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ABSTRACT

Carver, C.E., A.L. Mallet and B. Vercaemer. 200Bimlogical Synopsis of the colonial
tunicatesBotryllus schlosserandBotrylloides violaceusCan. Man. Rep. Fish. Aquat.
Sci. 2747: v + 42 p.

Two non-indigenous colonial ascidiaBstryllus schlosserfigolden star tunicate) and
Botrylloides violaceugviolet tunicate) are becoming increasingly abumas both the east
and west coasts of Canada. Their potential fadrgmpwth allows them to exploit new
environments, potentially displacing native speeaieg disrupting community dynamics. In
particular, their tendency to colonize floating swtes and overgrow other organisms poses
a threat to the viability of marine aquaculture igens. In both species colonies expand via
the asexual budding of individual zooids or throfiggion with closely-related colonies.

This fusion process is controlled by a complexraftognition system that allows the
organism to detect the degree of genetic simildr@tyveen adjoining colonies. Both species
are hermaphroditic and brood large larvae withiatixely short larval cycle and limited
dispersal potential. Both species can toleratede wange of environmental conditions but
growth rates increase substantially in warmer emvirents. Localized subpopulations may
exhibit variable growth and reproductive patterapehding on the temperature and food
regime. Colonial tunicates generally have few ptada particularlyB. violaceusvhich may
give it a competitive advantage o\Brschlosserin some environments. Major dispersal
mechanisms are rafting on floating debris or hatliling. No effective control mechanisms
have been reported and any strategy that promi@gsiéntation may only serve to enhance
dispersal rates. Once these colonial tunicate spd@come established, they are extremely
persistent and virtually impossible to eradicageiucing the rate of dispersal is therefore
imperative. More studies are required to docuntieit life-history characteristics in
Canadian waters, particularly such aspects as grmates, spawning patterns, mortality
events and overwintering survival strategies. Imfation on potential control measures and
possible predators is also required to devise imnmédgation strategies for the aquaculture
industry.
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RESUME

Carver, C.E., A.L. Mallet and B. Vercaemer. 200Bimlogical Synopsis of the colonial
tunicatesBotryllus schlosserandBotrylloides violaceusCan. Man. Rep. Fish. Aquat.
Sci. 2747: v + 42 p.

Les deux ascidies coloniales non-indigeBesryllus schlosserfbotrylle étoilé) et
Botrylloides violaceugbotrylloide violet) deviennent de plus en plusmdantes sur les cotes
Est et Ouest du Canada. Leur potentiel de croigsaapide leur permet d'exploiter de
nouveaux environnements, possiblement déplacarespgsces indigenes et perturbant la
dynamique des communautés. En particulier, lexdarce a coloniser les substrats flottants
et a envahir d'autres organismes constitue unegaenka viabilité des opérations aquacoles
marines. Les colonies des deux especes croissehopayeonnement asexuel de différents
zooids ou par fusion avec les colonies reliéespr@eessus de fusion est commandé par un
systéme complexe d'allorecognition qui permetr@dinisme de détecter le degré de
similitude génétique avec une colonie contigiie. desx especes sont hermaphrodites et
produisent de grosses larves avec un cycle refagmécourt et un potentiel limité de
dispersion. Les deux espéces peuvent tolérer ga Earentail de conditions
environnementales mais les taux de croissance augniesensiblement dans des conditions
plus chaudes. Les sous-populations localisées pepvésenter une croissance et un modeéle
de reproduction variable selon le régime de tenipgraet de nourriture. Les tunicates
coloniaux ont généralement peu de prédateurs, rticydeer B. violaceusce qui peut lui
donner un avantage concurrentiel par rapp&tsahlosserdans quelgues environnements.
Les mécanismes principaux de dispersion sonthsp@t par débris flottant ou par
encrassement des coques des bateaux. Aucun méeasfisrace de contréle n'a été rapporté
et toute stratégie qui favorise la fragmentatiopeet seulement servir qu’a augmenter les
taux de dispersion. Une fois que ces espéces atdsmieviennent établies, elles sont
extrémement persistantes et il est pratiquemendssiple de les supprimer; il est donc
impératif de réduire leurs taux de dispersion.skl'études sont nécessaires pour documenter
les caractéristiques de leurs cycles de vie-hsuans les eaux canadiennes, en particulier
des aspects tels que les taux de croissance, @a&lesale reproduction, les taux de mortalité
et les stratégies de survie hivernale. Il est égeafe nécessaire d’obtenir de I'information sur
des mesures de contrble potentielles et des prgdgiessibles pour concevoir des stratégies
de réduction d'impact pour l'industrie aquacole.






1.0 INTRODUCTION

Over the past century there have been numerolaimal introductions into the
Canadian marine environment, including severalsiveaspecies. Some of these, such as the
common periwinklel(ittorina littorea) have been present for over a century, whereasth
have only been detected recently, e.g. the gresm(Carcinus maengsn 1951 (Audet et al.
2003) and the green fleece algodium fragilg in 1989 (Bird 1993). Two species of non-
indigenous ascidians, specifically the solitaryevamicate Ciona intestinaliy and the
colonial golden star tunicat8dtryllus schlosseyihave been present since the early 1900'’s,
but are only now starting to exhibit the explogpapulation growth typical of invasive
species. Combined with the recent introductiothefsolitary clubbed tunicat&tyela
clava) in 1998, and the colonial violet tunicai&ofrylloides violaceusin 2001, invasive
tunicates have now become a serious biofoulingewnior the aquaculture industry in
Atlantic Canada. Moreover, another colonial tutecBidemnunsp. is spreading rapidly
across Georges Bank, potentially jeopardizing ticegtive offshore scallop industry, and
posing an imminent threat to the marine ecosysteaastern Canada. The purpose of the
following document is to review the life historyaracteristics of the two colonial ascidians,
B. schlosserandB. violaceuswhich are presently found in several regions téwmtic
Canada as well as in British Columbia. Potentetors and pathways for introduction and
dispersion will be discussed, as well as the etbésuch factors as competition and
predation on population dynamics, and the urgeetirier the development of impact

mitigation strategies.

1.1. NAME AND CLASSIFICATION

Taxonomic status according to the Integrated Tamoadnformation System (ITIS)
website (www.itis.usda.goy.

