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This paper reviews field evidence suggesting that periodic temporary population
irruptions of feral house mice Mus musculus in New Zealand have a substantial effect
on the reproductive success of stoats Mustela erminee Linnaeus, 1758. Steats born
during the summer of a peak in numbers of mice are more numerous and have higher
feeundity (ovulation rate; but lower productivity (independent offspring per female)
and shorter longevity than those born when mice are not abundant. This reversed
silver-spoon effect is apparently correlated with intense competition for food within a
much larger than usual cohort of young stoats. However, both stoats and mice are
introduced in New Zealand, so it is possible that these effects are not natural. The
question could be resolved by data demonstrating similar cohort effects in stoats in the
northern hemisphere, living in areas with fluctuating vole populations and limited
alternative prey.
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Introduction

The two smallest mustelids (the stoat Mustele erminec and weasel Mustela
nivalis) evolved during the Pleistocene as specialist predators of small redents,
especially voles and lemmings (King 1989). These rodents typically have very
unstable populations, especially in the far north (Krebs and Myers 1874, Norrdahl
1995). In contrast to most temperate climates, where alternative prey can moderate
the effects of these variations in foed supply, northern populations of both species
show multi-annual density fluctuations following those of the rodents, Numbers of
either species observed by standard methods such as trapping or snow-tracking
may range from brief but unsustainable peaks to longer periods of scarcity or even
temporary local extinction. These relationships have been demonstrated throughout
the Holaretic range of the species, in Russia by Aspisav and Popov (1940); in North
America by Simms (1972) and Raymond and Bergeron (1982}; in Europe by Debrot
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(1983), Henttonen et al. (1987), Hanski and Korpimiéki (1995) and Korpimaki ef al.
(1991), and in Greenland by Sittler (1995).

In many temperate ecosystems, pulsing in food supplies for mustelids is
correlated with the masting habit of primeary producers (Ostfeld and Keesing 2000).
The intermittent production of abundant seeds by some forest trees and perennial
plants provides a dramatic but short-lived increase in numbers of forest rodents
and, in turn, of small mustelids {King 1983, Jedrzejewski and Jedrzejewska 1996,
Oksanen et al. 2000). Although the multi-annual density thuctuations of tundra and
temperate forest redents are driven by fundamentally different mechanisms, the
consequernces for the chances of successful reproduction in mustelids are similar.

Because the numbers of rodents and mustelids cannot fluctuate in phase, there
15 exfensive variation in the ratio of predators to prey through the cycle. Many
papers have analysed the potential impact on the rodent populations of the
consequent variations in predation pressure hy mustelids, both in the northern
hemisphere (eg, Norrdahl 1995, Norrdahl and Korpimaki 2000) and in New
Zealand (Blackwell ef al. 2001). This paper is concerned with the opposite inier-
‘action, the variation in the reproductive success of individuals of one species of
small mustelid, the stoat, consequent on these very large variations hetween
breeding seasons in the supply of small rodents. -

Newly independent female stoats born when rodents are abundant emerge into
a world teeming with easy prey, but by the time they are 0ld enough to produce
their own young in the following spring, hunting for rodents is likely to be very
difficult, and their breeding success will be poor. By contrast, young females born in
the years when rodents are scarce must learn from the beginning to survive in a
harsh and hungry environment. Females that happen to be born within 12 months
of the next peak in rodent abundance will produce their young when hunting is
easy, which virtually guaranteez them very high breeding success. What difference
does birth year make to the fitness of a given individual at independence? Do those
born in a year of high densify and good food supplies have an advantage - the
so-called “silver .spoon effect” (Grafen 1988)? Dces carly development affect
age-specific survival or productivity in later yvears (Lindstrom 1999)? Given that the
mean life span of stoats, usually <18 months (Powell and King 1997), is much
sharter than the interval between peak years, usually 3-5 years, how does an
individual minimise the risk of total reproductive failure?

Seme of these questions have been answered for arctic foxes and raptors, which
are at some times and places at least as dependent on fluctuating supplies of
rodents as are stoats. For example, the very large cohorts of Arctic foxes Alopex
lagopus born when rodents are abundant were detectable in the population age
structure for several of the following years (McPherson 1969). The consequences of
this variation in food supplies affected the life spans and breeding prospects of
individuals born at that time as well as their numbers. Arctic foxes born when
lemmings were abundant lived shorter lives (mean 0.77 yr) than those born when
lemimings were scarce (1.6 yr) (Shiljaeva 1971). In Tengmalm’s owls Aegofius




Life-history of Mustela ¢rminea 227

funereus, Korpimaki (1992) showed that the breeding lifespan of males varied with
the phase of the vole cycle during which they made their first breeding attempt.
These owls provide an especially close comparison, because like stoats their mean
longevity is shorter than the rodent cycle and they have very high juvenile
mortality. In the Ural owl Strix vralensis, more fledglings are produced in peak
years, but fewer of them breed themselves later in life (Brommer et al. 1998).

