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To prioritize conservation actions on Italian islands we used the case study of the eradication of the Black
rat Rattus rattus to protect Cory’s shearwater Calonectris diomedea and Yelkouan shearwater Puffinus
yelkouan. We evaluated for each island the effectiveness of rat eradication by means of two different indi-
ces, both based on the relative importance of the island’s nesting population of the two species at the
national and regional scale, but differing in the parameters set at the divisor, i.e., respectively, the number
of nesting pairs in rat-free islands and the number of islands occupied by shearwaters. We estimated ana-

Ke.y WordS:. lytically the monetary costs of rat eradication on each island. Islands at high risk of recolonization were
Alien species management . . . .

Eradication excluded from further analyses, while costs and effectiveness of rat eradication were compared for the
Island restoration remaining islands. Rat eraflice{tion was most cost—gffectivt?ly carried out on the island hosting the largest
Black rat colony of P. yelkouan. Eradicating rats from all the islands in the ranking provided benefits to 63.9% of the
Rodent Italian population of P. yelkouan, but only to 7.1% of that of C. diomedea. Comparing costs and effective-
Shearwaters ness of all possible island combinations, ranging from a minimum budget of 50,000 € and a maximum of

Conservation priorities
Cost-effectiveness analysis

1600,000 € (i.e. the cost for eradicating rats from all the listed islands), the maximum increase in effec-
tiveness (marginal effectiveness) fell around a relatively small budget (200,000 €). For both species, when
adopting the cost/effectiveness rankings, the number of pairs protected for 1000 € of investment was sig-
nificantly higher than adopting rankings of effectiveness alone, demonstrating that conservation priori-
ties are more efficiently identified by including monetary costs in the analysis.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction On the other hand, natural isolation makes islands ideal places
for implementing eradication programmes. In last decades, the res-

The detrimental impact that alien species may have on native toration of island ecosystems by the removal of alien predators has

ecosystems has been well documented in the last decades. Island
ecosystems are especially prone to the negative consequences of
introductions (e.g. Manne et al., 1999; Baillie et al., 2004), the main
reasons being the following: (i) in the new habitat alien species of-
ten lack natural predators, pathogens and parasites (Settle and
Wilson, 1990; Shea and Chesson, 2002); (ii) specific population
processes occur on islands, where, due to limitation of dispersion,
an increase in the number of individuals implies automatically an
increase of density (Courchamp et al., 2003); (iii) high isolation im-
plies higher probabilities that endemic taxa are present (Duncan
and Blackburn, 2004); (iv) the absence of native predators may
have not allowed the evolution in endemic taxa of predator-escape
responses, making them easier preys of incoming predators (e.g.
Roff, 1994; Atkinson, 2001; Duncan and Blackburn, 2004).
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become a reality, and a large number of eradication programmes
have been worldwide put into effects. However, as the implemen-
tation of the control strategy can be quite demanding in terms of
monetary costs, restoration programmes in the various islands
are inevitably in competition for the same limited monetary bud-
get. Therefore, strict criteria are needed to select islands in which
eradication of alien species are worth being carried out, and prior-
itizing the actions can be a useful guide for managers, conserva-
tionists and politicians (Wilson et al., 2006, 2009; Pressey et al.,
2007; Howald et al., 2007; Jones et al., 2008). Among others, the
need for prioritizing actions against alien species has been also sta-
ted by the European Union (e.g. Genovesi and Shine, 2003).

There are many studies that deal with methods for priority-set-
tings, but very few include the costs of the actions, and most only
rely on ecological benefits achievable. However, the idea that the
failure to consider economic costs reflects in a loss of efficiency
of the investments is now gaining credit (Choquenot and Hone,
2002; Naidoo et al., 2006; Murdoch et al., 2007). This is especially
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true when costs of alternative actions vary on different orders of
magnitude, as in the case of rat eradications of differently sized
islands.

With 14,000 km of coasts strongly oriented along the latitudinal
gradient and about 300 small islands, Italy offers a representative
case study for the Mediterranean, where only 10 strictly marine
bird species breed, nearly all of them being endemic or present
with endemic subspecies (cf Zotier et al., 1999). We took into con-
sideration all Italian islands, selecting those which host colonies of
two species, i.e. the Cory’s shearwater (Calonectris d. diomedea) and
the Yelkouan shearwater (Puffinus yelkouan). The two species differ
in their abundance, the total Italian population of the former being
more than twice that of the latter, and in the islands selected for
nesting, the Yelkouan shearwater nesting on larger ones, more dis-
tant from mainland (Ruffino et al., 2009; Baccetti et al., 2009).

The Italian population of the Yelkouan shearwater accounts for
more than half of the global population, whereas for Cory’s shear-
water Italy hosts about 20% of the Mediterranean population (Sul-
tana and Borg, 2006a,b; Bourgeois and Vidal, 2008). The observed
population decline of both species is mainly attributed to alien pre-
dators, especially rats (Sultana and Borg, 2006a,b), which can heav-
ily limit reproductive success by predation upon chicks and eggs
(e.g. Thibault, 1995; Penloup et al., 1997; Martin et al., 2000; Igual
et al., 2006; Baccetti et al., 2009, but see also Ruffino et al., 2008;
reviews in Towns et al., 2006; Jones et al., 2008; Ruffino et al.,
2009). Both species are included in Annex I of the European Union
Directive on the conservation of wild birds (79/409/EEC/1979) and
in Annex II (strictly protected species) of the Convention on the
Conservation of European Wildlife and Natural Habitats (or Bern
Convention). Therefore, these represent useful target species for
implementing the prioritization of conservation actions against
introduced predators.

We chose not to consider other seabirds as they either do not
seem to suffer from rat predation (i.e. large Laridae, Phalacrocorac-
idae), or because they do not breed on marine islands (Sandwich
tern Sterna sandvicensis). Finally, the absence from our analysis of
an endangered and rat-sensitive species such as the Mediterranean
storm petrel (Hydrobates pelagicus melitensis) was due to: (i) the
low quality of the available population data, which makes it diffi-
cult to compute any score for this species, (ii) the small number
of occupied islands (about five in Italy) and (iii) the different nature
of problems for this species, that though being most sensitive to rat
predation (Martin et al., 2000; De Leén et al., 2006; Ruffino et al.,
2009) can breed with large numbers at rat-free spots (caves, cliffs,
etc.) within rat-infested islands (intra-islands refuges, see Ruffino
et al., 2009).

