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What do population viability analyses tell about the future for
Baltic Dunlin Calidris alpina schinzii and Montagu’s Harrier

Circus pygargus on Oland?

Vad berdttar sdarbarhetsanalyser om framtiden for sydlig kéirrsndppa och dngshok

pd Oland?

PER-ERIC BETZHOLTZ, TOBIAS BERGER, JAN PETERSSON & JOHAN STEDT

Population viability analysis (PVA) has become an im-
portant tool in conservation biology. Even though de-
tailed outcomes of PVA:s are constrained by data quality,
it is a useful approach when the objective is exploratory,
aiming to identify important parameters for viability or
to guide future field work on endangered species. In this
study we perform PVA:s based on scarce data to explore
viability of two endangered bird species, Baltic Dunlin
and Montagu’s Harrier, on Oland. Our simulation results
underline that both species are under severe threats, with
a median time to extinction of 24 years in Baltic Dunlin
and 63 years in Montagu’s Harrier. Sensitivity analyses
show that population growth rate is the most important
factor for the model outcome in both species. Since
there are no apparent threats for adult birds on Oland,
this suggests that conservation measures should focus
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on improving conditions for successful breeding on the
island. In additional simulations we explore some threats
in more detail. In the case of Baltic Dunlin nest predation
of eggs and chicks increase the extinction risk. In Mon-
tagu’s Harrier viability increases if breeding attempts
within agricultural areas are detected and safeguarded. In
order to enhance the PVA model, and build a stage-struc-
tured model, we suggest that detailed data on fecundity
and survival should be collected.
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Introduction

Population viability analysis (PVA) is a quanti-
tative method that has become an increasingly
important tool in the conservation and manage-
ment of species (Beissinger & McCullough 2002,
Akgakaya 2004). The reason for this is that the re-
sults of a PVA may be used for several objectives:
to assess the vulnerability of species to go extinct,
to identify which parameters have most effect on
viability (i.e. sensitivity analyses) and to evalu-
ate the outcome of a model under different envi-
ronmental scenarios (Hanski & Simberloff 1997,
Kindvall 1998, Akc¢akaya & Sjogren-Gulve 2000,
Morris et al. 2002).

PVA:s have received some criticism for produc-
ing unreliable estimates when absolute extinction
risks on longer terms are simulated (Ludwig 1998,
Fieberg & Ellner 2000), because demographic data
from a PVA commonly are uncertain (Caughley
1994). The outcomes of PVA:s have been validated
by Brook et al. (2000), who showed that predic-

tions of abundance and risk of decline closely
matched observed outcomes. Data uncertainties
can also be handled by performing sensitivity anal-
yses to identify important assumptions and param-
eters of a PVA (Akgakaya & Sjogren-Gulve 2000).
Furthermore, when data are scarce and only based
on surveys of population numbers from short-time
series, it is still often a useful approach to perform
a PVA. This is especially true when the objective
of a PVA is exploratory, to identify important pa-
rameters of viability or to guide further field work
(Dunham et al. 2006).

In this study we use PVA to explore viability un-
der different scenarios in two endangered Swedish
bird species on Oland, the Baltic Dunlin Calidris
alpina schinzii and the Montagu’s Harrier Circus
pygargus. Both species have their main Swedish
distribution on Oland. We use scalar models based
on short time series of surveys in population num-
bers, and incorporate data uncertainties in our sim-
ulations by performing different sets of sensitivity
analyses. We discuss conservation implications
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of our simulation outcomes, and how our results
may guide future field work of the two species on
Oland.

Materials and methods

Study area

The island of Oland is situated in the Baltic Sea,
close to the Swedish mainland. It is 130 km long
and between 10 and 20 km wide, built up on a lime-
stone plateau. Oland is dominated by an agricultur-
al landscape, but there are also other habitats such
as coastal meadows, wetland areas, alvar land,
large and continuous areas of deciduous forest and
in the northern parts also pine forest. At least 150
bird species breed here regularly (Lansstyrelsen
Kalmar 1999), and several of these species are in-
cluded in the Swedish red-list (Gardenfors 2010).

Study species

The Baltic Dunlin has its main breeding grounds
on Iceland and in Great Britain, but there are also
small populations in southern Scandinavia and on
Greenland (Thorup 2006). The Baltic Dunlin has
specific habitat requirements and prefers coastal
wetlands (preferably grazed by cattle) with vegeta-
tion not more than 10-20 cm high. It also prefers
a mosaic structure of varying vegetation heights
and access to nearby muddy beaches for forag-
ing (Blomqvist 1994, Jonsson 2006). The Swed-
ish population, estimated at 120 pairs, has shown
a long-lasting decrease with a decline of 70% dur-
ing the last twenty years (Gérdenfors 2010). Oland
hosts the most important breeding grounds for the
Baltic Dunlin in Sweden and currently 60-70 pairs
breed here (Flodin et al. 2010). The species has
declined severely also on Oland, during the 1980s
and 1990s more than 100 pairs were breeding here.

The reasons for the Swedish population decline
are not fully known, but several explanations have
been put forward. One important factor is habitat
loss because of ceased grazing followed by a clo-
sure of suitable habitats. Other causes that have
been suggested are habitat deterioration from
drainage of the coastal meadows, and nest pre-
dation of eggs and chicks (Ottvall 2005, Jonsson
2006, Flodin et al. 2010). A high nest predation has
been observed, as much as 70% of the nests have
been predated on Oland during some years (Ot-
tvall 2005, Ottvall & Larsson 2005). A low genetic
variation has also affected viability in fragmented
Baltic Dunlin populations in western Sweden (Ot-
tvall & Larsson 2005, Blomqvist & Pauliny 2007).
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Since the Baltic Dunlin shows a high level of site
fidelity (Jonsson 1991), Flodin et al. (2010) suggest
that low genetic variation may also be a severe fac-
tor behind the decline.

