

approximately 90% offish delivered to females were smelt, while Morris (1986) found that

during May and June, 1983, nearly 60% of fish fed to females were smelt.

Collection of data took place roughly throughout the same days (Table 1) in each

year. Clutches were generally followed from the laying of the first egg (occasionally 1-2

days pre-clutch initiation) through clutch completion and 1 to 2 days post completion, so

variance due to clutch size should be minimal. For these reasons, all fish delivered

irrespective of species or size were pooled based on their season (peak or late) and year.

The prediction was that the proportion of smelt delivered would significantly decrease year-

wise from 1990 to 1996.
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Through the years of 1990, '91, '95 and '96 a variety of fish species (Table 3)

were delivered by male terns to their female partners. For the purpose of display in this

thesis, I have partitioned these data into four major fish categories: Smelt, Shiner, Ale/STS

and Other (Fig.2). The Ale/STS categories refers to Alewife and Spot-tail shiner which

were pooled due to an identification problem in 1990 and part of 1991; 'other' refers to all

other fish. The majority of fish delivered were either smelt or shiner. During the peak

period of 1991, Ale/STS made up a sufficient enough proportion to warrant a separate

category from 'other' for display purposes; however, due to small sample sizes during all

other periods, the Ale/STS and 'other' category were pooled to meet the criteria necessary

for Chi-Square analysis (Zar 1984).

A comparison of fish delivered by peak and late nesting males revealed differences

in proportions of fish delivered in three of the four years (Fig.2). In 1990, relative

frequencies of smelt dropped from 91.3 % for peak nesters to 64.9 % for late nesters,

while the relative frequency of shiner increased from 7.9% to 22.5% (X^= 108.85, df=2,

P<0.001). In 1991, the percentage of smelt increased from 17.3% for peak nesters to

68.5% for late nesters (X2=l 10.34, df=2, P<0.001). This was due in large part to the

decrease of Alewife and/or Spot-tail shiner from 31.3% to 12.0%. Similarly, in 1995 the

proportion of smelt delivered increased from 10.9% to 24.4% as shiner decreased from

87.7% to 63.3% (X2=63.81, df=2, P<0.001). In 1996, however, there was no significant

difference in the proportions of smelt, shiner or other fish delivered by peak and late

nesting males to their female partners (X^=2.25, df=2, P>0.05).

Due to the highly significant differences between peak and late periods in three of

the four years, between year comparisons were performed by treating peak and late periods

separately. Analysis of proportions of fish delivered during the peak period differed

significantly throughout the four separate years (X^= 1060.9, df=6, P<0.001). Pair-wise

comparisons were also performed, demonstrating significant differences between all years

(see Appendix 1 for test statistics). Analysis of numbers of fish delivered by late
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Table 3 Prey species delivered to females by peak and late nesting males and to chicks

by peak nesting males and females in 1990, 91, 95 & 96.

Common name Scientific name

Osmerus mordax
Notropis atherinoides

Alosa pseudoharengus
Percopsis omiscomaycus
Percaflavescens
Micropterus sp.

Esox sp.

Pimephales promelas
Labidesthes sicculus

1.
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nesting males to their partners also yielded a significant difference throughout the four

years (X^= 185.90, df=6, P<0.001). Pair-wise comparisons showed no significant

difference between 1990 and 1991 (X2=2.54, df=2, P>0.05), but there were significance

differences between all other years (see Appendix 1).

To summarize, there was sufficiently strong evidence to support a shift in

proportions of fish species delivered during the courtship feeding period. In 1990 and

1991, smelt were most readily available to the terns as they made up the majority of

identified fish delivered, particularly in 1990. In 1995, there was a strong dechne in smelt

deliveries and/or an increase in shiner deliveries as the majority of fish delivered to females

were emerald shiners. In 1996, however, equal numbers of smelt and shiners were

delivered, a pattem different from the trend established during the preceding three years.

3.1.2 Size of fish delivered

Earlier studies (Wiggins 1985, Morris 1986) have recorded size offish delivered in

relation to feeding rate and clutch stage. Males feeding larger fish do so at a lower rate than

males feeding smaller fish. However, since it was not possible to calculate accurate

feeding rates from 1990 and 91 data (G.P Bumess, personal communication) feeding rate

was not considered. In addition, since I was comparing two separate seasons (peak and

late) over four different years, for simplicity sake, clutch stage was also not incorporated

into the comparisons. The prediction was that average fish size would decrease year-wise

from 1990 to 1996.

A within-season comparison of fish size (Fig.3) shows that there was no difference

in the size offish delivered by peak and late nesting males in 1990 (U=10(X)52.5, ni=531,

n2=382, P=0.7) and 1996 (U=15258, ni=215, n2=143, P=0.9). In 1991 (U=17471.5.

ni=249, n2=162, P=0.0173) and 1995 (U=33145.5, ni=357, n2=364, P=0.0001)

however, males delivered significantly larger fish during the late period. As a result, peak

and late periods were treated separately for between year comparisons. A Kruskall-Wallis
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comparison across years indicated a difference in size of fish delivered by peak nesting

males (H=326.98, df=3, P=0.0001). A Tukey-type non-parametric multiple comparison

test (Siegel and Castellan 1988) was used to perform pair-wise comparisons between

years. The trend (Appendix 2) was toward significantly smaller fish from 1990 to 1991 to

1995. In 1996, however, the size of fish delivered sharply increased and did not differ

significantly from 1990. A similar pattern was apparent in the late nesters. A Kruskall-

Wallis comparison across years indicated a difference in size of fish delivered by late

nesting males (H=57.8, df=3, P=0.0001). A Tukey-type non-parametric multiple

comparison test was again used to perform pair-wise comparisons between years. There

was a significant decrease (Appendix 2) in fish size from 1990 to 1991, followed by no

change from 91 to 95. From 1995 to 1996 fish size increased significantly to a size similar

to that originally delivered in 1990. In summary, the size of fish delivered decreased from

1990 to 91, continued to decline in 1995 and showed a marked increase in 1996.

3.1.3 Egg Volumes

Volumes of eggs in 3-egg clutches were determined by length and breadth

measurements of individual eggs. The volume of each egg was calculated using the

formula V= 0.502*length*breadth2 in cm3 (Morris and Chardine 1986). The choice of

study clutches was based on measurements of three egg clutches of known laying

chronology, all initiated between 2-8 May each year. The prediction was that egg volumes

(particularly the volume of C-eggs) would decrease year-wise from 1990 to 1996.

Pair-wise Wilcoxon Sign-Rank tests were used to assess intra-clutch differences.

In 1990, 1991 and 1996, A and B-eggs were significantly larger (P<0.05) than C-eggs but

did not differ significantly from one another (Table 4). In 1995 however, only B-eggs

were significantly larger than C-eggs. Across year significance was assessed using a

Kruskall-Wallis analysis. There was no significant difference in the volumes of either A-

eggs (H=3.57, df=3, P>0.05) or B-eggs (H=4.45, df=3, P>0.05) between years.
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Table 4 Egg volumes (cm^, mean ± ISD) of three egg clutches initiated 2-8 May each
year. Volumes with superscript in common are significantly different

(P<0.05). Intra-clutch egg volume differences were assessed using pair-wise

Wilcoxon Sign-Rank tests (upper case superscripts). A comparison among
years was performed using a Kruskall-Wallis test for each egg category.