Among alien predators, we only considered the Black rat (Rattus
rattus) for three main reasons. First, the improvement of reproduc-
tive output for shearwater colonies deriving from rat removal has
been demonstrated (e.g. Igual et al., 2006; Pascal et al., 2008; Bacc-
etti et al., 2009). Secondly, black rats are by far the most wide-
spread predators on Italian islands, being present on about 85%
of them and on almost 100% of those larger than 10 ha (Baccetti
et al,, 2009), while the other potential alien predators (Norway
rats, feral cats and dogs, feral pigs, wild boars) only occur on very
few islands among those that hold shearwater colonies (Andreotti
et al., 2001; Baccetti et al., 2009). Finally, rat eradication in Italy is
not subjected to legislative constraints, while other alien species
are very difficult to be dealt with due to strong animal rights move-
ments and/or legal protection (e.g. cats, dogs).

By using cost-effectiveness analysis, a tool which helps manag-
ers to better predict where resources should be invested to cost-
effectively achieve their conservation targets (Hone, 1994; Naidoo
et al., 2006), we aim: (i) to draw up a priority list of Italian islands
that candidate for rat eradication, relying on both effectiveness and
cost-effectiveness of the actions, (ii) to assess the optimal alloca-

tion of pre-determined monetary budgets, with the aim of maxi-
mising the overall effectiveness for each budget level, and (iii) to
compare the return of the investment deriving from adopting
either the effectiveness or the cost-effectiveness ranking. At the
end of the paper we finally discuss the management options avail-
able for islands not included in the priority list.

2. Methods

The general methodology applied in this paper derives mainly
from Baccetti et al. (2007) and Capizzi et al. (2008). After selecting
islands hosting both rats and shearwater colonies, we estimated:
(i) the effectiveness of rat eradication by the computation of two
different indices for the various islands, based on the estimate of
the abundance of nesting population of the two shearwaters for
each island, and (ii) the monetary costs of rat eradication on each
island. Then, in order to avoid wasting resources, islands at high
risk of recolonization by rats were excluded. Costs and effective-
ness of rat eradication were compared for all the remaining islands.
We also analyse the allocation of different monetary budgets, with
the aim of maximising the overall effectiveness. Finally, we com-
pared the return of the investment deriving from adopting the
effectiveness or the cost/effectiveness ranking.

2.1. The Italian islands database

We based the analyses on a database of Italian islands that was
created on purpose and that included the following information:

(1) geographic parameters: (i) island area (hectares), (ii) mini-
mum distance from mainland (m), (iii) minimum distance
from the nearest island (m);

(2) harbour facilities: presence of a harbour permanently host-
ing boats and/or allowing regular line service by ferries
(unprotected wharfs or abandoned harbours not considered
as such);

(3) presence/absence of rats: data on Black rat Rattus rattus
presence/absence were obtained mainly by published
accounts (e.g. Amori, 1993; Andreotti et al., 2001; Capizzi
and Santini, 2007; Baccetti et al., 2009). When no recent data
were available from the literature, we performed ad hoc sur-
veys on several islands, checking for rat presence by looking
for characteristic signs of presence (e.g. faeces, gnawings on
seeds or fruits, especially olive seeds and pine cones);

(4) bird population data: data on shearwater abundance of each
island were obtained from a recent review of Italian shear-
water populations (Baccetti et al., 2009). When local esti-
mates were represented by a range of values, as a unique
value we used the geometric mean of population minimum
and maximum, consistently with reference works widely
adopted in the EU context (cf. Hagemeier and Blair, 1997;
BirdLife International, 2004 ). Shearwater colonies were pres-
ent also on the mainland, at three places of the Sardinian
coast. Although these mainland colonies were not consid-
ered as candidates for rat eradication, they took part in the
population data.

2.2. Estimating economic costs

An estimation of monetary costs of a rat eradication program on
each island was obtained analytically, i.e. summing the various
costs that should be sustained in an eradication program, namely
labour, materials and travelling expenses. Data for computing cost
estimation were mainly obtained relying on our direct experience
from: (i) eradication projects carried out by us in ten Italian islands
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of various size (Perfetti et al., 2001; Sposimo et al., 2008a) and (ii)
advanced feasibility studies developed for four more Italian is-
lands, in which the various expenses had been thoroughly esti-
mated (Sposimo et al.,, 2008b and unpublished data). However,
we also checked published accounts (e.g. see Merton et al., 2002;
review in Howald et al.,, 2007) to verify the soundness of our
assumptions. Therefore, we always assumed that the eradication
programmes would be carried out by using bait stations, according
to the following parameters:

- four monthly bait applications for each island
- 1.6 kg of bait (extruded blocks, active ingredient: brodifacoum
0.005%) per bait station (for a discussion about pros and cons
of the use of brodifacoum and other anticoagulant rodenticides
in rat control programs on islands, see Donlan et al., 2003;
Hoare and Hare, 2006; for Mediterranean islands see also Capiz-
zi and Santini, 2007)
- bait station density: islands up to 20 ha: 12 bait stations/ha
islands up to 50 ha: 8 bait stations/ha
islands larger than 50 ha: 4 bait stations/ha
- labour costs: 270 €/day
- travelling expenses: 100 €/day
- opening tracks in shrub vegetation: 110 €/ha, applied to an
average of 1/3 of the surface of each island
- bait station placing: 40 bait stations/man/day
- bait station checking and bait replacement: 60 bait stations/
man/day

Our cost estimation did not include:

- aerial spread of rodenticide bait, although in some cases this
could be necessary to cover inaccessible island sectors, and
although this technique would lower costs on large islands;

- additional costs needed to deliver bait on cliffs or within human
settlements;

- feasibility studies and executive planning;

- pre- and post-eradication biological monitoring;

- quarantine measures to prevent rat recolonization;

- any difference either in the local level of technical capacity, or in
the amount of local bureaucracy problems (cfr. Donlan and Wil-
cox, 2007), such a variation being negligible within a single
national context.

2.3. Estimating effectiveness

For each island, basing on shearwater population estimates, we
computed two different measures of effectiveness of rat eradica-
tion (E; and E,). The two indices were identical in their structure,
differing only in the divisor (see Steps 3a and 3b), their construc-
tion being as follows:

Step (1): National importance, i.e. computation of the relative
importance of an island population (IsP) respect to the Italian pop-
ulation (ItP), expressed as percentage.

