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RETURN RATES of 4,178 female and 1,565 male breeding Pied Flycatchers ringed in 1965-2017 were studied near

the species” upper elevation and climatic limit in northern Sweden. Female return rate was 7.5 % in the season

subsequent to the first breeding season. Having returned once, 38 % continued to return the next three seasons.

Corresponding return rates of males were 27 % and 39 %. Female return rate decreased with more than 30 % during

the study period whereas that of males did not decrease. This difference was probably due to increased mortality

during the non-breeding season that selectively struck females after the 1970s. Local factors affected return rates in

both sexes. Return rate was positively correlated with breeding success in females but negatively in males, whereas

it was correlated with nest predation in the opposite way. Predation by mustelids accounted for a significant part

of female return rate. Females that had returned once were continuously faithful to the former breeding site. Males

showed faithfulness only after having returned twice.
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Introduction

The Pied Flycatcher Ficedula hypoleuca has relatively
recently expanded its distribution range northwards
to become a frequent breeder in an increasing part of
Scandinavia during the two latest centuries (cf. Lund-
berg & Alatalo 1992). Subalpine birch forest represents
the most peripheral northern habitat within the range
of the species. Here the populations experience strongly
varying and harsh climatic conditions, which influence
the breeding course and success. Furthermore, varying
predation pressure by small mustelids as a consequence
of the typically occurring cyclic small rodent popula-
tions adds to the unpredictability of the habitat. In this
habitat, the studied Pied Flycatcher population usually
failed to produce enough fledglings to be self-sustain-
able (Nyholm 2011).

A study of breeding area fidelity of female and male
Pied Flycatchers at the same site in 1965-1976 (Nyholm
& Myhrberg 1983) showed that both sexes were less
faithful to their former breeding site than populations
more southerly in Fennoscandia, in Great Britain, and
on the European continent (Lundberg & Alatalo 1992,
Sanz 2001). The present, much extended study deals
with return rates calculated from high annual numbers
of ringed breeding males and females over 27 and 54
seasons, respectively. This opens for a more differen-
tiated view of the return rates shown by the sexes, and
for analyses of underlying causes of the variation in
return rates at a peripheral northern breeding site.

Material and methods
The study was performed in 1965-2018 in a nest box
breeding population of Pied Flycatcher in subalpine
birch forest at about 500 to 600 m.a.s.l. on south-facing
slopes of the mountains Géjssietjadhkka and Vallien-
juond, 5-10 km west of Ammarnés at approximately
65° 58' N, 16° 05' E. The habitat (see Appendix 1) is a
predominantly rich type of forest, with luxuriant under-
growth of herbs (“meadow type”). In dryer parts, the
forest turns into a “heath type”. The habitats of the nest
box plots, which were unchanged during the study pe-
riod, are similar to that of surrounding mountain slopes.
The study comprises 4,178 breeding females ringed
in 1965-2017 (Appendix 2), and 1,565 males ringed in
1965-1990 (Appendix 3). As the return rate of nestlings
from the study site was low (1 %; Nyholm 1986), un-

ringed adults are considered as being of unknown age
(2cY+) and recruited from elsewhere. The sample of fe-
males and males do not include ringed individuals that
were killed by predation, or found dead for unknown
reason during their first breeding season in the study
area (54 females and 2 males). Included are, however,
fifteen returning females (eight during their second;
four in their third; two in their fourth, and one in its
fifth breeding season), and two males (during their sec-
ond season) that were found dead. The appendices also
present the yearly numbers of breeding, captured and
returning individuals as well as the number calculated
to be returning (corrected value; see below).

A nest was recorded as a breeding attempt when it
contained at least one egg. Nest predation was revealed
by occurrences of excess feathers, and/or wings or legs
bitten off within and/or close to the nest box.

The individuals that were ringed comprised a ran-
dom proportion of the breeding population. To get clos-
est to the “correct” number of returning individuals, e.g.
from the year when ringed (Year X) to the subsequent
year (Year X+1), a correction factor was introduced.
This was calculated as the ratio of number of breeding
individuals in Year X+1 over the number of captured
birds in Year X+1 (cf. Nyholm & Myhrberg 1983).
When calculating the correction factors for males, the
yearly breeding numbers were set 9 % lower than for
the females because of polygyny in the study area (cf.
Nyholm 1984). The corrected returning numbers, i.e. the
correction factor times the verified numbers of returning
individuals ringed in Year X, were used when to esti-
mate the annual return rates.

The females were to about 90 percent caught and
ringed during the incubation period, and the remaining
ones when feeding their nestlings. The males were to
more than 95 percent ringed when feeding the nestlings.
This means that the return rates refer to females and
males with complete clutches. That also apply for the
rates of nest predation, nest abandonment, breeding success
used in calculations.

As a part of the breeding males and females re-
mained unringed, these might incorrectly be assigned
as first-time breeders in the study area if caught in a
later year. These individuals were, however, too few to
interfere substantially with the results of the study (cf.
Nyholm 1983).
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FIGURE 1. Three-year running average return rate (%) of Pied Flycatcher females (a) from Year X to Year X+1 (ringed Year X 1965-2016), and
(b) from Year X+1to Year X+2 (ringed Year X 1965-2013). Note different scales of the y-axes. (a) Linear regression: r’=0.10; b=-0.0024; p=0.024;
equation of line: Y=5.03-0.0024 X (not shown). When back transforming the values to percentages, the return rate decreased on average by
0.15% per year. The best fit is given by the cubic regression model shown in the diagram (dotted line; r’=0.12). (b) Linear regression: r’=0.078;
b=-0.0072; p=0.073; equation of the line: Y=14.9-0.0072X (not shown). When back transforming the values to percentages, the return rate
decreased on average by 0.08 % per year. Best fit is given by a cubic regression model (dotted line; r*=0.16).

— Ldpande tredrsmedelvarden av andel svartvit flugsnapparhonor som atervéande (a) fran &r X till &r X+1 (ringmérkta &r X 1965-2016) respektive
(b) frén frén &r X+1till &r X+2 (ringmérkta &r X 1965-2013). Notera olika skalor pé y-axlarna. (a) Linjér regression: r®=0,10; b=-0,0024; p=0,024;
ekvation: Y=5,03-0,0024 X (visas ej). Andelen minskade med 0,15 % per &r. Den bésta regressionen var en kubisk modell (streckad linje; r*=0,12).
(b) Linjér regression: r’=0,078; b=-0,0072; p=0,073; ekvation: Y=14,9-0,0072X (visas ef). Andelen minskade med 0,08 % per &r. Den bésta
anpassningen av regressionen gav den kubiska modell som visas i diagrammet (streckad linje; r’=0,16).

