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Abstract

Nematodes, tardigrades, bdelloid rotifers, oribatid mites and collembolans (the
dominant bryofauna) were obtained and identified from the moss species Dicranum
polysetum at various elevations within 3 towns of northern, coastal Labrador, Canada:
Nain, Hopedale and Makkovik. A preliminary field collection took place in October, 2001
followed by 2 further collections in June and August, 2002 which focused more on
quantitative data. Twenty three nematode genera, 18 tardigrade species, 3 rotifer genera,
15 oribatid mite genera and 1 collembolan genus were identified during the study. All
findings were new records for Labrador and many were significant national discoveries.

A quantitative sampling design and multivariate analyses (non-metric
multidimensional scaling) were used to examine differences in bryofaunal community
structure across 4 environmental gradients: elevation, horizon depth/desiccation tolerance,
seasonality and latitude. The nematodes contributed the most to understanding how
variable environmental gradients affect bryofauna community structure as they had the
greatest relative abundance throughout the study. The tardigrades and oribatid mites also
exhibited some significantly variable distributions with regard to the environmental
parameters, although fewer total specimens represented them. Bdelloid rotifers and
collembolans were not quantitatively analyzed due to extremely low representation in the
dataset.

It was determined that moss horizon depth had the greatest effect on nematode,
tardigrade and oribatid mite distributions. In some cases elevation and seasonality also
accounted for much of the variability in bryofaunal distribution patterns but results were

often variable between geographic locations. The effect of latitude on distribution patterns
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did not show any significant relationship to bryofaunal distribution and was likely too small
of a gradient to greatly affect the bryofaunal communities.

Some biotic relationships between bryofaunal groups were inferred and the
general application of the moss fauna as a biological indication system was evaluated.
Additionally, guidelines were given for the use of such an indicating system that would

result in optimal effectiveness.
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Chapter 1
Introduction

1.1 The Bryofauna

Water surrounding the leaves of mosses supports organisms from a wide range of
taxonomic groups, varying from bacteria and single celled ciliates to multicellular
organisms (Corbet and Lan, 1974; Hingley, 1999; Zullini, 1970). This study focused on 5
of the dominant groups of organisms (Kinchin, 1987, 1989, 1990; Steiner, 1994, 1995a,
1995b) that were expected to inhabit mosses from 3 sites in northern coastal Labrador:
nematodes, tardigrades, bdelloid rotifers, oribatid mites and collembolans. These 5
groups of invertebrates form complex and dynamic communities within the moss
cushions. However, the relation of bryofaunal community structure to varying physical
conditions is poorly known (Heatwole, 1983; Kinchin, 1989) and was investigated in this
study. Special attention was given to the nematodes, tardigrades and bdelloid rotifers due
to their high abundance within mosses.
1.1.1 Moss Meiofauna

The dominant meiofauna of the moss environment and key foci of this study were
the bryophilous nematodes, tardigrades and rotifers, each of which has been studied to
varying degrees within Canada and throughout the world.

Nematodes are among the most abundant multicellular animals and are either free-
living or parasitic on plants and animals; some are marine while others inhabit fresh and
brackish water or terrestrial environments. Nematodes are highly variable in size
measuring anywhere from less than 1 mm to over 1 m in length. Plant parasitic

nematodes are either ectoparasitic or endoparasitic. Various life stages of ectoparasitic,



endoparasitic and free-living nematodes are readily found in the wet interstitial spaces
between moss leaves.

Free-living nematode distribution throughout the world does not seem to be
related to major geographical features such as mountain ranges, ocean barriers, or
climatic zones (Nicholas, 1975) and many species seem to be cosmopolitan throughout
highly variable environments. For example, Dorylaimus stagnalis and Plectus cirratus
have been found within soil in Denmark and mosses in the high elevations of the Pamirs
in Tajikistan, as well as the Baltic sea, and a third species Aphelenchoides parietinus
inhabited these 3 environments plus thermal springs in New Zealand and saline waters in
Germany (Nicholas, 1975). Although Nicholas (1975) emphasized widespread
distribution for many species irrespective of varying habitat, he pointed out that some
studies have conclusively shown that distribution and abundance of some nematode
species can be linked quantitatively to varying ecological and geographical conditions
(Johnson et al., 1972).

Canadian studies on soil and litter nematodes (Appendix 1) are all fairly recent
and have been conducted for parts of British Columbia (Hayes et al., 1999, Panesar et al.,
2000, 2001; Forge and Simard, 2001), Nunavut (Cockell et al., 2001), Manitoba (Dowsett
et al., 1984), Ontario (Allen et al., 1988; Little and Maun, 1997) Quebec (Bélair, 1989;
Bélair et al., 2001, 2002), New Brunswick (Sweeney et al., 1998), Prince Edward Island
(Kimpinski ef al., 1993; Edwards and Kimpinski, 1997) and insular Newfoundland
(Cuthbert, 1990). In addition to a few preliminary biological surveys (Kimpinski et al.,
1993; Dowsett et al., 1984; Cockell et al., 2001; Forge and Simard, 2001) studies of soil

nematode communities in Canada have focused on factors such as the role and impact of



nematodes as plant or animal parasites (Watson, 1986; Allen ef al., 1988; Bélair, 1989;
Kimpinski et al., 1993; Edwards and Kimpinski, 1997; Little and Maun, 1997; Hayes et
al., 1999; Bélair et al., 2001, 2002) and their ability to act as ecological indicators of
environmental impact (Yeow et al., 1999; Panesar et al., 2000, 2001). Canadian soil
nematode communities have been studied extensively usually either to determine
management techniques for parasitic nematodes or to gain overall information on soil
health (Freckman and Ettema, 1993; Neher et al., 1995; Bongers and Ferris, 1999; Hayes
et al., 1999; Yeates, 1999). However, few studies on nematodes that inhabit bryophilous
environments have been completed. Some surveys on moss nematodes have been
conducted globally and a limited number of other studies have attempted to discuss some
of the ecological factors that shape nematode communities in mosses (Zullini and Peretti,
1986; Kinchin, 1989; Steiner, 1994, 1995b; Sohlenius and Bostrom, 2001). No previous
Canadian studies have been devoted to the ecology of bryophilous nematodes
communities.

Tardigrades are highly specialized non-segmented invertebrates commonly
referred to as the water bears because of their respective habitat and appearance (Rupert
and Barnes, 1994). Tardigrades typically range from 100 to 500 pm in length but some
larger species can reach lengths of more than 1mm (Kinchin, 1994; Nelson, 1991). Most
tardigrades are found in the water films surrounding the leaves of mosses but some may
also inhabit marine environments (Kinchin, 1994). The 2 most common types of
tardigrades are the Eutardigrades (naked tardigrades) and the Heterotardigrades (armored
tardigrades), both of which have been found extensively within moss environments.

