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Summary

Ameronothrus lineatus was studied in the northernmost part of its distribution range in the high Arctic. Survey sampling
was carried out on two sites on West Spitshergen: a Carex saltmarsh and a smooth layer of cyanobacteria, where the
species was the only oribatid mite collected. On the latter substrate all mites were visible and could be sampled by hand,
making it ideal for demographic studies. An experimental population was established in microcosms based on the mite-
cyanobacteria system, and all three populations were sampled regularly during summer 1998. Our results suggested spa-
tial variation in reproductive patterns between local populations. Influence of climatic variation on demography was illus-
trated by comparing reproduction in 1997 and 1998. Synchronous larviposition was observed in early summer, but re-
cruitment also occurred throughout the season, and gravid females were found on all sampling dates. Both the saltmarsh
and the cyanobacteria populations were female biased. A highly synchronous moulting involving at least 80 % of the ju-
veniles was observed in July, and it seems that juveniles moult once per season on average. The synchronous moult is sug-
gested to be a phenological strategy to exploit the short arctic summer by timing moulting with the warmest part of the
season. A generation time of 5 years was estimated. Juvenile stages of one year, continuous recruitment, and high adult
longevity (2—3 years) give stable stage structures and stable population dynamics.
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Introduction

The diversity of the arthropod fauna in arctic regions is
fairly well known (Danks 1981; Coulson & Refseth, in
press), and through the International Biological Pro-
gramme (IBP) densities, biomass production, nutrient
cycling and energy flow of tundra arthropod communi-
ties were investigated, with an emphasis on soil sys-
tems (Brown et al. 1980; Bliss et al. 1981). Informa-
tion on population biology and life history strategies is,
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however, fragmentary (Danks 1981, 1999). Detailed
life histories and demography are known for only a
few insect and collembolan species (Addison 1977,
Danks 1981, 1999; Hertzberg et al. 1994, 2000; Birke-
moe & Leinaas 1999, 2000, 2001). Population studies
have been carried out for a few collembolan species
(Addison 1977; Hertzberg et al. 1994, 2000; Birkemoe
& Sgmme 1998). In order to improve our understand-
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ing of the functioning of arctic invertebrate systems,
detailed knowledge on species level is a prerequisite
(Hodkinson & Wookey 1999). Thus, life history, de-
mography and trophic interactions are areas in which
more studies are needed. Furthermore, other groups of
terrestrial arthropods important in the Arctic, such as
oribatid mites, should be studied.

Mites (Acari) inhabit some of the most barren and
inhospitable areas of the earth. In arctic soils with or-
ganic matter the suborder Oribatida constitutes, to-
gether with collembolans, the dominant microarthro-
pods (Danks 1981) and is an essential component of
the soil ecosystem as secondary decomposers. Charac-
terized by long life cycles, high adult survival and low
fecundity (Norton 1994), oribatid mites differ in many
aspects of life history from the general patterns seen in
collembolans (Hopkin 1997). However, compared to
the collembolans, our knowledge about the population
biology and demography of arctic oribatid mites is
scarce. Scattered papers describe stage structures
(Hammer 1944; Seniczak & Plichta 1978), and sea-
sonal variation in density (Hammer 1944; Webb et al.
1998), but no detailed studies exist. However, popula-
tion dynamics, demography and life cycles of oribatid
mites in cold regions have been studied in sub-alpine
(Mitchell 1977; Kuriki 1995), alpine (Solhgy 1975;
Schatz 1985; Tilrem 1994) and antarctic regions (West
1982; Convey 1994a, b; Block & Convey 1995; Mar-
shall & Convey 1999). Most extensively studied is the
antarctic species Alaskozetes antarcticus (Michael),
which has a 5-year life cycle and low reproductive out-
put (Block & Convey 1995; Convey 1998). Oribatid
populations in alpine and polar regions have been sug-
gested to have elongated life cycles because of low
heat budgets compared with temperate populations,
but to lack particular life history traits adapting them to
the cold environment (Norton 1994; Behan-Pelletier
1999).

The present paper focuses on the population dynam-
ics and life history of the oribatid mite Ameronothrus
lineatus (Thorell 1871) in the high arctic archipelago
of Svalbard. A. lineatus was chosen as study object be-
cause it was found in high densities in two quite differ-
ent habitats: a Carex saltmarsh and a smooth layer of
cyanobacteria, where it was the only oribatid mite liv-
ing. In particular the cyanobacteria surface with the
single oribatid species living and feeding on it, consti-
tuted a simple and unique system which proved to be
excellent for population and life history studies of a
microarthropod in situ. The two-dimensional surface
allowed all mites in the population to be observed and
sampled by hand, which is a great advantage compared
with investigations of soil dwelling populations based
on dynamic extraction methods with uncertain effi-
ciency (Petersen 1978). Furthermore, dynamic sam-
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pling methods fail to extract eggs and immobile pre-
moult juveniles. Being able to sample all specimens in
a population, we could estimate accurate stage-struc-
ture, timing of moulting, and length of life cycle, in-
formation usually not obtainable from field sampling.
This study addresses the following aspects: What are
the life history characteristics of an arctic population
of A. lineatus? Are phenology and demography similar
under different climatic conditions and in locally sepa-
rated populations? Does the species show any adapta-
tions to the polar climate? This is the first detailed de-
scription of the dynamics and life history of an arctic
oribatid mite. The work is part of a more extensive
study on the species, also including laboratory experi-
ments, aiming at increasing our understanding of
arthropod systems in cold regions.

