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Abstract: The occurrence of vascular plants was surveyed on 207 islands (size range 0.01-390.2 ba, number
of plant species 1-449) offshore from the city of Helsinki in the Baltic Sea to examine the conservation value
of these islands. We calculated a rarity score for each species (1/number of islands occupied by the species)
and a biodiversity score for each island (sum of the rarity scores of each species present on the island). Posi-
tive correlations between species number and biodiversity score (xr, = 0.97, p < 0.001) and between biodiver-
sity score and island area (v, = 0.87, p < 0.001) indicated that these Darameters are beavily dependent on is-
land size. With the goal of including at least one occurrence (island) of all plant species, an iterative selection
algoritbm chose a set of 41 islands whose average size (29.3 ba) was Jour times the average size of all exist-
ing islands (7.0 ba). Strong nestedness (N < 54) explains the concentration of plant species diversity on large
islands. An operational strategy for selection of sites for protection is to complement the set produced by a se-
lection algorithm with target species not yet included (e.g., endangered species with several occurrences).
Comprebensive mapping and analysis of a taxonomic group will belp integrate conservation biology into
land-use planning and increase the quality of the networks of protected areas.

Seleccion de Islas para Conservacion en el Archipielago Urbano de Helsinki, Finlandia

Resumen: Muestreamos la presencia de plantas vasculares en 207 islas ( rango de tamayio 0.01-390.2 ba,
nimero de plantas 1-449) en las costas de la ciudad de Helsinki, en el mar Baltico para examinar el valor
de conservacion de estas islas. Calculamos un indice de rareza para cada especie (1/niimero de islas ocupa-
das por la especie) y un indice de biodiversidad para cada isla (suma de los indices de rareza de cada especie
presente en la isla). Correlaciones positivas entre niimero de especies y el indice de biodiversidad (t, = 0.97,
p < 0.001) y el indice de biodiversidad y el drea de la isla (r, = 0.87, p < 0.001) indicaron que estos
pardametros son altamente dependientes del tamario de la isla. Con la meta de incluir al menos una ocirren-
cia (isla) para todas las especies de plantas, un algoritmo de seleccion escogic 41 islas, cuyo tamaiio prome-
dio (29.3 ha) fue cuatro veces el tamaro promedio de todas las islas (7.0 ba). La fuerte anidacién (N = 54)
explica la concentracion de la diversidad de especies de plantas en islas grandes. Una estrategia operacional
para la seleccion de sitios para su proteccion complementaria el juego de sitios producido por la seleccion de
algoritmo con especies blanco aiin no incluidas ( e.g., especies amenazadas con varias ocurrencias). El mapeo
comprensivo y el andlisis de un grupo taxondmico podria ayudar a integrar la biologia de la conservacion
en la planeacion de uso del suelo e incrementar la calidad de las redes de dreas protegidas.
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Introduction

A crucial issue in planning representative networks of pro-
tected areas is how to select the sites. Several selection al-
gorithms have been published (e.g., Nicholls & Margules
1993; Pressey et al. 1993, 1997; Underhill 1994; Williams et
al. 1990; Freitag et al. 1997), but usually the selection units
have been grid cells of equal size and the algorithms have
been mostly applied at national or regional level. Only a
few local-level applications have been offered (Game & Pe-
terken 1984; Rapoport et al. 1986). Furthermore, selection
methods have been developed and tested in floristically
rich areas with many endemic species, such as southern Af-
rica and Australia (Margules et al. 1988; Rebelo & Siegfried
1992; Lombard et al. 1997; Pressey et al. 1997).

In the species-poor northern boreal region, on the
other hand, there are no globally important hotspots of
endemism. For instance, the entire flora of Finland does
not include a single endemic vascular plant species. Our
focus is on protecting nationally or locally significant
biodiversity. To achieve this there is a need to develop
methods and tools for local conservation-oriented plan-
ning because municipalities, the basic land-use planning
units, frequently include biodiversity conservation in
their planning principles.

