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Chapter 1
General Introduction

1.1 Rationale

Host-parasite i ions are diverse and wi ( ild and Clay, 1957)
but relatively little is known on how these interactions operate (Loye and Zuk, 1991;
Clayton and Moore, 1997). Selected avian models have been investigated to illustrate host-
parasite interactions and parasites have been shown to affect everything from behaviour and
ecology to physiology and reproduction of their avian hosts (Clayton and Moore, 1997).
Seabirds form a relatively small avian group (less than 2% of extant bird species; Gaston
and Jones, 1998) with a wide range of parasites living in association with them. Although
an enormous body of literature has been amassed on seabird life-cycles, behaviour,
ecology and physiology (e.g., see review of the family Alcidae; Gaston and Jones, 1998),
very few studies document the intricacies of host-parasite interactions in this avian group.

A clear ing of the ity-level i ions of parasites is necessary in order
to elucidate an individual host-parasite relationship (Holmes and Price, 1986). The
elucidation of parasite communities also provides a better understanding of the ecology and
distribution of their seabird hosts (Hoberg, 1986).

Ectoparasites of birds are very diverse but they generally represent two major
groups: the insects (Insecta) and the ticks and mites (Acari) (Dogiel, 1964). In seabirds,
ectoparasites have been shown to cause everything from minor irritation and disease
transmission to nest-desertion and death of both adults and chicks (Eveleigh, 1974;
Eveleigh and Threlfall, 1975; Eveleigh and Threlfall, 1976; Fitzpatrick and Threlfall, 1977;
Choe and Kim, 1987; Morbey, 1996; Wanless et al., 1997; Duffy, 1983; Duffy, 1991;
Gautheir-Clerc et al., 1998; etal., 1999). large numbers of




ectoparasites continue to live with their hosts in many cases, without apparent harm to their
seabird hosts (Choe and Kim, 1987). I undertook my study to provide a better

of ity structure using four auks and their ectoparasites
as a model, and to attempt to derive some general principles that might be responsible for
the persistence of ectoparasites on their seabird hosts.

1.2 Quantification of Patterms

Host-parasite systems can be studied by measuring and analyzing aggregation
patterns, which are characteristic of the vast majority of host-parasite systems (Taylor,
1961; Crofton, 1971; Anderson et al., 1982; Poulin, 1998). Aggregation refers to the non-
random distribution of parasites within a host population, in which small numbers of hosts
harbour many parasites while the majority of hosts harbour few or no parasites. The
ubiquity of aggregation patterns irnplies that similar processes in different biological
systems may be responsible for generating these patterns (Poulin, 1998). One such
process in nature is group living which has been shown to decrease parasitic aggregation

patterns by i ing contact ission of ites (Rozsa et al., 1996).

Other quantitative measures, such as prevalence (the percentage of hosts in a given
population that are infested by a parasite species), mean intensity (the mean number of
parasites per infested host within a host population) and relative abundance (the mean
number of parasites per host in a given population), can also provide information on the
nature of the parasite communities (Margolis et al., 1982; Bush et al., 1997). Clear
generalizations on how these variables change in parasitic communities are not available.
Group-living seems to increase contact transmission, which in turn changes measures of
parasite abundance ( Poulin, 19915 Rozsa et al., 1996; Rekasi et al., 1997). However,
some studies indicate that group-living might not necessarily affect parasitic abundance and
factors such as host migration may influence distribution patterns (Poiani, 1992).



The analysis of species richness (the total number of species in an assemblage of
species) has been shown to serve as an important means of assessing the structure of
parasitic communities (Simberloff and Moore, 1997; Poulin, 1996, 1997, 1998). Species-
richness alone, however, is insufficient in providing a complete picture of the community
and analyses of patterns in richness and abundance is often useful. More recently, a pattern
referred to as nestedness or nested subset structure has been utililzed extensively in order to

investigate community structure (Patterson and Atmar, 1986; Cook, 1995; Worthen, 1996;

Poulin, 1998). A ity or forming dom subsets of
more species-rich communities is said to be nested (Patterson and Atmar, 1986). The
nested subset pattern predicts that species-poor or depauperate communities would form
distinct subsets of i richer ities of i in
ectoparasites of birds has never been investigated before although the potential importance
of nestedness is recognized (Worthen, 1996).

1.3 Hosts

Many seabird species (e.g. the auks, family Alcidae) breed in large colonies during
summer, making them ideal candidates for ecological studies (Gaston and Jones, 1998).
Such seabird colonies are also ideal habitat for ectoparasites searching for a new host and

many ectoparasitic species have become highly specialized in izing their life-cy
with their hosts’ (Eveleigh and Threlfall, 1975). Most of the 23 species of auks breed on
off-shore islands, some being extremely remote (Gaston and Jones, 1998). Island
colonies keep individual auks relatively safe from terrestrial predators as well as close to
their marine food sources. Ground-dwelling ectoparasites, such as ticks, take advantage of
this seasonal abundance of hosts by climbing on hosts to get blood meals (Eveleigh and
Threlfall, 1975). The ectoparasites that live on the feathers (e.g. feather lice) also take this
opportunity to search for and colonize suitable hosts to breed on (Eveleigh and Threlfall,



1976). How do such communities form and what factors shape them? The study of
ectoparasitic communities in relation to the aggregation of auks could reveal patterns of
i that help in the mait f these complex associations.

1.4 Thesis Layout
My thesis is presented in five chapters. The present chapter has summarized the
rationale and ing the objectives of the study and introduces the

major group to which the host species in my study belong. Chapters 2,3 and 4 are

d.

presented in the format of papers to be sent for ication in i it pee:
scientific journals. The quantifications and statistical analyses are different in each chapter
and references are made to other chapters wherever appropriate. Chapter 5 summarizes the
findings of Chapters 2, 3 and 4 in a more generalized form with suggestions for possible

future research.



