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Executive Summary

It is almost four years sindeagarosiphornwas first reported in a bay on the western side
of upper Lough Corrib. Since that time, this aggres invasive plant has rapidly
expanded its geographical range and its overatidgtg crop within this large water
body. Between 2005 and 2008 focused research prnogea have endeavoured to
identify the factors that confer such a competitagvantage on this species over
indigenous macrophytes. Studies on the life cy€léhis southern African plant under
Irish conditions have revealed growth, reproductama dispersal strategies that differ
significantly from those inherent in our native sigs. Furthermore, a wide range of
control methods, including mechanical, chemical,vimmmental and biological
approaches, have been targeted against this irvaged. It is clear that a great deal
more research must be conducted if viable, longrteontrol ofLagarosiphonin Lough

Corrib is to be achieved.

Lough Corrib is the second largest lake in Irelgcidca 17,000 ha). Its ecological and
conservational importance is considerable, suppgp¥ habitats and six species that are
listed on Annex | and Annex I, respectively, oéthlabitats Directive. Lough Corrib is
an internationally renowned wild brown trout fispesupporting significant stocks of
wild salmonid fish. As a consequence, the lake rsamonally recognised recreational
angling resource for the local tourist industry.eTénvironmental, social and economic
status of Lough Corrib will continue to be compread as this aggressive invasive plant

continues to expand its range within the lake.

Survey work conducted in 2008 revealed thaparosiphonis continuing to spread
rapidly through the upper and middle lakes. In 2@_agarosiphorinfested sites were
identified in Lough Corrib. A further 49 sites warezorded in 2008, giving a total of 113
infested sites in the lake at the time of writilrgthe middle lake, the plant is gaining an
increased foothold and is continuing to spread dikeam towards the shallower, lower

lake.
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Significantly, noLagarosiphonhas yet been recorded from the entire lower la{eile
this is a positive finding, it is clear from thesttibution studies conducted in recent years
that the plant is progressively moving southwamtals this large expanse of relatively
shallow water (average depth - 3 m). Every effotsinbe made to ensure that the
progress of the plant in this direction is halted &hat any sighting of viable populations

in this watercourse is met with urgent and drametimon.

Results from biological surveys of the macrophyteacroinvertebrate and fish
populations that were conducted in Lough CorrilR@®8 demonstrated the significant
alteration thatLagarosiphon can impose on the ecology of this infested water.
Macrophyte surveys clearly illustrated a dramagiduction in diversity in areas where
Lagarosiphonwas well established. Furthermore, macroinvertebedbbundances were
significantly greater in the invasivieagarosiphonthan in the indigenous Charophyte
vegetation although fewer species and taxa contributed toahisndance. Of significant
concem is the fact thaiagarosiphonappears to be providing a habitat that favours the
establishment and proliferation of the invasive rAabusselDreissena polymorpha

A total of seven fish species and one hybrid werded on Lough Corrib in 2008.
There was a clear dominance of coarse fishes indtesurveyed. Perch and roach were
the predominant species present. Smaller fish dif lspecies were associated with
Lagarosiphondominated habitats, suggesting that the invasigeraphyte represents an
important predator refuge for these juvenile fisi2sspite the status of Lough Corrib as
an internationally important salmonid angling laoat brown trout was poorly
represented in the samples. However, the samplmotpgpl was selective towards
smaller fish size classes and would not be expdoteepresentitive of the natural brown
trout population in the lake. Despite this, it Isar that the habitat created by the tall and
denselLagarosiphonvegetation favours coarse fish species and contrasnprobably to
the detriment of native salmonid species. The ooetl expansion of this invasive
species, clearly, will negatively impact on theserensensitive salmonid groups.

Significant progress has been made with weed donit@tives in 2008 and a total of 29
hectares ot.agarosiphoninfested lake has been mechanically cleared owx anonth
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period. This has resulted in the removal from tileslof approximately 4,700 tonnes of
invasive plant material. Regrettably, this congtisuonly a small fraction of the weed in
the lake and control operations will have to bemstfied in the long-term in order to

make a serious impact on the overall weed populatio

On the positive side, field observations suppobg@mpirical data from artificial growth
chambers have shown thiadgarosiphonis susceptible to the deep cut that is applied
using trailing knives or V-blades, and that ‘deegy plants rarely regrow. This suggests
that the cutting method currently in operation iough Corrib, while slow and labour
intensive, has the potential to provide long-teontml. Furthermore, research conducted
into the life cycle of the plant has shown thatr¢hare two distinct morphological forms
of the plant. The ‘erect’, canopy-forming stage lipeoates during the colder winter
months, while the ‘collapsed’ stage is most commnttmough the summer time. This
finding has influenced the course of the mechanicdiing programme as it has been
demonstrated that far greater yields, in termisagfarosiphorbiomass removed from the
lake, are attained for a similar effort when the isuapplied to erect, buoyant plants.
Thus, cutting during the winter months will be fapre productive than cutting in the

summer time.

Further advances with weed control techniques l@en made, particularly in the area
of environmental control, and specifically lightohxsion. The use of a biodegradable,
jute geotextile was piloted in 2008 and, while ltriare at an early stage, the method is
showing considerable promise. The jute materidhisasier to handle and to accurately
place over designateggarosiphorstands than was the plastic geotextile that waketti

in 2007. When secured in position by divers, thiaterial rarely moves and never
interferes with boat traffic or recreational use tbé lake. Interestingly, it has been
discovered that some of the more diminutive, natileara species are capable of
growing through the fine pores in the material,stheducing the necessity to transplant
native macrophytes on the geotextile sheetsLalgarosiphonplants have managed to
grow through the material. In addition, althouglatigely labour intensive to apply, it is
believed that, once laid, this material will remanposition for a sufficiently long time
to completely eradicate the underlyibggarosiphorplants.
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Other weed control approaches currently receivitignéon include the use of an
approved herbicide (dichlobenil) and hand removaLagarosiphonplants by divers.
The application of chemical control within carejulselected and localised areas,

normally where alternative approaches are unseitéials proved to be quite successful.

The possibility of ultimately releasing one or mdmecontrol agents ontbagarosiphon

in Lough Corrib is being carefully considered. Hiedtudies in South Africa have
identified a number of potential candidate ageimés will be examined in detail over the
coming years by a team of experts in UCD. No r&easill be countenanced until there
is certainty that the released agents will not fmdsuitable host among the native
macrophytes in or around Lough Corrib.

There are a considerable number of avenues spllitsue in order to fully understand the
complex biology of.agarosiphon the factors that favour its establishment andvgjtan

Lough Corrib, its impact on the broad ecology & thke, and how best to control and
eradicate it. Efforts to advance and optimise tleedvcontrol methods currently being
used will continue. However, it will be necessaoy develop alternative and novel
approaches to controlling the plant and to inveséignechanisms or strategies that will

best exploit any vulnerable life cycle stages.

Recent work orLagarosiphonin Lough Corrib has used the combined resources of
number of State and semi-State agencies. Thisigasicantly benefited the project by

providing additional manpower, but it has also dida the development of field

technique and control strategies. Furthermore,ctliomllaboration with expert teams
from UCD, QUB and from GMIT has bolstered the reskeaffort and provided a greater
insight into the inner workings of this complex @aswe species. This work will continue
into the future, with the primary objective of meshg the high ecological and

conservation status for which Lough Corrib is rened:.
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1 Introduction

The national importance of Lough Corrib as an arksignificant natural heritage and
conservation is, at present, adversely compronbyeithe presence and expansion of the

aggressive invasive macrophyt@agarosiphon majar

Lagarosiphon majoris an invasive, non-native, aquatic plant spechest tvas first
recorded in a natural aquatic habitat in Irelan@005. At that time, the dense growth of
Lagarosiphoncovered an area of 12 ha in one of Lough Corriliisthern bays -
Rinerroon Bay (Figure 1). This thick, matted cangpgcluded angling or recreational
boating in the bay and impacted indigenous floradl &aunal communities that were

previously resident in the area.

Figure 1: Lagarosiphon in RinerooBay, 2005.

Lagarosiphon majofAfrican curly-leaved waterweed, African elodeaygen weed) is a
native to southern Africa (Obermeyer, 1964) and aismember of the Family
Hydrocharitaceae, which includes the more comm&ntwn species such &odeaand
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Hydrilla. This perennial, submerged aquatic plant can senduished most easily from
closely related species by the distinct, alteryadpiraled position of the leaves along the
stems (Bowmeet al, 1995). The leaves are also strongly recurvedndeawds towards
the stem and have strongly tapered tips (A morailédtdescription of the morphological
features used to identifyagarosiphoncan be found in Caffrey and Acevedo, 2007.) The
specific growth pattern of this plant leads to tépe surface stem branching. This
produces extremely dense mats on and immediatébyvbibe water surface at times of
maximum growth. These mats can be so dense thatigadty no incident light can
penetrate to the lake bed beneath. It is this anbat surface growth form that poses
most threats for biodiversity and for recreatior&ploitation in infested watercourses.
Only female plants are known to occur in Irelandodk, 1982;National Botanic
Gardens, 2007). However, despite this, reproduamhspread of this plant is extremely
successful through the alternative asexual methafdfagmentation and vegetative

reproduction.

The Corrib Catchment constitutes an environmenggburrce of major international
importance. Lough Corrib itself is the second latdeke in Irelanddirca 17,000 ha). Its
importance is characterised ecologically by theewrsive Charadominated shallow
areas, the clean alkaline waters and the abundadmesect life present in the lake. Lough
Corrib is one of the few large alkaline lakes ramrag in Western Europe that is capable

of supporting significant stocks of wild salmonishfes.

Further, Lough Corrib is of major conservation imtpace and supports 14 habitats and
Six species that are listed on Annex | and Annereipectively, of the Habitats Directive
(http://ec.europa.eu/environment/nature/legisldhahitatsdirective/index_en.htm).

In addition to its environmental value, Lough Cbris a focus for a large local and
tourist recreational angling community. The qualityd salmon and brown trout fishing
makes Lough Corrib a major national tourist angti@gtination. This large alkaline lake
is regarded as one of the more productive wild lorénout water body in Ireland. This is
reflected by the fact thairca 16,000 angling boats were present on Lough couiing
the 2008 mayfly fishing season.
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Lough Corrib is also a focus for the local tounsdustry, with regular cruise tours and a
wide range of historically significant sites (etge ancient Hen's Castle (home of the
great pirate Queen of Connemara, Grace O’'Mallé, 13" century Ashford Castle, the

monastic sites on Inchagoill Island, among oth&rsgppeal to visitors from at home and

abroad.

Since the recent identification of the highly inwvas submerged plant species,
Lagarosiphon majarits rapid advance through the upper lake has dstrated its

potential to compromise the environmental, soaial aconomic quality of the area.

In this report, the status of thHeagarosiphonproblem in Lough Corrib in 2008 is
described and results from research undertakerydlais are presented. This information
is critical in order to reduce and/or reverse thgative impacts already evidenced on the
lake and its communities. The long-term aim ofgh@gramme is to restore Lough Corrib
to its acknowledged status as a fishery of intésnat standing and a nationally

important Special Area of Conservation (SAC).

1.1 Funding and Research Objectives

Knowledge of the invasive capacity afagarosiphon and the environmental and
economic havoc that it has caused over a periodOofiears in New Zealand (e.g.
Howard-Williams, 1988;Rattray et al., 1994), gave rise to serious concerns for the
conservation status and overall functioning of Lo@prrib. Following its identification

in 2005, aLagarosiphonTask Force’ was convened to coordinate a focywedramme
that would research the biology and ecology of phent under Irish conditions and
develop an informed and science-based control aadication plan. The activities
undertaken by this group are outlined in Caffregt &sevedo, 2007.

Initial funding for the project was provided by NBAIn late 2006. In 2007 further
funding was jointly provided by NPWS, OPW and WRBTLhis culminated in the

production of the above-mentioned report, whichcdbss the status of the invasion in
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the lake, presents preliminary observations onbiiedogy and ecology of the species
under Irish conditions, presents results from thetiol trials conducted within the lake
and issues recommendations for further researchivand management within the lake.
In 2008, the Central Fisheries Board (CFB), in peration with the Western Regional
Fisheries Board (WRFB), was commissioned to conduddrther, intensive research
investigation orLagarosiphonn Lough Corrib. Funding was jointly provided by WS,
OPW, WRBD and Galway City Council. The specific airand objectives of the

investigation are presented below.

Lagarosiphon Control

A range ofLagarosiphoncontrol and physical removal operations will be docted,
according to a predetermined schedule. Where dessiperations in different areas of
the lake will be conducted contemporaneously. Therations will be scientifically
monitored and the results, in terms of areas oé leleared olLagarosiphon will be
guantified. While tried and tested weed controcpices are in progress on the lake, trials

to investigate new methods of control will be cortéd and assessed.

Hand Removal

In bays and littoral areas whelkagarosiphonoccupies only small sections of the lake
bed (< 20 ), the use of scuba divers to hand remove the plailtbe employed. This
method is time-consuming but can be very effectivds a widely used practice in
Lagarosiphoninfested lakes in New Zealand. Using this methbd@s possible to totally
clear recently infested bays of ahwngarosiphonplants. The CFB team will conduct
these operations at the same time as cutting amoviad operations are in progress
elsewhere in the lake by the WRFB.

Light Exclusion

Trials conducted in Lough Corrib in 2007 using klaeotextile to exclude incident light
showed that the method was most effective whereLgarosiphonwas cut prior to
laying the material. Work in 2008 will determinestbptimum area of weed to be treated.
In 2007 the trial sites were each 2,508 Tihis was too large an area to effectively cover.
It is estimated that sites measuririgca 400 nf will prove more manageable. Trials will
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determine the length of time that the geotextileudth remain in place to effectively Kkill
the Lagarosiphon.n the coming seasons, a number of different naltéypes will be
used to determine their relative efficiencies. @adt one biodegradable product will be

tested.

Herbicide

Trials conducted using dichlobenil (applied as Casds) at a number dfagarosiphon-
infested sites throughout the country, includingnaall marina in Rinerroon Bay, Lough
Corrib, revealed the susceptibility bdgarosiphorto this herbicide. This control method
will probably prove most useful in restricting orepluding the regrowth of viable
fragments in mechanically cut sections. Trials $eess the efficacy of this herbicide in
different situations will be conducted and evaldatethe coming season.

Biocontrol
A desk study will be conducted, in conjunction WD, to investigate the possibility
of finding biological agents that might specifigalcontrol Lagarosiphonin Irish

watercourses.

Distribution in Lough Corrib

The status and spreadladgarosiphonn the upper and middle lake will be monitored in
2008. The CFB scientific team, with the supporthed WRFB, will continue to survey
bays and littoral areas with a view to updating 2007 distribution map for these lake
areas. Surveys will continue on the lower lake, nieheo Lagarosiphonhas yet been

recorded.

Life Cycle Traits of Lagarosiphon

For the duration of the project on Lough Corribgatfic staff will continue to observe
and record features pertinent to the life cycldafarosiphonThis is a most important
aspect of any weed control programme as an undéiataof the life cycle of a species

may unveil weak links that can be specifically &gl for control.
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Where time and resources permit, specific studidsb& conducted to quantify the
biomass development of the plant in establishediardkveloping stands. In addition,
information will be collected on factors that mighluence the growth and performance

of this invasive weed in Lough Corrib (e.g. depémperature, light, pH and substrate).

I mpact on I ndigenous Biotic Communities

It is clear that the growth and spreadLafgarosiphonin Lough Corrib has adversely
impacted indigenous floral and faunal species amahnsunities. This loss of natural
biodiversity will continue atagarosiphorexpands its range within the lake. Studies will
guantitatively determine the nature and extent b&f tloss of macrophyte,
macroinvertebrate and fish species, as well asifgpbabitat types, as a consequence of

this invasion.

Recolonisation of Treated Sites

Efforts to determine the nature and rate of natumaigenous recolonisation in locations
that have been cleared bbhgarosiphonwill be made Depending on the natural rate of
recolonisation, it may be necessary to expediteptheess by transplanting native plant

species from adjacent bays.

PR and Education

Information gathered during the course of the mtoyell be used to mount ongoing PR
and education campaigns in order to raise awaresfeéle problem in Lough Corrib. The
media will be encouraged to maintain a watchingefband will be provided with

whatever information they require to make good copy

1.2 Threat of Non-Native Invasive Species

Non-native species introduction is acknowledgebde@mne of the major causes of species
extinction in freshwater ecosystems (Lodge, 200hjs impact may be mediated by
competitively excluding or out-competing the lesbust native species, by preying on
native species or by altering the natural aquatidparian habitat in which they reside.
Invasive species can also adversely impact theatonal and amenity use of infested
watercourses by restricting angling, boating, swingnand other water-based leisure
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pursuits. They pose a significant threat to ecoranterests such as agriculture, forestry,
fisheries and tourism. A consequence of the abavebe a significant financial cost to
the economy. Recent estimates suggest that thalgdabnomic cost of invasive species
is so significant that it is impossible for any oty to ignore the current expanding
threat. Specifically, Pinmentet al, (2001) estimated that the total global economgt co
of invasive species is approximately $1.4 trillirhich equates to almost 5% of the total

global economy.

1.3 Status of Lagarosiphon in Lough Corrib since 2005

The presence of the highly invasive aquatic plaagarosiphon majokwvas confirmed in

Lough Corrib’s Rinerroon Bay, north of Oughterair April 2005. In the months that
followed, investigations to determine the statud.@fjarosiphonin Lough Corrib were

conducted. At that timeirca 55% of the area of this bag.(12 ha) was overgrown with
Lagarosiphon With a meanfresh weight biomass of 13.8 kg®nthis represented an
estimated overall weed biomass in this bay of 1{65@es.

The field surveys in 2005 revealed that the inwvasplant had established viable
populations at eight other locations in the upp&e| primarily in shallow bays along the
more sheltered western shore. Only one populat@as necorded on the eastern shore of
the upper lake and no specimens were reported fhemmiddle or lower lake. Further
surveys of the weed population and its spread withe lake were undertaken during
2006. These revealed that the weed was continwirgptead and had established new
populations on the northern and western shoresetipper lake, and had spread down
into the middle lake. A total of 24 infested site@sre recorded in 2006. In 2007, an

intensive distribution survey was undertaken frord-dune to the end of September.
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Figure 2: Sampling sites (2,658) surveyed for therpsence ofLagarosiphon major between mid-June
and late September 2007.

Despite poor weather conditions, a total of 2,068ssin the upper, middle and lower
lakes were sampled in this period (Figure 2). Téwilts revealed thagarosiphonhad
expanded its range considerably and occupied hab6 sites at the end of this survey

period (Figure 3).
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Figure 3: Map showing distribution of Lagarosiphon major populations in Lough Corrib in 2005,
2006 and 2007.
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The majority of the new sites from which the plamas recorded in 2007 were along the
western shore of the upper lake and in the midake.l However, a number of new
sightings were recorded on the eastern and norsteres. This suggests that dispersal

may have been significantly influenced by boateimid action.

The 2007 survey also estimated the broad abunddriagarosiphonassociated with 41
of the 64 sites that had been identified. This mled baseline information against which
data collected in 2008 could be compared, givirguantitative figure for the extent of

spread of the weed at a given site over a 12-muoettiod.

Preliminary surveys conducted in Rinerroon Bay destrated the potential for rapid
expansion that the weed was capable of over a sragoral period. In 2005 it occupied
an area of 12 ha, but by 2007 ttegarosiphorbed had expanded to an area of 19.45 ha.
This represented an expansion of 7.45 ha in jusd?s. It was estimated that the fresh
weight biomass fokagarosiphorin Rinerroon Bay, recorded in 2005, was 13.8 Kgpm
138 tonnes per ha (Caffrey, 2006; 2007). The irsdabiomass or standing crop of
vegetation over the two year period, assuming &éineesbiomass level, was 1,028 tonnes.
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2 Materials and Methods

2.1 Staffing

The first of two Research Officers (RO) employedity CFB on the 2008agarosiphon
research and control programme commenced workeaerld of June 2008. The second
RO was recruited in August. During the summer, siv@ents from GMIT were recruited

for a 10-week period to assist with field sampling.

The WRFB upgraded one of their permanent staff nemlto supervisor status and
assigned him, full-time, to th&agarosiphonproject. Three additional WRFB staff
members were dedicated to the mechanical weednguttrogramme. Additional
personnel were provided to the programme by the®©ftif Public Works (OPW), who

assigned two staff members to aid in the weedragutnd harvesting operation.

Constant support was provided to the field openatiby scientific staff from CFB and

from permanent staff members within the WRFB.

2.2 Collaboration

The Freshwater Ecology Research Group, from Uniye@ollege Dublin (UCD), has
established experimental stations in the upper takguantitatively monitor the impact
thatLagarosiphons having on indigenous macroinvertebrate comnmesitn addition, a
team from Queens University, Belfast (QUB) has etk funding under the EPA-
sponsored STRIVE programme to study the dynamerations betweebagarosiphon
and native biological communities in Lough Coriiisheries Board staffs are intimately
involved with both projects. Work on these collatoe programmes will continue into
2009.

2.3 Distribution and Growth

2.3.1 Distribution
In 2007 some 2,058 sites were examined over a foomth period as part of the

Lagarosiphondistribution study. In 2008 it was not possildedevote as much resource

% 10
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to this aspect of the study because the primarysfowas on actual weed removal.
However, a considerable amount of sampling was wated and a significant number of

new sites were recorded.

A number of methods were employed to collect infation on the distribution of
Lagarosiphonin the lake. Snorkeling was the most effective hndtused during the
survey. Grapnel sampling, diving and viewing thiowagglass-bottom tube were methods
also employed. Sampling was generally conductedh fao 16 ft flat-bottomed boat
powered by a 25 hp engine. Members of the WRFB, stéfo know the lake intimately,
accompanied the survey team during most of the kagnpperations. All of the sample
sites whereLagarosiphonwas recorded were positioned with a Global Paswitig
System (GPS).

Survey assessments were conducted while snorkelmgg transect lines positioned

across designated bays and also by snorkelingehmeter of islands. Grapnel surveys
were conducted using a standardised, 8- prongguhegrattached to a length of rope. The
grapnel was retrieved when a sufficient body of dvead been trapped by the prongs.
The weed was examined for the presenckagfarosiphon Observations by anglers and

other lake users were also logged, following veaitfion by the scientific team.

2.3.2 Life-Cycle Studies
The biology and ecology dfagarosiphonin Lough Corrib was examined in order to

identify phases of the plant’s life cycle that mhg vulnerable to specific control
measures. It is essential to understand, in detel life processes that confer such a
strong competitive advantage on this submerged plah the environmental factors that

favour its establishment and proliferation in certaabitats.

During 2008, the seasonal growth habits and vegetgerformance of the weed were
examinedn situwhile conducting scuba diving surveys. Furtheseasments were made
during the course of separate studies on the implaat Lagarosiphon has on

macroinvertebrate and other biotic communities.
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2.3.3 Fragmentation Experiments
This phase of the study aimed to examine the viglaihd potential for establishment and

growth of a range oLagarosiphon

fragment types. Mature
Lagarosiphonplants were collected
from random locations within the
established Bob’s Island population
(Figure 4). From these, fragments for
use in the experiments were

prepared.

B B

in the fragmentatior

Figure 4: Eagarosiphon plants used
experiments.

Lagarosiphonstems were cut to produce the fragment types meguiThese fragments

Designated parts of the

represented the different plant parts that wouldnadly become detached or released
from the parent plant stand. For

this investigation, the following

fragment types were used (Figu
5):
* ‘mid-stem’ sections (10
plants, each 30 cm long

* ‘stem crown’ sections
(10 plants, each 30 cm

long), and

* ‘rooted stem’ sections (6

Figure 5: Lagarosiphon stem fragment types used in tt
plants, each 30 cm long), experimental aquaria. Stem sections used were (frorthe
. id . left) a) unbranched mid-stem (from upper part of plant), b)
I.e. mid-stem sections unbranched stem crown and c) stem crown with adveitious

with adventitious or aerial °ts: All fragments were 30 cm long.

roots.

At the commencement of the experiment, fragmengthe) were measured and the
number of roots (if any) was counted. Five 60 ltastic aquariavere filled to a depth

of 10 cm with mesotrophic sediment collected fromaea of lake that supports an
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abundant population dfagarosiphon To reduce the potential for variation from natura
conditions, the plastic aquaria were filled witkdavater and stored in the open, close to

the lake shore (Figure 6).

