()

CSIRO

A Search in Spain and Portugal
for Potential Biocontrol Agents for
Gorse (Ulex europaeus europaeus L.)
in Hawai’1

A contracted research project for Parker Ranch Inc., Hawaii, USA
Conducted by CSIRO Entomology

Compiled by the Principal Scientist

Dr. Andy Sheppard

CSIRO Entomology




Executive Summary

In line with reporting at the end of this contracted research project, this is the final report
on the suitability of each species as a potential control agent for gorse, Ulex europaeus
europaeus L. in Hawaii. The two aims of this project were to survey the native
evolutionary centre of origin of Ulex for autumn active insects that reduce seed
production in autumn developed pods and to look for autumn active root boring insects as
potential biological control agents for gorse in Hawaii. There were very low levels of pod
production by gorse during the autumn flowering period of 2003, despite a preceding hot
summer that should have provided the conditions for strong early flower bud
development. Gorse pods that clearly developed and matured during this period (classed
as brown pods) only generated a potential of 0-300 seeds per mature plant in autumn and
suffered only 0.1% seed losses to the apionid seed weevil Exapion and 7% seed loss to
pod moths of the genus Cydia. It was concluded that insect activity on gorse pods in
autumn in the native range is not high enough to expect there to be any autumn specific
insects available as potential biological control agents for gorse in Hawaii and indeed
none were successfully reared out. Most root feeding insect activity found appeared to be
from insects active at different times of the year, suggesting further surveys for root
feeding insects should take place in spring-summer. This project complimented previous
surveys of gorse carried out in the native range in the 1960’s and 1980°s by CABI.



Background

A range of biological control agents are already established in Hawaii against gorse, Ulex
europaeus europaeus L., including the shoot moth, Agonopterix ulicetella (Stainton), the
pod weevil, Exapion ulicis (Forster), the gorse thrips, Sericothrips staphylinus Haliday,
and the gorse mite, Tetranychus lintearius Dufour. These are contributing to the control
of gorse, however general consensus amongst gorse biological control practitioners
around the world that met in April 2003 was that two further key strategies for increasing
biological control of gorse remained to be explored (see Appendix 1). Firstly the seed
feeding agent, E. ulicis, only reduces seed production in spring while flowering and seed
production in Hawaii starts with considerable seed production in autumn. Secondly no
potential agents have yet been identified that can kill mature plants and surveys have not
specifically targeted agents found inside the roots of gorse in the native range. The aim of
this project was to carry out surveys of gorse in its native range in autumn to see if
autumn active seed feeders, particularly other Exapion sp. and members of the pod moth
genus Cydia in addition to root feeders, could be identified and evaluated as potential
biological control agents.

The native range of gorse is from Western Europe as far east as Italy and Germany;
however the center of evolution of the genus Ulex is the W. Iberian peninsula (W Spain
and Portugal) from where at least 15 taxa are now recognized (Talavera et al. 1999"). The
highest faunal diversity of specialist natural enemies is usually associated with this
evolutionary centre of origin. Two previous surveys of biological control agents for gorse
have been published. The first by Helmut Zwolfer between 1962 and 1963 surveyed
France. The results were published in a CABI interim report listing insects found both on
the surveys and from reviews of the literature (Zwolfer 1963). This report does not
specifically state the time of year of the surveys, but they were generally considered to
have been carried out in spring (see Appendix 1). The second in 1986 carried out by
Donal O’Donnell of CABI UK covered NW Spain and Portugal (O’Donnell 1986) and
was a spring survey. His report lists all sites with brief site descriptions and the agent
species identified. Previous spring visits to the region have also been made by George
Markin (USDA-ARS) or his colleagues and Richard Hill (Landcare Research NZ). While
these visits did not lead to published reports, gorse was described as occurring in
significant amounts as far south as Sintra near W of Lisbon and at least one root feeding
insect (the cerambicid Chlorophorus trificulatus) had been collected from gorse in
Portugal (George Markin pers. comm.). The aim of the surveys in this project was to
resurvey the region covered by O’Donnell using two trips in autumn.