Chapter 2
The diversity of ectoparasites of four auks (Alcidae) at the
Gannet Islands, Labrador

Abstract

Ectoparasites were collected using an improved dust-ruffling technique from 108
adult auks representing four species: Atlantic Puffin, Fratercula arctica; Razorbill, Alca
torda; Thick-billed Murre, Uria lomvia; and Common Murre, Uria aalge. The technique
involved applying a pyrethrin-based pesticide on captive hosts inside a specially designed
bucket. The technique was harmless to the hosts and provided quantitative estimates of
ectoparasites. A total of 28 different taxa were recorded belonging to the class Insecta
(insects) and the subclass Acari (ticks and mites). Most taxa previously recorded from

these hosts were represented. The three louse (Mallophaga) genera recorded were

A o 2ps and ia. Ixodes uriae ticks (Parasitiformes)

and feather mites of the genus Alloptes (Acariformes) were also recorded from all the auk

host species. Phoretic organisms - oribatid mites (. i ingtails (C
and thrips (Thysanoptera) were collected. Feather mites of the genus Alloptes were
numerically the most abundant ectoparasitic group, with numbers reaching as high as 538
inidviduals on one Atlantic Puffin. Razorbills and Puffins generally harboured the most
feather mites, with means of 35.7 and 39.3 individuals/bird respectively. All other
ectoparasite groups occurred in much lower numbers, no single group approaching means
higher than 10/bird.

Chicks of Atlantic Puffins, Razorbills and Common Murres (N=68) were also
sampled for i Most groups in the adults were also found on the




chicks. Feather mites were extremely rare and were collected from a few chicks only. The
three louse genera and the Oribatida occcured in large numbers on the chicks. The most
dominant ectoparasitic group on Common Murre chicks was the lice. Oribatid mites
represented the most dominant group on Atlantic Puffin and Razorbill chicks. The
presence of the different taxa on the auks and their chicks are compared to existing literature

and potential relationships of uncertain and phoretic taxa are discussed.



2.1 Introduction
Diversity and the lack of data
Parasites form a very important part of the lives of their hosts (Rothschild and Clay,

1957). relative to their diversity, very little information is

available on the intricate life cycles of the multitude of parasites that live in or on wild
animals (Loye and Zuk, 1991; Clayton and Moore, 1997). What little is known tends to
concern conspicuous organisms that are readily captured and isolated from their hosts. Less
evident parasitic organisms, whether internal or external, are usually overlooked, and their
complex interactions and potential influence on host life cycles are largely ignored.
Seabirds belonging to the family Alcidae are no exception to this general rule.
‘Whereas an enormous body of literature has been amassed on their life cycles, behaviour,
ecology and physiology (Gaston and Jones, 1998), few studies have documented the
incidence of parasites (Eveleigh, 1974; Eveleigh and Threlfall, 1976; Fitzpatrick and
Threlfall, 1977; Choe and Kim, 1987) and the extent to which some of these parasites
influence the lives of their seabird hosts (Morbey, 1996; Wanless et al., 1997).
Ectoparasites have been shown to cause nest desertion (Duffy, 1983; Duffy, 1991) and
chick mortality in a range of seabirds (Gautheir-Clerc et al., 1998; Bergstrom et al., 1999)
but, aside from these few studies, data on the response of seabirds to parasitic infestations

is virtually non-existent.

Hosts

In this study, I i i the range of ites living in iation with four

colonial seabird species: Atlantic Puffin, Fratercula arctica; Razorbill, Alca torda; Thick-
billed Murre, Uria lomvia; and Common Murre, Uria aalge. 1 selected these four related

host species (belonging to the family of Auks: Alcidae) because they are locally abundant in



Atlantic Canada and vary considerably in breeding habitat selection and in levels of
aggregation at their breeding colonies (Gaston and Jones, 1998). This presented me with
the possibility of exploring a wide range of questi relating to host-par;

(See Chapters 3 and 4). These alcid species breed on small islands of the Atlantic coast
(Lock et al., 1994; Gaston and Jones, 1998).

Atlantic Puffins nest in burrows (varying in length from 70 to 110 cm) on grassy
slopes (Harris, 1984; Gaston and Jones, 1998). Densities of 3 burrows/m? are typical
although the average number of occupied burrows range from 0.4-0.6 burrows/ m?
(Harris, 1984) Each burrow is occupied by only one pair of Puffins and hence direct
contact between individuals (other than mates) in a colony normally occurs outside of the
nest. The population estimate for Atlantic Canada is about 350 000 pairs (Nettleship and
Evans, 1985; Gaston and Jones, 1998).

Razorbills nest on crevices among boulders and on cliff-edges (Cramp et al., 1985;
Gaston and Jones, 1998) and breeding sites are separated by at least 10 cm, but typically
by more than 30 cm, with densities reaching 4 pairs/m* (Cramp et al., 1985). In some
populations, many nest sites are located 10m or more from the nearest neighbour (Lloyd et
al., 1991). Estimates on the world population range from 500 000 - 700 000 pairs (Lloyd
etal., 1991) out of which only about 4% breed in Eastern Canada (Gardarsson, 1985).
‘The largest Razorbill colony on the east coast of North America is located in the Gannet
Islands, Labrador (Birkhead and Nettleship, 1982).

Thick-billed and particularly Common Murres nest in the densest aggregations of
any auk species (Gaston and Nettleship, 1981; Nettleship and Birkhead, 1985; Gaston and
Jones, 1998). Thick-billed Murres nest in dense clumps and their nesting sites are typically
located on narrow ledges (as little as 10 cm wide) along steep cliffs directly adjacent to the
sea (Gaston and Nettleship, 1981; Gaston et al., 1985) with individuals usually remaining



in contact with up to two neighbours from the sides on their nesting sites (Birkhead et al.,
1985). Densities vary between 1 and 37 pairs/m? (Cramp et al., 1985).

‘Common Murres typically nest on broad, flat, rocky outcrops on headlands and
offshore islands (Nettleship and Birkhead, 1985; Gaston and Jones, 1998). Birds clump
next to one another with about a third of the birds being in physical contact with neighbors
(Birkhead et al., 1985), with mean densities of 20 breeding pairs/m?, although densities as
high as 70 pairs/m? have been recorded (Cramp et al., 1985; Nettleship and Birkhead,
1985). This may perhaps be the densest nesting aggregations of any bird in the world
(Nettleship and Birkhead, 1985) with breeding colonies being the largest among all the
Atlantic auk species (e.g. 500 000 breeding pairs in Funk Island, Newfoundland;
Nettleship and Evans, 1985).