The Baltic Dunlin is red-listed as critically en-
dangered (CR) in Sweden (Gérdenfors 2010), and
an action plan for the conservation of the species
has been established. Primary goals are to stop the
decline of the population and explore the genetic
status of all Swedish subpopulations (Flodin et al.
2010), and they suggest that the first goal can be
achieved if each breeding pair produces at least
two hatched chicks per year.

The Montagu’s Harrier has a fragmented distri-
bution in Eurasia, with the vast majority of breed-
ing pairs in France, Spain, Portugal, Ukraine, Be-
larus and the Baltic States (Birdlife International
2004). It occurs in a wide range of open habitats
such as grasslands, arable land and wetlands (Ar-
royo et al. 2002). In Sweden the species has a rela-
tively short history as a permanent breeder. During
the 1930s and 1940s a few pairs were breeding in
Scania, but this population subsequently became
extinct due to persecution and collecting of eggs
(Rodebrand 2009). During the 1940s the species
colonized Oland, and in the following decades a
stable population was built up on the island, reach-
ing 40—45 pairs during the 1970s and 1980s (Rode-
brand 2009). Oland is the Swedish stronghold of
the species and currently holds 30-35 of the esti-
mated Swedish population of 55 pairs (Gérdenfors
2010). On Oland the species utilizes three different
kinds of habitats, Cladium mariscus marshes, Da-
siphora fruticosa areas on alvar land and agricul-
tural fields.

The Swedish population of Montagu’s Har-
rier has decreased by 20% during the last twenty
years (Gardenfors 2010). Important reasons behind
the decline are deterioration of breeding habitats,
competition with Marsh Harriers Circus aerugi-
nosus and predation from Goshawks Accipiter
gentilis (Rodebrand 2009, Girdenfors 2010). Fur-
thermore, Rodebrand (2009) suggests that another
factor behind the decline is that several pairs are
breeding in suboptimal habitats, i.e. in agricultural
fields, where the breeding success is lower. This is
because the fields are often harvested before the
young have fledged, and heavy rains bend down
the straw of the crop to the ground, exposing the
nest to predators (Rodebrand 2009).

The Montagu’s Harrier is red-listed as endan-
gered (EN) in Sweden (Gérdenfors 2010), and an
action plan for the conservation of the species has
been established (Rodebrand 2009). The aims of



the action plan are to stop the decreasing trend of
the Swedish population, and to establish a viable
population on Oland. This goal should be fulfilled
if each breeding pair produces at least two fledg-
lings per year.

Model overview and parameterization

We used the generic software RAMAS GIS 3.0
(Akgakaya 1998) to parameterize our models. We
built scalar models from time-series data of popu-
lation numbers, without age or stage structure. The
scalar model used by RAMAS is created from the
equation N..; = AN, where A, is a deviate taken
from the lognormal distribution with a mean and
standard deviation estimated for the time series
in question. The standard deviation includes all
environmental variability, and will be referred to
as environmental stochasticity. We calculated the
realized rate of population change between succes-
sive surveys in a continuous series as A, = (N./N.,),
where W, is the population size at year i, (i = 0, 1,
2...q). All survey data had annual time steps. These
population growth rates were then used to calculate
the mean and standard deviation of A for the model
created in the software module RAMAS metapop.
As the initial population size, we used the popula-
tion number of the last year in the time-series. We
incorporated density dependence as a ceiling-type
density, i.e. the population growth is exponential
until it reaches the ceiling-value used as carrying
capacity. Differences in individual survival and
fecundity may have a significant effect on popula-
tion growth, especially in small populations (Soulé
1986, Lande 1988). Therefore we also included
demographic stochasticity in our simulations,
which in RAMAS is incorporated by sampling the
number of individuals from binomial distributions.
We ran the model for a time frame of 100 years,
with 10,000 replicates. As a measure of viability,
we used the extinction risk for the time frame of
100 years, and the median time to extinction. In
species with overlapping generations, as in this
case, generations could be used instead of years as
the time frame. Since there is no data on survival
for the studied species on Oland, and the aim was
exploratory, we used years as the time frame. To
indicate this population growth rate is denoted by
A, instead of the generally used R. To explore the
degree to which each parameter affects the model
outcome, we performed sensitivity analyses of
model parameters and compared them to a status
quo scenario (no change scenario). We included the
parameters population growth rate (A,), environ-

Table 1. Number of pairs of Baltic Dunlin on Oland
based on full scale surveys performed in 1988, 1998
and 2008, and from surveys 2003—2008 where 20% of
the suitable breeding habitat was sampled each year.
Antal par av sydlig kirrsnippa pa Oland baserat pa
heltickande inventeringar 1988, 1998 och 2008, samt
inventeringar 2003-2008 ddr 20% av ldmplig hdck-
ningsmiljé inventerades (stickprovsinventering).

Sample survey Full scale survey

Stickprovsinv. Heltickande inv.
1988 - 132
1998 - 105
2003 27 -
2004 30 -
2005 19 -
2006 20 -
2007 13 -
2008 15 62

Table 2. Number of pairs of Montagu’s Harrier on
Oland 2004-2008, including number of pairs in the
three main habitats; Cladium mariscus marsh (deno-
ted Cm), Dasiphora fruticosa area on alvar land (de-
noted Df) and agricultural fields (denoted Af).

Antal par av ingshék pa Oland 2004-2008, fordelat
pd de tre hickningsmiljéerna; vatmarker med ag (for-
kortat Cm), alvarmark med élandstok (forkortat Df)
och odlingsmark (forkortat Af).

Total Cm Df  Af
2004 31 13 14 4
2005 23 9 11 3
2006 29 11 14 4
2007 36 15 8 13
2008 33 12 16 5

mental stochasticity (std,,), initial abundance and
carrying capacity (i.e. the ceiling value used). We
ran the sensitivity analyses with an increase and a
decrease of 10% and 20% on the value of each pa-
rameter.