The purpose of our study was to establish which is-
lands of a group of 207 in an archipelago would need to
be protected to maintain the diversity of vascular plants.
This represents a typical planning situation in which real
land units instead of grid cells are used. The selection was
based on a comprehensive database of vascular plants.

Methods

Study Area and Databases

The archipelago offshore from the city of Helsinki in the
eastern Baltic consists of 315 islands (City of Helsinki Ur-
ban Facts 1998). The 207 islands included in our study
(size range 0.01-390.2 ha) comprised practically all the
"real” islands inside Helsinki city limits; small rocks pro-
truding from the sea were excluded because they lack
vascular plants. Most of the islands studied are uninhab-
ited, but several large ones close to the mainland have
permanent human settlement. The occurrence (pres-
ence-absence) of vascular plants on the islands was
mapped by the author A K. and his collaborators be-
tween 1990 and 1995. '

Islands in the Baltic have risen from the sea since the
last glaciation. Land uplift of approximately 2.5 mm/year
makes new islands appear continuously and existing
onces expand. The islands studied consist of Precambrian
bedrock with a thin layer of topsoil. The natural vegeta-
tion on the larger islands typically consists of low Scots
pine (Pinus sylvestris) forest with heather (Calluna vul-
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garis), bilberry (Vaccinium myrtillus), and cowberry
Vaccinium vitis-idaea) as dominant species in the field
layer. In protected bays, common alder (Alnus gluti-
nosa) groves are found with more luxuriant vegetation.
Small islands lack forests and are characterized by stony
shore-meadows and patches of meadow vegetation in
depressions and rock fissures. Bare rock surfaces are
common on exposed shores on both large and small is-
lands. The ecological features of the study area are com-
parable to those of other archipelagos in the Baltic (As et
al. 1992).

Calculations

We calculated a rarity score for each plant species: 1/c,,
{c; <> 0,1 =1{=n}, where c, is the number of islands
occupied by species i. The biodiversity score of an is-
land was the sum of the rarity scores of all species occur-
ring on it.

Several algorithms have been developed for reserve
selection (Saetersdal et al. 1993; Lombard ct al. 1995;
Csuti et al. 1997; Pressey et al. 1997). Common to all
these algorithms is that they start from an empty selec-
tion, adding new areas in the most effective way until
the predetermined goal is reached. For instance, the
goal may be to include all species at least once.

We used an inverted method to select a near-minimum
set of islands that includes all vascular plant species
present in the archipelago. The algorithm "most com-
mon" (MC) starts with all the islands included and elimi-
nates one island in every cycle until the selected stop
level has been reached. Initially, MC calculates the num-
ber of occurrences—the number of istands on which
the species occurs—for every species (step 1) and iden-
tifies the rarest species on each island (step 2; Fig. 1).
The algorithm then ranks the islands according to the
number of occurrence of the rarest species. Other spe-
cies on each island are ignored (step 3). At this stage,
each island is represented by only one species, the rarest.
Thereafter, MC finds the island with the rarest species
with the highest number of occurrences (step 4). The rar-
est species on each island is the species with fewest oc-
currences. The MC then starts eliminating islands where
the number of occurrences of the rarest species is high-
est (condition 1). This island may be interpreted as least

valuable. The eliminating order follows the number of =

occurrences of species as the number of islands in-
cluded gradually decreases (step 5). The MC recalculates
the frequencies of all species on the remaining islands
and again identifies the rarest species on each island.
Cyclical elimination continues until the rarest species
on each of the remaining islands occurs on only one is-
land. This means every island in the set has at least one
unique species (condition 1). Setting the stop level to
zero produces a numerical order of all islands. This is an
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Figure 1. Flow diagram of the algorithm "most com-
mon'" for reserve selection.