Kingdom: Animalia
Phylum: Chordata
Subphylum: Tunicata
Class: Ascidiacea
Order: Stolidobranchia
Family: Styelidae



Genus and SpecieBotryllus schlosseri
Common Name: Golden Star Tunicate

Genus and SpecieBotrylloides violaceus
Common Name: Violet Tunicate
B. schlosserwas first described by Pallas in 1766 under thme¥lcyonium schlosseri
(Millar 1966). B. violaceusvas firstofficially distinguished as a separate species kg O
(1927), and the taxonomic details were later gkadiby Saito et al. (1981). It has been
frequently confused with similar temperate watexcsgs such aBotrylloides leachand

Botrylloides diegensisr even the boreal speciBstrylloides aureum.
1.2. GENERAL DESCRIPTION

Colonial tunicates belonging to the gemaryllus or Botrylloidesare soft, smooth and
fleshy in texture. They may take a variety of forimsn thin flat encrusting mats to thick
irregular lobes or projections depending on thesla the substrate. B. schlosserihe
colonies are made up of small zooids (1-2 mm) dividuals arranged in a stellate or star-
shaped pattern around a shared aperture or exlzalealt (Van Name 1945, Figures 1-2). By
comparisonB. violaceushas larger zooids (2-4 mm) distributed in elondatesgular rows
around a common aperture (Figures 1-2). A wide eafgolour morphs are listed Bt
schlosserincluding purple, green and orange in New Zeal@fidlar 1982) or blue, white
and orange on the U.S. west coast (www.massbagdujt. Records for the east coast of the
U.S. indicate thaB. schlossermay have purple zooids with brown margins, redd®with
orange margins or appear purple-red throughouu@d978). In Atlantic Canada, this
species is typically bi-coloured with yellow or wézooids and brown, grey or black
margins. Colonies d. violaceusare typically monocoloured; the range of huesudeb
bright orange, burgundy, dull pink, lavender orgdarLambert and Lambert 2003). Both
species occur in sheltered areas on natural stessach as algae or on artificial substrates
such as floating docks or wharf pilingB. schlosseroccurs subtidally down to depths of

200 m whileB. violaceuss generally restricted to zones <50 m deep.



Figure 1. Photographs 8btrylloides violaceuandBotryllus schlossemiofouling: (a) an
aguaculture lantern net; (b) attached to a boat &wdl (c) a mass attached to seaweed.



Close-up photographs & violaceugd) andB. schlosserfe). Scale bars are 1 cm in (d)
and 0.5 cm in (e).
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Figure 2. Top schematic views of @)chlosserand (b)B. violaceusNote the difference in
the orientation of the zooids within the matrix.

2.0 DISTRIBUTION

2.1. NATIVE DISTRIBUTION

B. schlossermost likely originated from the Mediterranean $8arrill 1950), but is
now considered cosmopolitan as it can be foundlaoatinents except Antarctica (Van
Name 1945, Kott 1985). Current records are aviglédy the Mediterranean Sea, the Black
Sea, the Adriatic Sea (ltaly and Greece), and tlez £analww.deh.gov.au

Www.iobis.org.

B. violaceuss believed to have originated from the PacifiatRevest, most likely from
Japan (Oka 1927, Berrill 1950). It is consideradagor biofouling species and a potential



problem for aquaculture operations in both JapafBsidoka 1953, Yamaguchi 1975,
Arakawa 1990) and Chinese waters (Cao et al. 1888, Zhou et al. 2002).

2.2. NON-NATIVE DISTRIBUTION (EXCLUDING CANADA)
B. schlosseri

Outside of the Mediterranean Seaschlosseriis listed as occurring in the North Sea

and the North Atlantic Ocean including the coastSaway (vww.ascidiacea.cojnBritain,

France, Portugal, Spain, Denmark, Germany, and &w@dvw.iobis.org). In the case of
North America, Bancroft (1903) reported that coémin the northeast U.S. appeared to be

identical to those observed in Naples (Italy). uglo (1978) reported th&. schlosseri
occurs in the Gulf of Maine, off Georgia and soalibng the coast to Florida, although other

surveys suggest that Chesapeake Bay is the somtbsttimit (vww.massbay.mit.egu

The earliest observations from the west coast aftNamerica are for San Francisco
Bay in the early 1940’s (Van Name 1945); apparetlgchlosserivas common in southern
California harbours by the early 1960’s (Lamberd &ambert 1998). Its subsequent
appearance at an oyster farm in Washington Statesiearly 1970’s was likely associated
with the movement of oyster spat. Although it nosewrs throughout the Puget Sound area
(Cohen et al. 1998), it was not recorded in a reservey of ascidians in Alaska (Hines and
Ruiz 2000).

The earliest record fd3. schlosserin New Zealand is Michaelsen (1922) and the sgecie
is now widely distributed throughout the North éalth Island (Millar 1982). Records for
Australia suggest that it was observed as eariy9a8 (Van Name 1945). Current reports
indicate a widespread distribution from Queenslandhe northeast coast extending

southwards and around to the west coast, inclutasgnaniawww.deh.gov.a However,

it was noticeably absent from certain recent porteys (e.g. Cohen et al. 2000a, 2000b)
suggesting a patchy distribution.

There is little information as to the distributiohB. schlosserin Asian waters. Uchida
et al. (1952) described this colonial tunicate asramon fouling organism in the Inland Sea

of Seto (Japan), and it is listed as occurring am¢iKong (vww.deh.gov.a)y but there are

few documented records.



B. violaceus

AlthoughB. violaceuss listed as occurring on the northeast coastustralia

(Queensland)www. iobis.org, Australian government surveys do not mentiopitsence

(www.deh.gov.al In general, the dispersal historyRfviolaceuss difficult to trace as it

has traditionally been confused with otBertrylloidesspecies, particularly its congerigr
diegensis Ascidian taxonomic experts Lambert and Lami@2008) noted that even in their
1998 survey of southern California, they failedlistinguish the non-indigenols violaceus

from the native specidd. diegensis.

The earliest report d@. violaceusn southern California was possibly Van Name (1945)
although he failed to describe the large larvagribatic of this species. It was not
definitively identified until the 1970’s (Fay andalfee 1979). Cohen and Carlton (1995)
suggest that the earliest record was 1973 for $amcisco Bay. CurrentlB. violaceus
occurs in large numbers along the west coast offiNVamerica from Alaska south to
Ensenada (Mexico) (Cohen et al. 1998, Lambert amhyam 2001, Lambert and Lambert
2003).