Step (2): Regional importance, i.e. the relative importance of an
island population (IsP) respect to the regional population (RP, sum
of population estimates of islands belonging to the same adminis-
trative region), divided by the number of regions hosting shearwa-
ter colonies, in our case five for both species (Sardinia, Apulia,
Latium, Tuscany, Sicily, comparable in terms of surface area: range
17,208-25,703 km?). Motives of inclusion of this term are ex-
plained in Discussion.

Step (3a): Exposure to the risk of predation, expressed as the
number of nesting pairs on rat-free islands (rat-free pairs, RFP). This
term makes the index computation iterative, as it is likely to vary
(and requires the ranking being updated) whenever rats have been
removed from a new island, assuming that, by virtue of the imple-

mentation of the eradication project, one more island becomes
now free of rats (cf. Brooke et al., 2007). Therefore, the scores will
automatically change for all other islands hosting colonies of the
same species, and a new ranking has to be computed. The overall
effectiveness E; deriving from rat eradication from each island is gi-
ven by:

i=1

where n is the number of shearwater species occurring on that is-
land, IsP is the island population of the ith species, ItP the total Ital-
ian population, RP the regional population, NR the number of region
hosting shearwater colonies, RFP is the total number of pairs nesting
on rat-free Italian islands.

Step (3b): Number of islands with colonies of the species in Italy
(NCQ), including colonies on the mainland. Unlike E;, the computa-
tion of E, does not require an iterative approach and therefore was
done once only, assuming that rat eradication from any island does
not imply any change in bird distribution on the rest of the islands,
at least in the short period.

The overall effectiveness E, deriving from rat eradication from
each island is given by:

i=1

where NC is the total number of island with colonies of the species.

2.4. Exclusion of islands at higher risk of recolonization

Rats can invade islands by swimming across open sea or by pas-
sive transport on boats (Russell and Clout, 2005). Therefore, to
identify and exclude from further analyses the islands where the
risk of rat recolonization after removal is high, we considered the
following parameters:

(a) presence of a harbour (cf paragraph 2.1)

(b) distance from the nearest land patch occupied by rats: we
used 500 m as a selection threshold, assuming that at a
swimming distance >500 m rat recolonization was unlikely.
This choice was supported by the following facts:

(1) published accounts reporting that black rats are capable of
swimming in open sea for up to 500 m (see Russell and
Clout, 2005);

(2) the maximum rat recolonization distance recorded in our
study area following eradication projects was 382 m (see
Baccetti et al., 2009);

(3) the lowest distance of an untreated rat-free island - with
shearwaters - from the mainland or from another island
with rats was 439 m (Argentarola: Baccetti et al., 2009).

2.5. ‘Recovering’ groups of islands

Two or more islands less than 500 m apart were considered as a
group, and readmitted as such for analysis, if the following condi-
tions were satisfied:

(1) the group did not include any island with a harbour (see
above);

(2) the minimum distance of any island of the group from the
mainland was >500 m.

This being the case, we considered the group as a candidate for
rat eradication, provided that this were implemented simulta-
neously on the various islands composing it, irrespectively of the
presence of breeding shearwaters on each of them. The estimate
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of the monetary costs of rat eradication of each group of islands
was obtained by summing up the estimated costs for each island.
The same procedure was adopted for the effectiveness value.

2.6. Cost-effectiveness analysis

Cost-effectiveness (CEA, see Hone, 1994; Naidoo et al., 2006) was
used to compare costs with effectiveness in order to draw up a prior-
ity list. Computationally, the cost-effectiveness ratios (CERs) of the
actions have to be compared: the lower the ratio, the more cost-
effective a rat eradication. Here, the estimated costs of rat eradica-
tion for each island were divided by the two effectiveness measures
E; and E, to obtain respectively Costs/E; and Costs/E, indices.

2.7. Setting the best subsets of islands in relation to monetary budgets

A common issue to many restoration projects is maximising the
effectiveness of conservation actions in front of the constraints of
an available monetary budget. To address this objective, we per-
formed an analysis identifying the best subset of islands for pre-
determined budgets ranging from 50,000 € to 1600,000 € (the lat-
ter sum being the budget for eradicating rats from all 14 islands
and the four groups of islands identified in our study), at fixed
steps of 50,000 €. For each level of investment, we compared the
cumulative effectiveness of all possible island combinations not
exceeding a given budget, selecting the highest. In this analysis,
the effectiveness was expressed by E, only (i.e. without iterative
procedures), as rat eradication is supposed to be carried out simul-
taneously in all the selected islands and not one by one.

To identify the optimal budget we used two different parame-
ters inspired by microeconomy theory, and both measured at steps
of 50,000 €: (i) the marginal effectiveness (ME, see Finnoff et al.,
2007; Murdoch et al., 2007), which is the ratio between the in-
crease in effectiveness (AE;) and the increase in costs (AC, in this
case always equal to 50,000 €). These parameters were computed
as follows:

AE,

— E2
AE=C 4)

So, for example, cumulative E, was 194.7 at 250,000 € and 199.7
at 300,000 €, and cumulative costs (in thousands of €) 294.3 and
295.7, respectively. Therefore, AE, was 5, and AC was 46,400 €,
and ME was 5/46.4=0.11; (ii) the average effectiveness (AE),
which is the ratio between cumulative effectiveness (E,) and
cumulative costs (C;) measured at each level of investment. At
250.000 € and 300.000 €, AE was 0.78 and 0.68, respectively.

2.8. Evaluating the return of the investment

We expressed the return of the investment (ROI) as the number
of pairs protected with 1000 € of investment. It was estimated by:
(i) calculating the cumulative number of pairs of each species pro-
tected at each position of the four rankings presented in Table 2,
i.e. effectiveness and cost/effectiveness, estimated with both E;
and E; indices, and (ii) dividing this parameter for the respective
cumulative costs (thousands of €). So, for example, eradicating rats
up to the fifth place of the cost/E; ranking would allow protecting
361 pairs of C. diomedea and 3624 of P. yelkouan, with a cumulative
cost of 651,961 € (sum of the costs relative to the five islands). The
return of the investment would be, therefore, 5.56 pairs protected
with 1000 € of investment for P. yelkouan and 0.55 pairs for C.
diomedea.

