
| 09h30
Registration

| 10h00
Formal Opening with all LIFE Berlengas partners 

| 10h30
The threat of invasive species to island birds 
STEFFEN OPPEL (RSPB)

| 11h00
Coffee break 

The Berlengas case study 
MODERATOR: JOANA ANDRADE (SPEA)

| 11h20
Rat Eradication from Berlengas Island 
PEDRO GERALDES (SPEA) 

| 11h40
Removing Carpobrotus from Berlenga Island 
How difficult to achieve this objective?
ANA ISABEL FAGUNDES (SPEA)

| 12h00
Q&A

| 12h30
Lunch

Eradication Impacts on native species
Problems in restoration projects and decisions 
MODERATOR: MARIA JESUS FERNANDES (ICNF)

| 14h30
Habitat restoration and IAS management
Which are the new challenges? 
PAULO OLIVEIRA (IFCN) 

| 14h50
Crypto-ecology and ecosystems
The overlooked impacts and their importance
in the restoration ecology of islands
MANUEL NOGALES (IPNA-CSIC)

| 15h10
The Forgotten side of Island Restoration
Biosecurity and Incursion Response
KAREN VARNHAM (RSPB)

| 15h30
Q&A

| 15h50
Coffee break

Recovering habitats in inhabited/ 
/touristic islands
Communicating with the public & community
engagement in ecological restoration 

MODERATOR: ANA ALMEIDA (SPEA)

| 16h10
Ecological restoration of Bagaud Island (SOUTH-EASTERN FRANCE)

Eradicating invasive taxa: Rattus rattus and Carpobrotus sp.
ELISE BUISON (UNIVERSITY OF AVIGNON)

| 16h30
The Isles of Scilly Seabird Recovery Project
PAUL ST PIERRE (RSPB)

| 16h50
The eradication of Carpobrotus sp.
on the Island of Giannutri (TUSCAN ARCHIPELAGO, ITALY)

Insights and first results from a low-impact approach
LORENZO LAZZARO (UNIVERSITY OF FLORENCE)

| 17h10
Q&A

| 17h30
Coffee break

www.berlengas.eu
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DAY 1 29TH JAN 2018



WORKSHOP
RESTORATION OF ISLAND 

ECOSYSTEMS

PROGRAMME
DAY 2 30TH JAN 2018

Economic and social implications
Landscape ecology and restoration 

MODERATOR: TERESA MOUGA (MARE-LEIRIA)

| 09h30
Social implications of invasive alien plants con-
trol in the Mediterranean islands
GIUSEPPE BRUNDU (UNIVERSITY OF SASSARI)

| 09h50
Soil and water lines stabilization
using natural engineering techniques
The case study in São Miguel Island
on the scope of Project Life Terras do Priolo
FILIPE FIGUEIREDO (SPEA)

| 10h10
Micropropagation and seed germination of 
endemic plants from Berlengas’ Archipelago
INÊS FRANCO (MARE-LEIRIA)

| 10h30
Q&A

| 10h50
Coffee break

Protecting species and habitats 
around Europe.
The importance of LIFE projects to island eco-
system recover   

MODERATOR: PEDRO GERALDES (SPEA)

| 11h10
The Shiant Isles Recovery Project
Securing safe breeding places for seabirds in Scotland
LAURA BAMBINI (RSPB) 

| 11h30
LIFE Puffinus Tavolara 
Protection of the largest population of Puffinus yelkouan on Earth 
and containment and eradication of invasive alien species
PAOLO SPOSIMO (NEMO) 

| 11h50
Rodent control at seabird colonies in Malta
PAULO LAGO (BIRDLIFE MALTA) 

| 12h10
Out of sight, out of mind? 
Preliminary findings on the biology and control
of the Argentine ant in Madeira archipelago
MÁRIO BOEIRO (CE3C)

| 12h30
Q&A

| 12h50
Lunch

| 14h30
Round tables to exchange of experiences
Definition of topics for each group to discuss 
MODERATOR: JOANA ANDRADE (SPEA)

| 16h30
Cofee break

| 16h50
Presentation of each group ideas 

| 17h30
Closing Remarks

| 09h00 - 16h00 
Field Trip to Berlenga

www.berlengas.eu
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The threat of invasive species 
to island birds 

 

 
 
 
 
 

Steffen Oppel 

Senior Conservation Scientist 
 



 

• world has around 465,000 islands that cover 5.3% of the

 world’s land area 

 

• 19% of all bird species (1947 species) occur only on 

 islands 

Islands host many unique species 

Tershy et al. 2015. BioScience 65: 592–597 



 

• humans have spread mammals, birds, reptiles and other 

 species for >1000 years 
 

• only a small proportion of introduced species establish

 wild populations and affect native species 
 

• there are >180 invasive mammal species on >90% 

 of the world’s islands 

 

Humans bring non-native species 



Invasive mammals threaten island birds  

• many endemic bird species are flightless and have no

 natural defenses against mammals 
 

• invasives kill adults and chicks, and destroy habitats 
 

• 95% of the 137 bird species that went extinct occurred

 on islands 
 



The 10 most detrimental vertebrates 
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Holmes et al. 2017. submitted 



Spatz et al. 2017. Science Advances 3 

Islands with the most threatened birds 



 

• pioneered by New Zealand in the 1970s 

 

• one of the most effective conservation management

 actions worldwide 

 

• eradications successfully completed on >900 islands 

 

Eradication of invasive species 





 

• pioneered by New Zealand in the 1970s 

 

• one of the most effective conservation management

 actions worldwide 

 

• today, there are >180 invasive mammal species on >90%

 of the world’s islands  
 

Global island restoration success 

Jones et al. 2017. PNAS 113:4033-4038 
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Interactions of invasive mammals 
 

• many islands invaded by >1 alien species 

 

• eradication of just one alien species may

 increase abundance of other alien species 

 

• need to understand influence of different alien

 species before an eradication 



 

• removing rats may increase negative effect of cats 
 

• cats and rats need to be eradicated simultaneously 
 

• cat eradication very contentious on an inhabited

 island with domestic cats 

Hervias et al. 2013. Biological Invasions 15: 143-155 

Cats and rats on Corvo (Azores) 



Cats and rats on St Helena (South Atlantic) 
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Oppel et al. 2014. J. Applied Ecol. 52: 1246–1254 

Benefits of cat control differ by habitat 





 

• invasive species affect highly threatened birds on 1279

 islands  worldwide 

 

• we cannot eradicate all invasives from all islands – so we

 need to prioritise the islands that we can restore 

 

• islands where the most threatened species could be

 saved by eradications are top priority 

 

Prioritising the work ahead 



Holmes et al. 2017. submitted 

The highest priority islands worldwide 



Island 

Native 

species to 

save 

Invasives to 

eradicate 

Gough 7 seabirds mice 

Anegada 6 reptiles 

rats, mice, cats, dogs, 

goats, cattle, donkeys, 

sheep, pigs,  green 

iguanas 

Little 

Cayman 
11 reptiles 

rats, mice, cats, 

dogs, green 

iguanas 

Henderson 7 birds Polynesian rats 

Guana 

Island 
4 reptiles cats, dogs, sheep 

Dawson et al. 2015. Conservation Biology 29:143-153 

… i  UK Overseas Territories 



Stanbury et al. 2017. European Journal of Wildlife Research 63:31 

… i  the U ited Ki gdo  
 

Prevention! 



 

• preventing invasive species from getting to islands is

 more efficient than removing them 

 

• biosecurity = rigorous measures to prevent invasive

 species getting to or establishing on islands 

 

• need to establish effective biosecurity before an

 eradication attempt 

What is iose urity ? 



 

• invasions generally involve few individuals 

 

• keep tight detection and trapping network around island

 to detect first invaders  

 

• develop and implement a rapid response plan in case a

 (re)invasion is detected 

Backup plan to detect (re)invasions 

Russell et al. 2005. Nature 437: 1107-1107. 



 

• protect what you have by improving biosecurity and

 rapid response plans 

 

• restore islands where invasive species can be eradicated

 and where threatened native species will benefit 

 

• consider biological interactions prior to eradication

 planning unless all invasive species can be eradicated

 simultaneously 

 

Conclusions 



steffen.oppel@rspb.org.uk 

  

          @RSPBScience 
 



Rat eradication from 
Berlenga Island 

2015 - 2018

Sociedade Portuguesa para o Estudo das Aves - Life Berlengas project (LIFE13NAT/PT/000458) 



Preparing the eradication

• The biggest populations of several seabirds in Continental Portugal, namely Cory’s 
shearwater Calonectris borealis, Band-rumped storm-petrel Hydrobates castro, Shag 
Phalacrocorax aristotelis, Yellow-legged gull Larus michahellis. The native vegetation 
includes three endemic species of conservation concern

• The presence of IAS in Berlengas (Black-rat Rattus rattus) is considered to have a 
significant impact on several seabird species and on the island vegetation. It is also 
thought that it prevents colonization of the main island by prospecting Band-rumped
storm-petrels that are often registered there

• The Blackrat is one of the most distributed and diffused rodents, and considered one of 
the main causes of the decline and extirpation of various species of plants mainly by 
seeds depletion, and of seabirds by predation of eggs and chicks.



Berlengas archipelago



Objectives

• Berlenga is the main island of Berlengas archipelago located about 10 km 
off Peniche, Continental Portugal

• The island has an area of 78.8 ha and a maximum altitude of 92 m and is 
the only island with a population of Black rat

• A typical Atlantic influence is noted in the north and west cliffs and a 
Mediterranean in the south and east cliffs

• The climate is seasonal with a wet winter followed by a dry long season, 
from spring to late autumn



Baseline Studies

• Capture of Black-rats occurred from January to December 2015 using 
Sherman® XLF15 live traps

• Traps were set in 3 grids 5x6m, and spaced by 50m within each grid

• Grid position was chosen in order to sample the main type of habitats 
present on Berlenga Island

• Each grid was sampled once (2 days of pre-baiting plus 4 days of 
trapping) every other month using peanut butter as bait

• A unique numbered mark was placed in the ear of each trapped rat



Áreas Vitais (radio-
tracking)Tese Mestrado - Tânia

Nascimento



Figure 2 – Measuring and marking a captured Black-rat in 
the left image, and a ear mark in the right image.



Results (Distribution and abundance)

▪Density of rats was estimated using Spatially Explicit 
Capture-Recapture models (SECR).

▪ The presence of rats on the small islets located 
near Berlenga (>1km) was assessed 3 times (July 
2014, April and September 2015) using wax-blocks 
mixing peanut butter and paraffin. No sign of rats 
were detected.



Capture-recapture



Grid Density (ind/ha) SE IC 95% Detection function AIC

A 40.15 16.52 18.49 - 87.18 Expontential 555.0*

38.06 15.36 17.78 - 81.48 Half-normal 556.34

41.42 18.35 18.06 - 94.97 Hazard rate 556.46

B 36.36 9.64 21.82 - 60.59 Expontential 725.37*

30.43 6.99 19.51 - 47.47 Half-normal 726.93

35.85 23.72 11.00 - 116.80 Hazard rate 730.29

Table 1 – Results of the SECR models. * indicate the best models based 
on the smaller AIC value.

2800 > Berlengas < 3100 Rats!



Dieta



Análise Genética (Mith of relic species!)

Rattus rattus

19 amostras de ratazana-preta capturadas na ilha Berlenga 
Grande antecederam a campanha de erradicação. 
Extracção de ADN genómico para PCR (Polymerase Chain 
Reaction) de marcadores moleculares adequados
Foram seleccionados 2 marcadores moleculares 
mitocondriais – citocromo b e d-loop, para avaliar a origem 
da colonização de determinada população de uma 
determinada espécie em ilhas/arquipélagos assim como 
evidenciar a diferenciação de populações. 

As sequências foram truncadas a 700 pares de bases
Uma única sequência para a ilha Berlenga que 
apresentava total redundância/identidade com 
sequências publicadas provenientes de:
Espanha, França, Itália, Tunísia, ilhas Canárias 

(Tenerife, La Palma, El Hierro, La Gomera, Gran 
Canária, Lanzarote), Senegal e Benim

Esta ausência de diferenciação genética ao longo de 
áreas geográficas bastante vastas é coerente
com uma colonização recente (do ponto de vista 
evolutivo).



Public reactions



Knock-down phase

• 400 Kg of Talon block pellets and 100Kg of Racumin grain pellets 
calculated necessary 

• A grid of 1000 baiting stations spaced 25x25m covered the entire 
island. 

• Each station was baited with 4 cereal pellets containing 0.005% of 
anticoagulant Brodifacoum (branded as Talon). 

• Extra stations were set around and inside the main building areas 
(fortress, lighthouse and fishermen houses). 







NÃO MEXER! NÃO DANIFICAR! NÃO 
RETIRAR!

ZONA DE CONTROLO DE RATOS

Soc. Port. Estudo das Aves
www.berlengas.eu
spea@spea.pt Tel: 213220430

Em caso de acidente ligue Centro de Informação Anti-Veneno

TEL 808 250 143
ESTAÇÃO RATEIRA Nº _____ 

Data:_____________________

(Produto activo Brodifacoume 0,005% - Antídoto Vitamina K)

http://www.berlengas.eu/
mailto:spea@spea.pt


Baiting Operations



Common problems



Bait distribution methodology

• All baiting stations were visited twice a week 
and pellets were replaced when needed.