! http://www.rjb.csic.es/floraiberica/floraiberica/texto/pdfs/07 18%20Ulex.pdf



Methods

Literature search

Prior to the surveys a literature search was carried out to update that published by
Zwdlfer in 1963. This included an electronic search of Zoological Record and the CABI
abstracts database for articles relating to Ulex, and a search of web-data bases for
herbivorous insect groups which included lists of host plant records.

Surveys
Two surveys were conducted in autumn to early winter 2003. The first, 29 Sept to 3 Oct,

covered Portugal in detail at the extreme southern part of the native range of gorse
between Coimbra and Figueira da Foz to the north and Lisbon to the south. The aim of
this visit was to try and locate plants that were producing seed pods in autumn. As
reproductive bud formation in autumn is related to degree-day temperature accumulation
through summer (R. Hill pers. comm.) it was assumed that most autumn flowering would
occur on plants that had experienced the longest and hottest summers (i.e. in the south)
and the summer of 2003 had been one of the hottest European summers on record.

The second survey took place between 25 Nov — 1 Dec. The timing was
somewhat later largely based on the first trip, which did not find many plants in flower
and focused on the region north of the first survey up through northern Portugal, NW
Spain including Galicia and Asturias.

Survey methods consisted of locating sites with more than one species of Ulex,
but preferentially containing U. europaeus. A further aim was also to sample as many
native species of Ulex as possible and try and understand the biogeographical distribution
and flowering phenological overlap of U. europaeus and congenerics in the region in case
shared genus-specific pod insects were present. At each site, the Ulex species and other
members of the Genisteae were identified. All gorse plants in the vicinity were searched
for flowers and or pods. Where possible, 100 pods as mature as possible, were collected
per plant from 10 plants per Ulex species and stored separately per plant in paper bags. At
each site wherever sick plants were seen plants were dug up to look for root feeders.
Where time allowed and in key regions of high Ulex abundance, e.g. in the pine
plantations of W. Portugal between Peniche and Porto or in the valleys around Orense in
NW Spain more extensive up rooting of gorse plants took place to look for evidence of
root feeders. When the weather was fine and dry, beat samples of plants were also made
and members of the families Curculionidae, Apionidae, Chrysomelidae, Cerambycidae
Bruchidae, Buprestidae, Cicadellidae, Psyllidae and Miridae were collected for
identification.

Data analysis and species identifcation

Soon after the completion of the surveys, pods were dissected counting the total number
of formed seeds per pod and the number per pod that were eaten by either Exapion sp. or
pod moths of the genus Cydia. These were the only two damage types observed. Fungal
attack of seeds was also noted. Results were averaged per site and across sites with the
same species of Ulex. Insects recovered from beatings were sent for identification to
known specialists.




Fig 1. Map of sites visited during surveys for gorse biological control agents in September (green) and
November (yellow) 2003. Refer to Appendix 2 for site details and Ulex species present




Results & Discussion

The literature search generated a list of 133 phytophagous arthropod species known to
attack the genus Ulex (Appendix 3).

A total of 48 sites were located, 31 of which had U. europaeus including sites with the
endemic local subspecies Ulex europaeus latebracteatus (Mariz) Rothm. that occurs
along the coast in Portugal at the southern limit of the native distribution. Overall 7
species of Ulex were identified and sampled including also U. airensis Espirito Santo &
al., U. minor Roth, U. densus Welw. Ex Webb, U. gallii Planch., U. micrcanthus Lange,
U. jussiaei Webb including also a hybrid population of U. europaeus x U. gallii. U.
europaeus pods were collected from 20 sites, while U. europaeus latebracteatus pods
were collected at only two sites as this subspecies appeared not to flower in autumn.
Other species that were flowering and producing at least some pods during the surveys
were U. gallii, U. minor and U. jussiaei. While U. gallii and U. minor are noticeably
smaller than U.europaeus with smaller flowers, U. jussiaei closely resembles U.
europaeus, superficially in stature and growth form, but flowers earlier and has flowers
of similar size but lacking the large flower bracteoles typical of U. europaeus.

