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In Scandinavia, the Eurasian Jay (Garrulus glandarius) is a resident forest-dwelling spe-
cies, which in some years show eruptive movements in the autumn. Such irruptions seem
to be related to the variation in seed crops of oaks (Quercus spp.). When there has been a
high seed crop, termed mast, Jays use hoarded acorns not only during winter, but also as
food for their young in the succeeding spring. However, whether this leads to an irruption
in a succeeding year may also depend on other factors that affect survival and reproduc-
tion. AJay hunting index (1995–2015) and a Jay irruption index (observations at a coastal
ornithological station 1976–2015) from southern Norway peaked in years with mast fail-
ure, but there also was a significant negative relationship with mean snow depth in Janu-
ary–February and precipitation in April–May. Much snow is assumed to reduce winter
survival, by making hoarded acorns less available, whereas heavy rain in spring is known
to have a negative effect on passerine breeding success in general.

1. Introduction

The huge annual variation in seed crops of some
forest tree species, termed masting when synchro-
nized within a population, has a profound influ-
ence on the associated guild of seed foraging ani-
mals and their predators (Petty et al. 1995, Ostfeld
& Keesing 2000, Koenig 2001, Fox et al. 2009).
Vertebrates show both numerical and functional
responses to mast seeding, and for mobile species
like birds, the numerical response may be caused
both by migration and reproduction (Bogdziewicz
et al. 2016). In autumns after a mast year, seed-eat-
ing birds are often recorded in high numbers out-
side their natural range (Koenig & Knops 2001,
Newton 2006, Fox et al. 2009). The intensity of
such irruptions also depends on population abun-
dance (e.g. Lindén et al. 2011), and should thus be

most pronounced if there were high seed crops in
the previous year (Koenig & Knops 2001, Newton
2006), accompanied by favourable weather for
survival and reproduction. However, except from
an apparent negative impact of winter harshness
on Pine Siskin (Spinus pinus) irruptions in North
America (Strong et al. 2015), physical conditions
have so far not been revealed to play an important
role in modulating bird irruptions.

Among masting trees, oaks (Quercus spp.) are
particularly important, by providing large fruits
(acorns) that are utilized by several vertebrate spe-
cies, including mice, squirrels, deer, wild boar (Sus
scrofa), pigeons and corvids (Murton et al. 1964,
Jackson 1980, Kenward & Holm 1993, Schley &
Roper 2003, Den Ouden et al. 2005). The main
disperser of oak seeds in Western Europe is the
Eurasian Jay (Garrulus glandarius; hereafter Jay),
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which in mast years hides large numbers of acorns
on the ground (Bossema 1979, Gomez 2003, Pons
& Pausas 2007). Because Jays use hoarded acorns
not only as winter food, but also to feed their nest-
lings in the succeeding spring (Bossema 1979),
mast years should be expected to increase both
winter survival and subsequent reproduction. In
Scandinavia, the Jay is a resident forest-dwelling
species, which shows irruptive movements in
some autumns (Harrison 1957, Haftorn 1971, An-
drén 1985, 1990).

Observations from Falsterbo Ornithological
Station in southern Sweden 1942–1994 suggest
that Jay irruptions, which mainly consist of juve-
niles, occur in autumns with poor acorn produc-
tion, but that the extent of an irruption depends on
the acorn crop of the previous year (Andrén 1985,
Karlsson et al. 1994). Lack of irruptions, despite
mast failure of oaks, was ascribed to mast seeding
of European Beech (Fagus sylvatica). The Jay also
utilizes a large number of other food resources,
such as insects, bird eggs and nestlings, small ro-
dents and carrions (Holyoak 1968, Bossema
1979). Of these food resources, small rodents in
particular vary considerably in abundance in Fen-
noscandia. Hence, Andrén (1985) speculated that
high numbers of voles improve the breeding suc-
cess of Jays, resulting in enhanced Jay autumn ir-
ruptions when vole peaks occur in years with poor
acorn production.

