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SUMMARY

The distribution and abundance of invastedonialtunicates veredocumented atvelve
stes along a ~27@&m latitudinal gradient in western Newfoundland (NL), Canada.
combination of 10x1@&nd 15x15 cm polyvinyl chloride (PVC) panels were deployedixed
and/or floating docksat eachsite between June and November 2014. The presence and
abundance of invasiveolonialtunicates werea@tumentedn Septembeand November. Similar
to patterns observed in 2013 (Caines personal observaBotryllus schlosserivas found at
Sites 1, 2 and bwhile Botrylloidessp. was observed &ite 2. Monthly samplingof 15x15 cm
PVC panelsgelgrass {ostera maring rockweed Fucussp), andkelp (Saccharina latissima
was conducted between Septemlagrd November abites 1, 2 and 30 determine spatial and
temporal variation in the abundance of invasive colonial tunicates on artificial and natural
substratesMean cdony coverof B. schlosseriwas 141 and 19.5% for panels sampled from
floating docks in September f&ites 2 andb, respectively, while mean cover Bbtrylloidessp.
was 3.7 on panels sampled from tHixed dock atSite 2. Interestingly, the frequencyf
occurrence foB. schlossercolonies on rockweenhcreased fron20%in Septembeto 100% in
Octoberat Site 2, while it decreased from 100% in September to 80% in Octoliitesh. The
frequency ofBotrylloidessp. peaked at 50% and 70% on rockweed and kelp, respectively, in
Octoberat Site 2. The frequency oB. schlosserion kelp specimens &ite 1 peaked at 40% in
October while kelp specimens froi8ite 2 had a peak colonfyequency of 100% in September
Overall, the abundance @&. schlosserion artificial and natural substratesms substantially
lower atSite 1, which may be related to cooler sea temperature and increased wave eaposure

this site
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INTRODUCTION

The spread of nemdigenous species threatens marinedi@rsity and can lead to large
scale changes in the structure and function of marine environments (Berman et al. 1992, Lambert
et al. 1992, Harris &Tyrrell 2001, Levin et al. 2002, Bax et al. 2003, Molnar et al. 2008,
McQuaid & Arenas 2009)he golden star tunicat®¢tryllus schlosseyiherein golden stamwas
first observed in Arnolds Cove, Placentia Bay alongvNleo u n d (NB) rabktoceast in 1%}
but remained undetected throughout much of indulafor over 30 yearsHisheries and Oceans
Canad&0133. Since 2006, golden star has established widespread populations in Placentia Bay
and more recently has been observed in isolated harbours intdtgniortune, and Conception
Bays (Célahan et al 2010Ma 2012 Fisheries and Oceans Canada 201882007, goopulation
of violet tunicate Botrylloides violaceuswas found in Belleoram, Fortune Bay, but has not been
confirmed elsewhere inIN(Fisheries and Oceans Canada 201Bf¢rtidal and subtidal surveys
in 2013 indicate thatgolden star andBotrylloides sp. (speculated to be violet tunicate) have
expanded their range to the southwest coast of insulaiCdines personal observations 2013)
Thesemarine invaderfiave been found toauseeconomic losses for the shellfish aquaculture
industry andpose a high ecological risk to coastal ecosystems of Atlantic C4Gadeer et al.
20069.

Sessile marine invasive species have been shown to preferentially colonize artificial over
natural substrates (Glasby et al. 2007, Tyrrell & Byers 2007, Dumont et al. 2011). Invasive
colonial tunicates areommonly abundant on artificialstructuresor in anthropogenically
disturbed areas. Atrtificial structures and disturbed areas provide a unique Wwabitainvasive
organismscan establish source populatidnem which theyinevitably invade natural substrates
(Dumont et al 201)1 The migration otheseinvaders from artificial to natural habitats can alter
subtidal community structure and have significant ecological and economic injpacter et
al. 2006. Globally, eelgrass habitat is declining in response to pollution, physical disturbances,
eutrophication, and introduced species (Hauxwell et al. 2001, Waycott et al 2009, Garbary et al.
2014). Recently, colonial and solitary invasive tunicates have been found to colonize eelgrass
shootsreducinglight transmittance, growth, suval and productivity(Wong & Vercaemer
2009).The fouling of eelgrasdy invasivetunicatesand thedislodgement of eelgrass shoots by
the invasive green cralCéarcinus maengsmay result inlarge scale losses in this ecologically
significant habitatn Atlantic CanaddWong& Vercamer 2009, Garbary et al. 2014