2.9. Statistical analyses

Statistical analyses were performed by an SPSS computer pack-
age (version 13.0). All tests were two-tailed, and alpha was set at
0.05. Normality of distribution of the data was assessed by Kolmogo-
rov-Smirnov test. If necessary, variables were normalized by using
the appropriate transformation. Otherwise, non parametric tests
were used. To determine which model best predicted the dependent
variable, we used Akaike’s information criterion.

3. Results
3.1. Number of islands and population data

From satellite images and personal experience, we found 308 is-
lands to be present in the Italian seas (except Sicily and Sardinia,
here considered as “mainland”). Their surface areas range between
0.04 ha and 22,416 ha. Shearwater colonies are present on 64 of
them, 58 hosting rats too. Among the six islands without rats,
the largest one was 13 ha (Toro), and their minimum distance from
the mainland (or from other rat-inhabited islands) was 439 m
(Argentarola). C. diomedea was present in all six rat-free islands
(total RFP: 1026, 6.5% of total Italian population), P. yelkouan in
one of them only (RFP: 1.4, 0.02% of total Italian population) (Bacc-
etti et al., 2009).

The 58 islands hosting both rats and shearwaters included cases
that we considered as being rat-inhabited despite apparently suc-
cessful eradication projects. These were too recent for a full assess-
ment of rat removal (Zannone, Giannutri and Molara), or
recolonization by rats had actually occurred and requested new
treatments (see Baccetti et al., 2009). The total Italian population
for C. diomedea is between 13,344 and 21,873 nesting pairs (sum
of geometric means: 15,807 NP), while that of P. yelkouan was be-
tween 3568 and 13,212 (sum of geometric means: 6427 NP; Bacc-
etti et al., 2009).

3.2. List of islands ranked by effectiveness of rat eradication

The list of the islands with shearwaters and rats is presented in
Table 1, where the 58 islands are ranked on the basis of the two
measures of effectiveness of rat eradication (E; and E;), indepen-
dent of any cost-effectiveness criterion and not considering the risk
of rat re-invasion. If rats are eradicated from the first island then
the variable term of RFP automatically changed the E; scores for
all other islands hosting colonies of the same species (see Meth-
ods). So, for example, Tavolara (the largest colony of P. yelkouan)
was the first island at the first run and Linosa (the largest Italian
colony of C. diomedea) only the twentieth, but hypothesizing rat re-
moval from Tavolara, the E; scores would raise Linosa to the sec-
ond rank. However, as the further the analysis proceeds from the
first placements, the more negligible are the changes.

3.3. Exclusion of islands at higher risk of recolonization

From the 58 islands with shearwater colonies, we deleted 20 is-
lands having a harbour. Secondly, we deleted 27 islands closer than
500 m from any rat-inhabited land patch (see Table 1). Three is-
lands met both these criteria. Combining the two parameters, we
struck a total of 44 islands off the list, and identified 14 islands
at lower risk of recolonization, with areas ranging between 9 ha
and 1072 ha.

3.4. Recovering groups of islands

From the excluded sites, we readmitted some of them combined
into four groups of islands on the basis of the conditions specified



Table 1

Islands’ rankings according to the effectiveness of rat eradication estimated by two different indices, i.e. E; and E,, are presented in columns 2 and 3. In the first column, islands not at high risk of recolonization, admitted to further
analyses or recovered as groups, are shown in bold. In column 7 the exclusion criteria are given (see Methods for details; H: harbour facilities; D: distance from nearest land patch with rats <500 m). The number of nesting pairs (min-
max, or total count) of the two shearwater species is given in columns 8 and 9. Excluded islands that were readmitted as groups are indicated in column 10.

1 2 3 4 5 6 7 8 9 10
Island Rankings Region Area (ha) Exclusion criteria Shearwaters nesting pairs Comments
Rank E; Rank E; Diff. E;—E; P. yelkouan C. diomedea
TAVOLARA 1 1 - Sardinia 602.0 1200-7800 10-50
LINOSA 2 2 - Sicily 545.1 H 2-20 10,000 Not feasible
LAMPEDUSA 3 3 - Sicily 2059.6 H 500-1000 20-50 Not feasible
MONTECRISTO 4 4 - Tuscany 1071.7 400-750 -
SAN NICOLA 5 5 - Apulia 46.2 D 500 - Not feasible
SAN DOMINO 6 6 - Apulia 208.6 H, D 70-100 - Not feasible
PALMAROLA 7 7 - Latium 125.1 300-600 -
SAN PIETRO 8 8 - Sardinia 5089.2 H 30-50 200-240 Not feasible
CAPRAIA 9 9 - Tuscany 1926.6 H 110-500 - Not feasible
PONZA 10 10 - Latium 750.8 H 10-30 100-150 Not feasible
MOLARA 11 11 - Sardinia 347.9 2-20 500-5000 Eradication to be confirmed (end 2010)
VENTOTENE 12 12 - Latium 143.6 H 10-30 60-100 Not feasible
PANTELLERIA 13 13 - Sicily 8452.3 H 10-30 25-40 Not feasible
LEVANZO 14 15 1 Sicily 585.8 H 100 20-50 Not feasible
CAPRARA 15 14 -1 Apulia 49.5 D - 100-160 Not feasible
GIANNUTRI 16 16 - Tuscany 239.5 - 50-200 Eradication to be confirmed (end 2009)
LA SCOLA 17 17 - Tuscany 1.6 D - 300-400 Readmitted as PIANOSA group
ZANNONE 18 19 1 Latium 104.7 - 60-100 Eradication to be confirmed (end 2009)
PAN DI ZUCCHERO 19 18 -1 Sardinia 4.1 D 1-10 24-30 Not feasible
SANTO STEFANO 20 20 - Latium 31.0 20-50 20-50
MARETTIMO 21 21 - Sicily 12241 H 10-100 30-100 Not feasible
PIANOSA 22 22 - Tuscany 1026.4 D 10-20 90-150 Readmitted as PIANOSA group
FIGAROLO 23 24 1 Sardinia 221 D 1-10 5-10 Not feasible
SPARGI 24 23 -1 Sardinia 421.9 10-100 1-50
PIANA DI ALGHERO 25 25 - Sardinia 13.3 D - 30-50 Not feasible
MADDALENA 26 27 1 Sardinia 2014.6 H,D - 100-200 Not feasible
SANTA MARIA 27 26 -1 Sardinia 186.4 D 1-20 50-200 Readmitted as SANTA MARIA group
FORADADA 28 28 - Sardinia 5.1 D 10-50 - Not feasible
CARPA 29 29 - Sardinia 0.4 D - 50-200 Readmitted as SANTA MARIA group
SERPENTARA 30 32 2 Sardinia 313 - 80-120
RAZZOLI 31 30 -1 Sardinia 164.3 D - 30-200 Readmitted as SANTA MARIA group
BARRETTINI 32 31 -1 Sardinia 10.3 - 50-100
FAVIGNANA 33 35 2 Sicily 2004.9 H 2-20 20-50 Not feasible
CAPRERA 34 33 -1 Sardinia 1581.8 H,D - 20-200 Not feasible
BUDELLI 35 34 -1 Sardinia 171.8 D - 40-80 readmitted as SANTA MARIA group
SALINA 36 40 4 Sicily 2630.6 H 2-20 10-10 Not feasible
LIPARI 37 41 4 Sicily 3766.4 H 2-20 2-20 Not feasible
CAMERE EAST 38 36 -2 Sardinia 4.8 D - 40-60 Readmitted as SOFFI group
CAMERE WEST 38 36 -2 Sardinia 3.6 D - 40-60 Readmitted as SOFFI group
MORTORIO 38 36 -2 Sardinia 55.7 - 40-60
VULCANO 41 42 1 Sicily 2119.5 H 2-20 3-6 Not feasible
GAVI 42 39 -3 Latium 18.1 D 1-20 5-50 Not feasible
LA VACCA 43 43 - Sardinia 9.1 1-20 5-30
CAVOLI 44 44 - Sardinia 421 - 5-10
SOFFI 45 45 - Sardinia 447 D - 10-30 Readmitted as SOFFI group
IS. DI P. ERCOLE 46 46 - Tuscany 6.5 D - 15-20 Not feasible
FAR. DI CALZONE M. 47 47 - Latium 1.0 D - 1-10 Not feasible
USTICA 48 48 - Sicily 825.5 H - 1-5 Not feasible
ROSSA DI TEULADA 49 49 - Sardinia 10.5 - 9-12