Parasites

Parasitism has been variously defined in the literature (Baer, 1952; Dogiel, 1964;
Cheng, 1986; Schmidt and Roberts, 1989) but the original concept defines a relationship in
‘which one organism, the host, is used both as a habitat and for nourishment by a second
organism (Dogiel, 1964). This leads to a lot of confusion when dealing with organisms
that fall i ies of iosis other than itism, like phoresis iation in

which an organism is or carried i by another

commensalism and mutualism. Cheng (1986) suggested that phoresis leads to

through to parasitism and ism and that organisms showing
phases between tv ies reflect i 'y history. Others regard
as a biological and not a ic entity (e.g. Dogiel, 1964) and suggest that

parasites be treated with the same significance as terrestrial or aquatic animals in their

ecosystems. Parasitologists largely agree that it it i ical or



i istics that might distinguish parasites, in general, from non-parasites
do not exist (Brooks and McLennan, 1993). The controversy associated with the general
definition of a parasite i anda is yet to be reached (Zelmer, 1998)

In this study, most arthropods living on seabird hosts, whether as temporary or
permanent residents, are referred to as parasites or ectoparasites, although some of the taxa
recorded may actually represent groups that are commensal or mutualistic. In most cases,
whether or not they actually feed on the host or reduce host fitness has not been
documented (Eveleigh, 1974). I attemprt to differentiate phoretic organisms from the other
symbionts because their numbers were generally low and the taxonomic groups to which
they belonged generally include widely ing, soil-dwelling

Sampling technique
Part of the difficulty associated with quantifyi i ities lies in the

shortcomings of the available sampling techniques (Eveleigh and Threlfall, 1974; Choe and
Kim, 1987). A variety of techniques have been in use, all of which have their own series of

and . ing parasites from the hosts’ feathers can be difficult or
impossible in some cases. For example, Ixodid ticks secrete cement around their mouth-
parts while feeding, which prevents them from being dislodged (Arthur, 1970;
Sonenshine, 1991). Mechanical removal might result in the hypostome (mouth-part
associated with suction) being retained in the host's skin, causing an intense localized
reaction at the site of attachment (Eveleigh, 1974). Wheeler and Threlfall (1986)

the ication of an ic to the skin surface of birds to remove

ectoparasites. However, this method would not dislodge Ixodid ticks if the feeding
process had already been initiated (Sonenshine, 1991). Furthermore, these, and a variety

of other technique limitations were likely to cause unrepresentative sampling of different



seabird parasite taxa. In my study, I was limited to techniques harmless to the host species
because I was working on a Provincial Ecological Reserve where killing birds was
prohibited. Dead birds can be useful for documenting ectoparasite fauna and earlier studies
have relied on euthanizing wild birds (e.g. Eveleigh and Threlfall, 1976; Fitzpatrick and
Threlfall, 1977). However, extremely small nymphal stages of mites are difficult to see,
even under a stereoscope, and these are typically under-represented in the samples when
using Eveleigh and Threlfall’s (1976) method. Choe and Kim (1987) probably used the
‘most accurate technique to collect ectoparasites. They separated whole bird skins, cut
them into small pieces and boiled them in Potassium Hydroxide for several hours. This
dissolved the feathers and the skin, but left the exoskeletons of the ectoparasites intact
allowing enumeration and identification. The invasive nature and the extended time period
required for this protocol, made its use unsuitable for my study.

In summary, the objectives of this chapter are:
1) to summarize the protocol of my improved seabird ectoparasite sampling technique,
2) to provide a review of the ectoparasites living in association with four Atlantic auk
species - Atlantic Puffins, Razorbills, Thick-billed Murres and Common Murres, at the
Gannet Islands, Labrador.
3) to compare the occurrence of each ectoparasite taxon recorded to the existing literature on
alcid ectoparasites and

4) to investigate the nature of the ioti iations of the ites recorded with

their respective hosts (i.e., parasitic, mutualistic, commensal or phoretic).

11



2.2 Materials and Methods
2.2.1 Study Area

My study was conducted at the Gannet Islands, which consists of a group of small
islands about 29 km off the coast of southern Labrador (54°00'N, 56°30'W; Fig. 2.2.1).
A cluster of 6 islands are referred to individually as Gannet Clusters 1 through 6 (GC1-6).
Five islands (GC1-5) are located within S500m of one another, with GCS, the largest of the
cluster located 1.5 km west of the GC1. In addition to the cluster there are Outer Gannet
(54°00'N, 56°32'W) lying 5 km to the north of GC2 and two small outlying rocks, called
East Gannet Rock and West Gannet Rock, which lie 4 km southeast of the Gannet
Clusters.

The Gannet Islands are situated 29 km northeast of Packs Harbor on the south
Labrador coast. The islands are low lying , reaching a maximum height of 66 m above sea
level. They are primarily of ic rock, and are mostly covered by
dwarf heath shrub vegetation. Highest seabird densities occur during the summer breeding

season on GC1-4 and Outer Gannet. Table 2.1.1 provides a summary of the breeding
populations of the four auk species at the Gannet Islands (Lock et al., 1994).

2.2.2 Materials and Methods

Seabird adults and chicks were captured from GC2 and GC4 between July 12 and
August S, 1998. A total of 176 birds belonging to four species were captured by a variety
of methods (Table 2.2.1). Most adult Atlantic Puffins, Razorbills, and Common Murres
and some Thick-billed Murres were “fleyged” using a large dip net with a circular frame
(about 70cm across) swept in the flight path of birds. A noose pole (with a single nylon
noose) was used to catch most of the adult Thick-billed Murres from cliff edges. Adult
Razorbills were captured using a Noose Carpet (a rectangular galvanized chicken-wire



screen with nylon nooses attached) set on a rock where Razorbills

had been previously seen to loaf.
T also captured chicks of Puffins, Razorbills and Common Murres. Thick-billed
Murre chicks were not captured because of the inaccessibility of their nest sites and the
danger of losing chicks and field assistants during capture efforts. Puffin chicks were
captured by grubbing, which involved reaching into burrows and pulling out chicks by
hand. Razorbill chicks were captured from their nesting sites at accessible crevices. A
blunt wire hook was used to capture some Razorbill chicks from their crevices. Common
Murre chicks were captured from two sites that were relatively sparsely occupied and thus

could be approached without causing excessive panic among the breeding adults.