Where a difference existed (P<0.05) pair-wise comparisons were performed
using a Tukey-type non-parametric statistical test (lower case superscripts).

Year
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Analysis did, however, indicate a significant difference in C eggs (H=8.8, df=3, P<0.05)

between years. Pair-wise analysis was performed using a Tukey-type non-parametric

multiple comparison test, indicating that the only significant difference was that volume of

C-eggs in 1996 was smaller than the volume of C-eggs in 1995 (Appendix 3).

3.2 PARENTAL CONTRIBUTIONS

Several different aspects of parental care in Common Terns have been investigated,

indicating the importance of biparental care and the relationships between the sex and the

care provided. Wiggins and Morris (1987) found differences in time in attendance with the

brood and feeding rates to chicks by males and females. In addition, they found that

males, unlike females, tend to bring larger fish as the chicks age. Wagner and Safina

(1989) found no difference in feeding rates, but did find that males 2ind females tended to

bring different prey items to chicks. I, therefore, will address aspects of parental care by

males and females separately, and will look specifically for changes in these patterns from

1990 to '91 to '95 to '96, coinciding with the invasion of the zebra mussel.

3.2.1 Brood Attendance

Time in attendance was used as an indirect measure of foraging time. Attendance

was calculated as the number of minutes per hour that each member of a pair was at the nest

site as an indirect measure of foraging time. While the average brood sizes varied over the

four years of study (Appendix 4), I made no attempt to standardize attendance data for

brood size on the assumption that the relationship would not be linear. Individual

observation sessions were pooled into two day age blocks of chick age, and a mean and

standard deviation were calculated (Table 5). The prediction was that attendance time

would significantly decrease (foraging time would increase) year-wise from 1990 to 1996.





As mentioned, male and female Common Tems at Port Colbome have been shown

previously to exhibit distinctive patterns of time in attendance with the clutch/brood

(Wiggins and Morris 1987). In my study, males spent significantly less time in attendance

during peak chick rearing in all four years (Table 5) and as a result, between year

comparisons were done for males and females separately. A Kruskall-Wallis comparison

across years indicated a difference in time in attendance by peak nesting males (H=50.64,

df=3, P=0.0001). A Tukey-type non-parametric multiple comparison test was used to

perform pair-wise comparisons (Appendix 5) between years. Analysis indicated no

difference between 1990 and 91, but there were significant decreases in time in attendance

from 1991 to 1995 and from 1995 to 1996.

Performing a Kruskall-Wallis comparison across years for females also indicated a

significant difference in time in attendance (H=60.75, df=3, P=0.0001). A Tukey-type

non-parametric multiple comparison test was again used to perform pair-wise comparisons

(Appendix 5) between years for females. The results show an increase from 1990 to 1991,

followed by a decrease in 1995 and no change in 1996.

In summary, males showed a decreased time in attendance (more time foraging)

from 1991 to 1996, but, females showed no consistent trend with respect to time in

attendance with the brood. This indirect comparison of foraging time does not, however,

account for brood sizes, and since brood sizes were larger in the latter two years (Appendix

4), it was not possible to determine how much of an effect this may have had on foraging

time and attendance times.

3.2.2 Length of Foraging Trips

A more direct measurement of time required to forage is length of trips. When a

bird leaves the nest site it is not known for sure whether it was in fact foraging, or simply

loafing out of sight of the blind. The criteria for determining a 'successful' trip is when a

bird returns to the nest with a fish. The time (in minutes) was then determined from the





Table 5 Time (mean min/hr ± ISD) in attendance by peak nesting males and females.

Inter-sex significance was assessed using a Wilcoxon Sign-Rank test with
respective Z and P values displayed. A comparison among years was
performed using a Kruskall-Wallis test for each sex. Where a difference

existed (P<0.05) pair-wise comparisons were performed using a Tukey-type
non-parametric statistical test. Attendance values with superscript in common
illustrate that the pair-wise comparisons between those years indicates they are

significantly different.

Ye^r





time the bird left to the time it returned with a fish. The prediction was that trip times will

increase each year from 1990 to 1996 as fish become more difficult to attain.

I calculated the length of each foraging trip by male birds only from chick age 1-10

(Table 6). A Kruskall-Wallis test revealed a significant difference among the four years

(H=66.5, df=3, P=0.0001). A Tukey-type non-parametric multiple comparison test was

used to test for pair-wise differences among years. With the exception of 1990 and 1996,

all other years differed significantly from one another (Appendix 6). In summary, 1995

had the shortest trip time (21.17 ± 20.30, N=12), 1991 had the longest (37.12 ± 30.26,

N=7) and 1990 (27.11 ± 20.83, N=ll) and 1996 (26.71 ± 24.56, N=13) had intermediate

lengths. The absence of an increase in trip time from 1990-1996 fails to support the

prediction that fish should be more difficult to locate and that there would be increased time

to retrieve a food item.

3.2.3 Feeding Frequency

Feeding frequency was determined for all peak nesting pairs throughout the four

years. Individual observation sessions were pooled into two day age blocks of chick age,

and feeding rates were calculated as the number of feeds/hr. To standardize for differences

in brood size (Appendix 4), the feeds/hour was then divided by the number of chicks.

These two day age blocks were then used to calculate a mean and standard deviation for

males and females separately. It was predicted that as fish became more difficult to attain,

the feeding rate should decrease year-wise from 1990 to 1996.

Inter-sex comparisons were assessed using Wilcoxon Sign-Rank test. In each of

the four years, males fed chicks significantly more than did females (Table 7). Between

year comparisons were, therefore, done on males and females separately. A Kruskall-

Wallis analysis revealed no differences in the feeding rate of males among the four years

(H=5.93, df=3, P=0.1151). Females, however, differed significantly among the four

years (H=22.28, df=3, P=0.0001). A Tukey-type non-parametric multiple comparison test





Table 6 Mean (± 1 SD) trip time length (in minutes) of peak nesting males for the

years 1990, 91 and 1995, 96. A comparison among years was performed
using a Kruskall-Wallis test. Pair-wise comparisons were performed using a

Tukey-type non-parametric statistical test. Trip-time values with superscript

in common are significantly different.

Year Number of males Trip Time
(minutes)

1990 11 27.11 ±20.83^''

1991 7 37.12 ±30.26^^

1995 12 21.17 ±20.30^^

1996 13 26.71 ±24.56^

^ P<0.05 ^^ P<0.01





Table 7 Feeding rate (mean feeds/chick per hr ± ISD) by peak nesting males and
females. Inter-sex significance was assessed using a Wilcoxon Sign-Rank test

with corresponding Z and P values displayed. A comparison among years was
performed using a Kruskall-Wallis test for each sex. Where a difference

existed (P<0.05) pair-wise comparisons were performed using a Tukey-type
non-parametric statistical test. Feeding rate values with superscript in common
illustrate that the pair-wise comparisons between those years indicated they are

significantly different.

Year





was used to test pair-wise differences among years for females. Feeding rates in 1990 and

1995 did not differ significantly but were significantly lower than feeding rates in 1991 and

1996, which also did not differ from on another (Appendix 7). In summary, the prediction

of decreasing feeding rates from 1990 to 1996 was not met. In males, no difference

existed among the four years, while differences were found among females but not the

year-wise decrease from 1990 to 1996 as predicted.

3.2.4 Kleptoparasitism Rates

Piracy or kleptoparasitism is the act of stealing a food item from another individual.

