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Introduction
Freshwater and semi-terrestrial tardigrades produce

several eggs at a time, which are either smooth and are
shed in the old exuvium during a moult or are intricate-
ly ornamented and are laid freely in the environment,
singly, in pairs, or in groups. Smooth eggs are produced
by species of both heterotardigrades and eutardigrades,
whereas ornamented eggs are produced only by the lat-
ter (Kinchin 1994). Egg shell ornamentation varies and
allows one to distinguish between species, particularly
within the genera Macrobiotus C.A.S. Schultze, 1834
and Minibiotus Schuster, 1980 where the adults quite
often closely resemble one another. Although the evo-
lutionary benefit of ornamented eggs is unclear, Ramaz-
zotti and Maucci (1983) have proposed that the process-
es keep eggs from being swept away by external agents,
such as wind and water.
Little is known about the timing of egg-laying in

tardigrades. Ramazzotti and Maucci (1983) state that
eggs can be found at any time of year in mosses, lichens,
and soil, and Pennak (1953) generalizes the peak of re -
productive activity between November and May. Nel-
son (1982) has found that eggs appear to be more nu -
merous during the winter in soil-inhabiting species.
Kristensen (1980) has reported finding the largest num-
ber of eggs in Greenland samples during mid-winter
months. In Tennessee, Kendall-Fite (1993) found the
eggs of Minibiotus intermedius Plate, 1888 most often
during December, whereas Nichols (1999), working
further south in Alabama, found few eggs and mostly
in January and April. In the United Kingdom, Morgan
and King (1976) state that eggs, whether associated with
an exuvium or deposited freely, can be found there in

small numbers throughout the year. However, they also
suggest that, depending on climatic conditions, egg-
laying may occur in small peaks throughout the year,
including one in January. 
In a preliminary survey of the tardigrades of the is -

land of Newfoundland, very few eggs were found in
moss and lichen samples, and no macrobiotid eggs were
found (Bateman and Collins 2001). However, a more
recent investigation of tardigrades in Labrador, the
mainland portion of the province of Newfoundland and
Labrador, yielded interesting results (Boeckner et al.
2006). During a preliminary survey in October 2001, no
eggs were found. However, in 2002, 1 egg was located
in the June samples, and 35 eggs were found 2 months
later in August. Because the climate of the northeast
coast of Labrador is cooler than that of the island it was
surmised that egg-laying on Newfoundland occurred
later in the year than in Labrador. The temperatures dur-
ing August in Labrador correspond more closely with
those found in early October on the island (Environment
Canada 2011). The most probable explanation, then, for
the lack of eggs in the previous Newfoundland study
(Bateman and Collins 2001) might be the time of sam-
pling (between June and August), which was too early
to collect eggs laid later, in the fall.
Species of the genera Macrobiotus and Minibiotus

can be positively identified only through the concurrent
collection of eggs and adult specimens at the same loca-
tion (Kinchin 1994). A number of Macrobiotus species,
including M. harmsworthi J. Murray, 1907, and M. cf.
hufelandi C.A.S. Schultze, 1833, as well as Minibiotus
intermedius, were tentatively identified earlier on New-
foundland (Bateman and Collins 2001), but as no eggs
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were collected together with the adults, no definite
identifications could be made.
The primary purpose of this study was to determine

when macrobiotid reproduction and egg-laying occurs
on the island of Newfoundland. This will enable pos-
itive identification of Macrobiotus and Minibiotus
species based on availability of both adults and eggs.

Methods
Preliminary sampling of potential study areas in

the vicinity of Marystown (47°10'N, 55°10'W) on the
Burin Peninsula, Newfoundland, was conducted in ear-
ly September 2005 to determine which sites contained
tardigrades. Of the 11 sites selected, 10 contained tardi-
grades. These sites were then sampled at 2-week inter-
vals for 4 months (September to December). Because
the main purpose of the study was to find out if and
when egg-laying was taking place, no attempts were
made to take multiple samples at each site, but rather
to take a single sample from as many sites as possible
to enhance the chance of locating eggs. 
Each sample, consisting of approximately 200 g of

moss, was stored in a labeled brown paper lunch-style
bag and allowed to dry out naturally.Avolume of 14 cm3

of each dried moss sample was soaked in separate plas-
tic Petri dishes in tap water for 18–24 h to activate the
cryptobiosing tardigrades and then attempt to induce
anoxybiosis, causing the tardigrades to release their
hold on the moss and collect in the water from which
they can be easily removed (Romano 2003). After stir-
ring and squeezing the moss sample to remove any
tardigrades not already suspended in the water, the sam -
ples were soaked in tap water again and squeezed thor-
oughly a second time to ensure maximum recovery of
tardigrade adults and eggs. Both active and inactive
tardigrades, as well as eggs and exuvia, were removed
from the dish by hand using a glass pipette. Each adult
tardigrade and each egg was mounted in Hoyer’s medi-
um (Kinchin 1994) on a microscope slide, covered with
a coverslip, and dried on a slide dryer for a week.  