After capture, i were recorded, ing which the birds
were individually marked using stainless steel US Fish and Wildlife Service bands.
Ectoparasites were sampled from adults and chicks using a ‘delouser” plastic bucket (height
40 cm,diameter 30 cm; Fig. 2.2.2), specifically designed for this purpose. The delouser
was equipped with a wire mesh platform, upon which the host stood, to act as a sieve, and
a plastic tupperware container at the bottom to collect ectoparasites that fell from the captive
host. Each bird was dust-ruffled (modified from Clayton and Moore, 1997) with a
commercial cat flea powder (Brand name: Quick2kill-Hagen) and placed in the delouser
(with the porous lid on) for 10 minutes. The flea powder used was a combination of
Carbaryl, Pyrethrin and Piperonylbutoxide - which is widely used because it breaks down
rapidly in the environment and is generally harmless to vertebrates (Casidia and Quistad,
1995; Clayton and Walther, 1997). Parasites falling off the bird went through the sieve
and were collected in the container at the bottom. After the bird was released (or returned to
its nesting site or burrow, in the case of chicks), all the contents of the container were
placed into a labeled plastic bag and preserved in 70% ethanol. The collected parasites

were later sorted under a di i i in the identified and




enumerated. Identifications were based on the following references: Timmermann (1954,
1957, 1963), Clay(1959), Emerson (1972), Balogh (1972), Eveleigh and Threlfall (1974),
Krantz (1978), Keirans and Clifford (1978), Marshall (1981), Holland (1984), Emerson
and Price (1985), Wheeler and Threlfall (1989), Stehr (1991), Gaud and Atyeo (1996).
The sex of the specimens was also determined whenever possible. Large quantities of
feces generally left behind in the delouser by the treated subjects made the sorting process
in the laboratory time-consuming, mean sorting time being 4 hours per sample.

2.3 Results

A total of 28 different taxa of ectoparasites were found to be living in association
with the four species of auks. Some of these taxa were known parasites, while othcs lived
on the host for their entire lives although whether or not they were parasites was uncertain.

A i ion of the collected were soil dwellers and were assumed

to be phoretic. In this section I have presented semi-quantitative information on all the
ectoparasitic taxa collected.

In general, ectoparasite abundance was less than 25 on most adults and less than 35
on chicks. Tables 2.3.1 and 2.3.2 summarize the total number of each ectoparasitic taxon
collected from the four auk species and the chicks of three auk species. Ixodes uriae on
both adults and chicks were very low in abundance, with only a handful of specimens
being collected from all the birds. Feather lice occurred in very low densities on all the
alcids (< 5 per host), although their densities were much higher on chicks (usually > 10 per
host on Common Murres). The three genera of lice represented in the samples are shown
in Plate 2.1. The feather mite genus Alloptes occurred in very high densities on adult
birds (particularly Atlantic Puffins and Razorbills) with as many as 538 being recorded

from one Atlantic Puffin. Feather mites were numerically the most abundant group,



although they rarely occurred on chicks. Plate 2.2 shows the Alloptes feather mites.
Oribatid mite genera also occurred in relatively higher numbers in both chicks (between ~3
and 11 per host) and adults (between ~2 and 4 per host). Two oribatid nymphs are shown
in Plate 2.3. Staphylinid beetles, springtails and thrips were also represented in the
samples, also in low numbers, never exceeding 15 specimens per auk species.

2.4 Discussion
2.4.1 Sampling technique

My sampling technique was effective in collecting large numbers of ectoparasites
from captive auks, yet it had two apparent shortcomings. Firstly, it almost certainly
sampled i i it The ion of hard ticks (Ixodida), for instance,

was not 100% efficient because feeding ticks secrete a cement around the mouth parts
which prevents dislodgment. The sampling technique only collected ticks that had not
initiated feeding. Generally, adult Ixodes uriae were visible because of their large size,
although nymphs and larvae were hard or impossible to see (Sonenshine, 1991). All visible
adult [xodes uriae were recorded prior to adding the flea-powder, but overall tick-counts
(nymphs and larvae) could have been underestimated. The ten-minute time-period was an
defined ise between maximizing ectoparasite sampling and preventing
host death due to hyperthermia (over-heating). Leaving birds for longer time periods on
cold days (temperatures less than 10°C) could perhaps have increased ectoparasite removal

rates, which, in turn, could be used to ine a ion factor for the
estimates (Poulin, 1991).
Inspite of these i this ique has several The

procedure is non-lethal and the captive bird calms down soon after being placed in the

delouser. The procedure is simple and can easily be repli Finally, most



found on auks in other studies using lethal techniques were represented in the samples
collected using my technique (e.g. Choe and Kim, 1987). I therefore believe that my
i a sati y way of sampling ites from wild birds.

2.4.2 Acari
Hard ticks

In the present study, Ixodes uriae (Ixodida: Ixodidae) occurred on GCI through
GC4, but only a few specimens were collected from all the sampled adult birds. A
maximum of three I. uriae were collected from a single adult Thick-billed Murre. Heavy
tick infestations have been recorded from other seabird studies, particularly on chicks
(Morbey, 1996; Gauthier-Clerc et al., 1998; Bergstrom et al., 1999), but this was not
noted in the current study. The apparently low incidence of ticks on seabird hosts at the
Gannet Islands could have resulted from the short duration of time during which they
remain attached and feed on the hosts (four to eight days) or because of the seasonality of
their infestations, most attacks on hosts being earlier in the season (Eveleigh, 1974;
Eveleigh and Threlfall, 1975). Eveleigh and Threlfall (1975) observed very few feeding I
uriae late in the season on Gull Island, Newfoundland. The seabirds at the Gannet
Islands breed relatively late compared to colonies further south (Nettleship and Birkhead,
1985; Gaston and Jones, 1998). Whether the low tick densities observed were a reflection
of seasonality or of a lack of adaptation to colder climes associated with higher latitudes is
not certain. Perhaps sampling earlier in the season (as well as later) would have yielded
more information on the seasonal variation in the feeding activity of L uriae, at the Gannet
Islands.