advantage of MC that makes it possible to compare is-
lands according to the relative rarity of their species.
The stop level may be set to any nonnegative value.
For instance, stop level one produces a set of islands
that contains all species at least once. If species occur
on fewer than or on a number of islands equal to the se-
lected stop level, those islands will be automatically in-
cluded in the near-minimum set. The MC also gives the
numerical rank of those islands not included in the near-
minimum set (Fig. 1). If the rarest species have the same
number of occurrences on several islands, the island
with the lowest biodiversity score will be chosen (step 4).
Other elimination rules could also be applied, such as the
largest island (lower cost of establishing protection) or
most remote island (maximization of continuous area).
To investigate nestedness among species assemblages
we uscd the index V (Patterson & Atmar 1986), which
measures how much the observed presence-absence ma-
trix differs from perfect nestedness (V = 0). The maxi-
mum value of V (i.e., minimum nestedness) depends on
the size of the matrix and the number of species present.
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For the analysis, we divided the islands into four size
classes: 0.01-0.09 ha (28 islands), 0.1-0.99 ha (83 is-
lands), 1.0-9.9 ha (76 islands), and >10.0 ha (20 islands).
The analyses were also made without size classes.

Results

Occurrence and Nestedness of Species

We made 22,364 observations of 686 vascular plant spe-
cies (hybrids were excluded) on the 207 islands (1-449
species/island). Most of the species were rare in our
data; about 400 species occurred on <20 islands (<< 10%
of islands), and the number of species occurring only on
one island was 108. Rare species were clearly concen-
trated on a small group of islands: 11 islands hosted
more than 100 rare species each. Common species were
few in number, with only 20 species occurring on more
than 155 islands (Fig. 2).

The island-specific biodiversity score varied from 0.1
to 40.3. Fifty islands had a biodiversity score of <<1.0
(Table 1). The value of the biodiversity score depended
both on the rarity of species on an island and on the is-
land’s species richness. Because one unique species has
the same weight as 100 relatively common species (oc-
curring on >100 islands), score values increased rapidly
with the presence of rare species.

Occurrence of the plant species showed strong nest-
edness (N = 54). The value of the index N would be 640
if the plant species were randomly distributed among
the islands, and maximum /V = 1056. The species assem-
blages of the small island size classes were included
within the large island size classes, and rare species oc-
curred almost exclusively on islands falling into the larg-
est size class. Without size classes, nestedness was weaker
(N = 46,975), and maximum N = 119,640. This was due
to a great number of small islands of almost the same size
and only slight variation of species composition.

Selection of Minimum Sets of Islands

"MOST COMMON" ALGORITHM

Forty-one islands were needed in a minimum set of is-
lands that included all the plant species at least once
(Table 2). The sct represents 20% of the 207 islands
studied but as much as 83% (1200.4 ha) of the total is-
land area. The average size of an island included in the
minimum set (29.3 ha) was over four times the average
island size among all 207 (7.0 ha).

Because the preservation of a single occurrence of a
species does not guarantee its long-term survival, mini-
mum sets of islands were established for 1-178 occur-
rences (number of islands occupied) for cach species.
The total island area inctuded in the minimum set in-
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450 - Table 2. The 41 istands off Helsinki included in the minimum set
selected by the “most common” algorithm for reserve selection and
six other islands® selected by target species (threatened species).

400 4 Island Number

area of plant Biodiversity Land-use
Island (ha)  species score type”

150 4 Picni Leikosaari* 1.16 97 1.2 pri
Kuminapaasi 0.52 59 1.5 pub
Matalahara 2.52 84 1.8 res
Koirasaari* 3.24 136 2.4 pub

300 Pantari 3.60 93 2.4 pub
Kalkkipaasi 0.29 78 2.4 pub

" Harmaja* 1.84 115 1.8 mil
8 Korkeakupu 053 54 28 pub
Q 250 + Pikku
o Lehdessaari 1.60 141 33 pi
o Malkasaari 3.44 141 35 pub
2 Jinissaari* 390 160 3.6 mil
g 2001 Tiirasaari 3.14 167 3.9 pri
z Luoto (Klippan) 1.80 139 4.0 pub
Pikku Kuivasaari* 2.08 185 4.0 mil
150 - Vallisaaren
Pukkisaari 4.76 160 4.5 mil
Pihlajaluoto 3.28 185 4.7 pub
Uunisaaret 2.20 157 4.7 pub