Answering the same guestions for stoats would be a lot more difficult. Stoats are
small (<350 g}, fast-moving and wide-ranging (to 200 ha} animals (Murphy and
Dowding 1995) that are unpredictable in numbers and hehaviour. Their dens are
much harder to find than are the nests of raptors, so counting and marking very
small young has never been done on a large scale. Documenting the demography of
a statistically respectable number of live adult stoats requires team coverage of a
very large area, and the cost of doing it for any length of time explains why.
large-scale (> 10 kmz) live-trapping or radio-tracking studies such as that of Erlinge
{1979a, 1983) are few. Snow-tracking allows coverage of large areas (Klemola et ol
1999), but gives no information on demography and cannot be applied in snow-free
climates.

Analyses of carcases collected under a controlled sampling regime have proved
helpful, partly because only carcases can supply essential information on age and
fecundity, and partly because kill-traps can be operated over wider areas than live
traps and throughout the periods of low density during which the large-scale use of
live traps is impractical. On the other hand, estimating population parameters by
removal sampling of fluctuating populations has problams of its own (Powell and
King 1997).

in New Zealand, the masting (seedfall) cycle of the southern beech Nothofogus
sp. produces a dramatic response in the only common small redent available in
these forests, the feral house mouse Mus musculus (King 1983, Choquenot and
Ruscoe 2000). Heavy seedfalls also stimulate short-term population increases in
insects, birds and black rats Rattus rattus (Elliott et al. 1996, Fitzgerald et al. 1996,
King and Moller 1997, Alley et al. 2001). The largest known coilection of stoats
(n = 865) assembled under a fixed samypling regime and spanning a wide range of
prey densities comes from three forests of southern beech in the South Island,
collected from 1973 to 1981. The application of new techniques of multivariate
analyses to these data has made it possible to examine the consequences of
fluctuations in food supplies for the morphology and survival (Powell and King
1907) and reproductive biology of stoats in New Zealand beech forests.

The ecology and dynamics of the small mammal community in New Zealand
beech forests are very different from that of any in the northern hemisphere. There
are no native terrestrial mammals other than bats. House mice, black rats and
stoats are all introduced, and there are no microtines, squirrels or shrews. Weasels
and feral ferrets Mustela furo are present in New Zealand but rare in beech forests
(King 1990}. The stoat is a larger and relatively more generalist predator than the
weasel (King and Moors 1979), and stoats living in other temperate climates with
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access to alternative prey are less dependent on rodents than are weasels, and more
likely to maintain relatively stahle populations by turning to alternative prey
(Frlinge 1983, Jedrzejewska and Jedrzejewski 1998, McDonald et al. 2000). By
contrast, i the simple New Zealand beech forest communities, the beech masting
cycles simulate the feast-or-famine conditions to which stoats are adapted in the far
north, even though the factors driving the changes in rodent numbers are different.
The interesting question is: are the demographic changes in stoat populations
dependent on fluctuating supplies of rodents in New Zealand matched in their
boreal relatives?

The purposes of this paper are; (1) to provide a concise summary of the life
history of stoats in New Zealand beech forests, amenable to potential comparisons
with northern-hemisphere populations; (2) to suggest a hypothesis on the effects of
early nutrition on reproductive success of stoats born in years of high and Jow
rodent densities.

Material and methods

Full details of the methods used to collect and analyse the material summarised here are described
in the original papers. In brief: indices of density were estimated by controlled transects of spring {lill)
traps, run for three nights every three months for rodents and 10-12 nights per month for stoats (King
1983). Ages of mice were classified by Lidicker’s method, &s illustrated by Murphy and Pickard {19903,
and of stoats by counting cementum annuli (Grue and King 1984).