The arrival ofB. violaceuson the U.S. east coast is likewise not well docuter due to
confusion over species taxonomy. For example,drestsal. (1992) listed the boreal species
“Botrylloides aureurhas a common member of the mussel culture fodmmmunity in
New England, and Berman et al. (1992) describedhtiasion and spread oBbtrylloides
diegensis”in the Gulf of Maine; subsequent observations satggl that these species may
have been mis-identified. At presdhtviolaceusoccurs abundantly from Maine south to
Rhode Island, and is often a dominant member obitb#®uling community (Lambert and
Lambert 2003, Pederson et al. 2005).

In European water®. violaceusvas first documented in Venice Lagoon (Italy)he t
1990’s (Zaniolo et al. 1998) and has recently bmrumented in the Netherlands
(www.ascidians.com Genetic tools such as microsatellites are basegl to pinpoint the

origin of various colonial species and identify frethways that may be implicated in a given
introduction (Stoner et al. 1997, Ben-Shlomo e2801, Paz et al. 2003). For example,
Stoner et al. (2002) used microsatellite techniqoeltemonstrate that the sourceBof



schlosserintroduced to California was not from the U.S. eamsst, as had been previously
suggested (Boyd et al. 1990), but rather from Ee@opor Asian populations.

2.3. DISTRIBUTION IN CANADA

Both B. schlosserandB. violaceushave been documented on the east and west coast of
Canada, but their presence in Arctic waters hadeen confirmed. AlthougB. schlosseri
is listed as occurring in the Bay of Fundy (Logamale1983) as well as northwards into the
Gulf of St. Lawrence, it is generally indicatedrage

(gmbis.marinebiodiversity.ca/BayOfFundy/backgrouim@lh In Nova ScotiaB. schlosseri

has been observed for several decades at low lel#lg the Bay of Fundy coast, the
Atlantic coast and in the Bras D’Or Lakes (Capet@mng

Whiteaves (1900) reported the occurrencBatfyllussp. at 90 m off Perce, Québec and
at 150 m off Baie Comeau, Québec. However, Van &@f45) argued that these colonial
tunicates wer®otrylloidessp. rather thaBotryllussp. In their comprehensive survey,
Brunel et al. (1998) listeB. schlosseras circalittoral (20-200 m) in the Estuary and fGidl
St. Lawrence, with specific records for the UppertN Shore of Québec, the southern
Gaspé/ Baie des Chaleurs (Whiteaves 1900), angtieébkecoast of Newfoundland (Hooper
1975). Although, there are no recent sightingshisf species in shallow coastal regions of
New Brunswick (N.B.) or north of Prince Edward sdia(P.E.l.), it has been recently
documented in various P.E.Il. embayments includinge®er’'s Bay in 2001, Savage Harbour
in 2004 and Cardigan and St. Mary rivers in 200§yFe 3).
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Figure 3. Distribution oB. schlossenn P.E.I. as of February 2006 (map courtesy of Neil
MacNair, PEIDAF, Art Smith and Deryck Mills, DFO).

B. violaceusvas sighted for the first time on the Canadiaraitic coast in 2001 in the
Lunenburg and Mahone Bay area of N.S. (Carver, pbs). A recent survey performed in
November 2005 from the LaHave to Chester regioguifé 4) indicated the presence of both

B. violaceusandB. schlosseron most nautical buoys (Vercaemer, unpubl. obs.).



Legend

@ colonial absent
B colonial present

Mahone Bay

Bridgewater.

Hebbville
°
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Figure 4. Results of the November 2005 small nalbooy survey, between LaHave and
Chester, N.S. Note the patchiness of the distiinutif B. schlosserandB. violaceus
referred to as “colonial” tunicates in the legend.

B. violaceudhas been established in Savage Harbour, P.Eck #ie summer 2004 and

has been reported in 2005 in several other P.&ys lcluding Cardigan River on the

eastern end and the Summerside area on the sagh(Etgure 5). To date, there have been

no reported sightings of this species in N.B. & @ulf of St. Lawrence north of P.E.I.
Brunel et al. (1998) referred to the presence efcibidwater speciddotrylloides aureunmn

the bathyal zone (200-500 m) of the Gulf of St. kewece based on records from Van Name

(1910).
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Figure 5. Distribution oB. violaceusn P.E.l. as of February 2006 (map courtesy of Neil
MacNair, PEIDAF, Art Smith and Deryck Mills, DFO).

On the Canadian West co&stschlossens common in harbours at the southern end of
Vancouver Island (Lambert and Lambert 1998), bubiscited as a major fouling problem
for aquaculture operations. In contrast, the nadmendant colonial speci®s violaceuds
considered a major fouling concern for both st&llfand finfish growers who rely on nets as

part of their culture technique (Figure 6).
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Figure 6. Results of the October 2005 aquacultama surveys in southern British Columbia
(maps courtesy of Thomas Therriault, DFO-Pacificl&gical station). Note that several
recent sightings (spring 2006) Bf violaceuson the southwest coast of Vancouver Island
are not indicated on this map.

3.0 BIOLOGY AND NATURAL HISTORY

3.1. BODY STRUCTURE

Both B. schlosserandB. violaceuselong to the family Botryllidae and are charaztst
as colonial or compound ascidians with small zoaitlanged within a common gelatinous
matrix or tunic. The bulk of the tunic is compos#dunicin, a polysaccharide similar to
cellulose (Hirose et al. 1991). Each individuabizbhas an inhalent siphon but its atrial or
exhalent siphon opens into a common atrial cavhictvconnects to the surface of the
colony via a common exhalent canal (Figure 7)B.lschlosseradjacent zooids share an
exhalent siphon, whereaskn violaceusach zooid has an independent siphon opening into
the common cavity. By sharing a common vasculatesy and common exhalent canal, this

morphological arrangement maximizes the numbepofids in a given area (Taneda and

11



Watanabe 1992). Campbell et al. (1999) suggektdy diverting their exhalent siphons
into a common chamber, the colony effectively augisi¢he force of the exiting current
thereby ensuring that waste products and larvapraplsed or dispersed away from the

main colony.

common exhalent canal

Individual
zooids

tadpole larva

(b)

Figure 7. General 2-D (a) and 3-D (b) schematiavsief a colonial tunicate (from Monniot
et al. 1991). Note the development of new individua buds below the branchial sac.