Ixodes uriae is a widely occurring species known to parasitize over 50 species of

seabirds (Eveleigh and Threlfall, 1974; Eveleigh and Threlfall, 1975; Mehl and Traavik,



1983; Danchin, 1992; McCoy et al., 1999; Bergstrom et al., 1999). Ixodes uriae is

the subarctic and regions of both the hemispheres (Mehl
and Traavik, 1983; Olsen et al., 1993). The Common Murre is regarded s the preferred
host (Eveleigh and Threlfall, 1974) although all four of the auks are known to be
parasitized. Ixodes uriae feed on blood of the host through an elaborate, spasmodic
suction ism after on the host ine, 1991). They have been

demonstrated to carry Borrelia burgdorferi (Olsen et al., 1993; Sonenshine 1991), the
spirochete responsible for causing Lyme disease in both mammals and birds (Anderson, et
al., 1986). It has been suggested that seabirds play an important role in the maintenance of
this spirochete through their association with this Ixodid tick (Olsen et al., 1993).
Preliminary studies on seabird colonies in Newfoundland did not provide any evidence to
substantiate this idea (Whitney, 1999 pers. comm.). Deer mice (Peromyscus
maniculatus) have been shown to serve as a reservoir host in the wild (Rand et al., 1993).
The Gannet Islands support fairly large deer mouse populations suggesting that they could
be adequate reservoirs if an outbreak were to occur. In addition, Kemerovo group
Orbiviruses have also been isolated from /. urige (Oprandy et al., 1988), but their

Feather mites

The present study produced some interesting data on the feather mite genus
Alloptes (Astigmata: Alloptidae). Mite densities were higher in the Atlantic Puffins and
the Razorbills compared to the Thick-billed and Common Murres. The frequency
distributions of the feather mites did not follow a negative binomial curve usually
characteristic of parasitic arthropods. Their sex ratio was also strongly skewed towards
females. Their abundance did not seem to have any effect on the numbers of the other taxa



of ectoparasites present (See Chapter-3). Taxonomic uncertainty in this genus prevented
identification to the species level. Alloptes crassipes has been recorded from both
Razorbills and Puffins by Canestrini and Kramer (1899) whereas Belopokskaya (1952;
cited in Eveleigh, 1974) reported specimens of Alloptes fraterculae from Puffins. Choe
and Kim (1989, 1991) found Alloptes conurus on Thick-billed and Common Murres but
the species designation was only tentative.

Feather mites are numerically the most abundant group of ectoparasites living on
birds (Gaud and Atyeo, 1996). They are known to occur on the surface of feathers, on
feather barbs and within the quills. The entire life is spent on the host and accidental
removal from the host results in mortality. Feather mites have been given relatively little
attention, primarily due to the fact that they are generally considered to be benign to the
host, feeding on feather fragments, desquamated skin scales and oily secretions (Krantz,
1978). Fungal spores and diatoms may also form part of their diet (Dubinin, 1951; Krantz,
1978). Large densities of feather mites may cause a depluming behavioral response due to
skin irritation in some host species (Gaud and Atyeo, 1996). Heavy infestations are also
correlated with a decline in weight and egg production in some hosts. Generally ranging in
size from 0.3-0.7 mm, they are not eaten by the host nor do they penetrate the host’s skin.
Consequently feather mites are not considered to be vectors of disease. The type of
relationship between feather mites and their hosts is not well documented, although it is
assumed to be a host-parasite association (Fowler and Miller, 1984; Fowler and Williams,
1985; McClure, 1989). One study of the feather mite, Gabucinia debilitata, on Red-billed

coughs (F suggests a istic rather than a parasitic or
commeasal relationship (Blanco et al., 1997).



Oribatid mites

In the present study, at least five and possibly seven or more species were collected
from all four auks. They occurred in fairly large and even densities, and a simple phoretic
association does not fully explain their presence on the birds because of the fact that all the
auks dive to depths of 20-200 meters or more for food (Gaston and Jones, 1998). Birds
returning from the sea were also seen to carry oribatid mites. Studies on the feeding
preference of one species of Oribatida showed that they have a distinct preference for
particular types of fungi (Kaneko et al., 1995). It is possible that the oribatid mites might
take advantage of this seasonal resource which harbours bacteria (Clayton, 1999; Burtt and
Ichida, 1999), fungi (Hubalek, 1976; Hubalek, 1978) and feather debris, all of which fall
within their dietary requirements. The risk of falling off the host during a dive can

be
The suborder Oribatida represents a diverse, cosmopolitan group (Balogh, 1972;

by its suitability as a food source.

Krantz, 1978) that feed mainly on bacteria, yeasts, algae, plants, detritus or dead organic
matter in the soil (Luxton, 1972). The diversity of forms in this group makes identification

relatively easy but has resulted in the iferation of higher
(Krantz, 1978). C the il ion schemes ped are not very useful in
ini at the familial or ilial levels. Balogh (1972) provided a

classification scheme that included all the Oribatid genera described but his system did not

incorporate higher taxa in the form of a standard di key. Rather, it
anatomical characteristics into code numbers that correspond to an individual genus. This
system was relatively difficult to use (especially with partially preserved specimens) and

i higher ic levels, when the genus could not be determined.

A major re-cvaluation of the Oribatida is needed. Oribatid mites are frequently found on
seabirds and the relationship is generally assumed to be phoretic (Ballard and Ring, 1979;
Choe and Kim, 1987).



2.4.3 Mallophaga

The present study revealed all three genera of lice previously recorded from these
auks (Eveleigh and Threlfall, 1976). Overall deusities obtained were lower than those
reported by Choe and Kim (1987), but were similar to those of Eveleigh and Threlfall
(1976). This could be a reflection of sampling technique, since the technique used by Choe
and Kim (1987) was more accurate. However, the technique of Eveleigh and Threlfall
(1976) was repeated by Ballard and Ring (1979) at the Bamfield Marine Station, on
‘Common Murres, and they found high densities with overall relative trends similar to Choe
and Kim (1987). This suggests that the lower numbers in my study are a reflection of
biogeography rather than sampling inefficiency. Louse densities are apparently higher at
the study sites on the west coast of North America (Ballard and Ring, 1979; Choe and Kim
1987) and lower on the east coast (Eveleigh and Threlfall 1976; current study). Variations
in density and abundance of these genera are discussed in Chapter 3.

Almost all bird species examined have one or more louse species living on them
(Borror, 1981). They spend their entire lives on the host, although they are usually not
detrimental (Rothschild and Clay, 1957; Marshall, 1981). Some species are known to
cause a great deal of irritation, rendering their hosts emaciated and vulnerable to predation
(Borror, 1981). The Mallophaga, or chewing lice, are known to occur on seabirds as well
(Eveleigh 1974; Ballard and Ring, 1979), sometimes in very large numbers (Choe and
Kim, 1987). The extent to which their presence on hosts affects breeding is not known.
Eveleigh and Threlfall (1976) described the seasonal and overall variation in louse

i three genera: ia , QO and

Austromenopon) in the alcids of Species of have been




shown to act as a vector of the filarial worm genus Eulimdana in charadriiform hosts but
long term effects of this agent on the host life cycle has not been studied (Bartlett, 1993).