The analyses are often based on time series in which The return rate of males from the year they were
the variables are not always independent because a  ringed (Year X) to the next (Year X+1), in 1966-1991,
value any given year may be partly dependent on its  was on average 27 %, with a wide range of yearly
value the preceding year. Still, I have used correlation  variation, 0-53 % (Table 2). The only year without any
and regression tests (linear, quadratic, and cubic), as  verified returning males was 1988, when only 13 out of
they are considered sufficient for testing the processes 141 males were controlled. Apart from that year, the
that have occurred. All proportions were arcsine  return rate range was 12-53 %.
square root transformed before statistical testing. All The return rates of the males ringed in 1965-1990
significance tests (Pearson’s correlation and Regression ~ showed a significantly increasing trend (Linear re-
analyses) are two-tailed, and the corrected r> values are  gression: r*=0.27; b=0.007; p<0.008). In comparison,
presented. The y* tests were performed using Microsoft  the return rate for females tended instead to decrease
Excel and other tests by IBM SPSS 24. (p=0.07), during the same period. Moreover, the yearly

variations of the return rates of males and females were
negatively correlated (b=-0.38; p=0.04).

Results Three highly variable local factors connected to
breeding during Year X were studied for their relation
RETURN RATE OF ONE-TIME BREEDERS to the variations of return rates from Year X to X+1

The return rate of breeding females from the season they ~ of males and females: Breeding success (yearly mean
were ringed (Year X) to the next (Year X+1) was on  number of fledglings, nest predation rate (a proxy for
average 7.5% in 1966-2018. The range of the yearly vari- numbers of predators at the breeding site), and rate
ation of return rate was considerable, 0-19 % (Table 1). of nest abandonment (excl. predated nests; a proxy for

A significantly decreasing trend of the yearly return  adverse weather conditions) of complete clutches (Ta-
rate of females occurred. The decrease was especially  ble 3). The correlation between return rate of females
obvious at the beginning of the study as illustrated by ~ in Year X+1 (1966-2018) and these local factors in
the fact that the cubic regression model described the ~ Year X was significantly positive for breeding success,
trend best (Figure 1a). negative for nest predation rate (Table 3), and negative
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TABLE 1. Return rate from year X to year X+1 of Pied Flycatcher
females ringed in 1965-2016.

— Andel atervdndande svartvit flugsnapparhonor fran ar X till
X+1, ringmarkta 1965-2016.

Year Year Year Year

Arx % Arx %  Arx %  ArXx %
1965 6 1979 4 1993 - 2007 19
1966 15 1980 11 1994 - 2008 7
1967 9 1981 4 1995 4 2009 2
1968 13 1982 5 1996 14 2010 10
1969 8 1983 5 1997 3 2011 11
1970 9 1984 13 1998 0 2012 9
1971 5 1985 18 1999 8 2013 5
1972 18 1986 8 2000 7 2014 0
1973 11 1987 0 2001 5 2015 0
1974 10 1988 0 2002 O 2016 3
1975 3 1989 8 2003 6 2017 O
1976 13 1990 9 2004 5

1977 8 1991 15 2005 8

1978 4 1992 - 2006 5

(though non-significantly) for rate of abandoned nests.
The correlations between these factors in Year X and
the female yearly return rates in Year X+1 in 1966-1991
were similar to those in 1966-2018. In males the yearly
variation of return rate in 1966-1991 showed an oppo-
site correlation pattern to that of the females, being sig-
nificantly negative to the variation of fledgling numbers,
significantly positive to the rate of nest predation, and
non-significantly positive to nest abandonment (Table 4.).

Stepwise multiple regression analysis of the varia-
tion of female return rates, and these partly inter-de-
pendent local factors as independent variables, revealed
that in 1965-2017 predation rate alone accounted for a
significant part of the yearly return rate variation (Table
5). The other factors, breeding success and nest abandon-
ment, had non-significant influence on the variation of
female return rate.

Though the predation rate on average was relatively
low (see above) in 1965-1990, it even then significantly
accounted for the variation of yearly return rates in
females as well as in males. In females breeding success,
and in males rates of nest abandonment showed close to
significant influence on return rate (Table 5).

RETURN RATE OF MULTIPLE-SEASON BREEDERS
In general, female return rate from Year X+1 to Year
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X +2 tended to decrease (b=-0.007; p=0.073; Figure
1b). As with females returning after one breeding sea-
son, the return rate of females returning multiple times
were best described by a cubic function (Figure 1b).

The weighted mean return rate of females ringed in
1965-2014 that returned to breed in the study area in
the Years X+2 — X+4, was 38 % (Table 6). The return
rates in the Years X+2 and X+ 3 were similar, while
the rate of females returning in Year X+4 was close to
significantly lower (p<0.09).

When splitting up the study period, I found that the
return rate decreased significantly over time, from 44 %
for females ringed in 1965-1976 to 29 % in 2004-2014.
The highest long-term mean return rate, 53 %, was
shown from Year X+1 to X+2 by females ringed in
1965-1976. For those ringed later, in 1977-2014, the
mean return rate was significantly lower, 32 % (p<o0.001;
Table 6).

The return rates of the females ringed in 1965-1976
decreased significantly with age from 4cy+ (Year X+2)
to 5cy+ and 6Ccy+ (Years X+3 and X+4; 53% to 37 %
and 30 %, respectively).

The weighted mean rates of females and males
ringed in 1965-1983 that returned in Years X+2 to X+4
were similar, 41% and 39 %, respectively (Table 6). The
mean return rate of males increased significantly from
Year X+1 (25 %), over X+2 (35%) to Year X+3 (62 %),

TABLE 2. Return rate from year X to year X+1 of Pied Flycatcher
males ringed in 1965-1990.

— Andel atervdndande svartvit flugsnapparhannar fran ar X till
ar X+1, ringmérkta 1965-1990.

YeardrX % YeardrX %
1965 21 1978 46
1966 12 1979 24
1967 32 1980 28
1968 24 1981 25
1969 20 1982 33
1970 23 1983 26
1971 21 1984 12
1972 23 1985 22
1973 26 1986 34
1974 29 1987 -
1975 22 1988 50
1976 39 1989 37
1977 22 1990 53
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TABLE 3. Annual number of Pied Flycatcher fledglings per clutch and rates of predation

or abandonment of complete clutches of eggs or nestlings.