ALICUDI 50 50 - Sicily 509.0 1-50 Not feasible
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in the methods section: Pianosa (two islands), Soffi (four islands),
Santa Maria (14 islands) and Corcelli (three islands). As previously
stated, we considered that in all islands of each group rat eradica-
tion had to be implemented simultaneously. The revised lists are
presented in Table 2, where the 14 islands and the four readmitted
groups are ranked according on the basis of E; and E, indices,
either compared with costs or considered alone.

3.5. List of islands ranked by cost/effectiveness ratio

e
e
e
e
e

Readmitted as CORCELLI group
Readmitted as CORCELLI group
Readmitted as SANTA MARIA group

gfgsd Rankings of the 14 islands and the four groups according to cost-

E E g E E effectiveness ratio (CER) estimated by both E; and E, indices are

22 o5 5 4 shown in Table 2. A geographic representation of the distribution
of the 14 islands and the four groups is given in Fig. 1, where the
rank position according to both effectiveness and cost-effectiveness
criteria (following E; index) is given for each island.

3, 3, 9, n 2, o 3.6. Estimating parameters’ contribution

N N o

The relative contribution of the four main parameters (i.e. na-
tional and regional importance of the two species) to the island
positions in the rankings was estimated by multiple regression
analyses, selecting the best model in terms of Akaike’s information
criterion (AIC). We performed a first set of regressions on the
whole island set (n = 58) between island placement in the E; and
E, rankings (dependent variables) against rank-transformed na-
tional and regional importance for the two shearwaters. A second
set of regressions was performed only on the subset of the 18 se-
lected islands (n=18) between island position in the E; and E,
rankings (dependent variables) against cubic root-transformed re-
gional and national importance of both shearwaters’ populations.
TTaAaAAAA Results of both analyses were nearly identical (see Table 3), show-
ing that the main contribution was given by regional and national
importance of P. yelkouan.

Differences in placement of the various islands between costs/E;

SOoOMnNYN IO . .
ggmar~admoS and costs/E; rankings (where a positive number would mean a bet-
[<20Na]

ter position in the latter ranking) were positively correlated with P.
yelkouan population (Spearman’s R: 0.82, P <0.00004), and nega-
tively with that of C. diomedea (Spearman’s R: —0.57, P < 0.02).

FEELEE In order to evaluate the impact of Regional Importance (RI) on
G TS the two formulas, E; and E, indices were re-computed on the whole
island set without including this parameter, relying only on Na-
tional Importance. The amount of positions lost or gained by the is-
lands between the same ranking with or without the RI (Fig. 2)
differed significantly between the five regions for both E; and E,
rankings (Kruskall-Wallis ANOVA n=58; E;: Hs;=34.63,
P <0.0001; E: Hy=31.84, P<0.0001). To determine which groups
differed on the dependent variable, we run a Mann-Whitney U test
on all pairs of groups. Islands belonging to the regions hosting the
largest shearwater populations (i.e. Sicily for C. diomedea and Sardi-
nia for P. yelkouan, see Fig. 2) improved significantly their positions
respect to the others in both rankings (E;: at least P < 0.005; E,: at
least P<0.002). No significant difference was recorded between
Sicily and Sardinia (E;: P> 0.09; E;: P>0.92) and among Latium,
Tuscany and Apulia (E;: at least P> 0.29; E;: at least P> 0.23).

Sicily
Sicil
Sard
Sard
Sardi
Sard
Sard
Sard

51
52
53
53
53
53
53
58

51
51
53
53
53
53
53
58

3.7. Budget analysis

The cumulative effectiveness of rat removal in each best subset

E E of islands associated with pre-determined monetary budgets is

= 23 shown in Fig. 3. The islands included in the various subsets are

5904 2 85 listed in Table 4. Both average and marginal effectiveness de-

4 lala E S8 @ creased with the increase of the monetary budget. The budget
@ E g % E E‘) % = associated with the highest level of effectiveness was quite small,
ESZZZ8EER i.e. 200,000 €, due to the inclusion in this budget of the island with

the largest colony of P. yelkouan (Tavolara).
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Table 2
Islands’ rankings according to effectiveness and cost/effectiveness of rat eradication (excluding islands at high risk of recolonization, but recovering four groups of islands)
following both E; and E, indices. The differences in the position between the two indices are also given.