100 - Iso Leikosaari 5.26 192 4.8 pri
Pikku-Musta 4.00 178 5.7 pub (sf)
Kotiluoto 3.36 185 6.4 pub
Rysikari 10.04 225 7.0 mil

50 - Hylkysaar 4.00 223 7.3 pub
Katkkisaari 3.33 181 7.3 pri
Linsi-Musta 8.50 240 8.7 pub
Kuivasaari 11.33 244 8.8 mil

03 Reposaari 210 206 9.0 pri
0 20 40 60 80 100 Itdinen
Pihlajasaari 6.84 254 9.1 pub
Number of islands (%) Itd-Villinki 33.30 276 9.3 mil
Liantinen
Figure 2. Occurrence of vascular plant species on the Pihlajasaari 19.00 267 103 pub
islands studied. Most species are rare: over 400 species Melkki 40.50 298 10.8 mil
grow on only 10% or less of all islands. Lammassaari 870 248 110 pub
l Pikku Niinisaari 31.88 257 11.2 pri + pub
Mustikkamaa* 37.50 304 12.8 pub
Harakka 8.80 307 14.2 res
oi : 4 205 .
Table 1. Distribution of land area, number of species, and sums of gasxkl(taﬁzi'ax? 17.94 Z)? 147 prt
L . R R . orkeasaari 25.30 265 14.8 pub
bmd'welfsnty scores among size classes of islands offshore from Kuninkaansaari 37.20 322 14.9 mit
Helsinki. Kustaanmeikka ~ 33.50 275 150  pub )
Sum of Palosaari 2.00 195 153 pri
Size class Number Total area Number biodiversity bcu.r asaar 40.60 310 18'? pub "
(ha) of islands (ha) of species scores Susisaari 3350 310 19.4 pub (s
- G - - Villinki 134.50 375 21.8 pri + pub
0.01-0.09 28 1.8 162 8.7 Isosaari 73.35 355 22.0 mil
0.1-0.99 83 38.6 323 67.5 Iso Mustasaari 24.40 270 235 pub (sf)
1.0-9.9 76 2394 555 259.6 Vartiosaari 89.00 352 31.7 pri + pub
>10.0 20 11723 648 350.2 Santahamina 390.20 449 38.9 mil
Total 207 1452.2 686 686.0 Valtisaari 76.70 415 40.2 mil

creascs rapidly to almost 100% as the number of pre-
determined species occurrences increases (Fig. 3). For
instance, a minimum set of islands consisting of more
than 20 occupied islands for each species included prac-
tically the entire island area but only approximately 150
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“These six other islands are marked with an asterisk.
PLand-use type: pub, public area; res, nature reserve; pri. private
areda; sf, Suomenlinna sea fortress; mil, military or coast guard area

islands. This implies that the istands not included in this
minimum set were small and had few plant species.

On the other hand, the number of occurrences of
many plant species remains below the selected number

[
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of occupied islands because they do not occur on so
many islands. Consequently, the increase in the number
of islands selected does not have a positive effect on the
future persistence of very rare species in that a species
occurring on a certain number of islands will not occur
on more islands regardless of the number of islands se-
lected for protection.

SELECTION BY TARGET SPECIES

To examine the usefuiness of the most common algo-
rithm (MC) we compared sets of islands selected by it
and sets selected by other methods. A simple method of
selecting sites for protection is to use target species. We
made the selection using two kinds of pre-defined target
species: (1) unique species (108 species with only one
occurrence) and (2) nationally or provincially threat-
ened species (14 species; Rassi et al. 1992).