Attached to each mature zooid are 1-2 developirts low blastozooids which will form
the next generation (Figure 7). The coordinatectibpment of these buds with their
adjoining atrial siphons leads to the formatiohanfie colonial systems (Berrill 1941, Plough
1978). The zooids share a common vascular systattonsists of blood vessels and
enlarged sausage-shaped vascular ampullae alopegtipdery (Milkman 1967, Brunetti and
Burighel 1969). This gelatinous matrix has the cégdo reconstruct the colony by vascular
budding if all the zooids are lost (Sabbadin 197B)e internal structure of a zooid is
dominated by the branchial sac, or pharynx, whictiedicated to the removal of food
particles from the water column (Figure 8a). Tletew enters via the inhalant siphon, passes
through the thin slits or stigmata in the wall lo¢ toranchial sac and then exits into the shared
atrial cavity and out through the common exhalamat. Faecal material is also released

into the atrial cavity for subsequent dischargeulgh the exhalent canal.

12
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Figure 8: Morphological features of the adult (ajl darval stages (b) of a colonial tunicate
(Campbell et al. 1999). Note the four featurethlarvae that illustrate the common
ancestry with vertebrates (the notochord, the doesae cord, the pharyngeal slits, and
the post-anal tail).

Burighel et al. (2003) described a mechanoreceptan in the oral siphon &.
schlosserandB. violaceusbelieved to be related to the sensory cells nebeates which
may provide a means of detecting movement and saands underwater. Detailed
descriptions of the circulatory and nervous systehiotryllusandBotrylloidesare
available in Mukai et al. (1978).

In both species male and female gonads are seardtecated on either side of the
body (Millar 1966). In the case 8f schlosserithe adult female organs typically consist of
one to three ovaries each containing one largelegated on either side of the body anterior
or dorsal to the testes. As many as four to sixiesanay be present on one side but then
there are fewer on the other side (Van Name 19A%gr the eggs are fertilized, the
embryos are released into the atrial cavity whiseg tlevelop into “tadpole” larvae (Figure
8b). In contrastB. violaceushas one ovary on either side of the body locatedgpior to the
testes. Single eggs pass through the oviducistac-like developmental or incubatory
pouch that forms as an outgrowth of the body wadlitfo et al. 1981). Mature brooded larvae

are evident through the translucent wall of theduhe two species can be easily
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distinguished on the basis of morphological strieectaf the tadpole larvae and early juvenile
forms; for photos of larvae and young juvenile8otchlosseriandB. violaceussee Bullard

and Whitlatch (2004) ozonvoluta.ucdavis.edu/gallery/albums.php

3.2. FEEDING

Although there are few data on the feeding ratetafnial tunicates, ascidians are
known to be mucus filter feeders that can extractigdes as small as On up to a limit set
by the size of the oesophagus (Bone et al. 2008 feeding currents are created by cilia in
tracts located on either side of the stigmata @wtalls of the branchial sac (Jorgensen 1984).
Particles are collected on a mucus sheet that tesgkey ciliary action across the internal
surface of the branchial sac from where it is cotreged and directed into the stomach. This
feeding net of fine mucus filaments allows the piag of 2-3um particles at 100%
efficiency. Few data are available on the feedictgydy of colonial ascidians although

Sherrard and LaBarbera (2005) recently compared rifdes in juveniles and adults.
3.3. SEXUAL REPRODUCTION AND DEVELOPMENT
B. schlosseri

Grosberg (1988) reported that food availabilityeaté fecundity or egg production rates
in B. schlosseri.Rinkevich et al. (1998) observed that 41%Botchlossercolonies on the
eastern Mediterranean coast were not sexually deptive, another 30% were male only
and the remaining colonies were hermaphroditegiafans in egg and sperm production
rates among thB. schlossercolonies in the Damariscotta River, Maine, wes attributed
to environmental factors (Stewart-Savage et al912001). When clones were transplanted
into new environments, they altered their reprogrecttrategy; more productive and warmer
environments tended to favor egg production wheeceler food-limited sites favoured

male reproduction (Newlon et al. 2003).

Given the relationship between food availabilitgldacundity, it is predictable that
reports on egg production per zooidBinschlosservary considerably. In Israeli wateBs
schlossercolonies at the peak of reproduction develop 1&/t&s per zooid, and up to 58%

produce >4 clutches or a maximum of 5 eggs perdz@®inkevich et al. 1998). According
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to Hiscock (2005) fecundity d@. schlosserin British waters is 2-10 eggs per zooid a
field study in California, Chadwick-Furman and W&msan (1995) documented that e&ch
schlosserzooid produced up to 10 clutches, each with a mari of 5 eggs resulting in a
fecundity of up to 50 eggs per zooid or 8000 eggscplony. Note that the eggsB®f

schlosserare relatively large (30am) and lecithotropic or yolky.

Botryllid colonial tunicates are cyclical hermaptittes where the sperm mature 1-2 d
after ovulation (Mukai 1977; Yund et al. 1997). e8p is released throughout the sexual
cycle but the amount varies through time for a gigelony (Stewart-Savage and Yund
1997).B. schlossersperm have considerable dispersal potential; thewapparently
quiescent until taken up by feeding zooids and aclvated when exposed to ovulated eggs.
They can be effective up to 28 h after releasecamdfertilise eggs at low concentrations
(Johnson and Yund 2003, 20048. schlossercan also concentrate sperm thereby increasing
the probability of fertilization at low sperm detiss (Phillippi et al. 2004). Using rare
alleles as a tracer, Grosberg (1991) found, howelrat the male effect declined rapidly 50
cm away from the colony, suggesting that actualmplspersal may be more limited than
their longevity would imply. There is also eviderfoethe existence of sperm competition;
the presence of other males has a negative impattedertilization success of local male
colonies (Yund and McCartney 1994, Yund 1995, Adkimand Yund 1996).