Of the 3 groups of bryophilous meiofauna studied, Canadian tardigrades have



received the most ecological attention (Appendix 2). However, very few extensive
studies have been completed on them. Tardigrades were first recorded from various
locations within Canada by Richters (1908) and Murray (1910) during exploratory
scientific expeditions. The tardigrades in parts of New Brunswick were later studied
during the 1960’s and 1970’s (Argue, 1971, 1972, 1974) as well as species from Axel
Heiberg Island, Nunavut (Weglarska, 1970; Weglarska and Kuc, 1980), Quebec (Iharos,
1973) and the Yukon Territory (Pilato, 1977). Two studies conducted on Vancouver
island in the 1980’s and 1990’s (Kathman, 1989, 1990; Kathman and Nelson, 1989), and
further studies in the Yukon Territory (Dastych, 1987; Manicardi, 1989), Northwest
Territories (Van Rompu et al., 1991, 1992) and New Brunswick (Argue, 1971, 1972,
1974) represent more recent contributions to the tardigrades of Canada. The most
comprehensive study of tardigrades in Newfoundland and Labrador was conducted from
1997-2001 (Collins and Bateman, 2001; Bateman and Collins, 2001) and described the
ecological distribution of tardigrades throughout the island of Newfoundland. These
studies identified 31 tardigrade species including 5 that had no previous record within
Canada (Appendix 2).

Rotifers are a small group of aquatic or semi-aquatic invertebrates. They typically
range from 100-1000 um in length, while some may reach 2 mm. It is the monogonontan
rotifers that predominate the zooplankton of most marine and freshwater aquatic systems,
but it is the bdelloid rotifers that commonly inhabit the film of water surrounding the
leaves of mosses (Nogrady et al., 1993; Donner, 1956, 1975). There are a total of 363
species of Bdelloidea within 18 genera known throughout the world and they differ from

other rotifers (Monogononta) in that they are obligatory parthenogenic reproducers and



are capable of anhydrobiosis (Ricci, 1987). Ricci (1987) attributed these differences to
adaptations of the bdelloids to fluctuating environmental conditions (i.e. desiccation)
typical of mosses. Most species of soil and moss bdelloids belong to the genera
Habrotrocha and Macrotrachela (Ricci, 1987).

Monogonontid rotifers have been surveyed within various aquatic environments
within Canada (Nogrady, 1989) and have been studied for their importance in commercial
production of mussels, fish, etc. (Koch, 1929; Odell and Harris, 1933; Myers, 1936;
Burger, 1973; Ramcharan ef al., 1996; Dodson ef al., 2000; Johannson et al., 2000,
Patoine et al., 2000; Arnott et al., 2001; Thorp and Casper, 2002). Canadian studies
pertaining to the bdelloid rotifers, however, are very few. In fact, the bdelloids in general
tend to be an infrequently studied group probably due to the difficulty of identifying
preserved specimens and securing quantitative samples (Bateman, 1975).

Studies that have been conducted on the fauna of bryophytes often detailed the
presence of bdelloids to varying degrees. Milne (1889), Murray (1909, 1911), Heinis
(1910), Harring (1921), Bryce (1929), Wulfert (1940), Burger (1948), Donner (1950) and
Nogrady (1962) were some of the first to study bdelloids and their ecology. Murray
(1911) was the first to document the bdelloids of Canada collected from British Columbia
and Ontario. Later additions to the bdelloid records of Canada include surveys conducted
by Harring (1921) in the Canadian Arctic, Koch (1929) and Odell and Harris (1933) in
New Brunswick and Ontario, as well as Ahlstrom (1940, 1943) from British Columbia
and Ontario. A more recent study by Bateman (1975) quantitatively examined
monogonontid and bdelloid populations within Sphagnum of Eastern Newfoundland and

determined how these rotifer populations reacted to seasonal changes. A later study by



Bateman (1987) identified a bdelloid associated with the leaves of the pitcher plant,
Sarracenia purpurea in Newfoundland. With the exception of Bateman’s (1975, 1987)
work, quantitative studies investigating the ecology of bdelloid communities within
Canada are absent.

Tardigrades, nematodes and bdelloid rotifers dominate the meiofauna of mosses
due largely to their capability to tolerate the wide range of environmental stresses typical
of such environments (Wright, 1990; Steiner, 1994). The meiofauna utilize the film of
water that surrounds the leaves of mosses called bryotelmata (Kinchin, 1994). When
mosses are prone to desiccation, tardigrades, bdelloid rotifers and many nematodes enter
and stay in a state of suspended animation called anhydrobiosis until adequate moisture
returns, allowing continuation of normal activities (See section 1.3.1). Densities of the
moss meiofauna have been described as inconsistent and changing over time (Kinchin,
1994). Nematodes, tardigrades and bdelloid rotifers often form densely abundant
communities within mosses. Fantham and Porter (1945) found the nematodes to be the
most abundant of the bryofauna often exceeding 4600 specimens per gram of moss.
Generally moss cushions support relatively low densities of tardigrades, however,
numbers as high as 823 specimens per gram of moss have been observed (Morgan, 1977).
There have not been any precise bryophilous bdelloid counts made. Few studies have
been able to quantify the relationship between the bryophilous meiofauna and variable
environmental conditions (See section 1.3).

1.1.2 Moss Arthropods
Arthropods are also represented within moss communities and, because they are

not dependent on a film of water to facilitate locomotion, they tend to be more adapted to



drier parts of the moss. Kinchin (1990) found that moss arthropod communities tended to
be richest in cushions that support few aquatic fauna (tardigrades, bdelloids, nematodes)
and vice versa. Overgaard-Nielsen (1948) and Kinchin (1990) also indicated that most
trophic interactions between the arthropods and aquatic meiofauna existed when the moss
cushion underwent transition from wet to dry conditions. Many groups of arthropods
utilize the moss environment for various stages of their life cycle, however the dominant
bryophilous types are the collembolans and the oribatid mites (moss mites) (Kinchin,
1990). Collembolans lack cuticular coverings over many parts of their bodies and are
more prone to desiccation than are the mites (Kinchin, 1990). Oribatid mites can reach
densities of up to 500 000 specimens per square meter of moss (Behan et al,. 1978) while
collembolans can reach densities as high as 240 000 per square meter (Bengtson et al.,
1974).