Materials and Methods

Study organism

A. lineatus is a littoral species distributed in arctic and
temperate regions of the Holarctic (Hammer 1944;
Weigmann & Schulte 1975; Schulte et al. 1975; Danks
1981; Colloff 1984). The species becomes less tied to
the marine tidal zone at higher latitudes (Schuster
1966), and on Svalbard we have found it underneath
rocks 500 m from the shore, and 100—150 m above sea
level (unpubl. data). Earlier works have described
zonation in the littoral habitat (Schulte et al. 1975;
Emst et al. 1993) and diet (Schulte 1976), and
Schubart (1975) made scattered observations on stage
structure and sex ratio. But only one detailed study fo-
cusing on population dynamics and life cycle exists
(Biicking et al. 1998).

A. lineatus follows the general life cycle of an orib-
atid mite with six distinct instars: prelarva, larva,
proto-, deuto- and tritonymph and adult. There are few
morphological differences between eggs and prelarvae
in this species, and we therefore counted all as eggs.
Contrary to most oribatid mites (Norton 1994), A. lin-
eatus is larviparous. Juveniles go through a quiescent
stage before moulting to the next instar.

Study sites

Fieldwork was carried out in the bay Colesbukta
(78°5'N 14°57'E) and the valley Adventdalen (78°10'N
15°30'E) in the Isfjorden area, West Spitsbergen. Here
the average air temperature is below 0° C from the be-
ginning of September until the middle of May or be-
ginning of June (Fgrland et al. 1997). Snow cover gen-
erally persists until the beginning of June (pers. obs.).
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Table 1. Monthly precipitation (mm) and middle temperature (°C) with monthly normal
precipitation and temperature from June to September in 1997 and 1998 at Longyearbyen
Airport, Svalbard. Data obtained from the Norwegian Meteorological Institute

Year June July August  September
Precipitation Normal 10.0 18.0 23.0 20.0
1997 2.0 28.2 374 29.2
1998 2.7 0.7 11.0 9.9
Temperature Normal 2.0 5.9 4.7 0.3
1997 2.6 5.3 4.7 0.6
1998 2.7 83 6.9 0.3

Summer 1997 was wetter, while summer 1998 was
warmer and drier than normal (Table 1). Surface soil
temperature was recorded with Tinytalk dataloggers.
In Colesbukta the logger stopped working properly
early in the season, and we do not have temperature
data from this site. In Adventdalen temperature was
measured in the study site and within a microcosm. In
July (11-31) the average temperature (with tempera-
ture range) was 10.8 (6.6-18.6)°C in both places,
while in August it was 7.8 (4.0-14.3) and 8.0
(3.1-16.4)° C in the study site and microcosm respec-
tively. Cumulative day degree totals (July 11-Septem-
ber 3) were 478 and 487 in the study site and micro-
cosm respectively.

In Colesbukta sampling was carried out in the delta
area formed by the rivers in Lailadalen and Coles-
bukta, at a distance of 400-500 m from the shore. The
study site, about 10 X 10 m2, consisted of water-logged
mud flats covered with a smooth, thin (1 mm) layer of
cyanobacteria with scattered Puccinellia phryganodes
(Trin.) Scribn. & Merr. (Creeping saltmarsh grass). A.
lineatus was the only arthropod found living on the
cyanobacteria mats. In addition enchytraeids and ne-
matodes burrowed into the substrate. The mites were
patchily distributed, and were often observed in dense
aggregations around the stems of P. phryganodes.
There were no crevices in the surface where the ani-
mals could seek protection.

In Adventdalen mites were sampled 1 km southeast
of the town Longyearbyen, in a saltmarsh located
about 50 m southwest of the Advent River and
400-500 m from the shore. The study site, approxi-
mately 10 X 10 m2, consisted of wet mud flats covered
by Carex subspathacea Wormsk. (Arctic saltmarsh
sedge) and moss. At spring tide sea water sometimes
reaches the area as is shown by the occurrence of drift-
wood. The organic soil layer was 2—-3 cm thick, and the
mites did not appear to be limited to the surface as in
the Colesbukta area. A. lineatus was the only oribatid
mite present. However, collembolans and Diptera lar-
vae were also found here in addition to nematodes and

enchytraeids. In late June both sites were flooded by
meltwater, and they remained wet throughout the sum-
mer.

Sampling design

The different populations required different sampling
regimes and techniques. Thus, they were not compara-
ble with respect to all parameters. Nevertheless their
differences elucidated different aspects of the species’
demography and life history.

In Colesbukta animals were sampled specifically
from the high density patches in order to get a good
representation of all life stages for detailed analyses of
demography, life cycle and moulting patterns. On each
sampling date (June 23, July 31, August 26, 1998) one
disc (diameter 3.5 cm) of the cyanobacteria surface
was sampled from ten haphazardly chosen patches of
mites with a soil corer. The area is not easily accessi-
ble, which limited the number of sampling dates. On
July 18 ten additional samples were taken haphazardly
within the whole Colesbukta study site, independent of
mite aggregates, by botanists visiting the area. These
samples were also included in the Colesbukta data set.
All mites were removed from the cyanobacteria discs
with a soft brush under a stereomicroscope, and the
presence of exuviae (cast-off skins) was noted.