The distribution of ages among the stoats trapped was assumed to be the same as in the living
population (Caughley 1977: 93); but with the caution that remaoval sampling could have reduced
maximum longevity compared with undisturbed populations, especially in the frst year of kill
trapping. This caution was confirmed when a significant difference in age structure of samples taken
at the beginning and at the end of a five year removal sampling programme was demonstrated in a
later study in the North Island by King et al. (1996a). In the material reviewed here the data for the
first year of removal trapping in any location were discarded, in order to avoid confusion between the
density indices, age structure and maximum longevity doecumented by a regular removal sampling
regime and those of undisturbed populations.

The original analysis described by Powell and King {1997) depended on two key assumptions: that
the methods of stoat age determinations used be validated by exhaustive testing against known-aged
material (King 1991a), and that the link between seedfall and mouse/stoat irruptions be widely
considered reliable (King 1983, Fitzgerald ez al, 1926, Wilson e ¢l. 1998, Choquenot and Ruscoe 2000},
Both assumptions had already been amply confirmed in previous studies, so we were able to deduce the
birth year of each individual from trapping and age records, and then class all cohorts as having been
born either after a heavy seedfall or not, from records of beech masting (Powell and King 1997, and see
helow). We calculated schedules of age-specific survivorship and longevity under reguiar removal
sampling aceording to Caughley’s (1977) Method 4, which does not require that r = €.

In the following aceount I avoid the simple term liller size, because observed changes in litter size
can have more than one explanation. For example, larger litters can be produced either by an increase
in ovulation rate or a decrease in intra-uterine mortality. In stoats litter size is determined by several
significantly different processes operating over almost 12 months of the vear. I therefore distinguish
bhetween fecundily, defined as the number of ova shed per female per season, deduced by counting
corpora lutes; ferfility, defined as the number of neonates born per female per season, deduced fram
counts of embryos [nestling counts are rare: see above); and productivity [of a local population),
defined as the number of newly independent young stoats caught per 100 trapnights during summer.
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New Zealand is in the southern hemisphere, and closer to the equator than most of western Europe
north of the Mediterranean. The seasons are reversed by 6 months (which means that the turn of the
calendar year is in summer not in winter), and conventionally defined as follows: spring: September,
Qctober, November; summer: December, January, Febreary; autumn: March, April, May; winter:
June, July, August.

TIn this paper I define a year in hiological terms relevant to the reproductive cycle of stoats and the
seasonal variation in their population density, starting in late winter (August) with the beginning of
the active phase of the reproductive cycle (the implantation of the blastocysts). The exact timing of
implantation is controlled by day length, so litters are born earlier in the North Isiand (King and
Moody 1982a).

The reproductive biology of stoats includes a combination of four features unusual among small
mammals:

1. Pronocunced sexual dimorphism {adult males in New Zealand average 324 g, femates 207 g) (King
and Moody 1282b) aszsociated with different reproductive strategies in the two sexes (Erlinge 1978b,
Moors 19807, and sole care of the young by the female. The difference in hody size between sexes
begins to develop in the young from the age at which meat enters the diet, at about 4-5 weeks in stoats
(King 1989},

2. Extreme sexual himaturism, delaying the age of puberty in males to almost year after that of
females {Ternovsky 1983).

3. Prolonged and compulsory delayed implantation of hlastocysts, which introduces a 9-10 month
hiatus into the breeding cyele, from two weeks after fertilisation in spring until the following winter,
9-10 months later (Wright 1942). There is no flexibility or possibility of bet-hedging in this system,
since the rigid control of implantation by day-length is unavoidable, regardless of food supplies {(King
1981).

4. Extreme sexual precocity in the young females, which are virtually all fertitised at about five
weeks of age, presumahly by the same adult male that serves their mother at her post-partum oestrus.
When they leave the nest in spring, they are zll already carrying a litter of blastocysts in delay, and can
establish a new population (for example, or an island) alone (Crouchley 1994). Almest all females of al
ages are therefore fertilised almost all the time, although the period of active pregnancy is only 28
days.

Variables controlling stoat population dynamics in Nothofagus forests

Table 1 and Fig, 1 summarise the density cycle of stoats in New Zealand
southern beech forests. The cycle usually repeats every third to fifth year, varying
somewhat in the five species of heech {Wardle 1984), and the start of a new cycle
becomes predictable as soon as it is clear that a high proportion of the seeds (>50%)
are viable, that is, contain substantial food resources stored in the living kernels.
Density indices derived by exactlv the same methods over 5 years in a mixed
podocarp-hardwood-exotic forest (King et af. 1996b), about 50 km frecm the nearest
stand of Nothofogus, suggest that populations of non-beech forest stoatz are much
more stable, and usually much sparser, than those in beech forest.