Identification of the specimens was based primarily
on the work of Ramazzotti and Maucci (1983) with
additional information on individual species from Ber -
tolani and Rebecchi (1993), Kathman (1989, 1990),
and Kathman and Cross (1991). The microscope slides
containing the adults and eggs (K2005: numbers 001-
415) are held in the Biology Department, Memorial
University. 

Results
Based on descriptions and diagrams in Argue (1971,

1972, 1974), Morgan and King (1976), Ramazzotti and
Maucci (1983), Kathman (1989, 1990), Bertolani and
Rebecchi (1993), and Kinchin (1994), 4 types of eggs
were recovered and identified as belonging to Macro-
biotus crenulatus, M. harmsworthi, M. cf. hufelandi,
and Minibiotus cf. in termedius. Only 4 of the 10 sam-
ple sites yielded eggs during this period; thus, only
collections from these 4 sites are reported (Table 1). 
Single eggs of Macrobiotus cf. hufelandi, M. harms -

worthi, and M. crenulatus were obtained in Septem-
ber and October, but most eggs were found from mid-
October onward. The specific periods during which
eggs were located for each of the 4 macrobiotid species
in this study were: M. crenulatus, mid-September to
early December; M. cf. hufelandi, early September to
early December; M. harmsworthi, October to late De -
cember; Minibiotus cf. intermedius, late November to
December (sampling ended in late December).

Discussion
The results of this limited study suggest that egg-

laying by Macrobiotus cf. hufelandi, M. harmsworthi,
M. crenulatus, and Minibiotus cf. intermedius on the
Burin Peninsula, Newfoundland, takes place in the fall.
It appears then, that concurrent collection of eggs and
adults of these 4 species in areas with a climate similar
to that of Newfoundland could be achieved by sampling
in late fall. This is not to say that egg-laying might not
also take place at other times of the year, perhaps dur-

TABLE 1. Number of eggs of 4 macrobiotid species found from September to December 2005 on the Burin Peninsula, New-
foundland.

Species
Date Macrobiotus Macrobiotus Macrobiotus Minibiotus All

crenulatus harmsworthi cf. hufelandi cf. intermedius species
2 Sept. 0 0 1 0 1
17 Sept. 1 0 0 0 1
1 Oct. 1 1 1 0 3
15 Oct. 11 0 3 0 14
29 Oct. 11 0 0 0 11
13 Nov. 19 0 0 0 19
26 Nov. 19 0 11 2 32
11 Dec. 4 0 2 2 8
24 Dec. 0 9 0 1 10
Total 66 10 18 5 99



ing winter or spring; however, no sampling was at temp -
ted at these times. It is unlikely that egg-laying takes
place during the summer months, as previous collecting
during many summers has yielded no eggs. Morgan and
King (1976) have found that (in the United Kingdom)
fertilized eggs hatch in 1–10 days, depending on cli-
matic conditions. It seems likely, therefore, that tardi-
grade eggs do not persist in the environment for long
periods; thus, even if eggs were laid early in the year,
they would not be found during the summer.
The number of sampling sites was relatively small

in this limited study (n = 11). Authors such as Degma
et al. (2011: 71) state that 

Because of the patchiness of Tardigrada populations
(e.g., Meyer 2006; Jönsson 2007), a large number of
replicate samples is necessary for obtaining valid data
for ecological studies (e.g., Nelson 2002). The required
number of samples per treatment (value of environmen-
tal variable) can be very high (from a few hundred to
more than 1000) to reduce the standard error of the pop-
ulation estimates. This fact makes ecological studies of
tardigrade populations and communities very difficult,
and few, if any, studies have had sufficient sample sizes.

Our study, then, in common with most studies of
tardigrades in natural settings, also suffers from lim-
ited sampling. Future such studies should, therefore,
involve many more sampling sites and individual sam-
ples, although Degma (2010) has stated that it is pos-
sible to take qualitative samples if the researcher is
interested only in species richness. 
The current study was limited to samples of moss

and cannot necessarily be generalized to egg-laying in
other substrates, such as lichens, liverworts, leaf litter,
and soil. As Meyer (2013) has pointed out, most terres-
trial sampling in the Americas has focused on cryp-
togams, with 90% collected from such substrates com-
pared with 14% from leaf litter, 20% from soil, and
24% in aquatic samples. Future studies of egg-laying
should, therefore, include samples from other crypto -
gams (lichens and liverworts), leaf litter, and soil to see
if the timing of egg-laying on these substrates is similar
to that for mosses. 
It would also be instructive to conduct a year-round

sampling study to see if egg-laying takes place at other
times of year, particularly January through May, as has
been found in other locations (e.g., Pennak 1953; Mor-
gan and King 1976; Kristensen 1980; Nichols 1999).
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