To carry out more unbiased sampling and to control
for possible migration in and out of the patches, as well
as to get easier access to the study site, we established
an experimental population based on the cyanobacte-
ria-mite system. On June 23, 1998 a total of 50 discs
from the high density patches were sampled by a soil
corer (diameter 3.5 cm). Ten of these were sampled
randomly to represent the sampling for June 23 (see
above). The 40 additional discs were placed on mud
from the site, in microcosms made of plastic boxes (di-
ameter 4.2 cm, height 4.7 cm) with holes covered with
plankton mesh for ventilation and drainage. The mi-
crocosms were placed in holes in the ground at the Ad-
ventdalen site, so that the inside surface was flush with
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the tundra-surface. Because of their common origin,
we defined this set of microcosms as one population,
from which we collected a random subset of ten on
July 15, August 5 and 25, and September 3, 1998. As
the June 23 discs were sampled from this population,
they were also used as the first data set for the micro-
cosm series. This experimental population constituted
the main focus of the population study, with the Coles-
bukta population as a natural reference living on the
same substrate.

The microcosms were transferred to an environment
with possibly somewhat different microclimatic condi-
tions (temperature and humidity) than Colesbukta,
which might affect the phenology and demography of
the species. We therefore also studied the resident A.
lineatus population in the soil outside the microcosms,
thus enabling comparison with a natural population ex-
periencing very similar abiotic conditions (see above).
This also allowed us to study spatial differences in
population dynamics and demography by comparing
the cyanobacteria system with a saltmarsh population.
On the Adventdalen site we haphazardly collected 13
soil cores (diameter 6.5 cm, height 3 cm) on each sam-
pling date (July 8 and 15, August 5 and 25, and Sep-
tember 3, 1998). Preliminary sampling of the Advent-
dalen site in 1997 with a soil corer of diameter 3.5 cm
had shown that a larger corer size was necessary in or-
der to ensure a number of mites per sample high
enough to analyse. We included the 1997 material in
order to obtain reproduction data from a summer with
more average weather (Table 1). Soil cores (diameter
3.5 cm, height 3 cm) were collected on June 29, July
21 and August 10 (n = 10), and on September 15 and
18, 1997 (n = 40). The soil dwelling animals from Ad-
ventdalen were extracted over 8 days using a high-gra-
dient extractor (Macfadyen 1961). This method has its
limitations as quiescent juveniles are not extracted,
and the extraction efficiency of mobile juvenile A. lin-
eatus is also considerably lower than that of adults
(Sgvik & Leinaas 2002).

Sample treatment

Mites were preserved in 70 % alcohol. All specimens
from the Colesbukta and microcosm populations
were cleared in lactic acid and determined to instar
and gender (adults). Larvae are easily recognized,
having only three pairs of legs. Stage determination
of nymphs was based on the number of genital papil-
lae and genital setae. Adults are morphologically dif-
ferent from juveniles (Schubart 1975), and the sexes
were distinguished by the presence of an ovipositor
or a long penis. Presence of eggs and larvae in
cleared, gravid females was recorded, where gravid
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females are defined as females carrying eggs, prelar-
vae and/or larvae. Quiescent juveniles were easily
recognized as turgid and completely motionless. Im-
mobile specimens of normal appearance were consid-
ered dead. Body length of 120 specimens from all life
stages and both sexes was measured to an accuracy of
0.0125 mm at 40 x magnification under a stereomi-
croscope, using mites from the microcosms (August
5 and September 3 collections). Nymphs from Ad-
ventdalen in 1998 were not stage determined, but
were pooled into one group. Adults were cleared and
sexed, and progeny counted in females. Due to low
numbers of immatures in the 1997 material, only
adults were analysed.

Statistical analyses

All statistical analyses were carried out using the soft-
ware S-Plus 2000. Number of specimens per sample
was used as the unit in the comparison of densities be-
tween dates. Due to skewed distributions, data were
analysed by non-parametric tests (Kruskal-Wallis).
Population dynamics data from Colesbukta were not
analysed due to non-random sampling of high density
patches.

The July 18 data from Colesbukta were not included
in any statistical analyses because of a different sam-
pling regime. The proportion of quiescent juveniles
was analysed by logistic regression models. A forward
model selection procedure based on the deviance was
used to determine which of the predictor variables
(time and stage) should be included in the model.
Rows containing zero animals were removed from the
data set(s). If the residual variance of the models did
not fit a binomial distribution (goodness-of-fit test),
i.e., if data were overdispersed, the model was refitted
using the quasi-likelihood method (link = logit, vari-
ance proportional to p(1-p)). Original and re-fitted
models used respectively the deviance and F-statistic
as test statistics. Multiple comparisons (simulation-
based method) were used to obtain 95 % confidence in-
tervals (logit scale) for differences between stages,
where intervals excluding zero showed significant dif-
ferences between proportions.

The stage structure data were analysed by log-linear
models (contingency table analysis). The predictor
variables time and stage were found to be dependent in
all populations (Pearson y2-test). All full models were
overdispersed and were refitted using the quasi-likeli-
hood method (link = logit, variance proportional to p2).
Contributions to the Pearson y2 from the different cells
in the contingency tables determined which life stages
contributed most to the observed dependency between
time and stage.