Canadian collembolan studies have focused on soils from Manitoba (Ferguson,
2001) and forest litter from British Columbia (Fjellberg, 1992) but have not considered
the bryophilous collembolan communities. Canadian studies on moss mites have
revealed representatives from 75 families, 69 of which have been found in samples taken
from eastern Canada (Marshall et al., 1987). Generally, these studies have been
conducted in soil or litter layers of forests (Dwyer et al., 1998) but not the moss systems
exclusively.
1.2 Bryofaunal Biotic Relationships

Some studies have attempted to determine the biotic relationships that exist within
soil and moss communities. Soil nematodes are commonly prey for small arthropods

(Brown, 1954; Murphy and Doncaster, 1957) and tardigrades (Doncaster and Hooper,



1961). Nematodes can also be attacked by several species of fungi (Duddington, 1955).
Conversely, plant, fungal and bacterial feeding nematodes are common within soil
systems and are often present in moss communities. The nematode genus Dorylaimus
and many species within the genus Tylenchus, are predators, often feeding on other
nematodes (Nicholas, 1975).

Bryophilous tardigrades may be predaceous, bactivorous, fungivorous or
phytophagous (Kinchin, 1987). Carnivorous tardigrades commonly feed upon
nematodes, rotifers and other tardigrades. The tardigrades Macrobiotus hufelandi
(Overgaard-Neilsen, 1948) and Milnesium tardigradum (Kinchin, 1994) have been
observed preying on rotifers and Ramazzotti and Maucci (1983) observed the tardigrade
Milnesium tardigradum feeding on a variety of other tardigrades. Tardigrades are also
known to be parasitized by some types of fungus (Dewel and Dewel, 1987). Kinchin
(1994) indicated that population cycles in competitors, predators or parasites may
influence tardigrade populations and preliminary findings by Hallas and Yeates (1972)
indicated a positive correlation between numbers of Macrobiotus harmsworthi and its
nematode prey. However, there have been no further studies to support or refute these
findings.

Very little work has been conducted on the feeding habits of bdelloid rotifers.
Direct observation has revealed that bdelloids predominantly utilize their ciliated coronas
to filter/vortex feed, however it is also common to find tardigrade remains within large
predatory species (Kinchin, 1994).

Collembolans are opportunistic feeders and are known to feed upon moss, algae,

fungal hyphae, bacteria and decaying plant matter (Petersen and Luxton, 1982; Lartey et



al., 1989; Kinchin, 1990; Varga et al., 2002), while many predatory types feed upon
juvenile nematodes (Brown, 1954). Many moss mites are bryophagous (Gerson, 1969)
and others feed upon fungi and bacteria that grow between the moss leaves (Kinchin,
1990). Some Oribatids, including members of the Prostigmatid and Mesostigmatid
groups, can also be predaceous upon nematodes and other smaller arthropods (Kinchin,
1990).

Only a fraction of moss fauna are bryophagous (consuming the moss itself).
Davis (1981) calculated that only 0.04% of the bryophyte production is consumed by the
bryofauna of Antarctic tundra mosses. Similar analysis of relationships between the
bryofauna has yet to be carried out (Kinchin, 1994).
1.3  Factors Affecting Distribution and Density of Bryofauna
1.3.1 Moisture

The density of meiofauna within a moss cushion is probably affected most by
water availability. Tardigrades, nematodes and rotifers rely upon an aquatic environment
to enable metabolic processes as well as to allow movement within the moss. Nelson
(1975) as well as Burger (1948), Bartos (1951), Francez (1980), Kathman and Cross
(1991) and Ingemar-Jonsson (2003) found that it is not so much the species of moss, as its
characteristic amount of moisture that determines its meiofaunal complement. Sohlenius
and Bostrom (2001) determined that nematode abundance and distribution in organic soil
horizons was directly dependant upon moisture levels. Similarly, Ricci (1987)
determined that the availability of water was the major factor affecting bdelloid rotifer

distribution.



Mihelcic (1954) categorized mosses into 3 groupings based on their moisture
regime. These included the permanently wet mosses, those that frequently dried out, and
those that remained dry for extended periods. Because water plays such an integral role
in survival, mosses at the dry end of the moisture gradient tend to be inhabited by more
specialized bryofauna than those mosses that are usually wet (Kinchin, 1994). These
specializations include the ability of the organisms to undergo some form of
anhydrobiosis. Anhydrobiosis is the term given to the form of cryptobiosis that arises
from lack of water. During anhydrobiosis, the organism almost completely dries up and
metabolic activity comes nearly to a halt. The organism will then maintain this
dehydrated state until adequate moisture returns, thus allowing rehydration and
continuation of metabolic processes. While bryophilous tardigrades and rotifers tend to
be uniformly adapted to anhydrobiosis, bryophilous nematodes have been shown to vary
in anhydrobiotic ability from genus to genus (Hyman, 1951). Kinchin (1990) pointed out
that this adaptation of aquatic bryofauna to anhydrobiosis is probably an example of
convergent evolution. Members of the genera Mononchus, Dorylaimus, Plectus,
Monhystera, Cephalobus, Trilobus, Tripyla, Tylenchus and Aphelenchus are characteristic
of mosses that undergo temperature and desiccation extremes (Hyman, 1951) and are
believed to exhibit a high degree of anhydrobiotic ability.

Klironomos and Kendrick (1995) also considered moisture to be one of the most
important variables that influenced microarthropod community structure. During periods
of extended drought the moss arthropods, however, are far less adapted to anhydrobiosis
than the aquatic meiofauna and must seek out moist moss environments, an option not

available to the passively dispersing meiofauna (Kinchin, 1990). Although collembolans
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are very prone to desiccation (Kinchin, 1990), Bonnet et al. (1975) determined that some
species of collembolan were able to withstand varying degrees of desiccation better than
others. For example, Entomobrya muscorum could withstand 10 hours in an environment
of 30% moisture while Tomocerus vulgaris could only survive 1 hour under these
conditions. Similarly, Hammer (1972) found distinctly different oribatid species
occurring within environments of variable levels of moisture. Conversely, too much
moisture has been determined to have a negative affect on the oribatid community.
Dwyer et al. (1998) determined that oribatid densities decreased in very wet soils, often
those occurring near open or running water.
1.3.2 Dispersal