The rate of kleptoparasitism during the chick rearing phase in each of the four years was

calculated simply as the percent stolen of the total number of feeds. Number of attempts

was not included since no effort was made during 1990 and 1991 to record unsuccessful

attempts. I predicted that the rate of kleptoparasitism would increase from 1990 to 1996.

This comparison was a simple broad-based comparison of the rate of stolen food items

through the four years of study (Table 8). Chi-square analysis showed no difference

between 1990 and either 1995 (X2=0.17,df=l, P>0.05) or 1996 (X2=2.64, df=l,

P>0.05). From 1991 on, however, a significant decrease in the rate of kleptoparasitism

was observed. From 1991 to 1995 the rate dropped from 6.24% to 3.92% (X2=7.488,

df=l, P<0.01). In 1996 the rate continued to drop significantly to 2.45% (X2=5.73, df=l,

P<0.05). In summary, the year-wise increase in kleptoparasitism rates predicted was not

observed. On the contrary, since 1991, the rate of kleptoparasitism actually dropped

significantly each year.

3.2.5 Species of fish delivered to chicks

The importance of rainbow smelt and to lesser degree, emerald shiner in the terns'

diet during courtship feeding can also be extended to the period known as chick feeding.

Comparisons of fish delivered to chicks were completed in a similar manner to that for
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Table 8 Kleptoparasitism rates during the peak chick rearing stage (28 May - 28 June).

Between year comparisons were assessed using pair-wise Chi-Square
analysis. Values with common superscript letters are significantly different.

Year





fish delivered by males to females, except that fish were partitioned into three major

categories (smelt, shiner, and other) as no one other species made up a significant

proportion of the chicks' diets in any year (Fig.4). It was again predicted that there would

be a change (decrease in smelt) in the proportions of fish fed to chicks by their parents from

1990 to 1996. The decrease in the proportions of smelt would be compensated for by

increases in 'other' fish that presently do not appear to be as affected as the smelt, such as

the emerald shiner.

A comparison of the proportions of fish delivered to chicks by male and female

adults revealed differences in all four years by males and females. Males delivered

significantly more emerald shiner and less smelt than their female partners (Appendix 8).

Due to the significant differences between males and females in all four years, between year

comparisons were performed by treating males and females separately. Analysis of

proportions of fish delivered by males differed significantly throughout the four years

(X^=345.83, df=6, P<0.01). Pair-wise comparisons were also performed, demonstrating

significant differences among years (Appendix 9). The proportion of smelt delivered by

males decreased (and that of shiner increased) significantly from 53.0% in 1990 to 38.2%

in 1991, and continued to decrease to 14.0% in 1995. In 1996, however, the proportion of

smelt delivered rose to 30.7% and that of shiner remained the same as in the previous year.

Analysis of fish delivered by females to their chicks also yielded a significant

difference throughout the four years (X^= 188.85, df=6, P<0.01). Psiir-wise comparisons

showed no significant difference between 1990 and 1991 (X^=339, df=2, P>0.05) but

significance differences among all other years (Appendix 9). The proportion of smelt

dropped considerably from 63.0% in 1991 to 31.1% in 1995 (as that of shiner increased).

In 1996, the proportion of smelt increased to 66.3% as shiner and 'other' dropped. To

summarize, there appeared to be a shift in proportions of fish delivered by both males and

females.
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3.2.6 Size of fish delivered to chicks

Coupled with this shift in species of fish dehvered, size of fish delivered over years

should also have changed. Emerald shiner are, on average, smaller than rainbow smelt

(Scott and Grossman 1973; Thompson 1985). Therefore the shift to smaller shiners in

concert with the fact that smelt size has been decreasing recently (Lake Erie Forage Task

Group Report 1996) lead to the prediction that there would be an overall decrease from

1990 to 1996 in size of fish delivered to chicks by adults.

When partitioned based on chick age, Wiggins and Morris (1987) found a

significant difference in the size of fish delivered by males and females to chicks. Males

typically brought larger fish as the chicks aged, whereas females showed no trend.

However, since my main objective was to compare four years of data, I felt it was not

necessary to partition fish sizes based on chick age. All fish delivered to chicks prior to

fledging (assumed 20 days of age) were pooled, males and females separately (Fig.5). In

agreement with Morris and Wiggins (1987), I too found a significant difference between

males and females with respect to the size of fish delivered to chicks over the entire chick

feeding period. In fact, females fed significantly larger fish to their chicks than did their

male partner in all four years (Appendix 10). Between-year analysis, therefore, was done

on males and females separately. A Kruskall-Wallis comparison across years indicated no

significant difference in size of fish delivered by peak nesting males (H=5.48, df=3, P=

0.1399) to their chicks. For females, however, a Kruskall-Wallis comparison across years

indicated a significant difference in size of fish delivered (H=30.17, df=3, P= 0.0001). A

Tukey-type non-parametric multiple comparison test was again used to perform pair-wise

comparisons between years (Appendix 1 1). The trend from 1990 to 1991 to 1995 was a

gradual decrease in size of fish delivered, as 1995 was significantly smaller than 1990

only. In 1996, however, this trend reversed, as the fish delivered were larger than in 1991

and 1995 but did not differ from those in 1990. In summary, there was no reason to accept
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the prediction of decrease in the size of fish delivered. Males showed no difference and

females showed a decrease until 1995, followed by a significant increase in 1996.

The lack of any real trend with respect to fish size (especially for males) despite the

fact that the terns were showing rather significant year-to-year variation in their diet,

switching from the typically larger rainbow smelt to the smaller emerald shiner, was

puzzling. In contrast to the courtship feeding period, I felt I had sufficient samples sizes to

address this peculiar finding directly by looking specifically at the size of rainbow smelt

and emerald shiners delivered by the terns over these four years (Fig.6 & 7). Analysis was

again performed on males and females separately, although they only differed significantly

in 1990 (Appendix 12). A Kruskall-Wallis comparison across years found a significant

difference in the size of smelt delivered by males (H=77.7, df=3, P=0.(XK)1) and females

(H=89.62, df=3, P=0.0001). A Tukey-type non-parametric analysis was used to perform

pair-wise comparisons (Appendix 13). For males, there was no difference in the size of

smelt delivered from 1990 to 1991, followed by a significant increase in 1995 followed by

no difference in 1996 (Fig.6). For females there was a significant decrease in smelt size

from 1990 to 1991, followed by an increase in 1995 and another decrease in 1996 (Fig.6).

A similar set of analyses was performed on the size of emerald shiners delivered by

males and females during these four years (Fig.7). No significance differences in the size

of emerald shiners delivered existed between males and females in any of the four years

(Appendix 14); however, I did not pool the two for the simple reason that all other

comparisons done to this point were performed on males and females separately. For

males (Fig.7), there was a significant difference among the four years (H=26.44, df=3,

P=0.001). The Tukey-type pair-wise comparison revealed an increase in the size of

emerald shiners from 1990 to 1991 but no further differences in 1995 or 1996 (Appendix

15).

A similar difference in the size of emerald shiners existed for females (Fig.7)

among the four years (H=21.75, df=3, P=0.001). Pair-wise comparisons revealed a
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significant increase in size from 1990 to 1991, and no difference in 1995. In 1996,

however, the size of shiners declined slightly to the point were it no longer differed

significantly from 1990 (Appendix 15).