In northern areas, snow conditions during win-
ter may reduce Jay winter survival, by making
stored acorns, as well as other food resources, less
available. This may be especially so in southern
parts of Norway, where the oceanic climate fre-
quently results in snow melting and freezing, mak-
ing the snow layer compact and difficult to pene-
trate for the Jay. Weather conditions in the spring
may further affect the breeding success and thus
autumn population sizes. At least for smaller pas-
serines, heavy rainfall during the incubation and
nestling periods seems to be especially negative
for nesting success (Veistola et al. 1996, Hogstad
2000, Öberg et al. 2014).

Here I compare two different Jay indices from
Norway with acorn production indices, small ro-
dent indices and selected weather variables. Irrup-
tions are predicted to occur in years with few
acorns, but the strength of an irruption is assumed
to reflect fluctuations in both current year repro-

duction and previous winter survival, which both
may depend on acorn production in the previous
year and weather conditions.

2. Material and methods

2.1 Study area

The study area is Aust-Agder and Vest-Agder
Counties (hereafter Agder) situated at the southern
coast of Norway. The area is dominated by a mo-
saic of young, medium-aged and old deciduous,
mixed and coniferous forest stands, with scattered
lakes, bogs and less than 5% agricultural and de-
veloped areas. The dominating tree species are
Norway Spruce (Picea abies), Scots Pine (Pinus
sylvestris), Aspen (Populus tremula), Downy
Birch (Betula pubescens) and Silver Birch (B.
pendula). Sessile Oak (Quercus petraea) is com-
mon and Pedunculate Oak (Q. robur) occurs in the
lowland and close to the coast, whereas the Euro-
pean Beech is almost absent. Forests with a timber
production high enough for commercial utilisa-
tion, and which should also be suitable for the Jay,
cover 3,665 km2 in Aust-Agder and 2,440 km2 in
Vest-Agder.

2.2 Jay hunting index

From 1994 onwards, Statistics Norway (www.ssb.
no) estimated the annual hunting bag of small
game species, including the Jay, in each county
based on report forms submitted by individual
hunters. The submission of the report form was
voluntary, but more likely from 2000 onwards, due
to an extra fee if the report form was not submitted.
During 1994–1999, additional questionnaires
were sent to a sample of the hunters who did not re-
spond, and Statistics Norway assumes that the
change in methodology had marginal impact on
their results. In Agder, the number of hunters, i.e.
persons who bought a hunting tax card, was rather
stable throughout the period, varying from 12,700
(1994, 1998, 2007) to 13,600 (1999). During
2002–2015, the number of hunters who submitted
the report varied from 11,420 (2006) to 12,040
(2015), i.e. a variation of ca. 5%. The response rate
was 88–92%.
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The hunting period for Jays lasts from 10 Au-
gust to 28/29 February. There are no traditions for
utilising Jays as food in Norway. Most hunters kill
Jays in Agder because they regard corvids as
harmful to grouse and other bird species, and they
are not expected to adjust the hunting effort ac-
cording to Jay abundance. Hunting statistics
should therefore be expected to reflect the relative
number of Jays present in the study area during the
hunting season. This may depend on both previous
winter survival and summer reproduction. How-
ever, many Jays are killed close to human settle-
ments, where they are attracted by bird feeders.
Hence, if Jays seek bird feeders more frequently in
acorn-poor years, the hunting statistic may also re-
flect changes in Jay behaviour. As an example, one
hunter killed >30 Jays at his bird feeder in Aust-
Agder, ca. 20 km from the coast, in the irruption
year 1977.

In the analyses, I used the estimated number of
Jays killed from 1995 onwards. The estimate of
4,680 Jays in the first year of statistics, 1994, was
omitted as it was a clear outlier, more than twice as
high as the highest annual number during 1995–
2015, when the estimated number ranged 630–
2,140.