• Additionally, paper bags filled with 4-6 pellets 
were used to bait inaccessible cliffs, caves, 
ground cavities and walls. 



Table 2 – Knock-down phase from September 21st to December 22nd, 2016 (period 1 to 7). Period 
8 correspond to the Mop-up phase and occurred in 2017. Number of people involved in each 
period is also presented.

Period Date (from - to) N of people Main tasks

1 21/09 - 22/09 17
Setting traps and 

bait replacement

2 24/09 - 25/09 17 Bait replacement

3 28/09 - 29/09 17
Bait replacement (2 

pellets)

4 02/10 - 14/10 6
Bait replacement (2 

pellets)

5 27/10 - 09/11 4
Bait replacement (2 

pellets)

6 10/11 - 07/12 6

Bait removal and 

changed by peanut 

buter wax-blocks

7 09/12 - 13/12 6

Setting snap-traps 

and bait stations 

with cereal pellets 

in strategical places

8 12/01 - 22/06 6 - 8 Monitoring phase



Mop-up phase

• The last sign of presence of Black-rat was recorded during the 5th 
monitoring period (November 2016).

• Mop-up phase started after 2 monitoring periods with no recorded signs 
of Black-rats. Cereal pellets were totally removed and replaced by 2 wax-
blocks (mixture of peanut butter and paraffin). 

• Mop-up phase lasted 6 months (corresponding to period 8). Baiting 
stations were visit once per trimester. If a possible sign of rat was 
detected, wax-blocks were immediately replaced by cereal pellets in that 
baiting station and in the surrounding ones, until the next visit. 

• 10 snap-traps covered with a metal mesh were strategically placed in sites 
where rats were known to be more abundant or harder to eradicate.



• Figure 4 – Evolution of bait consumption along the monitoring 
periods.



 
20/Set 24/Set 28/Set 2/10 
 
 

 
 
 
 
27/Out 10/Nov 9/Dez 
 
 

 
 
 
Vermelho - consumo total; Laranja escuro - consumo >50%; Laranja claro - consumo <50%; Amarelo - vestígios de rato; Branco - Sem consumo; Preto - Sem informação visitada 



Period 1 – 20 Set



Period 2 – 24 Set



Period 4 – 2 Oct



Period 5 – 27 Oct



Monitoring Phase - Biosecurity

• Good Nature Traps at 
main entrance points

• 5 Lines of 10 Snap 
traps (n=50)





Habitat restored for birds and plants!



• Life Berlengas project (LIFE13NAT/PT/000458) is co-funded by the LIFE 
programme of European Commission and by the Portuguese National 
Fund for Conservation of Nature and Biodiversity. We greatly 
appreciate the support of each member of the field teams (including 
ICNF wardens, volunteers and SPEA colleagues). To our amazing cooks 
who so well feed our stomachs and moods during field work. To the 
“Associação Amigos da Berlenga” and the National Maritime 
Authority for the logistical support. To ICNF for all the necessary 
licenses.



Thank You!
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Removing Carpobrotus from Berlenga Island. 
How difficult to achieve this objective?

Ana Isabel Fagundes, Nuno Oliveira, Eduardo Mourato, Paulo Crisóstomo, Pedro Geraldes, Joana Andrade 



Carpobrotus in Berlengas 

 Introduced in the fishermen’s village in the 

1950s 

 Quickly spread throughout several slopes of 

the island

 In 2014 the area occupied was almost 4 ha   

Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

1950_Author unknown

1986_Author unknown





Threats to Native Vegetation

• 3 endemic plants present on Berlenga Island 

• Berlengas Thrift (Armeria berlengensis) CR 

• Berlengas Rupturewort (Herniaria berlengiana) VU

• Berlengas Fleabane (Pulicaria microcephala) VU

© Débora Marujo

Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?



Removing Carpobrotus
 Manual removal along the contour lines 

delimiting strips to prevent soil erosion. 

 Use of a brush cutter to cut the upper part of 

the strip.  

 The material removed is rolled and left to dry 

on top of the Carpobrotus mat immediately 

below. 

 Strips with 2-4 meters wide. Removal of the 

remaining strips in two or three passages.  

Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?



Removing Carpobrotus
 Works carried out especially outside the 

summer season

 Annually is necessary to check the strips 

and remove resprouts 

 In the most inaccessible places, it is 

necessary to abseil to reach the Carpobrotus

patches

© Miguel Lecoq

Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

© Fotojonic



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?



Results

 From October 2014 to December 2017 the 

project team removed 30.826 m2 of 

Carpobrotus (~80%).

Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

© Miguel Lecoq
Total 

Hours Man-hours
Removed 
area (m2)

2014 58 313 8.528
2015 66 415

2016 80 622 15.138

2017 150 984 30.826

TOTAL 354 2334

Necessary 95 man-day to remove 1 ha



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

July 2014



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

December 2015



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

December 2016



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

December 2017



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

January 2015



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

November 2016



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

January 2018



Monitoring

 Monitoring areas show a rapidly increase of 

Carpobrotus growth

Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

Area sowed Area not sowed

April 2016 March 2017

Average percentage of Carpobrotus coverage in the monitoring strips



Monitoring

 The vegetation recover is very slow

Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

April 2016 March 2017

Carpobrotus Native vegetation Bare soil

Average percentage of vegetation coverage in the strip that was sowed



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

October 2015



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

November 2015



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

January 2016



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

April 2016



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

January 2018



Problems found

Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

Problems found



 Some rock falls were observed on the path 

to the beach which required the use of 

coconut blankets

Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

Problems found



Removing Carpobrotus from Berlenga Island. How difficult to achieve this 
objective?

THANK YOU!!
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www.berlengas.eu
Ana Isabel Fagundes, Nuno Oliveira, Eduardo Mourato, Paulo Crisóstomo, Pedro Geraldes, Joana Andrade 



H a b i t a t re s t o ra t i o n a n d I A S m a n a ge m e n t :
W h i c h a r e t h e n e w c h a l l e n g e s ? T h e M a d e i r a c a s e s t u d y

• M a d e i r a ,  b i o d i v e r s i t y a n d n a t u r a l  

h i s t o r y

• Ve r t e b r a t e I n v a s i v e S p e c i e s i n  

M a d e i r a

• E r a d i c a t i o n a n d c o n t r o l o f I A S  

• T h e f u t u r e :  

• A r e  w e f a c i n g t h e e n d ?  

• A r e  w e a l l g o i n g t o  j a i l ?

M A P  O F  T H E  TA L K

P a u l o  O l i v e i r a



R E S P E C T



M A D E I R A :  I S L A N D S ,  S M A L L  I S L A N D S  A N D  I S L E T S  

• 7 5 0  K m 2

• 4 0  K m 2

Madeira

I. Da Metade

I de Cima

Porto Santo

I da Cal

Deserta grande

I Chão

Bugio

Selvagem Grande

Selvagem Pequena

I de Ferro



• D i v e r s i t y o f h a b i t a t s  

• 7 5 7 1  t a x a  ( 2 0 0 8 )

M A D E I R A :  B I O D I V E R S I T Y  A N D  N AT U R A L  H I S T O R Y  

• 1 4 1 9  t a x a  a r e  e n d e m i c ( 2 0 % )

• M a n y v u l n e r a b l e o r i n  d a n g e r d u e t o  t h e t h r e a t o f I A S



“ I N VA S I V E  A L L I E N  S P E C I E S  A R E  
A  M A J O R  D R I V E R  O F  B I O D I V E RS I T Y  LO S S ”



I A S  D I S T R I B U T I O N  

Island/islet Human Size (ha)/

Altitude (m)

V e r t e b r a t e  I n v a s i v e  s p e c i e s  i n  1 9 9 0

Goat Pig Rabbit Rats (sp) Mice Cat Ferret n

Madeira 280.000 74175/1862 P P P P P P P 7

Porto Santo 4000 4043/517 P - P P P P P 6

Deserta Gr (*) 1028/479 P - P - P P - 4

Bugio - 321/388 P - P - P - - 3

Selvagem Gr. (*) 241/163 - - P - P - - 2

Ilhéu da Cal* (*) 140/178 - - P - P - - 2

Ilhéu de Ferro - 25/130 - - P - - - 2

Ilhéu Chão (*) 43/100 - - - - P - - 2

Ilhéu de Cima (*) 31/124 - - P - - - 2

I. da metade (*) 20/ 98 - - - P P P - 3

Selvagem Pq. - 20/49 - - - - - - - 0

I n v a s i v e v e r t e b r a t e s p e c i e s 1 9 9 0



Island/islet Human Size (ha)/

Altitude (m)

V e r t e b r a t e  I n v a s i v e  s p e c i e s  2 0 1 8

Goat Pig Rabbit Rats (sp) Mice Cat Ferret n

Madeira 280.000 74175/1862 P P P P P P P 7

Porto Santo 4000 4043/517 P - P P P P - 6

Deserta Gr (*) 1028/479 P - P - P - 3

Bugio - 321/388 P - P - P - - 3

Selvagem Gr. (*) 241/163 - - P - P - - 2

Ilhéu da Cal* (*) 140/178 - - P - P - - 2

Ilhéu de Ferro - 25/130 - - P - - - 1

Ilhéu Chão (*) 43/100 - - - - P - - 1

Ilhéu de Cima (*) 31/124 - - P - - - 1

I. da metade (*) 20/ 98 - - - P P P - 3

Selvagem Pq. - 20/49 - - - - - - - 0

I A S  D I S T R I B U T I O N

I n v a s i v e v e r t e b r a t e s p e c i e s 2 0 1 8



E R A D I C AT I O N  P R O J E C T S



R E S U LT S

L a n d  s n a i l s i n  I .  B a i x o  
( P o r t o  S a n t o )  



R E S U LT S

G e c k o s i n  S e l v a g e m  G r a n d e  



“ I N VA S I V E  A L L I E N  S P E C I E S  M A N A G E M E N T  I S  A  K E Y  M E A S U R E  
T O  E N S U R E  C O N C R E T E ,  E F F E C T I V E  A N D  L O N G  L A S T I N G  R E S U LT S  

I N  T E R M S  O F  N AT U R E  C O N S E R VAT I O N ”



T H E  P R E S E N T  C H A L L E N G E S

• L e g i s l a t i o n c o n f l i c t a n d  l a c k o f  s p e c i f i c l e g i s l a t i o n

• E U  R e g u l a t i o n  1 1 4 3 / 2 0 1 4   
O n  t h e  p r e v e n t i o n  a n d  m a n a g e m e n t  o f  t h e  
i n t r o d u c t i o n  a n d  s p r e a d  o f  i n v a s i v e  a l i e n  s p e c i e s

• E U  R e g u l a t i o n  5 2 8 / 2 0 1 2
C o n c e r n i n g t h e m a k i n g a v a i l a b l e o n t h e m a r k e t a n d  u s e  
o f  b i o c i d a l p r o d u c t s

• B i o d i v e r s i t y i s m e n t i o n e d o n l y 2  t i m e s !
• N a t u r e  c o n s e r v a t i o n i s n o t m e n t i o n e d !  



T H E  P R E S E N T  C H A L L E N G E S

• L e g i s l a t i o n c o n f l i c t a n d  l a c k o f  s p e c i f i c l e g i s l a t i o n

• N a t i o n a l l e g i s l a t i o n
• T y p e s o f  u s e

• P r o f e s s i o n a l ,  n o n  p r o f e s s i o n a l ,  i n d u s t r i a l ,  
d o m e s t i c ,  e t c

• R o d e n t i c i d e l i s t o f  D G S  a n d  D G A V
• 1 1 0  p r o d u c t s



T H E  P R E S E N T  C H A L L E N G E S

• L e g i s l a t i o n c o n f l i c t a n d  l a c k o f  s p e c i f i c l e g i s l a t i o n

• N a t i o n a l l e g i s l a t i o n
• S h o o t i n g

• L e g a l l y w h a t w e d o  i s “ d e n s i t y c o n t r o l ”  o f  
c i n e g e t i c s p e c i e s !