Most of the variables controlling the density cycles of mice and stoats in this
habitat have now been identified or can reasonahly be deduced.

1. After the seedfall in autumn {March-May}, mice continue to bhreed and to
build up their numbers from their normal seasonal peak. Over the following winter
{June-August) and spring (September-November}, mice reach unusually high
numbers just at the time when adult female stoats are implanting, gestating and
feeding the annual cohort of young stoats. Over this period, the processes
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controlling the nutritional condition, fecundity and fertility of female stoats, and
the survival and growth rate of the young, are primarily correlated with the density
of mice.

2. The subsequent survival of that eohort of young stoats after independence is
apparently limited by increasing competition for the rapidly disappearing mice over
summer (December-February)} and autumn, that is, by the interaction between the
densities of mice and of stoats. At some point during this period, between roughly
one and four months after the young stoats of the current year become independent
in late December and early January, the probability of their survival suddenly
reverses, trom higher than normal before independence to lower than normal
afterwards. From then on, stoat survival seems to be primarily correlated with the
density of young stoats, perhaps moderated by the availability of alternative prey.

A new seedfall can reset this sequence of events to the beginning at any time -
even, occasionally, in successive years (as in parts of southern New Zealand in 1999
and 2000). However, the consequences for the demography of the forest animals of
seedfalls at intervals of < 3 yr have not been documented.

The biology of this system presumably involves age, cohort, seasonal and year
effects for both predators and prey, plus unidentified interactions between them,
but in this first attempt to desecribe the stoats’ side of the relationship, most of that
complexity is put aside. As in other forest ecosystems with pulsed resources
{Ostfeld and Keesing 2000), the sudden increases in the density of mice which have
the strongest effects on the reproductive success of stoats are ultimately deter-
mined by the trees, and at a period when the stoats cannot respond {ie during their
compulsory delay in implantation). The consequent changes in stoat reproductive
biology and populations are here described deterministically, on the assumption
that they are externally driven by changes in the density of mice. At least the
earliest stages of each cycle are independent of the density of stoats.

Summer diet {functional response)

Mice are not the only prey of stoats living in beech forests, but their response to
a heavy seedfall has a disproportionate effect on the subsequent events. In seedfall
years, mice and litter-dwelling invertebrates become abundant in late winter, the
critical period determining implantation rate and maximum stoat litter size. Other
prey species which also respond to a heavy seedfall become more abundant only in
late spring and summer, such as birds (0O’ Tlonnell 1996) or summer and autumn,
such as black rats (King and Moller 1997), toe late in the cycle to determine the
stoats’ reproductive response. The reasons for the keystone status of mice in this
ecosystem has not been formally investigated, but I hypothesise that it is either
because small rodents are a very profitable prey for stoats, or because stoats feeding
on winter-breeding mice can absorb physiologically active mouse hormones which
influence the stoat’s own reproductive status, as Lindstréom (1988) suggested for
foxes feeding on breeding voles.
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Few stoats were collected in winter, but by the summer, 9 months after the
seedfall, a significant Type 2 functional response of stoats te the increased
availability of mice (r, = 0.74, p < 0.001, n = 15) was very clear {King 1933,
Lawrence 1997),

Intra-uterine and nestling mortality of young of previous years’ ovulation cycle

Because female stoats cannot avoid 9-10 months of delayed implantation, the
ova shed and fertilised in the spring hefore the seadfall, when mice are scarce, do
not appear as nestlings until the spring of the seedfzll year, by which time mice are
abundant. Female stoats cannot therefore increase their fecundily in response to
an increase in current resources, since it was already fixed at last years’ ovulation.
Instead, they have relatively high fecundity (potential litter size) every vear, and
later adjust their fertility (realised litter size) to the prospects of success in the year
of birth. Because the reproductive cycle spans almost 12 months, fecundity is
determined in one breeding season and fertility in the next (King and Moody
1982a).

Fecundity, as estimated from counis of corpora lutes, is individually variable,
but local means are relatively constant: in 16 annual samples it ranged from 8.3 to
10.6 corpora lutea per female (King 1931). There was no difference in fecundity
rate of young and adult females when the data were controlled for variation
between years (Powell and King 1997). The maximum potential litter size set at
aovulation is cut down hy intrauterine or nestling mortality at each successive
reproductive stage unti! independence.