2.3 Jay irruption index

As an irruption index, I used the number of Jays
observed in autumn at Lista ornithological station
in Vest-Agder (58°07’ N, 06°34’ E) during 1977–
2015, taken from the Norwegian Species Observa-
tion database (artsobservasjoner.no). This station
is situated close to the coast, in an open landscape
outside the natural habitat for the Jay. The number
of Jay observations has fluctuated considerably
from year to year, varying from zero in most years
to many hundreds in irruption years. Observations
from August–January were used, although the ma-
jority of the observations (99%) are from Septem-
ber–October.

There is a strong positive trend in the Jay ob-
servation data from Lista, due to increased interest
for bird watching and species reporting. This esca-
lated in the irruption year 2014, with 8,217 obser-
vations, compared to 0–697 for the period 1977–
2013. When adjusting for observation effort,
Heggøy et al. (2015) operated with an observation

index for 2014 approximately twice as high as the
second highest during 1989–2014. Accordingly, I
adjusted the 2014-index to twice the value of the
second highest in my time series.

2.4 Acorn production

I used the annual amount of acorns of Sessile Oak
exported from Agder to Denmark, provided by the
Norwegian Forest Seed Centre (Selås 2016), as an
index of acorn production, but with some modifi-
cations. Acorns have been exported by Reiersøl/
Oveland nursery in Aust-Agder for the entire
study period, and by Randesund nursery in Vest-
Agder from 1980 onwards, although with small
volumes during the first 10–15 years. When the
two time series were detrended by using annual
change (first difference), they were significantly
correlated (r = 0.81, P < 0.001). I therefore used
only the Reiersøl/Oveland series for my analyses.
For most years, additional information about the
acorn production is given by the Norwegian Forest
Seed Centre or the head of Reiersøl/Oveland nurs-
ery, gardeners Gunnar Oveland and Torgeir Ove-
land (Selås 2016).

The acorn export from Reiersøl was intensified
in 1984, and at least for some years (possibly all)
during 1984–1999, acorns were collected from
larger areas, including parts of Vest-Agder. From
2000 onwards, acorns collected in the three mu-
nicipalities closest to the nursery (the core area)
were reported separately, and by using only these
data the possible bias caused by increased sample
areas in years with moderate acorn production is
eliminated. In order to get a comparable index for
the entire study period, I used half of the value of
the amount exported as an acorn index for the peri-
od 1984–1999, when acorns were collected from
an area of approximately twice the size of the core
area. I then obtained very similar values for the
years 1980, 1984, 1995 and 1997, which G. Ove-
land characterized as extraordinary rich acorn
years (Selås 2016).

The general pattern in Agder seems to be that
there are either many or almost no acorns. The
only intermediate years, according to G. Oveland,
were 1988, 1994, 1999 and possibly 1985 (Selås
2016). The relatively high amounts of acorns ex-
ported in 1988 and 1999 were due to high demand
for acorns in Denmark, combined with a strong ef-
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fort in Norway to meet this demand. For 1985, the
index is a minimum estimate, because only infor-
mation about the export to two buyers were given,
whereas acorns may have been sold also to 2–3
other traditional buyers. According to G. Oveland,
there were “some acorns”, but “much less” than in
1984 (Selås 2016).

2.5 Vole index

The vole index was the number of voles, mainly
Bank Vole (Myodes glareolus), trapped per 100
trap-nights in Aust-Agder County; in Birkenes
municipality during 1972–1978, in Vegårshei mu-
nicipality during 1979–1989 and in Gjerstad mu-
nicipality during 1990–2015 (see Selås et al. 2002,
Framstad 2016). The Wood Mouse (Apodemus
sylvaticus) was not included, because this species
is mainly nocturnal and more agile, and thus it is
assumed to be less available for the Jay.