T H E  P R E S E N T  C H A L L E N G E S

• L e g i s l a t i o n c o n f l i c t a n d  l a c k o f  s p e c i f i c l e g i s l a t i o n

• N a t i o n a l l e g i s l a t i o n
• F e r a l / w i l d  c a t c o n t r o l

• E u t h a n a s i a c a n  o n l y b e  p e r f o r m e d b y a  v e t .
( o n l y o n e )  

30 
minutes 
by car

2 hours
walking CAT 

Phone call to 
coordinator

Phone call to 
Vet

Send me 
declaration to 

sign

Vet
leaves

the office



T H E  P R E S E N T  C H A L L E N G E S

• L a c k o f  c o m m u n i c a t i o n s k i l l s
• E x t r e m e  A n i m a l  L o v e r s / R i g h t s M o v e m e n t s



Island/islet Human Size (ha)/

Altitude (m)

V e r t e b r a t e  I n v a s i v e  s p e c i e s  2 0 1 7

Goat Pig Rabbit Rats (sp) Mice Cat Ferret n

Madeira 280.000 74175/1862 P P P P P P P 7

Porto Santo 4000 4043/517 P - P P P P - 6

Deserta Gr (*) 1028/479 P - P - P - 3

Bugio - 321/388 P - P - P - - 3

Selvagem Gr. (*) 241/163 - - P - P - - 2

Ilhéu da Cal* (*) 140/178 - - P - P - - 2

Ilhéu de Ferro - 25/130 - - P - - - 1

Ilhéu Chão (*) 43/100 - - - - P - - 1

Ilhéu de Cima (*) 31/124 - - P - - - 1

I. da metade (*) 20/ 98 - - - P P P - 3

Selvagem Pq. - 20/49 - - - - - - - 0

F I N A L  T H O U G H T

I n v a s i v e v e r t e b r a t e s p e c i e s 2 0 1 8

Island/islet Human Size (ha)/

Altitude (m)

V e r t e b r a t e  I n v a s i v e  s p e c i e s  2 0 1 8

Goat Pig Rabbit Rats (sp) Mice Cat Ferret n

Madeira 280.000 74175/1862 P P P P P P P 7

Porto Santo 4000 4043/517 P - P P P P - 6

Deserta Gr (*) 1028/479 P - P - P - 3

Bugio - 321/388 P - P - P - - 3

Selvagem Gr. (*) 241/163 - - P - P - - 2

Ilhéu da Cal* (*) 140/178 - - P - P - - 2

Ilhéu de Ferro - 25/130 - - P - - - 1

Ilhéu Chão (*) 43/100 - - - - P - - 1

Ilhéu de Cima (*) 31/124 - - P - - - 1

I. da metade (*) 20/ 98 - - - P P P - 3

Selvagem Pq. - 20/49 - - - - - - - 0



H a b i t a t re s t o ra t i o n a n d I A S m a n a ge m e n t :
W h i c h a r e t h e n e w c h a l l e n g e s ? T h e M a d e i r a c a s e s t u d y

T H A N K  Y O U

P a u l o  O l i v e i r a

• O V E R C O M E  T H E  L E G I S L AT I O N  C O N F L I C T

• P R O M O T E  S P E C I F I C  L E G I S L AT I O N

• I M P R O V E  C O M M U N I C AT I O N  W I T H  

P U B L I C



• O p e r a t i o n a l a n d t e c h n i c a l s k i l l s



E ra d i c a t i o n a n d c o n t ro l o f ve r t e b ra t e I A S i n
M a d e i ra A rc h i p e l a g o : a s h o r t re v i e w

T H A N K  Y O U

P a u l o  O l i v e i r a



P r o t e c t e d A r e a s a n d  N a t u r a  2 0 0 0  s i t e s

• 1 8  N a t u r a  2 0 0 0  S i t e s  

• 7 P r o t e c t e d a r e a s

• 7 5  %  o f t h e t e r r i t o r y

M A D E I R A :  P R O T E C T E D  A R E A S



‘Crypto-ecology and ecosystems: overlooked 

interactions and their importance in the restoration 

ecology of islands’ 
Manuel Nogales, Félix M. Medina & Marta López-Darias  

 Island Ecology and Evolution 

Research Group (IPNA, CSIC) 

 Ecological network 



Specially drastic effects 

on oceanic islands  

Food and 

reproduction as 

basic 

requirements for a 

new establishment 

Invasive species on islands 

We often have to 

restore insular habitats 

that have been invaded 

by exotic species 



Mammals have caused 

numerous impacts on island 

ecosystems but especially 

carnivores and rodents … 

Introduced mammals 



Medina et al. (2011). Glob. Chang. Biol. 

(Medina et al. 2011) 

Groups EX EW CR EN VU Total 

Reptiles 2 - 10 6 4 25 

Birds 20 2 25 34 42 123 

Mammals 9 - 3 7 8 27 

Total 31 2 38 47 56 175 

Zoothera terrestris 
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e.g. Direct impacts of feral cats on islands: predation 

When a species disappears, its 

interactions also disappear and also 

therefore its ecological role … 



Introduction of 

 parasites 

 and diseases 

Competition with native biota 

Disruption of plant-animal 

interactions 

Traveset & Richardson (2006). TREE 

Tompkins et al. (2003)  

Gurnell et al. (2004) 

Affected ecological processes 

Felis s. silvestris 

Scotland  

Domestic cat  

Felis silvestris catus 

Hybridization 

Driscoll et al. (2007)  Kitchener et al. (2007)  



The main ‘animal-plant’ interactions 

Mutualisms 

Pollination (e.g. Galápagos) Seed dispersal (e.g. Canaries) 

Herbivory 



106 plant species (29% exotics)

  

19 bird spp. 

               n = 420 interactions  (in 5 years) 

        (adding 20 times more interactions than 

those previously known on the Galápagos) 

Pollination network (plants-birds) in the Galápagos islands 

12 islands 

Traveset et al. (2013). Proc. R. Soc. B. 

KSS 



A probable massive 

ecological response of 

the bird communities to a 

poorly used food 

resource. We call this: 

 “Interaction  release” 

 

Galápagos archipelago: pollination by birds 

Traveset et al. (2015). Nat. Comm. 

Generalization was the 

main pattern (no 

modularity): 



We did not find 

differences in 

interaction patterns 

between native and 

introduced plants, and 

the latter are fully 

integrated in the 

community … 

Lantana camara 

 (invasive) 

Lantana peduncularis 

 (endemic) 
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Galápagos: integration and settlement of introduced plants 

Number of partners 

(species) 

Specialization degree 

(availability of partners) 
‘Community level 

importance’ 



Cordia lutea Opuntia echios 

Cryptocarpus piryformis Waltheria ovata 

Galápagos archipelago: ‘Pollination effectiveness’ 

Hervías et al. in prep. 

Cordia lutea 

Waltheria ovata 

Opuntia spp. 



Canary Archipelago 

Fuerteventura 
Island 

 1,660 km2, max. alt. 807 m a.s.l.  

 100 km from Africa 

 Island emerged 22-11.8 M yrs ago   

 < 100-300 mm annual rainfall 

 20ºC annual mean temperature 

1965 

López-Darias & Nogales (2009). J. Arid Environ. 

The Barbary Ground Squirrel and disruption 

 of native seed dispersal systems 



Asparagus

Opuntia

Lycium

Rubia

0

10

20

30

40

50

60

Winter Spring Summer Autumn

A
va

ila
bi

lit
y 

of
 r

ip
e 

fr
ui

ts
 (

%
)

This ground squirrel is totally omnivorous 

and apart from terrestrial molluscs, fleshy 

fruits constitute a yearly food resource of 

great importance on this xeric island 

Seasonal availability of fleshy fruits 



Oryctolagus cuniculus 

Larus cachinnans 

Sylvia melanocephala/conspicillata 

Corvus corax 

Atlantoxerus getulus 
Opuntia maxima Opuntia maxima 

Rubia fruticosa Rubia fruticosa 

Asparagus 

pastorianus 

Asparagus 

pastorianus 

Lycium intricatum Lycium intricatum 

(Nogales et al. 2005. Funct. Ecol.) 

Four seed dispersal systems on Fuerteventura Island 

Exotic spp. 

Native spp. 

Gallotia atlantica 



Rubia fruticosa Rubia fruticosa 
Asparagus 

pastorianus 

Asparagus 

pastorianus Lycium intricatum Lycium intricatum 

↑ Lizards ↑ Ground Squirrels ↔ 

Native spp. 

Opuntia maxima Opuntia maxima 

↑ Ground Squirrel 

Introduced sp. 

Fruit consumption (mouth treatment and its seed damage) 

Melt-down effect? 
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Percentage of seedling emergence 
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Seedling emergence (“germination speed”) 

Opuntia 

Again, a 

melt-down 

effect ? ... 



Ecological processes in disruption of seed dispersal 

systems by feral cats 

Felis catus 

* Frugivorous 

lizards 



Plocama pendula Opuntia dillenii Gallotia galloti 

Nogales et al. (2006). Ecography 

Seed dispersal systems affected by feral cats 

(n = 8) 



Nogales et al. (2015).  Biol. Invas. 

Rubia fruticosa 

Opuntia dillenii 

Plocama pendula 

Juniperus turbinata 

Seed coat thickness and gut effect after cat digestion 

A cat after predating an 

iguana in the Galápagos 

Using sausages as 

 ‘pseudo-lizards’ … 
containing seeds 



Percentage of seed viability and emergence after cat digestion 

Nogales et al. (2015). Biol. Invas 

Seed coat 

thickness 

Seed coat 

thickness 

e.g. How do exotic plants 

become established and then 

invasives … 



1) Native vertebrates are basically legitimate mutualistic 

organisms for the reproduction and dispersal of many native 

insular angiosperms, whose evolutionary history has been 

clearly favoured by these ecological interactions. 

2) Some introduced plants, insects and mammals function as 

disruptors of ecological processes, in which native plants and 

animals have successfully evolved for a long time, 

independently of the presence of these invasive animals. 

3)  An initial knowledge of native mutualistic interactions, basically 

using ecological networks, provides a basic idea of ecosystem 

structure. It can also identify keystone species crucial to 

restoring ecological interactions in island environments. 

4) Lastly, it is recommended that island restoration tasks have to be 

focussed on the long-term self-functioning of these habitats. 

Take-home message 



Muito obrigado pela sua atenção… 

Marta López-Darias 

Félix M. Medina To our institutions … 

Manuel Nogales 



The Forgotten Side of Island Restoration 
Biosecurity and Incursion Response

Dr Karen Varnham
RSPB Seabird Island Restoration Project

Restoration of Island Ecosystems Workshop 
Peniche, January 2018



So what do we mean by island 
restoration?

• Often used as a synonym for eradication of 
invasive species 

• But simply removing invasives will not 
‘restore’ an ecosystem to its pre-invaded state

• May also involve translocations of lost species, 
or ecological analogues

• Also includes biosecurity – preventing invasive 
species returning, or reaching new islands



Eradication!

• Big, exciting projects

• Quick and highly effective

• Helicopters! (sometimes)

• More birds!

Number of Manx shearwaters on Ramsey Island



Biosecurity
• Long term commitment

• Nothing happens for years

• Difficult to fund

• Why is it so important anyway?
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Because rat invasions occur all the time!

• Noises Islands, NZ, 2.2km offshore, invaded six 
times in 20 yrs

• UK – In 2017 there were known or suspected 
incursions on Coquet, Inchmickery, Copeland, 
Craigleith & Puffin Islands and these are just 
the ones we know about

Most of the time we don’t know because 
we’re just not looking!



Black rats can swim at least 750m

Brown rats can swim at least 2km



Rum 2011

St Kilda 2008

Stroma , Orkney1993



Other invasion pathways



The Seabird Island Restoration Project

• Began in 2013, now extended to 2019

• Aims

– develop a strategy for UK eradication/ biosecurity 
work, based on agreed priority islands 

– ensure all projects are carried out to international 
best practice standards (Best Practice Toolkit)

– build capacity for rat eradication and biosecurity 
work – well trained and motivated staff

– Share with and learn from other organisations



Choosing the ‘best’ sites 
(most to gain/ most to lose)

+ 
Best practice methods

+
Well trained, well-informed people

= 
Greatest conservation gains

SIRP in a nutshell...



Biosecurity planning

• ‘Eradication mindset’ – total eradication of 
rats is fully achievable providing correct 
methods are followed

• Need to extend this to ‘Biosecurity mindset’ –
recognition that there is an ever-present 
threat of invasive species invading/ reinvading 
BUT that this can be effectively managed with 
the right skills and tools



Biosecurity planning

1. PREVENTION Risk species and pathways –
what could arrive and how? Put multiple 
obstacles along these pathways

2. DETECTION Routine surveillance - network of 
monitoring tools specifically designed for the 
island and suite of invasives expected

3. RESPONSE Incursion response – detailed and 
well-resourced plans for responding rapidly 
and effectively to signs of key invasive species



Surveillance & incursion response tools



Roseate Tern LIFE Project – aims to protect and 
enhance roseate tern populations in UK & ROI

Working with island managers we’ve written 
biosecurity plans for key islands 

Skerries, Wales
Ynys Feurig, Wales
Coquet, England

Inchmickery & Fidra, Scotland
Blue Circle & Swan, N. Ireland
Rockabill, Republic of Ireland



What do biosecurity plans look like?

• Site description, pathway analysis, detailed, 
bespoke plans for surveillance and incursion 
response, list of equipment needed

• Island staff encouraged to get necessary 
training, store necessary equipment know 
where more can be bought, know exactly who 
to contact for permissions and advice 

• Get as much in place as possible beforehand –
aim to launch response within 48 hours



Incursion response methods

• Responding to probable/ definite signs of rats

• Use a grid of poison bait stations supported 
with a range of monitoring tools

• Train incursion response teams!



Who needs biosecurity?

• Feb 2017 – rat confirmed on 
8ha Coquet Island

• Draft biosecurity plan 
implemented

• SIRP staff able to go and help 
with training and incursion 
response (great learning 
opportunity)

• Rat caught in March. Phew!