3.3 Pooled Comparisons of 1990/91 and 1995/96

Annual variation in many of the measures considered in previous sections may be

masking more gross overall differences. Accordingly, despite obvious statistical

violations, I pooled 1990 and 1991 data and compared them to 1995 and 1996 pooled data.

In essence, this provided me with a comparison of two distinct periods in time, 1990/91

being pre- or early mussel invasion years and 1995/96 as post- or established mussel years.

The results from this comparison are presented as percents or means (± ISD ) with

the test statistic used for comparison and the appropriate P value (Table 9). Significant

differences existed for species and size of fish delivered by males to females for both peak

and late nesters as fewer smelt and on average, smaller fish were delivered in the post-

invasion years. The proportion of smelt delivered to chicks (by males and females) also

decreased in the 1995/96 period. The size of rainbow smelt delivered by both males and

females increased. The size of emerald shiners delivered by males increased, while size

delivered by females showed no difference. Attendance times decreased, suggesting time

spent foraging increased in 1995/96; however, individual trip times (time of a successful

foraging trip) decreased, as did the rate of kleptoparasitism in the latter two years.

On the other hand the mean volume of all eggs in three egg clutches did not change.

The overall size of fish delivered by males and females to their chicks did not change, nor

did the average size of shiner delivered by females. Finally the rate at which parents fed

their chicks on a per chick basis also did not change.
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3.4 INVESTIGATOR DIFFERENCES

Throughout the presentation and analysis, I have assumed that the data collected by

another investigator (G.P. Bumess) were comparable to those which I collected in 1995

and 1996. In this "investigator differences" study, I attempted to address three concerns

with respect to my and Bumess' data sets: 1) how much activity is missed by a single

observer?, 2) how reliable is our method of identifying fish species? and 3) how accurately

can we estimate the size of fish using the tern's upper mandible?

First, very little activity was missed during a typical observation session. In Port

Colbome 22 pairs of terns were observed and of the 36 feeds between Dave Moore and

me, I recorded 33 (91.7%) and Dave 35 (97.2%) (Table lOA). As expected, both our rates

dropped slightly when 34 pairs were observed in Windermere. In my study, I never

watched more than 20 pairs during the peak courtship feeding period, and I never watched

more than 40 in the late period when activity rates are much lower. During the chick

feeding stage I only observed up to 13 pairs so I feel confident that I recorded at least 90%

of the activity occurring.

Second, identification of fish species is clearly reliable. At Port Colbome, the

species identified by Dave and me were identical in 45 of the 47 (95.7%) cases, and at

Windermere our identifications matched in 30 of 31 (96.8%) cases (Table lOB). To ensure

that we were correctly identifying these fish and not both simply making the same errors,

we performed a controlled experiment using known species of fish. Under the controlled

experiment, where we attempted to simulate a courtship feed, D.Moore identified all 48 fish

correctly, while I correctly identified 45 of the 48. Furthermore, the three that were

misidentified were species that are rarely (if ever) observed at the Port Colbome colony.

Third, there was a difference in estimated fish sizes by two observers (Table IOC).

Paired t-tests demonstrated that at both Port Colbome and Windermere, D. Moore





Table 10 Results of Investigator Differences Study performed by Rob F. Game and
David J. Moore. Pairs of Common Terns were watched from a common
blind at two Common Tern colonies, one near Port Colbome, Ontario and
one in Windermere Basin, Ontario. Pairs were observed simultaneously for

observer differences in A) courtship feeding rates, B) identification of
species of fish delivered and C) estimation of size of fish delivered. The
controlled experiment for identifying fish species and estimation of size was
conducted outside of Brock University, Ontario.

Location Number Number
of pairs of hours

Number of feeds

Total R.Game D.Moore
(%} (%)

Port Colbome 22

Windermere 34

3.0

2.0

36

30

33
(91.7)

26
(86.7)

35

(97.2)

26
(86.7)

B

Location





estimated significantly larger fish sizes than I did. Under the controlled experiment,

however, our estimates of fish length were the same (Table IOC).

In addition, under the controlled experiment, I was in the position to compare our

estimated lengths to the actual measured lengths, converted to the nearest half bill length.

The actual size of the fish converted to bill lengths (2.10 ±0.61) was significantly larger

than my estimate of 1.96 ± 0.67 (t=-3.79, P=0.0004) and D.Moore's estimate of 1.976 ±

0.67 (t=-4.18, P=0.0001).

3.5 COMPARISONS WITH MINISTRY OF NATURAL RESOURCES
TRAWL DATA

My next objective was to compare the trends observed in Common Tern fish

deliveries with trends in fish numbers between 1990 and 96, published by the Ministry of

Natural Resources. In order to simplify the comparison, all feeding sessions were pooled

to give a general overall sample for the four years. Figure 8 summarizes the results of fish

delivered by adult Common Terns through the four years of study. Included are peak and

late courtship feeding sessions, and peak chick feeding sessions by males and females,

representing a sample size of over 50(X) individual fish delivered throughout the months of

May and June (Tables 1 and 2). The trends in the tern data suggest a decline in smelt

populations and/or an increase in shiner populations from 1990 to 1995, followed by a

subsequent increase in smelt (decrease in shiner) in 1996. All 'other' fish comprised 20%

or less or the fish delivered in any one year, and as a result only these two species were

used for comparison with trawl data. The prediction was that the two sampling techniques

should show similar patterns with respect to population size of these two fish species.

3.4.1 Rainbow Smelt {Osmerus mordax)

The closest comparative data available from the MNR comes from trawl surveys

done in Outer Long Point Bay, approximately 100 km west of Port Colbome. The number
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of fish caught in a trawl was transformed by the Ministry into a measurement called the

Geometric mean catch per trawl hour (GMCPTH; Fig.9). Smelt were also put into

categories of age based on size and other diagnostic features, with age referring to smelt

that had hatched that spring. With the exception of extremely low numbers of smelt in

1991, there was a gradual decline in smelt populations from 1989 to 1995; however, it is

important to note that even with these large declines in the numbers of smelt caught, they

still comprised over 90% of all fish caught during these trawls in any year. In order to

compare these results with my tern data, some assumptions had to be made. In contrast to

when the terns are feeding on these small bait fishes (May and June) the Ministry

performed their trawl samples throughout the months of September and October. Based on

timing of egg laying and hatching or fry, and the size of smelt delivered by terns, it was

logical to assume that the fish delivered by the terns (in May and June) must be at least one

year of age, as hatchlings in each year do not reach the necessary lengths (1 or more bill

lengths) until much later (August) in the season (Scott and Grossman 1973). I, therefore,

felt that the most obvious way to compare the cohort of smelt delivered by terns in May and

June was to compare it to the cohort of fish (Age and Age 1) caught by the MNR the

previous fall. This assumes similar rates of die-off (starvation, predation) throughout the 7

years and very little growth over the wintering months (Larry Witzel, Ministry of Natural

Resources, personal communication).

The results of adjusting for sampling period (Fig. 10) show some striking

similarities. Both data sets suggest a decline in smelt numbers from 1990 to 1995, but the

tern data in 1996 suggest an increase in the populations of smelt that was not apparent in

trawl data. As stated above, trawl data indicate major declines in smelt populations based

on the GMCPTH measure, yet they still appear to make up over 90% of bait fishes in Lake

Erie. My tern data suggest that the proportion of smelt ranged from a high of 70% to a low

of less than 20%.
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3.4.2 Emerald Shiner (Notropis atherinoides)

The closest comparative data available from the MNR again comes from trawl

surveys done in Outer Long Point Bay (Fig. 11). The number of fish caught in a trawl was

reported as the GMCPTH. However, all shiners were age or young-of-the-year (YOY).