2.6 Meteorological data

Mean monthly snow depth (December–April),
precipitation (April–May) and temperature

(April–May) data were taken from the Norwegian
Meteorological Institute (sharki.oslo.dnmi.no). In
southern parts of Norway, Jays usually start egg-
laying in mid or late April, and the young fledge in
early June (Haftorn 1971). I therefore regarded
weather conditions in April–May to be most im-
portant for the breeding success, and used the
weather index (rain or temperature) that gave best
fit in the model. Mean monthly snow depth and
precipitation data were taken from Mykland Mete-
orological Station, and temperature data from
Bygland Meteorological Station.

2.7 Statistical analyses

I tested for relationships between Jay indices and
the selected explanatory variables using general-
ized linear models (Poisson distribution and log
link) accounted for over-dispersion. The software
used was JMP®Pro 12.1.0 (SAS Institute, Cary,
North Carolina). When log-transforming the time
series, there was a significant linear trend in the Jay
irruption index but not in the hunting index. To ac-
count for this trend, year was included as predictor
in the analysis of the irruption index. The other se-
lected explanatory variables used in the presented

Selås: Jay irruptions and oak masting 95

1995 2000 2005 2010 2015
0

5

10

15

20

A
c
o

rn
 i
n

d
e

x

2.6

2.8

3

3.2

3.4

3.6

3.8

J
a

y
 h

u
n

ti
n

g
 i
n

d
e

x

Fig. 1. Seed production indices of Sessile Oak in Aust-Agder (bars) and the log-transformed
number of Eurasian Jays killed in Aust-Agder and Vest-Agder (line), southern Norway,
1995–2015. The acorn index is the annual quantity of acorns (metric tons) exported to Den-
mark, except from the years 1995–1999, when acorns were collected from larger areas and
the index thus is the half value of the amount exported. Open bars are used for years with
low or intermediate acorn production, and shaded bars for years with high production, ac-
cording to expert evaluations.



models were (1) the acorn index of the current
year, (2) the acorn index of the previous year, (3)
mean snow depth in January–February, (4) precip-
itation in April–May (for the hunting index) or in
May (for the irruption index), (5) the vole popula-
tion index of the current year. Because of a signifi-
cant negative relationship between temperature
and precipitation, temperature was not used. The
only significant temporal autocorrelations in the
series was a negative one-year lag in the acorn in-
dex and a positive three-year lag in the vole index.

3. Results

All peaks in the Jay hunting index (Fig. 1), and al-
most all in the Jay irruption index (Fig. 2), oc-
curred in a year with few acorns. However, there
were no irruptions in 1979, 1981, 1985 and 2002
despite mast failure (Fig. 2). In 2002, there was
only a minor peak in the Jay hunting index (Fig. 1).

Assuming that the Jay hunting index is an ade-
quate proxy for population levels, the Jay irruption
index for the period 1995–2015 should be well ex-
plained by the hunting index and the present year’s
acorn index, with no need of including previous
seed crops or weather variables. In this model,
where I accounted for the positive effect of year (P

= 0.011), there was a significant positive relation-
ship with the hunting index (P = 0.024) but only a
tendency for a negative relationship with the acorn
index (P = 0.063). This is presumably because the
Jay hunting index overestimates population levels
in irruption years, due to increased Jay move-
ments.

In models with all explanatory variables in-
cluded, the Jay indices were both negatively re-
lated to the acorn index of the current year and
mean snow depth in January–February (Table 1,
Figs. 1–3). For the irruption index, there was also a
highly significant negative relationship with pre-
cipitation in May (Table 1, Fig. 4), whereas there
was a tendency for a negative relationship with
precipitation in April–May for the hunting index
(Table 1). No significant interactions between
acorn and weather variables were found, i.e., snow
and precipitation negatively affected the Jay indi-
ces regardless of acorn production (Fig. 3 and 4).