The proportion of female mites, of gravid females,
and females carrying larvae in the microcosms and Ad-
ventdalen in 1998 were analysed by logistic regression
models as described above with time and site as vari-
ables. Adventdalen data from 1997 were analysed with
time as variable. Data on eggs, larvae and total prog-
eny per gravid female were analysed with log-linear
models based on the poisson distribution, with time
and site as variables.

Results

Population dynamics

There was a close similarity in the late July and August
densities of the microcosm and Colesbukta popula-
tions (Fig. 1a). No significant difference between sam-
pling dates was found in the microcosm population
(Kruskal-Wallis 2 = 5.64, df =4, P = 0.227). The Ad-
ventdalen population (Fig. 1b) showed a similar lack
of significant variation during summer although the
mean density doubled between July 8 and 15 (Kruskal-
Wallis 2 = 8.67, df =4, P=0.070). Difference in sam-
pling design and extraction technique made compari-
son of density between the two former populations and
the latter one of little relevance.

Fig. 1. Population dynamics
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Body length and moulting

The growth curve of A. lineatus is almost linear
(Fig.2). Females were considerably longer than males.
The size increase from tritonymphs to males was the
smallest one recorded between two successive stages.
There was considerable overlap in length between the
different life stages.

No pre-moult immatures or exuviae were found in
the June 23 samples. In the microcosms about 80 % of
all juvenile mites were quiescent on July 15 (Fig. 3a),
but no exuviae were found. Many were observed in
dense clusters. By August 5 the proportion of quiescent
juveniles had dropped considerably, and the micro-
cosms were full of exuviae, suggesting a rather syn-
chronous moulting. However, the interaction of time
and stage was highly significant (logistic regression:
time*stage, Fy, 50 = 3.83, P < 0. 001), showing that
moulting was not completely synchronized in the four
juvenile stages. On August 5 there were clear differ-
ences between stages, which were significant in 50 %
of the cases (triton.-larvae: 1.35-3.16; triton.-proton.:
0.38-2.39; deuton.-larvae: 0.30-2.49). Thus, older
stages moulted later (Fig. 3a). Variation within stages
was indicated by the approximately 20 % non-quies-
cent immatures on July 15. These juveniles could have
finished moulting, moulted later in the season, or
moulting was possibly postponed until next summer.
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Fig. 2. Average body length
(mm) of all life stages of A.
lineatus (+S.D.) based on
data from the microcosms (n
=120 for all stages and both
sexes). Asterisks represent
ranges (min—max). An outlier
in the male sample is denoted
by a diamond

Fig. 3. Proportions (+ S.E.)
of the different juvenile in-
stars of A. lineatus found in
the pre-moult quiescent stage
at the different sampling
dates summer 1998 for a) mi-
crocosms and b) Colesbukta.
Proportions on June 23 were
all equal to zero. For each lo-
cality, date and instar, all sam-
ples were pooled, and pooled
mite numbers are given by fig-
ures
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In contrast to the microcosm population, there were
no conspicuous peaks in the proportion of quiescent
juveniles from Colesbukta (Fig. 3b). The largest pro-
portion was found on July 18 together with exuviae,
showing that some juveniles already had moulted by
the middle of July. It is also possible that the random
sampling on July 18 may have missed aggregates of
quiescent juveniles. Only time was a significant vari-
able (logistic regression: deviance = 37.26, df =2, P <
0.001).

Stage structure

The stage structure of A. lineatus was quite stable in
time (Fig. 4) and all stages were collected at all dates.
Adults dominated in numbers, and the proportion of
larvae and tritonymphs were high compared with the
other juvenile instars. There was a highly significant
interaction in the microcosm model (log-linear model:
stage*time, F¢25 = 4.52, P < 0.001), reflecting that
dominance shifted between stages during summer.
Larvae on July 15 and September 3 constituted the
cells in the contingency table contributing most to the

¢) Adventdalen

Adults

Total nymphs
Larvae

Aug 5

Aug 25 Sep3

Pearson 2. Tritonymphs also contributed substan-
tially. Similarly, the interaction in the model of the
Colesbukta population was significant (log-linear
model: stage*time, Fg 135 =4.02, P<0.001). Adults and
tritonymphs on June 23 and larvae on August 26 made
the highest contributions to the Pearson 2. The Ad-
ventdalen data were analysed with nymphal stages
combined. Adults constituted about 50 % of the sam-
ples. The interaction was highly significant (log-linear
model: stage*time, Fg ;30 = 4.45, P <0.001). Larvae on
September 3 made the largest contribution to the Pear-
son 2, with larvae on July 8 and August 5, and nymphs
on August 25 also contributing. Thus, changes in the
structure of all three populations resulted mainly from
an increasing number of larvae as summer progressed.