Full scale surveys of breeding Baltic Dunlin
have been performed on Oland 1988 (Pettersson et
al. 1995), 1998 (Pettersson 2001) and 2008 (Sven-
sk Naturforvaltning 2009). There have also been
annual surveys carried out on 20 % of the area of
coastal wetlands on Oland, running between 2003
and 2008 (Table 1). The full scale survey of 2008
resulted in 62 breeding pairs. We parameterized the
model from the time-series 2003—2008 (A= 0.920,
std,= 0.257), but used the value from the full scale
survey in 2008 as the initial population size in
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our simulations. Since there is no lack of suitable 14
breeding habitats carrying capacity was set to 250 03 1

pairs, twice the maximum number of breeding pairs 08
in recent decades. Montagu’s harrier has been sur- > g'g

veyed in detail on Oland under two different time %
periods, 1975-1981 and 20042008 (Lansstyrelsen <
i Kalmar in letter). We used the latter time-series & 03 |

(Table 2) for the parameterization of the model (A= 02 -

1.040, std,= 0.254). Carrying capacity was set to 01 VU +

55 pairs, slightly higher than the maximum number 0 e

of breeding pairs in recent decades. 0 10 20 30 40 5 6 70 80 9 100
Besides performing the status quo scenario simu- =—Status quo scenario  Time to extinction

lations described above, data allowed us to explore = nest predation 20%

some of the threats indicated in the action plans — ——nest predation 50%

(Rodebrand 2009, Flodin et al. 2010). In the case of  Figure 1. Cumulative extinction risk the next 100 years in
Baltic Dunlin we performed additional simulations  Baltic Dunlin on Oland. Three different scenarios are indica-
on nest predation, since this factor is suggested as  ted; a status quo scenario (no change), a scenario with 20%
a threat for population decline on Oland, and also  nest predation and a sce_nario with 50% nest predation (de-
varies highly between years (Ottvall 2005, Ottvall tails in text). The red-list categories Critically endangered

. ) . CR), End d (EN) and Vulnerable (VU denoted
& Larsson 2005). Since our status quo simulation i(n th)e ﬁgur?gere (EN) and Vulnerable (VU) are denote

is based on a short time-series survey, covering  Kumulativ utdéenderisk de nirmaste 100 dren hos sydlig
20% of suitable breeding habitats, there is a risk  kdrrsnippa pa Oland. Tre olika scenarior visas; ett scenario
that we did not catch the effects of nest predation  med ofdrindrade parametervirden och tvi scenarior dir
fully in our simulation model. In RAMAS, nest Qof"ed”t;é’”t iﬁklude:ast th gp]ggﬁr till f20 refé’l?k;i‘];e t50%
. fe . arligen elaljer 1 lexten). ranserna jor roalistekatego-
predin iy ponicd i e ol e o €. i (£ o o 1)
a probability for nest predation to occur, and how s
severe the effect is when it happens. We explored
two different levels of nest predation in our simu- in the nest, while birds such as Corvidae often de-
lations, 20% and 50%. In addition, we included stroy only one or two of the eggs (G. Norevik, pers.
that 50% of the eggs/chicks from a breeding pair ~ comm.). In Montagu’s Harrier we performed addi-
were predated when a nest was attacked. This is  tional simulations to explore if different population
because mammals regularly predate all four eggs  growths among the three main habitats on Oland

Table 3. Viability estimates from sensitivity analysis in Baltic Dunlin on Oland, based on survey data from
2003-2008. A status quo scenario (denoted in bold) and scenarios where the model parameters are changed by
+10% and £20% respectively, are presented as extinction probabilities in the next 100 years (Ext. prob.) and
median time to extinction in years (Md ext.). Model parameters are denoted as follows; Population growth rate
(Pop. growth), Environmental stochasticity (Env. stoch.), Initial abundance (Init. abun.) and Ceiling value of
population size (Ceil. val.).

Utdéenderisker firan kéinslighetsanalyser av sydlig kirrsnippa pd Oland, baserade pd inventeringsdata 2003—
2008. Ett scenario med ofordndrade parametervdirden (i fetstil) jamfors med scenarior dir modellparametrarna
dndras med £10% och £20%, och presenteras som utdoenderisker inom de nirmaste 100 dren (Ext. prob.) och
mediantid till utdoende i antal ar (Md ext.). Modellparametrarna forkortas enligt féljande; populationstillvéxt
(pop. growth), omgivningsstokasticitet (env. stoch.), initial populationsstorklek (init. abun.) och hégsta popula-
tionsstorlek (ceil. val.).

% Pop. growth Env. stoch. Init. abun. Ceil. val.
change Ext.prob Mdext. Ext.prob. Mdext. Ext.prob. Mdext. Ext. prob. Md ext.
-20 1.00 11 1.00 22 1.00 23 1.00 23
-10 1.00 14 1.00 23 1.00 23 1.00 24
0 1.00 24 1.00 24 1.00 24 1.00 24
+10 0.65 67 1.00 25 1.00 24 1.00 25
+20 0.02 >100 1.00 26 1.00 24 1.00 25
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affected viability, compared to the status quo sce-
nario described above. Since the survey of 2004—
2008 also included categorization of habitats, we
used this dataset also in these simulations (Table 2;
Cladium mariscus marshes: A= 1.086, std,= 0.289;
Dasiphora fruticosa areas on alvar land: A= 1.032,
std,= 0.428; agricultural fields: A= 1.429, std,=
1.275). We were also able to correlate the number
of breeding pairs among habitats, and include these
correlations in the simulations. Since Rodebrand
(2009) suggested that a possible threat is due to
more pairs breeding in suboptimal habitats, i.e. in
agricultural fields, we also explored how dispersal
to agricultural fields from the two other habitats af-
fected the model outcome. In RAMAS dispersal is
handled as proportions of the population. We used
10% and 30% of the populations in the two other
habitats dispersing to agricultural fields each year.