Sea temperaturstrongly influence thepopulation dynamicand biological interactions
of invasive species in Atlantic Cana@@aunders& Metaxas 2007, 2008Caines & Gagnon
2012,Matheson& Gagnon2012. Furthermore, experimengnd field observationsave shown
that climacticchanges in ocean temperatusdl favour invasive species by increasitige
magnitude of recruitment and likely competitsgccessStachowicz et al 2002, Rah&lOlden
2008,Sawnders& Metaxas 2008Sorte et al 2010 The recent introduction of bgdlid tunicates
toNLOsS sout hwest coast provides an opportunity
on the abundance, cover, and habitat utilization of these invadersy f o u n wdstacnadtd s
spans a-450-km northsouth axis. Sea temperature along this coast varies by U@ tansl has
been shown to strongly influence the abundance and cover ofievasling organisms (Caines
& Gagnon 2012). Understanding the relaship between sea temperature and abundance and
cover ofcolonial tunicates on artificial and natural substrates in their newly invaded range will
allow us to better elucidate the risk that these species pose to the relatively pristine environment
alongNe wf ound|l an d®hss regearshtaims to: d)sconfirm the presencgotden star
and violet tunicatein southwestern NL, 2) investigate spatial and temporal variability in the
abundance and cover of colonies on polyvinyl chloride panels (RY@jelve sites along an
~270km latitudinal gradientand 3) determine the frequency of occurrence of colonies on
eelgrass 4ostera maring rockweed Fucusspp.) and/or kelp $accharina latissimaat three

sites along a ~12Bm latitudinal gradient.

MATERI ALS AND METHODS

Study sites

This study was conducted #atelve sites within western NL: 1) Port aix Basques, 2)
Codroy, 3) St. Davidoés, 4) St. Georgebs,, 5) L
8) Frenchma 6 s C darkeHabo@,)10)Summerside, 11) Rocky Harbour, ab?) St . Paul €

(Fig. 1). Sites 1, 2, 3, 5, 6, 1;nd 12 were loc#ed in protected harbours opena bay orthe
Gulf of St. Lawrencdrom a small to moderately wide channel, wiSlés 4, 7, 8, 9, and 11were
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Figure 1: Location of the twelve studyes along the west coast of Newfoundland, Canada



located in larger harbours that were open to a béyeoGulf of St. Lawrence. Allies were

selected based on the presence of either a fixed or floating dock.

Artificial substratum and physical data

To determine the distribution of invasive colonial tunicates in western NL, oree® t
15x15 and/or 10x10 cm PVtowerswere deployedrom fixed docksat each of the twelvstes
along the west coast of NlAppendix A) Three towers were deployedSites 9 and 1las there
were two distinct docks within each communidysingle tower was deployed &ites 7 and 8as
thesesites were added after the original project desigme towers consisteaf a single4 to6 m
strand ofpolypropylene rope that had one end attached to a 0.9 to 1.3 kg weight. The first PVC
panel was placed 20 cm above the weight by passing the rope through a 1.0 cm hole drilled in the
center of the panel. The remaining two panels weaeeal above the previous panel and spaced
by 10 cm. Cable ties were passed through the braidedb&lpes each pandb suspendat a
specified height on thewer. The trailing end of the tower was tied to the fixed dock and was
suspended.O to 1.5m belowlow tide. The towers &ites 3,9 and 10 were attached to floating
docks, with a single tower &ite 10 being attached to a fixed dodkowers were deployed at
eachsite in late June or early July and were checke®&eptember and Novemb2014 The
tower atSite 7 was deployed in September and checked in November.