Wider biosecurity training
• Under the Shiants LIFE project, able to extend 

training to reach wider audiences

• 4 x 2 day biosecurity courses for people and 
organisations involved in island management

• Nature conservation organisations, local 
government, landowners, community groups etc



Overseas work

• SIRP officially only covers UK and Crown 
Dependencies, but keen to take opportunities 
to work on  - and learn from - other projects

• E.g. Yelkouan LIFE project in Malta, Darwin-
funded Iguana conservation project in Turks & 
Caicos Islands (post-hurricane redevelopment, rat assessment)



Other activities

• Training in safe and effective 
rodenticide handling – meet new 
EU requirements

• Planning trials of new trap types 
– Goodnature A24

• Develop more incursion response 
hubs

• Develop use of indicator dogs 

• Continue education and training



On any given island, invasive 
species (re)invasion is unlikely 
but given enough islands over 
enough time, unlikely events 
become probable

MS Oliva hits Nightingale Island, 
Tristan da Cunha, 2011

Fortunately no rats came ashore

Conclusions



Conservationists need to 
shift their thinking from 
‘it probably won’t 
happen’ to ‘what if it 
did?’

And to share information 
about what they find



We need ongoing surveillance, robust incursion 
response plans, and a team of highly motivated, 

trained people to implement them



Thanks very much for listening
Any questions?

Thanks to Sarah Havery for photos and technical 
support, and to the Roseate Tern and Shiants LIFE 

projects for financial support



Ecological restoration of Bagaud Island 
(south-eastern France). Simultaneous

eradication of two invasive taxa: Rattus
rattus and Carpobrotus sp.

Elise Buisson
Laurence Affre, Elise Krebs, Annie Aboucaya, Aurélie Allègre, Alain Barcelo, Laurence Berville, Nathalie 

Bigeart, Julie Braschi, Lenka Brousset, Julie Chenot, Hélène De Méringo, Damien Fourcy, Pascal Gillet, Patricia 
LeQuilliec, Yannick Limouzin, Olivier Lorvelec, Frédéric Médail, Jean-Yves Meunier, Camille Montegu, Marine 
Pascal, Michel Pascal, Aurélie Passetti, Philippe Ponel, François Rifflet, Lise Ruffino, Coralie Santelli, Eric Vidal

Ce programme  
est cofinancé par 
l’Union 
Européenne



Bagaud Island: a wildlife sanctuary – since 2007

Bagaud Island: 58 ha

Port-Cros National Park



Bagaud Island: a wildlife sanctuary – since 2007

Leaf-toed gecko

Orobanche sanguinea 

Mediterranean shearwater

Bagaud Island: 58 ha

Storm petrel

Port-Cros National Park

Urticicola 
suberinus



Leaf-toed gecko

Orobanche sanguinea 

Shearwater

Bagaud Island: 58 ha
 Stable population of rats

 1.6 ha invaded by iceplants

Storm petrel

Port-Cros National Park

Urticicola 
suberinus

Bagaud Island: a wildlife sanctuary – since 2007



0%

20%

40%

60%

80%

100%

Vertebrates Rodents

Unknown

Failed

Successful

Invasive species eradication on islands is  feasible!

Status of all completed eradication attempts

(1630-2012)

N=1443 N=735

Data from DIISE http://eradicationsdb.fos.auckland.ac.nz/ 22Sept.2013
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Ruffino et al. 2009 Biol. Invasions

Hydrobates pelagicus

Pimelia criba
Palmer & Pons 1996 Acta Oecol.

Pérez-Mellado V., unpublished

Podarcis lilfordi

Traveset et al. 2009 Biol. Invasions

The issues with black rat – Rattus rattus



Vila et al. 2006 J.Biogeo.
Carpobrotus-invaded (black) 
and control (white) plots

35% plant richness decline

Several reproductive strategies:
 Pollinators + autogamy
 650-1800 seeds/fruit
 Clonal growth

The issues with iceplant – Carpobrotus sp.
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 Up to 260 seeds/feces
 Up to 115m dispersal
Bourgeois et al. 2005 Ecoscience

Potential for invasional meltdown!

 Up to 47% in assimilated diet
Ruffino et al. 2011 Pop. Ecol.

The issues with the combination of both



Bagaud Island: a wildlife sanctuary

Leaf-toed gecko

Orobanche sanguinea 

Mediterranean shearwater

Bagaud Island: 58 ha

Storm petrel

Port-Cros National Park

Eradication/Restoration: Long-term program
- increase chances of success
- ensure better restoration of the ecosystem
- reduce the cost of management operations
- Learn something in the process  -> science

Euleptes europaea Puffinus yelkouan

(Hydrobates pelagicus



Bagaud Island: a wildlife sanctuary

Leaf-toed gecko

Orobanche sanguinea 

Mediterranean shearwater

Bagaud Island: 58 ha

Storm petrel

Port-Cros National Park

Euleptes europaea Puffinus yelkouan

(Hydrobates pelagicus

planning pre-monitoring
& trials

Rat eradication
post-monitoring
biosecurity

Iceplant eradication

2006 2009 2011 2012 20192010

Eradication/Restoration: Long-term program
- increase chances of success
- ensure better restoration of the ecosystem
- reduce the cost of management operations
- Learn something in the process  -> science



Plants  Island-wide inventory
 Mapping of rare plants
 Long-term monitoring (27 16m2-plots)

Pre-monitoring (2010-2011)



Plants  Island-wide inventory
 Mapping of rare plants
 Long-term monitoring (27 16m2-plots)
 Seed bank, particularly in Carpobrotus patches 

Pre-monitoring (2010-2011)

Sampling

Adjacent native plant 
communities
6 replicates

Carpobrotus
9 replicates

C. 
acinaciformis -

inland

6 x 2 depths
0-5 cm

5-10 cm

9 x 3 depths
Litter

0-5 cm
5-10 cm

C. edulis –
coast

6 x 2 depths
0-5 cm

5-10 cm

9 x 2 depths
Litter

0-5 cm
(shallow soils)

Chenot et al. 2014 



Plants  Island-wide inventory
 Mapping of rare plants
 Long-term monitoring (27 16m2-plots)
 Seed bank, particularly in Carpobrotus patches 

Pre-monitoring (2010-2011)

Results

in Carpobrotus
patches

native plant seeds Carpobrotus
seeds

Litter

Topsoil 0-5 cm 27.4 % 21.7 %

Soil 5-10 cm 4.8% 2.8 %

Chenot et al. 2014 



Plants  Island-wide inventory
 Mapping of rare plants
 Long-term monitoring (27 16m2-plots)
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native plant seeds Carpobrotus
seeds

Litter 9.8 % 33.5 %
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Soil 5-10 cm 4.8% 2.8 %

 remove Carpobrotus + litter?
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Results

maxT = 3.03, p=0.012

More Carpobrotus
seeds on the coastFew native seeds, 

particularly inland

In the litter

Chenot et al. 2014 



Carpobrotus eradication trials (2010)

Removal of 
Carpobrotus mat + litter

Removal of Carpobrotus mat only



Carpobrotus eradication trials (2010)

Removal of Carpobrotus mat only

Chenot et al. 2018 



Carpobrotus eradication trials (2010)

maxT = 4.07, p=0.001 Chenot et al. 2018 



Carpobrotus eradication trials (2010)

In the short-term (< 1 yr study)

In the long-term, may lead to higher follow-up cost (removing germinations)
Chenot et al. 2018 



Plants  Island-wide inventory
 Mapping of rare plants
 Long-term monitoring (27 16m2-plots) 
 Plant phenology (germination and flowering)

Pre-monitoring (2010-2011)



When?  eradication planning
PARAMETER

SPRING SUMMER AUTUMN WINTER

SEASON

Annual germination and dvpt

Native plant 
species

Fl / Fr of important perennial sp.

Ruffino et al. 2015 
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Plants  Island-wide inventory
 Mapping of rare plants
 Long-term monitoring (27 16m2-plots) 

Reptiles

Arthropods  Ground arthrop.
 Litter arthrop.
 Flying arthrop.

 Transects
 Quadrats
 Rocky areas/buildings
 ”Shelter plates”

Birds  Calling – singing contacts
 Monitoring of seabird burrows

Pre-monitoring (2010-2011)



When?  eradication planning

Food resources

Native species of 
animals

Low survival

PARAMETER

Low density

Low reproduction

Resource depletion

Absence of gulls

Absence of shearwaters

Absence of breeding passerines

SPRING SUMMER AUTUMN WINTER

SEASON

Annual germination and dvpt

Rats

Native plant 
species

Fl / Fr of important perennial sp.

Ruffino et al. 2015 



Rat eradication



Trapping + ground 
poisonning

Aerial baiting

This study Other studies*

Material (including bait) 600 164

Boat expenses 130 127

Staff 1,163 720

Opening vegetation paths 0.51 -

Helicopter - 722

TOTAL 1,893 1,733

Cost estimation in EUROS per HECTARE of island treated during the period of rat eradication
(not including post-monitoring studies)

* Samaniego-Herrera et al. J.Appl.Ecol. 2013 Eradication of black rats from a Mexican Island (80ha)

+9%

Rat eradication – choose the method



100m

Rat eradication – site preparation
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• with 886 traps + toxic bait 
stations

• first trapping in sept. 2011
• Toxic bait used until no more 

consumption

trap + toxic bait
stations

permanent stations

Rat eradication – 2011/2012



Rat eradication: results
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Cumulated # captures
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Ruffino et al. 2015 
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• with 886 traps + toxic bait 
stations

• first trapping in sept. 2011
• Toxic bait used until no more 

consumption

Result
• 1921 captured rats
• 33 captures/ha
• no more bait consumption in 

June 2012
68-75 

captures/ha

23-30 
captures/ha

Presence of 31 permanent bait stations all around and in the island 
to detect a reinvasion

trap + toxic bait
stations

permanent stations

Rat eradication: results

Unfortunately, traces of bait consumption were detected in summer 2016
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inland 
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• manual uprooting
• 2011: initial uprooting on inland sites
• 2012: initial uprooting on cliff sites
• 2012-2019: uprooting every new germinated plant 

→ exhaust seed bank
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Iceplant eradication
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• manual uprooting
• 2011: initial uprooting on inland sites
• 2012: initial uprooting on cliff sites
• 2012-2019: uprooting every new germinated plant 

→ exhaust seed bank

Results of initial uprooting
• 2011: 1ha on inland sites
• 2012: more than 0.8ha on cliff sites
• 40 tons total

cliff 
sites

inland 
sites

Iceplant eradication: results

Ruffino et al. 2015 



• manual uprooting
• 2011: initial uprooting on inland sites
• 2012: initial uprooting on cliff sites
• 2012-2019: uprooting every new germinated plant 

→ exhaust seed bank

Results of initial uprooting
• 2011: 1ha on inland sites
• 2012: more than 0.8ha on cliff sites

cliff 
sites

inland 
sites

sept. 2012 oct. 2013

Total ind. removal 1878 30979

Nb seedlings 1230 27062

Nb resprouts 648 3917

% seedlings 65 87

% individuals 35 13

Results of control uprooting on test sites

Iceplant eradication: results
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« nitrophilous » grassland 
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Changes detected on arthropods – preliminary results

Poly-traps – flying insects



0

20

40

60

80

100

120

140

160

180

200

2010 2011 2012 2013 2014 2015 2017

Passerine like birds

Caprimulgus europaeus Sylvia atricapilla Sylvia melanocephala

Apus pallidus Turdus merula Monticola solitarius

Columba palumbus Fringilla coelebs Luscinia megarhynchos

Streptopelia turtur

Changes detected on bird populations

RATS: potential predation of eggs and 
juveniles

Monitoring by PAI: abundance index by 
number of breeding pairs

Abundance: +49% btw 2010 - 14



0

20

40

60

80

100

120

140

160

180

200

2010 2011 2012 2013 2014 2015 2017

Passerine like birds

Caprimulgus europaeus Sylvia atricapilla Sylvia melanocephala

Apus pallidus Turdus merula Monticola solitarius

Columba palumbus Fringilla coelebs Luscinia megarhynchos

Streptopelia turtur

Changes detected on bird populations

RATS: potential predation of eggs and 
juveniles

Monitoring by PAI: abundance index by 
number of breeding pairs

Sylvia melanocephala
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Changes on reptile populations
Malpolon monspessulanus
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Changes on reptile populations

Podarcis muralis
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Changes on reptile populations
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Changes on reptile populations

Euleptes europaea

Krebs et al. 2015 



Working hours and costs

# WORKING HOURS COST in €

Pre-monitoring studies To be evaluated

Opening vegetation paths 1,408 hours (44 days – 4 pers)

Setting of trapping grid 624 hours (13 days- 6 pers)

Trapping (step 1) 810 hours (8 days – 18 pers)

Poisonning (step 2) 637 hours (6 days -14 pers)

TOTAL 3,479 WORKING HOURS 255,000

Rat eradication (Sept. 2011- June 2012) 



Working hours and costs

# WORKING HOURS COST in €

Pre-monitoring studies To be evaluated

Opening vegetation paths 1,408 hours (44 days – 4 pers)

Setting of trapping grid 624 hours (13 days- 6 pers)

Trapping (step 1) 810 hours (8 days – 18 pers)

Poisonning (step 2) 637 hours (6 days -14 pers)

TOTAL 3,479 WORKING HOURS 255,000

Rat eradication (Sept. 2011- June 2012) 

# WORKING HOURS COST  in €

Carpobrotus inland (2011) 408 hours (52 days – 1 pers) 12,300 euro

Carpobrotus on cliffs (2012) 1,400 hours (50 days- 3.5 people) 101,200 euro

TOTAL 1,808 WORKING HOURS 113,500

Carpobrotus eradication (Nov. 2011 – Dec. 2012) 



Until Dec. 2012..............Poison line kept as a ”barrier” 

2012-2019.....................20 permanent poisonning stations

Sept. 2014....................Large scale trapping (340 stations) 

Sept. 2016....................Large scale trapping (340 stations) 

Sept. 2014-2016...........Regular controls of bait stations

POISONNING STATIONS

What now?
Long term biocontrol / monitoring
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Until Dec. 2012..............Poison line kept as a ”barrier” 

2012-2019.....................20 permanent poisonning stations

Sept. 2014....................Large scale trapping (340 stations) 

Sept. 2014-2016...........Regular controls of bait stations

Port-Cros~1km

POISONNING STATIONS

What now?
Long term biocontrol / monitoring

Dec. 2015 ........... First traces of rats in Regular controls of bait stations !!!