The populations of shiners did not appear to be affected in any predictable fashion, as there

were annual fluctuations from 1989 to 1995. Note that the numbers of shiners caught still

comprised less than 5% of all fish caught during these trawls in any year. Using the same

rationale (as above) an adjustment was made in the x-axis (year) in order to compare these

results with my tern data. It was again fair to assume that the fish delivered by the terns

must be at least age 1, as hatchlings do not reach the necessary lengths (1 or more bill

lengths) until much later in the season. The results of adjusting for sampling period

(Fig. 12) again show striking similarities. Both data sets would suggest an increase in

shiner numbers from 1990 to 1991 and again in 1995, followed by a decline in the

populations of shiner. Again the differences in the percentage of shiner in trawl data (less

than 5%) and tern data (25%-65%) would most likely be due to the depth at which

sampling occurs. Nonetheless, in all four years of comparison, the Tern data and the MNR

trawl data showed similar trends with respect to annual fluctuations in the population of

emerald shiners.

3.5 THE USE OF PROPORTIONS

The use of proportions (%) may not accurately represent population 'numbers' of

shiners and smelt but rather their relative abundance with respect to one another.

Furthermore, the tern/ministry fish comparisons were essentially comparing proportions of

fish (%) delivered by terns to geometric mean number of fish caught per hour in trawl

samples. To address this concern I converted by tern data to geometric means per hour,

calculated as the number of fish (smelt and shiner separately) delivered by each bird, per
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total number of hours of observation for that bird. One important difference in this data set

is that it does not include fish delivered by males to their female partner (courtship feeding).

The previous comparisons using proportions (Figs.8-12) included all fish delivered to the

nest/scrape during courtship feeding and during chick feeding by both parents. However,

data in 1990 and 1991 were not collected in a manner that would yield accurate rates on a

per hour basis (G.P. Bumess, personal communication), and as a result I only calculated a

geometric mean for terns during the chick feeding stage. In addition I attempted to

standardize for brood sizes by calculating the geometric mean per chick hour. Chick hours

were calculated as the cumulative sum of the product of the number of hours of each

observation period and the number of chicks in that period. The trends in these values

were compared to the trends in the proportions of rainbow smelt and emerald shiners

delivered.

Trends in the rainbow smelt data are relatively consistent among the three

measurements (Fig. 13). The trend in the proportions was a decrease from 1990 to 95

followed by an increase in 1996. The values for geometric mean per hour showed the

exact same trend from 1990 to 1996. When standardized for brood size, one anomaly

occurred, as there was a slight increase from 1990 to 91 that was not observed in the

previous two comparisons.

The results for the same comparison for emerald shiner (Fig. 14) also show good

consistency. The proportion measurement showed an increase in shiner from 1990 to

1995, followed by a decline in 1996. The exact same trends from 1990 to 1996 were

observed in the values converted to a geometric mean per chickhour. One anomaly existed,

however, when not standardized for brood size as there was a slight decline from 1990 to

1991 that was not observed in the other two measurements.
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DISCUSSION

4.1 ZEBRA MUSSELS AND COMMON TERNS: PREDICTED OUTCOMES

Zebra mussels were introduced to North America as veligers in the ballast water of

a European-originated oceanliner during the summer of 1986 (Griffiths et al. 1991). The

first observation of the zebra mussel in North America was in Lake St. Clair in June 1988

(Hebert et al 1989). By September of 1991 it was found in all five Great Lakes and their

connecting waterways (O'Neill and MacNeill 1991). In Lake Erie, the zebra mussel was

first discovered in the Western Basin in July of 1988 (Leach 1993). By the summer of

1990 it had reached densities of up to 342 000 m^ in the Westem Basin of Lake Erie (Leach

1993). As the zebra mussel increased in numbers they advanced eastwardly and were

found throughout the entire lake by August of 1989 (Griffiths et al. 1991). Knapton (in

press) has monitored zebra mussel densities and occupied area (measured as percent

frequency) at Inner Long Point Bay since 1991. He believes the first reproductive

population was in 1990, after which an initial increase from 1990 to 1991 was followed by

a sharp decline in 1992 and a slight, steady and consistent decline up to 1995.

The zebra mussel has the ability to alter the pelagic-benthic energy balance of the

Lake Erie ecosystem by removing large amounts of seston and depositing it as

pseudofeces. Ultimately this will lead to a reduction in pelagic autotrophs, heterotrophs,

herbivorous zooplankton and planktivores, which include small prey fish (Claudi and

Mackie 1993). These same prey fish are essential to the survival and reproduction of

Common Terns that migrate to North America during the breeding season. Any reduction

in the abundance or availability of prey fish would lead to increased foraging effort (time)

and decreased pay-offs (fish).

Based on the assumption that the invasion of the zebra mussel to Lake Erie has had

a detrimental effect on the populations of small prey fishes, several predictions were made

with respect to Common Tern breeding biology. The predictions were (1) a change in the





proportions of fish delivered and a reduction in the size of fish dehvered by adult Common

Terns, (2) a decrease in the size (volume) of eggs, (3) a decrease in time in attendance

(increased foraging time) with the brood, (4) an increase in the time required to return to the

nest with a fish (trip time), and (5) a decrease in the rate at which chicks were fed fish by

their parents. Trends from the data presented earlier are discussed with respect to these

predictions (see Table 11) both as a year by year comparison (Figs.2-7; Tables 3-8) and as

an overall comparison of 1990/91 to 1995/96 (Table 9).

4.1.1 Fish species

Various sources indicate that the numbers of some small prey fishes in Lake Erie

have steadily declined since the late 1980'^ (Lake Erie Fisheries Report 1994, Lake Erie

Status of Stocks 1994, Lake Erie Forage Task Group Report 1996). The rainbow smelt

has received a great deal of attention due to its importance for commercial fisheries.

Although it still typically makes up over 90% of all fish caught by trawl sampling, numbers

have significantly declined over this time (Lake Erie Fisheries Report 1994, Lake Erie

Status of Stocks 1994, Lake Erie Forage Task Group Report 1996; see also Fig.9).

Although it is not possible to directly relate the decline in fish populations to the invasion of

zebra mussels, the correlation seems strong enough to at least suggest a major contribution.

With this in mind, it was predicted that the proportion of smelt fed to females during

courtship feeding would show a marked decline from 1990 to 1991 and would further

decline in 1995 and 1996. The decline in the proportions of smelt would be compensated

for by increases in 'other' fish that presently do not appear to be as affected as the smelt

such as the emerald shiner (Lake Erie Forage Task Group Report 1996).

During the course of annual breeding seasons, the proportions of fish delivered to

females differed significantly between the peak and late periods in three of the four years

(Fig.2). Based on the behaviour of the two primary prey fish used by terns in Lake Erie, it

would be expected that as the season progresses, fewer smelt would be available to the





Table 11 List of predictions associated with various aspects of Common Tem breeding

biology. Predictions are expected results in the data collected in 1995 and
1996 when compared with data collected in 1990 and 1991. Actual results are

based on Figures 2-7 and Tables 3-10.