Invasive colonial tunicates were observe®its 1, 2, and 5 in the fall of 2013 (Caines
personal observations). Additional PVC towers were deployed at shiesdo better elcidate
spatial and temporal variation in the population dynamics of these invaders incddasing the
number of PVC panels facilities a more rigorous investigaif@patial variability between sites.

In June, two towers witFour 15x15 cm PVC panels were deployed from floating docks at each
site, with an additional two towers wiflour 15x15 cm PVC panels deploy&om floating docks

in September. Two towers, one witiree 1545 cm panels and a second with three 10xh0
PVC panés, were deployed from fixed docks at easte in June Panels were sampled in
September, October and NovembErese towers were constructedpasviously describedvith
towers attached to floating docks deployed atniBelow the water level andwers attached to
fixed docks deployed 1.0 to 15 below absolute low tideTemperature data was collected
every hour atSites 1 to 6 and 8 td2 with a Hobo Pendantlatalogger Onset Computer
Corporation+ 0.5 °C accuracy. Mean sea temperature wasatahted between 3 July and 5

November for sites with available dat8alinity data was collected opportunisticallyth a



Hanna HI 9828 meteaat 0.5, 1.0, and 1.5m below the water level fazachsite during sampling
periods in September, October, and November.

Images were taken of eachnelusing a Cannowower Shot ELPH 150 I&nd Nikon
Coolpix P7100during each sampling period. A 100 point grid overlay wasddd each image
using ImageJdvith the Grid Overlay application. The presence or absence of tunaatesh

point was used to determine thercentcover of tunicates oeach panel.

Natural substratum

To determine spatial and temporal variation in the use of natural habitatsdoyatol
invasive tunicates, samples of eelgragosfera maring rockweed [ucus sp, mostly
F. vesiculosus and kelp $accharina latissimawere sampledfrom Sites 1, 2 and 5Initial
surveys were conducted @ites 2 and 5 to locate eelgrass meadows in June. Additional surveys
atSite2 in September and October did not yield an eelgrass mead®iteAt a moderate sized
eelgrass meadow was detected near the dock structure and was sampled again in September and
October. A GoPro Hero 3 Silvaramerawas attached to a 20x20 cm quadrat and was used to
document the presence wivasive colonial tunicates on eelgrass shoots. Twenty haphazard
guadrats were sampled within the eelgrass meadow from intbélow absoluteol tide. Still
images were generated from each quadrat and used to determine the frequency of occurrence of

colonial tunicates for each quadrat.

Ten rockweed mecimenswere sampled below thevater levelduring spring low tide
from eachsite in June, Septembeand October and ten kelp specimens were sanipegdeen
~0.5 and 1.0 m below absolute low tideSites 1 and 2 in June, September, October, and
November2014 Rockweed samples were placed in individual bags and stored in a coater on i
until they were analyzed the following day. Each rockweed specimen was visually inspected to
determine the presence of each tunicate species. Kelp specimens were visually inspected in the

field to determine the presence of each tunicate species.

RESULTS

Artificial substratum and physical data
A total of 273 PVC panels were sampled between June and Novemletd¢omine the

abundance and distributioof invasive colonial tunicates aelve sites along western NL.
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Similar to 2013 golden stawas detected &ites 1, 2 and 5 anBotrylloidessp. was limited to
Site 2. Invasive colonial tunicates were not detected on PVC panels at anysiéerhe
composition of the fouling community was similar betwéstes 1, 2, 4, 5, 8, 9, and 11. The
fouling community at thesaites was dominated by bryozoans, hydrozoans, tunicates, jingle

shells and spirorbid worms (Table 2, Appendix B).