2016 toxic bait stations every month
+ March 2016 – 25 traps for 3 nights – no catch
+ Sept. 2016 – 52 traps for 3 nights – 1 catch



POISONNING STATIONS

What now?

2017 toxic bait stations every 3 weeks

control date 05/04 27/04 17/05
# controlled 
stations 116 109 127
# with traces of 
rats 67 31 54
% with traces 
of rats 58 28 43

control date 07/06 27/06 18/07
# controlled 
stations 145 154 145
# with traces of 
rats 76 61 49
% with traces 
of rats 52 40 34

Long term biocontrol / monitoring - 2017



POISONNING STATIONS

What now?
Long term biocontrol / monitoring - 2018

 2018 toxic bait stations every months + a few good nature traps 

 After summer 2018 - Large scale trapping (340 stations)

Genetic samples from black rats on nearby Port Cros Island and islets

Port-Cros

Bagaud

GENETIC SAMPLES: survivors or invaders?



How have we been doing all of this?

Overall 
coordination

Scientific 
framework

Financial partners

Technical partners for 
management operationsTechnical partners for 

scientific monitoring

Research on Global Changes elise.buisson@imbe.fr

mailto:elise.buisson@imbe.fr


There have been many island restoration projects carried out globally to date, 
but few removing rats successfully with a community of the size of St Agnes and 
Gugh.   This project provides a successful case study and we hope will inspire 
other island communities in tackling invasive species threatening their wildlife 
heritage. 
 
The purpose of this talk is to set out how the project engaged and communicated 
with the community through the various stages of the project, and how the 
communities views were collected and used in the design and delivery of the 
project to establish and maintain community support.  There is a summary of key 
outcomes at the end. 
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Project partners:  
Co-ordinating beneficiary RSPB. 
 
Associated beneficiary Isles of Scilly Wildlife Trust (IoSWT) who manage most of the 
seabird colonies on the Isles of Scilly as nature reserves.  

 
Co-financiers: Duchy, Natural England (NE), Isles of Scilly Area of Outstanding Natural 
Beauty (IoS AONB), Isles of Scilly Bird Group (ISBG). 
 
Main Funding partners:  LIFE Nature and the Lottery Fund. 
 
I would especially like to mention both Jaclyn Pearson the Project Manager and 
Elizabeth Bell the rat removal contractor (Wildlife Management International Ltd 
[WMIL]) for providing much of the information and pictures in this talk. 
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Located 45 km of the south west tip of Cornwall, UK 
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- Focus of work was on two inhabited islands St Agnes and Gugh (142 ha) which 
have around 85 residents 

- Main habitats are farmland, ponds, maritime heathland and grassland, rocky 
shores and sandy beaches.  

- There is one pub, a Post Office and shop, two cafes, campsite, two community 
halls and a number of farms. 

- Brown rats were accidentally introduced to the Isles of Scilly from shipwrecks 
in the 1700’s, and were widespread and abundant across both islands 
(McCann 2005). 
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The two key beneficiaries or species were Manx shearwater and European storm 
petrel 
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Background to the  ‘Isles of Scilly Seabird Recovery Project'  
 
The seabirds on the Isles of Scilly have been monitored for a long time and this work has highlighted their 
importance.  This: 
 
• resulted in their designation as an SPA, part of the Natura 2000 network in 1999 

 
• Also highlighted a worrying decline of over 20% in 25 years 

 
A group of organisations concerned about these declines decided to write a seabird strategy highlighting 
the key issues and identifying potential actions to try and improve the seabirds status. 
 
• The main driver for many species was thought to be changes in food source available at sea, however 

for burrow-nesters the distribution of breeding birds was being controlled by rats, which was 
something that could be potentially addressed locally on the islands.   

 
The strategy, highlighted the previous work that had been carried out to remove brown rats on some of 
the uninhabited islands and the problems of maintaining some of them as rat-free due to incursions from 
the inhabited islands.  Rats appearing on Annet, the most important seabird island within the Isles of 
Scilly, identified the potential scale of the threat.  The need to assess the potential to remove brown rats 
from inhabited islands was identified as a key action and St Agnes and Gugh was identified as being 
potentially the best place to start because: 
 
• They had an existing tide swept, deep water channel of over 1.1km providing significant natural 

biosecurity 
• It removed the threat from rats re-invading Annet, the most important seabird island, which had an 

incursion in 2004 
• Provided the opportunity for Manx shearwaters and storm petrels to breed successfully on the cleared 

inhabited islands because of the existing otherwise suitable habitat. 
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As this would be one of the largest community-based island restoration projects for rats ever attempted 
at the time, support and involvement of all the community on St Agnes and Gugh would be critical: 
 
• In 2010 there was a workshop facilitated by the IoS AONB, on the main inhabited island of St Mary’s, 

to initially sound out the views of key residents.  They agreed that a feasibility study should be 
commissioned and they helped identify the various questions or issues that need to be addressed.   
 

• WMIL were commissioned to carry out a feasibility assessment and produce an operational plan. This 
required the inclusion of a social and economic evaluation (via interview questionnaires) to identify 
the level of community support for the project, the operational requirements, including identifying 
information on dissemination requirements and community, contractor and project staff activities 
required to deliver a successful project.  

 
Keys findings were: 
 
• It was feasible to remove the brown rats and this needed to be done using a ground-based operation 

using rodenticide 
• Rats were having a significant impact on the community and businesses on theses islands 
• There was 100% collective support from he community for the project to seek funding, not solely for 

seabirds but also for benefits to people 
• The community wanted people working on the project to be easily identifiable (orange hats), bespoke 

training on waste management, involvement in various elements of the project including the school, 
wanted regular updates during the project e.g. through face-to-face contact and newsletters as well as 
updates on funding schemes beforehand 

• The community also identified two main risks which were that economic benefits may take time and 
only apply to some community members, and that inconvenience may reduce the support for the 
delivery phase due to the intrusive nature of the work.  

• Poisoning non-target species, particularly pets was one of the main concerns and operational 
measures to remove these risks were thoroughly explained.  
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Between the end of the feasibility phase (summer 2011) and project start 
(January 2013) two key strands of work were undertaken: 
 
1. Making a successful funding bid which was achieved by establishing a formal 

project management structure and nominating a lead partner to make the 
bid, which was the RSPB. The funding processes required further targeted 
engagement with key audiences providing the community further input into 
design and giving the project a clear idea of how we were going to engage 
with the community though the key phases of the project, and what 
dissemination activities would be required. 
 

2. Maintaining communication with the islanders on St Agnes and Gugh was 
achieved through an interim communications plan with a few press releases 
sent, information was placed on websites, and the RSPB and AONB delivered 
education activities to maintain face-to-face contact with the community. 

 
St Agnes Representative’ (a resident and Councillor) Richard McCarthy who 
became a member of the steering group was a key person during this period, 
helping to communicate with the islanders on a more personal level and getting 
islanders to sign up to the project.  
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At the start of the project a range of preparatory, public awareness and 
dissemination actions were carried out: 
 
- RSPB started employing project staff and suitable contractors (WMIL), who 

were required to have excellent communication skills as they would provide 
the essential face-to-face contact with the community 
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• A website was produced and a Facebook page started 
• Logo’s, leaflets and newsletters were designed and produced (project logo 

design was selected by the school children) 
• Signs we located at the quay, the shop, and the campsite on St Agnes as well 

as on other islands. 
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• Awareness raising events for visitors started promoting the project including 
RSPB Date with Nature, the Wednesday afternoon IoSWT wildlife trip with St 
Agnes Boating and as well as guided walks and talks carried out by project 
staff and supporters 

• Complimentary actions supported by Lottery Funding targeting young people 
began, including regular activities with the school.  This included annual 
events to celebrate  NATURA 2000 day 
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Community conservation actions to reduce food and harbourage for rats in 
preparation for eradication included: 
 
• Beach cleans were supported by the project 
• The ‘apple day’ activity was a great success, helping remove a potential food source 

for rats and winning a LIFE photographic competition  

• Bonfire night celebrations were supported by the project and removed much 
harbourage, the last main community event before baiting started. 
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• Bespoke waste management advice and support was provided by the project 
which provided many residents with rat proof bins and composters reducing 
food for rats during the eradication 

• Sheds, livestock pens and paddocks were cleared or adapted by farmers to 
ensure access in and around buildings to provide full baiting tunnel coverage. 

• work not completed was carried out by WMIL and IOSSRP personnel the 
month before the eradication. 
 

 
 
‘ 
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• The project delivered talks about biosecurity risks from boats to all community 
members regarding and the Harbour Users Group (for all boat users on Scilly).  

 
• Details were collected on any access restrictions for land and properties to 

help maintain community support through then most intrusive phase of the 
project. 
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The eradication and short term monitoring phase followed. 
 

• WMIL recruited staff and volunteers to carry out operation. 
 
• The ratters wore orange hats to identify themselves.  They provided daily face-to- 

face contact with the islanders during the removal operation and were introduced via 
meetings and newsletters.  

15 



WMIL use GIS technology to monitor real time bait take which was a useful way 
of disseminating the operational progress to the community and beyond.   
 
WMIL started on 8 November and the last rat sign was 22 days later on 30 
November.  
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There was no rat-sign after three and a half weeks.  
 
WMIL trained IOSSRP personnel and the initial group of community members so 
they could be involved in the remaining project phases. 
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Post eradication monitoring and final check phase 
  
During this phase: 
 
• IOSSRP personnel trained 12 community members to assist checking the 

permanent monitoring stations and surveillance from ‘rat on a rat’ (ROAR) 
calls. (a 24 hour hotline based at IOSWT where anyone can report potential rat 
sign). 
 

• There were 28 ROAR’s during this project phase, the community members 
assisted the IOSSRP team 
 

• The community was continually updated through face book, newsletters and 
face-to-face meetings 
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Community members also joined IOSSRP personnel to assist Manx shearwater 
and storm petrel breeding surveys and ‘evening chick-check walks’. 
  
During this time monitoring of the key species showed breeding success for the 
first time in living memory post eradication for both Manx shearwater and 
European storm-petrel 
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and numbers of the endemic Scilly shrew increased on these islands. 
 

29 



At the end of two years WMIL came back for three months to carry out the final and St 

Agnes and Gugh at the end of which these two islands were declared rat-free.  This was 
celebrated with the community by holding a Rat free party. 
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The community was again interviewed by WMIL and project staff at this stage to identify if there had been 
any changes in the views of the community now that the main phases of the project had been completed.  
A questionnaire was completed by WMIL and IOSSRP staff using semi-structured interviews and compared 
to the results in 2012. 
 
The findings included: 
 
• There was a 47% increase in the number of residents feeling sympathetic towards seabirds and none 

of the community felt that the removal had any negative impact on species. 
• 100% of the community were happy with the project procedures and methods. When asked if it was 

helpful having WMIL team members assisting ‘rat removal ready’ action ‘shed clearance’ one person 
said “it generated goodwill in the community and got everyone on board with the project”.  

• 100% of the community felt that the communication methods were right. Common themes were, 
‘clear explanation of what we needed to do and when’, ‘involved everyone and engagement with all 
children at the school’, ‘the team was passionate about the cause’, ‘we felt listened to, as things were 
altered if we asked them to be’.  

• 100% of the community felt the project had positively affected their day-to-day life. A strong theme 
was they no longer need to worry about rats. 

• One theme that stood out was that ‘the community was united and not divided in any way, it was a 
community project’.  

• 100% of the population felt the project had benefited the local economy with most of this benefit to 
certain sectors; agricultural, fishing and particularly tourism and that the benefits had potential to 
increase.  

• 68% of the community felt that their businesses had benefited from the project. 
• 17% of the community had developed new products, a farmer explained that ‘Apple day had been the 

catalyst to a new apple juice product and cider products he developed’  
• Publicity generated by the project was also highlighted as an additional benefit particularly for the 

tourism industry.  One community member explained that ‘Visitors on his ‘wildlife trips’ had increased 
as there has been high publicity of the project combined with interpretation resources so he could offer 
improved tours”.  
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Rat free-status had been successfully achieved however the project working with 
the community has put in place a range of measures to maintain the islands as 
rat free into the future. 
 