— Arliga antal flygga svartvit flugsnapparungar per kull och andelar bon med kompletta

kullar med &gg eller ungar som révades eller évergavs.

females, of which about 40 % re-
turned for a second breeding season
in central Spain, while less than 10 %
returned in northern Fennoscandia

Period Parameter Median Range Vidd (Sanz 2001).
_ i In the present study, the return
1965-2017  No of fledglings 27 0.59-5.06 p Y et
Antal flygga ungar rate of females, from their first
Nest predation rate (%) breeding season to the next, was on
Andelen prederade bon 7 0-56 . .
average 7.5 % in 1966-2018. This fits
Nest abandonment rate (%) 20 3-72 the pattern showing low return rate
Andelen évergivna bon © P h latitud
1965-1990 No of fledglings atfar northern latitudes. .
Antal flygga ungar 29 0.59-5.06 Males usually show higher return
Nest predation rate (%) 5 0-56 rates than females do (cf. Lundberg
Andelen prederade bon - & Alatalo 1992). In the present study,
Nest abandonment rate (%) 2 21 3-72 the return rate of the males in 1966

Andelen évergivna bon ©

to 1991 was on average 27 %, which

aFor unverified reason. Av okédnd anledning.

and thereafter decreased in Year X+4 (42 %). With the
females, it was at highest already in Year X+2 (48 %).
The return rate of males from Year X+1 to X+2 was
thereby significantly lower than for females (p<o0.006),
but from Year X +2 to X+3 it was higher (p<o.001;
Table 6).

Discussion

RETURN RATE BETWEEN

THE FIRST AND SECOND BREEDING SEASON

The males and females that returned to their for-
mer breeding site are those having survived the
non-breeding season and are faithful to that site. Those
that did not return, either had died, or were alive but
bred somewhere else. The Pied Flycatcher is certainly
one of the most studied species as to breeding territory
fidelity, ever since 1940s and over a great part of its dis-
tribution range (von Haartman 1951, Leivits & Vilbaste
1990, Lundberg & Alatalo 1992, Jarvinen 1993, Sanz
2001, Kern et al. 2014).

Several long-term studies show that the return rate
of Pied Flycatchers to their first breeding site the sub-
sequent year decreases from southern to northern lati-
tudes. That trend is similar for the sexes but is especially
pronounced in females (cf. Lundberg & Alatalo 1992).
The most extensive review of the regional variation of
local return rates of Pied Flycatchers concerns breeding
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is lower than usually reported from

more southerly latitudes. During the
same period on average 8.4 % of the females returned
the subsequent season to breed a second time in the
study area.

The variation of male return rates over 1966-1991
showed a significantly increasing trend, whereas in
females, the trend was instead significantly decreasing.
Moreover, the yearly return rates of the sexes were
significantly negatively correlated. These dissimilarities
indicate that factors that were influential on return rates,
external or local at the breeding site, affected the sexes
differently.

Breeding success, nest predation rate, and rate of nest
abandonment (excl. predated nests) were, partly inter-
dependent, local factors studied for their relation to the
variations of return rates of males and females from
Year X to X+1. The latter factors did strongly influence
breeding success and contributed to prevent the Pied
Flycatcher population to be self-reproducing in the long
term (Nyholm 2011). On average, only 2.7 fledglings
per breeding pair were produced in 1965-2017. The
northerly position and the altitude of the study area
implied increased risk of hazardous weather conditions
during the breeding seasons. The range of the yearly
mean temperature in June varied between 7.4 to 14.4°C
and the yearly rates of nest abandonments correlated
significantly with this temperature (Nyholm 2011). Nest
predation, by small mustelids, regularly affected the
breeding of Pied Flycatchers. The variation in predation
rate was typically related to the density of the cyclic
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small rodent populations. After mid-1980s, obviously
favourable conditions existed for the development of
very high mustelid population densities, followed by
very high predation pressure on their alternative prey
species, i.e. birds in the study area (cf. Nyholm 2011).
Thus in 1965-1986 as a mean 6 % of the clutches were
predated, whilst 26 % in 1991-2017.

These local factors influenced the yearly variations
of female and male return rates. Notably, however, the
return rates of the sexes were differently influenced
(Table 4). Kern et al. (2014) suggested similarly, from a
more limited study in Wales, that females struck by nest
predation were less likely to return the subsequent year,
and that the opposite was true for males. In contrast to
the present study, however, the Welsh study showed
significantly positive relationship between breeding
success and return rate of females as well as males.

The multiple regression analysis revealed that pre-
dation rate alone accounted for a significant part of the
female return rate variation from 1965-2017 (Table 5).
As no ringed female included in the calculations were
killed at nest predation, it seems probable that the
females’ readiness to return was affected by the mere
occurrence of small mustelids at their breeding sites,
which varied as reflected by the nest predation rates.

Notably, also in 1965-1986, when the mustelid
populations varied within limits probably more normal
for the study area, the female return rate variation was
in the first hand associated with the variation in nest
predation rate (b=-o0.21; p<0.01). Also the rate of nest
abandonment, the other local factor causing breeding
failure, did then account significantly for the return rate

variation (b=-016; p=0.031). Together these two fac-
tors explained 43 % of the variation in return rates. This
indicates that the yearly variation of the female return
rate was negatively related to frequency of total clutch/
brood loss, rather than to reduced numbers of fledg-
lings. The male return rate variation was insignificantly
explained by the studied local factors in 1965-1986.

In 1965-1990, predation rate did account significant-
ly for the variation of the male, as well as the female
return rates (Table 5). However, whereas negatively
related to female return rates it had a positive effect on
the return rates of the males (Table 5). It is reasonable
to believe that males met with nest predators to a lower
degree than the females did, and thus got less directly
affected by them. Rather, they might be influenced, here
positively, by what nest predation implies e.g. reduced
breeding effort. Askenmo (1979) demonstrated experi-
mentally, in southern Sweden, that clutch enlargements
caused reduced return rate of Pied Flycatcher males in
subsequent breeding seasons. The interpretation was
that the extra reproductive effort invested in a large
brood led to increased inter-seasonal mortality rate.
An explanation to the negative relation between the
fledgling numbers and return rate of the males could be
that the feeding efforts even at normal brood sizes were
big enough to affect the males’ survival at the prevailing,
frequently harsh, breeding conditions at the actual sub-
alpine site. High yearly losses of nestlings in 1965-1990
(median 14 %; range 1-72 %; predated and abandoned
broods excluded) indicated frequent great problems to
satisfy the broods. There was also a negative, though
not significant, relation between the yearly average

TABLE 4. The annual Pied Flycatcher female and male return rates (%) from Year X to Year X+1in relation to mean number of fledglings,
and rates of predated or abandoned? complete clutches in Year X. The statistics presented are the slope (beta coefficient; b) and

significance level (p).