The fragments were placed in the aquaria and emattwas made to plant them into the
hydrosoil. All plant fragments were placed in the
aquaria on % September 2008. The fragments were
monitored aftcirca 3 week intervals for the first half
of the settlement period (up to day 59). Measurdsen
of stem and new branch elongation were madstu,

but root sections were left undisturbed to avoid
causing any disturbance to the growth of the

8 fragments.

At the end of the experimental period, some 10&day

after it commenced, all of the rooted fragmentsewer

Figue6: Plastic aquaria with B
sediment and water from Lough
Corrib.

stems were broken. Adhering sediment was washed the roots and the following

removed from the aquaria, ensuring that no roots or

measurements were made:
* number of new branches,
* branch length,
* number of new adventitious roots,
* rooting success, and

* length of subterranean roots.

2.3.4 Plant Cutting Experiment
The potential for plant regrowth following mechaalicutting of different severity was

investigated under experimental conditions. Matusgarosiphonplants were again
collected from the Bob’s Island population. Sculbzes were used to carefully collect
the plants as it was important to ensure that bmiks and the stem were undamaged. For
this experiment, two treatments were used. With seteof plants, a cut was applied 10
cm above the root crown (Figure 7). The other glamre more severely cut and only 1

cm of green stem tissue remained above the roatnc(Bigure 8).
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At the commencement of the experimerif @eptember 2008), the total wet weight of
each rooted plant was recorded in
order to determine biomass change
over time. Plants were then placed in
the experimental aquaria. Plant growth
was monitored at 3-weekly intervals
for the first 59 days to provide

information on early activity. At the

end of the experiment (on the "6

December, 2008, a total of 102 days

Figure 7: Lagarosiphon root sections with 1Ccm of after initial commencement), the plants
above-ground stem material before being planted in _
the experimental aquarium. were removed and the following

measurements were taken in order to provide infooman relative growth success:

* total wet weight biomass (g),
* number of new branches, and

* new branch length (cm).

2.4 Biological Research

It is clear that the growth and spread

Lagarosiphon in Lough Corrib has _ ) _ ,
Figure 8: Lagarosiphon root sections with 1 cm of

adversely impacted indigenous floral ar above-ground stem material before being planted in
) . the experimental aquarium

faunal species and communities. Tt

loss of natural biodiversity will continue &sgarosiphonexpands its range within the

lake. It is important to quantitatively determineetnature and extent of the loss of

macrophyte, macroinvertebrate and fish speciesyealk as the alterations in specific

habitats, as a consequence of this invasion.
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2.4.1 Physico-Chemistry
A YSI multi-meter was employed to record values temperature (°C), dissolved

oxygen (DO) concentration (mg/l) and pH. Readinggentaken at 15 sites (from the
upper, middle and lower lake). Readings were takesummer and autumn of 2008
(three replicates in total). Sampling was undera&eer a two-day period in order to
minimise variance to measurements. Measurementwabér temperature were also
recorded over a 4-month period using two data loggesitioned approximately 0.6 m

above the substrate of two infested northern sites.

2.4.2 Macrophytes
Detailed macrophyte surveys at specific locationt.ough Corrib were undertaken in

order to compile quantitative information on natimeacrophyte population in un-
impacted bays. Further surveys
were conducted to determine the
impact that the establishment and
spread ofLagarosiphonin the
lake has on indigenous
macrophyte species and
assemblages (Figure 9). A total
of 15 sites were surveyed in
2008

Comparisons were made

Figure 9: Locations of the sites surveyed for macrophy
species and communities. At each locatioa minimum of petween sites where
three transect lines was examined.

Lagarosiphon had successfully
invaded and sites yet to be infested. Further, ivithdividual bays, surveys were
undertaken in areas of differehaigarosiphonabundance to quantify the effect that
Lagarosiphondensity had on native macrophyte species. Surveye undertaken to
encompass the main lacustrine habitat types (ballosv, steeply sloping, sheltered or

exposed, east or west facing, etc.) present witbugh Corrib.

Macrophyte abundance and species assemblages xzenined by divers along transect

lines measuring 150 m in length. Surveys were uallen using a minimum of two
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divers and one snorkeler. Each transect line wiabk flam the shoreline towards the

centre of the designated bay. Along each transextthe plant species and their relative

abundance values were recorded from within threen®.quadrats (Figure 10) that were

placed at every 0.5 m depth interval (Figure 11jisTprovided a detailed profile of

.

Figure 10: Quadrat (0.5 m*) deployed by a scuba diver tc
estimate the percentage bottom cover of aquatic ptdspecies in

Lough Corrib.

macrophyte species present at
different depths within the
bays.

Within each quadrat, the
percentage cover of each
macrophyte  species was
estimated. The results were
recorded on  waterproof
writing slates. Any species
that could not be identified on
site were passed to the

snorkeler to be bagged and a label assigned. T¢wsples were returned to the field

station for specific identification. The quadratsres placed randomly within each depth

zone. This reduced the chances of

positive bias towards specific

macrophyte species.

2.4.3 Macroinvertebrates Transect

one

A study of the changes to th
macroinvertebrate fauna of littore
habitats induced by the invasiv
speciesLagarosiphon majorwas
conducted between June ar
November 2008 by the Freshwat:

Depth

Transect
Two

0.5m
1.0m

Z—

1.5m
2.0m
2.5m
3.0m
3.50m

Transect
Three

Ecology Research Group fronfigure 11: Diagrammatic representation of transect lines
and quadrat points within a sample bay.

University College Dublin (UCD),

in cooperation with the CFB. The methods appliethts study are detailed in Baars, J-
R., Keenan, E.A., O’'Callaghan, P. and Caffrey, J9é¢e Appendix ).
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2.4.4 Fish
Fish stock assessments were conducted on threeettiffoccasions and by three different

scientific teams, working in close cooperation,2@08. The broad objectives of the
surveys were to accurately determine the curremtstof fish stocks present in this large
watercourse and to determine the influence of @taif macrophyte-based habitat
types on resident fish populations. In early Juri©82 an extensive survey that
encompassed the whole of the lake was conductethdyCFB in order to provide

information on fish species that is required urtderWater Framework Directive (WFD).

WEFD surveys deployed nets overnight for a 4 dayopeiThe lower lake was surveyed in
mid-June. Six gangs of Dutch fykes, 24 benthic imédsh monofilament gill nets (14 at
0-29 m and 10 at 3-5.9 m) were deployed at 30s.sifehe netting effort was
supplemented using 6 benthic braided gill nets§62m mesh knot to knot) at an
additional 6 sites. The upper lake was surveyenh fi@th to 27th June by deploying nets
over five nights. Nine sets of Dutch fykes, 51 bénmultimesh gillnets (12 at 0-2.9 m
and 12 at 3-5.9 m, 12 at 6-11.9, 6 at 12-19.9, Z0aB4.9 and 3 at 35-49.9 m) and 8
surface monofilament gill nets were deployed. Tatimg effort was supplemented using
11 benthic braided nets and 2 surface braided(Retselly, pers. comm.).

T oraeey,

Figure 12: Multimesh nets being deployed itagarosiphon stand.
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In September and November, teams from the CFB aR#¥BVdeployedthree sets of

multimesh monofilament nets__
and one gang of Dutch fyke
nets (Figure 12), similar tc
those used for the WFLC

surveys, in four different

: | ~rnaghkesn
& d SN
o). Potamogeton Star

macrophyte-based habite

- r,Q o
types.  The habitat type: g 2 - = @{
Included a) Wlthln i ‘éga);l_‘agammmﬁaed Z/

Lagarosiphon stands, b) at

[u] 03 08 1.2 Kilometers
e el e

the outer edge of
Lagarosiphon stands, c) in

=

and above native Charophyt

beds, and d) within nativerigure 12 Location of sites whert CFB fish surveys were
conducted in September and November 2008The habitat
tall  Potamogeton stands yypes investigated included a) within denskagarosiphon beds,
(Figure 13) b), the outer edge ofLagarosiphon beds, c) in and above low-
) growing Charophyte meadows,and d) within tall-growing
Potamogeton stands.

Consistent with the WFD surveys, nets were deplayazstnight, for approximately 24
hours. At each site, the area for deployment of mets chosen randomly. The angle of

each net in relation to the
shoreline was also
randomised. All of the fish
captured in the nets were

carefully removed,

measured (fork length, to
the nearest centimeter),
counted, identified (to
species level) and, where
possible, returned alive to
the water.

Figure 14: Location of Lough Corrib (inset) and the eight sites
sampled to examine the ecological impact dfagarosiphon on the
fish communities in the upper lake.



Research and Control Programmelfagarosiphon majom Lough Corrib 2008

A third fish stock survey was conducted by the rdifie team from Queens University
Belfast (QUB), working in close collaboration withe CFB, as part of the EPA-funded
STRIVE project. Eight sites situated on the nowtkst and east shores of the lake were
selected for study. These comprised thragarosiphondominated or ‘invasive’ sites,
three Charophyte-dominated or ‘native’ sites ando twites that are currently
Lagarosiphondominated but that are due to be mechanicallyfigue 14). The latter
two sites were sampled in order to examine the-puiing response by fish. The sites
were sampled on three occasions in 2008 (3 to h&, 4 to 30 August and 17 to 24
October 2008).

All three of the fishing surveys undertaken (WFOEBCand STRIVE) used multimesh
sampling protocols aimed primarily at achieving pl@gion information on the smaller

size classes of fish.

Figure 15 and Figure 16 show the sampling protdabdwed during the survey. This
protocol was designed to compare fish communitieSharophyte- andlagarosiphon-
dominated bays. THeagarosiphonin two of the bays on the north and west shorés is

be mechanically cut.

Experimental Lagarosiphon Cut Charaphyte . .
g B e [ Se B EomiiSaea The fish community was
N shore W shore E shore

sampled at each of the eight

N++ N+- N-- W++ W+-  W-- E++ E--
Spring 08

T
CRhEabLl
171778

oo I (] N 2] 0 |

Figure 15: Sampling protocol used for fish stock survey c
Lough Corrib in 2008. Charophytes and

sites using a single overnight
set of three standard Collins
multi-panel gill nets (60 m x
15 m) (Figure 16). Two
gilinets (one surface and one
bottom set) and the fyke net

-~

trains were fished adjacent to

the area sampled for
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Lagarosiphon.A further surface-set gillnet sampled pelagic disHrom deeper water

located adjacent to téharaLagarosiphorarea.

@)

— )
[y

2 = —
Pelagic gill
<
e
q.aq =y :

| \ll”lmﬂﬂh == . i§§§§:

Rl <
T < S g

-—— 3m —»

Figure 16: Fish sampling protocol followed in A) ndéive (Chara) and B) invaded (agarosiphon)
habitats in Lough Corrib in 2008.

Fish removed from nets were identified to specied measured. Due to the typically
large catches in gill nets a size-based represemtatibsample of each species was
selected, where necessary, from each net and gestas the field. The remaining fish
were frozen for subsequent processing at QUB. friish the sub-sample were weighed
prior to the removal of ageing structures: scalm@as from below the dorsal fin in
cyprinids, salmonids and pike, and from below tlageral line in perch. The left

operculum was also removed from perch and pike pdmiiths were collected from eels.

Fish were dissected allowing sex to be recordedstmmach/gut contents to be collected
for preservation in 70% alcohol for further anatysh 5 mg sample of dorsal muscle
tissue was excised and frozen at -20°C for stadd@pe analysis (SIA) of carbon and

nitrogen §°C and8**N) (C. Harrod, internal report).
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2.5 Lagarosiphon Control

2.5.1 Mechanical Cutting

In 2008, a new weed cutting boat, funded by NPW&s wurchased fdragarosiphon

control on Lough Corrib. WRFB and
OPW staffs were trained in its use
| and have been dedicated to weed
cutting operations since the boat was
comminisioned. The OPW provided
a harvesting boat to support the weed
removal operation and, likewise,
dedicated two staff members to the

project.

Figure 17: Weed cutting boat within the weec ]
containment nets set in Rinerroon Bay in 2008. Weed cutting commenced on the

upper lake in July 2008 and has been

ongoing to date (Figure 17). Bays in the upper laleee been targeted for initial

treatment and it is planned to work progressivawmistream. In this manner, it is hoped

that cleared areas will not be recolonised by ih@ptweed fragments (the primary

direction of flow being from the uppe
towards the lower lake). Areas suital
for cutting were demarcated wit
buoys by the research diving tea
Prior to cutting in a designated bay
area, large containment nets were
in place (Figure 18). These colle
drifting plant fragments and reduce t

risk of further spread consequent of t

weed cutting activities.

Figure 18: Containment nets placed at the mouth «
Rinerroon Bay prior to commencement of wee

. cutting activities.
Considerable effort was focused on e 9

development of an effective containment net. Th&tesy currently in place on Lough

Corrib is capable of containing the maximum amafrdrifting vegetation. The nets are
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cleared olagarosiphonafter each day’s cutting. The efficacy of the aigtand removal
operations is monitored by the research team, vdiNieg. Where weed stands have been

missed during the cutting operation, they are ndhtksang floating buoys and retreated.

The weed cutting boat is fitted with a pair of desting V-blades (also known as
trailing knives) trailed on an 8 m-length of chéifigure 17). The edges of the blade are

blunted and are designed to pull or rip the vegmiaby the roots rather than to cut it

cleanly. This approach increases
the chances of removing the root
system of the plant and
significantly reduces the rate of

regrowth. The cut weed is

immediately collected by weed
harvesting boat (Figure 19). The
plant material is removed from the
lake to a team onshore. From here,
the weed is moved to a suitable
deposit area distant from any

natural watercourses.

Figure 19: Weed harvesting boat removing ctL
Lagarosiphon from Rinerroon Bay on Lough Corrib.

Biocontrol
A survey for natural predators and/or parasitekagfarosiphonmajor in South Africa,

its country of origin, was undertaken in 2008. Taiploratory field survey was tasked
with searching for potential candidate biocontrger@ts and was conducted by the
Freshwater Ecology Research Group, from Universiiyllege Dublin (UCD), in
association with specialists from the University Gfahamstown, SA. The survey
methodology is presented in Baars, J-R., CoetzgBjattin, G., Hill, M.P. and Caffrey,
J.M. (see Appendix ).

2.5.2 Light Exclusion
In recent years a considerable amount of reseaashbkeen focused on developing a

practical method for excluding incident light fraeubmerged_agarosiphonstands. The

method that is currently showing most promise imgsl the use of biodegradable
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geotextile material (Figure 20). The textile usedmade from the organic material,
known as jute or hessian. Jute is a long, soffpyskiegetable fiber that is spun into
coarse, strong threads. It is produced from plantdshe genusCorchorus family

Tiliaceae Jute is one of the cheapest natural fibres asddsnd only to cotton in amount
produced and the variety of uses. Jute fibres @mgposed primarily of a ligno-cellulosic
fibre that is partially textile and partially wootimportantly, due to the fact that this
material is of organic origin, it is subject to degosition with time and, therefore,
should not need to be removed from the lake beer dffte Lagarosiphonhas been

eliminated.

i

Figure 20: Jute geotextile currently used to excluglincident light from submergedLagarosiphon
stands in Lough Corrib.

The material works by blocking a high percentagéhefincident light from penetrating
and reaching the submerged plants. Using this apprat should be possible to disrupt
the life-giving photosynthetic process and to erat#i the target vegetation. Trials using
the material are at an early stage and, so fazgttagarosiphondominated areas have
been covered with the material (Figure 2Wpnitoring will continue at sites already

treated and geotextile will be applied to furthiées as resources permit.
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—Fudges

Kilometers Method of Control

05 025 O 05 Geotextile
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Figure 21: Map showing the three areas in Lough Caoib that were treated using geotextile in 2008.

Three small-scale experimental applications ofgletextile were made in August 2008
in order to determine the potential for controlngsithis method and to develop a
methodology for placing the material in the lakbeTirst site treated was approximately
20 m offshore from the eastern side of Devinistandl This was one of the more
established.agarosiphonbeds in the middle lake. THeagarosiphonpopulation at this

location measuredirca 10 x 5 m. A section of geotextile measuring 13xm was

deployed by small boat and a team of divers. Trarban fed the geotextile to the divers
who held position directly over the target weede Thaterial rapidly saturated on contact

with the water and sank within minutes.

In order to treat larger and more expandiagarosiphorstands, a strategic up-scaling of
the geotextile laying process was undertaken. olailg a number of attempts using
different approaches and different lengths of the-wide geotextile roll, it was decided
that 100 m lengths (x 5 m wide) were most managediie geotextile was secured to
the sediment by divers using prepared weights. fidgsired significant modification to

be made to the boat (undertaken by members of th&tdhh Region Fisheries Board). To
accommodate the large sections of bulky geotefiigure 22), a purpose-built platform

was constructed. This enabled the boat to retath emsily deliver the geotextile. In

24

s
» ,;}_’,I:‘l,.

"
& .

P

X s

i/



Research and Control Programmelfagarosiphon majom Lough Corrib 2008

preparation for delivery onto the boat, 100 x 5emgths of geotextile were rolled onto
iron bars and transported, by road, to the lakeesladjacent to the site of the weed
infestation. The rolls were then loaded onto tlygirg constructed on the boat. From
here the material was fed directly over the prekady buoyed.agarosiphonbed to the
team of divers (Figure 22). The divers expedited hocess by pulling the material
underwater and ensuring that it completely covéined.agarosiphonbed. To reduce the
risk of the geotextile folding in the water and a@ the sinking of the material, the
corners of the textile were weighted using specid#isigned weights with flexible wire
hooks. These were attached to the edges of theexg#et sheet, at intervals of

approximately five meters, as the material wasffech the boat. The divers ensured that

the material accurately covered the area of ineagegetation.

Figure 22: Large-scale geotextile placement operath at Mogan’s Bay. The photograph shows a 5 m-
wide by 100 m-long roll of geotextile being deploykfrom the boat.

Weather conditions, and specifically wind, playiaportant role in the success of this
operation. The operation itself can be quite labotensive and may require the use of
three boats and a minimum of two divers. As thisaisew and developing method,

modification to the deployment strategy are cordimly being made.

2.5.3 Hand Removal
A number of sites that were recently infested witgarosiphonwere located during

2008 while snorkeling and diving. Many of theseesisupported single plants or small
colonies of the invasive weed. In each instanke, 9pecific locations were captured
using GPS and the numbers of plants present waretew. Following these surveys,

divers painstakingly removed these plants and tteaits. Further, hand removal was
& 25
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also employed at the perimeter of small sites wigexgextile had been laid in an effort
to remove any outlying plants that may not havenbeavered by the light occluding

material.

2.5.4 Chemical Control
While it is acknowledged that Lough Corrib is anGANnd that its species and habitats

must be protected, as a priority, it is also ac@phat_agarosiphorposes a major threat
to these same protected species and habitats.sit ago be borne in mind that Lough
Corrib is an important drinking water supply to gy of Galway and to a number of
private users around the lake. It is, thereforepartant that any mitigation or control
measures implemented as part of Hagarosiphonmanagement programme must pay

due cognizance to these factors.

Chemicals represent an important tool in the arnairany weed control manager. In
fisheries and water management throughout the cguapiproved herbicides are used to
control nuisance or potentially hazardous weed lprab. These are normally used
locally, under strict supervision and by certifedt operators. One such approved
herbicide is dichlobenil, a herbicide that has basad to good effect in watercourses
throughout the country. The impacts of this hedsoon water quality, non-target plants,
macroinvertebrates and fish has been studied by &ketists and the results have been
published in peer reviewed international scientjbarnals (e.g. Caffrey, 1993). The
results demonstrate that, when used correctlyhéheicide is effective in treating a range
of rooted, submerged weeds. Further, the applicaticighly directional and targeted,
and has no obvious adverse impact on associatetesp® communities. The product is
granular, with the herbicide infused into an indotomite granule. On application, the
granule sinks to the lake or river bed, from whibk active ingredient (dichlobenil) is
removed by adsorption onto the soil particles. Frare it is taken up by the target plants
via root uptake. There is little of no lateral diffasiof the chemical and, hence, only the

specific area on which the granules were sprayddwimpacted.

Dosage was calculated by depth and area, at appatedy 4 g/m. The herbicide is fed
into the tank attached to the knapsack and theutgamre expelled by air generated from

the petrol-driven engine through an extended fliexgipe (Figure 23).
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Acknowledging that the supervised use of this ludei in a small number of localised
areas would not represent a risk to the drinkintgewaupply or to protected species and
habitats in the lake, NPWS agreed that isolatedstdould be conducted. These aimed to
test the efficacy of the chemical in controllihggarosiphonin Lough Corrib. Initial
trials in Rinerroon Bay demonstrated the capacftyhe chemical to kill this species,
particularly where it had been cut before herbiciggplication (Caffrey and Acevedo,
2007). The cut permitted

the maximum amount of

chemical to reach the site
of activity — the substrate.
In 2008 the herbicide was

used to treat a small

harbour area in Rinerroon
Bay. The frequent

movement of angling boats

7 ; ~ | to and from the site and the
Figure 23: Apparatus used for he application of the herbicide relatively shallow depth
dichlobenil.

(approx 1.5 m) of the site
would have made the use of geotextile impractidGdderefore, it was decided that

chemical control would be the most suitable anatiefiit approach.

The product was also applied at a small, isolatedky area in the upper lake where
Lagarosiphonis known to have established but where accedsetaveed cutting blades
was obstructed. The chemical was applied in Oct&@i¥18. The efficacy of the treatment

was monitored in November 2008 and monitoring wolhtinue through 2009.
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3 Results

3.1 Distribution and Status

It is clear from the survey work conducted in tagdr part of 2008 thatagarosiphons
continuing to spread rapidly through the wupper amdddle lake. Sixty-four
Lagarosiphoninfested sites were identified in the lake in 20B87further 49 sites were
recorded in 2008, giving a total of 113 infeste@siand a 55.4% increase in new sites

recorded (Figure 24).

Neither time nor resources were available this yearonduct an absolute survey of all
areas of the lake. This reflected the fact thatspiay weed removal was a first priority.
During the survey to determine the spreadlajarosiphonto new locations in the lake,
it was decided to prioritise the middle lake, whetee southerly migration of
Lagarosiphorwas of particular interest. This was becauséagarosiphorhad yet been

recorded in the adjacent lower lake.

Despite the time limitations imposed on the sunveg008 (compared to that of 2007), a
substantial number of new sites were recordechdmtiddle lake, the plant is gaining an
increased foothold and is continuing to spread dikeam towards the shallower, lower
lake. In 2008 the number of new sites in this sectif Lough Corrib increased by more
than 50%. It is noteworthy that the growth of tthenp within the shallower middle lake is
not only confined to bays, but is recorded acrhssatidth of this narrow water body.

The most southerly site at whidlagarosiphonhas yet been recorded is Kilbeg pier
(Figure 24). This site isirca 3.8 kilometers farther south than the most solyth=int

from which the invasive weed was recorded in 2007.
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Figure 24: Distribution of Lagarosiphon major in Lough Corrib between 2005 and 2008
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A number of dense, newly coloniskdgarosiphonstands were recorded in 2008 on the
western shore of the middle lake (in the area afiheen). This new focus of sites is
south of those previously identified areas assediatith, and proximate to, Rinerroon
Bay. This would suggest a southerly migration @flthgarosiphoninfestation along the
western shore, towards areas very popular witheasglhese individual sites are well
established and have no barriers to prevent them fipreading and merging into single
very large infestations. A number of new sitesemacorded on the eastern arm of the
Doorus peninsula, in the northern sector of theeupgke (Figure 24). The majority of
these sites consisted of isolated patches and staaltls, often measuring less than 10
m® No other sites had previously been recorded alkiregeastern shoreline of this
peninsula. This demonstrates that the distributibnew sites is not necessarily confined

to areas proximal to those of existing infestations

A number of theLagarosiphorinfested sites that were present in 2007 weraireeyed
in 2008 and significant vegetative expansion wasegdly recorded. The spread of
Lagarosiphon,in all cases, was at the expense of indigenouat@gplant species and
communities that were
\A unable to compete with
this aggressive
O coloniser.  This is
clearly illustrated in

Q Figure 25, which shows

the expansion of one

MR 2 Lagarosiphonbed in a
W ﬁ single year in the area
adjacent to Ard Point

(middle lake). In 2007,
the Lagarosiphon bed

B lzgorosiphonbed 2007

0 025 05 1 Kilometers 'LagarosgohonbedZOOS

Figure 25: Location of an expandingLagarosiphon infestation, south of
Ard Point, in 2007 and 2008. measured 1,630 By

2008, the outermost perimeter of the bed had ise#o 73,518 A(Figure 25). This not
only represents a dramatic increase in the aréakefbed colonised, but also means that
this site now represents an important potentiadldesite forLagarosiphonfragments,
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posing a great threat to the surrounding bays arttie lower lake. For this reason, the

site was prioritised for weed control in 2008.