Islands or groups E; E, Difference E;-E; Costs/E; Costs/E, Difference C/E,-C/E,
TAVOLARA 1 1 - 1 1 -
PALMAROLA 2 3 -1 2 2 -
MONTECRISTO 3 2 +1 11 5 +6
PIANOSA group (two islands) 4 5 -1 12 13 -1
GIANNUTRI 5 6 -1 3 7 -4
S. MARIA group (14 islands) 6 7 -1 13 14 -1
MOLARA 7 4 +3 8 4 +4
ZANNONE 8 8 - 4 6 -2
SPARGI 9 10 -1 15 15 -
SOFFI group (four islands) 10 11 -1 7 10 -3
S. STEFANO 11 9 +2 6 3 +3
BARRETTINI 12 12 - 5 8 -3
MORTORIO 13 14 -1 10 12 -2
LA VACCA 14 15 -1 9 9 -
CAVOLI 15 16 -1 18 17 +1
SERPENTARA 16 13 +3 17 11 +6
ROSSA DI TEULADA 17 17 - 14 16 -2
CORCELLI group (three islands) 18 18 - 16 18 -2

effectiveness

- cost/effectiveness

Pianosa

4

Montecristo

Barrettini S- Ma 3 Gm\
iannutri
12[E

Corcelli gr. \\ :';rtorlo 5 i‘l | .
18 KB almarola #
-\ / Soffi gr. 2

o kB — 0 Z-
Molara Ll 8 4
\ 7 n \;S-:efano

Tavolara 11

1
La Vacca \ Serpentara

16 ud °
14“ R. Teulada

17 KPP Cavoli .
15 k]

Fig. 1. Map of Italy showing the distribution of the 14 islands and the four groups. For each island, the placing in the ranking according to both effectiveness and cost-
effectiveness criteria - according to the E; index - is indicated.

Eradicating rats from all the 14 islands and the four groups summed to populations nesting on islands already free of
would relieve 4104 P. yelkouan pairs of rat predation, i.e. 63.9% rats, give total RFPs of 4106 and 2148 pairs, respectively, for P.
of the total Italian population, but only 1122 of C diomedea, yelkouan (63.9% of total Italian population) and C. diomedea
i.e. 7.1% of the total Italian population. These hypothetical RFPs, (14%).
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Table 3

Regression models describing the relationships between national and regional importance of island populations of the two shearwaters and island positions in the four
effectiveness rankings, i.e. E; and E, indices computed for both all island set (n=58) and only islands and groups of the final list (n = 18). Best models, according to Akaike’s
Information Criteria (AIC), are shown in bold. In all the analyses the main contribution was given by regional and national importance of P. yelkouan. NI: National Importance of
island population; RI: Regional Importance of island population; PY: Puffinus yelkouan; CD: Calonectris diomedea.

Dependent variable: island position in E; ranking all islands included, n = 58

Dependent variable: island position in E; ranking all islands included, n = 58

Dependent variable: island position in E; ranking only island in the final list, n =18

Dependent variable: island position in E, ranking only island in the final list, n =18

Model Residual SS AlICc value A Aic Model rank
PY NI + constant 7973.9 292.0 5.30 2
PY RI + constant 7277.2 286.7 0.00 1
CD NI + constant 13540.9 322.7 36.02 4
CD RI + constant 13535.4 322.7 35.99 3
PY NI + constant 8572.5 296.2 4.76 2
PY RI + constant 7897.3 2914 0.00 1
CD NI + constant 13367.3 322.0 30.52 4
CD RI + constant 13284.9 321.6 30.17 3
PY NI + constant 356.0 61.4 3.25 2
PY RI + constant 297.2 58.2 0.00 1
CD NI + constant 459.4 66.0 7.84 4
CD RI + constant 394.5 63.3 5.10 3
PY NI + constant 356.0 58.6 4.29 2
PY RI + constant 297.2 54.3 0.00 1
CD NI + constant 459.4 67.0 12.67 4
CD RI + constant 394.5 65.3 11.00 3

61 [ E1 ranking T80
44 g [ E2 ranking L7
-0- P. yelkouan
—=— C. diomedea
3 T §
2 L L L o
s T » ! 5
o Tuscan Apulia Latium| | 50 S
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Fig. 2. Average number of positions lost or gained (bars) by the islands falling in the
five administrative regions (see Table 1, column 5) after the deletion of the Regional
Importance (RI) by both E; and E; indices. The two lines represent the percentage of
the Italian population of the two shearwaters nesting in each of the five regions.
Only regions hosting the highest population of C. diomedea (Sicily) and P. yelkouan
(Sardinia) gained positions, the other ones losing importance in both rankings.

3.8. Comparing the return of the investment (ROI)

Eradicating rats from islands according to the cost/effectiveness
rankings offered a much higher return than following ranks of
effectiveness alone, this being true for both effectiveness measure-
ments (Fig. 4a and b). For both species, when adopting the cost/
effectiveness rankings, the number of pairs protected for 1000 €
of investment was significantly higher than that derived from
adopting effectiveness rankings, this difference being substantial
at least up to the eleventh rank position. The T test for dependent
samples revealed that these differences in the number of pairs pro-
tected were significant for both the indices either for P. yelkouan
(E; vs. CE{R, T=—4.20, df 17, P<0.0007; E, vs. CE;R, T=—4.16,
P <0.0007) or for C. diomedea (E, vs. CE{R, T=-3.82, P<0.002; E,
vs. CE;R, T=-3.32, P<0.004), and by cumulating data of both
shearwaters (E; vs. CE{R, T=-4.16, P<0.0007; E, vs. CE3R,
T=-4.12, P<0.0008). Comparing the cost/effectiveness rankings
of the two indices of both the shearwater species (Fig. 4c) we re-
corded significant differences for C. diomedea, but not for P. yelko-
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Fig. 3. Line plot showing the curves of cumulative, marginal and average
effectiveness (estimated by the E, index) of rat eradication in different islands
associated with pre-determined monetary budgets (at fixed steps of 50,000 €,
Fig. 3a), and the correspondent level of pairs on rat-free islands of the two
shearwater species (Fig. 3b). Marginal effectiveness curve peaked at about
200,000 €, showing that significant results can be achieved also with monetary
budget relatively small.

uan (CEqR vs. CE;R, P. yelkouan: T=1.43, P>0.17; C. diomedea,
T=3.13, P<0.007). Cumulating data for both species, the differ-
ence was close to the statistical significance (CE;R vs. CE3R,
T=1.79, P<0.10).
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4. Discussion
4.1. Economics of conservation actions

Considerable effort was paid over the last decades by scien-
tists towards the identification of conservation actions that
should be implemented in order to maximise the amount of bio-
diversity locally represented (e.g. Church et al., 1996; Aradjo and
Williams, 2000; Brooks et al., 2006; Knight et al., 2007; De Wan
et al., 2009). The accent has mainly been focusing on biological
benefits, rather than on costs of conservation planning, although
the increase in efficiency from including costs had proven that
conservation priorities should be assessed by an approach that
integrates benefits, costs and threats (e.g. Pullin and Knight,
2001; Moore et al., 2004; Newburn et al., 2005; Baxter et al.,
2008; Wilson et al., 2009; review in Naidoo et al., 2006).