4. Discussion

The Jay indices were negatively related to the
acorn index, as all peaks or irruptions were associ-
ated with mast failure. Acorn production of the
previous year did not contribute significantly in

96 ORNIS FENNICA Vol. 94, 2017

1980 1990 2000 2010
0

5

10

15

20

A
co

rn
 in

de
x

0

1

2

3

4

5

Ja
y 

irr
up

tio
n 

in
de

x

Fig. 2. Seed production indices of Sessile Oak in Aust-Agder (bars) and the log(x+1)-transformed number
of Eurasian Jays observed during August–January at Lista Ornithological Station in Vest-Agder (line),
southern Norway, 1975–2015. The acorn index is the annual quantity of acorns (metric tons) exported to
Denmark, except from the period 1984–1999, when acorns were collected from larger areas and the index
thus is the half value of the amount exported. Open bars are used for years with low or intermediate acorn
production, and shaded bars for years with high production, according to expert evaluations.



the models, i.e., my analyses did not support the
hypothesis of enhanced irruptions after high seed
crops. This suggests that there usually were
enough young surplus birds present in autumn to
give an irruption when the acorn production failed,
regardless of the food supply of the previous year.
Many Jays observed at Lista are likely to come
from larger areas than Agder (Løfaldli 1983), but
this is probably a minor source of error because
there usually is at least a regional synchrony in
acorn production.

Former oak mast years in Agder, according to
the acorn export, were 1950, 1954, 1958–60,
1964, 1966, 1968, 1970–71 and 1974 (Selås
2016). Jay irruptions were reported from Lista or
Western Norway only in the mast failure years
1955 (Harrison 1957), 1972 (Holgersen 1973) and
1975 (Byrkjeland & Overvoll 2003). In Sweden,
pronounced irruptions were observed in 1955,
1961, 1972, 1977 and 1981 (Karlsson et al. 1994).
These years were mast failure years of oak both in
Sweden and Norway.

Although Jay population peaks and irruptions
certainly depend on acorn production, the Jay indi-
ces from Agder also showed a strong relationship
with weather conditions assumed to affect survival
or reproduction. There were no irruptions in 1979,
1981 and 2002, despite mast failure. This could be
due to heavy rains in spring, resulting in poor bree-

ding success. During his 33-year study of Bram-
blings (Fringilla montifringilla) in Central Nor-
way, Hogstad (2000) regarded the low breeding
success in 1978, 1979 and 1981 to be caused by
extremely cold and rainy weather. There may,
however, have been a small peak in Jay numbers in
Agder in 1981, because at Revtangen Ornitolo-
gical Station, in the neighbouring county Roga-
land, western Norway, ca. 20 Jays were recorded
in October 1981, compared to only 3 and 2 in 1979
and 1980, respectively (Runde 1979, 1980, 1981).

Also snow depth in January–February turned
out to be a good predictor in the Jay models. For
the hunting index, only the lack of a marked peak
in 2002 may not be explained by snow conditions,
but rather by precipitation in spring. A thick snow
cover may be negative both by making the forage
on stored acorns and other food resources more
time-consuming, and by making the Jays more
vulnerable to predation during foraging. The Jay’s
ability to penetrate a snow layer when trying to ac-
cess hoarded food items on the ground may also
depend on the consistency of the snow, but it was
not possible to adjust for this in the analyses.

There was no relationship between Jay irrup-
tions and vole numbers. Jays certainly know how
to handle dead voles (pers. obs.), but they are prob-
ably not efficient vole hunters themselves. None-
theless, improved breeding success in vole peak
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Table 1. Results from generalized linear models (Poisson error distribution and a log link, corrected for
over-dispersion) with the annual number of Eurasian Jays shot in Vest-Agder and Aust-Agder in August–
February (year t – t+1) or observed at Lista Ornithological Station in Vest-Agder in August–January (year t

– t+1) as response variables.