Results
Baltic Dunlin

The extinction risk in the next 100 years was esti-
mated at 100%, with a median time to extinction of
24 years (Figure 1, Table 3). Sensitivity analyses
showed that population growth rate was the single
most important parameter for the model outcome,
while the parameters environmental stochasticity,
initial population size and carrying capacity did not
change the model outcome (Table 3). According to
the quantitative E-criteria of the red-list, the simu-
lation outcome for the status quo scenario of Baltic
Dunlin on Oland corresponds to the threat category
endangered (EN) (c.f. Figure 1), indicating that the
extinction risk is higher than 20% in the next 20
years.

When nest predation was included as a separate
factor in the simulations, viability of the Baltic
Dunlin decreased. When probability of nest preda-
tion to occur was set to 20% and 50 %, median time
to extinction decreased from 24 years in the status
quo scenario to 15 and 8 years, respectively.

Montagu's Harrier

The extinction risk in the next 100 years was esti-
mated at 70%, with a median time to extinction of
63 years (Figure 2, Table 4). Sensitivity analyses
showed that population growth rate was the single
most important parameter for the model outcome.
The environmental stochasticity also affected the
outcome to a certain degree, while initial abun-
dance and carrying capacity only affected the out-
come of the model marginally (Table 4). Accord-
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Figure 2. Cumulative extinction risk the next 100 years in
Montagu’s Harrier on Oland. Four different scenarios are
indicated: a status quo scenario (no change), a scenario with
populations in the three main breeding habitats and two sce-
narios with dispersal to the suboptimal breeding habitat agri-
cultural fields from the two other habitats by a proportion of
10% and 30% dispersal each year (details in text). The red-
list categories Critically endangered (CR), Endangered (EN)
and Vulnerable (VU) are denoted in the figure.

Kumulativ utdoenderisk de ndrmaste 100 dren hos dngshok
pa Oland. Fyra olika scenarior visas; ett scenario med ofor-
dndrade parametervirden och tre scenarior ddr bestdanden
i de tre hdickningsmiljéerna betraktas separat, dels utan
spridning mellan hédckningsmiljéerna och dels med sprid-
ning till odlingsmark fran de andra tva héickningsmiljéerna
med en omfattning av 20 respektive 50 % darligen. Grdnserna
for radlistekategorierna akut hotad (CR), hotad (EN) och
sarbar (VU) anges i figuren.

ing to the quantitative E-criteria of the red-list the
simulation outcome for the status quo scenario of
Montagu’s Harrier on Oland corresponds to the
threat category vulnerable (VU) (c.f. Figure 2), in-
dicating that the extinction risk is higher than 10%
in the next 100 years.

The simulations where the population on Oland
were treated as three subpopulations in the main
habitats increased the viability. The extinction risk
in the next 100 years was 30% and the median time
to extinction >100 years (Figure 2, Table 5). The
sensitivity analyses revealed the same pattern as in
the simulations with the status quo scenario (Table
5). When we included dispersal to the suboptimal
habitat agricultural fields, the extinction risk was
35% and 43% in the next 100 years for a 10% and
30% proportion of dispersal, respectively. The me-
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Table 4. Viability estimates from sensitivity analysis in Montagu’s Harrier on Oland, based on survey data from
2004-2008. A status quo scenario (denoted in bold) and scenarios where the model parameters are changed
by £10 and +20% respectively, are presented as extinction probabilities in the next 100 years (Ext. prob.) and
median time to extinction in years (Md ext.). Model parameters are denoted as follows; Population growth rate
(Pop. growth), Environmental stochasticity (Env. stoch.), Initial abundance (Init. abun.) and Ceiling value of
population size (Ceil. val.).

Utdoenderisker firan kinslighetsanalyser av dngshok pd Oland, baserade pd inventeringsdata 2004—-2008. Ett
scenario med oforindrade parametervirden (i fetstil) jamfors med scenarior ddir modellparametrarna dndras
med +10 och +20%, och presenteras som utdoenderisker inom de ndrmaste 100 dren (Ext. prob.) och medi-
antid till utdoende i antal ar (Md ext.). Modellparametrarna forkortas enligt foljande,; populationstillvixt (Pop.
growth), omgivningsstokasticitet (Env. stoch.), initial populationsstorklek (Init. abun.) och hégsta populations-
storlek (Ceil. val.).

% Pop. growth Env. stoch. Init. abun. Ceil. val.
change Ext.prob Mdext. Ext.prob. Mdext. Ext.prob. Mdext. Ext.prob. Md ext.
-20 1.00 12 0.55 88 0.73 57 0.76 56
-10 0.99 21 0.63 74 0.70 62 0.74 59
0 0.71 63 0.71 62 0.71 62 0.71 63
+10 0.05 >100 0.76 54 0.70 64 0.68 66
+20 0.01 >100 0.83 47 0.70 65 0.66 69

Table 5. Viability estimates from sensitivity analysis in Montagu’s Harrier on Oland with populations in the
three main habitats on Oland (c.f. Table 2). No dispersal among populations is included. A status quo scenario
(denoted in bold) and scenarios where the model parameters are changed by +10 and +20% respectively, are
presented as extinction probabilities in the next 100 years (Ext. prob.) and median time to extinction in years
(Md ext.). Model parameters are denoted as follows; Population growth rate (Pop. growth), Environmental sto-
chasticity (Env. stoch.), Initial abundance (Init. abun.) and Ceiling value of population size (Ceil. val.).
Utdbenderisker firin kéinslighetsanalyser av dngshék pd Oland med antalet par i de tre huvudsakliga biotoperna
betraktade som delpopulationer (jmf. Tabell 2). Ingen spridning mellan delpopulationerna dr inkluderad. Ett
scenario med ofordndrade parametervirden (i fetstil) jamfors med scenarior ddr modellparametrarna dndras
med £10 och £20%, och presenteras som utdoenderisker inom de ndrmaste 100 daren (Ext. prob.) och medi-
antid till utdoende i antal ar (Md ext.). Modellparametrarna forkortas enligt foljande,; populationstillvéxt (Pop.
growth), omgivningsstokasticitet (Env. stoch.), initial populationsstorklek (Init. abun.) och hégsta populations-
storlek (Ceil. val.).