Measure





terns. Smelt in Lake Erie, typically occupy water at about 7.2° C, but occasionally enter

water as warm as 15.6° C.for short periods (Hart and Ferguson 1966, cited in Scott and

Grossman 1973). On the other hand, shiners have been shown to enter water at

temperatures of 22-23o C (Barans and Tubb 1973, cited in Bumess 1992). As the water

warms, smelt move out to the cooler, open water where they are unattainable to the terns.

However, this decline in smelt numbers with season was observed only in 1990. In 1991

and 1995 smelt numbers actually increased from peak to late periods, while in 1996 there

was no difference. In addition, in all four years, males delivered significantly fewer smelt

to chicks than their female partners delivered to chicks (Fig.4). This was most likely due to

differences in the timing of parental contributions. Males have been shown to feed chicks

at a consistently higher rate throughout the chick rearing stage, especially during the first 3

to 4 days post hatch (Wiggins and Morris 1987). Females generally do not begin feeding

at an appreciable rate until chicks are about 5-6 days old, and gradually increase their

feeding effort over the next 10-15 days as chicks age. Thus, males do most of the feeding

when the chicks are very small and require small fish, due to gape limitations of chicks.

For this reason, the 'proportion' of fish delivered throughout the entire chick rearing stage

by males (in comparison to females) is heavily influenced by the typically smaller emerald

shiner that are delivered during the first 4 or 5 days of chick feeding.

A comparison of fish delivered from 1990 to 1996 showed that both male and female

Common Terns delivered fewer rainbow smelt from 1990 to 1995, followed by an increase

in 1996 (Figs.2 & 4). Assuming an even yearly vertical distribution of smelt throughout

the water column, the sampling of fish by the terns near the surface suggests that smelt

numbers have been declining since the invasion of the zebra mussel. In 1991

uncharacteristically warmer water temperatures may have edso attributed to the decrease in

smelt from the previous year, while uncharacteristically cooler water temperatures in 1996

may have contributed to increasing numbers of smelt in the tem diet (Appendix 16). Smelt

are more sensitive to temperature than shiners (see above), so as the water warms, smelt
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move out to the cooler, open water where they are unattainable to the terns. Cooler Lake

Erie temperatures in the summer in 1996 may have resulted in more smelt in the shallow

inshore waters, thereby making them more attainable to the terns. However, an overall

comparison (Table 9) showed that both males and females delivered significantly fewer

smelt in the period of 1995/96 than in 1990/91, which suggests that since the invasion of

the zebra mussel to Lake Erie, rainbow smelt numbers have declined considerably.

4.1.2 Fish sizes

Coupled with this shift in species of fish delivered, size of fish delivered over years

should also have changed. Emerald shiner are, on average, smaller than rainbow smelt

(Scott and Crossman 1973; Thompson 1985). Therefore, the shift to smaller shiners in

concert with the fact that age 1 smelt (yearlings) mean fork length has been decreasing

(Lake Erie Forage Task Group Report 1996) led to the prediction that there would be an

overall decrease from 1990 to 1996 in size of fish delivered to both females (courtship

feeding) and to chicks by both adults.

The trends in fish size delivered by male terns during the courtship feeding periods

(peak and late) was consistent with the trends in fish proportions. In other words, as the

proportion of the typically larger smelt delivered to females declined (and smaller shiner

increased), so did the mean size of fish delivered (Fig.3). A similar pattern was observed

in the size of fish delivered to chicks by females (Fig. 5), as the proportion of smelt

decreased and that of shiner increased the average fish size also decreased. Males,

however, showed no difference in the size of fish delivered between years (Fig.5), despite

the between year differences in the proportions of fish delivered (Fig.4). This suggests

that males may be more selective when it comes to foraging for their chicks than for their

mates. When foraging for their partners during the courtship feeding phase, males appear

to be delivering what is available, regardless of size. When it comes time to feed chicks,

however, they must be actively foraging for a particular size of fish. The apparent
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decreased availability of smelt (and increased availability of shiner) must have them

foraging for the largest shiner possible to feed their chicks in order to compensate for the

lack of the typically larger smelt.

The pooled comparisons (Table 9) demonstrate that the size of fish males deliver to

their female partners is probably dictated by what is available. However, both males and

females delivered similar sized fish in both periods despite the finding that they delivered

more shiner and less smelt. Essentially, it would appear that both parents have adequately

compensated for the decreased size and availability of smelt since the mussel invasion.

An alternate explanation is that my sampling technique using the upper mandible as a

template, was not sufficient to determine differences in fish sizes delivered by terns. A

pilot investigator differences study demonstrated significant differences between myself

and David Moore (Table IOC). While not possible during the course of my study, I would

have liked to perform an additional investigator differences study with G.P Bumess, as it

was his data set with which I was making direct comparisons.

4.1.3 Egg volumes

The importance of variation in food supply and subsequent egg size, remains unclear

in the literature. Pehrsson (1991) found that mallards laid larger eggs under favorable food

conditions (captivity) than wild mallards, while Monaghan et al. (1989, cited in

Montevecchi 1993a) found no relationship between food variation and egg size in Arctic

Terns. The assumptions in this study are that Common Terns are sensitive to changes in

food availability, and that since the invasion of the zebra mussel, the availability of prey

fishes has diminished. This ultimately should lead to a decrease in the size of eggs laid by

females Common Tems.

No differences were found with respect to volume of eggs laid, with the one

exception of a significant decline from 1995 to 1996 of C-eggs (Table 4). This is probably

best explained as year-to-year variation resulting in usually large C-eggs in 1995 and





unusually small C-eggs in 1996. When comparing the two periods of 1990/91 and

1995/96 no differences existed in the size of any of the three eggs (Table 9). However,

genetic constraints, female age, courtship feeding and laying date (reviewed in Montevecchi

1993a) have also been shown to influence egg size. As a result a better comparison may

have been one comparing the number of two egg and three egg clutches over these years as

clutch size has been shown to correlate with food supply in mallards (Pehrsson 1991).

Such a comparison was not possible, as data of this sort have never been collected at this

colony.

4.1.4 Attendance times

Brood attendance was used as an indirect measure of foraging time. The

assumption is that when the birds are not in attendance at the nest site, they are foraging for

themselves and their chicks. If the populations of prey fishes are declining, they should

become more difficult to attain. From a tern's perspective, this should translate into more

time foraging and less time in attendance with the brood. It was predicted, therefore, that if

the feeding activity of zebra mussels had reduced the populations of available prey fishes,

attendance time of Common Tems with their brood would decrease from 1990 to 1996.

Since males and females have been shown to exhibit distinct differences with respect

to parental contributions during a breeding bout (Wiggins 1985; Wiggins and Morris

1987), it came as no surprise that females spent more time in attendance and consequently

less time foraging than did males (Table 6). While no apparent trends were observed for

either males or females in a year by year comparison (Table 6), the combined years of

1990/91 revealed attendance patterns different from those of 1995/96; both males and

females spent significantly less time in attendance in 1995/96 than in 1990/91 (Table 9).

However, any interpretation of this result must be done with caution, as it fails to consider

brood size. It would stand to reason that a pair of tems foraging for three chicks would

have to forage more than a pair that only has one chick. As was the case, brood sizes were
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significantly larger in 1995/96 than in 1990/91 (Appendix 4) which could sufficiently

explain why less time was spent at the nest site.