— Arliga andelar honor och hannar av svartvit flugsnappare som &tervénde fran &r X till 3r X+11 relation till medelantal flygga ungar och andelar

bon som révades respektive dvergavs® ar X. De vérden som anges &r sam

bandets lutning (betakoefficienten; b) och signifikansnivan (p).

Fledglings (N)

Predated nests (%) Abandoned nests (%) @

Flygga (N) Prederade bon (%) Overgivna bon (%) ¢
Year X Sex Sample size
Ar X Kon Antal b P b P b P
1965-2017 Q 50 0.041 0.037 -0.29 <0.001 -0.06 0.60
1965-1990 Q 26 0.053 0.002 -0.36 <0.001 -0.19 0.12
1965-1990 g 25 -0.037 0.002 0.25 0.006 0.18 0.12

aFor unverified reason. Av okénd anledning.
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TABLE 5. Multiple stepwise regression analysis of influences of the annual variations of mean number of fledglings, nest predation
rate, and rate of nest abandonments? of complete clutches in Year X on the annual return rates in Year X+1 (%) of females and males,
respectively, during 1965-2017 and 1965-1990. Variables with p<0.1 are presented in the main table.

— Multipel stegvis regressionsanalys av hur &rliga variationer av medelantal flygga ungar, andel prederade bon och évergivna bon®ar X
péverkade andelarna honor respektive hannar som atervande ar X+1 under 1965-2017 och 1965-1990. Variabler med p<0,1 visas.

Year X Sex Independent variable 2 b t
Arx Kén  Oberoende variabel P
1965-2017 @ Nest predation rate ®
Andelen prederade bon 0.32 ~0.29 474 <0.001
1965-1990 @ Nest predation rate ¢
Andelen prederade bon ¢ 0.60 ~0.24 309 0.005
No of fledglings 0.026 1.87 0.074
Antal flygga ungar
1965-1990 & Nest predation rate ¢
Andelen prederade bon ¢ 0.37 0.24 3.07 0.006
Proportion abandoned nests 016 173 0.098

Andelen évergivna bon

@Excluding predated nests. Exklusive révade bon.

b Excluded variables (Number of fledglings: b=0.00048, p=0.99; Proportion abandoned nests: b=0.041, p=0.66) did not significantly

contribute to the variation in female return rate.

Uteslutna variabler (antal flygga: b=0,00048, p=0,99; andel évergivna bon: b=0,041, p=0,66) bidrog inte signifikant till att forklara variationen

i andelen atervéndande honor.

¢ Excluded variable (Proportion abandoned nests: b=-0.031; p=0.88) did not significantly contribute to the variation in female return rate.
Utesluten variabel (andel dvergivna bon: b=0,031, p=0,88) bidrog inte signifikant till att forklara variationen i andelen &tervdndande honor.

dExcluded variable (Number of fledglings: b=0.049; p=0.26) did not significantly contribute to the variation in male return rate.
Utesluten variabel (antal flygga: b=0,049, p=0,26) bidrog inte signifikant till att forklara variationen i andelen atervdndande hannar.

weight of the males and brood size (Pearson’s correla-
tion: r=-0.21, p<0.30, n=26). Increased reproductive
effort, as a consequence of bigger broods, did obviously
not influence survival rate of the females. Kern et al.
(2014) found that the return rates of both females and
males showed a significant positive relationship with
nesting success. As judged from the description of their
study site, the environmental conditions in Wales were
certainly less harsh for breeding Pied Flycatchers than
for those breeding in the northern Swedish mountains.

RETURN RATE
FOLLOWING THE SECOND BREEDING SEASON
The return rates of females and males that had bred
twice or more in the study area were significantly high-
er than for those that had bred there only once. The
same pattern is regularly observed in different parts of
the range of the species, e.g. in southern Finland (von
Haartman 1951), western Germany (Winkel 1982),
southern Sweden (Nilsson 2008), and Russia (the
Courish Spit, southeastern Baltic coast; Chernetsov et
al. 2009).

Measured over the whole study period (1965-2018),
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the average yearly return rates of females to Year X+2
(age 4cY+) were about 40 % (Table 6). Similar rates
were presented by Winkel (1982) in 1974-1980, Nilsson
(2008) in 1986-2005, and Chernetsov et al. (2009) in
1982-2006. von Haartman (1951) reported that 52 % of
the females returned for their third breeding in 1941~
1949, which was at the same level as during the first
decade, 1965-1976, of the present study, 53 % (Table 6).
During 1977-2018, the rates were significantly lower, on
average 32 %.

It seems to be generally accepted that female and
male Pied Flycatchers returning to their former breed-
ing area for a third time (Year X+2), around 40-50 %,
continue to do so for the rest of their lives. If so, that
would mean that these return rates then equal survival
rates (cf. e.g. von Haartman 1951, Winkel 1982, Nyholm
& Myhrberg 1983, Nilsson 2008, Chernetsov et al.
2009). The present study, the most comprehensive as
to numbers of breeding seasons, ringed, and recaptured
individuals (Appendices 2 and 3), enables a more
differentiated view of return rates and their variations
over time. Thus, a significant decrease in return rates
appeared for the 4cY+ females after the mid-seventies,
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TABLE 6. Return rates (%) and numbers (in brackets) of Pied Flycatcher females and males ringed 1965-2014" and

1965-1983, respectively, that returned a second, third, and fourth time.

— Andel (%) och antal (inom parentes) honor och hannar av svartvit flugsnappare, ringmarkta 1965-2014" resp. 1965-1983,

som atervande en andra, tredje och fjdrde gang.