% Pop. growth Env. stoch. Init. abun. Ceil. val.
change Ext.prob Mdext. Ext prob. Mdext. Ext.prob. Mdext. Ext. prob. Md ext.
-20 1.00 12 0.15 >100 0.35 >100 0.40 >100
-10 0.98 31 0.20 >100 0.33 >100 0.35 >100
0 0.31 >100 0.31 >100 0.31 >100 0.31 >100
+10 0 >100 0.41 >100 0.28 >100 0.26 >100
+20 0 >100 0.52 97 0.27 >100 0.25 >100

dian time to extinction was >100 years in both sce- ~ Harrier (Rodebrand 2009) and Baltic Dunlin (Flo-
narios (Figure 2, Table 5). din et al. 2010); the decline of both species will
be stopped if the fecundity is high enough. How-

. . ever, in our simulation model the factor population
Discussion growth rate includes fecundity, juvenile and adult
Our simulation results underline that the two spe- ~ survival. We had no opportunity to indicate which
cies suffer a high risk of extinction in the close  of those measures that is most important for viabil-
future. Sensitivity analyses indicated population ity on Oland, since there is no data available. Sev-
growth rate as the most important single factor for  eral studies in waders closely related to the Baltic
viability in both species. This finding agrees with ~ Dunlin, i.e. other Calidris species, have indicated
the general aims of the action plan for Montagu’s  adult survival as most important for the population
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growth rate (e.g. Hitchcock & Gratto-Trevor 1997,
Koivula et al. 2008). There are no apparent threats
for adult birds on Oland. Therefore, what can be
done locally on Oland is to enhance possibili-
ties for successful breeding. Several conservation
measures are discussed in the two action plans for
achieving this goal.

In the case of Baltic Dunlin habitat deterioration
has been suggested as one important factor behind
the population decline, i.e. from ceased grazing
followed by a closure of suitable coastal meadows.
However, on Oland the area of coastal meadows
suitable for breeding has not declined during the
last twenty years. Therefore factors associated with
habitat quality are probably involved. Our simula-
tions showed that nest predation increases the ex-
tinction risk (Figure 1). Observe that the extinction
risk is high even without nest predation, but that
nest predation further increases the threats. Nest
predation on waders mainly occurs during night,
indicating that mammals are involved (Ottvall
2009, Ottvall & Johansson 2009).

In the case of Montagu’s Harrier our simulation
results showed that populations in three different
main habitats on Oland are more viable in the long
run than a single population using only one habi-
tat type (Figure 2). This is because the overall ex-
tinction risk will be reduced since all habitat types
are not affected to the same degree from extreme
weather events or predation pressure (c.f. Gilpin &
Hanski 1991). Further our simulations showed that
dispersal to agricultural fields, from the other two
habitats, increased viability even though the breed-
ing success is lower in this habitat. This opens up
a new perspective. Since there is a marked disper-
sal to agricultural fields during certain years, e.g.
in 2007 (Table 2), specific measures of detecting
and safeguarding the nests during these years could
substantially enhance the number of successful
broods on Oland. We argue that in order to fulfil the
goal in the action plan, 45 breeding pairs of Mon-
tagu’s Harrier on Oland, a specific management of
breeding in agricultural fields will be a key factor.
Two possibilities that have been tested in Sweden
are to protect large enough areas, at least 25x25 m,
around the nest when crops in agricultural fields
are harvested, and to plan the timing of harvest ac-
tivities in relation to status of breeding (Rodebrand
2009). In Western Europe conservation measures
in agricultural areas, together with dispersal be-
tween populations, are key factors for the survival
of the species (Arroyo et al. 2002). There is no evi-
dence of a population decline of Montagu’s Harrier
in neighbouring countries (Rodebrand 2009). This

suggests that immigration from those areas is a fac-
tor that may also enhance viability for the popula-
tion on Oland.

The viability outcomes in our models predicted
different threat categories for the studied species
compared to the Swedish red-list (Gérdenfors
2010). However, the quantitative E-criteria (i.e.
performing a PVA) is just one of five sets of crite-
ria used for classification of threat categories. The
other criteria (A-D) are built on measures such as
distribution area, population size, number of repro-
ducing individuals, rate of decline etc. If the threat
categories differ among criteria, species are red-
listed according to the most severe threat category.
Both Baltic Dunlin and Montagu’s Harrier are clas-
sified according to an ongoing decline and a low
number of reproducing individuals, not according
to a PVA. Therefore our simulations may indicate
another threat category than the current red-list
classification. A complete overview of the red-list
criteria is found on the webpage of the Swedish
Species Information Centre (www.artdata.slu.se/
rodlista/).

Improving the PVA model

The outcome of a PVA has a higher accuracy if
demographic data as fecundity and survival, or
surveys on population numbers, are collected over
many years. One reason is that the chance of in-
cluding years with extreme weather situations
increases. When there are data on fecundity and
survival also more realistic models may be built,
i.e. stage-structured models. Scalar models some-
times overestimate extinction risks, compared to
structured models including demographic data
on fecundity and survival (Dunham et al. 2006).
Therefore we suggest that studies on fecundity and
survival of Baltic Dunlin and Montagu’s Harrier
populations on Oland should be performed. Data
from such studies would definitely enhance the
PVA models and the reliability of the model out-
comes. Additional support for this view also comes
from the sensitivity analyses, indicating population
growth rate as the single most important factor for
viability in both species.

Acknowledgements

We thank Staffan Rodebrand for helpful comments
on Montagu’s Harrier, County Administrative
Board of Kalmar for access to unpublished data,
Rowena Jansson for valuable language editing,
Jonas Waldenstrom and two anonymous reviewers

929



for suggesting several valuable improvements on
the manuscript.

References

Akgakaya, H.R. 1998. RAMAS GIS: Linking landscape data
with population Viability Analysis (version 3.0). Applied
Biomathematics, Setauket, New York.