Table 1. Summary of sites sampled by Ulex species and types of samples taken

Ulex species Number  Number of Number of Number of
of sites sites with sites sampled sites sampled
sampled other for pods for insects
Ulex sp.

U. mircranthus
Stauracanthus genistoides™

U. europaeus europaeus 24 10 20 6
U. europaeus latebracteatus 9 2 2 3
U. gallii 4 4 2 2
U. europaeus x U. gallii 1 1 1 1
U. jussiaei 12 3 3 8
U. minor 9 7 9 4
U. densus 2 2 0 2
U. airensis 2 0 0 1

2 2 1 2

1 1 1 1

genus most closely related to Ulex.

Survey 1. 18 sites were surveyed along the coast and hinterland south of Figueira da Foz
(Portugal) was surveyed in detail (Fig. 1) where 4 species of Ulex were found; U.
Jjussiaei, U. europaeus latebracteatus, U. densus and U. airensis. It appeared that the visit
was too early, as only the first two species had flowers. Ulex jussiaei was the most
advanced with about 30% of the plants in flower and 10% with maturing pods. U.
europaeus latebracteatus had <1% of plants with some flowers resulting from an early
small burst of flower buds on last years growth, but none with pods. Apionids were active
on all species except U. airensis, despite a lack of flowers, and these were collected.
These have been sent for identification and to see if there are any not already recorded in
the scientific literature as U. jussiaei and U. densus appear never to have been previously
sampled for apionids.



Samples of plants roots of U. europaeus latebracteatus were also examined at 5
sites. There were small burrows in most roots from lower stem to lower tap root, similar
to the burrows of buprestid beetles, but clearly the makers of the burrows were elsewhere
at this time of year. There were also larger burrows that ran from the stem bases into the
upper root forming a gall like swelling. All were empty except one, which had a large
weevil larva (8§ mm) in it, however the larva failed to be reared. Its presence as a mature
larva suggests that the insects tunnel in spring/summer. There have been surveys
undertaken at this time of year, and this species may already be recorded in the literature.

The southern most U. europaeus latebracteatus (and hence U. europaeus sensu
strictu) was on the cliffs at the coast above Torres Vedras. Around Sintra there were large
amounts of Ulex throughout the hills and down to the coast, but this was all U. jussiaei as
evidenced from the presence of flowers. There remains the possibility that U. europaeus
latebracteatus is there in small amounts given that it was not in flower, but this did not
appear to be a major locality for this species.

Survey 2. 30 additional sites were sampled around the coast from San Vicente de la
Barquera in northern Spain to S0 Pedro de Muel and in central regions, linking up with
the previous survey and four sites were visited on both surveys. The pods were still moist
as it rained most days. The discouraging aspect to the trip was that there was little
evidence of significant autumn pod production in U. europaeus (either subspecies) in
Europe particularly given that the previous summer had been exceptionally hot. The trip
confirmed that southern extremity of the range around Sao Pedro and south includes only
subspecies U. europaeus latebracteatus. The few plants that had been observed
developing flowers during the last visit in October had aborted nearly all the flowerbuds
observed in September and it was clearly evident that this subspecies, more so than U.
europaeus europaeus, does not regularly flower in autumn. Where few pods were found
there was some evidence of hybridization with U. europaeus europaeus. This meant
nearly all the pods collected were from U. europaeus europaeus (Table 1).

On U. europaeus europaeus rows of new flower buds were evident on last years
shoot growth usually along with the odd black pod produced further back on the
branches. Intact black pods were collected and categorised as such for the dissections and
may have been the resulted of aberrant flowers originating in late summer (many of these
were empty). The true autumn pod production was from pods turning brown from green
and tended to occur only on the most advanced plants at a site and at a minority of sites
seen. Green pods made up a third category and were more frequently present, but on
branches where flowers clearly predominated pods. Assuming they survived the winter
frosts, these green pods would only mature and dehisce in spring and so are not true
autumn pod cohorts.