Despite extensive surveys, only a small numbetadarosiphoninfested sites were
recorded on the north shore of the upper lake D72 affrey and Acevedo, 2007). In

2008, however, a number of
& new sites were identified in
Q this area. Of particular

O C interest was one of the larger

sites, at Cassidy’'s Bay. No

Cassidys Bay

g676m’

DOORUS

records ofLagarosiphonhad

been recorded from this site

B Area of new Lagarosiphon bed (]112) ] pre\nously and yet’ When
05 025 a 05 R A O .
Y Lagarosiphon //C surveyed in 2008, a stand

Figure 26: Map showing location of a largeL agarosiphon bed measuring 9,676 m was

at Cassidy’s Bay, upper Lough Corrib, in 2008. ) )
present (Figure 26). It is

possible thatLagarosiphonwas present here when surveyed in the past but was

overlooked. However, it

is also possible that thi |A R S

site demonstrates thi

rapid growth potential
of new colonies of this

invasive species.

The area of lake bec

occupied by

Lagarosiphon at 28

sites was estimated ir| «
2007 (Figure 27).

order to assess

In Figure 27: Map showing the relative abundance, as percentage bottc
thcover (mP), of 28 Lagarosiphon populations in upper and middle Lougt
Corrib in 2007 (Caffrey & Acevedo, 2007).

expansion potential of

matureLagarosiphorstands, 19 of these sites were resurveyed in 2008.

3:;31

«y']

ek, |

e - X
s 5



Research and Control Programmelfagarosiphon majomn Lough Corrib 2008

It is clear that a significant level of expansioastoccurred in this relatively short time
period (Figure 28). Using this comparison clealllysirates the considerable expansion

of existing invasive weed stands that has occuirretie middle and upper lake in just
one year. Based on

« F7 this  assessment,
) new Lagarosiphon
LI sites that were first
recorded in Lough
Corrib in 2008 have
& S Snoe ron i been graded by the
@ 5 o " e extent of infestation
- 8 . o and a proposed
O "_'% _ Ny action plan for each
.mm-- A RSN © i~ site has been

Q) . . '&‘W & -4 prepared (Table 1).

Figure 28: Map showing the relative abundance, as a percerga bottorr
cover (nf), of 19 (of the 28 sites originaly measured in 20)
Lagarosiphon populations in the upper and middle Lough 2008
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Table 1: Locations of newLagarosiphon-infested sites recorded in Lough Corrib in 2008. Ta scale of
the infestation, the treatment status and the propsed treatment to be undertaken are presented. The
scale of infestations is grades by number: 1- Simglstrands, 2- Strands in isolated patches, 3- Small
bed (10-100rR), 4— moderate stand (100-1000tand 5- large stand (>1000A). \ indicates treated

sites; X indicated sites awaiting treatment.

Location Scale O.f Treatment Action / Treatment
infestation status

Glann shore 2 X Small scale geotextile

Glann shore 1 X Small scale geotextile

Glann shore 2 X Small scale geotextile

Glann shore 2 X Small scale geotextile

Glann shore 2 X Small scale geotextile

Vinlush 1 \ Hand removal

Cassidys Bay 34 X Mechanical Cut

Cassidys Bay 34 X Mechanical Cut

Cassidys Bay 3-4 X Mechanical Cut

Cassidys Bay 3-4 X Mechanical Cut

Ribeen Island 2 X Hand removal

Ribeen Island 2 X Hand removal

Caffeys Island 2 X Hand removal

Inish Thee 1 X Small scale geotextile

Inish Thee 2 X Small scale geotextile

Inish Thee 2 X Hand removal

Caol 3 X Geotextile

Lords bay 1 X Small scale geotextile

Lords bay 2 X Hand removal

Lords bay 2 X Hand removal

Doorus 1 N Hand removal

Canaver 1 N Hand removal

Canaver 1 N Hand removal

South of Doorus 1 X Hand removal

The Snaudauns 3 X Mechanical Cut

The Snaudauns 3 X Mechanical Cut

Roeillaun 3-4 X Mechanical Cut/Geotextile

Roeillaun 3-4 X Mechanical Cut/Geotextile

Barrusheen 34 X Mechanical Cut/Geotextile

Barrusheen 3-4 X Mechanical Cut/Geotextile

Ashford Bay 1 N Hand removal

Ashford Bay 1 N Hand removal

South Fudges 3-4 X Geotextile

South Fudges 3 X Geotextile

North Fudges 3 N Geotextile

North Fudges 3 N Geotextile

South Fudges 2 X Geotextile

Devinish 3 N Geotextile

Devinish 2 \ Geotextile

Rabbit Island 2 X Hand removal

Annaghkeen 2 X Hand removal

Annaghkeen 1 X Hand removal

Annaghkeen 2 X Hand removal

Annaghkeen 1 X Hand removal/Geotextile

Annaghkeen 2 X Hand removal

Flynn Island 2 X Hand removal

Mouth of Canal 3 X Geotextile

Clydagh Bay 1 X Handremoval

Kilbeg 2-3 X Geotextile
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3.2 Growth and Recruitment Experiments

3.2.1 Life Cycle
The biology and ecology afagarosiphonin Lough Corrib is being examined in an effort

to identify phases of the plant’s life cycle thaaynbe vulnerable to specific control
measures. It is essential to understand, in dedtal life processes that confer such a
strong competitive advantage on this submerged plaagh the environmental factors that

favour its establishment and proliferation in certaabitats.

Observations were made am situ Lagarosiphonpopulations during survey visits to
infested sites across the upper and middle lal@®igimout 2008. These observations are
part of the ongoing investigation into growth patte morphological variation and life-
cycle traits ofLagarosiphonwithin Lough Corrib, and have been in progressesithe

invasive species was first reported in early 2005.

From these observations, it is clear that the droldbit and morphological status of
Lagarosiphoncan alter significantly throughout the season. €hange in morphology
can be dramatic and single plants can undergo ccyiditerns of variation between
differential states. Broadly, these states can éecribed as ‘erect’ and ‘collapsed’.
However, there are also a number of intermediategest between these two

morphologies.

Erect Phase

Plant growth and biomass is at its maximum whagarosiphonis in this growth phase.
When erectlLagarosiphonis characterized by tall buoyant stems that groectly from
the subterranean roots or from lateral, basal stdrtise sediment. Although the vertical
stems grow unbranched from the basal growth pointdtiple and extensive branching
occurs at the uppermost part of the vertical sten® 6 to 1 m below the water surface).
This upper stem branching habit results in the pcadn of a broad and dense surface
canopy that is normally visible at the water suefgEigure 29). Where a large bed of
Lagarosiphon has established, the canopy formation can covdensie areas,
sometimes occupying tens of hectares (e.g. RinerBay).
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The dense canopy (Figure 29) causes significaht kxclusion in the water column
below. Those native macrophyte species presenththat not achieved a surface growth
before the light-occluding canopies form are aféardittle opportunity to compete. This
vigorous surface growth, and resulting light exidos confers a distinct competitive

advantage ohagarosiphon

A further competitive advantage conferred on theagive Lagarosiphonby thesurface

canopy relates to the ease with which
viable stem fragments are released,
often as a result of wave action, boat
movements or other factors. These
fragments, many of which are capable
of establishing new populations, are
commonplace in the vicinity of

canopy-forming.agarosiphorbeds.

Figure 28: Surface canopy ofLagarosiphon in winter
2008.

Collapsed Phase
At the height of this phase in the plant's seasayale, growth and performance of

Lagarosiphonis minimal. The stem

are no longer buoyant and tend
collapse to the lake bed. At thi
stage, the majority of the stems a
leafless (Figure 30), or what leavd
remain are  discoloured an
unhealthy. There is minimal verticg
growth and, hence, there is littl

evidence of the plants existence
S \' ‘\\‘\&\ \ \\" ;

A

the water surface. The density (Fligure 3C: Lagarosiphon in ‘collapsed’ state during
these collapsed stems on the lake £SU™™e" 2007

h

is commonly such that it precludes the developmehtany native macrophyte
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populations and the collapsed stems cover an drdeedake floor that is greater than

when the stems stand erect in the water column.

Growth patterns

These two morphological states occur in cyclic sgss®n, with a number of intermediate
stages. Much research is still required to fulldemstand the factors that stimulate the
development of these different growth phases. Hewethere appears to be a strong
seasonal influence. In the broadest sense, obewrgdtave revealed that, with the advent
of winter irca October to April/May), there is the greatest irms® of vertical growth

and surface branching (Table. As a result, dense and conspicuous canopies become
evident at infested areas across the upper andlenidke during these colder winter
months. In fact, in the three years since this siweplant was first discovered (2005), no

collapsed_agarosiphorpopulations were observed during the winter period

Table 2: Typical life cycle stages of agarosiphon based on observations made between 2005 and
2008.

Jan Feb Mar  Apr May Jun Jul Aug  Sep Oct Nov  Dec

Erect

Sloughing
Adventitious Root
Growth

Collapsed

The collapsed phase is, by comparison, most condunang the warmer summer period
(roughly May to October) (Table 2Although occasional erect plant stands are praesent
the lake during this period, they tend to be giteesfic and are commonly limited to

smaller areas (e.g. small stands within larger weeds). Further, the density of the
canopy produced by these plants is often signifigdaess than that produced during the
winter period. Interestingly, the period of any suer canopy growth is relatively short
(circa one month), whereas the more pronounced erec ptagent in winter can persist

for the entire season (up to 7 months).

With management activities often dependant on thgphwological status of the plant, it is
important to understand the factors that influetiee change in state of the plant. It is
hypothesized that the specific site-to-site durgtiiming and extent of morphological

variation may be affected by several factors iniclgdwater temperature, level of

i
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incident light, water depth, water clarity and theel of exposure at the site. However,
no clear relationship has yet been identified 4l important aspect will form the basis

of much of the life cycle research to be undertake2009 and subsequent years.

In addition to the two distinct stages describestgct’ and ‘collapsed’), there are a
number of intermediate stages that occur withia domplex life cycle. Most obvious is
the period when large numbers of adventitious aabeots are produced along the erect
stems (Figure 31A). These white, single, unbranalbeds vary considerably in length
and can be up to 45 cm long (Figure 31B). This m@wth occurs after the initial
formation of the canopy (Table 2). What variablegehtrol the timing and extent of
aerial root formation is, at present, unknown. Rertinvestigations are on-going to
determine whether the root production stimulatesv@n causes stem collapse. However,
it is clear that the production of this extensiegia root system must require significant
energy resources and, therefore, this change ioures allocation must endow a

competitive advantage on thagarosiphon

Figre 31: ) agrophon plants in the erect age, showing the aerial rogt8) Lagarosiphon plaﬁt
with long adventitious roots.

Relating life cycle to dispersal and vegetativerogpiction
In April, May or June, a large part of the buoyaahopy vegetation is sloughed off or
released from the parent plants (Table ®)ere is also the possibility that the often

expansive surface canopy simply becomes too heady is broken free from the

£
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weakened parental stems by wind action, water mewérar some other factor. This
sloughing effect significantly contributes to theceessful dispersal of this invasive
species through fragmentation. However, what rematfter sloughing of the canopy are

weakened stems, some of which now support exteasital root systems

On-site observations over a number of seasons stugus stem collapse may actually
represent another crucial part of the vegetativeroduction mechanism used by
Lagarosiphonin Irish waters. The large-scale collapse of tlemns results in a mass of
root-bearing plant material settling laterally dre tsediment in the area surrounding the
rooted parental stems. These circumstances alloweXtensive substrate coverage and
for subsequent colonization of these lake bed aféz not yet infested, by the collapsed
and rooted stems. This mechanism essentially pésaélf-layering propagation where a
portion of a stem produces adventitious roots whii# attached to the parent plant. It
then detaches as an independent plant and aids ifateral expansion of the colony.
Layering has evolved as a common means of vegetaigpagation for numerous
species in natural environments. Natural layerihdgeorestrial plants typically occurs

when an aerial branch touches the ground (Mogi@220

The combination of two methods of asexual repradaoc{fragmentation and self-
layering) results in an effective propagation measra for both proximate (self-layering)
and long distance (fragmentation drift) plant dispé and confers a significant

competitive advantage dragarosiphorover indigenous speci@s Irish watercourses.

This dual-approach reproduction and dispersal egyatoy Lagarosiphonmeans that
alternative measures to tackle the different lifages and the different reproduction
mechanisms must be developed if the overall efficdaveedcontrol is to be improved.
Ongoing scientific research into the factors timftuence plant growth will continue to
provide a greater understanding of the plant growafifategy and will inform the

approaches that will be adopted to control and kentbeLagarosiphorthreat.

3.2.2 Fragmentation Experiments
These experiments aimed to determine what coreditatviable plant fragment (i.e. one

that is capable of creating a nelwagarosiphonpopulation in areas that may be
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geographically distinct from the parental populalicSpecifically, the experiments were

designed to determine which plant parts producedrtbst viable fragments.

The fragment types investigated were those thatdwoaturally occur through biotic and
abiotic fragmentation processes. As breakage doaighen from most or any part of the
plant, and could occur at different morphologicages, different fragment types were
used to reflect this. These included ‘mid-stemtefs crown’ and ‘stem with aerial root’

fragments.

The temporal progress of the fragment growth antleseent process was observed by
undertaking four intermittent measurements of glowtithin the first stage of the
experiment. These measurements provide informaiomgrowth success at the earlier
stages of settlement. Information on initial rogtisuccess was limited as it was not
desirable to disturb the fragment during the expent. Observations revealed significant
variation in the success of the differdrgtigarosiphonfragment types in the first stage
(day 1 to 59) of the growth study (Table 3).

Table 3: Growth response of differentLagarosiphon fragments in artificial aquaria in the first stage
(day 1 to 59) of the fragmentation experiment, 2008

Date 23/09/2008 02/10/2008 16/10/2008 02/11/2008

Incubation period 19 28 42 59

(days)

Stems with aerial ~ Aerial roots 1 fragment produced 2 Half of fragments One fragment rooted

root orientated down in new branches have aerial roots  in sediment; majority
3 fragments; (between 2-5 of fragments have
no new branches each) new branches (1-5

each)

Stem crown Crowns pointing ~ Stems lengthening; Half of fragments  Two-thirds of
up; 2 fragments fragments appear more have aerial roots  fragments show root-
have new branche: robust; (1-3); sediment infiltration;

all fragments have 1-3 all fragments have new branches
branches new branches (1-3 lengthened (3 -8
cm).

Mid-stem 5 fragments on All fragments have new Half of fragments  Branch length
sediment, 5 branches (~1 cm have aerial roots; increased (mean <8
floating; length). branches cm).

2 fragments lengthened (2 — 4
produced new cm length)
branches.
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Budding of side branches was the first growth raspdy all fragment types and rooting
appeared to be a secondary strategy. The stem srasre the only fragment types to
produce roots that penetrated into the substrat@niihe first stage of this experiment
(recorded at day 59).

Results from the final measurements, taken at iideog the experimental period (at day
102) showed that all of the fragments remainedleialnd, it is envisaged, were capable
of creating new invasive species populations. Theselts also revealed significant
variation between both rooting and branching sie@asong the fragment types. In

respect of new branch production, the most prodedtagments were those from the
mid-stem and the stem crown. These produced aragwenf two new branches per
fragment (1.8 and 2.1, respectively). The stemnfragts with the aerial root exhibited

most variation although, on average, they produeger new branches (1.3) than the

other fragment types (Figure 32).

3.0

2.5

2.0

1.5

1.01

Number of new branches
o

0.5

0.0

T T T
mid-stem stem crown rooted stem

Figure 32: Interval Plot indicating the developmentof new branches from a range of agarosiphon
fragment types. Plot shows mean + 95% confidencaterval. ANOVA indicates no significant
difference between fragments (n = 26, P=0.361).

When considering new branch elongation (Figure 8®8),mid-stem fragments produced
the most vertical stem growth (mean of 9.3 cm)sTdompared with an average of 4.5
and 5.0 cm for the stem crown and rooted stem fesugsn respectively. This observation
indicates that, where a larger number of new bras@ne produced by a viable fragment,

there is no clear associated reduction in theivelgirowth rate of these branches.
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14 —_

Mean branch length per fragment (cm)

T T T
mid-stem stem crown rooted stem

Figure 33: Interval Plot indicating the mean branch length per fragment (cm) for a range of
Lagarosiphon fragment types. Plot shows mean + 95% confidencaterval. ANOVA indicates no
significant difference between fragments (n = 26,#0.094).

When considering relative success and the diffeaakertability of Lagarosiphonstem
fragments, it is considered that one of the primadjcators of success is the ability of
fragments to root firmly into the substrate. Havsadtled to the bottom of the aquatria, all
stem fragments eventually produced single, whittwarbranched roots from nodes along
the stem. The first of these new roots were prodidicen after approximately five weeks
(Table 3).

Although at the mid-stage of the fragmentation expent (59 days), only the stem
crown fragments had produced roots that succegshelhetrated the hydrosoil, by the
end of the growth period (102 days), most of tlagrinent types had produced at least
one root that rooted in the hydrosoil. These reatsed greatly in length, from 10 to 50
cm and supported a large number of small, lateatyruding root hairscfrca 0.5 cm in
length) (Figure 34A). These root hairs aid in rentiuptake but also help to anchor the
plant in the soft sediment (Figure 34B).
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Figure 34: A) Root hairs growing from a singleLagarosiphon root; B) Stem sections with new
branches and roots after 3 months in the experimeat aquaria. Successful rooting is indicated by
mud adhering to the roots/root hairs.

Fragment types without aerial roots produced thgelst number of new roots (average of
3.0 and 3.6 for mid-stem and stem crown fragmeatpectively). By contrast, fragments
with existing aerial roots produced only 1.6 newtsoover the experimental growth

period (Figure 35).
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Figure 35: Interval plot showing the numbers of newroots produced byLagarosiphon fragments.
ANOVA indicates significant difference between samips (n = 26, P = 0.050). TUKEY test indicates
the relative significances between samples (95% daence interval). Where samples share a
common letter, they are statistically comparable.

Further, fragment types without existing roots wire most successful at the end of the

growth experiment at securing their newly producaats in the soft sediment provided

in the experimental aquaria, with an average ofahd 2.2 roots per fragment becoming
S

-
i



Research and Control Programmelfagarosiphon majomn Lough Corrib 2008

established in the substrate (for mid-stem and steomvn fragments, respectively)

(Figure 36). This contrasts the mean of 0.6 edabil roots for those fragments with
existing aerial or adventitious roots. The resaollicates that the stem crown sections
produced more roots (P= 0.05) and rooted more ety (P = 0.025) than the fragments

with existing roots.

2.5+

2.0+

1.5+ P

1.0

0.5 AB

No. roots successfully established in sediment

0.0+

mid-stem stem crown rooted stem

Figure 36: Interval plot showing the numbers of newroot that successfully rooted in the
experimental aquaria, after 102 days. ANOVA indictes significant difference between samples (n =
26, P = 0.025). TUKEY test indicates the relativeignificances between samples (95% confidence
interval). Where samples share a common letter, tlyeare statistically comparable.

The results from these fragmentation experimerdgate that the fragments with, and
without, existing roots have different growth rafes both new branches and new roots.
The pre-rooted fragments were the least succespfalucing fewer and smaller

branches and roots. Stem crown fragments appehreict energy resources towards root
production, but possibly at the expense of brarchgation. It would appear from these
preliminary observations that the mid-stem fragmetairget their resources towards
branch production and elongation. Yet, this stratetay be at the expense of root
production. A great deal more research needs twbéducted in this area in order to gain
a better understanding of the factors that infleefltagment establishment and growth,

and the implications for future managemeagarosiphorprogrammes.
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3.2.3 Cutting Experiment
Rooted and matureagarosiphonplants were carefully collected from establishezkd/

beds in the north of Lough Corrib. These plantseneert with differing severity (to 1 cm
and 10 cm above the root crown). The 1 cm or ‘dadpplants replicate that segment of
the stem that remains following mechanical cuttusing the V-blades. The ‘less deep
cut’ plants replicate the type of cut that mightdafieved using a different and less deep-
cutting machine. The experiment aimed to deterntimee regrowth potential of plants

following cuts of different severity.

Table 4: Growth response of agarosiphon plants with stems cut 1 cm and 10 cm from root crn
and grown in artificial aguaria during the first st age (day 1 to 59) of the experiment .

Date 23/09/2008 02/10/2008 16/10/2008 02/11/2008

Incubation period 19 o8 42 59

(days)

‘Less deep cut' 2 out of 3 plants  All plants have  All plants have Branch length in

stems at 10 cm have new new branches (1. average of 3.5 new all cases increase
branches (~1 cm 3 each, 1-3cm  branches (~ 5-7 cn (from 5-17 cm).
long) long) long).

‘Deep cut' stems  No growth No growth No growth No growth

atlcm

Where the equivalent of a deep cut was appliedegmwth was recorded throughout the
either the initial (Table 4), or latter half of thest period (Figure 37B). The results
suggest that the application of a deep cutagarosiphon(close to or at the root crown)

will significantly reduce, and may totally restrithe regrowth potential of the plant. It is
noteworthy that the root systems of these ‘deep mlants reduced in length and lost
vitality during the experiment (Figure 37B). In fathere was a mean wet weight loss of

2.8 g among these plants over the duration of Xperément.
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Figure 37: A) ‘Deep cut’ Lagarosiphon plants at the commencement of the experiment (day);1B)
‘Deep cut’ Lagarosiphon plants after 102 days in the experimental aquaria.

Where a less deep cut was appliedlagarosiphonthe level of regrowth was both rapid
and extensive (Table 4 and Figure 38B). This redulh a mean biomass increase of 3.6
g among these plants. In addition, an averagelwfriew branches, each averaging 10.6

cm in length, was produced by each plant.

Figure 38: A) Lagarosiphon plants to which a ‘less deep cut’ had been appliegt the commencement
of the experiment (day 1); B)Lagarosiphon plants to which a ‘less deep cut’ had been appliedlfter
102 days in the experimental aquaria.

This result supports observations in the field nigir2007 (Caffrey and Acevedo, 2007)
that the deep cut provided by the V-blades curyesyterating in Lough Corrib will have
a significant, long-term negative impact tagarosiphongrowth and expression in

treated areas.

3.3 Biological Research

3.3.1 Physico-Chemistry
Water chemistry measurements were made by the GEBalso as part of ongoing

collaborative work with UCD (see Appendix |). Theseasurements involved long-term

&
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data logging of water temperature within two indektsites in the northern lake

(specifically, Bob’s and Currarevagh bays) (Fig8®9.
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Figure 39: Mean daily temperature recorded withinL. major stands (circa 0.6m above the lake
substrate) at an hourly interval in two bays in Lowgh Corrib, Bob’s Island and Currarevagh Bay,
summer 2008 (A full account of the study is preseat! in Baars, J-R., Keenan, E.A., O'Callaghan, P.
and Caffrey, J.M. (see Appendix I).

There was a clear increase in temperatures thraghe summer months at both bays.
However, there were often distinct differences amperature between the two sites,

especially during high temperature events.

In addition, water samples were collected for asialgpf a number of basic environmental
parameters at sites used for macrophyte survegsinmmer and autumn of 2008. The

results are presented in Table 5.
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Table 5: Mean values for environmental parametersecorded at macrophyte survey sites in summer
and autumn, 2008. Measurements were made using théSI multimeter. All measurements were
automatically corrected for temperature and consistntly taken at a depth of 1.5m. Sites are ordered
from the north (top) to south (bottom) of Lough Corrib.