Akgakaya, H.R. 2004. Using models for species conserva-
tion and management: an introduction. Pp. 3—14 in Spe-
cies conservation and management (Akgakaya et al. eds),
Oxford University Press, New York.

Akgakaya, H.R. & Sjogren-Gulve, P. 2000. Population viabi-
lity analysis in conservation planning: an overview. Eco-
logical bulletins 48: 9-21.

Arroyo, B., Garcia, J.T. & Bretagnolle, V. 2002. Conserva-
tion of Montagu’s harrier (Circus pygargus) in agricul-
tural areas. Animal Conservation 5: 283-290.

Beissinger, S.R. & McCullough, D.R. (eds). 2002. Popula-
tion Viability Analysis. University of Chicago Press, Chi-
cago.

Birdlife International. 2004. Threatened birds of the world
2004. CD-rom.

Blomgqvist, D. 1994. Den sydliga kérrsnéppan — forekomst,
héckningsbiologi och flyttning. Calidris 23: 81-85 [in
Swedish].

Blomgqvist, D. & Pauliny, A. 2007. Inavel och forlust av ge-
netisk variation hos sydlig kéirrsndppa (Calidris alpina
schinzii) pa svenska Vistkusten. Lansstyrelsen i Halland,
Meddelande 2007:17 [in Swedish].

Brook, B.W., O'Grady, J.J., Chapman, A.P., Burgman, M.A.,
Akgakaya, H.R. & Frankham, R. 2000. Predictive ac-
curacy of population viability analysis in conservation
biology. Nature 404: 385-387.

Caughley, G. 1994. Directions in conservation biology.
Journal of Animal Ecology 63: 215-244.

Dunham, A.E., Ak¢akaya, H.R. & Bridges, T.S. 2006. Using
scalar models for precautionary assessments of threatened
species. Conservation Biology 20: 1499—1506.

Fieberg, J. & Ellner, S.P. 2000. When is it meaningful to es-
timate an extinction probability? Ecology 81: 2040-2047.

Flodin, L.-A., Larsson, M. & Ottvall, R. 2010. Atgdrdspro-
gram for bevarande av sydlig kérrsndppa. Naturvardsver-
ket, Stockholm [in Swedish].

Gilpin, M.E. & Hanski, 1. 1991. Metapopulation dynamics.
Academic press, London.

Girdenfors, U. 2010. The 2010 redlist of Swedish species.
Swedish Species Information Centre, Uppsala.

Hanski, I. & Simberloff, D. 1997. The metapopulation ap-
proach, its history, conceptual domain, and application to
conservation. Pp. 5-26 in Metapopulation biology: Eco-
logy, genetics, and evolution (Hanski, 1. & Gilpin, M.E.
eds), Academic Press, San Diego.

Hitchcock, C.L. & Gratto-Trevor, C. 1997. Diagnosing a
shorebird local population decline with a stage-structured
population model. Ecology 78: 522-534.

Jonsson, P.E. 1991. Reproduction and survival in a declining
population of the Southern Dunlin Calidris alpina schin-
zii. Wader Study Group Bulletin 61: 56—68.

Jonsson, P.E. 2006. Artfaktablad — Calidris alpina schinzii
— sydlig kérrsndppa. ArtDatabanken, SLU, Uppsala [in
Swedish].

100

Kindvall, O. 1998. Introduktion till sarbarhetsanalyser. Art-
Databanken Rapporterar 2. Artdatabanken, SLU, Uppsala
[in Swedish].

Koivula, K., Pakanen, V.-M., Ronkid, A. & Belda, E.-J.
2008. Steep past and future population decline in an ar-
ctic wader: dynamics and viability of Baltic Temminck's
stints Calidris temminckii. Journal of Avian Biology 39:
329-340.

Lande, R. 1988. Genetics and demography in biological con-
servation. Science 241: 1455-1460.

Ludwig, D. 1998. Is it meaningful to estimate probability of
extinction? Ecology 80: 298-310.

Lénsstyrelsen Kalmar. 1999. World heritage convention —
Swedish nomination. Soédra Olands Odlingslandskap.
Lansstyrelsen i Kalmar 14n.

Morris, W.F., Bloch, P.L., Hudgens, B.R., Moyle, L.C. &
Stinchcombe, J.R. 2002. Population Viability Analysis in
endangered species recovery plans: use and future impro-
vements. Ecological applications 12: 708-712.

Ottvall, R. 2005. Bodverlevnad hos strandangshiackande va-
dare: den relativa betydelsen av predation och trampska-
dor av betesdjur. Ornis Svecica 15: 89-96 [in Swedish].

Ottvall, R & Larsson, K. 2005. Uppfoljning av héckfaglars
forekomst och utbredning pa Oléindska sjomarker. Lins-
styrelsen Kalmar ldn, Meddelande 2005:21 [in Swedish].

Ottvall, R. 2009. Kan predatorkonroll vara ett verktyg for
naturvarden pd oldndska sjomarker? Lansstyrelsen Kal-
mar ldn, Meddelande 2009:11 [in Swedish].

Ottvall, R. & Johansson, M. 2009. Forsoksstudie pa strand-
dingar pa sodra Oland med riktad jakt pa predatorer. Calid-
ris 38: 16-22 [in Swedish].

Pettersson, J., Hellstrém, M. & Jonzen, N. 1995. Faglar pa
Olands strandcngar. Rapport fran Ottenby fagelstation nr.
11 [in Swedish].

Pettersson, J. 2001. Fdglar pd Olands sjomark 1988 och
1998. Lansstyrelsen Kalmar lan, Meddelande 2001:12 [in
Swedish].

Rodebrand, S. 2009. Atgdirdsprogram for dngshék. Natur-
vardsverket, Stockholm [in Swedish].

Soulé, M. (ed) 1986. Conservation biology. The science of
scarcity and diversity. Sinauer, Sunderland.