In the southern part of the range U. europaeus europaeus only occurred inland as
a motorway verge species and clearly adventitious and recent to this disturbed habitat
(most motorways in Portugal have been built in the last 10 years) until the northern
Portuguese-Spanish border is approached. The extent of flowering and pod production
seen on U. europaeus europaeus appeared to be the same everywhere. From Pau in
France (passed during the surveys) through to the southern most populations the amount
of pod production was the same with as much variation being seen within sites as
between them. It was nonetheless quite hard to find the 100 pods per plant off 10 plants



set as a site sample size. There did not, therefore seem any latitudinal advantage of going
south and only altitude made a slight difference in flowering phenology. This does raise
the question of what triggers flower bud production and why do gorse plants in Hawaii
produce significant pods in autumn, when this was not observed on this trip despite the
heat of the previous summer. Samples of Ulex minor, U. gallii and U. micranthus
populations were new species encountered on this survey.

Pod dissections
Pods dissections were confined to those species on which pods were found i.e. U.
europaeus (both subspecies), U. jussiaei , U. minor, U. gallii and U. micranthus. Given

Table 2. Pod dissections results for potential seed production and insect damage levels
per pod, per site per Ulex species for black, brown, green and all pods combined together
with the number of observed insects per pod sample.

Ulex spp. Pods Seeds Exapion Cydia # Exapion # Cydia
pod™ % eaten % eaten sample bag larvae
sample

bag

U. europaeus Black 2.84+0.19  1.64+£0.97  29.37+7.18
europaeus Brown  2.10£0.21  0.11%0.08 7.01£1.77

(20 sites) Green 0.75+0.25 0.00 7.14£3.33

Total 1.85+0.24 0.25 7.37+1.92 0.50+0.27 0.23+0.10
U. europaeus Black 2.53 0.00 13.33
latebracteatus  Brown 0.87 1.75 3.00
(2 sites) Green

Total 1.87+0.24 0.76 2.10 0.00 0.09
U. gallii Black 2.00 0.00 37.50
(1 site) Brown 2.52 4.56 0.00

Green

Total 0.66+0.20 4.51 5.36 0.25 0.25
U. europaeus Black 2.22 4.64 49.54

x U. gallii Brown 1.83 1.10 9.50

(1 site) Green 0.50 0.00 0.00

Total 1.39 2.74 15.44 0.36 0.00
U. jussiaei Black 4.00 0.00 100.00
(1 site) Brown 3.52 0.00 0.00

Green

Total 1.09 0.00 4.04 0.00 0.00
U. minor Black 2.10+0.39 0.00 38.78+14.25
(9 sites) Brown  1.42+0.31  0.53+0.39 2.17+1.47

Green 0.03+0.02 0.00 0.00

Total 1.01+0.10  0.53+0.39 4.81+2.55 0.31+0.19 0.02+0.02

U. micranthus

 site) Total 0.3 0.00 0.00 0.00 0.00

the different flowering phenologies not all pods were of the same age and so during
dissections all pods were divided into the three categories of black, brown and green pods
described above. For the purposes of dissection, brown pods were still maturing but