• A total of 32 community members signed up to carry out the ongoing 

biosecurity monitoring 
  
• There tasks include checking permanent monitoring stations once a month, 

maintaining biosecurity on boats and freight, checking on any potential rats 
signs and assisting the mainland rat response team if a rat is found. 

 
• These would be supported by the IoSWT and RSPB. 
 
• A group of RSPB volunteers were recruited and trained on the mainland to act 

as a rapid response team in case rats ever reappeared. 
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There were a number of factors that made this project successful, including: 
 
• Support built over a long period of time  
• Good project planning and delivery 
• Good communication and community involvement through the various stages 

of the project development and delivery 
• Positive, flexible and approachable staff, contractors and volunteers 

 
 

34 



Thank you 
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The eradication of Carpobrotus spp. on 
the Island of Giannutri (Tuscan 

Archipelago, Italy): insights and first 
results from a low-impact approach

Lorenzo Lazzaro1, Giulio Ferretti1, Renato Benesperi1, Bruno Foggi1, Francesca

Giannini2, Paolo Sposimo3, Michele Giunti3

1 Department of Biology, University of Florence, Via La Pira 4, 50121 Firenze, Italy.
2 National Park of the Tuscan Archipelago, Portoferraio, Italy
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CALL2013: LIFE+ Nature: project developed on 
NATURE2000 sites focused on habitat or species
listed in EU directives.

Broad-spectrum approach: EUR 3,123.67 million

The project aims the re-naturalization of complex 
systems altered in part by human intervention, so 
as to protect sea birds and avifauna; endemic 
reptiles and typical Mediterranean habitats



The Tuscan Archipealgo National Park (TANP)



GIANNUTRI

• Eradication of Carpobrotus spp.

• Control of Mesembryanthemum cordifolium, Senecio 
angulatus, Opuntia monacantha

• Restoration of habitats covered by the thick mat of 
Carpobrotus planting native species such as Euphorbia 
dendroides, Juniperus phoenicea subsp. turbinata and
Pistacia lentiscus

• Dealing with resident and seasonal  population
Increasing public awareness, 

Suggest/Provide alternative ornamental plant species



Carpobrotus spp. on Giannutri: 5 sites of invasion

5

4

3

2

1

1. P.ta S.Francesco (4800 m2)
2. Cala Spalmatoio (ca 1000 m2)
3. Cala Maestra – P.ta Scaletta
(5000 m2)
4. Cala Ischiaiola (3200 m2)
5. Grottoni (150 m2)

Tot about 14000 square meters



Carpobrotus spp. on Giannutri: 5 sites of invasion



Carpobrotus spp. on Giannutri: 5 sites of invasion



Treatment trials:
 Chemical treatment with various

concentrations of:
•Gliphosate
•Triclopyr (+ Fluoroxipir)
•Picloram

 Manual removal
 Covering with mulching sheets

Treatment trials in 2012



Treatment trials in 2012

Landscape fabric mulching 
sheets resulted more effective 
and more resistant than 
common black nylon mulching 
sheets



The final plan for the eradication

2014 – approval of the EU Life project “RESTO con LIFE”

2015 – accurate survey of Carpobrotus presence on the 
Island and preparation of the eradication plan

Choice of 2 different treatments (manual removal and 
covering with mulching sheets), mainly basing on :
• Inclination of the substratum
• Presence of non-target species (especially if 

conservational interest) 
• Carpobrotus spp. stand surface and cover ~100%

About 14000 square meters of Carpobrotus mats

- Mostly treated with mulching sheets  (about 90 %)
- Remaining 10 % manually treated, and mostly 

accumulated under the mulching sheets 



Manual Removal – spring/summer 2016



Covering with mulching sheets - spring/summer 2016



Covering with mulching sheets – spring/summer 2016



September 2016 – removing the mulching sheets

Due to a rainy season the sheets we removed after 4 months 
instead of only 2 months



November 2016 – removing the mulching sheets



May 2017 – removing the mulching sheets



May 2017 – looking for seedlings and resprouts

In may 2017 we found ONLY 
about 100 seedlings, almost only 
in the areas manually treated.
Few more in June 2017

Next survey in may 2018



A breakdown of time and costs

Main intervention : 
• 11-20 may + 25 may to 1 June – 18 days
• 4 to 5 people (80 pp*days)

Monitoring of the mulching sheets
• Further 2 days in June and July – 4 pp*days

Removing the mulching sheets
• September 2016 – 3 pp * 5 days – 15 pp*days

Plantation of demonstrative native plants in the settlement
November 2016 – 4 pp * 3 days – 12 pp*days

INCLUDING FURTHER INSPECTION ON THE ISLAND TO MONITOR THE 
RESULTS AND TO LOOK FOR RESPROUTS AND SEEDLINGS

TOT 140 pp*days

TOTAL COST ABOUT 100.000 Euros
MEAN COST OF ABOUT 7 EUROS PER SQUARE METER



Monitoring the effects of the treatments

Rocky cliffs

Manual 
Removal

Mulching
Sheets

Control

Loose soil

Mulching
Sheets

Control



Monitoring the effects of the treatments

Recover of species on loose 
soils treated with mulching 
sheets

Still few recover in rocky cliffs 
treated with mulching sheets -
None in monitoring plots



Restoration of the sites – preliminary translpantations

Pistacia lentiscus 24

Euphorbia dendroides 72

Juniperus phoenicia 48



Restoration of the site – plantation in 2017

350 plant transplanted in the 
site with loose soil

Further 350 are going to be 
transplanted in autumn 2018



Increasing Public Awareness

1) Meetings with the resident 
population to explain the action

2) Plantation of ~100 individuals 
of native species to substitute 
Carpobrotus in the settlement

3) Further meetings, with the 
dissemination of a list of 
suggested species to replace 
alien invasive species toward a 
“green gardening” in Giannutri



GRAZIE
DEI FIOR…..
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Introduction

Human agency in biological invasions: Old and New Plant Hunters

Human agency in biological invasions: Key stakeholders

LIFE ASAP: Education, Communication and Codes of Conduct

LIFE PUFFINUS: Education, Communication, Flag Eradication

LIFE IAP-RISK: Prevention through Prioritisation and Risk Analysis
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Who cares about (invasive) alien plants?
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If a genie (coming out of a magic bottle) 
granted you ONE wish right now, what 
would you wish for?

(please do not ask for more wishes)
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2013

http://data.europa.eu/euodp/en/data/dataset/S2091_83_4_436_ENG
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2007
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Who benefits from (invasive) alien plants?
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Commiphora myrrha
(Nees) Engl & 
Commiphora spp.

Hatshepsut The Woman Who Was King 1473–1458 BC

http://discoveringegypt.com/ancient-egyptian-kings-queens/hatshepsut/

Musgrave T, Gardener C, Musgrave W (2000) The Plant Hunters: Two Hundred years of Adventure and Discovery Around 
the World. The Orion Publishing Group.



https://en.wikipedia.org/wiki/Auloshttps://en.wikipedia.org/wiki/Launeddas
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http://pamelakelt.weebly.com/secret-life-of-plant-hunters.html

During his travels in eastern Asia, Robert Fortune set 
the standards for future plant hunters who were to 
follow in his footsteps. His success in sending living 
plants to Europe and North America, moreover, was 
greatly increased by his use of the Wardian case, 
which had been invented by a London physician, 
Nathaniel Ward, shortly before Fortune's departure 
for China in 1843. RF cut his hair in the local style and 
traveled incognito, eventually smuggling out no fewer 
than 20,000 plants.

Spongberg SA (1993) Exploration and introduction of ornamental and landscape plants from eastern Asia. p. 140-147. In: J. Janick and J.E. Simon (eds.), New crops. Wiley,
New York. - Sarah Hayden Reichard and Peter White (2011) Horticulture as a Pathway of Invasive Plant Introductions in the United States. BioScience 51 (2): 103-113.
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Human agency in biological invasions: Pathways of Introduction
and Spread: A plethora of reasons, mechanisms and vectors
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Redrawn from van Wilgen & Richardson (2014).
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Can we stop the process?
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Most 
Countries 

have limited 
capacity to act
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We need PRIORITIES
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CBD Guiding principles and key stakeholders
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COP 6 Decision VI/23
Sixth Meeting of the Conference of the Parties to the Convention on Biological Diversity
the Hague, Netherlands
7 - 19 April 2002

Alien species that threaten ecosystems, habitats or species

The Guiding Principles are:

Precautionary approach;
Three-stage hierarchical approach;
Ecosystem approach;
The role of States;
Research and monitoring;
Education and public awareness;
Border control and quarantine measures;
Exchange of information;
Cooperation, including capacity-building;
Intentional introduction;
Unintentional introduction;
Mitigation of impacts;
Eradication;
Containment; and
Control.



Giuseppe Brundu – 31st January 2018 – Peniche (PT) – Social implications of IAS



Giuseppe Brundu – 31st January 2018 – Peniche (PT) – Social implications of IAS



1. Searching for new species and varieties, germplasm collection, conservation of species 
and genetic resources;

2. Production on large scale, breeding (including the creation of new hybrids or varieties), 
research and development, GM;

3. Trade and vectors, packing and packaging;

4. Retailers;

5. Consumers, including Public Administration;

6. Virtualisation of floricultural supply chains and internet trade (e-commerce).

COST Action TD1209 – Workshop – 8-9 March 2016 – Průhonice, Czech Republic – Brundu, Brunel & Tanner.
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https://www.nature.com/scitable/ebooks/english-communication-for-scientists-14053993/communicating-as-a-scientist-14238273

Are scientists 
hopeless at 
communicating?
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The exponential growth of invasive species 
denialism

Ricciardi, A. & Ryan, R. Biol Invasions (2017). https://doi.org/10.1007/s10530-017-1561-7
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LIFE ASAP: Education, Communication and 
Codes of Conduct
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http://www.lifeasap.eu/en/media-en/press-review/file/2017-03-31-
Rassegna-stampa%252Epdf
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Training at the Botanic Garden of Catania (IT)
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LIFE PUFFINUS
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http://www.lifepuffinustavolara.it/?lang=en
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LIFE IAP-RISK (Preparatory project)
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http://www.iap-risk.eu/
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http://www.iap-risk.eu/
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http://www.iap-risk.eu/

PRA – PM/9
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https://creativecommons.org/licenses/by-nc-sa/4.0/legalcode



 
Soil and Water lines stabilization using natural engineering 

techniques. The case study in São Miguel Island on the 
scope of the project Life+ Terras do Priolo.  
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 The Azores bullfinch is an endemic 
passerine species from the east of São 
Miguel island  
 
 Very small and localized distribution 
 
 In 1996, the estimate was of  60-200 
breeding couples 
 

 
 
 

Main Reasons – Loss of Habitat 

1989 - 2000 

Priolo (Pyrrhula murina) 

Portuguese Society for Study of Birds 

 

Degradation of the remaining natural 
habitats by Invasive Alien Species 



Distribution of land occupation in S. Miguel Island 

Figure – percentage of land occupation on the island of S. Miguel 
(COS-Açores , 2007) 



Site of Community Importance Area Serra da 
Tronqueira/Planalto dos Graminhais 



Figure – Natural vegetation in the SPA Pico da 
Vara/Ribeira do Guilherme 

Humid Laurel 
Forests 

 
 

Mesic Laurel 
Forests 

 
 

Blanket Bogs 
 
 

Juniper Forests 
 
 

Bog Woodlands 
 
 



Main Invasive Alien Species 

Global Invasive Species Database (IUCN) 

*Hedychium gardnerianum  
(Kahila garland-lily) 

Clethra arborea 
(Lily of The Valley Tree) 

*Pittosporum undulatum 
(Australian cheesewood) 

Cyathea cooperi 
(Cooper's tree fern) 

Dicksonia antartica 
(Soft tree fern) 

*Gunnera tinctoria 
(Chilean rhubarb ) 

*Acacia melanoxylon 
(Black acacia ) 



Monitoring Humid Laurel Forest 

Interveened   
2007&2008 

 
 

2006 
 
 
 

2016 
 
 
 



Problems with high density of invasive 
species 



Natural engineering techinques 



Slope reprofiling 



Slope reprofiling with drainage ditches 



Drainage ditches with plantation of native species 

and aplication of hydroseeding 



Slope reprofiling after 3 years of implementation 



Crib wall construction 



Crib wall construction with slope reprofiling 



Crib wall construction the base of  the  

infrastructure 



Crib wall construction 



Crib wall construction with the help of the 

backoe 



Crib wall construction and vegetation grid 



Crib wall construction 



Drainage ditches in the crib wall 



Maintainace of the crib wall and hydrosseding 



 
 

 Aplication of the hydrosseding in 
the crib wall video 



Crib wall after 3 years 



Vegetation grid 



Vegetation grid 



Vegetacion grid 



Vegetacion grid with dranaige 

ditches  



Vegetacion grid ater 3 years 



Dranaige ditches construction 



Dranaige ditches 



Other construcions: Micro weirs 



Rolls of plant material (Sphagunum 

sp.) 