Svensk Naturférvaltning. 2009. Fdgelfaunan pd Olands sjo-
marker — inventeringar 1988-2008. Lansstyrelsen i Kal-
mar ldn, Meddelande 2009:08 [in Swedish].

Thorup, O. (ed) 2006. Breeding waders in Europe 2000. In-
ternational wader studies 14. International Wader Study
Group.

Sammanfattning

Sarbarhetsanalys ar ett viktigt verktyg for att forut-
sdga livskraften hos populationer. Metoden bygger
péa matematiska modeller ddr man utifran befintliga
uppgifter om arten, t.ex. populationsstorlek och
antal hédckningar, simulerar populationens fram-
tida dynamik. Resultaten av en sdrbarhetsanalys ut-
trycks ofta som en sannolikhet for utdéende inom en
given tidsperiod. Metodens triffsdkerhet begrinsas
av kvaliteten pa demografiska data, t.ex. hacknings-
framgang och dverlevnad. I de fall simuleringarna



framst syftar till att jamfora olika situationer eller
bevarandeatgirder, och inte till att gdra mer exakta
forutsdgelser, ger metoden en god vigledning dven
om man har en begridnsad mingd data.

I denna studie anvénder vi sérbarhetsanalys for
att undersoka livskraften hos de 6ldndska popu-
lationerna av sydlig kédrrsndppa och dngshok, tva
arter som ar hotade och har minskat betydande i
populationsstorlek under de senaste decennierna.

Sydlig kdrrsnéippa och dngshik

Den sydliga kérrsndppan har specifika krav pa sin
héckningsmiljo och foredrar strandédngar med va-
rierande vegetationshdjd som inte overstiger 10-20
cm, och som gérna betas. Det svenska bestandet ar
uppskattat till 120 par, varav 60 par finns pa Oland.
Bestandet i Sverige har minskat med 70% under
de tva senaste decennierna. En orsak till tillbaka-
gangen som framforts dr habitatforlust genom upp-
horande bete, varvid 1dmplig hickningsmil;j6 vaxer
igen. Andra orsaker kan vara att stranddngarna
generellt blivit torrare och att bopredation pa dgg
och ungar fran faglar och didggdjur okat. I vistra
Sverige har dven bestdndet paverkats negativt av
lag genetisk variation. Den sydliga kirrsnadppan &r i
Sverige rodlistad som akut hotad (CR), vilket inne-
bér att den 16per extremt stor risk att do ut, och ett
atgirdsprogram har darfor upprittats.

Angshéken har en relativt kort historia som héck-
fagel i Sverige. Under 1930- och 1940-talen fanns
ndgra fa par i Skdne, men de forsvann p.g.a. forfol-
jelse och dggsamlande. Under 1940-talet kolonisera-
des Oland, och bestandet dkade ldngsamt till 4045
par under 1970- och 1980-talen. Det svenska bestan-
det har minskat med 20% de senaste 20 aren, och for
narvarande uppskattas besténdet till ca 55 par varav
30-35 par finns pa Oland. P4 Oland nyttjar arten tre
huvudsakliga hickningsmiljéer; vatmarker med ag,
alvarmark med o6landstok samt odlingsmark. Flera
orsaker till bestandets tillbakagang har framforts
sdsom forsdmring av hackningsmiljdernas kvalitet,
okad konkurrens fran brun kérrhok och predation pa
yngre kérrhokar av duvhok. Mojligen paverkas be-
standet ocksa negativt av ett 6kat antal hickningar i
odlingsmarker, dir hickningsframgangen ar sdmre.
Arten &r i Sverige rodlistad som hotad (EN), vilket
innebdr att arten 16per mycket stor risk att dé ut, och
ett atgardsprogram har upprittats.

Modell och underlagsdata

Vi anvéinde programmet RAMAS GIS for sarbar-
hetsanalyserna. Vi utgick fran bestandsdata ba-

serade pé inventeringar under ett antal ar hos de
bigge arterna pa Oland. Den sydliga kirrsnidppan
inventerades heltdckande 1988, 1998 och 2008,
och stickprovsinventeringar pa 20% av den lamp-
liga hickningsarealen genomfordes 2003-2008
(Tabell 1). Angshoken inventerades heltickande
under 2004-2008 (Tabell 2). Fran tidsserierna
berdknades populationstillvixten mellan intil-
liggande ar. Fran dessa vidrden berdknades i sin
tur medelvirde och standardavvikelse, vilka i
simuleringsmodellen motsvaras av populationer-
nas tillviaxttakt och omgivningens slumpmaéssiga
variation (t.ex. i klimatiska faktorer eller preda-
tionstryck mellan olika &r). Som startviarde for
simuleringarna anvédnde vi populationsstorleken
for det senaste aret i arternas respektive invente-
ringsserier. I dagsldget saknar vi kinnedom om
hur en eventuell inomartskonkurrens péaverkar
populationstillvixten. Darfor anvdnde vi en mo-
dell med exponentiell populationstillvdxt och ett
s.k. takvirde, d.v.s. en hogsta tillaten populations-
storlek. Eftersom sma populationer dven paverkas
av slumpmissiga faktorer i hickningsframging
och 6verlevnad tog vi med detta i modellen. Vi
genomforde s.k. kénslighetsanalyser for att se
vilka av modellens delar som har storst paverkan
pa resultatet. I dessa 6kade respektive minskade
vi modellens ingédende delar (populationstillvéxt,
omgivningens slumpmadssiga variation, popula-
tionernas start- respektive takvirde) med 10 och
20%.

Forutom dessa grundsimuleringar var det ocksa
mdjligt att ta med ett par av de hotfaktorer som om-
ndmns i atgdrdsprogrammen. For den sydliga kérr-
sndppan géller detta hur bopredation paverkar den
framtida 6verlevnaden. For dngshokens del géller
det hur den framtida dverlevnaden paverkas om de
tre hackningsmiljoerna betraktas som en enda sam-
manhallen population eller som separata delpopu-
lationer, samt hur en spridning till odlingsmarker
dér hickningsresultatet dr simre, pdverkar popula-
tionstillvixten.