4.1.5 Trip times

The use of trip times was a more direct approach at measuring foraging time. One

confounding variable is that not enough is known about these foraging trips. Individual

birds may be foraging for themselves or foraging for their chicks. A shorter trip may

suggest foraging for chicks, whereas a longer trip may suggest that the bird was foraging

for itself prior to returning with a fish for its chick(s). Despite these obvious concerns, I

felt successful foraging trip time would be a good measure, as I was comparing across

years and assumed similar variation throughout each of the four years. The prediction was

that trip times would increase each year from 1990 to 1996 as fish become more difficult to

attain.

Although some significant differences existed between years (Table 7), there were no

obvious patterns. The longest and shortest trip time were observed in the two middle years

(1991 and 1995 respectively) of the study. Nonetheless, the gross comparison revealed a

significant difference between the two periods. The mean trip time in 1995/96 was

significantly shorter than in 1990/91 (Table 9). While this might suggest that there were

more fish available in 1995 and 1996, an alternate explanation would be that fish were

simply easier to obtain in the latter two years regardless of their numbers. This could be

directly attributed to the increase clarity in Lake Erie due to the filtering effect of the zebra

mussel.

4.1.6 Feeding frequency

The prediction relating to feeding frequency was that the feeding frequency, on a

per chick basis, should decrease from 1990 to 1996. The rationale was simply that as fish

become more difficult to find, the rate at which chicks were fed should decrease, assuming





similar reproductive effort among years. As was the case with attendance time with the

brood, males and females differed significantly in the rate at which they fed their chicks

(Table 7). When standardized for brood size, males fed their chicks at the same rate in all

four years. Females, however, fed their chicks less in 1990 and 1995 than in 1991 and

1996 for reasons that are not obvious other than illustrating the fact that this system does

show typical year-to-year variation. Ignoring these differences and pooling years showed

that on a more gross scale, males and females fed their broods at a rate consistent with the

number of chicks (Table 9). It appears the terns simply respond to the presence of fewer

chicks by foraging less. The addition of chick growth rates and/or fledging mass may have

better indicated if the terns are under any sort of food stress coinciding with the mussel

invasion.

4.1.7 Kleptoparasitism rates

Intraspecific kleptoparasitism has been reported in several species of gulls and terns

(Hackl and Burger 1988, Hatch 1975, Dunn 1973). Several factors appear important, such

as age of host and pirate, and size of food item (Verbeek 1977 a, b, Dunn 1973). A broad

generalization is that the incidence of kleptoparasitism is greatest under conditions of high

nest density and low food availability (reviewed in Brockmann and Barnard 1979). As

density of individuals increases, so does the chance of finding a host (Dunn 1973). In

years of low food availability, the cost of foraging increases to a point where it may be

greater than the costs of sitting near the nest and attempting to steal fish from other birds.

With this in mind, it was predicted that the incidence of kleptoparasitism would

increase from 1990 to 1996. On May 7, 1990 there were approximately 718 clutches at

this colony, as compared to 956 on 24 May, 1996 (R.D. Morris, unpubhshed data). Since

the size of the colony at Port Colbome has remained relatively stable throughout this

period, the density should have also remained relatively constant. Therefore, if food

availability has declined since the introduction of zebra mussels, the cost of obtaining a new





food item would increase, and the incidence (as well as number of attempts) of

kleptoparasitism would increase.

The rates of kleptoparasitism showed no year-to-year pattern. The rate increased to

a high in 1991, followed by decreases in 1995 and 1996 (Table 8). A more gross

comparison suggests that rates actually decreased in the latter period of 1995/96 (Table 9).

This rather crude comparison, however, does lack another important measurable value, that

being number of attempts. Without knowing how many attempts were made, it is difficult

to assess the costs and benefits of kleptoparasitism. It may be that fish were easier to

obtain, fewer attempts were made and fewer were successful. On the other hand, if fish

were more difficult and very costly to obtain, the number of attempts could have increased

significantly; however, the host may invest more in retaining the food item.

4.2 THE USE OF COMMON TERNS TO SAMPLE FISH ABUNDANCE

Despite no detrimental effects on Common Tern breeding biology since the

introduction of the zebra mussel, there have been considerable changes in the populations

of fish in Lake Erie. This is evident in trawl samples performed within Lake Erie. Since

the Common Tern relies primarily on the fish of Lake Erie, one of the objectives of my

work was to determine if they may provide an additional index for sampling fish

populations. Data were manipulated to provide three separate measures of fish abundance

(from a Tern's perspective) and are discussed below.

The important difference between the trawl sampling and the tern sampling

techniques would be the depth of sampling. The Ministry trawls are typically down at a

depth of 6-10 m, whereas the tems are only able to sample (capture) fish near the surface of

the water. Since these fishes do inhabit different depths of the water colunm and migrate

up or down in response to several environmental cues (Scott and Crossman 1973), I

believe it safe to assume that a decline in numbers of fish near the surface (tern sampling)

would suggest a decline throughout the entire water column. The purpose of the sampling





techniques is not necessarily to determine absolute numbers of fish, but rather annual

fluctuations in their numbers. Sampling at the surface should show these patterns,

although it may overestimate the actual population of shiners. By the same rationale,

sampling at depths of 6-10 m should also indicate annual fluctuations, yet it would appear

to be biased for smelt (or against shiners). These comparison were simply to demonstrate

whether the two sampling methods would in fact show similar trends.

Essentially, there is remarkable consistency between the Ministry trawl data and the

Common Tern capture data. Regardless of whether the tern data are displayed as

proportions or converted into a measure based on foraging effort (time), these two totally

different sampling techniques are displaying very similar trends. The terns, and their

plunge diving, should be used to complement fisheries data, as they provide a natural

measure of pelagic fish availability in the shallow inshore waters that are often missed by

traditional sampling techniques.





SUMMARY AND CONCLUSIONS

The objective of this study was to determine what (if any) indirect effects the

invasion of the zebra mussel had on the Conmion Tern and its food base. Theory predicts

that zebra mussels should shift the Lake Erie aquatic ecosystem from a pelagic driven to a

benthic driven system. Ultimately this should lead to a reduction in pelagic organisms

including small prey fish that the Common Terns rely on for survival and for the survival

of their offspring.

From a Conmion Terns' perspective, zebra mussels have had negligible effects on

the aquatic ecosystem of Lake Erie since their invasion. As many different reproductive

measures as possible (based on available data) were used in a comparison of the period of

1990/91 when zebra mussels began their invasion, to the period of 1995/96 where they

have become an established part of the aquatic community. Egg sizes did not differ

throughout the four years, suggesting females were not nutritionally stressed by an

assumed reduction in the availability of food (fish). A more sensitive measure may have

been comparing clutch sizes, but this would have to occur over the entire colony and not

just in our designated 'peak' clutch study areas.

During the chick rearing period, terns spent less time at the nest (more time

foraging) in the latter two years. However, they also had significantly larger broods and

fledged more offspring. The time of each individual foraging trip decreased, suggesting

that fish were easier to obtain in 1995 and 1996. This suggests that the terns may be

having an easier time locating fish, which may be due in part to the increased water clarity

attributed to zebra mussel filtration. In addition, feeding rates to chicks did not change for

males or females, again suggesting that food was not a limiting resource. Kleptoparasitism

rates decreased, suggesting that the costs of foraging (time, energy) decreased as fewer

birds adopted this strategy to compensate for what I assumed to be a lack of available food

(fish). An alternate explanation is that in times of food shortage, the host would invest

more energy into retaining the food item regardless of the frequency of attempts.