In contrast to other colonial tunicates, selfing be induced and homozygous offspring
can be obtained iB. schlosser{Sabbadin 1989). However, Milkman (1967) argueat t
because the testes typically ripen 1-2 d afteratian, self-fertilization is probably a rare
event. In this ovoviviparous species the ferttdizggs or embryos are retained in a cup-like
organ within the atrial cavity of the parent colahying the development process; they do
not have a feeding system but rather rely on theemis contained in the tunic surrounding
them (Yund et al. 1997). The larval developmemigakin the cup-like organ is
approximately a week, although considerable vanaith duration has been observed. Grave
and Woodbridge (1924) investigated whether thigatian was genetic, but found no
evidence in the daughter colonies. Millar (1974iggested that this variability may ensure
that some larvae settle near the parental colorereds others are more widely dispersed

thereby enabling colonization of more distant hatbit
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The tadpole larva d. schlosserhas an ovoid trunk (0.5 mm long) with a singleckla
sensory pigment spot or ocellus (Hiscock 2005)e [Enva has a rudimentary locomotor
organ, or tail, which provides the means to orteetnselves in the water column (McHenry
2005). After the tadpole is released it may swieelfy for up to 36 h (Berrill 1950). Prior to
metamorphosis the larvae attach to the substratg adhesive papillae. Little is known
regarding choice of substratum (i.e. gregariouisgtoehaviour); the presence of nerve
fibres in the adhesive papillae (Grave and Woodjaiti924) suggests that they may respond
to solid substrates. Porter (2003) suggested #aeha may provide some settlement cues to
the larvae, but Schmidt and Warner (1986) found ldraae showed no significant
preference for filmed surfaces. During this setdabperiod, a complex series of
morphological changes occur including the absonptitthe tail, the loss of the notochord,
the expansion of the pharynx, and the developmietieanhalent and exhalent siphons
(Brunetti and Burighel 1969). The metamorphosargad extends 8 ampullae and a
functional zooid is formed within 3 d at 20°€5(Figure 9). The larvae may settle near
another colony and fuse or may grow to form a neleryy (Rinkevich and Weissman 1987;
Chadwick-Furman and Weissman 2003), but most lamain within a few meters of the
parental colony (Grosberg 1987). Settlement oeaaladtolony usually translates into the
death of the progeny (Rinkevich and Weissman 1987).

B. violaceus

B. violaceushormally produces one 80m alecithal or non-yolky egg (Manni et al.
1995), but occasionally two, which are ovulatea ithte atrial cavity and lodged within a
brood pouch in the tunic (Mukai 1977, 2004). Thg & fertilized within the brood pouch
where it undergoes embryogenesis (Mukai et al. 198Vthis viviparous species the brood
pouch eventually becomes detached from the apidieium and becomes incorporated in
the colonial tunic (Zaniolo et al. 1998). Durirgetl-mo gestation period the embryo
receives nutrients from the blood flowing throubk tunic; the embryos may reach 1-1.5
mm in diameter and are clearly evident throughvib# of the tunic (Takeuchi 1980).
Embryos in various stages of development may bergbd within incubatory pouches in the

same colony during the peak period of sexual reprtioin (Saito et al. 1981). The mother

16



zooids disintegrate approximately 5 d after ovolatieaving only the brood pouches
containing the developing larvae (Mukai et al. 1987

In B. violaceughe free-swimming tadpole larvae break throughwht of the
incubatory pouch to reach the exterior of the cplfirakeuchi 1980). The larvae are huge (2-
3 mm) with 24-32 ampullae (Figure 9b); they swimdaly a brief period (4-10 h) before
using their elongated ampullae to attach to a Bl@tsettiement substrate (Saito et al.1981).
Yamaguchi (1975) observed tHatviolaceugelease their larvae at dawn, at which time they
show marked positive phototaxis; larvae were oleskto settle within a few hours of
liberation. Takeuchi (1980) reported that larvaguired only 1-2 d to attach and
metamorphose into fully functional oozooids witlatchial and atrial apertures. After 4-7 d
blastozooids or buds develop at the base of theadg; at 7-10 d these blastozooids

become functional and the primary oozooid degeasrat

Figure 9. Photographs of recently settledBa3chlosser(1-2 wk old, scale bar is 1mm), (b)
B. violaceuq1 d old, scale bar is 0.7 mm) and Bc)violaceusat 1-2 wk old, scale bar is
2 mm). Pictures taken by Marie Nydam and providgthle Stachowicz lab (reprinted
with permission).

3.4. LIFE CYCLE: GROWTH, GENERATION TIME AND LONGEV ITY

Colony growth occurs primarily by asexual buddimggrocess termed “blastogenesis”
(Rabinowitz and Rinkevich 2004). As each new gatien of blastozooids (or zooids)
matures and begins to feed, the parent zooid slved and new buds are formed (Berrill
1941). Thus, at any one time a colony is compos$eidree generations in three discrete
stages of development: adult feeding zooids, pgrbads connected to the adult, and

secondary buds connected to the primary buds.tifitieg of the blastogenic process and the
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onset of the resorption phase is synchronous thautghe colony (Milkman 1967,
Sabbadin 1979). IB. schlossserach 5-7 d cycle (£8) ends with a massive mortality of
one generation over a 30-h period (Lauzon et &2),%r a “cell apoptosis” phase similar to
the resorption of larval structures following metaphosis (Zaniolo and Burighel 1976).
Upon examining clonal replicates, Rinkevich et(4892) found a strong heritable basis
underlying mortality, unlinked to reproductive atfor other life history traits. Furthermore,
when a parent colony is experimentally separatedamumber of clones, these subclones

undergo senescence simultaneously (Lauzon et@D)20

Measurement of growth in botryllid colonies is cditgited by the combined effects of
one generation proliferating while another degetestaMillar (1952) suggested making
successive area measurements of intact or diswwkiries. Sabbadin (1957) tried to
measure the growth &. schlosserby the number of zooids rather than by area bundo
this number to vary widely among colonies of simédge. Most growth estimates are based
on zooid doubling time. For example, Grave (193%ersved that the number of zooidBin
schlossermay double every 2-3 d; a fast-growing colony migia 1000-2000 zooids
within a month of establishment. Boyd et al. (198&jmated a doubling time of 8 d f8r
schlosserat 12-17C. Grosberg (1988) observed that during the esanlymer 80% of the
colonies grew at rates exceeding 2.5 buds per zmidsexual cycle, but this declined as the
colonies entered their sexually reproductive phRgakevich et al. (1998) noted that zooids
at the colony’s periphery developed twice the nundbduds but fewer eggs than did zooids

near the center.

Assessment of colony growth is also complicatethleypossible fusion of colonies when
they come into contact with clonal buds, kin budsimrelated zooids. When this contact
occurs several types of interactions may ensuediad) full integration into a single colony,
partial integration or complete exclusion (MukadaiVatanabe 1975, Rinkevich et al. 1993).
In his review of Botryllid ascidians, Rinkevich @8) described the sophisticated
“allorecognition” system that allows the detectmfrgenetic similarity and determines
whether colonies either fuse to form a chimera kBwich et al. 1993) or develop cytotoxic
lesions at the contact zones. A fusion scenarip leed to the establishment of a common
blood circulation and the complete integration € @olony into the other (Laird and
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Weissman 2004). Contact between unrelated coldypesally leads to a “haemolytic
rejection reaction” (Hirose 2003) either upon cehta following fusion to form a chimera
(Cima et al. 2004). Evidence suggests that therfiuend integration of clones or closely-
related kin is beneficial to the colony whereasdn$etween distantly-related colonies is
associated with reduced fitness (Chadwick-Furmahva@eissman 2003). Note that
violaceusdiffers fromB. schlosserin that it only demonstrates allorecognition a tiolony
periphery; juxtaposition of cut surfaces resultefuision regardless of origin (Hirose et al.
1988).