already had quite large seeds inside, while green pods were still very immature without
fully formed seeds. This was done to understand any variation in insect activity in the
pods. The brown pods made up 72%, while black pods made up 16% of U. europaeus
pods dissected. In addition to insect damage, fungal attack of seeds was occasionally
observed up to about 20% of seeds, but it was unclear whether such damage occurred
after collection of wet pods on immature wet pods. Table 2 shows the results of the
dissections. Pods from U. europaeus were producing 1-3 maturing seeds per pod in
autumn and in most cases a sample of a hundred pods was hard to collect from a single
plant. Autumn seed production by gorse in the native range in the year of the surveys
therefore only attained a maximum of between 100 and 300 seeds per mature plant. Pod
use by insects was low. Seed predation was highest in the black pods, i.e. those that had
matured during the late summer peaking at 30% seed loss to pod moths (Cydia sp.) and
1.6% loss to Exapion sp. The presence of apionid damage (presumably Exapion ulicis)
only really in black U. europaeus europaeus pods suggests this damage resulted from
surviving spring active apionids rather than an autumn generation and further suggests
there is no autumn specialist apionids attacking this target species. Brown pods, the
largest pod category that most effectively represents autumn pod production suffered on
average only 7% seed loss to pod moths and 0.1% seed loss to Exapion sp. This higher
attack by Cydia sp. suggests at least some Cydia goes through at least a partial autumn
generation on U. europaeus europaeus and indeed other Ulex species like U. minor and
U. gallii. Nonetheless, total autumn seed loss to insects was insignificant in U. europaeus
europaeus with pods in the surveyed distribution in line with generally low autumn seed
production. Apionids on U. europaeus are therefore spring active seed predators in the
native range, as already known in the exotic range. Attack levels were similar in other
Ulex species, including those that were clearly autumn flowering species like U. minor
and U. jussiaei, suggesting that seed losses to insects is not high within the genus in
autumn.

Beat samples & Identifications.

All apionid weevils, particularly Exapion species, recovered from beating Ulex species at
the different sites have been sent off for identification and are also being used to
construct a molecular phylogeny for the species collected through collaboration with the
University of Rennes. As there is no longer an payable identification service for
European insects sufficiently reliable to identify species within the genus Exapion, and
the service is dependent on one or two specialists worldwide who receive many such
requests, identifications are unlikely to be available before the end of this project. Twenty
two larvae of the pod moth genus, Cydia sp., emerged from the 3510 pods collected and
dissected. Only 5 of these larvae matured to pupae and from these pupae only parasites
emerged.




Conclusions

The two aims of this project were to survey for autumn active insects that reduce seed
production in gorse pods developed in autumn in the native range of this weed and to
look for autumn active root boring insects that might have potential as biological control
agents for gorse in Hawaii. There was very low pod production by gorse during the
autumn. It is hard to explain why this was, given that gorse regularly flowers and sets
seed in autumn in Hawaii and other parts of the exotic range.

If temperature accumulation is the driver of flower formation as some suspect (R.
Hill pers comm.) then either the summer climate experienced by gorse in the native range
must be cooler than in the autumn flowering areas in the exotic range, or the genotypic
control of flowering phenology is less variable in the native populations. Some also claim
that gorse may have developed variable flowering patterns to escape specialist seed
feeders like the Apionidae (Atlan pers comm.). In which case, why doesn’t gorse have a
significant seeding period in autumn in the native range when Exapion ulicis is inactive?
Such studies often raise as many questions as provide answers.

This study demonstrated at least that the levels of insect attack are not high
enough to support the initial hypothesis that there might be a specifically autumn active
insect that would have potential as a biological control agent for gorse in Hawaii. Most
root-feeding insect activity found appeared to be from insects active at different times of
the year and indeed a literature survey suggested that the species found on previous
surveys, the cerambycid Chlorophorus trificulatus, is two generalist to be considered as a
biological control agent for gorse.
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APPENDIX 1

Notes on an informal biocontrol of gorse meeting held in Canberra April 2003:

Attending:  Dr Richard Hill hillr@crop.cri.nz
Dr John Ireson John.Ireson@dpiwe.tas.gov.au
Mr Lincoln Smith Ismith@pw.usda.gov
Dr Andy Sheppard andy.sheppard@csiro-europe.org
Dr George Markin gmarkin@fs.sed.us
Ms Raelene Kwong rae.kwong@nre.vic.gov.au
Dr Dennis Isaacson tansy1942@yahoo.com
Mr Thierry Thomann thierry.thomann@csiro-europe.org
Dr Paul Pratt prattp(@saa.ars.usda.gov
Dr Mike Pitcairn mpitcairn@cdfa.ca.gov
Mr Hugh Gourlay gourlayh@landcareresearch.co.nz
Mr Jamie Davey Jamie.davies@dpiwe.tas.gov.au
Ms Karina Potter Karina.Potter@dpiwe.tas.gov.au
Dr Hernan Norambuena hnorambu@carillanca.inia.cl
Discussion:

The meeting of this group was organised to discuss the possibilities of
establishing an international consortium to fund surveys for new gorse agents in Europe.