Explanatory variable Estimate SE �
2

P

Jay hunting index 1995–2015

Intercept 7.7333 0.3262
Acorn index, year t –0.0205 0.0092 5.10 0.024
Acorn index, year t–1 0.0074 0.0095 0.61 0.434
Snow January–February, year t –0.0089 0.0037 5.77 0.016
Precipitation April–May, year t –0.0025 0.0015 2.81 0.094
Vole index, year t 0.0012 0.0256 <0.01 0.961

Jay irruption index 1977–2015

Intercept –228.6054 47.4677
Year 0.1181 0.0237 40.25 <0.001
Acorn index, year t –0.5108 0.1677 57.58 <0.001
Acorn index, year t–1 0.0340 0.0461 0.54 0.464
Snow January–February, year t –0.0133 0.0070 4.04 0.044
Precipitation May, year t –0.0390 0.0074 52.12 <0.001
Vole index, year t 0.0121 0.0511 0.06 0.812



years has been observed for smaller passerines,
which obviously do not eat voles (Veistola 1996,
Selås & Steel 1998). Whether this is caused mainly
by reduced predation risk (Järvinen 1985) or in-
creased numbers of herbivorous insects (Selås et
al. 2013), such effects seemed not to be important
for Jay numbers in Agder.

The annual hunting bag of 600–1,000 Jays in
Agder had apparently a minor impact on the bree-
ding population in this area, and the number shot
was independent of the number shot in the pre-
vious year (no significant autocorrelations). The
population size of Jays is difficult to assess in the
breeding season, but based on a minimum estimate
of 1,000–2,000 pairs in Aust-Agder (Bengtson et
al. 2009), there are probably at least 2500 pairs in
Agder. Assuming, however, that the home range of
a Jay in the breeding season is usually less than 1
km2 (Andrén 1990, Grahn 1990), and that most of
the total productive forest area of 6,000 km2 in
Agder is suitable habitat for the Jay, the breeding
population may in fact be much higher, at least in
years with autumn irruptions.

This study supports that population peaks and
irruptions of Jay in Norway are related to acorn
production and to weather conditions affecting

survival or reproduction. Both snow depth in win-
ter and precipitation in spring appeared to affect
Jay numbers negatively, regardless of acorn pro-
duction.
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Tammenterhotuotannon ja säätekijöiden

vaikutukset närhen (Garrulus glandarius)

syysvaellusten esiintymiseen Etelä-Norjassa

Närhi (Garrulus glandarius) on metsässä pesivä
paikkalintu. Joinakin syksyinä esiintyy voimak-
kaita närhien vaelluksia. Vaellukset näyttävät ole-
van yhteydessä eri tammilajien (Quercus) siemen-
tuotannossa (terhojen) esiintyvään vaihteluun.
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Tammenterhojen massatuotantovuosina närhet
käyttävät varastoimiaan terhoja talven lisäksi
myös seuraavana pesimäkautena ruokkiessaan
poikasiaan. Massatuotantovuotta seuraavan kesän
jälkeen saattaakin syntyä vaelluksia. Vaelluksen
syntymiseen vaikuttavat kuitenkin myös muut
eloonjäävyyteen ja lisääntymiseen vaikuttavat te-
kijät.

Tässä työssä tutkin vaelluksen esiintymistä
suhteessa eri ympäristötekijöihin Etelä-Norjan
metsästäjiltä kerätyn närhisaalis-indeksin (1995–
2015) ja ornitologiselta asemalta kerätyn vael-
lusindeksin (havainnot 1975–2015) avulla. Mo-
lemmat indeksit olivat korkeita vuosina jolloin ter-
hojen tuotanto oli heikko. Tammi–helmikuun suu-
ri lumensyvyys ja huhti–toukokuun korkea sade-
määrä heikensivät vaelluksen todennäköisyyttä
seuraavana syksynä. Syvä lumikerros saattaa hei-
kentää lintujen eloonjäävyyttä vaikeuttamalla ter-
hovarastojen saatavuutta kun taas voimakkaiden
kevätsateiden tiedetään yleisesti heikentävän var-
puslintujen poikastuottoa.
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