We used the case study of rat eradication from Italian islands
to prioritize conservation actions, basing on both effectiveness
and cost-effectiveness criteria. Costs of conservation actions can
be estimated by either statistical or analytical approaches (Mar-
tins et al, 2006; but see comments in Donlan and Wilcox,
2007). The former approach consists in computing statistically
significant models fitting monetary costs from previous eradica-
tion projects on islands. This is appropriate when an adequate
number of case histories from which drawing monetary costs is
available, and when comparing actions which do not greatly dif-
fer in costs. These requirements are not met in the case of Med-
iterranean islands, where few rat eradications have been carried
out so far (Howald et al., 2007), and where differences in site
morphology and size are remarkable (range of surface areas in
our list: 0.4-1072 ha). We chose to estimate economic costs ana-
lytically, i.e. by summing the various items contributing to the to-
tal costs, referring them to ‘average’ islands, limiting the analysis
to the most important and widespread alien predator, i.e. the
Black rat. The precision of our estimates is liable to improve-
ments, e.g. by including additional parameters in the costs esti-
mation (e.g. vegetation thickness, trail diffusion or rugged
topography, logistic problems related to the distance from main-
land, rat density, presence of non-target species and so on). On
the other hand, by focusing on a national framework, the differ-
ences in the level of local capacity or different bureaucracy, that
may significantly affect cost estimation on a broader geographic
scale (Donlan and Wilcox, 2007), are negligible.

4.2. Estimating effectiveness of conservation actions

If monetary costs are often directly correlated with the extent
of an action (e.g. in this case the island area), ecological benefits
are much harder objectively estimated, and a number of methods
have been proposed. When focusing on rich and diverse commu-
nities, ecological benefits can be estimated basing upon pres-
ence-absence data of several target species, like in the case of
worldwide surveys (e.g. Brooke et al., 2007), or when selecting
Key Biodiversity Areas (Médail and Quézel, 1999; Eken et al.,
2004; Knight et al., 2007; Galetti et al., 2009). When aiming at
conserving target species, like in the case of burrowing seabirds
of Mediterranean islands, population data are definitely more
informative about the specific island value. In our study, the
effectiveness of rat eradication was estimated by considering
the relative importance of the shearwater colonies at two differ-
ent scales, i.e. nationally and regionally. Populations of two is-
lands being equal, our assumption was that eradicating rats
from an island in a region holding fewer shearwater pairs would
confer greater conservation benefits than does eradicating rats
from an island in a region where they are more abundant. This

Table 4

D. Capizzi et al./Biological Conservation

Summary table of the islands included in the best subsets associated with pre-determined monetary budgets at fixed step of 50.000 € (see Fig. 3a and b). In this analysis, the goal was to maximise the total effectiveness (estimated by E,
index) without exceeding the budget assigned at each step. In the last two rows, the total cost (expressed in thousands of €, and never exceeding the budget) and the cumulative effectiveness (estimated by E, index) are given.
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Fig. 4. Return of the investment (expressed as the number of pairs protected for
each shearwater species for 1000 € of investment) of eradicating rats in the 14
islands and in the four groups selected in the analysis, following the rankings of
effectiveness and of cost/effectiveness of both indices E; and E,. The different return
as far as the two shearwater species is firstly evident, with the number of pairs
protected of P. yelkouan being much higher than that of C. diomedea; (a) comparison
of rankings following E; index. It is shown that the margin in the return between
cost/effectiveness and effectiveness ranking is substantial from the third up to the
twelfth placing, equalizing only in the last four for P. yelkouan (T test for dependent
samples: P <0.007), and a similar trend is present also for C. diomedea (P < 0.002);
(b) comparison of rankings following E, index. The margin in the return between
cost/effectiveness and effectiveness rankings is even more evident for both species,
being already present from the second placing (P. yelkouan: P < 0.0007; C. diomedea:
P < 0.004). (c) comparison of rankings following cost/effectiveness of both E; and E>
indices. There was no significant difference for P. yelkouan (P> 0.17), while the E;
index allowed an higher return of the investment for C. diomedea (P < 0.007).

dichotomic approach (i.e. national and regional) in the evaluation
criterion was chosen in order to enhance not only the conservation
of the largest colonies, but also the extension of the distribution
ranges. The experimental deletion of the regional term from the
two indices penalized islands falling in regions hosting smaller
shearwater populations, and strongly oriented rankings in favour
of regions where most pairs breed (Sicily and Sardinia, hosting
respectively 75% of C. diomedea and 71% of P. yelkouan of Italy).
Favouring the top regions might lead in future to an artificial con-
centration of the population or to fewer meta-populations and ulti-
mately to the risks of a range contraction, over-exposing
populations to stochastic events affecting the largest colonies (cf
Lande, 1993; Purvis et al., 2000; Davies et al., 2004; Charrette
et al., 2006). Such a risk in the Mediterranean context has been
shown for the demographic consequences of the access of a single
individual of a terrestrial predator into the Ebro Delta colony of
Audouin’s gull Larus audouinii, by the time it already hosted over
50% of the global population (Oro, 2003). Moreover, our reference
framework for determining the levels of regional importance was
compatible with the European Union Nature 2000 network. Their
management in Italy is administratively pertaining to regional
authorities, that are also responsible of the use of own funds within
strict territorial borders. As differences in awareness and manage-
ment strategies between Italian regions in seabird conservation are
actually present, these represented an additional reason for includ-
ing a regional term in the analysis.