Site Conductivity pH % DO
puS/icm

Maam 43 7.98 93.2
School House 115 7.88 955
Corker 97 7.64 93.1
Bobs Island 110 7.92 93.9
Rinerroon 155 7.75 93.9
Moons 154 7.56 93

Greenfields I(. major) 173 8.36 99.2
Greenfields Chara) 172 8.37 99.6
Creeve 176 8.03 97.8
Devinish 165 8.07 96.6
Annaghkeen 183 8.11 95.1
Mogans North 163 8.07 95.1
Mogans South 165 8.18 93.7
Knockferry 165 8.08 95.7
Moycullen 188 8.11 99.5

Although these measures represent only the meathreé replicate readings, they
provide general information about the physical d¢bowls of the sites surveyed. From
these initial readings trends suggest that condticlevels are greater at southern sites
(e.g. Annaghkeen to Moycullen) in the lake. Dissodhoxygen levels were high at all
sites. However, the extent of variability betweka sites may be minimal compared to
the potential variation that can arise within ahltn period at a single site (due to
respiration and photosynthesis of aquatic plantd pinytoplankton within the water
column). Therefore, only with greater replicatiohall measurements, can we be fully
confident that the trends described representsreato site variation. Significantly more
attention will be paid to analysis of the physidemistry and overall water quality of the

water throughout the lake in 2009.

3.3.2 Macrophytes
A total of 25 macrophyte species were identifiedriyithe transect surveys conducted in

the upper, middle and lower lake in 2008. Amongéhwere included five Charophyte
and fourPotamogetorspecies (Table 6). Of the 47 transects surveyes nbn-native

specied.agarosiphonwas present in 26.
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Table 6: List of macrophyte species recorded duringransect surveys conducted on Lough Corrib in
2008.

Macrophyte Species

Callitriche (cf. obtusangula) Littorella uniflora
Ceratophyllum demersum Lobelia dortmanna

Chara glomerata Myriophyllum altemiflorum
Chara hispida Myriophyllum spicatum
Chara sp. (cf. aspera) Nitella sp. (cf. translucens)
Chara sp. (cf. vulgaris var. denudata) Phragmites australis
Chara vulgaris var. vulgaris Potamogeton lucens
Elodea canadensis Potamogeton gramineus
Equisetum fluviatile Potamogeton perfoliatus
Fontinalis antipyretica Potamogeton pusillus
Isoetes lacustris Schoenoplectus lacustris
Juncus bulbosus Sparganium augustifolium

Lagarosiphon major

Where Charophytes were the dominant group preteege submerged plants commonly
occupied extensive, continuous,
low-growing meadows in bays
and littoral areas throughout the
lake. They reached their greatest
expansion in the lower lake
where large areas of shallow
water provide an ideal habitat for
their establishment, growth and

expansion (Figure 40).

Figure 40: Charophyte bed mainly Chara hispida) showinga 1n€ most common Charophyte
typical monoculture. species present wereChara

hispida and C. glomerata.here was clear evidence of a depth-related zamamong
the Charophytes in the lake. Specifically,hispida(arelatively tall, to 0.4 m, robust and
spiny plant) commonly dominated waters from 1 t6 & deep, whileC. glomerata(a
shorter and finer structured species) formed déesis at depths between 2 and 4.5 m.
WherelLagarosiphorhad not established large populations, or in andese only single
strands of this invasive species were present,tite Chara species, within their
respective depth zones, occupied between 75% ab dttom cover. However, this
habitat type was frequently the first to be coledidy Lagarosiphonand it generally
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proved to be ideally suited to its settlement, glovand expansion. The direct
competition betweehagarosiphonand the Charophytes has resulted in the loss gé¢ lar

areas of uniqu€harabeds throughout the upper and middle lake.

A number of other native or naturalized species pl®duced locally dominant stands in
the upper, middle and lower lake. These incluBethmogeton lucens, P. perfoliatus, P.
pusillus, Myriophyllum spicaturand Elodea canadensighese species commonly grow
in mixed assemblages, where they provide a divéatat structure for resident
macroinvertebrate and fish species. Further, tispeeiesrarely grow with sufficient
abundance to competitively exclude, throdigint occlusion, the dense under-storey of
Charophytevegetation.

Intensive botanical surveys along transects inousrisectors and habitats within Lough
Corrib have provided empirical data on the impéet establishetlagarosiphonstands
have on native macrophyte communities. Sites athvhagarosiphonis established
demonstrate a significant reduction in macrophyteciges diversity. These changes to

typical community composition are illustrated imgéie 41.
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Figure 41: A typical depth profile showing the typtal macrophyte species pattern in both
Lagarosiphon-infested andLagarosiphon-free sites.
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The full influence ofLagarosiphongrowth on indigenous macrophyte diversity is most
apparent when the population is well establishetcapable of producing extensive light
excluding canopies. It is apparent from the res@lt®rded that the damaging affects of
Lagarosiphonwere at their greatest when the coverage of thedvweecupied 20-40% of
the 0.5 M quadrats. Figure 42 illustrates that, at low diéssii.e. small clumps or single
strands, with cover <20%lagarosiphondoes not have a significant negative impact on
overall macrophyte diversity. However, when theelesf the infestation expands (>20%
cover), the diversity and community evenness besosignificantly reduced. In areas
where Lagarosiphon has established over a number of seasons, commuamily

monocultures of the invasive weed are present.

Weiner H)

Macrophyte Diversity (Shannon-

0 20 40 60 80 100 120
Mean Lagarosiphon Abundance (%)

Figure 42: Polynomial curve showing the negative fluence of Lagarosiphon when present at
densities above 20%.

Where quadrats with >20%agarosiphoncover are examined, there is a significant
negative linear effect of reduced macrophyte diterwith increasingLagarosiphon

cover (linear regression, P< 0.05) (Figure 43).

120 y = -35.905x + 81.213

IN
o

N
o
<

g R? = 0.2753
o 100 . -
5 *

S . 80

~3 *

g5 . .

2 ¢ . ’

c 38 - * *
o]

L

S

1]

]

g

g

o

0 0.2 0.4 0.6 0.8 1 1.2 1.4
Shannon-Weiner Diversity (H)

Figure 43: Significant (n = 15, P <0.05 as r =0.524#egative linear relationship betweerlagarosiphon
cover (above 20% only) and overall macrophyte divesity.
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By focusing on a typical infested site (e.g. Bokstand, upper lake), it is clear that
Lagarosiphondensity increases with depth up to 3 m (Figure. 44jis increasing
Lagarosiphonpercentage cover is paralleled by decreasing thva@crophyte species
richness. This trend was so pronounced that, at vghelearly the optimal depth for
Lagarosiphongrowth at Bob’s Island (2.5 — 3.0 m), only this Wewas present. At
depths greater then 3 m percentage coveagéarosiphorrapidly decreases (Figure 44).
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Figure 44: Diversity profile at site whereLagarosiphon is well established (Bob’s Island).

The results from the transect analyses conductedtbe past two years has revealed that
Lagarosiphordisplays a clear preference for lake areas winerelépth ranges between 2
and 5 m, although growth has been recorded dowd.5om (Caffrey and Acevedo,
2007).

The limitation to a depth of 4 m at Bob’s islandipably reflects the more turbid nature
of this area, where a regular flow of water is rded. The positive association between
water depth antlagarosiphon(Figure 45) indicates that species whose deptfeece

is also within this range (e.gC. glomerata, Myriophyllum spicaturand the tall
Potamogetorspecies) are in direct competition withgarosiphon
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Figure 45: Positive linear relationship between defp and the percent cover oflLagarosiphon
recorded during 2008.

It is interesting to note that, due to the dep#fgrence exhibited blyagarosiphon there
remains a shallow zone in the lake (<1.5 m) wheagarosiphondoes not grow

vigorously and, as a consequence, native speaesamtain a footholgsee Figure 44).

3.3.3 Macroinvertebrates
A synopsis of the pertinent results to emerge ftbenstudy undertaken in Lough Corrib

to investigate the impact that the invasion Ilhagarosiphon has on native
macroinvertebrate species and communities is ptesdrelow. The study focuses on the
differences between macroinvertebrate communitigbe invasivd.agarosiphonand in
native Charavegetation. A full account of the study is presdnteBaars, J-R., Keenan,
E.A., O'Callaghan, PandCaffrey, J.M(see Appendix I).

A total of 100,069 macroinvertebrate individualsrevesorted and identified from the
samples collected in the three bays in June 2008sd included 51 taxa and many of the
macroinvertebrate groups typically found in litlodaabitats were represented (see
Appendix 1). Three groups represented most of thrabrers, including non-biting midges
Chironomidae (Diptera), crustaceans includérgngonyx pseudogracilsndGammarus
deubeni(Gammaridae) and several snails (Mollusca), pddituBithynia tentaculata
(Bithyniidae)andRadix balthicalLymnaeidae).

The differences in taxon richness varied betweenthinee bays investigated. There was

no significant difference in taxa richness betw€&marophyteand Lagarosiphorsamples
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in Bob’s Island and Rinerroon Bay, while there weigmificantly fewer taxa recorded on
Charophytevegetation in Kitteens Bay. In respect of macrortelerate communities,

there were significant differences in the commaesitiound on the different plant species
and also in the different bays. The differenceslapth profile, substrate composition,

current and temperature in the various bays magwudor the latter finding.

Significant differences in macroinvertebrate abumés were recorded between the
Charophytevegetation andlagarosiphonsamples in all of the bays examined. When the
taxa abundances are assessed in relation to tire emacroinvertebrate abundances
(relative abundance and accumulative relative abnioels), some interesting patterns are
noted. There was a notable consistent differen¢eemumber of taxa that contributed to
the significant portion (80%) of the overall maereertebrate abundance between the
two plants surveyed. In Bob’s Island - 8 and 3 sgsedRinerroon Bay - 4 and 2 species
and in Kitteens Bay - 5 and 3 contributed to >90%the overall abundances on
Charophyte and.agarosiphonplants, respectively. There was a clear spreagedciss
that contributed to the overall abundance on tive-doowing Charophyte vegetation,
indicating that there were only a few taxa that enakp the majority of the
macroinvertebrate abundances laagarosiphon representing a relatively more uneven

community structure on the exotic plant.

A significant observation is thdtagarosiphonis providing a substrate that is ideally
suited to the veliger and juvenile stages of anothghly invasive species, the Zebra

mussel Dreissena polymorpha

3.3.4 Fish

WFD Surveillance Monitoring Fish Stock Survey
A total of seven fish species and one hybrid we®orded on Lough Corrib in June

2008. The species encountered and numbers captyredch net type are shown in
Table 7 and Table 8. A total of 1,730 fish weretaegd during the survey in the lower
(612) and upper (1118) lakes, respectively.
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Table 7: List of fish species recorded (including ambers captured) during the WFD surveillance
monitoring survey on lower Lough Corrib in June 20(B.

Scientific names Common names Number of fish capted

Benthic Benthic  Dutch fykes Total
monos braided

Salmo trutta Brown trout 13 6 0 19
Perca fluviatilis Perch 283 1 1 285
Rutilus rutilus Roach 266 2 2 270
Esox lucius Pike 9 7 1 17
Abramis brama Bream 0 1 0 1
Roach x bream hybrid 8 0 0 8
Gasterosteus aculeatuss_Spine d stickleback 3 0 3 6
Anguilla anguilla Eel 2 0 4 6

Perch and roach were the most common fish speceiatered in the benthic gill nets.
Small numbers of brown trout were captured. lali@5 eels were captured, most in the

Dutch fyke nets. No salmon were recorded (aduljsw@niles).

Table 8: List of fish species recorded (including ambers captured) during the WFD surveillance
monitoring survey on upper Lough Corrib in June 20@.

Scientific Common names Number of fish captured
names

Benthic Benthic Surface  Surface Dutch  Total
(mono) (braided) (mono) (braided) fykes

Salmo trutta

Brown trout 12 0 3 6 0 21
Perca fluviatilis Perch 706 0 0 0 7 213
Rutiusrutius o oy 201 6 0 0 3 30C
Esoxlucius oo 4 3 0 0 3 10
Abramis brama Bream 14 3 0 0 0 17
Roach x bream hybrid 22 10 0 0 0 32
Gasterosteus
aculeatus 3-spined stickleback 2 0 0 0 0 2
Anguilla
anguilla Eel 1 0 0 0 28 29

Fish abundance was calculated as the mean numbishafaught per meter of net (i.e.
mean catch per unit effort - CPUE) and these dataall fish species per gear type on

lower and upper Lough Corrib, are summarized inld b
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Table 9: Mean CPUE (mean number of fish per meter fonet) on lower and upper Lough Corrib in
June 2008

Mean CPUE (mean number of fish/m of net)

3- Roach x  Brown Eels Bream
Gear type spine  Roach Perch bream trout Pike
Lower lake
Gill nets
(aln 0.001 0.298 0.316 0.009 0.021 0.018 0.002 0.001
Fykes 0.012 0.006 0.003 0 0 0.003 0.017 0
Upper lake
Gill nets
(all) 0.001 0.138  0.327 0.015 0.01 0.003 0.0005 0.008
Fykes 0 0.005 0.012 0 0 0.005 0.047 0.0004

CFB Fish Stock Assessment

CFB Autumn and Winter Surveys
A total of six fish species were identified durisgrveys conducted on Lough Corrib by

the CFB research team in autumn and winter 2008r Bdferent habitat types were
surveyed on these occasions. These were: 1) wadrmselagarosiphonbeds 2) at the
edge of denskeagarosiphonbeds, 3) within talPotamogetorstands, and 4) within and

above low-growing Charophyte vegetation.

Autumn Sampling
There was a clear dominance of coarse fish specine nets surveyed (Table 10). The
dominant species captured was perch (Figure 46A &nB Figure 47A). The second

most abundant species recorded on this nettingsatavas roach (Figure 47B).

Figure 46: A) Juvenile perch being measured for fde Iengh during the autumn survey; B) section of
gill net with perch at Mogans Bay in autumn 2008.
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Despite the status of Lough Corrib as an intermally important salmonid angling
location, brown trout was only represented by alsinndividual within the samples
(Table 10).

Table 10: List of fish species recorded (includingumbers captured) during a fish stock survey in a
range of habitat types in Lough Corrib in autumn 2®8.

Common In Edge of Chara Potamogeton

Species name Method Lagarosphon Lagarosphon Bed stands Total

Perca fluviatilis Perch Gill net 414 240 81 564 1299

Rutilusrutilus Roach Gill net 60 39 3 4 106

Esox lucius Pike Gill net 7 3 4 3 17

Salmo trutta Trout Gill net 0 0 0 1 1

Scardinius

erythrophthalmus ~ Rudd Gill net 0 3 0 0 3

Dutch

Anguillaanguilla  Eel fykes 0 0 0 1 1

Total 1427

Perch caught in the autumn survey made up 91%edfotial catch (Table 10).

el

Figure 47: A) Perch and B) Roach from CFB surveys.

The tall and denskagarosiphonvegetation present at the survey sites provideyréad
of suitable habitat niches for the large numbersméll perch and roach present (Figure
48). This habitat also supported the greatest mumibpredatory pike.
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Figure 48: Length frequencies of fish captured dung netting operations within Lagarosiphon beds
in autumn 2008.

The perch recorded within theagarosiphonstands were predominantly juvenile fish
(Figure 48), probably spawned on these weed bed&pni 2008. The roach were,
likewise, young fish, and spanned two size categoilfhe largest roach captured was 29
cm in fork length. The pike present in this talige¢ation were relatively young fish,
although they would still be capable of croppingé&numbers of small perch and roach.
The pike caught in the survey measured from 24 Goc#, with the average size

estimated at 36 cm.
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Figure 49: Length frequencies of fish species caught the edge of thed_agarosiphon beds in autumn
2008.

No trout Salmo truttd or eels Anguilla anguilla) were recorded in theagarosiphon
beds or at the edge of these tall vegetation stéfidare 48 and Figure 49). The roach
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captured in open water at the edge of thgarosiphonstands were primarily juvenile
fish and only a small number of older specimensewaesent (Figure 49). In addition,
three large rudd, measuring between 16 and 21 are waught in this relatively open-
water habitat. The smallest perch recorded duhegautumn survey (mean 5.7 cm) were

captured adjacent to the talhgarosiphorstands.
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]
15-20cm
]
Q B Trout
N 10-15cm [ | Pike
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|
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0 50 100 150 200 250 300 350 400 450

Number

Figure 50: Length frequencies of fish species caughvithin tall-growing Potamogeton stands in
autumn 2008.

The tall Potamogetonstands presented a comparable habitat to thatidegvby

Lagarosiphonalthough the weed mass in the latter was consitiedsnser As with the

Lagarosiphonthe majority of perch in thBotamogetorstands were juvenile, measuring
between 5 and 10 cm in fork length. It was notelmgrthowever, that a number of
different perch cohorts were represented inRb&amogetorstands (Figure 50). This was
the only habitat where brown trout were recorded.tHis instance, only one trout,
measuring 21 cm fork length, was captured. Reltifeav juvenile roach were present

within the tallPotamogetorstands.
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Figure 51: Length frequencies of fish species caught Charophyte beds in autumn 2008.

The relatively open habitat above the Charophywsdeeld fewer fish by comparison
with the other vegetation habitats (Table 10 amglifé 51). The dominant fish species in
this open water habitat was the juvenile perch. Tarophyte habitat supported a
similar biomass of predatory pike to that of theempwater at the edge of the tall
Lagarosiphon and Potamogeton stands.The perch present at the edge of the
Lagarosiphon stands were significantly smaller than those caughthin the
Lagarosiphorbeds and smaller again than those encounterechwithiother two habitat
types (Figure 52). There was no statistically digant variation in mean length of perch
between the two native macrophyte habitat type) wiean lengths of 8.4 cm and 8.3

cm for populationsvithin Potamogetorand Charophyte beds, respectively.

b
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an]

Perch Fork Length (cm)
=
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Lallg Edgel Lag F'Dlt Chélra
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Figure 52: Interval Plot indicating variation in perch fork length (cm). ANOVA indicates a
significant difference between samples (P < 0.00I)UKEY test indicates the relative significances
between samples (95% confidence interval). Where sgles share a common letter, they are
statistically comparable.
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A total of 1,427 fish were recorded in the autumrvey and approximately 90% of these
were returned alive to the water. Juvenile stogiseared to be in excellent physical
condition and it is apparent from the figures thtaicks of juvenile perch and roach are

thriving.

Figure 53A & B illustrates the relative species ratbance recorded in the four
macrophyte habitats surveyed in autumn 2008. Peedrly dominated all four of the
habitat types examined. However, there was varaitiothe relative abundance of the
other species. Thus, roach numbers were highest iproximal to,Lagarosiphonbeds.

Further, the predatory pike was most numerous & Ligarosiphonbeds, but was

represented in all four habitats. The only troaptared was from within the tall
Potamogetorstands. The low overall representation of trouthie@ samples recorded is

indicative of a reduced population in this sectidih.ough Corrib.

g

< Lagarosiphon ‘

A o

L. e R il ;/(\ @ Perch
. O Perch - <~%},’ g et
m Roach G e« W Roach
O Pike OPike |~
ot o jreneer [ | Fudd oo 2 Kilometers B Trout
Figure 53: A) Fish species abundance within B) Hisspecies abundance in taPotamogeton
Lagarosiphon standsand at the edge of stands and in/above low-grovgrCharophyte
Lagarosiphon beds in Mogan’s Bay in autumn stands at AnnaghkeeBay in autumn 2008.

2008.

Winter Sampling
The overall numbers of fish caught during the wimtetting operation were much lower
than those recorded in autumn (Table 10 and TableAltotal of 116 fish were caught
on this occasion, compared to 1,427 in autumn.
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Table 11: List of fish species recorded (includingrumbers captured) during a fish stock survey in a

range of habitat types in Lough Corrib in winter 2008.

Common In Edge of Chara Potamogeton

Species name Method Lagarosphon Lagarosphon Bed stands Total

Perca fluviatilis Perch Gill net 0 1 5 59 65

Rutilusrutilus Roach Gill net 28 1 0 1 30

Esox lucius Pike Gill net 5 8 0 6 19

Salmo trutta Trout Gill net 1 0 1 0 2

Scardinius

erythrophthalmus Rudd Gill net 0 0 0 0 0

Anguillla Dutch

anguilla Eel fykes 0 0 0 0 0
Total 116

Figure 54 compares temporal variation in the meak fength of perch and roach
captured at all sites during the autumn and wiséenpling occasions. Fork length varied
from mean values of 8.9 and 7.5 cm to 5.9 and I3/ (for roach and perch,
respectively) from autumn to winter. This variatiogpresented a significant change
(ANOVA, P <0.001), with an increase in length irrgie but a decrease in mean roach

lengths with the onset of winter.
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Figure 54: Temporal variation in the mean fork lengh (cm) for perch and roach population (+ 95%
confidence interval) at all sites in autumn and witer 2008 (ANOVA indicates a significant difference

between samples: P< 0.001).

The roach were smaller when encountered in wiritan tthey were when sampled in
autumn (Figure 54), indicating possible size-spetifibitat preferences. The majority of
the roach captured in the winter were juvenile sl measured less than 10 cm in fork
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length (Figure 55). Perch sampled during the wisteowed a significant increase in
mean length from the autumn sample, suggestingctiratitions better suited them in the

habitat types surveyed than it did the roach.

Again, the most abundant species was perch, wibtehof 65 individuals. However, this
species was best represented within thePathmogetorhabitat type. By contrast, most

of the roach were recorded in the tall but debhsgarosiphorstands (Figure 55).
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Figure 55: Length frequencies of fish species caughithin Lagarosiphon stands in winter 2008.

The majority of the roach captured within thagarosiphonstands were juvenile fish,
most less than 10 cm in fork length. A total ofefipike were captured within the
Lagarosiphorbeds. These ranged between 30 and 62 cm in fogthHgRigure 55). The
fish were in good physical condition. In additiame brown trout (48 cm) was captured

in this tall vegetation.
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Figure 56: Length frequencies of fish species caught the edge ofLagarosiphon stands in winter
2008.
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Pike were relatively numerous in the open waterthatedge of the tallagarosiphon
vegetation (Figure 56). These fish occupied alaimsize range to those present within
the weed, with fork lengths ranging from 26 to . cHowever, only one roach and one

perch were caught in this habitat type.
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Figure 57 : Length frequencies of fish species caligwithin the Potamogeton stands in winter 2008.

Within the tall-growingPotamogetorstands a small population of perch, ranging ik for
length from 5 to 22 cm, was recorded (Figure 5her€é was a statistically significant
increase in the size of perch captured during shisipling period, compared with the
autumn sample (P< 0.05, Figure 54). This would ssgdghat the fish present during
autumn found conditions within this habitat to bedrable and remained situ.
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Figure 58: Length frequencies of fish species caugtithin the Charophyte stands in winter 2008.
Only two species of fish (perch and trout) wereokered from nets in or above the

Charophyte beds (Figure 58). The mean size oféhehpwvas smaller than those recorded

within the Potamogetorstands (Figure 57).
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When the overall representation of fish speciesrdEx in winter (Figure 59A and B)) is
compared with that present during the autumn (g8 A & B)), it is apparent that the
dominance of perch, particularly within, and proainto Lagarosiphon,is diminished

during the latter period.
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Figure 59: A) Fish species abundance within B) Fish species abundance in taitotamogeton
Lagarosiphon and at the edge of agarosiphon stands and in/ above the low-growing Charophyte
stands at Mogan'’s Bay in winter 2008. stands at Araghkeen Bay in winter 2008.

STRIVE Fish Stock Survey
The results from the fish stock surveys undertdie@UB (C.Harrod, internal report) in

upper Lough Corrib are presented in Table 12. @utirese surveys, the fish community
in both the invasive and native habitats (as was#se with the CFB and WFD surveys)

was dominated by roach and perch.

Table 12: Comparison of fish community inChara- (native) and Lagarosiphon- (invasive) dominated
areas, estimated as mean CPUE (n rith™, total n = 830).

Roach x
Gear State  Roach  Perch Pike  Bream Bream Salmon Eel

Pelagic gillnet Invasive 2.6 1 0.1 0 0.1 0.1 0
Benthic gillnet Invasive 1.7 3.8 0.1 0 0.1 0 0
Fyke net Invasive 0 0.1 0.1 0 0 0 0.28
Pelagic gillnet Native 45 19 0.1 0.1 0.1 0 0
Benthic gillnet Native 25 1.2 0.2 0.1 0,1 0 0
Fyke net Native 0 0 0.1 0 0 0 0
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Although there is considerable variation within hat) the median abundance of fish was

higher in Charadominated habitats during the first survey carreed in June 2008

(Figure 60).
A Invasive B Native
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Figure 60: Box-Whisker plot comparing median catchper net hour of fish captured in A)
Lagarosiphon and B) Chara- dominated habitats.