The only significant difference between the periods of 1990/91 and 1995/96 was a

change in diet. Tems delivered significantly fewer rainbow smelt (and more emerald

shiner) in 1995/96; however, the average size of fish delivered to chicks by both parents

did not change, suggesting that the decrease in the availability of smelt was adequately

compensated for by delivering similar sized shiners.

There is no reason to believe that the invasion of the zebra mussel to Lake Erie has

had any negative impact on the Common Tems. The tems at Port Colbome realized

exceptional fledging success rates during the summers of 1995 and 1996 (Table 5). The

loss of chicks in my study brood was often due to predation by gulls, chicks wandering

from their nest and becoming lost or, as was the case in 1996, someone or something

scattering chicks into the water. I rarely found dead chicks in or around their nest which

suggests little starvation. As long as the Brock Seabird Group continue to monitor this

colony, rehabilitate the tern substrate, prevent Ring-billed Gulls from excluding the tems

and eliminate/minimize mammalian and avian predators, the tems have shown that they can

find the necessary food to survive and raise young and will continue to use this colony.
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APPENDICES

Appendix 1 Chi-Square statistical values for pair-wise comparisons between years for

species of fish delivered by males to females during peak and late periods

in the years 1990, 1991, 1995 and 1996. All tests are 3X2 (df=2)

contingency Chi-squares.

Period Years X^

Peak 90/91 445.25 0.001

90/95 574.55 0.001

90/96 155.78 0.001

91/95 193.45 0.001

91/96 110.53 0.001

95/96 120.20 0.001

Late 90/91 2.54 NS
90/95 141.12 0.001

90/96 13.80 0.005

91/95 93.65 0.001

91/96 31.34 0.001

95/96 23.12 0.001





Appendix 2 Tukey-type non-parametric multiple comparison statistical values for pair-

wise comparisons between years for size of fish delivered by males to

females during peak and late periods in the years 1990, 1991, 1995 and
1996. Analysis performed according to Siegel and Castellan (1988),with a

total sample size (N) of 1352 for peak and 1051 for late.





Appendix 3 Tukey-type non-parametric multiple comparison statistical values for pair-

wise comparisons between years for volume of C-egg, during peak periods

in the years 1990, 1991, 1995 and 1996. Analysis performed according to

Siegel and Castellan (1988),with a total sample size (N) of 97.





Appendix 4 Brood sizes (mean ± ISD) of peak nesting study pairs for 1990, 91 and
1995, 96.

Year Chick Age

Day 2 Day 10 Day 20

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

1991^ 1.43 ± 0.53, N=7 1.22 ± 0.44, N=7 1.22 ± 0.44, N=7

1995 3.00 ± 0.00, N=12 2.75 ± 0.45, N=12 2.75 ± 0.45, N=12

1996 2.92 ± 0.28, N=13 2.69 ± 0.48, N=13 1.85 ± 0.80, N=13

reproduced from Bumess (1992)





Appendix 5 Tukey-type non-parametric multiple comparison statistical values for pair-

wise comparisons between years for brood attendance by males and
females during peak chick rearing in the years 1990, 1991, 1995 and
1996. Analysis performed according to Siegel and Castellan (1988),with

a total sample sizes (N) of 728 for males and females.





Appendix 6 Tukey-type non-parametric multiple comparison statistical values for pair-

wise comparisons between years for length of time to deliver a fish by
males during peak chick rearing in the years 1990, 1991, 1995 and 1996.

Analysis performed according to Siegel and Castellan (1988),with a total

sample sizes (N) of 1473.





Appendix 7 Tukey-type non-parametric multiple comparison statistical values for pair-

wise comparisons between years for chick feeding rates by males and
females during peak chick rearing in the years 1990, 1991, 1995 and 1996.

Analysis performed according to Siegel and Castellan (1988),with a total

sample sizes (N) of 728 for males and females.





Appendix 8 Chi-Square statistical values for inter-sex comparisons of species of fish

delivered during peak chick feeding in the years 1990, 1991, 1995 and

1996. All tests are 3X2 (df=2) contingency Chi-squares.

Year X^ P

1990 20.81 0.001

1991 36.85 0.001

1995 79.80 0.001

1996 139.65 0.001





Appendix 9 Chi-Square statistical values for pair-wise comparisons between years for

species of fish delivered by males and females during peak chick feeding

in the years 1990, 1991, 1995 and 1996. All tests are 3X2 (df=2)

contingency Chi-squares.

Sex Years X^

Male 90/91 24.60 0.001

90/95 363.05 0.001

90/96 128.93 0.001

91/95 103.11 0.001

91/96 54.92 0.001

95/96 108.41 0.001

Female 90/91 3.39 NS
90/95 99.95 0.001

90/96 20.69 0.001

91/95 97.96 0.001

91/96 38.30 0.001

95/96 142.51 0.001





Appendix 10 Mann-Whitney U statistical values for inter-sex comparisons of size of
fish delivered by males and females during peak chick feeding in the years

1990, 1991, 1995 and 1996.

Year U ni nz

1990





Appendix 11 Tukey-type non-parametric multiple comparison statistical values for pair-

wise comparisons between years for size of fish delivered by males and
females during peak chick feeding in the years 1990, 1991, 1995 and
1996. Analysis performed according to Siegel and Castellan (1988),with

a total sample sizes (N) of 2659 for males and 1483 for females.





Appendix 12 Mann-Whitney U statistical values for inter-sex comparisons of size of
rainbow smelt delivered by males and females during peak chick feeding

in the years 1990, 1991, 1995 and 1996.

Year U ni ni

1990





Appendix 13 Tukey-type non-parametric multiple comparison statistical values for pair-

wise comparisons between years for size of rainbow smelt delivered by
males and females during peak chick feeding in the years 1990, 1991,
1995 and 1996. Analysis performed according to Siegel and Castellan

(1988),with a total sample sizes (N) of 858 for males and 808 for

females.





Appendix 14 Mann-Whitney U statistical values for inter-sex comparisons of size of
emerald shiner delivered by males and females during peak chick feeding

in the years 1990, 1991, 1995 and 1996.

Year U n\ n2

1990





Appendix 15 Tukey-type non-parametric multiple comparison statistical values for pair-

wise comparisons between years for size of emerald shiner delivered by
males and females during peak chick feeding in the years 1990, 1991,
1995 and 1996. Analysis performed according to Siegel and Castellan

(1988),with a total sample sizes (N) of 1379 for males and 542 for

females.





Appendix 16 Lake Erie water temperatures for 1990, 1991, 1995 and 1996, courtesy of
the National Weather Service, Buffalo, New York. Daily temperatures
were obtained offshore in Buffalo Harbour at a depth of approximately 7

m. Reported are means ( ± 1 SD) based on daily temperatures for the

months of May and June.

Month(s)
Year

1990 1991 1995 1996

May 10.1 ± 1.20 C 11.8±3.7oC 9.3±2.1oC 7.1±3.8oC

June 16.1 ± 2.60 C 19.5±l.loC 17.0 ±2.7^0 16.0±2.6oC

May&June 13.0±3.6oC 15.6±4.8oC 13.1±4.6oC 11.4±5.5oC