Sex ratio and reproduction

Large fluctuations in the sex ratio were observed in
Colesbukta during a two-month period (Fig. 5a). How-
ever, it seems very unlikely that such large fluctuations
reflected real changes in the population, as this would
imply first a high female, and then a high male mortal-
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ity. The fluctuations probably reflected a change in the
spatial distribution of the sexes, made apparent by the
non-random sampling of the cyanobacteria surface. In
comparison the sex ratios in the microcosms and in
Adventdalen seemed to vary little seasonally (Fig. 5a,
b). A significant interaction between site and time (lo-
gistic regression: site*time: F; ;o5 = 3.42, P = 0.020)
was caused mainly by a drop in the proportion of Ad-
ventdalen females in September. On removing these
data, only site remained significant (logistic regres-
sion: Fy 199 = 35.26, P < 0.001). Pooling samples from
different dates, gave proportions of 0.67 (95 % conf.
int.: 0.65, 0.69; n = 1990) and 0.55 (95 % conf. int.:
0.53, 0.58; n = 1651) from the microcosms and Ad-
ventdalen respectively. Thus, both populations devi-
ated from a 1:1 sex ratio. In 1997 the slightly increas-
ing trend through summer (Fig. 5b) was not significant
(logistic regression: deviance = 7.30, df = 4, P =
0.121). All samples pooled gave a female proportion of
0.55 (95 % conf. int.: 0.51, 0.59) (n = 610).

Gravid females were found on all sampling dates.
The first sampling from Colesbukta (June 23) gave a
very low proportion of pregnancy. In the microcosms
this was followed by a peak of 93.5% in July, after
which it decreased steadily through the summer (Fig.
6a). The proportion of gravid females in the Coles-
bukta population showed a similar temporal trend. As
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the Colesbukta females may represent biased samples
(see above), the reproductive data from this site were
not analysed statistically. Also the Adventdalen popu-
lation in 1998 showed reduction during summer, but
on the first sampling date (July 8) on this site all fe-
males were gravid (Fig. 6b). This temporal difference
was reflected in the highly significant interaction in the
model of the Adventdalen and microcosm data (logis-
tic regression: time*site, deviance = 28.08, df =3, P <
0.001). Also in 1997 all females were gravid on the
first sampling date (Fig. 6b). However, contrary to
1998, the proportion remained high, except for a drop
in July, giving a highly significant effect of time (lo-
gistic regression: deviance = 58.97, df =4, P < 0.001).

In 1998 the proportion of the females carrying larvae
increased in both the microcosms and Colesbukta from
a very low level in June (Fig. 7a). In Adventdalen the
proportion dropped from an initial high level of 56 % to
21 % within a week in early July and then increased
sharply to a very high level of 95 % (Fig. 7b). These
differences are reflected in the significant interaction in
the model describing the microcosm and Adventdalen
populations (logistic regression: time*site, deviance =
180.43,df =3,P<0.001). In Adventdalen in 1997 there
was a drop in the proportion of females with larvae in
July, making time a significant variable (logistic regres-
sion: deviance = 11.68, df =4, P = 0.020).
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Fig. 6. Proportion of gravid a) Microcosms and Colesbukta 1998
females (+ S.E.) of A. lineatus 1.0 : — - o :
in a) microcosms (A) and ) 232

Colesbukta (o) in 1998, and 0.8+ i
b) Adventdalen in 1997 (V) )
and 1998 (0). Sample sizes 0.6F |

156 301
0.4 149 271 i

(given by figures) are total
numbers of females for each
locality and date. The data
from June 23 are used in both
the Colesbukta and micro-
cosm series. Sampling dates
(indicated by tick marks) are
given in the text
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Fig. 7. Proportions of fe- a) Microcosms and Colesbukta 1998
males carrying larvae (+ S.E.) 1.0— . S - :

in A. lineatus in a) microcosms
(A) and Colesbukta (o) in
1998 and b) Adventdalen in
1997 (V) and 1998 (0). Sam-
ple sizes (given by figures) are
total numbers of gravid fe-
males for each locality and
date. The data from June 23
are used in both the Coles-
bukta and microcosm series.
Sampling dates (indicated by
tick marks) are given in the
text
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4 a) Colesbukta

A b) Microcosms

Fig. 8. Mean number of eggs

(----), larvae (...) and total
progeny (——) per gravid fe-
male of A. lineatus (+ S.E.) in
a) Colesbukta and b) micro-
cosms in 1998, c) Advent-
dalen in 1997, and d) Advent-
dalen in 1998. Sample sizes
(n) are given by figures. Note
different scales on the x-axes
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d) Adventdalen 1998

Progeny per gravid female

170 231
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The microcosm females entered winter carrying al-
most twice as many embryos as the Adventdalen fe-
males (Fig. 8b, d). In contrast, in Adventdalen mean
number of total progeny reached 11.7 in July, while an
average above 9 was never recorded in the micro-
cosms. There were also great temporal differences be-
tween the two populations in number of eggs and lar-
vae per gravid female. In June, a single female was
found carrying one larva in the microcosms, while the
mean load of larvae in Adventdalen females in early
July was 2.7. In autumn the mean number of larvae
was almost the same (3.3 and 3.2 in the microcosms
and Adventdalen respectively), but the number of eggs
was much lower in Adventdalen (0.7 versus 4.2). Inter-
actions were highly significant in all models (log-lin-
ear models: time*site, (eggs) deviance = 1608.30, df =
3, P < 0.001; (larvae) deviance = 1074.01, df =3, P <
0.001; (total) deviance = 625.28, df = 3, P < 0.001).
The maximum number of total progeny per female
(23) was found on the Adventdalen site, as were maxi-
mum numbers of eggs (23) and larvae (13). In Coles-
bukta gravid females carried increasingly more larvae
and a declining number of eggs as the summer pro-
gressed (Fig. 8a). In 1997 in Adventdalen the total
number of progeny decreased in late July and then lev-
eled out (Fig. 8c), giving a higher September average
than one year later. Similar changes were seen in the
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Jul 8

Aug 5

number of eggs. The number of larvae reached its max-
imum in the last part of the summer. Differences be-
tween dates were significant (log-linear models: (eggs)
deviance = 153.21, df =4, P < 0.001; (larvae) deviance
=90.42,df =4, P<0.001; (total) deviance = 53.22, df
=4,P<0.001).