2.4.4 Diptera

In my study at the Gannet Islands, Diptera were rather scarce with two genera of
larval flies obtained from Atlantic Puffin chicks, along with a single specimen (of one of
the two genera) from a Razorbill adult. They were generally seen crawling over the skin
surface, but some specimens were also seen to be partially imbedded in the skin,
suggesting that they might be feeding on tissue fluid or blood (Stehr, 1991). The identity
of these two genera could not be determined, although they were narrowed down to the
suborder (also an diverse group
with more than 8000 species ranging in feeding habits from scavengers to parasites that
burrow in skin (Stehr, 1991).

Certain Diptera larvae are known to be hematophagous parasites of birds (Sabrosky

etal., 1989; Stehr, 1991). Numerous genera of Calliphoridae have been recorded from a
wide range of birds (Sabrosky et al., 1989), but none have been recorded from seabirds
(Wheeler and Threlfall, 1989). The Hij id species lcosta i has been
recorded from Thick-billed Murres (Wheeler and Threlfall, 1989).

2.4.5 Siphonaptera
In the present study, only one flea specimen was found from an adult Thick-billed
Murre, along with four specimens from Atlantic Puffins (three from adults). The flea from
the Thick-billed Murre was identified to be Orchopeas leucopus, a very common
of deer mice, £ i The fleas collected from the puffins
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were all immature and hence could not be identified. It was assumed that these fleas were
also O. leucopus and were phoretic.

Holland (1984) has reviewed the North American fleas and the hosts on which
they live. One flea species (Actenopsylla suavis) has been recorded from two burrow-
nesting Alcids: the Cassin’s Auklet (Ptychoramphus aleuticus) and the Tufted Puffin
(Fratercula cirrhata) (Holland, 1985).

2.4.6 Coleoptera
Staphylinids in this study were classified to the suborder Aleocharinae which
contains about 1300 species in 200 genera (Seevers, 1978). The taxonomic uncertainty of

this diverse suborder has p proper identification from the existing literature and
major revisions are therefore necessary (Arnett, 1993). The group thrives in a range of

feeding on ing animal and plant remains, along with soft bodied
arthropods and fungi. They are particularly common in decomposing animal carcasses
where larval Diptera abound. Their presence on Atlantic Puffins and Thick-billed Murres
could be phoretic. Larval Diptera (not identified) in the guano of Common and Thick-
billed Murres (personal observation) may also have been a target prey item. Beetles are
representatives of the largest order of insects (Borror, 1981) but only about 71 species are
tobe itic on (Marshall, 1981). The tribe Amblyopini of the
family inidae includes itic species but most await description.

2.4.7 Collembola
Collembola, or springtails, are soil dwelling insects that feed on bacteria, fungi and

dead organic matter (Hopkin, 1997). Some are i feeding on soil and
other Collembola. None of the species are known to be parasitic to animals, but some are



known to infest and feed on wounds of amphibians. Their presence on the alcids could be
phoretic, although attraction to the micorbial flora of the birds (Hubalek, 1976; Hubalek,
1978; Clayton, 1999; Burtt and Ichida, 1999), as suggested earlier for Oribatids, could be a
possible reason for their presence. There is evidence indicating that lice might feed

facultatively on Collembola (Oniki and Butler, 1989).

2.4.8 Thysanoptera

Thrips are very small terrestrial insects occurring in a wide range of habitats
(Lewis, 1973; Arnett, 1993). Their feeding habits are also very diverse, including
predation, fungivory, phytophagy. Many are known to feed primarily on pollen and
spores. Others feed on the eggs and larvae of a variety of insects, mites and nematodes,
but no parasitic forms have been recorded (Amett, 1993). Several specimens of immature
thrips were found (mainly on Atlantic Puffins, and one from a Thick-billed Murre), and

they were assumed to be phoretic.

2.5 Summary
All the organisms described above formed part of a complex community of
arthropods living on the auks of the Gannet Islands, Labrador. The parasitic species were
of special interest because they may lower reproductive success and represent a means of

disease transmission in some of their hosts. Many, however, have become specialized in

living on their host without causing debilitation. The benign and harmless taxa
may form an indirect mutualistic association with the host by competing with some of the
more harmful taxa. The next chapter examines some of these ideas and summarizes the

data obtained on the more numerous ectoparasite taxa living on Alcids.
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Table 2.1.1 Abundance estimates of breeding pairs of the four auk species at the
Gannet Islands, Lahndor(da!aﬁomLocke(z.L 1994)

Name Atlantic Razorbill ~ Thick-billed ~ Common
Puffin Murre Murre

Outer Gannet 6300 620 320 26000

Gannet Clusters 33000 5800 950 21000

Total 39300 6420 1270 47000
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Table 2.2.1 Sampling technique and the number of auk species sampled
at the Gannet [s] ¢ r, 1998 s

lands, Labrador
Species Age Number Capture technique
sampled

Adantic Puffin Adult 32 Fleyging
Fratercula arctica

Chick 25 Grubbing
Razorbill Adult 18 Fleyging,
Alca torda Noose carpet

Chick 30 By hand
Common Mure  Adult 29 Fleyging
Uria aalge

Chick 13 By hand
Thick-billed Murre ~ Adult 29 Fleyging
Uria lomvia Noose pole




Table 2.3.1 Total abundance of ectoparasites collected from the adults of four species of
auks*

Adantic Razorbill Common Thick-
Puffin Murre billed

Murre
(N=32) (N=18) (N=29) (N=29)

INSECTA (Insects)
Mallophaga (Chewing lice)