Slope reprofiling with drain ditches 



www.spea.pt 
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Micropropagation and seed germination
of endemic plants

from Berlengas Archipelago

Inês A. Franco, Teresa Mouga and Clélia Afonso
MARE – Marine and Environmental Sciences Centre, ESTM, Instituto 
Politécnico de Leiria, 2520-641 Peniche, Portugal

® Spea

® ICNF



Pulicaria microcephala

Armeria berlengensis

Herniaria berlengiana

Introduction Objectives Methodology Results and 
Discussion Conclusions

® Spea

® Spea



Establishment of protocols that 
allow the multiplication of the 
endemic species of Berlengas

Introduction Objectives Methodology Results and 
Discussion Conclusions



Introduction Objectives Methodology Results and 
Discussion Conclusions

Pulicaria
microcephala

• Vulnerable 
species

Fig. 1 Map indicating the distribution of Pulicaria microcephala.



Armeria
berlengensis

• Vulnerable 
species

Introduction Objectives Methodology Results and 
Discussion Conclusions

® Spea

Fig. 2 Map indicating the distribution of Armeria berlengensis.



Introduction Objectives Methodology Results and 
Discussion Conclusions

Herniaria
berlengiana

• Endangered 
species

® Spea

Fig. 3 Map indicating the distribution of Herniaria berlengiana.



Introduction Objectives Methodology Results and 
Discussion Conclusions

Component
(a) distilled water

(b) Ethanol

(c) Sodium hypochlorite

(d) Fungicide

(e) 4x4min Sterilized distilled water

(a) (b) (c) (d) (e) (e) (e) (e)



Success Rate: 73.0%

• Table I. Best disinfection process used in 
Pulicaria microcephala seeds.

Introduction Objectives Methodology Results and 
Discussion Conclusions

Fig. 4 Pulicaria microcephala seed (a)
seedling and seed sowing (b) seedling
two weeks after germination (c).

Process 6

1min Ethanol 96%

20min
Sodium hypochlorite <5%, 

20%

1min
Mancozebe 64%,

2,5g/L

1 min
Tirame 80%, 

0.2g/L

4x4min Sterilized distilled water



Introduction Objectives Methodology Results and 
Discussion Conclusions

Table II. Total number and means for the number of fruiting heads of
Armeria berlengensis and characterization of the flowers that compose
them.

Fig. 5 Fruiting heads (a); flowers (b);
Ovarie (c); Seed (d)

(a)

(c) (d)

(b)

#

mean values

/fruiting head

Fuiting heads analysed 98 -

total number flowers 
analyzed

4721 48,173

total number seeds  
collected

164 1,673



• Table III. Best disinfection process used in Armeria
bernlengensis seeds.

Introduction Objectives Methodology Results and 
Discussion Conclusions

Fig. 6 Seddling of Armeria
berlengensis.

Process 3 Process 5

- 2 hours
Submerged in 
distilled water

1 min Ethanol 96% 1 min Ethanol 70%

20 min

Sodium 
hypochlorite 

<5%, 
10%

5 min

Sodium 
hypochlorite 

<5%, 
10%

4x4min Sterilized distilled water

Success Rate: 20.0%



Introduction Objectives Methodology Results and 
Discussion Conclusions

® Spea

Component

(a) Ethanol

(b) Sodium hypochlorite

(c) Mancozebe

(d) 4x4min Sterilized distilled water

Pulicaria microcephala



Introduction Objectives Methodology Results and 
Discussion Conclusions

Success Rate: 24.4%

• Table IV. Best disinfection process used 
in Pulicaria microcephala explants.

Process 1

1min Ethanol 96%

20min
Sodium hypochlorite <5%, 

20%

1min
Mancozebe 64%,

2,5g/L

4x4min Sterilized distilled water

• Fig. 7 Pulicaria microcephala in in vitro 
culture.



Disinfection

Shoots with 
0.5-1cm long 

Control: Basal 
medium without the 

addition of any 
growth regulators 

Different 
concentrations of 

two combined 
growth regulators

Combination of growth regulators:

• Kinetin (Kin) and 
1-Naphthaleneacetic acid (NAA)

• Kinetin and Indole-3-acetic acid  
(IAA)

• Kinetin and Indole-3-butyric acid 
(IBA)

Introduction Objectives Methodology Results and 
Discussion Conclusions
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Discussion Conclusions

Control

Kin and NAA Kin and IAA Kin and IBA
Fig. 8 Examples of the shoot behavior under Control, Kin and NAA, Kin and IAA and also Kin ans IBA treatments after two in in-vitro 
culture



Introduction Objectives Methodology Results and 
Discussion Conclusions

Fig. 9 Acclimatization process: one month plants (a), plants in pots (b), first six holes (c), fourth week of acclimatization (d), fifth week 
of acclimatization (e), final step in acclimatization with poor plastic coverage (f), acclimatized plants (g)

(a) (c) (d)(b)

(e) (g)(f)



Fig. 10 Percentage values of the viability of the acclimatization process. The green bar
corresponds to a pot that just contained plants from vegetative propagation of sterilized
plants and initially kept in the laboratory (MV), the grey bar shows the first Seed generated
plants (PGS) (germinated during the Germination trials).

Introduction Objectives Methodology Results and 
Discussion Conclusions
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Acclimatization Fig. 11 Examples of the initial
length of the acclimatized plants
from seed germination (a) and from
micropropagation of the disinfected
Berlengas plants (b).

Success rate of vegetative micropropagation plants from disinfected plants

Success rate of plants that germinated in the lab

(a)

(b)
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Discussion Conclusions

Fig. 12 Acclimatization process with differences in the value of Luminance (Lux ): 789 Lux (a), 1088 Lux (b), 3650 Lux (c), 5640 Lux
(d), 5790 Lux (e), No controlled luminance (f).

(a) (c) (d)(b) (e)

(f)



Introduction Objectives Methodology Results and 
Discussion Conclusions

Fig. 13 Examples of the final length of the acclimatized plants from seed germination (a) and from micropropagation of the
disinfected Berlengas plants in he lab (b) and on the rooftop (c).

(a)

(b)
(c)
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Component

(a) Ethanol

(b) Sodium hypochlorite

(c) Mancozebe

(d) 4x4min Sterilized distilled water

Armeria berlengensis
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Fig. 15 Percentage values of Viability 
rates (green color) and Inviability rates 
(gray color) for the various disinfection 
processes applied to several Armeria 
berlengensis plants (a) and leafs  (b). 

Fig. 14 Example of plants already with 
roots and leafs in in-vitro culture.

Process 2 Process 6

1 

min
Ethanol 96%

1 

min
Ethanol 96%

20 

min

Sodium 

hypochlorite <5%, 

20%

20 

min

Sodium 

hypochlorite <5%, 

20%

1 

min

Hydrogen

Peroxide 10%
-

4x4min Sterilized distilled water

Success Rate for stems: 15.79%
Success Rate for leaf: 33.33%

• Table V. Best disinfection process used in Armeria
berlengensis explants.
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 (
%

)

conditions of the plants

Fig. 17 Percentage values of Viability rates (green color) and Inviability rates (gray color) for
the various conditions (size) of Armeria berlengensis that were acclimatized.

Fig. 16 Big (a) and small (b) Armeria
berlengensis to aclimatize and an
acclimatized Armeria berlengensis (c)

(a)

(c)

(b)
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Component

(a) Ethanol

(b) Sodium hypochlorite

(c) Tirame

(d) 4x4min Sterilized distilled water

Herniaria berlengiana



• Table VI. Best disinfection process used in 
Herniaria berlengiana explants.

Introduction Objectives Methodology Results and 
Discussion Conclusions

Fig. 18 Herniaria bernlengiana in
in-vitro culture.

Process 2 Process 3
1 

min
Ethanol 96%

5 
min

Ethanol 70%

20 
min

Sodium 

hypochlorite <5%, 

20%

20 
min

Sodium 

hypochlorite <5%, 

20%

-
1 

min
Tirame 80% 

0.2g/L
4x4min Sterilized distilled water

Success Rate Process 2: 17.14%
Success Rate Process 3: 18.18%



Micropropagation is an adequate strategy to achieve 
the successful conservation of the three endemic 

species. 

Seed germination
• Pulicaria microcephala - high success rate 
• Armeria berlengensis - low success rate

Herniaria berlengiana is very difficult to find and to 
successfully adapt to in-vitro culture.

Introduction Objectives Methodology Results and 
Discussion Conclusions
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The project LIFE Puffinus Tavolara 

“Protection of the largest world population 
of Puffinus yelkouan”

Paolo Sposimo

F. Dell’Agnello, A. Navone, J. Primicerio, M. Putzu, V.Secchi, G. Spano

Peniche,  January 2018



Background

The Marine Protected Area (MPA) Tavolara -
Punta Coda Cavallo hosts 9,991-13,424 pairs of 
Yelkouan shearwaters (Puffinus yelkouan), 
between 1/3 and 2/3 of the global population, 
estimated in 15,337-30,519 pairs.

Vulnerable at global level 
and listed in Ann. I of EU 
Birds Directive. Its 
protection is therefore one 
of the main goals of the MPA

http://www.kinergenza.com/images/4mori.jpg


Main threat: predation by Black rats Rattus
rattus was recorded on 100 % of examined
nests of Yelkouan shearwater on both
islands, with the exceptions of single caves
of Tavolara and of exceptional years with
very low density of rat populations



Rat eradication is the solution! But the islands are large and, especially Tavolara, 
the topography is steep and rugged … the aerial distribution of bait appears to be 
the best or the only feasible option 

2008: rat eradication with 
aerial distribution, the first in 
Italy and in Mediterranean 
region, had been 
successfully completed on 
Molara. 

Molara hosts 300-600 pairs of Yelkouan 
shearwaters, Tavolara > 10.000 



For the shearwaters, even considering
rat recolonization, we believe that ours
has been a significant conservation
action: 3 years of high productivity,
estimated cost = 100 €/chick fledged

Propedeutic for larger island
eradications .... acquisition of bucket and
GPS control system and experience for
our staff

Now a new rat population (as confirmed by genetic analysis) is present, 
probably an intentional introduction by man



OPTIONS FOR THE FUTURE

• New eradication on MOLARA => important
(but opposition of one of the new owners…)
• Eradication on TAVOLARA => difficult but by
far the priority for Yelkouan shearwater
conservation at global level



A proposal submitted to the EU for the 2012 LIFE call was
approved and co-financed



The project includes:
Introduced Rodents eradication on Tavolara and surrounding islets

and other actions more or less related:

- Control of the feral goats population (capture and translocation)
- Eradication of Carpobrotus sp. on Tavolara
- Communication and dissemination activities

- Monitoring of effects on target and non-target species



Rodents (Black rat and House mouse) eradication

Scheduled in October 2015, delayed for 2 years due to authorization 
difficulties (unclear Health Ministery ordinance, now according with an 

EU regulation a specific authorization is needed)

Authorization obtained in March 2017!!!

Instruments, and experiences, from Molara and 
Montecristo

GPS-based distribution control system



Main (technical) difficulties:

• Extremely steep morphology, with caves (inhabited by rats) in high 
cliffs, with consequent risks that some rat habitats remain unbaited

• integration with hand distribution along parts of the island’s coastline



Not so easy to explore: a problem during
preliminary surveys



“Lots of people have baited cliffs but I don’t think any of them have been 
quite like Tavolara” (Pete McClelland, Island Conservation NZ, in litt.)



Military base with network of cables running up to the pylons located on 
the area’s highest peaks (up to 400 m above ground level)



Feral goats (that have an high impact on vegetation) assume pellets, increasing 
the risk of poisoning scavenger birds and of eradication’s failure, by removing 

pellets potentially from relatively large areas

House mouse!



Areas with small settlements and 
harbours (= reinvasion risks)

Risk of mortality for non target species



After 2 years of preliminary surveys, including rodent 
monitoring, field tests on bait assumption by rodents and 
on bait disappearance, a peer-reviewed eradication plan 

(collaboration with Island Conservation), shearwaters 
monitoring …

… and 2 years for the authorization



2 expert pilots from Island Conservation to support the 
Italian pilot, but we discovered that we had a very 
skilled pilot! 

24th-25th October 2017: first aerial bait distribution



First drop

• Aerial distribution above the cable net
• Additional drops in coastal areas, cliffs and caves
• Ground-based distribution in inhabited areas
• Complete coverage of the island surface
• 10.660 kg of bait (~15 kg/ha)



2nd distribution: 17th November 2017: 7060 kg (9,8 kg/ha), apparently optimal 
coverage of the island



Extimation of quantity of bait into the sea and monitoring of presence of 
brodifacoum residuals in coastal fish

Very good results: small quantities 
of pellets fell into the sea in 11 out 

of 12 points. Absence of 
observation of bait consumption by 
fish and of residuals of brodifacoum



We have done a good job and we have been lucky: good weather, great pilot 
and great staff, very few technical problems



The eradication of Rodents on Tavolara appeared to be one of the most effective 
conservation action for seabirds that could realistically be implemented in Italy and 
in all Mediterranean Sea 
• Currently at global level there are 1000-1500 pairs of Yelkouan shearwaters 
breeding in islands without rats. The eradication of rats from Tavolara will increase 
this number up to 10 times (90 % of Italian population without rats), probably 
causing a substantial change in the species’ conservation status (currently 
Vulnerable).
•Negative effects appears to be of a relevance incomparable with conservation 
benefits 
•2 years without signs of rodents presence are necessary, in the meanwhile we 
have to work in bio-security activities



Thanks for your attention



LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991)  Securing the Maltese Islands for the Yelkouan Shearwater Puffinus yelkouan 
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Restoration of Island Ecosystems Workshop 
Peniche – January 2018 

 

Rodent control at seabird colonies in Malta 
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Yelkouan Shearwater  (Garnija) Puffinus yelkouan 

• 1500-2000 pairs (7% global pop.)  