An existing agreement has been established between Parker Ranch in Hawaii,
Landcare Research in New Zealand, and CSIRO in Montpellier, France for CSIRO to
begin autumn surveys in Europe for potential gorse biocontrol agents, in particular an
autumn seed feeding agent.

Parker Ranch is funded through a federal grant and the Parker Ranch Trust to
control and establish the long-term eradication of gorse on its property in Hawaii. Some
US$25,000 of this project has been made available to CSIRO for the field surveys in
Europe. Landcare Research has added NZ$5000 in support of these surveys.

Mike Pitcairn stated that California is heading up an International Broom
Initiative (IBI) which together with USDA-ARS is seeking US$1.4 Million pa funding
support from the US federal government to carry out a long-term project aimed at
biological control of all key exotic weeds in the Genisteae. In the proposal CSIRO has
been identified as the main research agency that will undertake the native range aspects
of this project should it get funded.

Parker Ranch and Landcare Research are combining funds and adding them to
this effort to enable CSIRO to start search for gorse agents this year.

George Markin stated that a previous survey had detected a cerambicid root
feeder (Chlorophorus trificulatus) in Portugal near the city of Coimbra. Specimens were
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collected and sent to Hawaii but could not be reared. Richard Hill had found and worked
on another root feeding weevil (Sitona regensteinensis) but had not reared it successfully.

John Ireson and Raelene Kwong both stated that they maybe able to contribute to
a consortium if there was a formal agreement and established group already in place.

Hugh Gourlay stated that Landcare Research was mostly interested in an autumn
seed feeder. Recent studies had shown that in New Zealand we were removing up to
60% of the annual gorse seed crop in most areas and close to 100% in predominantly
spring seeding areas. Modelling studies have shown that by removing 75% or more of
the annual gorse seed crop a significant reduction in gorse cover may result.

Others in the group suggested that a comprehensive survey of gorse in Europe
would be useful and especially for a root-feeding agent but that an autumn seed feeder
would be a good start. Andy Sheppard stated that without considerable additional
funding a comprehensive survey would not be possible.

Richard Hill said that some surveys had already been done on gorse throughout its
European distribution, but that these were largely conducted in spring and summer.

In general discussion the group decided that Richard Hill would act as the leader
and co-ordinator of an international gorse group, he agreed.

Hugh Gourlay was to organise with Richard a formal agreement that stated the
project, its goals, and its existing funding sources so that funding might be sought from
other interested countries. I am in the process of doing this and will send you all a
Memorandum of Understanding that can be signed by us all. This is an agreement that
states what and how we are going to do a project and puts in writing financial and project
contributions by each of the signing parties but obligates none of the signatories.

Status of gorse biocontrol programmes in the US, Hawaii, Chile, Victoria,
Tasmania, and New Zealand:

NZ: Exapion ulicis, Cydia succedana (seed feeders)
Released and Tetranychus lintearius, Sericothrips staphylinus (sap suckers)
established Agonopterix ulicitella, Pempelia genistella (foliage feeders)

USA West Coast :  Exapion ulicis, Tetranychus lintearius

Tasmania: Exapion ulicis, Tetranychus lintearius, Sericothrips staphylinus

Chile: Exapion ulicis, Tetranychus lintearius, Agonopterix ulicitella

Hawaii: Exapion ulicis, Tetranychus lintearius, Agonopterix ulicitella,
Pempelia genistella (not established)

Victoria: Exapion ulicis, Tetranychus lintearius, Sericothrips staphylinus

St Helena Island:  Tetranychus lintearius
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