As mentioned previously, when moss conditions are not suitable oribatids and
collembolans leave (actively disperse from) the moss cushion in search of more favorable
habitats. The meiofauna considered in this study, however, are reliant upon passive
distribution since their rate of active dispersal is minimal. Tardigrades, nematodes and
rotifers actively move at a pace that is adequate for within-moss dispersal, however they
must rely upon water, wind and larger animals for long distance (passive) dissemination
(Dobers, 1915; Bartos, 1951; Maguire, 1963; Donner, 1965). Ramazzotti and Maucci
(1983) calculated the maximum rate of progression of a large unhindered tardigrade
species (Macrobiotus sp.) as 17.7 cm/h. This is comparable to the rate of progression for
rotifers and nematodes. Because of their extensive abilities to tolerate long periods of
desiccation in a dehydrated state during which they may be blown with soil and debris to
other locations, wind has been documented as a form of bryofaunal passive dispersal

mainly for bdelloid rotifers and tardigrades (Kristensen, 1987). Dobers (1915), Bartos
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(1951) and Donner (1965) detailed the key importance of water to rotifer distribution (i.e.
heavy rain, flooding, etc.).
1.3.3 Moss Horizon

Distribution of the moss meiofaunal community within each moss cushion is also
dependent upon water, as the film of water surrounding leaves and stems facilitates
migration to various parts of the moss. Acrocarpous moss cushions consist of 3
horizontal layers that are clearly distinguished in some species, but more difficult to
identify in others. The upper-most horizon is the canopy layer (A), under which is the
stem layer (B), followed by the lowermost rhizoid layer (C) (Kinchin, 1989). The
canopy layer is the most productive layer securing the most oxygen and sunlight, however
it is also most prone to desiccation (Overgaard-Neilsen, 1948). The lowest C-layer of the
moss consists of humus and is least prone to desiccation. It is this layer which is least
productive with low amounts of free oxygen and sunlight penetration. Dicranum
polysetum (used throughout this study) is an acrocarpous moss species which is widely
distributed throughout Canada and exhibits distinct separation between successive
horizons. This species grows in dense clumps, is typical of drier, more exposed
environments and is seldom found in saturated, acidic habitats such as bogs, marshes and
fens (Newmaster et al., 1997). Free-living moss fauna take part in diurnal vertical
migrations throughout these layers depending on prevailing environmental conditions in
order to secure optimal nutrition while avoiding desiccation (Overgaard-Neilsen, 1948).
The degree to which each species will migrate has been linked to their individual

desiccation tolerance. Overgaard-Neilsen (1948) divided moss nematode populations into
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3 general ecological groupings based on the frequency of their presence throughout the

moss cushion. These groupings were:

1. Nematodes that migrated from rhizoid layer to the canopy when the moss was
damp (e.g. Plectus)

2. Nematodes that migrated only from the rhizoid layer to the stem layer in saturated
cushions (e.g. Aphelenchoides).

3. Nematodes that resided only in the rhizoid layer, never migrating vertically (e.g.

Dorylaimus).

Overgaard-Neilsen (1948) indicated that species such as Aphelenchoides parietinus,
Plectus cirratus and Plectus rhizophilus that can both swim and tolerate desiccation,
dominated mosses that dry out periodically.

Vertical distribution of plant parasitic nematodes has also been linked to the depth
of root penetration into the soil, litter or moss (Bassus, 1962). Bassus (1962) found that
the bacterial feeders Cephalobus, Plectus and Monhystera were found in the upper
“superficial” regions of moss/litter while plant parasitic “root feeders” such as members
of the Hoplolaimidae and Dorylaimidae dominated the deeper zones. Conversely, he
found that members of the fungal feeding and ectoparasitic nematode genera Tylenchus
and Aphelenchoides, as well as predators belonging to the genus Mononchus, were more
uniformly distributed throughout the sample depth. In a similar study by Sohlenius and
Bostrom (2001) superficial moss and litter layers of a Swedish Scots pine forest were also
dominated by Plectus, while a majority of Acrobeloides species occurred in deeper layers.

Hallas (1978) described the vertical distribution of tardigrades within moss layers.
He found that tardigrades associated with the C-layer were consistent with true soil

dwelling species, whereas B-layer tardigrades were commonly litter species, and those

associated with the A-layer were the most specialized bryophilous species. Wright
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(1990) looked at tardigrade vertical migrations during periods of desiccation, and found
that all but 1 tardigrade species (Echiniscus testudo) took part in some degree of vertical
migration during desiccation within the moss Grimmia pulunata but did not determine if
this trend was common among different species of moss. Analysis of distribution
throughout the moss cushion, including any study of their vertical migrations, is lacking
for rotifers. However, Kinchin (1994) indicated that bdelloid rotifers were usually
associated with tardigrades because of their similar rates of active dispersal, moisture
requirements and anhydrobiotic abilities.

Distribution of moss arthropods within the moss cushion has not been
documented. However, some studies have looked at oribatid mite vertical distribution
within soils and found that both species diversity and abundance decreased with
increasing soil depth (Dwyer et al., 1998). It was assumed that this was probably due to
the greater abundance of food resources near the surface and the difficulty of penetrating
deeper soil layers. Haarlov (1955) and Mitchell (1978) found that vertical distribution of
collembolans and mites throughout the soil was correlated with moisture and depth of

horizons.

1.3.4 Elevation

Although studies have been conducted to determine the role that elevation plays in
soil fauna abundance and distribution, such studies on moss fauna are limited. Powers et
al. (1998) found that soil biodiversity decreased as elevation increased but that a greater
abundance of soil fauna occurred within the higher elevation sites. This relationship
remained, even with small (40m) changes in elevation. In the same study the nematode

Scottnema lindsayae and members of the genus Eudorylaimus dominated each elevation.
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Elevation has also been linked to the density of tardigrades and there are
indications that some species are characteristic of certain altitudes (Rodrigues-Roda,
1951; Ramazzotti, 1956; Bertrand, 1975; Dastych, 1980). For example, in an analysis of
Polish tardigrades, Dastych (1980) found that Echiniscus spitsbergensis, Macrobiotus
willardi and Echiniscus granulatus dominated low elevations while Macrobiotus
harmsworthi, Echiniscus wendti and Milnesium tardigradum were typical of higher
elevations.

Recent studies have begun to show that tardigrades show a large range of physical
habitat preferences. Some species seem adapted to many habitat extremes where others
seem to be limited to fairly specialized environments. Dastych (1985) found elevation to
be one of the 3 most significant variables that affected tardigrade species composition
within the mosses of West Spitsbergen. He found a net decrease in the number of
tardigrade species per moss sample as elevation increased. Wright (1990) also examined
tardigrade populations with regard to elevation and discovered distinct differences in
tardigrade communities at various altitudes. He categorized species found at lower
elevations as being hygrophilic ecotypes intolerant of frequent desiccation (Macrobiotus
hufelandi, Hypsibius dujardini). Conversely, species occurring at high elevations, where
frequent and long lasting desiccation was evident, were classified as xerophilic ecotypes
(Milnesium tardigradum, Hypsibius oberhaeuseri). However, because so few elevational
studies have been conducted on the tardigrades much remains unknown as to how various
species are affected by varying altitudes.