Unique species were found on 37 islands. The five
most unique species-rich islands had nearly half (53) of
the 108 species, and they were also among the most spe-
ciesrich islands. Because islands with a unique species
were automatically included in the minimum set of 41,
only four of the minimum set did not harbor unique spe-
cies. Thus, selection using MC with stop level 1 and se-
lecting the islands harboring unique species gave nearly
the same set of islands.

Selecting islands based on the occurrence of threat-
ened species produced a somewhat different set. The 14
threatened species occurred on 24 islands, 18 of which
were the same as in the minimum set produced by MC.
Threatened species were found mostly on large, species-
rich islands. The combination of the two target species
groups as a selection criterion produced a set of 43 is-
lands with 6 different islands than were in the minimum
set produced by MC (Table 2).

LR A L TL A S R B B A I B B S G0t Bt B B B S S s S B S et Mn B o m s an a g R EE L R

44 47 58 65

area and number of islands at selec-
tion stop limits from 1 to 178 (mini-
mum sets with 1-178 occurrences).

80 163 179

BIODIVERSITY SCORE, ISLAND SIZE, OR SPECIES NUMBER

The sum of the biodiversity scores of the minimum set
of 41 islands selected using MC was 466.2, 68% of the
value of the whole archipelago. Comparing the MC-pro-
duced set of 41 with a set of the same number of islands
with the highest biodiversity score revealed that 32 is-
lands are the same in each group. Thus, selection using
the biodiversity score produces a set fairly similar to that
using the algorithm.

Other criteria for selection might include island size
and species richness. A comparison between the set of
41 islands produced by MC and the 41 largest islands re-
vealed that 25 islands are in both groups. A similar com-
parison between the MC set and the 41 most species-
rich islands revealed that 31 are the same in each set. In
both comparisons, practically all of the 20 highest-
ranked islands are also included in the minimum set pro-
duced by MC.

The observation that island size, species richness, and
biodiversity score produced a set of islands similar to
that produced by MC indicates the high correlation be-
tween these variables. Species number and island size
correlated positively (v, = 0.88, n = 207, p < 0.001), as
did island size and biodiversity score (r, = 0.87, n
207, p < 0.001). Furthermore, there was a positive cor-
relation between species number and biodiversity score
(ry = 0.97, n = 207, p < 0.001). These correlations indi-
cate that the conservation value of an island increases
with its size.

Discussion
Ecological Features Important for Conservation Planning

Our study demonstrates that biodiversity score, island
size, and species richness reflect the conservation value

Conservation Biology
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of the islands studied fairly well. But these parameters
do not provide information about species composition
and are therefore not useful criteria for conservation eval-
uation by themselves. The use of species identities in con-
servation planning is thus preferable.

Furthermore, the strong nestedness among vascular
plants in the Helsinki archipelago implies that species-rich
islands also harbor the rarer species. Nestedness among
species assemblages is a common feature on islands (Pat-
terson 1987, 1990; Blake 1991; Cutler 1991, 1994; Sim-
berloff & Martin 1991; Wright & Reeves 1992; Atmar &
Patterson 1993; Cook 1995; Kadmon 1995), but its
causes are often unclear (Yiming et al. 1998). In the Hel-
sinki archipelago, nestedness of species is to a large ex-
tent explained by the geological history of the islands.
As island size increases constantly due to land uplift, pio-
neer communities invade the islands as soon as suitable
habitat appears, and the same communities are present
along the shores of the larger islands. Large islands also
contain species that occur in habitats that do not exist
on smaller islands. Colonization from the mainland or

Conservation Biclogy
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other, larger islands could therefore be the main factor
that has generated this nestedness (Patterson 1990; Cook
& Quinn 1995).