Salinity was between 29 and 31 practical salinity units (PSUpites 1, 2, 5, 7, 8, and 9
and was between 26 and 28 f8ites 3, 4, 11, andl2. Salinities between 14 and 16 were
observed abites 6 and 10, which were near large freshwater sources (Table 1). Wave exposure
at Sites 1, 2, and 5 was very low, whigites 4, § 8, 9 and 11 have moderate to high wave
exposure (Caines personal observations). A total of three towers were lost throughout the study,
accounting for 8% of all towers deployed.olvers were lost between September and November
and were likely due to imeased wind speeds during the first week of Novemidean sea
temperaturdetween July and Novembpeeaked at 16.9C at Site5 and decreasat sites further
north and soutliFig. 2). Mean sea temperatubetween July and September explained 87.0% of

thevariation in golden star colony cover at sites,lgritl 5 (Appendix C).

The cover ofgolden stamwas 14.1 and 9.5% for panels sampled frofleating docks at
Sites 2 and 5respectively, in September. Interestingly, the covegobden staiat Sites 2and 5
was much lower for panels sampled from fixed docks, ranging from 0 to 2.4% in September
(Figs. 3 and 4). Two small florets @olden starwere observed on panels froBite 1 in
September, but did not account towards cover as they did not fall witkimf the intersection
points in the grid (AppendiB). The cover ofBotrylloidessp. peaked aB.76 on fixed dock
panelsin Septembeast Site 2 (Fig. 5). Interestingly, panels frorBites 2 and 5n October and
November had numerous recruits, lide to limitationsduring picture analyseghese recruits
were not accounted for with grid overlay sampli#gppendix B. Oveall, the abundance of
tunicaterecruits (mostly the largeBotrylloidessp.) wasestimated to be 280Dindividuals m?
PVC in October and 418 individuals n? PVC in November for fixed dock panels Site 2

(Fig. 6)

Natural substratum
Initial site assessments discovered a small eelgrass meadow near the fixed and floating

dock structures &ite5. Unfortunately, the topography and benthoSis1 was not compatible
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Table 1. Geographic coordinates, mean salinity, and mean temperatuveelice study sites
along the west coast of Newfoundland, Canada.

Site name Sitenumber Latitude Longitude Mean salinity (PSU) Mean temperature (C)

Port aux Basques 1 47 34.456 59 08.327 30.63 13.04

Codroy 2 47 52.871 59 23.894 30.33 13.75

St . Davi « 3 48 13.103 58 51.759 27.94 na

St . Geor ¢ 4 48 25.860 58 29.132 28.00 15.27

Little Port Harmon 5 4830.859 58 32.297 29.18 16.06

Fox Island River 6 48 41.716 58 40.769 15.20 15.53

Piccadilly 7 48 34.580 58 54.102 30.11 na

Frenchmel 8 49 03.501 58 10.814 30.63 na

Lark Harbour 9 49 06.070 58 21.813 30.14 14.25

Summerside 10 48 58.684 57 58.808 14.51 15.33

Rocky Harbour 11 49 35.388 57 56.276 26.16 14.71

St . Paul 12 49 51.399 57 47.834 26.82 15.31

* Salinity data foiSite 3 is based on a single samplipgriod. Measurements were taken during a rising tide, when a salt wedge likely forced
freshwater further towards the mout hproviflea@orarbpbesedtativeRalueer , NL. Addi ti or

Table 2: Dominant species observed from the fouling community on PVC panels sampled in
September and Novembertaklve sites in western Newfoundland, Canada

Site | Dominant species

1 | Golden star, spirorbid wormsgpirorbissp.),Membranipora membranaceeaprellids, musseldMytilus
edulig, Cryptosulasp., aemone Ketridiumsp), Molgulasp., jingle shellsAnomiasp.), Tubulariasp.

2 | Golden starBotrylloidessp., mussela\ytilus eduli$, Bugulasp., jingle shellsAnomiasp.), spirorbid
worms Spirorbissp.), caprellids

3 | Unidentified bryozoan

4 | Jingle shellsAnomiasp.),Membranipora membranaceRglectra pilosa spirorbid worms $pirorbissp.),
Tubulariasp.