There are no studies relating bryophilous bdelloid rotifers, collembolans and mites
to elevation. However, Seyd et al. (1996) encountered distinctly different soil/litter

oribatid populations at different altitudes in the British Isles, but concluded that
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community distinctions between the higher and lower regions were more closely related
to glaciation than to differential survival of species at differing altitudes.
1.3.5 Seasonality

Seasonality has been studied as a significant factor that affects soil nematode
density, but has not received universal acceptance. Cuthbert (1990) found that seasonal
patterns of nematode distribution and abundance were difficult to evaluate. Similarly,
Franz (1942) and Neilsen (1949) disputed any consistent seasonal pattern. However,
peaks in nematode abundance during early summer and late autumn have been noted in
temperate forest floor litter/soil (Yeates, 1972; Popovici, 1980) as well as in peat soils of
England (Banage, 1966) and in moss occurring on forest floors in Germany (Bassus,
1962). In Sweden, Sohlenius and Bostrom (2001) found that proportions of fungal and
bacterial feeding moss nematodes were nearly equal during summer months but bacterial
feeders dominated during the winter months. Berney and Bird (2001) determined that the
abundance of opportunistic bacterial feeding nematodes was linked to the proliferation of
bacterial populations often associated with an increased rate of organic soil deposition
characteristic of early spring and autumn.

Periodic sampling by researchers has quantified some seasonal trends in
bryophilous tardigrade population dynamics (Kinchin, 1994) but data are still largely
missing for many species and seasons. Morgan (1977) investigated the relationship
between tardigrade population density and seasonality but was unable to determine any
significant patterns. Population studies in Antarctica have shown peaks in tardigrade
abundance immediately after the ice had melted marking the beginning of the austral
summer (Jennings, 1976; Everitt, 1981).

Bdelloid rotifer communities are generally stable across seasons (Madalinski,

1961) with only slight differences recorded between winter and summer fauna (Koste,
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1976). However, Zullini and Ricci (1980) were able to show that Philodina flaviceps was
more abundant in early spring than at any other time of year. Bateman (1975) determined
that bdelloid rotifer populations of peatlands in Newfoundland diminished slightly in
numbers during winter months. Generally, however, relationships of seasonality to the
bdelloids as well as other bryophilous meiofaunal populations have not been
quantitatively studied and are not fully understood.

Orbatid mites have shown trends of reproductive seasonality including Mitchell’s
(1976) Canadian findings that egg maturation tends to take place in spring-summer.

Studies regarding collembolan reactions to seasonality are absent.
1.3.6 Latitude

Little work has been done on latitudinal distributions of bryofauna, but some
general trends have been observed. Nicholas (1975) stated that free-living nematode
populations are quite widespread and species were not greatly governed by factors such
as climactic zones (i.e. latitude). Nelson (1991) indicated that tardigrades are more
common in polar and temperate regions than in tropical regions of the world. Tardigrades
also make up a large component of the microfauna of Antarctica (Murray, 1906, 1910;
Jennings, 1976; Davis, 1981; Everitt, 1981; Dastych, 1984; McInnes and Ellis-Evans,
1987; Usher and Dastych, 1987). Small-scale latitudinal effects on tardigrade populations
have not been considered and may be evident in the latitudinal gradient that exists
between the collection sites of this study. The latitudinal distribution of bdelloid rotifers
has received little attention, however, Ricci (1987) indicated that 42% of known bdelloids
were cosmopolitan, while the rest exhibited distributions ranging from widespread to

endemic.
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Oribatid mites do not seem to be confined to any particular latitudinal range and
make up the dominant group of organic soil arthropods globally (Olszanowski and
Niedbala, 2000). Similar studies regarding collembolan reactions to latitude are absent.
1.4  Moss Fauna as Biological Indicators

Biological indication is commonly defined as “the use of an organism or a
community of organisms to obtain information about the quality of the environment in
which it is located” (Wittig, 1993). Bio-indicators can be used to monitor the effect of
stress on communities of organisms and thus determine the degree to which an organism,
or community of organisms has deviated from the normal (baseline) condition. For a bio-
indicator to be useful, there must be initial or baseline data with which to compare the
stressed system. Without baseline data, the degree to which the stress is affecting the
system cannot be assessed. The most useful bio-indicators exist when the stress factor is
sub-lethal, and when the indicating organisms have different sensitivities or tolerances to
the same stress (Mhatre and Pankhurst, 1997). These indicators may interpret natural
phenomena, for example, using tree ages within a forest population to indicate the period
since the last fire disturbance (Mhatre and Pankhurst, 1997), or they can be used to
ascertain the effect of anthropogenic disturbances. For example, lichens are often used as
bio-indicators of air pollution due to their sensitivity to industrial emissions (e.g. Ferry et
al., 1973; Hawksworth and Rose, 1976; Salanki, 1986). However the suitability of
mosses as bio-indicators has yet to be evaluated (Riihling and Tyler, 1971; Goodman et
al., 1975; Yule and Lloyd, 1984).

The use of nematodes, tardigrades, rotifers, oribatid mites and collembolans as

biological indicators has only recently been investigated. Generally, the few studies that
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have been completed relate to the use of soil and marine sediment fauna and not
bryofauna as biological indicators (Hanel, 2000; Mhatre and Pankhurst, 1997; Yeow et
al., 1999; Boyd et al., 2000).

Some studies have made use of nematode populations as bio-indicators of
disturbance (e.g. Mhatre and Pankhurst, 1997; Yeow et al., 1999; Panesar et al., 2000,
2001), yet few have included moss nematodes. A study conducted by Zullini and Peretti
(1986) determined that moss nematode communities were very sensitive to lead pollution
and that certain species abundances significantly declined in the presence of lead. Thus,
the nematode community structure acted as the bio-indicator of disturbance.

Sladecek (1983), Donner (1978) and Koste (1976) studied the effects of water
pollutants, temperature and food types on bdelloids occurring within mosses in or around
streams and rivers. Each showed how bdelloid rotifers could be utilized as indicator
species.