The total extent of this juvenile mortality is presumably governed by the
female’s own nutritional cendition and hunting success. On average over all vears,
intrauterine losses were modest, amounting to 13% from ovulation to implantation
and 12% from implantation to parturition (King 1981). Nestling losses, the final
phase of adjustment of productivity to food supplies, spanned a much wider range,
reaching 100% in crash seasons, eighteen months after a heavy seedfall (Purdey
2002). Because stoats” breeding dens are very hard to find without radio-tracking
(Murphy and Dowding 1994, 1995) or the use of trained dogs, nestling losses could
be estimated only indirectly, from the variation in capture rate of independent
young, but they were almost certainly controlled by the same mechanisms.

At the end of a seedfall year, in the late winter (Table 1), the high density of mice
(and, in places, rats) helped provide excellent nutritional conditions for female
stoats, which in turn led to maximally favourable chances of implantation of
hlastocysts. Mice remained abundant through to early summer, so intrauterine and
nestling losses were greatly reduced, and almost all the potential fecundity of the
previgus year was realised (King 1951). Since the mean ovulation rate recorded in
three different areas was always over 8, even when mice were scarce during the
mating season, these processes ensured that there were always enough blastocysts
available to develop into a substantial cohort of independent young in the early
summer of a post-seedfall year,
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Byv the following summer, almost two years after the seedfall and one year after
the post-seedfall mouse irruption, mouse densities had erashed to very low levels.
Intra-uterine mortality of stcats increased again, even more drastically. Some
females appeared that were not pregnant or not lactating in spring of a erash year,
when others from the same areas in other years were so classified (King 1981, King
and Moody 1982a), suggesting that their individual fertility had been reduced to
zerp. The seasonal reproductive cycle of females is closely synchronised by day-
-length, so the spring-caught femalss which showed no sign of having borne a litter
but which were already fertilised for the next season could confidently he classified
as having lost all their young. Only 2 of 451 female stoats we examined had not
been fertilised before leaving their family groups in December, so the failures were
not due to lack of mates (King and Moody 1982a). Evidence of total reproductive
failure in spring of a crash year appeared as a drastic decline in, or even a complete
absence of, independent young stoats appearing in summer (King 1981, Murphy
and Dowding 1995, Purdey 2002}. The females that failed to produce young,
already at least 12 months old, were re-fertilised early, as soon as the males were
competent, but were still obliged to wait another 12 months before the young could
be born. Such non-productive seasons are a sericus loss for a small animal with a
mean lifespan of < 18 months (Powell and King 1997).

The net effect of these annual variations in intra-uterine and nestling mortality
was to adjust, with maximum effect and minimum delay, the number of young
stoats appearing in summer to the density of mice in the spring (r, = 0.88,
p = 0.0005, n = 11; King 1981 and unpubl.).

Fecundity during current ovulation cycle

During the spring breeding season of a post-seedfall year, the high numbers of
mice available stimulated an increase in the mean ovulation rate. Counts of corpora
lutea were strongly correlated with the density index for mice in spring {(November)
r, = 0.75, p < 0.01, = = 12; King 1981). However, the long intervening period of
delayed 1mplantat10n ensured that there was no link at all between the ovulation
rate in one season and the number of juveniles produced in the following season
(r=-0.21, p > 0.05, n = 12). Annual variations in fecundity therefore plaved no
role in regulating the fertility or dynamics of a local population of stoats.

Growth rate and body size in both sexes

Young stoats born in a post-seedfall year grew significantly larger than young
born in other years (Powell and King 1997). This so-called. “silver-spaon effect” was
most noticeable in condylobasal length (General Linear Model: F = 42,42, d4f = 1
p < 0.0001) and persisted into adulthood, because skull growth is sensitive to
nutritional status of juveniles, and the adult size of skulls is fixed early. By
contrast, body weight is easily influenced by short-term variations in nutritional
conditions throughout life, so the influence of birth conditions on body weight is
easily over-ruled later.
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The most ikely reason for the correlation between mouse density and juvenile
growth rate is that newborn stoats cannot maintain their own body temperature, so
they go into a temporary cold rigor, with slowed metabolism and zero growth, if the
mother is out of the nest long enough for the kits to become chilled below 10-12°C
(Segal 1975). When mice are abundant, a female nursing small young can minimise
her foraging expeditions and spend more fime in the nest, warming the young and
maximising their growth rate. The New Zealand data suggest that hoth sexes of
voung responded to this combination of warmth and good nutrition, since the
additional food available to nestlings in good vears had no effect on sexual
dimorphism, contrary to expectations (Ralls and Harvey 1985). However, in males,
but not in females, the size advantage did not last: we found no detectable
difference in size betwesn the oldest (3 yr+) males in relation te birth year (Powell
and King 1997), which we attributed to differential mortality against the larger
males. We could not identify the reasons for this difference in our material, but
previcus authors have pointed out that larger individuals may be at a disadvantage
in severe climates (Kopein 1969), when hunting in burrows (Gliwicz 1988), and
when food is short (Moors 1980},