In the case oB. schlosserithe sexual reproductive cycle is initiated aBet0 asexual
growth cycles; this process is synchronized withdkexual cycle such that the maturation of
a new generation of zooids coincides with ovulafidilkman 1967). InB. schlosseri
embryogenesis is completed and larvae are relg¢asebdefore the regression of the parent
zooids, whereas IB. violaceusthe larval development period extends severaksaéer
the regression of the parent zooids. The duratidhe breeding season i schlosseri
varies with temperature, with more northerly coglepulations showing progressively
shorter seasons; Millar (1971) summarized recas Naples, Italy (Jan-Dec), Venice,
Italy (Apr-Nov), Brittany, France (Jun-Oct), Netlards (Aug-Nov) and Millport, Scotland
(Jun-Aug). Breeding patterns may also vary overtstistances; Yund and Stires (2002)
observed that sexual reproduction and larval seéfe ofB. schlosserin the Damariscotta
River estuary (Maine) began earlier in the summaerp-river populations which translated
into a higher biomass than down-river populatidivgo peaks in settlement density up-river
(early July and early September) suggested thaned may have completed two sexual
generations, in contrast to a single generatiatoamn-river sites. Rinkevich et al. (1998)
also observed th&. schlosserpopulations in the eastern Mediterranean weraldd/into

local subpopulations exhibiting microgeographidetiénces in life history patterns.

Chadwick-Furman and Weissman (1995) documentedrtheth, reproduction and
senescence of 4 cohorts@fschlosserin Monterey Bay, California (USA). Exponential
growth was confirmed from the juvenile to aduliggareaching a colony size of 1400 zooids
in 69 d and sexual maturity in 49 d. Followingaipd of continual reproduction, up to 70 d,
the colony abruptly senesced and died while beagysg. Fall-born colonies exhibited an 8-
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mo lifespan compared to 3 mo for spring-born caenbut the lifetime fecundity was
similar between the two morphs. Other estimatdgespan forB. schlosserare 12-18 mo in
the Mediterranean (Millar 1952, Sabbadin 1955), parad to <12 mo for British waters
(Hiscock 2005). The factors that control colongdevity and possibly dormancy over the
winter are less well understood. Millar (1971) elved that colonies may pass the winter in
a relatively inactive condition, in some cases oedito a mass of dormant buds. Grosberg
(1988) noted that colonies which recruited aftgut@eamber 15 did not reproduce sexually

until the following spring, but overwintering suval exceeded 90%.

Grosberg (1988, 1991) and Harvell and Grosberg&)L88scribed two different life-
history morphs oB. schlossernn Massachusetts. Semelparous colonies became
reproductive early, showed a high reproductive oytand underwent rapid death.
Iteroparous colonies grew at half the rate, hadawine lifespan, and invested 75% less in
reproduction. Semelparous colonies dominated tironid-summer whereas the
iteroparous colonies dominated in late summer.sé&ltkfferent life history traits may reflect

a possible fitness strategy to better cope wit@ea variation.

Relatively few studies have documented the liféenystraits ofB. violaceusalthough
Yamaguchi (1975) documented the life cycle of #pecies in Japanese waters. Following
settlement the first zooid grew from 0.6 mm to gurasize of 2.5 mm within a week and
then began producing buds asexually. The numbeoaitls increased exponentially
thereafter until all the available space was ocetlpiThe mean number of zooids exceeded
100 per colony within 2 wk in the summer (26?25 and 4 wk in the winter (14-20).
Doubling time decreased by a factor of 3 with 8Clihcrease in temperature. At°C7
individual colonies attained dimensions of 50-60@n2000-3000 zooids only 8 wk after
larval metamorphosis. At this time, sexual repaiaiun and larval production was initiated
and continued for 3 wk, followed by the regressaod degeneration of the parent colonies.
This cycle continued throughout the year with mgagerations per year. Yamaguchi
(1975) suggested that substrate or space limitatiay have triggered the switch from

asexual colony growth to sexual reproduction.

The only information on the reproductive activity® violaceusn Canadian waters
comes from a 2005 study in Savage Harbour, P EdclNair, pers. comm.). A survey of
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colonies sampled from the surface of cultured mass®d aquaculture gear indicated the
presence of mature eggs in all samples collected fnid-April to mid-September.

Following mid-September the condition of the ovanaried from no activity to the presence
of mature eggs until the sampling was completedioshDecember. Developing larvae were
observed in the colony tunic in late June and itisé fecruitment event occurred on July 14.
Assuming a 1-mo maturation period frviolaceudarvae, egg fertilization likely occurred
in mid-June when water temperatures reaché@.15arval recruitment was ongoing until
mid-October or approximately 1 mo after the cessatif egg production. Note that

although some colonies continued to produce eggsigh the fall, no larvae were observed.
3.5. HABITAT AND ENVIRONMENTAL TOLERANCE

The worldwide distribution of botryllid ascidiarfspm sub-arctic environments to
temperate waters, is consistent with their toleeainca wide range of environmental
conditions. They occur on a variety of natural antficial substrates such as rocks, algae,
other organisms, floats, ship hulls and aquacukgrepment. Their phenotypic plasticity or
the ability to adjust their growth and reproductsteategy in response to variable
environmental conditions makes them remarkablyieesi According to Millar (1971B.
schlossercan survivestressful environmental conditions by discontinusegual
reproduction and reducing the rate of budding uhate is only one bud per zooid. If all
zooids are lost and only the vascular ampulladémbatrix survive, then vascular budding
can generate a new colony when conditions improka @nd Watanabe 1957, 1959,
Sabbadin 1979).