Bryophilous tardigrades, oribatid mites and collembolans have not been examined
to the same degree as the nematodes and bdelloid rotifers and their usefulness as bio-
indicating populations is less understood. Currently, the only studies that investigated the
biological indicating abilities of all 5 bryofaunal groups were those of Steiner (1994,
1995a, 1995b) who studied the effects of air pollution on moss dwelling animals
(nematodes, tardigrades, bdelloid rotifers, collembolans and oribatid mites) in Zurich,
Switzerland and determined trends exhibited by moss fauna as bio-indicators of
disturbances in air quality. He found that tardigrade and nematode moss populations are
sensitive to changes in air quality, and that certain species declined in number while

others flourished with respect to an air pollution gradient. He also determined that mite
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and collembolan community richness decreased along a gradient of increasing pollution.

Steiner (1995b) concluded that measures in abundance of 4 nematodes (Chiloplectus cf.

andrassyi, Aphelenchoides sp., Paratripyla intermedia, Mononchidae sp.) and 2

tardigrades (Macrobiotus persimilis, Isohysibius prosostomus) were highly correlated

with air pollution and thus these bryofauna could serve as indicators of air quality
disturbance for the region of Zurich studied. In comparison to the other moss fauna,

Steiner (1995a) determined that the moss arthropods were less sensitive to pollution.

However, conclusive as this study was, it lacked replication and few similar studies have

been completed to support the range of geographic applicability of Steiner’s (1994, 1995a,

1995Db) results.

1.5  Aims of the Study

1.5.1 To survey the bryofauna (October 2001) that inhabit the acrocarpous moss
Dicranum polysetum at 3 sites in northern, coastal Labrador and discuss any
preliminary elevational distribution patterns evident for the 5 dominant groups
(nematodes, tardigrades, bdelloid rotifers, oribatid mites and collembolans).

1.5.2 To analyze the distribution of bryofauna (June and August, 2002) with respect to 4
environmental variables (elevation, moss depth, seasonality and latitude) and to
compare the results with findings of similar studies conducted worldwide to
determine genera/species distribution trends with respect to variable
environmental extremes.

1.5.3 To investigate Canadian distributions and biotic interactions for the identified
bryofaunal specimens.

1.5.4 To assess the ability of the moss faunal communities to function as a system for
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bio-indication and suggest ways in which to maximize accuracy when utilizing the

bryosystem as a monitor of environmental disturbance.
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Chapter 2
Materials and Methods
2.1.1 Moss Species

As the majority of studies indicate that bryofauna show no significant preference
for certain species of moss, a single acrocarpous species was collected throughout this
study: Dicranum polysetum (Figure 2.1). Dicranum polysetum was chosen because of its
widespread distribution along northern, coastal Labrador as well as the fact that the
horizons within it were clearly visible. Additionally, this moss species tends to grow in
drier habitats and is not typical of acidic or saturated environments (Newmaster et al.,
1997) and thus usually exhibits a distinct depth related moisture gradient throughout its
horizons.

2.1.2 Site Description

Newfoundland and Labrador is the most easterly of the Canadian provinces
comprised of the island of Newfoundland (108,860 square kilometres situated in the
northwest Atlantic) and a large portion of the Labrador Peninsula (292,670 square
kilometres). Labrador makes up about 3% of the total area of Canada and its triangular
geography is bordered northeasterly by the Atlantic Ocean (Figure 2.2).

With its many islands and inlets it has been estimated that Labrador has
approximately 8,050 kilometres of coastline stretching from Blanc Sablon, Quebec in the
south to the most northern tip of Cape Chidley (approx. 1,127 linear kilometres).
Labrador’s coast is often undulating and mountainous with the highest peaks rising north

of Nain in the Torngat Mountains. A high degree of glaciation has eroded the peaks of
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Figure 2.1. Acrocarpous moss: Dicranum polysetum sampled throughout the study. Labels correspond to moss horizons A, B
and C.
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Figure 2.2. The province of Newfoundland and Labrador. The location of each study
town is indicated: Nain, Hopedale and Makkovik.
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the mountain ranges within and south of Nain (Kiglapait, Kaumajet and Mealy mountain
ranges) into the blunt-topped hills characteristic of the coastline today (Parsons, 1970).

Samples were collected from within 3 towns along Northern, coastal Labrador,
Canada. The northernmost site was Nain situated at 56 32' N 61 42' W, followed by
Hopedale at 55 27' N 60 13' W and the most southern site, Makkovik at 55 05' N 59 10'
W (Figure 2.2). The Labrador coastline is often very rugged and barren placing the 3
coastal towns of Nain, Hopedale and Makkovik within the sub-arctic/open woodland
vegetative zone (Parsons, 1970). The vegetation within this zone is generally
characterized by mosses, lichens, shrubs and widely spaced white and black spruce, the
latter being usually absent in more exposed areas. Labrador is located between 50° and
60° North latitude and as such is classified as a northern environment associated with a
cold climate (Parsons, 1970). Labrador’s climate is generally more severe in the coastal
regions due to the chilling effect from the Labrador Strait and high amounts of
precipitation associated with the ocean environment. Table 2.1 shows the average
monthly climate trends (1972-2000) for the northernmost study town of Nain
(Environment Canada, 2002). There was only one weather station that represented the
northern coast of Labrador, thus, there was no climactic data specific to Hopedale and
Makkovik. Because of a combination of lingering snowfall and snow-cover, freezing rain
and daily minimum temperatures, the growing season is generally quite short for the
coastal towns of Labrador, not usually exceeding 4 months.
2.2  Preliminary Survey

Surveys of the bryofaunal communities occurring within the moss species

Dicranum polysetum in 3 towns of northern, coastal Labrador were carried out in
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Table 2.1. Average monthly climate trends (1972-2000) for Nain, Labrador (Environment Canada, 2002)

Nain, Labrador Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Year
Daily Mean Temperature (°C) -18.5| -183 | -123| -49( 10| 62| 10.1| 10.7| 7.0( 1.1| -5.1| -12.8| -3.0
Daily Minimum Temperature (°C) | -23.1 | -229| -17.3| 95| -3.0| 14| 52| 57| 3.0| -2.1| -83| -16.8]| -7.3
Snowfall (cm) 772 553 | 82.5| 58.7| 28.8| 16.0 0 0] 26| 269| 63.8| 80.3| 492.2
Days with Freezing Rain 0.5 0.7 11| 1.8 0.6 0.1 0 0| 01| 01] 0.7 0.7 6.2
Mean Snow Depth (cm) 69 84| 104 95 26 0 0 0 0 1 15 47 37




October, 2001. Also, a preliminary investigation into the effects of elevation on moss
fauna distribution was conducted.
2.2.1 Field Collection

A total of 54 moss samples were collected in October 2001 from 3 horizon depths
(A, B and C) in 2 nearby moss cushions at 3 elevations (low, medium and high relative to
total height of study hill) of increasing altitude along large hills within each of the 3
sample towns (Nain, Hopedale and Makkovik). With the aid of contour maps and GPS
triangulation the study site elevations were approximated for each of the towns (Figure
2.3). Nain had the largest study hill and the greatest differences between altitudes of
successive sample sites. In Nain, the lowest elevation measured 50m, followed by the
medium at 500m and the highest altitude at 800m. Makkovik's study hill had the next
greatest altitude; low, medium and high elevations were 50m, 150m and 300m
respectively. The study hill with the lowest total altitude was Hopedale, where low,
medium and high elevations measured 50m, 100m and 200m respectively.