Discussion

Population dynamics

The similarity of mite densities from the high density
patches in Colesbukta and the microcosms (Fig. 1) in-
dicates that the microenvironment within the micro-
cosms did not differ markedly in quality from that of
the natural system from which they originated. Fur-
thermore, it seems that the microcosm population
never reached unnatural high or low densities within
its confined space. Thus, the microcosms seem a real-
istic model system for the study of population dynam-
ics and demography under natural conditions. The den-
sity of the Adventdalen and microcosm populations re-
mained stable through the summer 1998. There was no
increase in autumn, which might have been expected
from the accumulation of larvae through summer. The
early summer peak of larvae in Adventdalen (see be-



low) is, however, visible in Figure 1b. Hardly any stud-
ies on population dynamics of alpine or polar oribtid
mites exist. The seasonal dynamics of oribatid popula-
tions on Greenland were either quite stable or charac-
terized by a peak in July (Hammer 1944). Summer
1998 was exceptionally mild on West Spitsbergen
(Table 1), probably offering good conditions for A. lin-
eatus (see below). However, populations with long life
cycles like A. lineatus (see below) do not readily re-
spond to short-term temperature changes, as shown by
the stable population dynamics in this study.

Life cycle

The synchronous moult in July may reflect a pheno-
logical strategy to time quiescence and moulting,
which are vulnerable parts of development, with the
warmest part of the arctic summer (Table 1; Fgrland et
al. 1997). Synchronous moulting in early summer has
been reported in a few antarctic and sub-alpine oribatid
mites (Convey 1994a; Kuriki 1995), and we suggest
that the long winter in cold regions has a strong syn-
chronizing effect on moulting. In laboratory cultures of
A. lineatus juveniles, we have observed synchronous
quiescence and moulting right after simulated winters,
which supports our suggestion (Sgvik & Leinaas, in
prep.).

Moulting occurred earlier in Colesbukta than in the
microcosms. The common origin of the two popula-
tions suggests that the observed difference in timing of
moulting was due to differences in microclimate,
which implies that a certain sum of degree days in
early summer is required to initiate quiescence. Unfor-
tunately no reliable temperature data from the Coles-
bukta site exist. Notwithstanding, moulting seems to
be synchronized within, but not necessarily between,
different local populations. However, within popula-
tions timing of moulting was positively correlated with
ontogeny, with older stages moulting later. This could
be due to deuto- and tritonymphs initiating quiescence
later, or to a longer lasting quiescent stage in older in-
stars. Earlier studies support the last hypothesis (Lux-
ton 1981a).

The presence of all life cycle stages of A. lineatus at
all sampling dates suggests that all stages overwinter.
Similar seasonally stable stage structures have been
observed in a number of polar and alpine oribatid mites
(Solhgy 1975; Mitchell 1977; West 1982; Schatz 1985;
Tilrem 1994; Kuriki 1995; Marshall & Convey 1999).
In contrast in several temperate species cohorts can be
followed through ontogeny (Luxton 1981b). This was
observed also in a North German population of A. lin-
eatus (Biicking et al. 1998). Because of its stability, the
demography of A. lineatus was of little value in esti-
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mating the duration of life stages. However, the syn-
chronized moulting in the microcosms, together with
low proportions of quiescent immatures at later sam-
pling dates, suggests that each juvenile instar lasts ap-
proximately one year.

Given on average a one-year duration for each
stage, A. lineatus will spend 4 years from larva to
adult. Females start larviposition in their second sum-
mer as adults (see below), giving a generation time
larva-to-larva of 5 years. As adults live for 2-3 years
(see below), A. lineatus has a life span of 67 years.
The few studies of alpine and polar oribatid mites sug-
gest generation times of 2—4 (Schatz 1985), 3 (Mitchell
1977) or 5 years (Convey 1994a; Kuriki 1995). In con-
trast most temperate oribatid mites have generation
times of 1-2 years (Luxton 1981a, b). The North Ger-
man population of A. lineatus has a one-year life cycle
with virtually all adults dying during their first winter
(Biicking et al. 1998), implying that life cycle duration
and adult longevity vary dramatically across latitudes.
The prolonged life cycle of arctic A. lineatus may be
explained by the suggested synchronized timing of
moulting to the warmest part of the arctic summer,
with each juvenile not being able to moult more than
once per summer due to climatic constraints. Thus,
each active stage will be prolonged in terms of degree
days relative to temperate populations. The corre-
spondingly larger time budget for growth per instar is
consistent with the considerably larger size of arctic
compared with temperate adults of A. lineatus as doc-
umented by Schubart (1975). For a population in
southern England he obtained average sizes of 0.67
and 0.62 mm for females and males respectively, com-
pared with 0.87 and 0.77 mm in the present study (Fig.
2).