A similar comparison based on total biomass shaWwatimedian catches were greater in

native habitats (Figure 61).
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Figure 61: Box-Whisker plot comparing median biomas of fish catches in A)Lagarosiphon; B)
Chara- dominated habitats.

Due to the dominance of roach and perch in suragéghes, comparisons of size structure
between habitats have focused on these speciag€F6g). In both species, smaller fish
are associated withagarosiphordominated habitats, suggesting that the invasive

macrophyte represents an important refuge for thelse
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Figure 62: Length-frequency histograms comparing tle size structure of A) perch and B) roach in
Lagarosiphon- (filled bars) and Chara- (open bars) dominated habitats.

Comparisons of mean back-calculated length at Rgeire 63) demonstrated that perch,
with a slower growth trajectory, were associatethwagarosiphon whilst the opposite
was observed in roach, where faster growing indiaisl were captured from invasive
habitats.

A) Perch: me =9.2, P=0.003 B) Roach: F1,241 =10.5, P=0.001
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Figure 63: Comparison of mean length at age in A)ral perch B) roach in Lagarosiphon- (filled
markers) and Chara- (open markers) dominated habitats.

Work to date has shown that there are consideratxddogical shifts associated with
Lagarosiphon including a decreased biomass of fish, use ointherophyte by smaller
roach and perch and changes in the growth of pereimd roach (+). Interestingly, stable
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isotope data (not shown here) provide no evidelnaedarbon from the large biomass of
Lagarosiphonis entering food-web, even in the fish and maareitebrates associated
with it.

3.4 Lagarosiphon Control

3.4.1 Mechanical Cutting

Ten areas in the northern sector of the upper Vadee targeted for mechanical weed
clearance in 2008 (Figure 64 and Figure 65). Cgittrsing the OSMA weed cutting boat
that was fitted with a pair of trailing knives orblades, commenced in July 2008 and

has continued into January 2009.
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Figure 64: Map of northern sector of upper Lough Carib showing the location of sites where
Lagarosiphon was mechanically cut and removed in 2008.

Between July and December 2008 a totatiofa 29.2 ha olLagarosiphorinfested lake
bed, at 10 separate locations (Table 13), was méddlly cut and the weed removed

from site. The infestations varied considerablysire in the different bays, with some
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occupying less than 0.3 ha while others covereexoess of 19 haf lake bed (Figure
65).
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Figure 65: Map showing the specific areas whereagarosiphon was cut and removed from the Iake
in 2008.
During this cutting and harvesting operatiaica 4,700 tonnes ofLagarosiphonhas

been removed from the upper lake.

Table 13: List of the bays and littoral zones wherLagarosiphon was mechanically cut and removed.
The area of lake bed cleared of this invasive spesiis presented in each case.
(* Circa 25.5 % of theLagarosiphon in the bay (totaling 19.45 ha) has been treated tiate).

Site n?
Barrets 37,742
Drumsnauv 53,372
Conners Point west 5,827
Conners Point east 7,739
Doon Wood 2,479
Corker Bay 5,650
Corker Bay 10,279
Farnaught 71,110
Cornamona Bay 97,088
Rinerroon* 49,748

The efficacy of the weed cutting and removal openst was significantly influenced by
the specific morphology of the plant at any givemet (see Section 3.2.1). When
Lagarosiphonplants are ‘collapsed’ (most commonly between Magl &ctober), it is
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more difficult to collect and remove the cut vegeta This reflects the fact that the
stems are less buoyant during this period and cuesely, when cut at root level, they
do not float to the surface. This makes it sigaifity more difficult for the weed
harvesting boat to collect and remove the weedthEurthe risk of regrowth from cut
plant fragments that lie on the lake bed is greaityeased. In a number of cases it was
necessary to re-treat bays that had already beeduing the summer months (e.g.
Farnaught and Drumsnauv). By contrast, when th&garosiphon plants are
predominantly ‘erect’, highly branched and creatiagsurface canopy (commonly
between October and March), the cut vegetationdioa the surface from where it is

relatively easily collected and removed.

The impact of plant morphology and life cycle oe #fficacy ofLagarosiphoncutting

and harvesting is demonstrated in Figure 66.

M Effort (man days)

E Wet weight removed
(tonnes)

Tonnage

July
August
September

October

November

Month 2008 December

Figure 66: The wet weight (tonnes) olLagarosiphon removed by cutting plotted against the effort
(man days) used to remove the weed.

Between July and December the weed cutting effartrespect of man days, varied
relatively little. In the four months from July ©ctober, an average of 450 tonnes of
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Lagarosiphonwas removed from the lake each month. The tonnageased each
month between July and October (Table 14), probedflgcting the increased familiarity
of the staff with the cutting and harvesting operat Using a similar effort, this figure
increased to an average 1ifl50 tonnes per month in November and Decembgu(€i
66). The maximum monthly haul of weed was recorndedovember when 1,521 tonnes
of Lagarosiphonwas removed (Table 14). This dramatic increasepdicable primarily
as a consequence of plant morphology and the eiisemvich the ‘erect’ weed can be

cut and collected in winter.

Table 14: Wet weight of cutLagarosphon removed from upper Lough Corrib between July and
December 2008. The effort employed to cut and remewhis vegetation is also presented.

Month Tonnage Man days
July 380 112
August 473 114
September 535 120
October 689 109
November 1521 128
December 1107 88
Total 4707 671

Weather conditions play an important role in detamg the overall efficacy of the
cutting and weed removal operation. This is bestopmed on bright, calm days when
the weed is visible and the course of the boabtsgdisturbed by wind or turbulent water
conditions. During the latter half of 2008, weatlvenditions were less than ideal for
cutting and harvesting, although relatively few slayere lost because of inclement
weather.

The Lagarosiphonremoved from the lake isormally stacked on higher ground some
distance from the shore (Figure 67). The volumehefweed rapidly decreases as the

weed dries out. Research is ongoing to find a h@aktise for this plant material.
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Figure 67: One of the stacks of cuLagarosphon (approx 4 min helg j hat was removed from
Rinerroon Bay in November 2008.

3.4.2 Biocontrol
A survey to locate natural enemies.@garosiphonin its country of origin, South Africa,

was undertaken in November 2008. Several phytoprsegpecies were recorded for the
first time, with at least three showing notablerpige as potential candidate agents. The
results from this survey are presented in detaBaars, J-R., Coetzee, J., Martin, G.,
Hill, M.P. and Caffrey, J.M. (see Appendix II).

3.4.3 Light Exclusion
The initial trial using light excluding geotextias conducted on the south side of

Devinish Island, in the middle lake, in August 2008 relatively small stand of
Lagarosiphon(60-70 nf) was treated by applying 75°mf biodegradable jute geotextile.
The invasive weed population at this site had eabently established, although it had
gained a firm foothold in the area. In an efforhtdt its progress within this sector of the
lake, and to assess the possibility of eliminatirajtogether using light exclusion, it was
decided to cover the entire stand with geotex8lerveys to evaluate the impact that the
geotextile was having on the treated site, and ¢mitar the physical condition of the
biodegradable geotextile, were conducted towardsethd of August, September and

November.
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Following some seven weeks sity, thin filaments ofChara glomeratavere observed
growing through the narrowly porous textile mate(lagure 68). With progress through
the autumn, these native plant stands
continued to grow and created a
fragile vegetation substrate, up to 30
cm tall, on the geotextile mat. In
places, notably where rBhara was
present, significant growths of
epiphytic algae were recorded

(Figure 69). The geotextile showed

no evidence of deterioration or decay

Figure 68 Charophyte plants (C. glomerata) growing by the end of November.
through the jute geotextile at Devinish Island in 208
following 7 weeks submersion.

While the geotextile was not disturbed to determihe status of thé.agarosiphon
beneathno evidence of any growth was recorded. Observatwould suggest that the

settlement of silt and the presence

Chara and epiphytic algal mats o
the material would significantl
contribute to light reduction benea
the geotextile and, consequentl
expedite the eradication of th

Lagarosiphon

A nd site that was deemed to
second Figure 69: Algal growth on the textile material after the

suitable for treating with this? week settlement period at Devinish Island.

geotextile was identified in the middle lake. Thaggarosiphonstand was located on the
north shore of Fudges Island and measwiech 150 nf. The weed at this site was
covered in mid-August. Observations made some feaeks following geotextile

placement showed significant algal and sedimentlessgnt on the material. No

Charophyte vegetation had, at that time, penettatedigh the geotextile.
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In light of a number of positive results recordesihg the jute geotextile at Devinish and
Fudges, it was decided to undertake a large-sealtegtile placement operation, on this
occasion at Mogan’s Bay, in the middle lake. A éaggand of.agarosiphonmeasuring
circa 70,000 M, was present at this site. An area of weed meaguiica 1,500 nf, at
the north-western end of this stand, was selededhitial treatment. The placement of
the material took considerable effort (a total 4fman days) and involved modifying one

of the boats to facilitate its smooth delivery otite water (Figure 70).

Figure 70A & B: Geotextile being placed on the wateabove densd agarosiphon bedsat Mogan’s
Bay in 2008.

A total area of 1,725 firof Lagarosiphoninfestedlake bed has been treated with jute
geotextile in 2008 (Figure 71). Using previousresties of 13.8 kg dfagarosiphonper
square meter (Caffrey and Acevedo, 2007), the weaifjlwveed potentially eradicated by
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placement. Further, the specific morphologicalestdithe plant, as dictated by life cycle,
also has a significant influence on the efficieméythese operations. Effectiveness and
ease of application is greatest when the plant marn@as been sloughed off and the
majority of the plant stems are ‘collapsed’, as egally occurs during the summer

months (see Section 3.2.1).

3.4.4 Hand Removal
Hand removal by scuba divers at sites whexgarosiphorhas only recently invaded and

where the level of abundance is low can be an ®ffedong-term strategy for its
eradication (Claytonet al., 2003). This method is most effective when used in
conjunction with other control methods (e.g. in area of rocky substrate that is
inaccessible to the weed cutting boat or at tmgés of weed beds where geotextile has
been placed). In 2008, a number of newly colonisaaiall and isolated populations of
Lagarosiphonwere identified in both the upper and middle lakeing survey work
(Figure 72). Hand removal was the chosen methadhaimber of these sites. In the upper
lake, divers carefully removedrca five isolated strands dfagarosiphonat each of the
two small sites in Ashford Bay, an area from whichLagarosiphonhad been reported
before 2008. Isolatedagarosiphonstrands were also removed from a site off Cannaver
Island’s northern shoreline in the upper lake, whenly a small plant population was
present. Further, a small number of isolated ssamgre removed from the area
surrounding the bridge that connects Inishdoorasésto the main shore. This particular
removal operation was a strategic attempt to redheerisk of Lagarosiphonbeing
transported by those angling boats that regulastythis route to access the northern end

of the upper lake.

Snorkelers were deployed at Vinlush, east of Dod?arinsula on the upper lake, to
remove the small invasive weed stand that was iftethat this site. It was deemed to be
a priority to remove this small population in order reduce the risk of the weed

spreading to the Carrick shore.

In the middle lake, hand removal was employed tmiehte isolatedLagarosiphon
stands (>50 plants) that were located adjacenhdoatea covered by the geotextile at

Devenish Island. Lastly, hand removal was again irsédnnaghkeen Bay in an effort to
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limit the southerlyLagarosiphonmigration. Here, small populations were discovered

close proximity to the main boat channel. Againistivas a strategic undertaking
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Figure 72: Sitesin Lough Corrib where hand removal by
divers was used to controlL agarosiphon in 2008.

designed to reduce the risk of
having the weed transported to the
lower lake by boat traffic. At this

site >10 isolated plants were

discovered and  subsequently

removed during an extensive

survey of the area.

In all cases, the maximum amount
of root material was extracted from
the substrate and all of the weed
material collected was placed in

sealed bags and removed from the

lake. These areas will be resurveyed in 2009 torenthat all of thd.agarosiphonhas

been successfully removed.

3.4.5 Chemical Control

In the latter part of 2008, the herbicide dichlob&ras used to treat twbhagarosiphon-

infestedlocations on Lough Corri

a

(Figure 73). It was first applied tc
a densely-infested small harbot,
area at Rinerroon Bay (Figure 74 '
in mid-November. The second sit

T

treated was located at Farnaught
the northern sector of the upp¢
lake. The weed in this bay ha -

been mechanically cut in Octobe
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that was inaccessible to the weed cutting boathlbibenil was applied to this area,

which measuredirca 200 x 300 m, in late November 2008.

A preliminary examination of the harbour in Rinemorevealed a 60% die back of the
treated vegetation. The remainder of tiagarosiphonexhibited a loss of vitality (Figure
74).

Figure 74: A) Harbour at Rinerroon; B) Lagarosiphon within the harbour 4 weeks after treatment
with herbicide.

Likewise, at Farnaught, tHeagarosiphonwas in the process of collapsing and appeared
unhealthy when examined in December 2008. Divelldwlly assess the effectiveness of

the chemical treatment at both sites in late Felgr2@09



Research and Control Programmelfagarosiphon majomn Lough Corrib 2008

4 Discussion

Over 120,000 non-native species of plants, aninaald microbes have invaded the
United States, United Kingdom, Australia, Southigdy India, and Brazil, and many
have caused major economic losses in agricultuce farestry, as well as negatively
impacting ecological integrity (Pimentet al, 2001). For example, of the 27,515 plant
species identified in the UK, only 1,515 are coesdd to be native (Crawlegt al,
1996). Precise economic costs associated with sdrttee most ecologically damaging
alien species are not always available. With spgetigasions that are responsible for
extinctions, it is impossible to assign monetarjuga. However, where monetary value
can be assigned, it is estimated that non-natieeisp invasions, globally, are causing
more than US$ 1.4 trillion annually in damages. sThexpenditure amounts to
approximately 5% of the annual global economy (Piteket al, 2001). Within this
expenditure, a not insignificant amount is assigtedhe control of aquatic invasive
weeds. For example, in the US, a total of US$ 100om is invested annually in the

control of alien aquatic weed species (OTA, 1993).

The number of non-native freshwater species redorhe Irish watercourses has
increased significantly in the late 1900s (Caffrap94; Caffrey, 2001; O’Neill and
Stokes, 2004; Wadet al, 1997). Northern Ireland and the Republic ofdrel have
international obligations to address invasive sg@sues, principally the Convention on
Biological Diversity, International Plant Protecti€onvention, Bern Convention and the
Habitats Directive.

Studies of species invasions have determined tiv@atsooner action is taken to address
any threat, the greater the chance of successhandds costly it will be, both in terms of
biodiversity and other resources (Defra, 2007). Wac@l part of eradication is a
contingency plan, which determines the action tdgaken when an invasive species has
been recorded. This approach is based, cruciatlyregular surveillance for invasive
non-native species and the fast application ofitaed proven methods of control. In this
way, control can be implemented quickly to maximibe effectiveness of early

eradication efforts.
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Lough Corrib constitutes an extremely important legical and conservation site.
Currently present in the system are a number ofrragive species (e.g. Zebra mussel
(Dreissena polymorpha)Canadian pondwee(Elodea canadensisand Curly leaved
waterweed(Lagarosiphon majgy. Lagarosiphonhas not yet been discovered in any
other large natural aquatic system in Irelands ttrucial, therefore, that the weed is, first
and foremost, retained in Lough Corrib and thatrgwenceivable effort is made to
ensure that it cannot escape to infest other riatgaatic habitats in the country. It is
also impingent upon us to work tirelessly to depedosuite of suitable control methods
that can be used to bring the invader under cqonamod possibly even eradicate it, in

Lough Corrib.

It is clear from the results recorded in Lough @oduring 2008 that.agarosiphonis
continuing to spread and that there is no sign dé@ease in the rate of this population
expansion. Not only has there been a consideraldeease in the number of new
sightings but this has been accompanied by a diamgbansion in the ground coverage
and biomass of this highly invasive weed at exgstites. By the end of 2008, a total of
113 Lagarosiphoninfested sites had been recorded in the upper and middle. lak
Considering that, in 2007, some 64 infested si@s been documented (Caffrey and
Acevedo, 2007), this represents a 55.4% increasthannumber of new locations
identified in a single year. It should be notedtttias figure probably represents an
underestimation as less resource was placed onifidleg new sites for this invasive

weed in 2008, reflecting the priority given to pitgd weed removal operations.

The spread of theagarosiphonpopulation has been recorded throughout the uaper
middle lake. However, of more concern is the rapadease in the number of individual
populations present in the middle lake and thedioss encroachment of this highly
invasive weed towards the shallow lower lake. IN02011 new sightings for
Lagarosiphonwere recorded in this shallower middle lake afdaese were more or less
confined to the upper sector of the middle lake2@®8, however, 17 new sites were
recorded. Interestingly, and worryingly, a numbgth@se new sightings are farther south
in the lake than this plant was ever previouslorded. At present, the most southerly

location with a healthy, although small populati@irca 6 nf) is at Kilbeg pier (GPS
- 78
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reference IM 23823, ITM 42355), 3.8 km south of thest southerly recording from
2007.

Although Lagarosiphonis yet to be recorded in the lower lake, survefshe area
indicate that the habitat is suitable for the dghiment and growth of this invasive plant.
It is considered, therefore, that, without contohuend rigorous surveillance, followed
where necessary by the implementation of triedtasted control measures, it will only
be a matter of time befoleagarosiphongains a foothold in this shallow and expansive

watercourse.

The exclusion of the native aquatic flora and theslof habitats associated with the
establishment and expansionL@igarosiphonwas acutely apparent from the macrophyte
surveys undertaken in 2008. A total of 25 macroplsptecies were identified from the 47
transects surveyed during this period. It is notgwg however, that the non-native

Lagarosiphon majowas present in 26 of these transects.

At many of the sites examined, a monoculturéajarosiphonwas present (Figure 75).
Few, if any, indigenous macrophyte species were @bsurvive beneath the dense, light-
excluding canopy produced by this vegetation. Habitat created by these expansive,
tall-growing alien plants is quite different to th@oduced by most native macrophytes,
and particularly the lush and highly productiveyigrowing Chara meadows for which
Lough Corrib is renowned.agarosiphonshares some common features with a number
of the tall natives, suchMyriophyllum spicatum, Potamogeton lucemgl P. perfoliatus
although none of these indigenous species groweasetly or produce a fraction of the

biomass thatagarosiphons capable of producing.
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Figure 75: Monoculture of Lagarosiphon that is typical of many infested sites in Lough Cuwib.

As the Lagarosiphonhabitat type is such a consistent monoculture (€igb), which
broadly differs from anything that may have beesspnt in the lake prior to its arrival, it
is likely to attract appreciably different biotiommunities. Results from biotic surveys
conducted in Lough Corrib in 2008 revealed consider differences in the
macroinvertebrate fauna between the native Chateplegetation and the introduced
invasive Lagarosiphon Significant differences in macroinvertebrate atances were
generally recorded, with higher values normallyoagsed with the exotitagarosiphon
(see Appendix I). This obviously reflects the amtture of the plant and the greater

availability of suitable habitats for the macroinebrate species.

During the recent macroinvertebrate survey, largmlrers of Zebra musseDieissena
polymorphg were recorded attached to the tadlgarosiphonplants. It is suggested that
Lagarosiphonmay be creating habitat conditions that favour d¢aly invasion and

spread of this other highly invasive species indloorrib. The level of settlement of
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Zebra mussel ohagarosiphonplants will be closely monitored in 2009 and sulossy

years.

Consistently, there were higher numbers of macerebrate taxa contributing to the
overall abundances on the native plant habitat @etpto the exotic plant habitat. This
indicates that there are only a few taxa on thdiextands that make up most of the
macroinvertebrate abundance. Lower species dilessitay make the macroinvertebrate
community less resilient to ecological change dhdrefore, arguably more vulnerable.
Furthermore, this indicates that these communéiesless diverse and, although other
trophic levels, such as fish, are shown to be dppatic in their feeding strategy
(Kennedy and Fitzmaurice, 1971; Kelly-Quinn and d&em, 1990; Amundsent al,
2001; Ormerodet al, 2004), they will be dependent on a smaller compdé
macorinvertebrates within theagarosiphonstands. This could prove significant if the
expansion ofLagarosiphonand the exclusion of indigenous species continiég
structural complexity of the macrophyte habitat laé been shown to influence the
feeding patterns of fish (Dibbket al, 1996; Warfe and Barmuta, 2006) and may result in
higher levels of predation. The consequences efaha that the changes in the richness,
abundance, composition and biomass of the macrmdebmate community are likely to
result in a knock-on affect on the trophic web tinee of littoral ecosystems in Lough
Corrib. This reflects the very different habitappég thatLagarosiphon (occupying
practically the full water column) and Charophypesies (occupying relatively shallow
vegetation mats, rarely more than 0.8 m deep) ptésemacroinvertebrates and / or fish

(see Appendix ).

Results from fish stock assessments conductedeirupiper and middle lake indicated
that a healthy stock of coarse fish, dominated roglsperch and roach, was present in
most of the habitat types and bays investigate@. Aimbers of brown trout recorded
were small, probably reflecting the small mesh simsed during sampling. The CFB
survey in the middle lake indicated that the talhcmophyte habitat type, whether
provided bylLagarosiphonor by Potamogetorspecies is important for juvenile fish

populations. These plant stands provide a readyhgpc algal and macroinvertebrate
food source for the young fish, as well as provgdooncealment from predatory fishes
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and birds. However, results from survey work coeédian upper lake showed that, in
this relatively deeper sector of the watercoursarse fish were most abundant in the
Charophyte vegetation (C. Harrod, internal repdit)is variation in fish stocks and fish
community structure between lake areas highlights gotential changes that can be
expected akagarosiphonmonocultures expand and create a new and varlathhype
for resident fishes.

The large juvenile fish population recorded witttie Lagarosiphonbeds in the middle
lake is consistent with the areas being utilizedigls nursery grounds. As the habitat
provided bylLagarosiphons far more expansive (in terms of lake area antm@lumn
depth occupied), denser and more physically comfilar that provide by any native
plant species, it probably provides more favoratdaditions in and on which coarse
fishes can spawn, hatch and survive through themstnvulnerable first winter.
Observations while diving in April and May 2008 ealed extensive carpets of perch
spawn draped over large aread afjarosiphonDuring the summer months, clouds of
perch, and to a lesser extent, roach fry were ebdeswimming within théagarosiphon
stands. These exceeded anything that had beervetiserthe lake in previous years (K.
Molloy, pers. comm.). Netting in autumn and wir2®08 revealed that large numbers of
both species were also present in Betamogetorstands, indicating a good survival

from fry to fingerling stage.

It is important to note that there is no indicattbat theLagarosiphonis being integrated
directly into the food web of either the residemhf or the macroinvertebrates.
Preliminary food web analysis undertaken by the I&¥ERgroup from QUB in Lough
Corrib has demonstrated considerable ecologicdlsshssociated witlLagarosiphon
Despite the obvious association between lthgarosiphonhabitat and juvenile coarse
fish, stable isotope analysis has provided no exide¢hat carbon from the large biomass
of Lagarosiphonis entering the diets of fish or macroinvertelsal€. Harrod, internal
report).

During fish sampling operations that were undertakeNovember, a noticeable die back
of the tall Potamogetorspecies’ andVl. spicatumplant stands was observed. Although
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this is a natural, seasonal phenomenon, it canfis@ntly impact juvenile fish, forcing
them to seek alternative feeding sources and samnyctuAt this time of year,
Lagarosiphonis entering its most vigorous growth phase. Dutimg winter period, this
invasive species produces lush, expansive andegétation stands that must ideally suit
the requirements of many fish species and cohoitsinvthe lake. It is, therefore,
conjectured that the expansion bégarosiphonpopulations in Lough Corrib will
enhance the overwintering survival of at least sahthe resident coarse fish species
currently resident in the lake.