Since this portion of the study was intended to provide a qualitative species survey
for each site, grab-samples were collected without regard for standardization. Therefore,
sample sizes, moisture content and other environmental factors were highly variable for
the October 2001 preliminary collection and thus statistical analysis was not feasible,
however, some preliminary elevational trends were noted. Mosses collected in October
had recently been covered with snow, and the Makkovik and Hopedale samples were
frozen upon collection. The low elevation samples taken from Nain (sampled twice, 1a

and 1b) were from a relatively sheltered area, whereas all of the other samples collected
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Figure 2.3. Sample site elevations for each town in northern, coastal Labrador (2001 and 2002 collections). Red circles indicate
location of study site.



were from more exposed sites. Moisture content of the samples also varied between sites
because of recent precipitation patterns.

Moss samples that were to be used to extract nematodes, oribatid mites and
collembolans were kept moist and in sealed plastic bags. However, since tardigrades and
bdelloid rotifers are highly tolerant of desiccation, replicate samples were collected and
placed in paper bags and allowed to dry. Moist samples were refrigerated while dry
samples were kept at room temperature and free of moisture until the time of extraction.
2.2.2 [Extraction, Preparation and Identification of Bryofauna

For extraction of the bryofauna each moss sample was soaked separately in
distilled water for up to 24 hours, after which the samples were shaken and squeezed to
remove as much liquid as possible. The samples were then soaked and squeezed a second
time to ensure that nearly all (> 90%) of the bryofauna were removed (Bateman, 1975)
and then discarded. Using a stereomicroscope with a magnification of at least 25x, active
and inactive tardigrades, nematodes, rotifers, collembolans and mites were removed by
hand using glass pipettes or nematode picks/loops. The mites and collembolans extracted
were placed in 85% ethanol solution until ready for identification.

Preparation of tardigrade specimens was completed using methods developed by
Nelson (1999). Nematodes were processed and mounted in glycerine using Hooper’s
(1970) technique with as many as 40 nematodes per slide. Bdelloid rotifers tended to
contract their cuticle upon fixation and thus had to be identified while alive. Before
mounting in Hoyer’s medium, the oribatid mites and collembolans were removed from
the ethanol and placed in a lactic acid clearing solution for a minimum of 24 hours

(Balogh, 1972), which digested the especially heavy exoskeletal parts allowing better
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transmission of light by compound microscope and facilitated more accurate
identifications.

Identification of each of the bryofaunal groups was a daunting task that was
significantly aided by the expertise of a team of biologists each having particular
specialization with the various groups (See acknowledgements). Due to the extensive
diversity of nematode and oribatid species, these groups were only identified to genus.
Identification of the nematodes was aided by the works of Goodey (1951, 1963), Platt and
Warwick (1988) and Siddiqi (2000). Tardigrade identification relied largely on the work
of Ramazzotti and Maucci (1983). The bdelloid rotifers were identified utilizing the
works of Bartos (1951), Donner (1965) and Bateman (1975). Identification of oribatid
mite and collembolan genera was aided by the works of Balogh (1972) and Christiansen
and Bellinger (1980), respectively.

2.2.3 Analysis

In addition to establishing genus/species lists for the bryofauna of northern,
coastal Labrador, the genera/species were also evaluated (pooled % abundance) based on
their predominance within the total specimen set. Sample sizes, moisture content and
other environmental factors being highly variable for the samples of October 2001
statistical analysis was not conducted on these samples. However some preliminary
elevational trends were indicated for the nematodes, tardigrades and oribatid mites by
examining genera/species predominance along an altitudinal gradient. Furthermore, the
datasets of each of the 3 towns were also merged to determine preliminary relationships
of elevation to species richness. The rotifers and collembolans were represented by too

few specimens to be useful in determining elevational trends.
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2.3  Ecological Distribution Study

Quantitative sample collections were conducted in June and August, 2002 and
were designed to quantitatively analyze the relationships that existed between the moss
fauna communities and 4 environmental variables: elevation, moss depth/desiccation
tolerance, seasonality and latitude. On each sampling occasion, each site was sampled in
triplicate to strengthen quantitative analysis.

2.3.1 Field Collection

A total of 162 moss samples were collected in June and August 2002 from 3
horizon depths (A, B and C) in 3 nearby moss cushions at 3 elevations (low, medium and
high relative to total height of study hill) of increasing altitude along large hills within
each of the 3 sample towns (Nain, Hopedale and Makkovik).

Elevation — Where possible the sample sites and elevations were the same as
those used during the previous 2001 preliminary survey (Figure 2.3). The only changes
in sample sites were negligible and were conducted for the purpose of reducing
extraneous variables acting upon the sample moss. For example, to remove the effects of
overhead cover on exposure and insolation, the low elevation site in Nain had to be
moved nearly 4m in height from the sample site of the 2001 collection.

Moss depth/horizon - Directly following the extraction of the moss cores, the
horizons were separated using sharp surgical scissors, labelled and stored separately.
This was done to prevent any cross migration of species from one horizon to another, so
that differences in community structure between horizons A, B and C would not be

compromised.
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Seasonality - Two field collections took place during the year 2002. The first, in
June was to collect samples representative of northern, coastal Labrador’s spring season.
The second collection, completed in August, was representative of Labrador’s late
summer/early fall season. The samples from these 2 seasons were analysed for the
existence of any differential survival or reproductive rates for the bryofauna between 2
seasons. Presence of tardigrade eggs was checked to determine reproductive seasonality.
General abundance of each species was used to determine the season of higher faunal
density as well as season of higher activity for individual species.

Latitude - Samples were collected within the same 3 towns that were surveyed in
the 2001 collections: Nain, Hopedale and Makkovik. Given the increasingly northern
positions of these 3 towns (Figure 2.2) consideration was given to the effects of a
latitudinal gradient on bryofaunal dispersal.