• Steep cliffs and islets 

• Breeding: February to July 

 

Scopoli’s Shearwater  Calonectris diomedea 

• 4500-5000 pairs 

• Steep cliffs and islets 

• Breeding: March to October 

 

Mediterranean Storm Petrel  

Hydrobates pelagicus melitensis 

• 5000 – 8000 pairs (50% global pop.)  

• On rat-free Filfla islet & a few sea caves  

• Breeding: April to October 

LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 



Yelkouan Shearwater  (Garnija) – Puffinus yelkouan 
 

LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 



• Closing gaps on knowledge of colony sites 

 Number of breeding pairs 

 Reproductive output 

 

 

• Identifying prevalent terrestrial threats  

 Predation 

 Light pollution (from land and sea) 

 Disturbance (from land and sea) 

 

• Conservation actions 

 Managing and significantly reducing threats 

 

LIFE Arcipelagu Garnija project (2015-2020) 

LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 



Rdum tal-Madonna (RM): 11 years of rat control 

• Main Yelkouan Shearwater colony in Malta:  500 pairs 

• Late 1990s, early 2000s: very low breeding success – high rat predation 

• 2007: a seasonal rodent control program was established                     
LIFE Yelkouan shearwater project  (2006-2010) 

• Public awareness actions to reduce littering 
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Rdum tal-Madonna (RM): 11 years of rat control 

• Main Yelkouan Shearwater colony in Malta:  500 pairs 

• Late 1990s, early 2000s: very low breeding success – high rat predation 

• 2007: a seasonal rodent control program was established                     
LIFE Yelkouan shearwater project  (2006-2010) 

• Public awareness actions to reduce littering 
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Rat control program at RM 
• Eradication not possible 

• 90 closed plastic bait stations: two blocks of anticoagulant rodenticide each -
brodifacoum 0.005% (2007-2015) and bromadiolone 0.005% (2016-2017) 

• Covering around 25ha on top of cliffs and in lower parts 

• Baiting 1-3 times per month between February and July 

• Signs of rodents and other fauna on the bait  (teeth marks) recorded every time 

 

LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 



Yelkouan Shearwater Reproductive Success 

Year 

No. of 

nests 

Reproductive 

success 

2007 6 83% 

2008 12 92% 

2009 11 91% 

2012 16 94% 

2013 32 88% 

2014 25 88% 

2016 24 88% 

2017 38 84% 

LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 

Rat control program at RM: Results 



Reproductive Success at RM compared with two other colonies 
with rat presence 

Colony Year No. of nests Reproductive success 

RM 2016 24 88% 

St. Paul's island 2016 9 67% 

Majjistral 2016 12 33% 

RM 2017 38 84% 

St. Paul's Island 2017 9 11% 

Majjistral 2017 11 55% 

LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 

Rat control program at RM: Results 



• Seasonal rat control where eradication is not possible is effective at 
increasing sea bird breeding success 

• Allows for establishment of other species – Mediterranean Storm Petrel 
now establishing at RM 

 

 

 

 

 

• Reduce littering by visitors through raising awareness and working for 
efficient waste collection  

• Possible to expand rat control to other seabird colonies 

LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 

Rat control program at RM: Lessons learnt 



Direct observation 

• Dead/Live rats 

• Rat signs:  

• Footprints 

• Faeces 

Predation:  

• On eggs and/or pulli 

• Other species:  

   Scopoli’s Shearwater 

     Storm Petrels, etc. 

 

 

LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 

Rat assessment at Yelkouan Shearwater colonies 
2016-2017 



Trap lines 
 

 

 

 

Non-toxic wax blocks 

LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 

Site code Site name Rat Marks on Wax block/s 

MT19 Fungus Rock No 

MT09 L-Irdum tal-Madonna No 

MT24 Ċumnija Yes 

MT16 Filfla No 

MT27 Ħal Far Yes 

Rat assessment at Yelkouan Shearwater colonies 

Site 

Code 
Colony name Trap nights 

Density (captures per 100 

corrected trap-nights) 

MT17 Kemmuna  06-08/05/2016 60.95 

MT17 Kemmunett 05/05/2016 23.26 

MT26 Miġra I-Ferħa 24/05/2017 0 

MT24 Majjistral NHP 16-18/05/17 5.17 



LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 

Site Code Colony name 

Number of 

Camera traps 

Total Camera 

trap days Rats counted Rats/day 

MT17 Comino 1 13 0 0 

MT17 Cominotto 5 214 29 0.14 

MT22 

St. Paul's 

Islands 

2 

148 29 0.20 

MT09 

L-Irdum tal 

Madonna 

16 

914 3 0.00 

MT24 Majjistral NHP 10 716 13 0.02 

MT24 Ċumnija 1 18 0 0 

Camera traps 

Rat assessment at Yelkouan Shearwater colonies 



LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 

• Rat presence was confirmed at 12 of the 16 
colonies (and sub-colonies) that were assessed:  

• Rat-free: Filfla and probably Fungus Rock  

• Where unconfirmed, requires more monitoring, but probably 
low presence/impact  

• Resulting in operational plans for rat control at 7 
colonies chosen by:  

• colony size & impact by predation; 

• accessibility and feasibility; 

• human resources and budget.  

• Biosecurity measures for Filfla and Fungus Rock 
 

Rat assessment 2016-2017: Results 



Yelkouan Shearwater  (Garnija) – Puffinus yelkouan 
 

LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 



Test of ‘E2/A24 Goodnature’ traps in 
Yelkouan colonies (2017) 

LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 



Test of ‘E2/A24 Goodnature’ traps in 
Yelkouan colonies (2017) 

LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 

Colony Trap Duration (days)  Counter strikes Rats found Rats killed/day 

Majjistral 1 39 1 1 0.026 

Majjistral 2 39 1 1 0.026 

St. Pauls Island  1 34 5 5 0.147 

St. Pauls Island  2 34 2 2 0.059 

Rdum tal-Madonna 1 40 0 0 0 

Cominotto 1 41 15 1 (plus 5 skinks and 

1 lizard) 

0.024-0.219 

Cominotto 2 41 12 2 (plus 1 lizard) 0.049-0.268 

Cominotto 3 41 8 1  0.024-0.219 



LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 

• Good performance 

• Great for sites hard to access or 
dependent on sea conditions: 
remote edges and caves where 
Yelkouans nest 

• Not suitable for sites with 
reptiles that could be attracted 
to ants eating the bait 

• Could be use in combination with 
anticoagulant baiting 

• Need to test for every 
environment 

Test of ‘E2/A24 Goodnature’ traps: 
Conclusions 



Ta’ Isopu (Gozo) AFM base 

Majjistral NHP 
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Operational plans for rat control in 2018 

Main colony 

Sub-colony 

- Seasonal control with bait stations/A24-E2 traps 
• Low intensity baiting along cliff top 

• Baiting and/or E2 traps on nesting ledges 

Comino and Cominotto islands 

 Rrdum tal-Madonna 

 Cumnija 

 

 

 

 

 



- Eradication on St. Paul’s Islands 

• 30 – 60 pairs of Yelkouan Shearwater 

• 100m from mainland Malta 
• Eradicate – monitor – eradicate  

• If rats return every year – switch to annual control 

LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 

Operational plans for rat control in 2018 



Biosecurity in rat free-islands 

LIFE Arċipelagu Garnija (LIFE14 NAT/MT/991) Securing the Maltese Islands for the Yelkouan Shearwater 

• Filfla : 4.5km from main land Malta  
• Largest known Storm Petrel colony in the Mediterranean 

• Fungus Rock: 38m from mainland Gozo 
• Scopoli’s and possibly Yelkouan Shearwater colony 

 

1. Preventing the arrival of rodents and other non-native species  
• Checking equipment and boat before arrival 

2. Early detection of invasive species: routine surveillance  
• Monitoring stations with non-toxic wax blocks  

• Inspection for visual signs of rats 

3. Responding to invasive species: incursion response  
• Start baiting with anti-coagulant poison within 48hours of detection 

 

 

 

 



Muito obrigado! 



Out of sight, out of mind? 

Preliminary findings on the biology and control of 
the Argentine ant in Madeira archipelago

Mário Boieiro, Cândida Ramos, 

Isamberto Silva, Nádia Coelho, Dília Menezes e Carla Rego



The Argentine ant, Linepithema humile
‒Native species from South America;
‒Introduced in all continents and in many oceanic islands;
‒Associated to human activities and human-disturbed areas; 
‒Considered one of the 100 worst invasive species.

Adapted from Wetterer et al., 2009



The Argentine ant, reasons to its succcess

Opportunistic and generalist;
Polygynous species;
Capacity to form supercolonies;
Engage in mutualistic interactions with many hemipteran species 
(including other invasive species)



The impacts

‒Predation and competition with native ants and other 
invertebrates

Attacking the Madeira endemic 
ground beetle Nesarpalus gregarius.



The impacts
‒Predation of bird nestlings, nuisance and depletion of 
resources of vertebrates

Population decline of the Coastal 
Horned Lizard (Fisher et al. 2002)

Predation of nestlings of the Dark-eyed 
Junco (Suárez et al. 2005)



The impacts
‒Interferes with native biotic interactions affecting 
ecological processes

POLLINATION

Lower visitation by pollinators resulted in lower fruit and seed 
set (Blancafort and Gómez, 2005)

SEED DISPERSAL

Low transport in invaded areas and lower seedling emergence 
(Gómez et al., 2003)



Brief history of the Argentine ant in Madeira

‒Detected in Madeira by the end of the 19th century (Schmitz, 1896); 
however present there since the 1840s.

‒Reports from the early XXth century say that the species is “a severe 
nuisance in Funchal and its surroundings”.

‒Later, the Argentine ant was considered “the most serious problem for 
agriculture and perhaps the most serious problem for the whole 
economic life of Madeira” (Schultze-Rhonhof, 1947).

‒The reports from urban areas led to speculations concerning its impact on the 
natural communities and some authors refered that native ants “had been 
completely exterminated”.



Brief history of the Argentine ant in Madeira

‒ In 2002, two myrmecologists visited Madeira and Porto 
Santo and concluded that the ant is mostly restricted to 
disturbed places in coastal areas, occupying ~10%  land 
surface. 

‒ They hypothesized that it could have been responsible for the 
extinction of some terrestrial invertebrates, but concluded that 
is no longer a major threat.



In recent years two important findings made us question 
their conclusion:

1) A study on the biodiversity of terrestrial arthropods identified areas 
where the Argentine ant was extremely abundant.

No or only few native ants were found there.

2) Several reports of predation on bird nestlings by the Argentine ant 
were reported from those areas.

Four bird species are known to be prey of the Argentine ant:

Bulweria bulwerii, Sterna hirundo, Larus michahellis and Serinus canaria



So, our aim was to

1) Assess the potential impact of the Argentine ant on the 
native biodiversity by studying its diet and trophic 
interactions;

2) Know the distribution of the Argentine ant at fine scale 
and perform some preliminary assays for its population 
control



Chão islet

‒High abundance of the Argentine ant;
‒Size, topography and vegetation‐type favour the study;
‒Natural communities have a good conservation status;
‒Several number of endemics.



Diet and trophic interactions 

‒ Observations of 10 minutes at different nest entrances
‒ The items transported by ants were taken and ID at lab
‒ Most items were terrestrial arthropods

Vegetal

Arachnids

Beetles

Bugs

Caterpillars

Larvae

Other 
arthropods

Solid diet



Diet and trophic interactions



BUGS

PLANTS

Endemic
Native
Introduced

Diet and trophic interactions

-

+



The collection of biological information on the target species and 
communities is critical to carry effective control and to anticipate 
community changes

‒ In Hawaii the control of an invasive ant species (S. geminata) led to 
the increase of another invasive species (A. gracilipes) which 
severely impacted the seabird fauna

Plentovich et al., 2009; 2017

So, it is important to stress…



Distribution

We used sugar baits (sucrose 25%) on plastic cards
Baits were set along paralel transects spaced by 10m
Baits were later checked for the presence of the ant
This (and other) data was recorded using a GPS to
produce a map



Argentine ant control

Main difficulties

Small size, have many queen and larvae (hidden!),
form supercolonies, ... they are everywhere !

Main advantages

We can use their well-organized social
system in our benefit!

Recruitment and trophallaxis may ensure a
generalised insecticide spread (delayed action).



Our population control protocol consisted in four phases:

1) Baiting and check recruitment

2) Delivery of the insecticide

3) Monitoring the intake

4) Removal of the station

Argentine ant control

10m

~2‐3h



Conclusions

The collection of biological information at species and 
community level is critical to carry effective control and to 
anticipate community changes.

The use of specific insecticides (formicides) is crucial for ant 
control, but their application must be done with care.
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