Demography

Several factors, like variation in yearly recruitment or
mortality and developmental patterns, may explain the
observed proportions in the A. lineatus stage struc-
tures. Data from several years are required in order to
determine the importance of each of them. The propor-
tion of each stage remained fairly stable through the
summer of 1998 (Fig. 4), which indicates low summer
mortality in all juvenile instars. The increasing propor-
tion of larvae during summer compared with older in-
stars shows good recruitment in 1998. Similar high
proportions of larvae were found by Tilrem (1994) in
the alpine Ameronothrus lapponicus Dalenius and by
West (1982) in sub-antarctic oribatid mites, and may
indicate high mortality in the first active instar. Adults
dominated in all three populations, reflecting high
adult longevity. However, the high proportion of adults
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in the Adventdalen population was partly due to the
higher extraction efficiency of adults compared with
immatures (Sgvik & Leinaas 2002). The stage struc-
tures from Colesbukta and the microcosms (Fig. 4a, b)
indicate an adult longevity of at least 2 years. A de-
creasing mortality risk with ontogeny and high adult
survival seem to be characteristic of oribatid mites
(Luxton 1981a; Norton 1994).

The stable sex ratio in the closed microcosms com-
pared with the Colesbukta population suggests that the
strongly varying sex ratio of the high density patches
in Colesbukta was caused by a non-random distribu-
tion of adults on the cyanobacteria surface. One possi-
bility is that males migrated into the high density
patches attracted by virgin females recently moulted
from tritonymphs. Another explanation, not necessar-
ily excluding the first one, is reproductive migration to
lower density areas. That fewer eggs were found in the
Colesbukta females compared with those in the micro-
cosms on July 31 supports this (Fig. 8a, b). Reproduc-
tive migration has been hypothesized for oribatid mites
where adults and juveniles have been found in differ-
ent soil horizons (Luxton 1982). However, the low
proportion of females did not coincide completely with
timing of larviposition, which took place the whole
summer (see below).

In contrast to the seasonally quite stable sex ratios of
both the Adventdalen and microcosm populations,
temperate A. lineatus populations have been observed
to have males dominating in spring (early male moult-
ing) and females in late summer (high male mortality)
(Schubart 1975; pers. obs.). Thus, on Svalbard males
and females seem to moult simultaneously and to sur-
vive equally well. Our data suggest spatial differences
in the sex ratio between local populations of A. linea-
tus. However, sex ratios from field samples can be
misleading due to differential mortality and dispersal
rates (Wrensch 1993), as illustrated by the Colesbukta
population. Ratios diverging from 1:1 are not uncom-
mon in oribatid mites (Luxton 1981a). Female biased
sex ratios in other acarine sub-orders are often associ-
ated with haplodiploid genetic systems (Norton et al.
1993), however, genetic systems of oribatid mites are
poorly known. As broods from different females will
mix during the long development of A. lineatus,
skewed sex ratio due to local mate competition (Fisher
1930) does not seem likely.

In Adventdalen in late June 1997 100 % of the fe-
males were gravid, and out of these about 60 % carried
larvae. A drop in the proportion of females carrying
larvae in July, together with a drop in the number of
larvae per female, implies that by July 21 many fe-
males had larviposited. A drop in the proportion of
gravid females shows that tritonymphs had moulted to
females as it is unlikely that in 40 % of the overwinter-
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ing females, which were all carrying eggs, all eggs had
matured to larvae and were deposited within 3 weeks.
On August 10, the proportion of gravid females had in-
creased to nearly 90 % and remained high the rest of
the season, showing that the new females had started
developing eggs, and that most females overwintered
with progeny. A proportion of females with larvae at
about 60 % in the last part of the summer indicates that
few new females had developed larvae. This suggests
that females may live and reproduce for at least 3 sum-
mers, overwintering first with only eggs and then with
eggs and larvae.

July 1998 data for the Adventdalen population again
showed 100 % pregnancy. The number of larvae per fe-
male was the same as in September 1997, while the
number of eggs had doubled, which shows that all fe-
males started egg production in early summer. The
sudden drop in the proportion of females with larvae,
as well as in larvae per female, reveals that virtually all
larvae from autumn 1997 were laid synchronously
within one week in early July. Similar to 1997 the de-
creasing proportion of gravid females on July 15 must
be due to tritonymphs moulting to females as 98 % of
the overwintering females on July 8 carried eggs. The
proportion of females with larvae rose steeply from
July to August, probably due to overwintering females
maturing new larvae, or developing their first ones, de-
pending on age. Considering that new females in 1997
started producing progeny during their first summer as
adults, it is likely that this was the case also in the
milder summer of 1998. Thus, it seems that the contin-
ual high proportion of females carrying larvae in the
last part of summer 1998 also included new females,
which suggests that embryonic developmental rate was
higher in 1998 compared with 1997. However, experi-
mental studies carried out in summer 1998 showed that
none of the new females larviposited in 1998 (Sgvik &
Leinaas, in prep.). Contrary to 1997 the proportion of
gravid females in Adventdalen in 1998 declined
through summer. The number of progeny per female
also decreased, which was in large part due to a very
low number of eggs in September. Probably many
overwintering females deposited all their progeny dur-
ing the last part of summer. The drop in the proportion
of females on September 3 suggests that many females
then died. In an average year it is possible that some of
these larvae would not have been deposited until the
succeeding spring. Thus, as already noted, the rate of
embryonic development was probably higher in 1998
compared with average summers like 1997. The data
also indicate that the state of a population in early sum-
mer depends on its reproductive history the previous
year.