Return rate Andel dtervindare

Sex Kén  Period Year X+1 to X+2 Year X+2 to X+3 Year X+3 to X+4 Total

Q 1965-2014" 40% (114/281) 38% (42/111) 28% (11/40)° 38% (167/443)
1965-1976 53% (62/118)¢ 37% (23/62)¢ 30% (7/23) 44% (92/210)"

Q 1977-1988%2 30% (26/85)¢ 39% (9/23) 57% (4/7) 33% (39/119)°

Q 1995-2003 36% (9/25)f 56% (5/9) 0% (0/5) 36% (14/39)°

1% 2004-2014 32% (17/53)# 29% (5/17) 0% (0/5) 29% (22/75)¢

(e} 1965-1983 35% (107/310)" 62% (66/107) 42% (28/66)! 39% (201/511)

Q 1965-1983 48% (78/163) 35% (27/78)" 37% (10/27)™ 41% (115/278)

"Excluding 1989-1994. Exklusive 1989-1994.

?Five females were killed during nest predation in 1987-1988. Fem honor dédades vid bopredation under 1987-1988.

#=a Significance levels of X” tests between return rate categories Signifikansnivéer for x?-test mellan kategorier av andel atervandare
a-b: p<0.05; c-d: p<0.001; c-(e+f+g): p<0.001; h-i: p<0.007; i-j: p<0 02; h-k: p<0.001; i-I: p<0.001; k=(l+m): p<0.06;

n-(o+p+q): p=0.01.

from on average about 50 % to a rather stable level at
30-36 % in the following decades (Table 6). My in-
terpretation is that the decrease was due to increased
mortality during migration and/or at the overwintering
sites, rather than to reduced innate fidelity to the former
repeatedly used breeding area, or that returning females
more often failed to breed and thereby remained un-
identified.

During the seasons 1965-1985, when the return
rates of females and males in Year X+2 to X+4 could
be compared, the rates of the females decreased, while
the males’ return rate remained stable. This indicates
that the suggested increased extra-seasonal mortality
especially affected females.

It seems probable that also the significant reduction
of females that returned from Year X to Year X+1 in
1965-1985 and continuously to 2018, at least partly,
was due to increased mortality rate (Figure 1a). The
different trends of return rate shown by the sexes from
Year X to Year X+1 might be related to their opposite
relations to breeding success (Table 4).

The significantly increased return rate of males, but
not females, from Year X +2 to Year X+3 (age 5CY+,
62 %; Table 6) disagrees with the generally accepted
opinion that males and females, after having returned
a second time to the former breeding site, continue to
do so life-long (see above). The relatively low male
return rate in Year X+2 (age 4CY+; 35%; Table 6) is
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probably explained by the fact that a part of the males
that returned in Year X+1 were still not fully faithful to
their former breeding site. That seems a more probable
explanation than that the mortality rate of males aged
4CY+ was higher than that of the older s5cy+ males.
The reduced return rates shown by the s5cy+ and older
females, and by 6cy+ males (Table 6) might be a con-
sequence of senescence.

In conclusion, the pattern of lower return rate by
Pied Flycatcher females than by males after having bred
once in the study area was in agreement with results
from other studies. That was also valid for the strongly
increased return rates after having bred twice in both
sexes, up to about similar levels.

By its extent, as to the length and number of ringed
individuals, the present study could unambiguously
show a decreasing return rate of the females of different
ages during the latest five decades. The decrease is sug-
gested to be due to increased mortality rate in females
outside the breeding seasons. The established return
rate decrease occurred in parallel with reductions of
the breeding population (Nyholm 2011), suggesting that
these events were related. The return rates of both sex-
es were also related to variations of local factors at the
breeding site. Nest predation rate and breeding success
influenced return rate of females and males differently.
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Svensk sammanfattning
Ortstroheten till hackningsomradet i fjallbjorkskog vid
Ammarnis i Lappland studerades hos ringmarkta ho-
nor av svartvit flugsnappare 1965-2018 och hos hannar
1965-1991. Totalt sett atervande 7,5 % av honorna fran
sin forsta hdackningssdsong i omrédet till den andra.
Trettioatta procent av dessa fortsatte att atervinda de
tre ddrpa foljande sdsongerna. For hannarna var mot-
svarande andelar 27 % resp. 39 %. Andelen honor som
atervdnde for forsta gangen minskade under aren med
30 %, frdn 9,5 % under undersdkningens forsta decen-
nium. Ocksa under aren 1966-1991 minskade andelen
atervandande honor, medan hannarna i stallet ater-
viande i hogre grad. Minskande trend géllde ocksa for
andelen honor som atervinde en andra géng, fran 53 %
under forsta decenniet till i genomsnitt 32 % senare &r.
Jag foreslar att skillnaden till stor del beror pa att
okad dodlighet selektivt drabbat honorna utanfor
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héckningssdsongen sedan slutet av 1970-talet. Lokala
faktorer paverkade de arliga variationerna hos andelar-
na aterkommande honor och hannar. Paverkan skilde
sig mellan kdnen. Salunda var andelen aterkommande
honor positivt relaterad till hackningsframgang och
negativt till bopredation (av vesslor) foregdende
sdsong. Anmirkningsvért dr att andelen hannar som
aterkom péaverkades omvént — var negativt relaterad till
héckningsresultatet och gynnades av hogre predations-
frekvens. Predationsfrekvensen var den av faktorerna
som bast forklarade variationerna mellan aren av bade
honors och hannars aterkomst.

METODER

Studierna gjordes 1965-2018 i holkhidckande popu-
lationer 500-600 m &.h. i fjillbjorkskog (se appendix
1) pa sydsluttningarna av fjallen G4jssietjahkka och
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Vallienjuond 5-10 km véster om Ammarnis, Lappland.
Holkarna var placerade i biotoper som var stabila
under undersokningstiden och som var likartade 6ver
ett betydligt stdrre omrade. Den naturliga populationen
av svartvit flugsnappare visade minskande trend under
aren, fran ca 15 till 5 par/km?* (Enemar 2004).

Studien omfattar 4178 honor ringmarkta 1965-2017
(appendix 2) och 1565 hannar mirkta 1965-1990 (ap-
pendix 3). I dessa antal ingér inte honor och hannar
som dog (t. ex. pa grund av predation i boet) under
deras forsta hackningssdsong i holkarna. De ringmarkta
faglarna utgjordes varje ar av en slumpvis fingad del
av populationen. For att uppna en sé ndra som mojligt
korrekt skattning av antalet atervanda individer, t. ex.
frdn &ret de ringmirktes (dr X) till ndstféljande ar
(&r X+1) beriknades en korrektionsfaktor: antalet
hdckande ar X +1 dividerat med antalet fingade ar
X+1. Korrektionsfaktorn multiplicerad med det kon-
staterade antalet markta ar X som aterfangades ar X+1
betraktas som det verkligt atervinda antalet ar X +1.
Vid berdkning av korrektionsfaktorn for hannar sattes
det hickande antalet 9 % lagre dn for honor pa grund
av polygyni i populationen. Bon med minst ett dgg
noterades som hickning.