In general Botryllid ascidians thrive in warm prative environments (Chadwick-
Furman and Weissman 1995). These conditions aoeiased with larger colonies and
higher egg production compared to less productralitions where colonies are smaller and
have a higher proportion of male zooids (Stewaxta8a et al. 1999, Newlon et al. 2003).
Brunetti et al. (1980) greB. schlosserat nine combinations of temperature @ 3o 25C)
and salinity (2800 to 40/00). No effect was detected up to the fifth ldgsinic generation,
but thereafter, high temperature and intermediaiaity stimulated gonad maturation
whereas low temperature and high salinity stimdla@ony growth. In general adult
colonies tolerated a wider range of temperaturesatidity conditions than did younger
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colonies. The distribution d@. schlosserappears to be limited by salinities lower than
18%/00, but the species can sustain high salinitiésoptk 2005). Rasmussen (1997)
documented an extensive populatiorBokchlosseron the bottom of a Danish fjord system
with high salinity and high summer temperaturesw Iélata are available on the temperature
and salinity tolerance @. violaceusbut Yamaguchi (1975) noted that the doubling tirhe o
colony growth decreased approximately 3-fold with®C increase in temperature.
Stachowicz et al. (2002b) observed that elevatadater temperatures favoured the growth

of B. violaceusverB. schlosseri.

According to Hiscock (2003. schlossermay occur in areas with high sediment
loads but is generally found on downward-facinguspended surfaces that reduce the risk
of smothering. Likewise, Yamaguchi (1975) noteat tlarvae oB. violaceusvhich settled
on surfaces which were then placed in an upwarehted position suffered from the
accumulation of detritus whereas those placeddavenward-oriented position survived.
Grosberg (1988) also noted that rates of settlermetisubsequent survival were lower Bor
schlossercolonies developing on upward-oriented surfagesufficient water flow and
increased siltation particularly on benthic sulissavould likely be detrimental to these
species as silt may clog the branchial sac. Latame Lambert (2003) noted tHat
schlosserapparently died off following dredging in Newpétarbour (California). Despite
its limited tolerance for high siltation, Naranjoat. (1996) characterizdsl schlosseras one
of the few species tolerant of extremely pollutedditions in Algeciras Harbour in southern
Spain. Lambert and Lambert (2003) noted that aljhahe diversity of the ascidian
community was relatively low at a highly polluteitesn Mexico (Ensenada), the surviving
assemblage includdgl schlosserandB. violaceusBoth these species can apparently
outcompete other fouling organisms under suboptadaérse conditions, including high

sewage and heavy metal concentrations.

Colonies are very susceptible to desiccation, aadaely observed in intertidal
areas and only in damp shaded zones (Rinkevich E9@3). B. schlossercan survive
hypoxic conditions by changing the characteristickeir acid soluble carbohydrates

(Beregovaya 2002).
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3.6. ECOLOGY: INTERSPECIFIC INTERACTIONS

Artificial floating structures are often the firstirfaces to be colonized by introduced
species due to increased substrate availabilig, dempetition, and lower predatory pressure
than may be encountered in natural benthic comnesni€onnell and Glasby 1999, Connell
2000, 2001). Once established, colonial tunicaéeiges have the potential to reach sexual
maturity within a few weeks and rapidly establishdustock populations. This propensity to
expand at a rapid rate and overgrow existing beiotic substrates may lead to changes in
community biodiversity. However, Berman et al.429noted that whil®. violaceugmis-
identified asB. diegensiswas initially extremely prevalent in the Gulf lgfaine following
its introduction, this dominant status did not persApparently other factors such as
competition and predation may play an importarg rolcontrolling the distribution and

population dynamics of colonial tunicate species.

The cyclical nature in the colony size of coloraatidians often leads to seasonal
patterns of predominance and overgrowth of existiperies (Harms and Anger 1983). In
fouling communities, the composition and abundasfdbe established individuals may be
important in determining larval settlement rated anbsequent juvenile growth and survival.
Upon settlement, the <1-mm juvenile zooids must déh a variety of factors including a
suite of potential predators and competitors (Osetal. 1992). Early studies showed that
the presence of resident adult ascidians may infedarval settlement by affecting the
amount of space available (Zajac et al. 1989; OsamanWhitlatch 1995a). For example,
Stachowicz et al. (2002a) observed decreased sioiBotrylloidesrecruits in
communities with higher species richness due taged resource availability. However,
recruitment is not specifically inhibited by theepence of other sessile species (Osman and
Whitlatch 1995a). Bullard et al. (2004) confirmibet colonial tunicates do not have a
specific mechanism to prevent or preclude settlérokather invertebrate larvae.

The patchy distribution of many ascidians is fkattributable to spatial variability in
the abundance of predators and hence predatiosyseesn young recruits. In New England
waters Osman and Whitlatch (1995b, 2004) obselvaidearly post-settlement stages of the
two species varied in their susceptibility to preala B. violaceusvas only vulnerable to
predators for a few days to a week following settat; evidence of partially eaten recruits
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of B. violaceussuggested that this species may be unpalatalocleeonically defended as in
some other species of ascidians (Pisut and Pa@0R ZTarjuelo et al. 2002). They also
noted thaB. violaceusexhibited similar survival on open or caged paméisreas3.
schlosserapparently suffered mortality due to browsing fssith ad autogolabrous
adspersugcunner). B. schlosserrecruits deployed on panels on unscreened pilvege
also vulnerable to small predatory gastropods dhaolyMitrella lunata (lunar dove snail)
Anachis lafresnayandAnachis avarggreedy dove snail). Only whdh schlossercolonies
reached 3-4 wk of age did they exhibit similar leva& mortality toB. violaceus.In
Japanese waters, Yamaguchi (1975) observed thagyaueniles oB. violaceusvere
vulnerable to browsing fish, but adults were ndaepaxtensively.

Adult colonial tunicates generally have few predstalthough the gastrop@tato
volutahas been observed to feed on adult zooids sthlosserby inserting its proboscis
through the oral siphon (Fretter 1951). Other ptex include turbellarian flatworms such
asCycloporus papillosuthat attaches to the surface of the colony byatstral sucker and
extracts whole zooids (Jennings 1957). Yamagu®iig) noted that the polyclad flatworm
Cycloporus japonicusvas observed to feed @& violaceusn the laboratory. Both species
were preyed on by juvenile spider cralb{nia emarginata in laboratory trials (Osman and
Whitlatch 2004). Gittenberg (pers. comm.) noted gradatory nudibranchs such as

Goniodoris castanewere observed to feed & schlosserin the Netherlands.

Teo and Ryland (1994) found that extract8o$chlosseriended to deter feeding
behaviour in certain predators such as shore @atbdrowsing fish. Pisut and Pawlik (2002)
investigated whether metabolites in the body tissaranorganic acids in the tunic played a
role in protecting adult ascidians from predatiom found no clear-cut effect. The only
Botrylloidesspecies testedB( nigrum possessed neither form of chemical defense. In
contrast, Tarjuelo et al. (2002) did find a cherhimasis for the unpalatability of certain
colonial ascidians, but this may not apply to albnial species.