In early summer the proportion of gravid females in
the Colesbukta population was low, and a very low



proportion of these females carried larvae. Two expla-
nations seem possible: there could have been a very
early burst of larviposition before our first sampling, or
the dynamics of the two populations were completely
out of phase, with few females overwintering in Coles-
bukta with progeny because of a burst of larviposition
the previous autumn. The high proportion of gravid fe-
males on July 15 shows that overwintering females
had started producing new eggs. From July 15 to Au-
gust 25 an increasing larval density in the microcosms
shows a period of high recruitment. The fact that
hardly any gravid females in the microcosms carried
larvae on August 5, in contrast to the Colesbukta fe-
males, may indicate a synchronous larviposition
shortly before that date. The seemingly marked differ-
ence between the microcosm and Colesbukta popula-
tions in proportion of females carrying larvae in early
August may be due to difference in sampling dates rel-
ative to the assumed synchronous larviposition. Dur-
ing the rest of the recruitment period the number of lar-
vae per female in the microcosms increased strongly,
indicating a more gradual larviposition as larvae ma-
tured. The moulting of new females in the microcosms
during August coincided with a decrease in the propor-
tion of gravid females. As August and September data
from the microcosms resembled the Adventdalen pop-
ulation in 1998 in the proportion of gravid females and
females carrying larvae, it seems probable that also in
the microcosms new females matured larvae, while
many overwintering females deposited all their prog-
eny in late summer. The observed variability in eggs
and larvae per female in the microcosm and Advent-
dalen populations may be due to the timing of egg and
larval development being out of phase, as suggested
above.

Despite experiencing the same microclimatic condi-
tions during summer 1998, the reproductive biology of
the microcosm population differed markedly from that
of the Adventdalen population. These results show that
the demography of field populations depend on both
the current microclimatic conditions, shown by com-
parisons between the summers of 1997 and 1998, as
well as the previous demographic history of the popu-
lation. Other factors may also be important, e.g., the
substrate. This has implications for the interpretation
of field data. Our results suggest that in most years
newly moulted females immediately start developing
eggs, which will be matured and deposited as larvae
the following summer. Some alpine and antarctic
species also start depositing eggs (or larvae) the sec-
ond summer (Schatz 1985; Kuriki 1995; Convey
1994a). High adult survival leads to seasonal iteropar-
ity, and since larvae and gravid females were found in
all samples, reproduction is probably continuous. A
burst of larviposition may occur in early summer.
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However, embryonic development and timing of peak
recruitment probably vary between sites and years, in-
dicating a phenotypic flexibility responding to climatic
conditions. Oviposition in other alpine and polar orib-
atid mites is either continuous through the summer or
temporally circumscribed (Solhgy 1975; Mitchell
1977; Schatz 1985; Tilrem 1994; Convey 1994b;
Kuriki 1995). The instantaneous clutch sizes in A. lin-
eatus are higher than reported for most other oribatid
mites (Luxton 1981a; Tilrem 1994; Kuriki 1995). For
instance, females of the similar sized and confamilial
A. antarcticus carry an average of only 4-6 eggs (Con-
vey 1994b). However, information about turnover
rates is necessary in order to make valid comparisons.
With an adult longevity of 2-3 years, A. lineatus fe-
males might produce a total of 10—40 larvae.

Conclusion

The generation time of 5 years suggested for arctic
populations of A. lineatus is longer than most de-
scribed for oribatid mites, and is only comparable with
oribatid life cycles from other extreme environments
with short and cool summers. A. lineatus resembles the
antarctic A. antarcticus in life history traits such as
long life cycle and high adult longevity. These traits
are to some extent also found in most temperate orib-
atid species, and Norton (1994) and Behan-Pelletier
(1999) pointed out that oribatid mites seem to be sim-
ply pre-adapted to the polar environment. However,
we suggest that the length of the life cycle of arctic A.
lineatus is determined by a phenological strategy
where adaptive timing of moulting with the warmest
part of summer leads to approximately one instar per
year.

The long life cycle may lead to higher juvenile mor-
tality compared with temperate populations due to re-
peated winterings. However, traits like iteroparity,
larger body size in females (possibly leading to higher
fecundity), and female biased populations seem to
counteract the effect of a higher mortality. Unfortu-
nately, no detailed data exist on the reproductive biol-
ogy of temperate populations of A. lineatus, which
could have illuminated this suggestion. Furthermore,
larviparity, a plesiotypic (ancestral) trait of
Ameronothrus the genus, ensures a high survival of
eggs and prelarvae. The timing of life cycle events
such as moulting suggests distinct phenological strate-
gies. On the other hand, the species also exhibits a
flexible life history by overwintering in all stages. Fur-
thermore, comparisons of the demography of two dif-
ferent populations, and between two years with differ-
ent climatic patterns, demonstrate ability of A. lineatus
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to respond to favourable conditions. Thus, the combi-
nation of flexible as well as programmed elements,
plesiotypic as well as adaptive traits, of the life history
of A. lineatus, makes the species well suited for a life
in the harsh arctic environment.
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