Honor fangades och ringmaérktes till ca 90 % un-
der ruvningsperioden, de dvriga under matning av
ungarna. Hanarna ringmérktes till mer dn 95% under
ungperioden. Sélunda gors alla berdkningar avseende
atervdndande honor och hannar med fullvarpta kullar.
Detta galler ocksé vid berdkningar av frekvenser av
bopredation, dvergivna bon och antal flygga ungar.

RESULTAT

Andelen dtervidndande individer

efter att ha hdckat en ging i omrddet

Andelen honor som &tervinde till hackningsomradet
fran sdsongen de ringmirktes (ar X) till den efterfsl-
jande (&r X+1) var i genomsnitt 7,5 % under 1965-2018.
Variationen mellan sidsongerna var stor, 0-19 % (tabell
1). Andelen minskade under perioden (p<o0,03), sir-
skilt patagligt under de forsta decennierna (figur 1a).
Andelen hannar som atervidnde var betydligt storre,
27%, under de ar de studerades (1965-1991; tabell 2). I
motsats till honorna atervande en ckande andel av han-
narna (p<0,008). Dessutom var de arliga variationerna
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for andelarna aterkommande hannar respektive honor
negativt korrelerade, p=0,04.

Arliga andelar honor och hannar som atervinde
fran ar X till &r X+1 studerades i relation till tre starkt
varierande lokala faktorer: Hickningsframgdng (antal
utflugna ungar), andel révade bon (spegling av antal
predatorer i hackningsomradet) och andel vergivna bon
(férutom révade; aterspeglar perioder med oldmpligt
vider; tabell 3). Andelen honor som atervinde var
positivt korrelaterad till hickningsframgang medan den
var negativt relaterad till andel révade bon sdsongen
fore (tabell 4). Samma korrelationsménster gillde for
honorna 1966-1991 som under 1966-2018. Monstret
for hannarna 1966-1991 var motsatt det for honorna
(tabell 4). Nir de arliga andelarna &tervindande honor
1966-2018 testades mot alla tre hickningsfaktorerna
tillsammans visade det sig att endast andelen révade
bon hade betydande inverkan (tabell 5). Aven om andel
révade bon var relativt ldg undre 1965-1990 paverkades
andelarna atervindande honor sévil som hannar signi-

fikant (tabell 5).

Andel dterviandande individer

som hdckat i undersékningsomrddet mer én en gang
Andelen honor som atervande fran ar X+1 till ar X+2
tenderade att minska under den studerade perioden.
Liksom f6r honor som aterviande efter en hdcknings-
sasong beskrevs trenden bést av den kubiska regressi-
onsmodellen (figur 1b). Medelandelen honor som ring-
marktes 1965-2014 och hickade i omradet Aren X+2
till X+4 var 38 % (tabell 6). Av honorna som ringmark-
tes under 1965-1976 hackade 44 % ater, medan endast
29 % av de som marktes 2004-2014 atervinde. Hogst
andel, 53 %, uppvisade honor ringmérkta 1965-1976
och som atervénde fran ar X +1 till &r X+2. Honor ring-
mirkta senare dtervinde i betydande ligre grad (32 %;
tabell 5). Hos honorna ringmarkta 1965-1976 framtrad-
de en sannolikt aldersrelaterad minskning av andelarna
atervandande, 53 %, 37 % och 30 % for individer som
var 4K+, 5K+ respektive 6K+.

Andelarna honor och hannar som ringmérktes 1965-
1983, och som atervande ar X+2 till X+4, var pa samma
niva, 41 % respektive 39 %. For hannarna 6kade andelen
atervindande signifikant frin ar X+1 (25 %), dver ar
X+2 (35%) till &r X+3 (63 %), och minskade direfter till
ar X+4 (42%). Forst fran ar X+2 till &r X+3 atervinde
hannar i stdrre utstrickning dn honor (tabell 6).
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DISKUSSION

Andelen atervdandande individer

efter att ha hdckat en ging i omrddet

Andelen atervandande honor fran den forsta hack-
ningssasongen till nésta, 7,5 %, passar vél in i monstret
att andelen Skar fran nordliga till sydliga breddgrader
(se Sanz 2001). Hanar atervinder vanligtvis i storre ut-
strackning dn honor. Ocksé hannarna uppvisade lagre
andel (27 %) &n vad som vanligtvis rapporterats fran
sydligare omraden (jfr Lundberg & Alatalo 1992).

Den minskande andelen atervandande honor under
1966-1991, den okande andelen aterviandande hannar
samma period, samt den negativa korrelationen mellan
de érliga andelarnas variation hos konen tolkas som att
faktorer, externa eller lokala pa hackningsplatsen, pa-
verkade dterviandandegraden olika for honor och han-
nar. Lokala faktorer som potentiellt bedomdes paverka
andelen étervindande individer studerades: hdcknings-
resultat, andel révade bon och andel 6vergivna bon. De tva
sistndmnda paverkade hdckningsframgéngen kraftigt
och bidrog till att hindra populationen av svartvit flugs-
nappare att vara langsiktigt sjilvreproducerande (Ny-
holm 2011). Bopredationen, av sma marddjur, varierade
kraftigt och var relaterad till tatheten hos de cykliska
smagnagarpopulationerna, som typiskt forekommer
i norra Skandinavien. Det nordliga och hogt beldgna
undersékningsomréadet innebar ocksa 6kad risk for
perioder av ogynnsamt vader under hackningssdsongen.
De érliga andelarna 6vergivna bon var signifikant kor-
relerade med junitemperaturen. Dessa faktorer visade
sig paverka andelarna atervidndande honor och hannar,
men olika for konen (tabell 4; se ocksa Kern et al. 2014).