Regional and national populations of the less abundant species
(P. yelkouan) had by far the most relevant impact on all four island
rankings based on effectiveness, supporting how effectiveness had
been estimated. However, E; and E, indices are structurally and
functionally different. Due to the exposure to risk of predation
for a given species (as indicated by the number of pairs on rat-free
islands), and to the iterative procedure, the E; index does record
the benefits deriving from rat removal from an important colony
of the first species and increases, in turn, the importance of the col-
onies of the second species, and so on. Indeed, the inclusion of the
main colony of P. yelkouan (Tavolara, about 50% of Italian popula-
tion) disadvantages the other large colonies of this species (i.e.
Molara, Montecristo).

As it does not take into account the number of nesting pairs in the
divisor, the E, index is less sensitive to imprecision of population
estimates which may occur in burrow-nesting species such as shear-
waters (Bourgeois and Vidal, 2008), being subject only to the failure
in detection of a small colony or to the delay in recording extinctions
and colonisations. Furthermore, as E; is only computed once, it is the
only measure that allows an absolute comparison among the various
islands, such as in the case of our budget analysis, or whenever max-
imising the effectiveness is a target. The choice between the two
effectiveness estimates may also depend on the management levels
involved (i.e. centralized or local, see below), which may differ in
specific conservation priorities. By virtue of the iterative index com-
putation, in the E; ranking procedure islands are supposed to be
managed in hierarchically, from the top to the lowest ranks, as re-
sources become available. This course of action implies a centralized
resource allocation (e.g. by governments or higher management lev-
els, such as for European Union programmes). Islands in the second
type list (E;) can be chosen by regional or lower administrations (i.e.
provinces, single protected areas), according to territorial jurisdic-
tion and available monetary budget.

4.3. Return of the investment

The fact that both indices, when compared with monetary costs
of the action, allowed a higher return of investment in terms of pairs
protected, is a further demonstration that conservation priorities are
more efficiently identified by including monetary costs (e.g. Naidoo
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etal., 2006; Murdoch et al., 2007). Hopefully, this may help changing
the view of conservationists, which are usually inclined to neglect
costs for implementing conservation actions, selecting sites accord-
ing to high biodiversity levels or population sizes. Maximising mar-
ginal effectiveness should be a goal of conservation and restoration
programs (see Murdoch et al., 2007; Finnoff et al., 2007). In our anal-
ysis marginal effectiveness peaked at 200.000 €, showing that rele-
vant results in terms of benefits for nesting seabirds could be
achieved also with relatively small monetary budgets.

4.4. The need of alternative management strategies

The pattern of island occupation by the two shearwater species
played a decisive role in determining the outcome of our analysis.
Eradicating rats from each island of the final list would benefit
about 64% of P. yelkouan Italian nesting population, but only 7% of
C. diomedea. This may be explained by considering that: (i) as the
Yelkouan shearwater abundance increases with distance from
mainland (Baccetti et al., 2009), important sites would fall beyond
the maximum rat swimming distance, and that (ii) more than 80%
of the pairs of the Cory’s shearwater nest on islands at high recolo-
nization risk (e.g. Linosa and Pantelleria) or on mainland, i.e. at sites
excluded from our analysis. In our opinion, eradication is only one
of the suitable management options for preserving the main colo-
nies of Cory’s shearwater. Wherever large numbers breed at sites
where eradication is not feasible or not cost-effective, alternative
strategies to achieve conservation goals may imply control actions
localized in time and space, i.e. the temporary removal of rats with-
in and in proximity of the colonies during the nesting season (e.g.
Igual et al., 2006; Capizzi and Santini, 2007; Pascal et al., 2008).

4.5. Limits and perspectives

The outcomes of our analysis is largely affected by criteria cho-
sen to evaluate the risk of recolonization, which implied excluding
from the final list islands with harbour facilities or too close to the
mainland. Island re-invasion by rats is still a concrete chance that
should be taken into account to avoid the waste of resources (Cour-
champ et al., 2003; Russell and Clout, 2005; Russell et al., 2005).
The development of a model with good predictive power account-
ing for Black rat recolonization probability is crucial in planning
priority eradications in the Mediterranean region and elsewhere
(see Abdelkrim et al., 2009; Russell et al., 2009b). This aspect, com-
bined with gaining experience about the effectiveness of quaran-
tine measures (that, at present, consist primarily of placing a
number of bait stations around main landing places, e.g. Dilks
and Towns, 2002; but see Russell et al., 2008, 2009a) could soon
make rat eradication feasible also in those islands more subjected
to human pressure which host the most important Mediterranean
colonies (e.g. Linosa for Cory’s shearwater).

As previously remarked, our study did not take into account the
presence of other alien species than Black rat. Other potential alien
predators being absent from islands of the final list, only feral cats
are present just on two (Baccetti et al., 2009). Thus, dangerous
dynamics between top predators (cats), meso-predators (rats) and
native preys (e.g. Courchamp et al., 2003) are not really an issue in
our study case.

We did not attempt to account for the long term benefits, i.e.
the potential for island recolonization by shearwaters or the in-
crease in abundance at existing colonies, examining only the posi-
tion at present. In lack of robust habitat suitability models, which
could reliably predict the potential for recolonization/increase on
the basis of habitat parameters, assessing in which islands could
the removal of predators be most effective is hardly possible (but
see Bourgeois et al., 2008). More work is needed on understanding
the long term biological benefits deriving from recovery projects,

improving the static way in which priorities are presently deter-
mined. Should data on breeding success be available at every is-
land, a further development of the model could also account for
the possible local variation of the impact of rats on seabirds (see
Ruffino et al., 2008), orienting eradications where predation is
most severe.

Any improvement of the available population data will proba-
bly affect the ranks we obtained. However, once the methodology
has been validated, the modification of the reference parameters
will allow a regular updating of the outcomes. It should eventually
be remarked that a national approach is, by definition, only relative
to a portion - though important - of populations and distribution
ranges. It does not consider large colonies which are present also at
short distances from our study area (e.g. Malta and Zembra in Sicil-
ian Channel, Sultana and Borg, 2006a,b; Bourgeois and Vidal, 2008)
which should obviously be considered in a global assessment of
priority levels. The proposed methodology, however, seems suit-
able to be used in a geographically wider scenario, e.g. at the Med-
iterranean level, simply by upgrading the procedure, with national
populations treated as “regional” terms, and Mediterranean popu-
lations in place of “national” ones.
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