The implications of this improved overwintering wwal of coarse fish for the
management of the lake as a prestigious brown amondtsalmon fishery are significant.
There will obviously be increased competition feaidable food and space. Furthermore,
the coarse fish will directly interfere with angleby rising for flies and taking trolled
baits. Traditionally, Lough Corrib has been promdoteorldwide as a prestigious wild
salmon and brown trout fishery. It continues taaatt large numbers of tourist and
domestic salmonid anglers (particularly during thayfly season). The resulting benefit
of this angling resource to the local and natioe@nomy is significant. The potential
impact that the expansion bagarosiphonpopulations could have on the conservation
status of the brown trout and on the associatechan@ revenue is considerable.
Continued management and control lbhgarosiphonis of crucial importance in

maintaining balanced and ecologically healthy 8stcks within Lough Corrib.

An in depth knowledge of the complexities of thie Icycle strategies exhibited by
Lagarosiphonpopulations, under Irish conditions, is essernfiale are to successfully
control its establishment, growth and spread. Ustdading the biological traits of
nuisance species should make it possible to matguwlinerable stages of their growth
cycle in order to control populations. The seasoct@nge to the morphology of
Lagarosiphonis a dramatic trait of this species. This variatianmorphology causes
significant alternation to the habitat conditions an affected area. Further, the
morphological condition of the plant exerts a digant influence on the efficacy of the

weed control measures in operation at this time.
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From the research undertaken in 2008, it is cleai the efficiency of th&agarosiphon
removal operations was substantially increased wherweed was cut during its ‘erect’
stage. The dense, floating canopy produced by @ during this (winter) phase of its
annual cycle makes it easier for the boat operatodetermine the location and extent of
the offending weed population. This minimises tise of divers, although they are still
required to accurately demarcate the positionhefypbunger, more low-growing plants
at the outer periphery of the stands. The presehdrioyant, tall-growing and highly
branched plants further enhances the cutting anmdekiing efficiency. When the
Lagarosiphonis ‘collapsed’ (normally May to October) the stearg substantially less
buoyant and, commonly, do not float to the surfaben cut. This seriously restricts the
efficiency of the harvesting operation and leavésrge volume of cut plant material on
the lake bed to recolonise and establish new wepdlgtions.

While in the ‘erect’ phase of its life cycle, thepdication of the light exclusion
technique, using geotextile, is made significamtlpre difficult. When the geotextile
material is placed over tall, erect standsLafjarosiphon,a large number of heavy
weights are required to bring the material (andtthpped weed) to the lake bed. Even
then, the volume of weed contained beneath theegelet makes it difficult for divers to
properly seal the edges. Where this is not donectly, incident light will penetrate and
some level of photosynthesis will continue. In‘@ellapsed’ phase, it is far easier to
precisely place the geotextile and to secure ip@ry to the lake bed. While the plant is
in this growth phase, substantially fewer resouaresrequired to successfully complete

the operation.

It is clear, therefore, that the morphological estat the plant at any time in the year will
significantly influence the management and comnelasures to be operated. In general,
intensiveLagarosiphoncutting and harvesting campaigns should be limitetthe period
between October and April, when the majority of sems are buoyant and branching.
The bulk of the light exclusion work, using geotkxtwill be conducted when the weed
is ‘collapsed’ and more receptive to this contr@thod. This is not to say that no cutting
will take place during the summer months, as theshod of weed control patently must
continue when weather conditions permit. Likewibere will be areas where it will be
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possible, and necessary, to place geotextile dufiegwinter months. It is simply a
matter of staff and resource allocation aimed atim&ing the control oLagarosiphon
in the lake.

The potential effectiveness of the cutting operatiourrently being conducted on Lough
Corrib, and their capacity to provide long-term oh of the treated.agarosiphon
populations, was determined experimentally in 2008s experiment was designed to
assess the viability of plants that were cut wiffecent levels of severity. Using plants
whose stems were cut within 1 cm of the root crgwhich replicated the cut applied by
the V-blades currently used in Lough Corrib) anasthcut to within 10 cm of the crown,
it was possible to demonstrate that, where a dees @pplied, the remaining plant will
not regrow and will eventually die off. Where adéimof green stem tissueica 10 cm

or more) remains following the cut, the plant ideabb photosynthesise and rapidly
produces elongated stems and branches. The r&asailtshis experiment demonstrate the
benefits that should accrue from the deep cuttirdhods currently being applied in
Lough Corrib.

In order to investigate the potential of naturglyppducedLagarosiphonfragments to
successfully establish and grow in the lake, tleevtir patterns displayed by a number of
different fragment types were studied in experimmeatuaria. The fragment types used
were a) from the stem crown, b) from the mid-stezatisn and c) from the mid-stem
section but with a developed aerial or adventitimet. All fragment types rapidly settled
to the substratum in the aquaria, successfullyeatto this soft substrate and produced
healthy branched stems. However, the plant frageneith existing aerial roots were less
successful in rooting into the sediment and shoaedduced growth rate among their

newly produced branches.

These results suggest that detachadarosiphonfragments with aerial roots, normally
produced when the plants are in the latter stafjbeeo ‘erect’ phase (mainly around late
winter and early spring, may be less successfudsitablishing new populations than
fragments without roots. From a management perisgeeitiis is an important finding and
suggests that cutting should optimally be timeddmcide with this ‘erect’ phase of the

plant's life cycle. The reduction in the comparatifitness’ of fragments potentially

85

s
oy

iy

a2
¥

4." e



Research and Control Programmelfagarosiphon majomn Lough Corrib 2008

released at this stage (i.e. erect and with asx@bk) may indicate a possible weak phase

in the plant’s life cycle.

Aquatic macrophytes often exhibit a preferenceviegetative reproduction over sexual
reproduction. This may be related to the difficuftyraising the flowers above the water
for aerial fertilization (e.g. Arber, 1920). In thease ofLagarosiphon populations
outside the native range (southern Africa) havey daimale plants and, so, no sexual
reproductive stage occurs (Cook, 1987). Vegetatypeoduction in macrophytes occurs
primarily via stem fragmentation (e.g. Barrat-Segretain, 1989&f),some species use the
whole plant (e.gEichhornia crassipes Penfound and Earle, 1948), shoot fragments (e.qg.
Ceratophyllum demersum, Elodea canadensis and Idyyilum spicatum- Barrat-
Segretain, 1996) and specialized organs such a&sstyb.g.Potamogeton pectinatus —
Van Wik, 1989), runners (e.gLuronium natans- Arber, 1920), rhizomes (e.g.
Nymphaea alba Smithet al.,1989) and the club-shaped shoot system apicesions

(e.g.-Myriophyllum verticillatum Aiken and Waltz, 1979).

Based on field observations during recent yearss suggested that the majority of
natural population dispersal amorigagarosiphon populations occurs during the
winter/spring months when the stems are erecthistdtage the stems are buoyant and,
being close to the water surface, are regularlyesidd to winter and spring storms that
will break and release healthy stem fragments. Utide influence of wind action or
natural flow, these fragments float from the coedflrbays into the lake proper and can be
carried for long distances before they sink. If frmgments sinks in an area that is
suitable for growth (relatively sheltered, betweerand 5 m deep and with a muddy
substrate), then there is a strong possibility ghaew population of this highly invasive
species will establish there.

The general viability oLagarosiphonfragments, as determined by the fragmentation
experiments, reinforces concerns about the potdatiapread of this aggressive invasive
weed by mechanically cut or naturally dehiscedrfragts within the lake. It is, therefore,
crucial that management activities strategicallionitise areas where the potential to
create fragments is greater (e.g. at harboursrabodating or navigation channels). It is
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clear, however, that this is not the only dispersathanism available to this robust and
highly adaptive species. Biotic and abiotic factoas also contribute to fragmentation.
Such factors can include boat passage, bird moversiemm action, natural water flow

within the lake, among others.

While fragmentation represents a significant anctessful vegetative reproduction and
dispersal mechanism folcagarosiphon,this adaptable species has another asexual
reproduction strategy available to it. The collap$¢he previously eredtagarosiphon
stems in summer produces extensive mats of sterasy nwith existing aerial or
adventitious roots, on the lake floor. These mats&xtend for several meters away from
the parent plant base. In the time following cadkapthe additional energy provided by
the parental plant enables these stems to rapmgupe lateral buds. In addition, the
aerial roots from these stems penetrate the lakstistum and provide the plant with
independent energy resources allowing for the prtooiln of new vertical stems and
additional subterranean roots. This collapse artdrdh regrowth, producing fully
independent plants distal from the parental pllaas, been termed here as ‘self layering'.
Fromin situobservations, this local population expansion sgyatconferd_agarosiphon
with a significant competitive advantage over irligus plants. The collapsed material
excludes light from any surviving understory speamile maintaining an energy link to

the parental plant, and thus providing accessdownees for rapid growth.

One of the problems with this ongoihggarosiphonresearch and control programme
has been the lack of adequate, long-term fundihgs flas meant that the programme was
executed on a piece-meal basis and by a numbeffexiesht scientific personnel. In 2008,
however, funding through the Life+ Programme, jiyisponsored by the EC and NPWS,
has been granted for researchLagarosiphonin Lough Corrib and on a wider range of
invasive species in the Grand Canal and Barrow dédidin network. This grant aid is
most welcome and will provide a level of funding fbis important work on invasive
species from May 2009 to early 2013. An importagdtdire of this funding is the
continuity that it will give to contracted sciemtifstaff to enable them conduct longer
term studies into aspects of the life cycle andtrcbrof this aggressive, non-native and

alien species.
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5 Further Research

Lagarosiphonmajor has represented a serious ecological and so@blemn in Lough
Corrib since it was first reported in 2005. Restittan research undertaken in recent
years have clearly demonstrated that the invasiedws spreading rapidly within the
lake and will, if its progress is not halted, uléitaly dominate all suitable habitats in the
upper, middle and lower lake. This domination Wi at the expense of native and, in
some cases, protected species and habitats.

Research findings to date have shed light on sapecss of the complex ecology of this
invasive species. More detailed information refgtito the life cycle strategies, the
adventive traits and the factors that favour itswgh in Lough Corrib are required if

effective and targeted control mechanisms and proes are to be developed. The
research conducted to date has also helped toerefiisting weed control methods,
although a great more needs to be done in orderirig about a timely resolution to the

expandind-agarosiphorproblem in Lough Corrib.

Research will be ongoing withagarosiphonuntil such time as effective control or
containment procedures are developed. This reseaiithbe conducted under the

following main headings.

Distribution and Status

No Lagarosiphonhas yet been recorded in the large and relatisiegflow lower lake.
This is reflected in the continued dominance ofigedous biotic communities and
unobstructed recreational exploitation in this wabedy. This unimpacted status
promotes a high level of ecological integrity irettower lake and is central to the
maintenance and survival of a number of protecteeties and habitats. In the coming
seasons, the status of macrophyte communities ig Ithwer lake will be closely
monitored and a particular focus of attention voé paid to areas that appear to be
suitable forLagarosiphonestablishment. At the first sign of this invasiyeesies in the
lower lake, an intensive eradication campaign kéllmounted and a rigorous subsequent

monitoring programme will be set in place.
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The status and spread lodigarosiphonin the upper and middle lake will be rigorously
monitored and control programmes will be implemdnte deal with new infestations.
The extent of the spread of the weed at existiteg svill be closely monitored and efforts
to determine the factors that most influence tpigad, whether biotic or abiotic, will be

mounted.

LagarosiphorControl Strategies

While the mechanical cutting and harvesting prognaras it is currently operated in
Lough Corrib is relatively effective in removingdg volumes of weed from key areas
in the lake, it is also labour intensive and, atets, less efficient than it could be.
Between May and October, when the plant has slsethitopy vegetation and its stems
have lost their buoyancy, it is difficult to harvéise cut weed. This allows the cut stems
to root and establish new populations. It is, tfeee proposed to explore the prospects
of developing a new harvesting boat that will béeao gather cut plant material that
does not immediately float to the surface. In tindenm, cutting and harvesting
programmes will be intensified during times of tbeason when theagarosiphonis

easily located and when the stems are buoyant|yraétween October and April.

While trials using the biodegradable geotextile stk at an early stage, the preliminary
results are showing considerable promise. It eetfore, proposed to expand this control
programme to include more and lardexgarosiphoninfested sites. Much of this work
will be focused on the middle lake to reduce thpasfunity for the plant to spread into
the lower lake. This work will be strategically &eh around the summer period when the
plant has shed its canopy and the stems are lessbiu Further modifications will be
made to the boat that is currently used to plaeggttotextile in order to increase the area
that can be covered in a given time period. Funteésearch will consider the long-term
implications of the geotextile applications, indlugl quantifying the ecological benefits

to different trophic groups and the potential Cipdwge bed rehabilitation.

The application of chemical control teagarosiphonin areas that are not suitable for

mechanical control or light exclusion will be dissed with NPWS in 2009. A list of
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sites that are deemed to be suitable for herbitidatment will be compiled and

submitted for consideration.

Desk studies are currently underway to explorepihssibility of adopting a biocontrol
approach to the problem bagarosiphonn Lough Corrib. Several phytophagous species
were recorded for the first time during a receeldfinvestigation in South Africa, with at
least three species showing notable promise asifiteandidate agents. Work on the
potential for biocontrol onLagarosiphonin Lough Corrib will be conducted in
collaboration with UCD and the University of Grahgtown in South Africa.

A constant search for new and innovative weed obntrethods will be maintained
through desk studies and collaboration with scs#stiand weed managers, both

nationally and internationally.

Biological Research

A comprehensive study into all aspects of the molgdical changes associated with the
life cycle of Lagarosiphonunder Irish conditions will be investigated in 80@nd
subsequent years. High precision data-loggers Ww#l deployed at established
Lagarosiphonbeds in the north and middle lake to determine bbanges over time in
respect of key water physical and chemical parameaetduence morphological changes
and rate of change in tHeagarosiphonpopulations. This information will aid in the
determination of those factors that influence gmwmorphological changes and
vegetative performance. Complimentary informationather trophic groups, including
macroinvertebrates and fish, will also be quaritdy measured in order to determine
the impact thatLagarosiphonat its various life stages, has on these commusnainel on
the quality of the habitat. In addition, this ressh will be contextualised by examining
in detail the environmental impacts that heavydtddons withLagarosiphonhave on

water quality and habitat conditions.

Detailed research under laboratory conditions weplore the complex links that

obviously exist between the different morphologsi@ges, the varied fragment types and
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overall reproductive strategies. This data willedity inform future management and

control practices.

There are bays in the upper lake where conditignsea to be ideally suited to
Lagarosiphonestablishment and growth. However, even thoughetliays are adjacent
to infested areas and, it is assumed, must be edposviable plant fragment settlement,
no established.agarosiphoncolonies have yet been recorded. In order to deternh
specific substrate conditions can inhib#garosiphonsettlement and growth, purpose-
built plant enclosures containing a range of fragimgpes will be deployed in a number
of these bays. The results from these experimernitspvovide a basis for further
sediment analysis, where features such as nutsitis, trace element content and
physical substrate characteristics will be studied

Further research into the quantitative impact theggarosiphonin Lough Corrib has on
native communities will be undertaken. Those comitres1to receive most focus will
include macrophytes, macroinvertebrates and figdsearch will endeavour to determine
if the habitat or aquatic conditions produced lblggarosiphonfavour one species or
community over another. For example, initial dateorded in 2008 suggests that juvenile
perch and roach are likely to overwinter far marecgssfully than normal because of the
presence ofagarosiphon This, among other aspects, will be studied ineotd allow
informed comment about potential future dynamicnges among fish populations and
communities in Lough Corrib. Special focus will grren to the level of Zebra mussel

settlement ohagarosiphorplants in 2009 and subsequent years.

Stable isotope analysis of predator, prey and predspecies will be conducted in order
to fully assess the impact that the presenckagfrosiphonon communities and food
webs within the lake. This work will be conducted collaboration with Queen’s

University, Belfast.

The course and rate of natural recolonisation ljgenous species and communities
following Lagarosiphoncontrol will be examined in detail. For examptels hoped to
compare ecological integrity associated with thegeaof different control approaches.
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Special focus will be paid to all aspects, inclgdinological, temporal and spatial, of the

recolonisation of sites where geotextile materéasd heen used to conticdgarosiphon
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6 Management Recommendations

Based on investigations conducted in Lough Cortbingy 2008, and in previous years,
more detailed information is currently available dhe complex life cycle of
Lagarosiphon majarThis information, in combination with results finoongoing trials
using a variety of weed control methods and strasednas helped to identify potential
weaknesses in the plant’s life cycle that can lexifipally targeted for control. In 2009
and subsequent years, a more strategic approacbntool will be adopted in Lough

Corrib and lessons learned from ongoing researtthnform management practices.

A number of key management recommendations havegecheas a consequence of
ongoing research efforts in Lough Corrib. Theseuthserve to inform future weed

control practices and improve the effectivenesscamtall efficacy of these operations.

* Mechanical cutting and harvesting operations shoedatinue to focus on
Lagarosiphoninfested sites in the upper lake and move progrelyssouthward,
in the general direction of water flow. This stgateapproach will minimise the
risk of Lagarosiphornpopulations becoming re-established from viablgrfrants

brought into treated areas by natural water cusrent

« The control methods selected for different sited &or different times of the
season should, where appropriate, pay referentteetmorphological state of the
plant. Thus, while mechanical cutting and harvestwill continue year-round,
activities will be intensified during the ‘erectanopy-forming growth phase of
the plant, from October to April. At this stage thiems are buoyant and, when

cut, float to the surface, from where they arelgasid effectively harvested.

» Consideration will be given to developing a weedvlsting boat that is capable
of collecting cut vegetation that does not autooadliy float to the water surface.
Such a craft would need to be capable of collectogy plant material to a

maximum depth of 5 meters.
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» Geotextile placing operations will be targeted abthe ‘collapsed’ phase of the
plant, when the canopy vegetation is absent andridjerity of the stems have
lost buoyancy. At this stage in the growth cycle,isi easier to cover the

designated weed bed and to properly attach therialeti® the substrate.

» Strategically, the primary focus for geotextilegdment will be the middle lake,

thereby restricting the spreadlafgarosiphorto the lower lake.

* Where weed control using mechanical or environmené&hods are impractical,
for example because of shallow water or the preserfobstructive rocks and

boulders, selective herbicide applications willdoasidered.

» Surveillance monitoring of non-impacted sites, igatarly in the lower lake but
also in middle and upper lake, must continue far tluration of the project.
Mitigation measures must be in place to deal wihw nnfestations before they

become too well established to effectively handle.
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Changes to the invertebrate fauna of littoral habiats induced by the alien invasive
specied_agarosiphon major (Hydrocharitaceae).

Baars, J-R,, Keenan, E.A, O'Callaghan, P.and Caffrey, J.M.

! BioControl Research Unit, School of Biology andvEpnmental Science, University College Dublin,
Dublin 4, Ireland.
% Central Fisheries Board, Swords, Ireland.

Executive summary:

Submerged and floating aquatic macrophytes arenggral component of littoral
ecosystems, and directly and indirectly affect tbemposition of other biotic
components. Although many plant species are fedbyrphytophagous invertebrate
species directly, macrophytes are generally comnsildo provide a substrate for
colonisation and indirectly affect trophic web sture. The species richness, relative
abundance, community structure and biomass of teletes were used to assess the
changes that occur when plant communities shiftnfi@ native plant community to a
monotypic invasive plant. Changes in the verticahplexity of submerged macrophytes
were induced by a shift from a predominant Charéglpp. plant bed to a vertically
diverse plant stand of. major (in up to 4m of water depth). We investigate the
hypothesis that the vertical changes in plant sirec affect the distribution of
invertebrates in species richness, abundance, ianthbs. Results indicate that species
richness was similar, but invertebrate communittese distinctly different in native and
exotic plant habitats. No consistent pattern imtass was found, but the most notable
differences occurred in the vertical distributidncertain invertebrate taxa, likgithynia
tentaculata (and other gastropods) and Chironomidae. This stindijycates how a
dominant invasive macrophyte can change littorabgstems resulting in further trophic

web changes.

Key words:invertebrate communities, submerged macrophytesical distribution,
structural complexity, invasive species, littorabitat, gastropods.
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Introduction

Submerged and floating aquatic macrophytes arenggral component of littoral
habitats. Vegetated littoral habitats are markedifferent to un-vegetated habitats
particularly in their composition of other biotimmponents. Although many plant
species are fed on by phytophagous invertebrateiespalirectly (McGaha, 1952),
macrophytes are generally considered to provideulastsate for colonisation and
indirectly affect trophic web structure (Hargeby al, 1994). Variability in the plant
species compositions and growth forms presentsnfnite combination of habitats.
Plants in general promote invertebrate colonisat{®heel et al, 2008), and the
complexity of plant communities is shown in manyds¢s to promote the diversity of
invertebrates (Browet al, 1988 Humphries, 1996; Scheffer, 1998; Olseal, 1999;
Wright et al, 2002; McAbendrotlet al, 2005; Savaget al, 2005; Theeét al, 2008) as
well as their morphology (Humphries, 1996; Chertvet al., 2000; Cheruveliet al.,
2002). These macrophyte species provide a heteeogsnhabitat that may affect the
availability of epiphytic algae (Cattane=t al, 1998; Tessiert al, 2004), change
predator-prey interactions (Scheffer, 1998; McGarimd Fisher, 2000), and alter the
richness and abundance of other biotic componésrivertebrates (Theelt al, 2008;
Warfe and Barmuta 2006), fish (Killgore et al., 39®ibble et al,, 1996; Harrel et al.,
2001; Warfe and Barmuta 2004) and birds (Krull, @9van den Berget al, 1997).
Changes to macrophyte habitat structure will assalt potentially affect the invertebrate
community composition. This change in compositicayrbe as a result of natural spatial
and temporal changes (van den Berg et al. 1997 deinal, 1998), but also result from
the introduction of invasive species (Schmitz amdlfgrloff, 1997; Theekt al 2008).
The abundance and density of macroinvertebratebéas shown to differ greatly over
time and between macrophyte species (Oksoal. 1999). Contrary to expectation, with
the introduction of an invasive species that pressencomplex heterogeneous plant
habitat, the invertebrate fauna may increase iardity, abundance and biomass.

Invasive species are a worldwide threat to the ib@dity and functioning of our

ecosystems (Manchester and Bullock, 2000; MooneyGieland, 2001; Pimentel, 2002;

Hulme, 2006) and the agricultural and economic theaf our society (Ranjan, 2008;

Waage and Mumford, 2008). Invasive species areideresl the second most important
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threat to our biodiversity following habitat destion (UNEP, 1992), and in the
assessment of protected habitats in Ireland ontheokey threats was the invasion of
alien plants and animals (NPWS report, 2008). Ifigabon to the Convention on
Biological Diversity Ireland is required to prevehé introduction of, control or eradicate
those alien species which threaten ecosystemdaakabr species (UNEP, 1992), and is a
focus of the EC Water Framework Directive (2000D) and the Ireland National and
Global Strategy for Plant Conservation. The medrasiby which exotic species change
our native habitats is diverse, although the mashraon being through competitive
interactions with our native species (Stokesl, 2004). In both terrestrial and aquatic
ecosystems plant invasions often result in a dhofin a diverse species complex to a
monotypic plant community. However, some studiekciate that in some circumstances,
particulary complex macrophyte habitats, that itel@rate communities within invasive
species are similar to native plant habitats (Tkeeeall, 2008). However, if plant habitat
complexity and heterogeneity affect diversity thtee change in aquatic habitats that

were relatively simple plant habitat types, mayekpected to be quite substantial.

In this study the invertebrate species richnedative abundance, community structure
and biomass was used to assess the differencd= iinertebrates collected on the

invasiveL. majorand native Charophytpp. in Lough Corrib, County Galway.