Saemundssonia calva 9 11
Saemundssonia fraterculae 15

Saemundssonia celidoxa 6

Quadraceps obliqua 9 5
Quadraceps helgovaulu 6

Quadraceps alcae 4

Austromenopon uriae 2 2
Austromenopon nigropleurum 1 9

Coleoptera (Beetles)
Aleocharinae(Rove beetles) 1 3 3

Thysanoptera (Thrips) 6 1

Diptera (Flies)
Muscomorpha : 1

Collembola (Springtails) 8 15 6

Siphonaptera (Fleas)
Orchopeas leucopus 3 1

ACARI (Ticks and mites)
Ixodes uriae(Hard ticks) 4 1 4 8
Alloptes sp. (Feather mites) 1179 644 32 177
Oribatida (Oribatid mites) 80 71 54 56

unknown Acari 16 14 3 8

*see Appendix I for a more detailed classification scheme.
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1‘:?‘:1:5 232 Total abundance of ectoparasites collected from the three species of auk
ci

Atlantic  Razorbill Common
[urre

Puffin M
(N=25) (N=30) (N=13)
INSECTA
Mallophaga (Chewing lice)
Saemundssonia calva 2
Saemundssonia fraterculae 1
Quadraceps obliqua 70
Quadraceps helgovauki 4
Quadraceps alcae 24
Austromenopon uriae 156
Austromenopon nigropleurum 39
Thysanoptera (Thrips) 1
Diptera (Flies)
‘Muscomorpha 40
Collembola (Springtails) 1 3
Siphonaptera (Fleas)
Orchopeas leucopus 1
ACARI (Ticks and mites)
Ixodes urige(Hard ticks) 1 1
Alloptes sp. (Feather mites) 9 14 1
Oribatida (Oribatid mites) 289 100 as
unknown Acari 1 15 3

*see Appendix I for a more deailed classification scheme.
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plastic bucket

air hole

powdered bird

[ wire mesh

collecting vessel

Fig. 2.2.2 : The delouser used for the removal of ectoparasites of auks
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Plate 2.1 Louse genera collected from the four auks - a) Quadraceps (nymph);
b) Quad (male); ¢) Quad (female); d) A (male);
e) Ausm:menapnn (female); and f) Saemundssonia (male)
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Plate 2.3 Unclassified oribatid mite nymphs collected from the four auks.
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Chapter 3

Does host iality infl the lation structure of

ectoparasites of four auk species (Alcidae)?

Abstract

Host-parasite i it mplex and a wide range of factors may influence

their maintenance. One such factor, colonialiity of hosts, has been shown to structure

patterns of i among indlividual avian hosts. I investigated the role of
colonial aggregations of four auk hosts (Atlanitic Puffin, Fratercula arctica; Razorbill,

Alca torda; Thick-billed Murre, Uria lomvias; and Common Murre, Uria aalge) in

p and relative of their ites at the
Gannet Islands, Labrador. A ion, as by the k
ratio and Green'’s index showed that pooled ite distributions were

Selected ectoparasitic taxa had uniform, randoem and aggregated distributions. Taxa that
were aggregated, however, showed low levels of aggregation with Green’s indices ranging
from 0.012 to 0.396. and relative were for selected

ectoparasitic taxa among the four hosts. Prevalence of ectoparasites were generally low for

most taxa, values ranging from 0 to 20%. P of O ps and
were high (76.9 and 100% respectively) on Common Murre chicks. Chicks of Atlantic
Puffins and Razorbills (less aggregated hosts) had much lower prevalence of these two
louse genera (4.87 and 33.3% for Quadracep-s; 0 and 43.33% for Austromenopon,
respectively). Relative abundance of the same= genera on chicks showed a similar pattern,
with the Common Murre chicks harbouring significantly more lice than Atlantic Puffin and
Razorbill chicks. Feather mite prevalence was significantly higher on adult Atlantic Puffins



and Razorbills (less aggregated hosts) (93.3 and 83.3%, respectively) compared to the two
murres (44.8% in both cases). Relative abundance showed the same pattern with Atlantic
Puffins and Razorbills harbouring 39.3 and 35.8 feather mites/bird, respectively, which
was significantly higher than the relative abundance of feather mites of Thick-billed and
‘Common Murres (1.1 and 6.1 feather mil i pectively). A

for the observed feather mite and I i ions i based on the

that high louse and feather mite loads reduce reproductive success of hosts. Coloniality

was related to di ions of itic taxa, but it did not play a
uniform role in ing most itic distributions at the Gannet Islands.




3.1 Introduction

Host-parasite interactions are generally studied from the host’s perspective, with
emphasis being placed on the influence of the parasite on the behavior, ecology, and
physiology of the host. My study approaches this subject from a different viewpoint: it
regards seabirds as mobile islands ing a diverse ity of Others
have also looked at seabirds as islands (e.g. Eveleigh and Threlfall, 1976; Choe and Kim,
1987) and have ized the difficulty i with ifying and i i

patterns in i , such an approach will be necessary if

we are to understand the forces molding the structure of ectoparasite communities. A better
of i ities will also provide a better understanding of how
the seabird host populations are affected by ectoparasitism (Holmes and Price, 1986).
Several ecological terms have been used ize and quantify
populations (Margolis et al., 1982; Holmes and Price, 1986; Bush et al., 1997).

Conspecific parasite individuals on a given host indivi itute the i

(Holmes and Price, 1986). Infrapopulations are regarded as subsets of the
suprapopulation - the entire parasite population of a species distributed among the host
population (Holmes and Price, 1986). The infracommunity is the assemblage of all
parasitic species living on an individual host and it forms a subset of the larger component
community consisting of all parasitic species exploiting the host population (Holmes and
Price, 1986).

Parasites tend to be aggregated (or overdispersed) among their host population,
with most individuals of the host species harboring few or no parasites (small
infrapopulations) and relatively few host individuals with high infestations (large
infrapopulations; Crofton, 1971). This presents a challenge to statistical analyses of host-
parasite interactions (Krebs, 1989; Shaw and Dobson, 1995; Poulin, 1998). The most



used index that i ion is the index of dispersion (or the

variance to mean ratio; Taylor, 1961). Ratios significantly higher than unity suggest an
aggregated distribution pattern and as values increase, the levels of aggregation increase.
‘The reliability of this jon index has been butit i tobe
commonly used because it is easy to compute (Poulin, 1998).