Analys av de lokala faktorerna tillsammans angav
att endast andelen révade bon paverkade andelen
aterkommande honor signifikant under 1965-2017, da
bopredationen genomsnittligt drabbade flest bon (tabell
5). Det noteras att aven under perioden 1965-1986, d&
bopredation drabbade betydligt farre, var det den
av faktorerna som var starkast relaterad till andelen
atervindande honor. Aven andelen vergivna bon hade
da signifikant paverkan. Detta antyder att variationen
av andelen atervindande honor var negativt relaterad
till andelen totalt forlorade kullar av d4gg/ungar. Varia-
tionen hos arliga andelen atervindande hannar under
motsvarande period var inte signifikant relaterad till
nagon av de studerade lokala faktorerna.
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Variationen av andelen hannar som atervande, saval
som honor, var under 1965-1990 signifikant forklarad
av andelen révade bon (tabell 5). Medan bopredatio-
nen péaverkade andelen atervindande honor negativt
hade den en positiv inverkan pa andelen atervindande
hannar (tabell 4). Storre predationsfrekvens medfor
reducerad hickningsprestation. Askenmo (1979) pavi-
sade, i sodra Sverige, att experimentellt 6kad kullstorlek
foljdes av minskad andel aterkommande hannar. Det
tolkades som att den extra anstrdngning som forsto-
rade ungkullar innebar ledde till 6kad dédlighet under
flyttning/ dvervintring. En forklaring till den negativa
relationen mellan andelen aterviandande hannar och
antalet flygga ungar i den subalpina biotopen kan vara,
att anstrangningen dven vid normala kullstorlekar blir
tillrdckligt stor, vid de ofta svéra hiackningsforhallanden
som rader, for att hannars dverlevnad skall paverkas.
Stora arliga forluster av boungar under 1965-1990 (ta-
bell 3) antyder svérigheter att tillfredsstalla deras behov
av mat.

Andelen atervdandande individer

efter tva eller fler hdckningssdsonger i omrddet
Andelarna atervandande honor och hannar som hackat
tva eller fler ganger i undersokningsomradet var betyd-
lig storre dn for de som endast hickat en gang tidigare.
Detta dr gemensamt med vad som giller i andra delar
av artens utbredningsomrade. Det synes vara allmént
vedertaget att honor och hannar som dterkommer en
tredje gdng (&r X+2; alder 4K+), 40-50 %, fortsitter
att atervinda sa ldnge de lever. Denna andel skulle vara
matt pa overlevnaden. Genom den langa undersdk-
ningsperioden, det stora antalet ringmarkta och kon-
trollerade individer kan en mer differentierad bild ges
av andelen aterkommande individer och hur den varie-
rat 6ver tiden. En betydligt minskad andel 4x+-honor
aterkom efter mitten av 1970-talet, fran ca 50 % till en
ganska stabil niva vid 30-36 % de foljande decennierna
(tabell 6; figur 1b). Denna minskning tolkas bero pé
okad dodlighet mellan hickningssdsongerna, snarare dn
reducerad ortstrohet till hdckningomrade som anvénts
flera sdsonger, eller att fler honor blev oidentifierade pa
grund av utebliven eller misslyckad hackning.

Under 1965-1985, da andelarna atervandande honor
och hannar under ar X+2 till &r X+ 4 kunde jamforas,
minskade andelarna honor medan andelen atervandan-
de hannar férblev pa jamn niva. Detta antyder att den
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okade dodligheten mellan hackningssdsongerna speci-
ellt drabbade honor. Det verkar sannolikt att den be-
tydande minskningen av andelen honor som éatervinde
fran &r X till & X+1 (figur 1a) liksom minskningen fran
ar X+1 till &r X+2 under 1965-1985 och fortséttningsvis
till 2018 (figur 1b), berodde pa dkad dddlighet. De olika
trender som andelarna atervindande honor respektive
hannar uppvisar skulle kunna sammanhénga med deras
skilda relation till hickningsresultat (tabell 4-5).

Den betydande 8kning av andelen aterkommande
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hannar, men inte honor, som forekom fran ar X+2
till &r X +3 (&lder 5k+; tabell 6) motsiger den allmint
accepterade hypotesen att hannar saval som honor som
atervdnt en andra gang for att hdcka i samma omrade
fortsatter livslangt. Den relativt ldga andel hannar som
aterkom fran ar X+1 till ar X+2 (&lder 4K+; 35 %; tabell
6) har sannolik forklaring i att en andel av hannarna
som aterkom ar X+1 dé dnnu inte var helt trogna sitt
forra hackningsomrade.
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Appendix 1. Habitat types

Birch forest of (a) meadow type and (b) heath type, a few days after leafing, on the southern slope of the mountain Géjssietjahkka, 16 May 2010.
Most Pied Flycatchers were incubating at the time. Photo: Erik Nyholm.

Bjérkskog av (a) @ngstyp och (b) hedtyp, kort efter I6vsprickning, pé fidllet Géjssietidhkkas sydsluttning, 16 maj 2010. Vid fototillfallet hade flertalet
svartvit flugsnappare bérjat ruva. Foto: Erik Nyholm.
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Appendix 2. Number of studied females, 1965-2018

Number of females Year X Number of returning females
Antal honor ér X Antal Gtervéindande honor