Standardization of Extraneous Variables - In order to confidently explain
sample trends, interference by extraneous variables on the samples had to be reduced.
Thus, the 2002 sample sites were chosen based on the ability to minimise the effect of
extraneous variables such as exposure, insolation, moisture content, slope, horizon depth
and sample size.

In order to reduce interaction of variations in exposure and insolation with the
ecological analysis of the bryofaunal communities, only sites lacking overhead cover and
surrounding protection were chosen for collection. Because northern, coastal Labrador is
characterized by mainly low growing vegetation it was possible to obtain samples which
were relatively uniform in their degree of exposure and insolation. Additionally, care was

taken to ensure that each study hill was facing the east.
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Although it was not possible to ensure similar patterns in precipitation on the
various sample dates, to minimize moisture content differences samples were taken at a
relatively constant slope, thus ensuring some degree of similarity in run-off between each.
Wherever possible samples that exhibited a gradient from highly moist C-horizon to
relatively dry A-horizon were collected. Special note was made of any situations where
the moss was either completely saturated or entirely dried in the event that outlying
variances in ecological trends needed to be accounted for.

Water run-off is greater for sites of high slope than for sites of low slope.
Similarly, the angle at which wind and sun hit the surface of a moss cushion is also
affected by the degree of slope. Thus a relatively constant degree of slope was
maintained to further reduce the effects upon moisture content, exposure and insolation as
variables between each site. Moss samples with a slope ranging between 10° and 30° to
the horizon only were collected.

A coring device was used during sample extractions to ensure uniform moss
sample sizes (Figure 2.4). The device had a solid metal design with a sharp serrated
leading edge that enabled cores to be extracted from dense or semi-frozen mosses. The
coring device extracted cylindrical samples with a diameter of 1.75 cm and a depth that
traversed the 3 moss horizons. The average sample size of the moss cores (A, B and C
horizons intact) was 20cm’®. Care was taken to ensure that the coring device was cutting
through the moss horizons and not just compacting each layer. The tool was rinsed with
water between sample extractions to prevent cross contamination of bryofauna.

Moss cushion thickness, and thus internal horizon depth, varied depending on the

growing surface. For example, mosses growing in crevices or concave bowls tended to
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Figure 2.4. Coring device used to extract moss samples of uniform size.
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form thicker cushions than those that grew on more exposed convex surfaces such as
large boulders. As much as possible collections of moss cushions of "average" thickness
were made, and overall sample depth was held as close to constant as possible. If
discrepancies did occur in sample width, the samples were standardized by trimming each
horizon as shown in Figure 2.5. The A horizon was consistently the most thin of the
horizons (averaged 2cm) while the B and C horizons were generally thicker (averaged 3
cm each).

Storage - While in the field, samples were stored in small “zip-lock” bags for
transport. Unlike the preliminary survey of October 2001, which had 1 moss sample for
the tardigrades and rotifers and another for the nematodes and other bryofauna, in the
2002 collections all bryofauna except the rotifers were extracted from the same moss
sample, which was kept moist in a sealed plastic bag (sampled in triplicate at each
elevation, see section 2.3). Having all the bryofauna extracted from the 1 moss sample
enabled the datasets and statistical analysis to encompass the complete community
structure of the moss. Thus, biotic relationships were more easily identified and the
different groups of bryofauna could be directly compared to one another with regard to
the environmental variables. Utilizing this method, however, the bryofauna needed to be
extracted more quickly from the samples so that organisms more prone to asphyxiation
(tardigrades and rotifers) had less of a chance to expire and decay. Because of the
difficulties inherent when working with bdelloid rotifers, separate moss samples were
collected from which the bdelloids were extracted. Care was taken to keep the samples
relatively moist and cool until returned to the laboratory where they could be refrigerated

at a temperature of 5°C.
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Figure 2.5. Procedure for standardization of moss horizon thickness. Red lines indicate
where horizon separations were made for thicker than average moss samples.
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2.3.2 Extraction, Preparation and Identification

Extraction, preparation and identification of the June and August 2002 samples
followed the same techniques established during the October 2001 preliminary
collections.

2.3.3 Analysis

In addition to broadening the genus/species lists for the bryofauna of northern,
coastal Labrador the genera/species were also evaluated (pooled % abundance) based on
their predominance within the total specimen set.

The dataset was then analysed to determine the effect that the 4 environmental
variables had upon bryofaunal distributions. The method chosen for analysis was non-
metric multidimensional Scaling (NMS). NMS is one of the most recommended
ordination techniques in ecology because it is very well suited to data that may or may not
be normally distributed (McCune and Mefford, 1999). This analysis has fewer
assumptions than other comparable ordination models and runs less risk of producing
misleading results. However, being non-parametric in nature this model is less robust
than comparable metric methods (McCune and Mefford, 1999). A Sorenson distance
measure was used in the analysis because it is more suited to ecological data than
Euclidian measures (McCune and Mefford, 1999).

The nematodes were by far the most abundant of the bryofauna (~90%) and thus
had a more quantitatively sound dataset. Therefore, to maintain the strength in ecological
trends by reducing the interference of the other less abundant bryofauna, the nematodes
were first analysed on their own, then later merged with the datasets of the tardigrades

and oribatid mites. Relatively few specimens represented the collembolans and bdelloid
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rotifers and they could not be quantitatively analysed so only general trends were inferred
for these groups.
2.4  Canadian Distributions and Biotic Relationships

Species lists were made and investigations of past studies were conducted to
determine previous national findings and known trophic habits. Inference was made as to
probable biotic relationships shared by various bryofauna based on those species that are
most positively correlated and respective feeding habits.
2.5  Assessment of the Bryofauna as Biological Indicators

Quantitative data collected within this study represented the baseline conditions
for the ecology of these communities. The potential of these bryofaunal communities as

biological indicators is discussed.
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Chapter 3
Results
3.1  Preliminary Survey (October 2001)

3.1.1 Identified Specimens and Relative Abundances
3.1.1.1 Nematodes

The October 2001 survey of bryofauna inhabiting Dicranum polysetum in
northern, coastal Labrador produced 861 nematode specimens belonging to 17 genera.
The 4 genera that dominated the entire nematode specimen set were Plectus (284),
Eudorylaimus (279), Panagrolaimus (112) and Prismatolaimus (108). The remaining
genera made up less than 10% of the total number of specimens: Monhystera 1 (18),
Aphelenchoides (12), Rhabditis (11), Prionchulus (9), Labronema (6), Ogma (6),
Daptonema (6), Steineria (3), Acrobeloides (2), Mononchus (2), Ac<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>