5 | Golden star, barnacleB#lanussp.), anemoneJetridiumsp.), Membranipora memlanacea Electra pilosa
Cribrilina annulata Cryptosulasp, jingle shells Anomiasp.)

6 | BarnaclesBalanussp.), musseld\ytilus eduli3

7 | Membranipora membranacea, Cribrilina annulata, Electra pilosa, Cryptospla

8 | BarnaclesBalanussp.),Electra pilosa, Membranipora membranacea, Tubulaga, jingle shellsAnomia
sp.), musseld\Wytilus edulig

9 | BarnaclesBalanussp.),Membranipora membranaceapirorbid worms $pirorbissp.), mussela\ytilus
edulig, anemonesMetridiumsp.),Electrapilosa jingle shells Anomiasp.)Cribrilina annulata Cryptosula
sp. ,Bugulasp.

10 | BarnaclesBalanussp.)

11 | Membranipora membranaceBlectra pilosa spirorbid worms $pirorbissp.), jingle shellsAnomiasp.),
anemoneNletridiumsp.) barnacleBalanussp.), musseld\ytilus edulig

12 | Electra pilosa mussel Mytilus eduli3, jingle shells Anomiasp.), unidentified bryozoan
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for eelgrass andite assessments in June, September, and October did not yield an eelgrass
meadow in Codroy harloo or the Codroy estuary. Small patches of eelgrass were observed in
Codroy harbour, but were beyond the sampling depth for this studyrelheency of golden star
colonies on eelgrass peaked at 40.0% in September before decreasing to 15.0% in October at
Site5 (Fig. 7). Similarly, the frequency of occurrence of colonies on rockweed decreased from
100% in September to 80% in October (Fig. B)e occurrence of golden stan rockweed
increased from 20 to 100% and the occurrencBatfylloidessp. increased from 10 to 50% at
Site 2 between September and October (Fig. 8 and 9). No colonies were observed on rockweed
specimens sampled &tte 1. The frequency of occurrence for golden starkelp peaked at 40%

in October forSite 1 and was 10 and 20% in September and November, respectively (Appendix
B, Fig. 10). Colony frequency of golden star kelp specimens fror8ite 2 was 80 to 100% in
Septerber and October before decreasing to 44% in November. Similarly, the frequency of
Botrylloidessp. on kelp peaked at 70% in October before decreasing to 33% in November (Fig.
11).
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Figure 7 Change in the mean frequency of occurrence of golden star on eelgrass shoots sampled
from Site5 in June, September, and October.
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Figure 10 Change in the mean frequency of occurrence of golden star on kelp blades sampled
from Sites 1 and2 in June, Septembedctober and November
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Figure 11 Change in the mean frequency of occurrend@adfylloidessp. on kelp blade
sampled fronBite2 in June, September, October, and November
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DISCUSSION

Invasive colonial tunicates were observe®its 1, 2 and 5, with golden star found at all
threesites andBotrylloidessp. observed &ite 2. Studies have utilized both sea temperature and
salinity as predictive variables to determine suitable habitats and the potential range for both
golden star and violet tunicates in the eastern Pacific (Epelbaum et al 2009). Low salinities, due
to proximty to a large riverandbr stream, will likely preclude the successful establishment of
these invaders &ites 3, 6, and 8. The fouling community, salinity, and sea temperature at
invadedsites was similar t&sites 4, 9, 11, and 18uggesting that futarestablishment of golden
star orBotrylloidessp. is possible. Thesgtes are further at risk, as pelagic herring and mackerel
seinersmove between northern and southern dlliring peak recruitment in the fall (Caines
personal observation). Althoug8ites 4, 9, 11, and l12appear to match a number of the
physiological requirements of both golden star and violet tunicate, thié=e may be
inhospitable due to increased wave exposure, difference in available food resources, and resource

competition (food andpace).