Methods and Materials

Invertebrate communities
The architecture of CharophyéadL. major (Figure 1a) are very different and required

specifically modified sampling nets to ensure congoas could be made between plant
types. A modified box sampler was constructed 0055 x 0.5m) covered in mesh on all
sides except for the base which was made up adliaglplate (Figure 1b). The box was
placed over Charophytands, the edges around the box cut and the whkeepushed

underneath the plant sample cutting the plantabffve the sediment layer. The entire
sample was then transferred to tubs and placedgs for processing. As most of the
sites were at a depth of about 3m the samplesdhaeé taken by divers. ThHe major

samples were collected using a modified net whaohed the plants within an area on

the lake bottom of 0.5 x 0.5 x 0.5m and the entia¢er column (up to the water surface).
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To determine the position of the invertebrate comitres and thus providing a better
comparison to the Charophysamples, the net with thieagarosiphonsamples were
sectioned off every 0.8m (Figure 1c). The entir¢ was brought on board boats and
sectioned off into the four sections and placedags for processing. Plant samples were
hand washed over sieves (500um mesh) to removen#toeoinvertebrates (Figure 1d),
and the remaining plant material was air dried glasshouse for a period of time and
dried in an oven for 72 to 120 hours (dependinghensize of the sample) to a constant
weight and weighted to record the dry weight (DW The invertebrate samples were
preserved in 70% IMS and sorted under lights inl#im®ratory. On occasion samples
with large numbers of individuals were sub-sampledliuding taxa like Chironomidae,
Crangonyx pseudogracilisandRadox balthica Where possible taxa were identified to
the lowest taxonomic level, notable exceptionsudel Chironomidae, Leptoceridae and
Oligochaeta.

To obtain the biomass equivalent, all the taxa nesdoand identified were maintained
separately and dried to a constant weight in amnodiee 24 to 72 hours at 6G
(Wollheim and Lovvorn, 1996; Jamedt al, 1998), and weighted using a fine scale
balance (accuracy of 0.0001g). The molluscs wereddand weighed in their shells
(Anderssoret al, 1994). Dried specimens were then supplied to Qa&fmiversity for

Isotopic analyses (Strive Project).

Monitored Quadrats

In order to assess the growth rateLofmajor infestations and assess the competitive
interaction with native Charophytspp., quadrats were marked and monitored, and
continue to be monitored for at least 1 year. Qai=d{0.5 x 0.5 m) were established to
represent three conditions. These were 1. Charegtgnd seeded with. major shoots
(Figure 2a & b), 2. Charophytspp. stand with no modifications (100% cover) (Fegu
2c), and 3L. major stand with no modifications (100% cover) (Figure.2Quadrats
were marked using a bright cord (visible under wateth a plant marker and snap cap
providing buoyancy. The lengths of the cord for tharkers were adjusted depending on
the plant species to make them clearly visible ewben plants grew over the season.
Quadrats (5 replicates) were also establishedeasiba (Rinneroon Bay) in an area where
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L. majorhad been cleared using a ‘v-blade’ which was drdgdeng the substrate. This
was done in order to assess the potential regroith major fragments and compare
this to seeded quadrats within the same bay. Atdies 2 data loggers (Tinytag) were
placed at circa 0.6m above the substrate withinrditeyte andL. major stands.
Temperatures were recorded every hour, and datetegvere retrieved for downloading
the data after three and half months, and replaiddnew data loggers.

Data analyses

Samples were compared between bays using ANOVA T3FRACA 7.1; Statsoft,
2005). Communities were compared using NMDS platd ANOSIM analysis was
conducted to assess the significant differencesvdset groups assigned a priori.
TWINSPAN analysis was used with pseudospecies @asgdigsing presence absence data
(CAP 4.1). Regression analysis was used to comdaionships using STATISTICA
7.1. Relative abundance rank order plots were apdlyor significant differences (see
Magurran, 2004).
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Figure 1:L. majorplants occupying the entire water column (a), Bamgler constructed
to sample the Charophyspp. (b), net used to sample themajor plants to include the
entire plant and sectioned off in 0.8m sections Rtant samples collected were washed
carefully above sieves to remove the invertebrates
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Figure 2:L. majorshoots (about 9) bound together and weighted ¢aj)pdb shoots placed
within healthy Charophytepp. stands and quadrate marked (0.5 x 0.5m)(k), ceintrol
Charophytespp. (c) andL. major stands (d — inset: marker system used) in close
proximity monitored.
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Results

Invertebrate taxa

A total of 100,069 individuals were sorted and iifesd from the samples collected from
the three bays in June (2008). A total of 51 taxarewrecorded and many of the
invertebrate groups typically found in littoral hialts were represented (Table 1). Three
groups represented most of the abundances, ingluthn-biting midges Chironomidae
(Diptera), crustaceans includinGrangonyx pseudograciliand Gammarus deubeni
(Gammaridae) and several snails (Mollusca), pddrbu Bithynia tentaculata
(Bithyniidae) and Radix balthica (Lymnaeidae). Several species occurred in small
numbers and may only represent short-term assmegtwith the plants, like the stonefly

Siphonoperla torrentiur{Chloroperlidae) which was probably using the ptarémerge.

Taxon Richness

To compare species richness between plant spdmesaimples off. major throughout
the water column were combined to represent theativiexa recorded per 0.25rake
bottom. The differences in taxon richness varietivben bays from no significant
difference in taxa richness between Charophayi#l. majorsamples in Bob’s Island and
Rinneroon Bay, to significantly fewer taxa recoraedCharophytespp. in Kitteens Bay
(Figure 3).

Invertebrate community

However, when the similarity between communitiesorded on the different plant

species was analysed clear differences betweemespasere noted (Figure 4). With the
exception of some overlap in the major samples collected in Bob’s and Rinneroon
Bay, samples from different bays were notably d#fe (Figure 4). This indicates that
there is significant difference in the communitiesnd on the different plant species and
there are differences between bays. This may bectxg as a result of differences in the

bays in amongst others the depth profile, subst@teposition, current and temperature.
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Table 1: List of taxa collected on Charophgp. (C) and_agarosiphon majoiL) in
three bays surveyed in Lough Corrib in June 2008.

Bob's Island Rinneroon Bay Kitteens Bay
Order Family Genus/Species C L C L C L
Siphlonoperla
Plecoptera Chloroperlidae torrentium @ictet.) 0 13 0 2 0 0
Ephemeroptera Caenidae Caenis horaria 11 4 0 27 39 24
Caenis luctuosa
(Burmeister) 4 0 0 0 0 0
Cloeon simile
Baetidae Eaton 0 2 1 2 0 1
Holocentropis
Trichoptera Polycentropodidae dubius(Rambur) 2 5 0 1 0 3
indet. 6 35 86 11 138 47
Phryganeidae indet. 8 1 2 0 4 1
Lasiocephala
Lepidostomatidae  basalis(Kolenati) 10 2 6 9 5 0
Leptoceridae indet. 13 4 18 41 60 414
Limnephilidae indet. 5 6 1 7 2 7
Ecnomus tenellus
Ecnomidae (Rambur) 0 0 0 1 0 0
Coleoptera Chrysomelidae indet. (Larvae) 73 2 0 3 3 19
indet. (Adult) 7 0 0 0 0 0
Dytiscus spp.
Dytiscidae (Larvae) 0 0 0 44 0 155
Strictotarus
duodecimpustulatus 1 0 1 0 0 0
Haliplus spp.
Haliplidae (Larvae) 2 4 1 3 14 4
Haliplus spp.
(Adult) 1 0 0 2 0 0
Helophoridae Heleoporus spp. 0 2 1 4 1 0
Limnius volckmari
Elmidae (Panz.) 10 0 0 0 0 0
Oulimnius
tuberculatusMull 17 0 0 0 0 0
Elmis aenea
(Mull.) 0 1 0 0 0 0
Gyrinidae indet. 0 0 0 1 0 6
Diptera Chironomidae indet. 332 3914 1210 41045 2204 11516
Hemiptera Corixidae indet. 0 63 0 145 4 11
Velia caprai
Velidae Tamanini 0 0 0 1 0 0
Odonata Zygoptera indet. 7 424 0 62 129 215
Lepidoptera Crambidae Acentria spp. 0 6 0 94 3 20
Bob's Island Rinneroon Bay Kitteens Bay
Order Family Genus/Species C L C L C L
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Asselus aquaticus

Crustacea Asselidae (L) 151 47 10 110 291 69
Crangonyx
Gammaridae pseudogracilis 146 1440 1125 7990 1471 811
Gammarus duebeni
(Linj.) 463 1996 2 137 3 3
Oligochaeta Oligochaeta indet. 6 0 298 8 5 0
Tricladida indet. 0 0 1 2 0 2
Acari Hydracarina indet. 2 1 1 126 2 60
Helobdella
Hirudenea Erpobdellidae stagnalis(L.) 11 0 3 5 11 4
Erpobdella
octoculatal . 19 1 4 6 44 15
Piscicola geometra
(L) 0 0 0 0 1 0
Glossiphonia
Glossiphoniidae complanatalL.) 2 46 1 18 0 0
Glossiphonia
heterodita(L.) 1 0 0 12 0 3
Bithynia
Mollusca Bithyniidae tentaculata 1089 3338 100 2124 1409 549
Radix balthica
Lymnaeidae (Muller) 0 130 107 7517 682 1501
Lymnaea stagnalis
(Linn.) 2 1 0 0 0 0
Stagnicola
palustris(Muller) 0 1
Lymnaea sp. 5
Valvatidae Valvata piscinalis 0
Valvata
macrostoma 193 69 6 4 1
Valvata cristata 209 25 10 96
Planorbidae Planorbis vortex 325 203 41 0
Planorbis
carinatus 10 17 5 57 0 0
Planorbis
fontinalis 0 5 0 0 0 0
Physa fontinalis
Physidae (Linn.) 0 0 0 1 0 0
Potamopyrgus
Hydrobiidae antipodarum 1 0 0 0 0
Bivalvia Pisidiidae Pisidiumspp. 128 14 10 53 25
Dreissena
polymorpha
Dreissenidae (Pallas) 8 37 0 147 21 51
Gasterosteus
Vertebrata aculeatus 4 0 0 0 4 0
£ 112
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Bl Charophyte spp.
30} B L. major

Taxon Richness

Bob's Island Rinneroon Bay Kitteens Bay

Figure 3: Comparison of the taxon richness of theeitebrate fauna collected on
Charophytespp. and_. majorin three bays of Lough Corrib in June 2008.
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Figure 4: MDS plot of the invertebrate communitedected on Charophytpp. (closed
circles) and.. major (open circles) in three bays in Lough Corrib cakecin June 2008.
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Invertebrate abundance

Significant differences in the invertebrate aburmgasnwere recorded between Charophyte
spp. andL. major samples in all the bays (Figure 5). The largefiedinces were
recorded in Kitteens bay. In order to determinthére is a particular association of the
invertebrates ta.. major the abundances were corrected for plant volume ksamp
Consistently, Charophysespp. samples were small due to the plant architedtuthe
bays. When abundances were corrected for volume thvere still some significant
differences in abundances (Kitteens Bay), but veem@lar in Bob'’s Island (Figure 6).
This indicates that the density of invertebratestentwo plants species are similar per
unit volume in some bays (Bob’s Island), but gelerdaigher onL. major in others
(Rinneroon and Kitteens Bay).

12000 [

B Charophyte spp.

L. major
10000 } B L. maj

8000 |
6000 |
4000 |

2000 |

0 i

Bob's Island Rinneroon Bay Kitteens Bay

Figure 5: Total invertebrate abundance (per 02%h lake floor) collected on
Charophytespp. and.. majorin three bays of Lough Corrib.

Total Invertebrate Abundance (0.25m? lake floor)
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B L. major
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Bob's Island Rinneroon Bay Kitteens Bay
Figure 6: Total invertebrate abundance pef tfrplant material of Charophyspp. and
L. majorin three bays of Lough Corrib.
When the taxa abundances are assessed in relattbe entire invertebrate abundances
(relative abundance and accumulative relative abnicels) some interesting patterns are
noted. There is a notable consistent differendeemumber of taxa that contribute to the
significant portion (80%) of the overall inverteteaabundance between the two plants
surveyed (Figure 7). In Bob’s island 8 and 3 speciinneroon Bay 4 and 2 species,
Kitteens Bay 5 and 3 contribute to <90% of the alleaabundances on Charophyep.
and L. major plants respectively (Figure 7). There is a cleaeap of species that
contribute to the overall abundance on Charopbpfe indicating that there are only a
few taxa that make up the majority of the invera#bdrabundances oh. major,
representing a relatively more uneven communitycstire on the exotic plant.

Invertebrate distribution i.. majorstands

The invertebrate samples were maintained in théowsrdepth categories (A- 2.4 to
3.2m; B- 1.6 to 2.4m; C- 0.8 to 1.6m; D- 0 to 0.8mm)assess the differences in the
invertebrate communities found at the various depkiioughout the water column. A
cluster analysis indicates that there is a sigaficoverlap in the communities between
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the depths (A to D), but again indicates that thenmunities found in the different bays
were significantly different (Figure 8). The diféarces between the depths within each of
the bays are not significant using ANOSIM (p>0.03here are however notable
differences in the distribution of individual taxeshich show affinities to the plant
material close to the surface of the water (A andoBa depth of 1.6m). This is
particularly the case for Chironomidae and the taeeanCrangonyx pseudogracilis
(Figure 9a & b). The distribution of molluscs vdrgtween species, with boBithynia
tentaculataand R. balthicaoccurring throughout the water column with largambers
occurring at the base of stands and near the watérce (Figure 9c & dB. tentaculata
andR. balthicaseem to increase with increasing biomass of Chatepp. (= 0.89,

n= 15, p<0.05, and” = 0.74,n= 15, p<0.05), but this relationship is not sigrafit onL.
major (r* = 0.01,n = 41, p>0.05y% = 0.01,n = 41, p>0.05). The results in general show
that the distribution of the taxa is largely alttonL. major.
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from the various depth categories throughout théemwaolumn (water surface about
3.2m).

This may be as a result of a number of factors,raysioothers, architecture of the plant,
increased amount of food supply (like periphytom) eeduced predation pressure.

Invertebrate biomass

When the invertebrate numbers are converted to d8sn(DW @) there is no consistent
pattern in the difference between the plant speameisbays sampled (Figure 10). In some
bays there is a higher biomass bnmajor (Bob’s Island and Kitteens Bay) and in
Rinerroon Bay there was a higher biomass on Chatepp. (Figure 10). When the
biomass was corrected for plant volume the biomaasssimilar on the two plant species
at two of the bays but there was still a signifibamigher biomass on the Charophyte
spp. in Rinerroon Bay (Figure 11). This indicatest if similar amounts of plant material
are compared that there is a similar or higherriebgate biomass on Charophwep.

compared td.. major.

The majority of the invertebrate biomass is attloluto the high numbers of gastropods,
with a high percentage biomass of the overall iteleate weights made up of a single
speciesBithynia tentaculatg(Figure 12). The mean contribution of this speciaged
between 64 and 95%. When the weights were remawed the data and corrected for
volume the patterns in the difference betweenwmuteglants were again variable, ranging
from higher biomass on Charophydep. in Bob’s Island and lower in Kitteens Bay
(Figure 13).
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Figure 10: Total invertebrate biomass (g DW) ca#éc on Charophytespp. and
Lagarosiphon majoin three bays in Lough Corrib (per 0.25kke bottom).
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Figure 11: Total invertebrate biomass (g DW) peit ualume (1m) of Charophytespp.
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andLagarosiphon majocollected in three bays in Lough Corrib.

100 [

B charophyte spp.
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Bob's Island Rinneroon Bay Kitteens Bay
Figure 12: The percentage biomas®dhynia tentaculataf the total invertebrate DW

per unit volume (1) of Charophytespp. andLagarosiphon majorcollected in three
bays in Lough Corrib.
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Figure 13: Invertebrate biomass (g DW) per uniuwe (1nf) of Charophytespp. and
Lagarosiphon majorcollected in three bays in Lough Corrib wilithynia tentaculata
removed.
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Macrophyte growth and biomass
There were significant differences between the laissn(DW g) of Charophytgpp. and

L. major samples taken at each of the bays (Figures 14)old each bay the mean
biomass ofL. major was significantly higher, with the exception of Ay samples
where the biomass was similar for both speciesitteéns Bay (Figure 16). As would
have been expected the biomass of Charopdpfe in most bays peaked in August and
decreased slightly in October. Themajor plants clearly show that the vertical structure
and overall biomass per sample varied between laaygs between sampling dates
(Figures 14 to 16). Plants show a marked changdengrowth structure over this 5
month period (clearly visible in Bob’s Island andnferoon Bay), with a surface
dominance in plant biomass in June followed by Hapee of the plant recorded in
August (where long strands were seen along themosubstrate) and a re-growth to the
surface as indicated by the October samples. Tyu¢e cof plant growth is notably
different in the bays (particularly in Kitteens Baywhich probably result from
differences in factors amongst others like curreigpth profiles, and temperatures.

Charophyte spp. Lagarosiphon major
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Figure 14: Plant biomass (g Dry Weight) of Chardphgpp. andL. major at various
depth categories collected in Bob’s Island in Junggust and October 2008.
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Figure 15: Plant biomass (g Dry Weight) of Charaphgpp. andL. major at various
depth categories collected in Rinneroon Bay in ,JJAngust and October 2008.
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Figure 16: Plant biomass (g Dry Weight) of Charaphgpp. andL. major at various
depth categories collected in Kitteens Bay in Jéugust and October 2008.
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Plots were established in May 2008 in four bayd.augh Corrib, but one bay was
disrupted during mechanical control operations. Tésults show that the height of
Charophytespp. increased during the growth season at aHhebays (between May and
August) (Figure 17). The quadrats seeded Wwitmajorshoots established well and grew
rapidly during the same period. It is noteworthgttthe growth rates of seeded quadrats
of L. major in the three bays were appreciably different. Twags more evident in the
percentage cover attained by seeded quadrats imbegcby August, with 23.0 (£3.0),
16.8 (x1.9), 8.0 (x¥1.2) in Bob’s Island, Rinnerodday and Currareavagh Bay
respectively. Changes were recorded in the heights. major again reflecting the

changes in the plant structure during the yeariwitie water column in areas with 100%

cover.
300 Bob’s Island _ Rinneroon Bay _ Currareavagh Bay
==

250 5] May
E August

200
=

150

100 I I

50 | == | i i

Aual s -l -l

Charophyte Seeded L. major Charophyte Seeded L. major Charophyte Seeded L. major
Quadrate treatment Quadrate treatment Quadrate treatment

Figure 17: Mean plant height¢SE) of quadrats (0.25nmonitored at three bays in
Lough Corrib, with three treatments, including Giryte spp. (100% cover), Seeded
guadrats witihLagarosiphonshoots (cover increased from 2 in May to 25% irgést),L.
major (100%), except Rinerroon whete major represents a mechanically controlled
area (>1% cover in May).

The temperatures within the Charophgpp. and.. majorwere not different within each

bay. Temperatures between bays however did valy iginperatures largely 0.5 to 1

degrees higher in Currarevagh Bay compared to Bd&land (Figure 18). The
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differences in temperature are probably enoughesult in different growth rates of
plants at each of the bays, but seem to be contoagxpectation that plants in higher
temperatures grow faster during summer. This suggéstL. major grows better in
cooler temperatures as is evident during the wintenths in Lough Corrib, when the
plants flourish.
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Figure 18: Mean daily temperature recorded withimajorstands (circa 0.6m above the
lake substrate) at an hourly interval in two baysLough Corrib, Bob’s Island and
Currarevagh Bay.

Discussion

The results from a single period in the summer stiaw there are notable differences in
the invertebrate fauna between the native Charepdpp. and the introduced invasive
specied.. major. The patterns are not consistent between diffdvags, and depending
on the measure (richness, abundance and biomassptive plant habitat show higher
values in some cases and lower in others compardatiet exotic plant habitat. The
species richness was similar on the two plant hehibut the community composition
was distinctly different and consistently so betwéeays. This has also been found with
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the invasion of other submersed species sudlydsilla verticillata (Theelet al., 2008),
where differences were found in some of the measame not others. Furthermore, the
invertebrate communities in Lough Corrib were nedicly different in the different bays
on the same type of plant habitat with the greatstlarity betweerlL. major plants in
two of the bays. These spatial differences camxpeaed as many physical factors affect
the distribution of invertebrates in littoral hadig (Champion and Tanner 2000).

There was a clear pattern in the overall abundahaevertebrates, with a higher number
consistently recorded oh. major. However, it is noteworthy that this represents th
actual condition in the various bays, ahd major is consistently different in plant
architecture in comparison to the Charophspe. The individual values were therefore
corrected for plant volume/DW and the differencetagen the plant types were reduced,
and in at least one bay both plant types had simbdandance levels. Despite this, when
the relative abundances of each taxa is compaesdaimmunity structure is considerably
different. Consistently, there were a higher numbietaxa contributing to the overall
abundances on the native plant habitat compartitetexotic plant habitat. This indicates
that there are only a few taxa on the exetands that make up most of the invertebrate
abundances. Lower species diversities may makeirthertebrate community less
resilient to ecological change and therefore arbuatore vulnerable. Furthermore, this
indicates that these communities are less diverdeathough other trophic levels such as
fish are shown to be opportunistic in their feedsitategy (Kennedy and Fitzmaurice,
1971; Kelly-Quinn and Bracken, 1990; Amundssinal., 2001; Ormerocet al, 2004)
they will be dependent on a smaller complex of itelerates within th&. major stands.
The structural complexity of the macrophyte hallita$ also been shown to influence the
feeding patterns of fish (Dibbkt al, 1996; Warfe and Barmuta, 2006), and may result i
higher levels of predation. The consequences cfetlohanges indicate that the changes
in the richness, abundance, composition and biorad®e invertebrate community are
likely to result in a knock-on affect on the trophveb structure of littoral ecosystems in
Lough Corrib. This is particularly so because thwnge in plant habitat with the
introduction ofL. major which occupies almost the entire water column (8- very
different to the carpet like plant habitat of Chalrgtespp. (0.2 to 0.8m).
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When the biomass of the invertebrates are consld#rere is no consistent pattern
between bays but there were always differencesdsatvplant habitat types (native vs
exotic) within each of the bays. However, when plalume sampled was accounted for,
the biomass per unit volume of plant was similartlom native and exotic plant habitat
within the different bays. It is clear in this syids has been recorded in other aquatic
systems (Talbot and Ward, 1990), that the gastmpodke up a large portion of the
overall biomass. This is in part as a result of ith@usion of the shell of gastropods
(Anderssoret al, 1994). When one of the most abundant speciegavasved from the
weights, i.e.Bithynia tentaculatathe biomass results showed differences in the plant

habitats in some bays and not in others.

The results of this study representing one pathefgrowth season indicates that plant
structure has a direct influence on several aspédtse invertebrate composition, as has
been shown in many other studies (Broatal, 1988 Scheffer, 1998; Olsoet al,
1999; McAbendrottet al, 2005; Theeékt al, 2008). The plant biomass results indicate,
and field observations confirm thiat majorgoes through a distinct growth pattern during
the year and that the rate of these growth pattbamges are dependent on the local
conditions within each bay. Despite the changeslant architecture of. majorin the
different months, the stands still occupied a comaupzely larger part of the water
column than the Charophyspp. habitat. This is of significant consequencenwkhe
distribution patterns of individual invertebratexdaare analysed, as certain species seem
to have an association with the lower parts ofplaat, such as Leptoceridae, and others
with the upper canopy, such &rangonyx pseudogracilisit is likely that natural
seasonal differences in the life history of eactataill result in a change in invertebrate
abundance and distribution through themajor stands, but the changes in the growth
forms will further affect the invertebrate compasitin abundance and distribution. The
lack of consistency in plant habitat has been shimire affect invertebrate communities
(Hargeby, 1990), and may result in erratic changebe invertebrate communities and
certain species may not be able to persist. Theagosal changes capturing the growth
changes of the plant will be assessed when sampliested in August and October in

2008 and further samples scheduled to be collect2d09 are processed.
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Survey of theLagarosiphon species in South Africa for candidate biocontrol gents

Baars, J-R, Coetzee, 3. Martin, G2, Hill, M.P.?and Caffrey, J.M®

! BioControl Research Unit, School of Biology andvEpnmental Science, University College Dublin,
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% Departement of Zoology and Entomology, Rhodes ehsity, Grahamstown, South Africa.

% Central Fisheries Board, Swords, Ireland.