Productivity

From late winter (August} of a seedfall year to early summer (December) of a
post-seedfall year, the very large increase in the survival of embryos from
implantation to birth, plus an assumed equivalent increase in the survival of
nestlings (Powell and King 1987) led to a large increase in the productivity of the
local population (King 1981, King and McMillan 1982). The consequent extra-large
cohort was most obvious when the newly independent young of the year disperzed.
Conversely, the opposite processes could actually eliminate all productivity in a
crash season, The net effect could be detected in the cohort structure of the local
population, in the following year and heyond (King 1989).

Survival rate of the current season’s young

Age-specific mortality in the first year-class (age class 0,2-1.0 years) was much
higher in the large post-seedfall year cohorts (g, = 0.92, 0.91, 0.92) than in the
cther cohorts pooled (0.73. (.55, 0.60) at all three study sites (Powell and King
1997}. The correspending age-specific survivorships (p,) of first-year stoats ranged
from 0.345 tc 0.092 in different cohorts, and was inversely correlated o = -(.55,
= 002 r = 9 with the summer density of stoats of all ages. That is, the
probability of survival to one year old, when females can produce their first litter
and males can participate in their first mating season, was drastically reduced in
the post-seedfall year cohorts,

Removal sampling, which could create a sink effect and exaggerate the
representation of dispersing voung in oltr samples, does not explain this result, The
proportion of young in the age structure of twe successive post-seedfall popula-
tions, the first sampled by kill traps and the second by live traps, was similar
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(x?‘ = 1.43, p > 0.05; King and McMillan 1982). The rapid disappearance of the
first-year young was also confirmed from live-trapping (Powell and King 1997),

However, there was still a positive correlation between the number of newly
independent young caught in the summer of a post-seedfall year and the number of
adults caught in the spring of the following year (r, = 0.90, p= 0.05, n = 5; King
1981). This implies that, even though the large cohorts of peak year young died off
more quickly than average, enough of them survived to make the population next
spring higher than normal, even in populations that were regularly harvested, and
much more so in those that were not. Their over-winter survival depended on,
among other things, the available alternative prey and the intensity of human
control operations. Left alone they could survive by shifting to alternative prey,
although these are few in beech forest. They dominated the spring populations as a
large group of one-year-olds, among which, as usual, all the females were already
fertilised. Few or even none (depending on the extent of the food shortage) of those
that did survive that long managed to produce young (Purdey 2002).

Longevity in relation to birth year

Powell and King (1997) also showed that, although the cohorts born in any year
other than a post-seedfall year included fewer and smaller individuals, pro-
portionately more of them lived Ionger lives, especially the males. Of 40 males over
3 years old, only 7 (18%) had been born in a post-seedfall year (p < 0.01). The same
did not apply to the old females. This observation is presumably a direct result of
the higher mortality of the males of the post-seedfall year cohort.

Risk of exposure to parasitism

The life cycle of the nematode Skriabingylus nasicole in New Zealand is
unknown, but the paratenic host appears to be the feral house mouse (King 1991h).
Stoats that have lived through a period of high density of mice were more likely to
have picked up the nematode than those that completed their whole lives in the
interval hetween the mouse peaks that followed each heavy seedfall. Although the
infestation is rarely very damaging in New Zealand, the enhanced risk of exposure
to it at high mouse densities is an additional, unexpected cohort effect in stoat
population dynamics in beech forests.

Lifetime reproductive success

We could make no direct observations on lifetime reproductive success, but if the
data described above on the different survival rates, life spans and litter sizes of
stoats born during years of high or low density of mice are generally valid; there
must be substantial differences in lifetime productivity of different cohorts of beech
forest populations of stoats correlated with variations in mouse density.

Inspection of Table 1 suggests that each annual cohort of stoats experiences a
different sequence of conditions, determined by where in the cycle it is born. The