Resultat

Utdoenderisken inom de narmaste 100 aren ar for
sydlig kdrrsndppa 100%, med en mediantid till ut-
doende pa 24 ar (Figur 1, Tabell 3). I Figur 1 finns
mdjlighet att avldsa utddenderisken dven for kor-
tare tidsperioder dn 100 &r, t.ex. dr utddenderisken
under de ndrmaste 30 aren cirka 70%. Kéanslighets-
analysen visade att populationstillvdxten &r vikti-
gast for modellens utfall, medan Ovriga delar inte
péaverkar resultatet naimnvért (Tabell 3). Enligt den
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svenska rodlistan motsvarar simuleringsresultatet
for det 6landska bestandet en placering i kategorin
hotad (EN), vilket innebér att bestandet 16per mer
an 20% risk att do ut inom de nirmaste 20 aren. D&
bopredation tas med i modellen sjunker dverlevna-
den ytterligare (Figur 1).

1 dngshokens fall ar utddenderisken inom de nér-
maste 100 aren 70%, med en mediantid till utdo-
ende pd 63 ar (Figur 2, Tabell 4). Kéinslighetsana-
lysen visade att populationstillvaxten, och delvis
omgivningens slumpmaéssiga variation, paverkar
modellens utfall (Tabell 4). Enligt rédlistan mot-
svarar simuleringsresultatet for det 6landska be-
standet en placering i kategorin sarbar (VU), vilket
innebér att arten 16per mer dn 10% risk att do ut
inom de ndrmaste 100 aren. Da vi tog med dngs-
hokens tre hdckningsmiljder som separata delpo-
pulationer i modellen, 6kade 6verlevnaden. Over-
levnaden 6kade mest dé vi inte tog med spridning
till odlingsmark frén de andra tvd miljoerna (Figur
2, Tabell 5).

Diskussion

Simuleringsresultaten understryker den allvarliga
situationen for de Oldndska bestinden av sydlig
kdrrsndppa och dngshok. Populationstillvixten &r
den viktigaste faktorn for modellernas utfall hos
bada arterna. Denna faktor beror av den arliga
hickningsframgangen samt unga och dldre faglar-
nas Overlevnad. Det finns tyvérr inte uppgifter for
dessa delars inbordes betydelse for populationstill-
viixten pa Oland, men for den sydliga kiirrsniippan
har studier av andra arter inom sléktet Calidris
visat att det dr de éldre faglarnas dverlevnad som
ar nyckelfaktorn. Den del av populationstillvéixten
som #r mojlig att paverka lokalt pa Oland, hos bada
arterna, &r att skapa goda mojligheter att genomfo-
ra lyckade hdckningar. I respektive arters atgirds-
program diskuteras dessa dtgérder utforligt.
Forutom grundsimuleringarna genomforde vi
ocksa simuleringar med nagra av de faktorer som
omndmnts som hot i tgérdsprogrammen. Hos den
sydliga kérrsndppan gillde detta betydelsen av
bopredation for bestandets tillvédxt. Simuleringsre-
sultaten visade pa en dkning av utddenderisken da
denna togs med i modellen (Figur 1). For ndrvaran-
de pagar en kartlaggning av bopredationens péaver-
kan pa hickningsframgangen hos vadare pa Oland.
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Resultaten fran dessa studier visar pa att bopreda-
tion framst sker nattetid, av ddggdjur. Att forsoka
minska bopredationen hos den sydliga kérrsndppan
blir dérfor en av atgérderna i bevarandearbetet pa
Oland.

I dngshokens fall undersokte vi betydelsen av
att det finns tre olika héckningsmiljoer, och att en
spridning vissa ér sker till odlingsmarker dar héack-
ningsframgéngen ar lagre. Utddenderisken mins-
kade tydligt d& detta scenario simulerades, dven
dé en spridning forkom till odlingsmarker fran de
tva andra hackningsmiljéerna (Figur 2). En forkla-
ring till detta resultat &r att delpopulationer i olika
héckningsmiljoer kan péverkas olika av klimatfak-
torer och predation, bade under och mellan skilda
ar. Om man istillet tdnker sig ett bestand som bara
forekommer i en hdckningsmiljo kommer vissa ar
att vara mycket goda for hickningsframgéngen,
medan andra dr simre. Nir ett bestand bestar av
ett mindre antal par finns risken att extremt déliga
ar paverkar populationernas tillvixt mycket nega-
tivt, och hos mycket sma populationer kan da ett
utddende ske. I modellen fangas dessa olika forut-
sittningar upp i den faktor som beskriver omgiv-
ningens slumpmaéssiga variation. Vara kinslighets-
analyser visade ocksd att denna faktor hade en viss
inverkan pa resultaten i dngshokens fall. Vidare vi-
sar védra simuleringar att det inte 4r sa negativt med
en spridning till odlingsmarker, dér hécknings-
framgéngen dr lagre. Om man istéllet skyddar ett
tillrackligt stort omréade runt boplatserna i odlings-
marker, eller skjuter pa skorden tills hackningen ar
klar, kan hiackningsframgangen dkas. Forsok som
genomforts har visat att ett omréde pa 25%25 meter
runt en boplats kan vara tillrackligt for att hick-
ningen inte ska avbrytas. Detta innebér att en riktad
skotsel av hickningar i odlingsmarker, tillsammans
med en viss spridning mellan hickningsmilj6erna,
dkar mojligheterna for artens dverlevnad pa Oland.
Eftersom bestanden av dngshdk i linderna séder
om Ostersjon inte minskat, kan 4ven en invandring
av faglar fran dessa omraden 6ka overlevnaden for
det svenska bestandet.

Sarbarhetsanalysen kan forbdttras genom att
samla in data pa hiackningsframgang och 6verlev-
nad. Modeller dir olika aldersklasser ingar kan da
utvecklas, och forutsdgelserna for arternas fram-
tidsutsikter pa Oland kan dérmed géras sikrare.