Executive summary

The alien invasive weetlagarosiphon majofHydrocharitaceae) is a submersed aquatic
macrophyte which poses a significant threat to waiadies in Ireland, Britain and
mainland Europe. Relatively recent substantial staftons prove difficult to control
using traditional control methods and biologicahizol needs to be considered as an
alternative, risk free, sustainable control opfionthe future. As one of the first stages of
initiating a biocontrol programme a survey for matienemies is required in the country
of origin to assess the availability of promisirandidate agentd.agarosiphonspecies
are native to the African continent and a shontatsurvey was conducted in South Africa
to assess the presence of suitable candidate ammhtgitiate collaborative efforts with
an appropriate institution. Several phytophagoexiss were recorded for the first time,
with at least three showing notable promise as idatel agents that warrant further
consideration. Amongst these a leaf-mining fly,kpidydrellia sp. (Ephydridae) causes
significant leaf damage and occurred over a widgridution despite high levels of
parasitism by braconid wasps. Another fly was rdedrmining the stem &f. majorbut
specimens are as yet unidentified. A small wee¥ilBagoussp. (Curculionidae) was
recorded at two sites and seems to mine the sipsostunting the growth of the main
stem. Several leaf feeding lepidopteran specie& wecorded with relative frequency,
but are expected to feed on a wide range of plaeties and as a result are unsuitable as
candidate agents when other species show bettariggoSimilar complexes of natural
enemies have been found on related plant speciesth@m continents and some have
previously been released as biocontrol agents @& WA on Hydrilla verticillata.
Lessons from well established biocontrol programpreside valuable insights into the
potential of the species recordedlammajorin South Africa as biocontrol candidates for

Europe.
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Introduction

Oxygen weed,Lagarosiphon major(Ridl.) Moss ex Wager (Hydrocharitaceae) is a
submersed invasive macrophyte found in severaltdesnn western Europe (Symoens
and Triest, 1983; Prestoat al, 2002; Reynolds, 2002Stokeset al, 2004; van
Valkenburg and Pot, 2007) and New Zealand (McGregmt Gourlay, 2002). Despite
first being recorded in Ireland in 1966 (Symoend d@niest, 1983), it has only become
noticeably invasive in the past few decades andode&red in Lough Corrib in 2005
(Gavin et al, 2007; Caffreyet al. 2007). Where the infestations of the weed ocher t
entire constructed water bodies is often occupreti monocultures also dominate large
bays in natural lakes, such as Lough Corrib (inesgcof 10 000f). These significant
infestations, although conventional control methads somewhat effective, require the
consideration of alternative methods of controt lldological control if we are to achieve
a sustainable solution in the future. This is beogmmore important since many
herbicides are being de-registered and the apjplicaif chemicals in waterways is
considered inappropriate (see Shaw, 2007; Waten®&sark Directive, EU, 2000).

Invasive, free-floating and emergent aquatic weas amongst the weed species in
Europe considered good targets for classical biokdgontrol (Sheppardt al, 2005).
Biological control by definition is the use of Ihg organisms to control pest species, and
is an attractive weed control method as it is atstyy that restores the natural balance by
releasing natural enemies previously associatdu tvé weed in its country of origin into
the introduced range. Natural enemies or biocomlehts may include a single or a suite
of organisms (largely insects, see Julien and i@r#f 1998) damaging different plant
parts or may include pathogens, like a fungus.agm@oach has been employed for more
than a century and has resulted in some of the sttacular simple solutions to
complex ecological problems (MacFadyen, 1998). Anber of the world’s worst
invasive species, which include aquatic plants H@en successfully controlled in other
parts of the world using integrated management rarages that were dependant on
biological control (Charudattan, 2001; Hill, 2008¢Connachieet al, 2004).
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The control of submersed plants presents a paaticcihallenge as most biocontrol
programmes have focused on terrestrial and fresifilg aquatic plant invaders, with
little attention given to submersed plant specieghie past. One recent exception is
Hydrilla verticillata (L.f.) Royle, where two curculionid beetld3dagous affinisand
Bagous hydrillaeand two ephydrid flieslydrellia pakistanaeand Hydrellia balciunasi
were released as biocontrol agents in the USA (Baés and Burrows, 1996; Gordowitz
et al, 1997, Julien and Giriffiths, 1998). Many submeraggkds do present a significant
threat to aquatic and riparian habitats (Charuda®801) and certainly warrant further
attention. Many species in the family Hydrochaetae, likeEgeria densaPlanchon,
Elodea canadensidMichx, Elodea nutallii (Planchon), Hydrilla verticillata are all
significant weeds in Europe (Presten al, 2002; DAISIE, www.europe-aliens.org).
Biological control investigations have been inghion these and other submersed weeds,
like Cabomba carolinianaray, with some surveys in the countries of origgmealing
promising candidate agents (Schoaerl, 2006;Cabrera Walstet al, 2007; Schooler
et al, 2007). Prospects for the biocontrol lof major had been considered for New
Zealand, but a biological control programme hashsan initiated there as other species
were considered to be of higher priority (McGregord Gourlay, 2002). However,
according to Shepparet al (2005) species liké. major may become suitable target
species for biological control if surveys of natueaemies in the country of origin are
completed. Indeed, a short-term survey was complé@teSouth Africa at two sites
(Schutz, 2007), but no notably promising agentshesh discovered.

The genud.agarosiphonis native to sub Saharan Africa and nine speciedascribed
with variable distribution ranges throughout thetawent including Madagascar (Wager,
1928; Symoens and Triest, 1983). In southern Aftiagarosiphon muscoideRidley
andL. majorare the most common species encountered, with afidse records oL.
major occurring south of Zambia (from the Cape Provirc&itnbabwe). Both.. major
andL. muscoidesire considered as noxious weeds in South Africae(@byer, 1964 &
1966), and often proliferate in man made dams (Anmaus, 1980a & b). As a result of
the extensive natural distribution range in southgfrica and rather localised surveys
previously completed (Schutz, 2007) the aim of thtisdy was to survey for natural

enemies orhagarosiphorspecies over a wider geographic range, with pdaidacus on
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L. major. The survey would include sites from some of thestrsoutherly records in
Eastern Cape Province (~750m a.s.l.) to high dhitsites (1400 to 2000m a.s.l.) in

Mpumalanga Province in South Africa.

Methods and Materials

A field survey was undertaken in November 2008 Z39) by the authors as a
collaborative project. Distribution records from ISBI (Fig. 1) and published literature
(Symoens and Triest, 1983) were used to targetliiesawhereL. major had been
recorded, and priority was given to sites with réceecords where possible (some
locality records date back to the 1890s). In sigtatimatic areas further impoundments
were surveyed, and additional site records heltRbgdes University were also visited.
At each site plants were assessed for damage, wiashcollected for dissection and
rearing. Different types of damage were assessdérumicroscopes and material was
kept cool for rearing out the adult stages of {hecénens collected. Specimens were sent
to relevant experts for identification. The plardtarial collected at each site was sent to
Dr Rene Glen and Lesley Henderson (PPRI) for coradiion and tentatively identified in
the field using Cook (2004). At each site hydrocloaiparameters were recorded with a
hand held meter in order to characterise the watefuding Temperature°C), pH,
Conductivity (uS/s), Total Dissolved Solids (ppr8pdium Chloride (NaCl, ppm), and
Dissolved Oxygen (mg/l & % saturation). A water gdenwas collected at each site
using a sterile specimen tube and fixed using H&2mples were sent for nutrient

analysis.

Results

The survey was conducted from thé"1@ the 28" November 2008, and coincides with

the spring period a few weeks after the rainfaisally start in the eastern regions of
South Africa. In excess of 65 sites were assedfienligh 34 sites were surveyed in some
detail (Figure 1). The macrophyte stand encountshexved signs of vigorous growth,

and bothL. majorandL. muscoidesvere regularly encountered (Plate 1a & b).
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Figure 1: Distribution records of. major in South Africaheld by South African
National Biodiversity Institute (SANBI). GT — Gautg, MP — Mpumalanga, NP —
Northern, NW — Northwest, KZN — Kwa-Zulu Natal, ECEastern Cape, WC — Western
Cape, NC — Northern Cape, FS - Free State, L ethes

Figure 2: Distribution of sites sampled in South Africa. Siteherel. major (dark grey
circles), L. muscoideqlight grey circles) and nd.agarosiphonwas recorded (open
circles) during the survey. GT — Gauteng, MP — Mplanga, NP — Northern, NW —
Northwest, KZN — Kwa-Zulu Natal, EC — Eastern Capé&C — Western Cape, NC —
Northern Cape, FS - Free State, L — Lesotho.
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At most sites male and female reproductive strestuwvere visible (Plate 2a & b). With
the recent rains many dams were coloured from fulmof plants were by and large

visible on the surface of the water particuldrlymajor.

Plants were usually accessible from the bank ocwyin less than 1.5m depths, with
some ponds only having a depth of circa 0.5m. Assalt most parts of the plants were
accessible while wading into the water and rhizoares roots were usually inspected for
feeding damage and abnormalities ascribable toralatmemy damage (proportionately

less time was spent searching amongst the rhizameésoots of plants and the results

may underestimate the presence of root feedingsge).

Plate 1: General morphology of the two main speciesgarosiphon majoa) andL.
muscoidegb) surveyed in South Africa.

Sites surveyed included mostly man made dams (B&tand reservoirs, what appeared
to be natural lakes and also some rivers (PlataBt)streams. Standslafmajorranged
from small clumps amongst bedslofmuscoideslong the edges of dams to large beds
occupying the entire water column of small damsewh. majorwas recorded in rivers
the stands were generally much smaller, with treeption of a slow flowing large river,

Mooi River (near Rosetta, Kwa-ZuluNatal) where &rgtands occurred on the river
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banks stretching for at least a few hundred métasupying up to ~25% of the channel
width).

Plate 2: Female (a) and male (b, circa 1.0mm) reproducsiractures ofL. major
recorded at most sites surveyed in South AfricaleMaructures floating on the water
surface are attracted to the depressions formethdyemale flower which facilitates
pollination.

Plate 3:Sites surveyed in South Africa including man mddms (a) (Dam on Sani Pass
Road), and slow flowing rivers (b) (Mooi River inMg-Zulu Natal).

Water chemistry

The water chemistry characteristics serve to charse the sites and compare sites
where the twolLagarosiphonspecies were recorded (Table 1). The habitats drarie
considerably where the two species were recorded) fivers to reservoirs to shallow

natural and man-made ponds. The values recordedafdr of these parameters reflect
this diversity of habitats, but there are charasties worth noting. Temperature is a

variable parameter that fluctuates daily (in a ®trhcycle) and sites were visited at
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different times of the day and could therefore Io@tdirectly compared. However, water
temperatures were considerably warmer (maximum9oi)2than that recorded during
summer in Ireland (although winter temperaturethese areas are very cold). Most of
the sites had high conductivity levels, and wetéasic with pH levels well over 8.00.
Many of the sites visited were also maintained aalenonid fishery and the dissolved
oxygen levels somewhat reflect clean water conusticalthough in highly vegetated
small ponds the oxygen reached super saturati@sle¥ over 160%. In general sites had
relatively low TDS values, with the notable exceptiof sites with high levels of
pollution evident arising from the catchment.

Table 1: Depth, temperature and water chemistry charatitsisf sites surveyed fdr.
major andL. muscoide& South Africa.

Parameter L. major n L. muscoides n
Depth (m) 0.85+£0.05 22 0.89 £0.05 14
Temperature (°C) 21.8+0.8 21 22.3+0.7 10
pH 8.21+0.24 21 8.83 £0.37 11
Conductivity (uS/s) 337.2+87.0 21 252.7+£38.0 11
NaCl (ppm) 1059 +26.0 21 79.9+10.8 11
TDS (ppm) 157.2+456 21 112.7+17.3 11
DO (%) 102.4 +85 21 118.6 £+ 10.9 11
DO (mg/l) 8.96 £0.70 21 10.58 £+ 0.91 11

Values quoted as mearStandard Errors

Phytophagous natural enemies

Many aquatic invertebrates were found amongst thetpnaterial but the focus of the
survey was on likely phytophagous organisms feedingthe Lagarosiphonspecies.
Several organisms were encountered that were mipstct groups. In the absence of
confirmed identities six types of damage were nated are dealt with separately below.
Specimens sent for identification are lodged atNh#&onal Collection of Insects (ARC —
PPRI) in Pretoria.

Leaf-mining fly
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The larvae of this species mines the leaves, apdtpa within the leaf tissue from which
the adult emerges. The larva feeds internally enld¢laf chlorenchyma leaving the upper
and lower epidermal layers intact (Plate 4bgresgtiucing the photosynthetic area. The
larva moves between leaves and may feed on up teai®s before pupating (Plate 4a).
Eggs may be laid on shoot tips and larvae seeniféatahe shoot tips and the stem
elongates leaving the damage obvious further dowmerstem. The pre-pupa and pupa are
noticeable within the leaf (Plate 4c & d), and nimy quite hard to find sheltered by
nearby leaves. Similar leaf mining species weracadtonL. muscoidesandL. major,
although these plants may support different spemsethe larva om. muscoidegfrom
Rooikrans Dam) were noticeably smaller than thoskected elsewhere oh. major
(their size may have been affected by resourcdadibitly). The fly larvae and pupae
were noticeable at most of the sites surveyed.odighh adults were reared from the
material during the survey it was unclear how aritere they laid eggs on the plant.
Adults flies (Plate 4e) were kept alive for sevetalys during transit with a supply of
sugar water. The fly has been tentatively iderdifis an ephydrid fly, prolHydrellia sp.
(Diptera: Ephydridae) (by Dr. M. W. Mansell throughosystematics Division (BD)
PPRI, to be confirmed by Dr Wayne Mattais, Smithaorinstitute, dipteran specialist).

Similar fly larvae were also collected frammuscoidesand await identification.

A braconid parasitoid was common at almost eveg, snany of the fly pupae collected
in the field were parasitized (clearly darker thegalthy pupae). Adult parasitoids were
observed in the field searching and probing whateaped to be pre-pupae. The adults
held a bubble of air between the wings and abdoanehwalked over the plant material
with reasonable speed while searching for larvaupa. Specimens reared from one site
have been identified as &demorsp. (Dr Gerhard Prinsloo, BD-PPRI; he said thauabo
ten species are known from this genus from the USAppe, Africa and the orient and

that the recorded hosts were ephydrid flies).
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Plate 4: Leaf mining fly (prob. Ephydridae: Diptera) dn major. typical leaf damage
(a), fly larva feeding within the leaf tissue (BY, larva pupating within the leaf (c), pupa
close to emergence (eye spots visible) (d), Epldyddult fly, cf. Hydrellia sp. reared
from pupa collected from the field (e).
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Stem-mining fly

At a single site, larvae were noted burrowing ddle stem ot.. major stems (Plate 5a)
(Lydenberg, Mpumalanga). A small number of affecttems were found at the site
(Plate 5c), and only parasitoids were reared from gpecimens collected. The larvae
appeared larger than the leaf-mining flies, anaddws seemed to be in the outer layers of
the stem (Plate 5b). Damage to the stem did reshge stunt the growth of the main
stem, but only a few specimens were collected amohs may support more than one

larva at higher fly densities.

Plate 5: Stem-mining fly collected oh. majorin a single site in South Africa. Stem with
mining damage and fly pupa under a thin epideragid (a), close up of the pupa and
tunnel in the main stem (b), fish hatchery in Lyolerg where the fly was collected (c).

Leaf-feeding lepidopteran

Damage attributed to leaf-feeding lepidopteran darwas readily encountered at
different sites. The leaves were cropped up to tearbase and left stems leafless in
areas along the length (Plate 6a). Feeding dantagees was noted to damage the stem
and older feeding sites on stems were evident atgsl but rarely severed the stem
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entirely. Although identifications are not completas suspected at least two species
were noted. These may include prdkynclita obliteralis (Plate 6b & c) and prob.
Parapoynx species (Plate 6e) (Lepidoptera: Crambidae, Nynmpdee) (family and
subfamily confirmed by Vivienne M. Uys, BD — PPRI).

Plate 6: Leaf feeding Lepidoptera collected &n major and L. muscoidesn South
Africa. Characteristic leaf feeding damage to shgal, leaf feeding larva @ynclita
spp. (b), damage and larval case SQynclita sp. (c), adult moth of probSynclita
obliteralis (d), larval case and damageRarapoynxspp. (e).

Leaf and shoot feeding weevils
Two curculionid beetles were encountered at sepaiggs during the survey. They were
quite distinct in size, with the smaller of the twollected at two of the sites (Plate 7a)

(Roadside dam near Stutterheim and Kubusi Lake,d8@)the larger weevil at only one
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site (Plate 7c) (roadside pond, EC). Both were enlgountered in the Eastern Cape, and
subsequent collection trips conducted by the Rhadiasersity team at Kabusi proved
unsuccessful in recovering any additional specimérem maintaining the weevils
during the collection trip it appeared that onle temaller weevil fed readily on the
material. At the sites were the weevils were fothre shoot tips of the plants were noted
to be damaged (Plate 7b). The crowns of the mamsin many instances were damaged
to such an extent that side shoots were produdete(Pd). It is expected that the larvae
of the weevils burrow into the main stem, as eggsewfound amongst the whorl of
leaves at the shoot tip when weevils were maintatheing the field trip. Adults fed on
the leaves, and feeding damage was noticeableagated holes along the length of the

leaf.

Six adults of the larger weevil were all collectad one site. The adults were hand
collected off shoots close to the surface of théewaAdults were maintained on shoot
tips and were relatively agile on the leaved.afjarosiphon suggesting an association
between the weevil and the plant. However, obsematon the plant material on which
the weevils were kept suggest that the weevils wetefeeding. During the field trip
several adults died, and the last of the adultd ohieculture in the laboratory. Specimens
were sent for identification and were confirmed e a Bagoussp. (Coleoptera:
Curculionidae, Bagoini) (Riaan Stals, BD-PPRI).
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Plate 7: Crown and stem-mining weevils collected lonmajorin South Africa. Smaller
of the two adult weevildBagoussp. A (a), crown damage probably due to larval ifegd
damage (b), larger of the two adult weevBsigoussp. B (c), side-shoot stimulated by
crown damage on the main stem (d).

Discussion

The survey resulted in the discovery of numeroesigs that fed and caused significant
damage td_. majorin the country of origin. It is the first large $eaoncerted survey
conducted on this target weed in South Africa. Asriany other submerged invasive
plant species, likeEgeria densa Hydrilla verticillata and Cabomba caroliniana
dedicated surveys in the country of origin haveesded a complex of phytophagous
natural enemies (Balciunas and Center, 1981; CaMishet al, 2007; Schooleet al,
2007). The most promising of these on this surveyude the leaf-mining ephydrid fly
prob. Hydrellia sp. (Diptera: Ephydridae). It was found to occurotighout the
geographic range surveyed during the field trip #rel characteristic damage to leaves
was also noted occurring on many of the pressecirapas in the National Herbarium in
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Pretoria (South Africa)Hydrellia flies seem to have a direct association with plant
species in the family Hydrocharitaceae in differeomtinents (evidence of co-evolution)
and have been released and are considered as b@aandidates of several submersed
species. TwoHydrellia species have been released kydrilla verticillata in USA
(Balciunas and Burrows, 1996; Gordowdr al, 1997; Julien and Griffiths, 1998) and
one of which is considered to cause significantatgnto infestations in the field and in
outdoor tanks (Doylet al, 2002; Doyleet al, 2007; Owen®t al, 2007). In addition,
impact surveys in South America show thaHwdrellia sp. on Egeria densahas a
significant impact on the leaves (Cabrera Wadshal, 2007). The most encouraging
aspect of this is that other biocontrol programmest on similar submerged plants and
that the types of agents that seem to be performelghave now been discovered bn
major in South Africa. Furthermore, the specimens ca#ldatluring the field trip are
being reared at Rhodes University to initiate hgyscificity and impact studies and a
parasitoid-free culture has already been achievagth time will be gained from the
existence of similar programmes around the worldrigsl and tested techniques are
already developed to rear and test similar fliesalboratory conditions (Balciunas and
Center, 1981; Buckingham, 1988; Buckinghainal, 1989; Buckinghanet al, 1991,
Center, 1992; Grodowitet al, 1993; Grodowitzt al, 1994; Balciunas and Burrows,
1996; Grodowitzet al, 1997; Vanet al, 1998). The biocontrol programme in the USA
has been implemented since the 1990’s and provesssuring evidence that agents like
Hydrellia pakistanaeand Hydrellia balciunasiare likely to be host specific and pose no
significant threat to native plants. However, tlosthspecificity of every candidate must
be determined before the risks of a potential selea Europe can be assessed (see Bigler
et al, 2005; Shaw, 2007). Itis noteworthy that theeere related species that are native
to Europe within the Hydrocharitaceae, which imm®whe likelihood that candidate
agents will be specific and pose no non-targesradlattack.

The complex of natural enemies foundlarmajoris notably similar to that discovered
on Hydrilla verticillata on the Asian and Australian continent. This incllidke leaf-
mining flies and two weevils, all of which were e@aked as biocontrol agents in USA
(Balciunas and Burrows, 1996; Gordowigt al, 1993; Gordowitzet al, 1994;
Gordowitz et al, 1997; Julien and Griffiths, 1998). Small beetfgecies have been
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particularly successful as biocontrol agents angehra@sulted in the control of some of
the world’s worst aquatic and terrestrial weedseskhinclude the control of water
hyacinth,Eichhornia crassipegMart.) Solms-Laubach (Centet al, 1999;Cilliers and
Hill, 1999), Myriophylum aquaticun{Cilliers, 1999), water lettuc®istia stratiotesL.

and salviniaSalvinia molesteaD.S. Mitchell (Hill, 2003). A small weevilStenopelmus
rufinasus Gyllenhal has provided the most spectacular controlAablla filliculoides
Lamarckin South Africa where it was released as a biocdragent (McConnachiet

al., 2004) and controls this floating weed in Ireladdere it arrived inadvertently (Baars
and Caffrey, in prep.). It is encouraging thereftbrat twoBagousspecies were collected
during the field survey, and observations on atleae of the species suggested that the
damage induced was significant enough to stungtbeith of the main stem &f major.
There is some concern however in getting a confionaof the species as the taxonomy
of the Afrotropical Bagoinae is in a poor statedefvelopment. Only four species are
described from South Africa, and recent revisioremf Australia, Japan, India and
western Palaearctic reveal the presence of numepmes and as-yet more undescribed
species (Riaan Stals pers. comm.). With so fewigpatescribed from South Africa it is
likely that these collected froin majormay be undescribed species. This is a genus with
few species known from South Africa. None of the fpecies known from South Africa
appear to be of economic importance and the urgehtye review of this genus is low

with no current research being undertaken.

Many aquatic plants in Ireland have been notedetéeld on by lepidopteran larvae. The
leaf feeding mothParapoynx stratiotatdL.) has been recorded in southern parts of the
UK (NHM, UK) and Ireland (Karsholt & van Nieukerkein Fauna Europaea), with
known hosts including Ceratophyllum spp. (Ceratophyllaceae)Elodea spp.
(Hydrocharitaceae), Nuphar spp. (Nymphaeaceae) andPotemogeton spp.
(Potamogetonaceae). Similar host records suggext lé#pidopteran species in the
subfamily Nymphulinae have a wide host range ané assult are of no use from a

biological control perspective.

The use of classical biological control has a hystof very safe and successful
programmes throughout the world, and its implent@rtain Ireland needs to be
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considered for our growing number of invasive weegttgiatic invasive plants present a
particular threat to our native habitats and the osmechanical and chemical control
methods do not present a long term solution. Indeecurrent costs to control alien
invasive species using anything other than biollgmontrol are unsustainable and
expensive. Not all alien invasive species areabigtfor biological control, but many are
considered suitable (Sheppartal, 2005) and with the discovery of a few promising
natural enemies in this study major should also be considered as a suitable target
species. In addition to the discovery of candigaents].. majorhas no closely related
native plant species in Europe which reduces tist Hpecificity testing procedure and
potentially the likelihood of non-target impactsagents are considered safe for release.
There are some very significant factors that wiltgmtially slow down or obstruct the
biological control of plant species in Ireland akdrope, despite a long history of
biological control of arthropod pests. These ideldhe public misconception of the use
of biological control, lack of a coherent legislati framework for the release of
biocontrol agents, lack of ownership by a singleamal authority to provide permission
for release, and the availability of long-term furglto provide continuity to research
programmes. While we try to resolve some of thepprexiable constraints it is
encouraging that a purpose built quarantine fgcwitll be in place at UCD and that
procedures are in place to import natural enemias fcountries outside the EU for
research purposes. The importation of some of tbasdidate agents dn majorwill be

initiated when the quarantine facility is built aaplproved.
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