‘The vast majority of natural host-parasite systems show varying degrees of
aggregation (Taylor, 1961; Crofton, 1971; Anderson et al., 1982; Poulin, 1998). It has
been hypothesized that aggregation patterns may result from similar processes in different

biological systems (Poulin, 1998). Heterogeneity in the rates of parasite acquisition
(Anderson et al., 1982); differential rates of birth, growth and death on different
individuals; genetic control of the susceptibility of hosts (Wassom et al., 1986); and host
coloniality (Rosza, et al., 1996; Rozsa, 1997; Rekasi, et al. 1997) have all been determined
to be factors that produce aggregated distributions in parasites. Rosza et al. (1996)
demonstrated that aggregation levels of chewing lice were higher in territorial Hooded
Crows (Corvus corone) than in colonial Rooks (Corvus frugilegus). Group-living caused

hanced hori i ission, which in turn, ion levels

of infracommunities. This study also showed that some ectoparasite taxa showed similar
patterns of aggregation at the infrapopulation levels in these two corvid species.
Other standard measures in i that ize parasite it

include 1) prevalence, 2) mean intensity and 3) relative abundance, each of which provides
different information about the parasitic communities (Margolis et al., 1982; Bush et al.,
1997). The prevalence is the percentage of hosts in a sample infected by a particular
parasite species . Mean intensity is measured as the mean number of parasites of a species
in a sample of infected host species. Relative abundance is a measure of mean parasite load

of a species in a sample of host species. All these measures of parasite populations
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characterize the extent of infection by a certain parasite species (Margolis et al., 1982;
Holmes and Price, 1986; Poiani 1992).

Poulin (1991) showed that colonial species of passerine hosts had higher
prevalence of feather mites than did solitary species. Avian lice of colonial corvid hosts
also occur with higher prevalence than in solitary corvids (Rozsa et al., 1996). In another
study, higher louse prevalence was also documented in colonial than solitary avian hosts

but ion size (relative did not vary between the two social systems
(Rekasi et al., 1997). In contrast, Poiani (1992) found that relative abundance was higher
in cooperatively breeding passerine genera than in non-cooperatively breeding hosts,
although the relationship was reversed in migratory genera.
I herein investigate the role of seabird host species coloniality in determining
i and relative of ites on a finer scale. I chose

four auk species (Alcidae) : Atlantic Puffin, Fratercula arctica; Razorbill, Alca torda;
Thick-biiled Murre, Uria lomvia; and Common Murre, Uria aalge for this study because
they vary considerably in breeding habitat selection and density at their breeding colonies
(Gaston and Jones, 1998). These alcid species breed on headlands and small offshore
islands of the Atlantic coast (Lock et al., 1994; Gaston and Jones, 1998).

Atlantic Puffins nest in burrows (varying in length from 70 to 110 cm) on grassy
slopes (Harris, 1984; Gaston and Jones, 1998). Densities of 3 burrows/m? are typical
although the average number of occupied burrows range from 0.4-0.6 burrows/ m?
(Harris, 1984) Each burrow is occupied by only one pair of Puffins and hence direct
contact between individuals (other than mates) in a colony nermally occurs outside of the
nest. The population estimate for Atlantic Canada is about 350 000 pairs (Nettleship and
Evans, 1985; Gaston and Jones, 1998).
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Razorbills nest on crevices among boulders and on cliff-edges (Cramp et al., 1985
Gaston and Jones, 1998) and breeding sites are separated by at least 10 cm, but typically
by more than 30 cm, with densities reaching 4 pairs/m® (Cramp et al., 1985). In some
populations, many nest sites are located 10m or more from the nearest neighbour (Lloyd et
al, 1991). Estimates on the world population range from 500 000 - 700 000 pairs (Lloyd
etal., 1991) out of which only about 4% breed in Eastern Canada (Gardarsson, 1985).
The largest Razorbill colony on the east coast of North America is located in the Gannet
Islands, Labrador (Birkhead and Nettleship, 1982).

Thick-billed and particularly Common Murres nest in the densest aggregations of
any auk species (Gaston and Nettleship, 1981; Nettleship and Birkhead, 1985; Gaston and
Jones, 1998). Thick-billed Murres nest in dense clumps and their nesting sites are typically
located on narrow ledges (as little as 10 cm wide) along steep cliffs directly adjacent to the
sea (Gaston and Nettleship, 1981; Gaston et al., 1985) with individuals usually remaining
in contact with up to two neighbours from the sides on their nesting sites (Birkhead et al.,
1985). Densities vary between 1 and 37 pairs/m? (Cramp et al., 1985).

Common Murres typically nest on broad, flat, rocky outcrops on headlands and
offshore islands (Nettleship and Birkhead, 1985; Gaston and Jones, 1998). Birds clump
next to one another with about a third of the birds being in physical contact with neighbors
(Birkhead et al., 1985), with mean densities of 20 breeding pairs/m’, although densities as
high as 70 pairs/m” have been recorded (Cramp et al., 1985; Nettleship and Birkhead,
1985). This may perhaps be the densest nesting aggregations of any bird in the world
(Nettleship and Birkhead, 1985) with breeding colonies being the largest among all the
Atlantic auk species (e.g. 500 000 breeding pairs in Funk Island, Newfoundland;
Nettleship and Evans, 1985).
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In summary, Razorbills are less aggregated than Murres, both species of which are
highly aggregated on their nesting sites; Thick-billed Murres are slightly less aggregated
than Common Murres. Aggregation among individual Puffins is lower than Razorbills.

The objectives of this study were
Do ine the relationships of host coloniality to ion, p and relative

abundance of ectoparasites; and

2) to relate the observed patterns to existing hypotheses on parasite aggregations

32 Q ion and i Anal;
The ectoparasites collected from the four auk hosts were enumerated and quantified
(See Chapter 2 for study site and i ion methods). Tt

aggregation, I used two standard aggregation indices, namely the k parameter (exponent k
or parameter k) and the variance to mean ratio (s ¥ ). The negative binomial distribution,

defined by the k parameter, is a useful way of characterizing parasite distributions and has
been used since its introduction in parasitology by Crofton (1971). The k parameter was

using the i ikelil method (Bliss and Fisher, 1953; reviewed by

Krebs, 1989). As values of k approach zero, the populations and communities in question

become more and more aggregated. Aggregation decreases as k increases and values > 8

are unreliable because the negative binomial distribution converges with the Poisson series
the parasite distributions random in space 1978; Krebs, 1989;

Poulin, 1998). The reliability of kasa iptor of the observed ions was tested

using Chi Square analyses reviewed by Krebs (1989).
The variance to mean ratio (s% ¥ ) was calculated for all the parasites
(infracommunities) on the four hosts and for selected parasite taxa (infrapopulations). Chi-
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