Latitudinal and annual variation in sea temperature has been shown to greatly influence
the population dynamics and, subsequently, species interactions between invasive and native
species $tachowicz et al 2002, Rahel & Olden 2008, Saundekdegaxas 2007, AWB, Sorte et
al 2010, Caines &Gagnon 2012). Overall, the abundance and cover of golden star on PVC
panels aSite 1 was substantially lower tha&ite5, where sea temperature was on aveBageC
warmer.Overall, sea temperature was similar between Sites 1 and 2 during the entire study, but
was on averagé.3 to 3.2°C lower at Site 1 compared tBites 2 and 5, respectively, between
July and Septemberemperature plays a key role in the growth and dewveémt ofgolden star
and violet tunicateand likely was an important factor influencing thepulation dynamicsof
these species &tes 1, 2 and §Epelbaum et al 2009).ow recruit abundance and subsequent
growth of these recruitsluring the summer anf@ll will likely be an important factor affecting
the overwintering survival of colonieg Site 1 Interestingly, mean sea temperature during the
summer and fall &ite 1 is similar to more northerlsites in NL, providing us a glimpse into the
invasion dynamcs of golden star at highdatitudes in Atlantic Carda (Caines &Gagnon
2012a,b.



19

The frequency of occurrence of golden star colonies on kelp increased from 10 to 40%
between September and OctoberSée 1. Single small golden star florets were observed in
September on PVC panels and kelp specimens, while colonies observed on kelp in @xaxtober
Novemberwere larger and consisted of a number of zooid florets. A lack of recruits and small
colonies on PVCn October and November suggests a single recruitment event was recorded at
Site 1. Kelp specimens &ites 2 and 5 were characterized by numerous colonies of varying sizes
throughout the study, while PVC panels showed that tunicate recruitment peaketblyerOc
before decreasing in November. The abundance of tunicates on rockweed and kelp increased
between September and OctoberS#e 2, but decreased on eelgrass and rockweesitats
during the same period. Warmer sea temperaturSgesh likely contrbutedto the earlier peak

and overalpercent coveof golden stacompared to Site.2

Habitat utilization will play an important role in the management and transport of
colonial invasive tunicates in western Newfoundland. Artificial dock structuresprailide a
refuge from which these invaders can infiltrate natural substrates (Dumont et al 2011). Botryllid
tunicates are characterized by lecithtrophic larvae tilpically spend less than a few hours in
the water column, which greatly reduces larvaingmort (Carver et al. 2006). Tunicates
overcome this by colonizing boat hulls and rafting on disldddgae and plants (Carver et al.
2006, ClarkeMurray et al 2011). The movement of fishing boats along the west coast of NL
during the fall and rafting odislodge kelp blades, rockweed fronds, and eelgrass shoots will
inevitably result in the transport of these species to new habitats in western NL. Although these
introductionsmay not have the same economic effect as seen in other parts of Atlantic Canada,
they may have a detrimental effect on gdidal coastal environments (Carver et al. 2006).
Globally, seagrasses are declining in response to multiple stressors, including biological
interactions with aquatic invasive species (Hauxwell et al. 2001, Wastcatt2009, Wongk
Vercaemer 2009, Garbast al. 2014). Theecent introduction and future range expansion of
colonial invasive tunicates in western NL will put additional pressure on ecologically significant
eelgrass habitats, which may lead to largdescaanges in the composition and structure of

subtidal coastal communities.
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APPENDIX A: Tower design and deployment

Sampling tower: Image showing tower orientataomd placement of platekiring deployment
from a floating dock aBite 2.

Sampling panels: Imagshowing 10x10 (left) and 15xTm (right) PVC panels used to sample
fouling communities at twelvstes in western Newfoundland
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APPENDIX B: Representative images of fouling ammunities attwelve study sites

Site 1: Images showing a PVC panel with a single golden star floreleffiopf image) sampled
in September and a kelp specinvéith a golden star colongampled in November

Site2: Images showing a PVC panel with numerous tunicate recruits and a kelp speithmen
golden star an8otrylloidessp.coloniessampled in October





