Verified Konstaterat Calculated Berdknat
Year X Breeding Captured Ringed - o o™ - o o5
Arx Hickande — Fdangade Ringmdrkta £ X X % % %
1965 100 89 (89%) 89 5 2 1 0 5 3 1 0
1966 77 71 (92%) 66 7 2 1 1 10 2 1 1
1967 105 75 (71 %) 62 5 4 0 0 6 5 0 0
1968 114 96 (84 %) 84 10 5 1 0 12 6 1 0
1969 151 129  (85%) 112 7 5 3 1 9 7 4 1
1970 186 149 (80 %) 133 9 4 2 1 12 5 3 1
1971 191 138 (72%) 119 4 2 0 0 5 3 0 0
1972 155 115 (74 %) 101 13 12 4 0 18 15 6 0
1973 183 133 (73 %) 1M1 10 5 2 3 12 7 2 4
1974 216 177  (82%) 150 10 3 1 0 14 3 1 0
1975 192 135  (70%) 110 3 1 0 0 3 1 0 0
1976 114 105 (92 %) 94 10 4 2 0 12 5 4 0
1977 161 133 (83 %) 100 6 0 0 0 8 0 0 0
1978 159 122 (77 %) 109 2 2 1 1 4 2 1 2
1979 202 104 (51 %) 95 3 0 0 1 4 0 0 1
1980 136 113 (85%) 110 9 3 1 0 13 5 1 0
1981 185 132 (71 %) 116 3 3 1 0 5 4 1 0
1982 179 117 (65%) 106 4 2 0 0 5 2 0 0
1983 171 129 (75 %) 113 5 2 1 0 6 3 1 0
1984 135 118 (87 %) 109 9 0 2 0 14 0 4 0
1985 147 97 (66 %) 80 12 3 0 0 15 6 0 0
1986 205 169 (51 %) 144 6 1 1 1 11 3 1 1
1987 233 118 (51 %) 93 0 0 0 0 0 0 0 0
1988 155 48 (31 %) 42 0 1 0 0 0 1 0 0
1989 138 93 (67 %) 91 6 4 1 0 7 6 2 (0
1990 138 120 (87 %) 109 7 1 0 0 10 2 (0 (0
1991 127 91 (72%) 77 6 0 0 0 11 0 () (O
1992 140 74 (53 %) 66 0 0 0 0 o @ ©O (O
1993 119 19 (16%) 19 1 0 0 0 4) (O (© (O
1994 80 19  (24%) 17 0 0 0 0 O (O © (O
1995 79 47 (59 %) 47 1 2 0 0 2 3 0 0
1996 92 52 (57 %) 52 4 1 2 0 7 2 3 0
1997 127 73 (57 %) 66 1 1 1 0 2 2 2 0
1998 96 52 (54 %) 50 0 0 0 0 0 0 0 0
1999 105 64 (61 %) 59 2 0 0 0 5 0 0 0
2000 114 48 (42 %) 43 2 0 0 0 3 0 0 0
2001 83 58 (70 %) 56 2 1 0 0 3 2 0 0
2002 84 55 (65 %) 53 0 0 0 0 0 0 0 0
2003 119 58 (49%) 56 2 0 0 0 3 0 0 0
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APPENDIX 2 continued fortsatt.

Number of females Year X Number of returning females
Antal honor ér X Antal Gtervindande honor

Verified Konstaterat Calculated Berdknat
Year X Breeding Captured Ringed - o~ o - NS
Ar X Hdckande  Fangade Ringmdrkta % X X % %
2004 101 64 (63 %) 62 2 2 1 0 3 3 1 0
2005 136 83 (61%) 78 4 1 1 0 6 1 2 0
2006 131 85 (65%) 75 3 1 0 0 3 2 0 0
2007 101 89 (88 %) 80 10 5 1 0 16 7 1 0
2008 120 77 (64 %) 58 3 0 0 0 4 0 0 0
2009 88 66 (75%) 54 1 1 0 0 1 1 0 0
2010 88 67 (76 %) 59 4 0 0 0 6 0 0 0
2011 119 80 (67 %) 74 3 2 1 0 8 3 1 0
2012 110 40  (36%) 34 2 0 0 0 3 0 0 0
2013 94 59 (63 %) 53 2 0 0 0 3 0 0 0
2014 102 74 (73 %) 69 0 0 0 0 0 0 0 0
2015 103 67 (65%) 55 0 1 0 0 2 0
2016 101 57 (56 %) 53 1 0 2 0
2017 93 58 (62%) 54 0 0

Numbers in brackets are excluded from further calculations because of the low proportion of ringed and recaptured individuals in 1993-1994.
Antal inom parentes anvéands inte vid vidare berakningar pa grund av den ldga andelen ringmérkta och kontrollerade individer 1993 och 1994.
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Appendix 3. Number of studied males, 1965-1991

Number of males Year X Antal hannar Gr X Number of returning males Antal dtervandande hannar
Verified Konstaterat Calculated Berdknat

Year X Breeding  Captured Ringed - o ™ S 1» © - m S v ©
Arx Hickande — Fangade Ringmdrkta X X X X X % % X %
1965 91 78 (86 %) 78 10 2 3 3 2 0 16 8 5 4 3 0
1966 70 45 (64 %) 34 1 2 0 1 0 0 4 3 0 1 0 0
1967 96 24 (25%) 19 4 0 0 0 0 0 6 0 0 0 0 0
1968 104 68 (65 %) 55 9 6 1 1 0 0 13 8 2 1 0 0
1969 137 95 (69 %) 81 12 5 2 1 0 0 16 8 3 2 0 0
1970 169 (73 %) 99 14 6 3 1 1 1 23 8 5 1 2 1
1971 174 (61 %) 80 12 7 1 1 1 0 17 1N 1 2 1 0
1972 141 (71 %) 71 10 6 2 1 0 0 16 9 5 1 0 0
1973 167 (63 %) 78 14 3 6 0 0 0 20 7 7 0 0 0
1974 197 (70 %) 110 14 6 5 1 0 0 32 7 10 2 0 0
1975 175 76 (43 %) 50 9 0 1 0 0 0 1" 0 2 0 0 0
1976 104 84 (81 %) 51 10 2 1 1 0 0 20 3 3 1 0 0
1977 147 74 (50 %) 58 8 2 4 2 1 0 13 7 5 5 3 0
1978 145 88 (61 %) 67 9 2 0 1 0 0 31 3 0 3 0 0
1979 184 53 (29%) 41 7 0 0 0 0 0 10 0 0 0 0 0
1980 124 91 (73 %) 73 5 2 1 0 0 0 13 5 2 0 0 0
1981 168 64 (38%) 53 5 1 3 1 1 0 13 2 4 2 2 0
1982 163 62 (38%) 51 10 6 5 2 0 0 17 7 9 3 0 (0
1983 156 90 (58 %) 72 16 6 2 0 0 0 19 1 3 0 (0 (0)
1984 123 (84 %) 74 5 6 1 0 1 0 9 9 8 (0 (3 (0
1985 134 71 (53 %) 49 7 1 0 0 0 0 1" 8 (0 (0 (O (0
1986 187 (64 %) 89 4 1 1 0 0 30 (11) (3) (0 (0)
1987 212 28 (13 %) 19 0 1 0 0 0 3 O (0
1988 141 13 (9 %) 12 2 0 0 6 0 0
1989 126 41 (33%) 35 8 0 13
1990 126 78 (62 %) 66 6 35
1991 116 20 (17 %)

Numbers in brackets are excluded from further calculations because of the low proportion of ringed and recaptured individuals in 1993-1994.
Antal inom parentes anvands inte vid vidare berakningar pa grund av den ldga andelen ringmérkta och kontrollerade individer 1993 och 1994.
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