Strategy for Conservation Selection

The "most common” algorithm used here was tested
with the Finnish Bird Atlas data (250,000 observations,
3,800 grid cells of 10 X 10 km). The algorithm found
about the same number of grid cells as the simple greedy
algorithm 1 (type 1) presented by Csuti et al. (1997), but
the set was different (Tanskanen 19964, 1996b). Using
plant data from the Helsinki archipelago, the progressive
rarity algorithm 7 (Csuti et al. 1997) produced a set of
exactly the same number of islands as did MC (41 is-
lands), only one island being different. The sea-kale
(Crambe maritima) occurred only on these two islands;
consequently, one of them had to be included in the set.
The minimum set of 41 islands that included all the
species at least once serves as a rough guide to where

Figure 4. The group of islands se-
lected for conservation (in black) in-
cludes the 41 islands of the mini-
mum set and 6 other islands with
threctened species. The numbered is-
lands (1-5) with dense urban settle-
ment were not included in the study
ared.
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the essential plant diversity exists in the Helsinki archi-
pelago. The selection method needs several refine-
ments, however, to produce results that can be applied
in conservation planning. The first consideration is the
need for filtering of species. For example, the occur-
rence of peanut (Arachis hypogaea) is clearly irrelevant
for conservation purposes because it is an accidental in-
troduction and has no viable populations on Baltic is-
lands. Peanut and similar species should be filtered out
before the analysis.

Another essential refinement is the inclusion of desir-
able target species. Because the minimum set may in-
clude only one occurrence per species, it does not nec-
essarily include all the islands on which target species
(e.g., threatened species) occur. A solution may be a
post-selection of the islands harboring target species but
not included in the minimum set. A procedure for the
selection of islands or other sites for conservation could
thus proceed as follows. First, irrelevant species are re-
moved from the database. Second, the selection algo-
rithm selects a set of islands with the required number
of occurrences per species. Third, occurrences of target
species are ensured by post-selection.

Following this procedure, we selected a network of
41 islands produced by MC on which each species oc-
curred at least once. Thereafter, an additional six islands
harboring endangered species not selected by the algo-
rithm were included in the proposed network of pro-
tected islands (Fig. 4). Several of the islands found by
the algorithm are protected for reasons other than their
ecological value (e.g., the World Heritage site of Suomen-
linna Sea Fortress). Species found on these already pro-
tected islands could be used as a starting point in seek-
ing islands that add new species to the combination.
This procedure follows a pragmatic selection strategy,
combining reserve selection algorithms with other re-
serve-design criteria (Bedward et al. 1992).

In an archipelago off a large city with heavy recre-
ational use such as Helsinki, a network of protection that
covers one-fifth of the islands, and as much as four-fifths
of the total area, would hardly be realistic. For maintain-
ing biodiversity, however, there is no need to protect en-
tire islands or to exclude other types of land use from the
islands selected, if essential habitat patches are pre-
served. These patches may cover only a small fraction of
the island area. For example, a habitat-based plant map-
ping was done on the island of Isosaari (73 ha). The is-
‘and was included in the minimum network (355 spe-

ies, 7 of them unique and 3 threatened), but the habitat

wches supporting these species represented only about

1 of the total area of the island. If a comprehensive hab-

map is not available, the list of habitat specialists with
‘ow size range could be used for the identification of
Tnost important habitats for protection.
r study emphasises the need for comprehensive,
juality ecological databases for conservation evalu-
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ation. Unfortunately, these are relatively rare, especially
for larger areas. Furthermore, as mentioned above, there
are strong arguments that each habitat patch should also
be analyzed separately (Deshaye and Morisset 1988;
Worthen 1996). Experienced professionals are needed to
carry out the fieldwork, which may take several field sea-
sons. This requires a substantial investment in research
work, but the total cost of comprehensive mapping of a
taxonomic group (e.g., vascular plants) in a city like Hel-
sinki (Jand area 187 km?) is modest compared with in-
vestments needed in urban infrastructure planning in
general. Consequently, the fundamental issue is recogni-
tion of the importance of the incorporation of conserva-
tion biology into the planning process and the accep-
tance of the associated costs.
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