3.7. DISEASES AND PARASITES

Few studies are available on the disease ageaitsnthy affect colonial tunicates.

Moiseeva et al. (2004) described a progressivé dedaase called ‘cup cell disease’ where

24



the time course from first appearance to death3@a® 45 d. The disease-causing agent was
believed to be a haplosporidian protist which carransferred through seawater without
direct contact between infected colonies. Levit@8() examined 361 ascidian specimens of
the 20 most common species in California and 14ispavere parasitized at prevalence rates
of 10% to 100%. Oosihi (1999) also described apog parasitBotryllophilus ruberonB.
schlosserinoting that an introduction of a species may abticome with an assemblage of

parasites.
4.0 HUMAN USES

B. schlosserhas been extensively studied as a model systéne icontext of the
evolution of allorecognition (De Tomaso et al. 1988hen et al. 1998, Rinkevich 2002, De
Tomaso and Weissman 2004). Bryan et al. (2003)ddbat compounds in the tunic of
certain species such Bstryllus planugpossessed chemical antifoulant properties. Gragtato
al. (2005) also reported several metabolites inrial ascidians, but none of these were
found to act against cancer cells. Matsuno ana@athi (1984) isolated peridinin froBn

violaceus
5.0 POTENTIAL VECTORS FOR INTRODUCTION/DISPERSION

Dispersal of asexual buds (fragmentation) as veelaeval swimming are two
mechanisms by which colonial ascidians can explaeid tange into new environments.
Rabinowitz and Rinkevich (2004) studied the fatel@feloping buds d8. schlosserunder
laboratory conditions and found that unattachedshaaiild survive for up to 150 d whereas
attached buds survived for only 35 d. By compar,sbe dispersal potential of the larval
tadpole stage that only swims freely for up to 36 telatively minor. Berrill (1950) argued
that the larva oB. schlossernis adapted for site selection and settlement rdtteer dispersal.
Hiscock (2005) estimated a larval setting time bfd<but a dispersal potential of 1-10 km
depending on the local hydrodynamic conditionsve®a population genetic studies suggest
that larval dispersal is limited. Sabbadin and @uaizZ1967) found that genetically-distinct
sub-populations dB. schlosserexisted under similar ecological conditions witthe
Lagoon of Venice. Yund and O’Neil (2000) notedtthanetic differentiation may occur

over very short distances (8 to 21 m), and theepadtwere consistent with inbreeding and
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genetic drift models. Grosholz (2001) observedifigantly different survival and growth
patterns in reciprocally-transplanted clones sujuggenetic differences between
geographically-close populations. Studies focusinghe degree of genetic differentiation
between populations using microsatellites (e.g.-BRlomo et al. 2001) or allogenic
responses (e.g. Rinkevich et al. 1992) may prowidee insights into the dispersal potential
of these two colonial tunicate species.

Natural pathways or mechanisms for introductiopeision include rafting on
eelgrass, algae or other forms of floating debran(Name 1910). Worcester (1994)
observed that colonies 8f schlosserrafting on eelgrass contained brooded larvaertizst
have been released after the colony settled imehabitat. Transport of free-swimming
larvae in the ballast water of ships is unlikelgéese of their short larval cycle, but ballast
may contain floating debris that could serve as@or for adult forms. Another human-
mediated pathway is the hull fouling of recreatiomatercraft, coastal fishing fleets and
dredging barges. Lambert and Lambert (2003) nittadlarge numbers of boats with fouled
hulls, especially small pleasure craft, likely po®/new breeding stock to recolonize
denuded areas and enhance gene flow among harBtmssmoving boats or towed barges
may be more likely potential vectors than fasterimg ships due to the reduced friction on
the hull surface. Circumstantial evidence suggsisthe appearance of both species in
Savage Harbour on the north shore of P.E.I. in 2082 linked to the presence of a dredging
barge that had originated in the Bay of Fundy (MaicNoers. comm.). Aquaculture activities
have also been responsible for the introductioootdnial tunicates. Polk (1962) reported
that oysters imported from Holland were respondittehe introduction and rapid spread of
B. schlosserin Belgium in 1960. Likewise Lambert et al. (198uggested that the
appearance of this species at an oyster farm irhington State in the early 1970’s was

likely associated with the movement of oyster spat.

6.0 IMPACTS ASSOCIATED WITH INTRODUCTIONS

6.1. IMPACTS ON THE ENVIRONMENT

The introduction of a colonial tunicate specieyrave a negative impact on water
guality depending on the size of the population @nedhydrodynamics of the system. Under
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turbid conditions the increased rate of particlaogal may improve water clarity thereby
enhancing benthic macroalgal or eelgrass productibfood resources are limited, however,
this increased demand may negatively impact resitdtar feeders such as zooplankton and
bivalve populations. A substantial increase indate biomass may translate into greater
biodeposition of fecal material that may in turorgase the risk of benthic habitat
degradation. This problem may be exacerbatedaingal tunicates undergo a widespread
mortality event and the decaying biomass accumallaethe bottom. Under extreme
conditions, water quality could be impacted bydhsount of ammonia excreted by the

tunicate colonies.
6.2. IMPACTS ON OTHER SPECIES

Colonial tunicates compete for space by overgrgvaind smothering existing
species; in some cases the net impact may be ati@uin community species diversity. In
a rapid assessment survey of native and non-naiarene species of floating dock
communities in New England, Pederson et al. (26@&)d thatB. violaceusaandB.
schlosserialong with two other introduced compound ascigjavere very effective at
overgrowing algae and other fouling organisms. €hasicate species represented 25% of

the introduced species, whereas tunicates in gemaraunted for only 4% of all species.

Zajac et al. (1989) noted thAbtrylloidessp. had a negative impact on the survival
and growth of oyster spat probably as a resulbcdlized food depletion rather than
overgrowth. Arakawa (1990) noted that tunicatessgmore rapidly than oyster spat and
effectively interfered with their survival. Aned@dreports from the Bras D’Or Lakes (N.S.)
also suggested thBt schlossercan overgrow and smother young oyster spat ot shel
collectors (Stuart, pers. comm.). In the caseieéniles and adults, the potential impacts of
tunicate smothering behaviour vary among studkes. example, Dalby and Young (1993)
observed no consistent pattern in terms of the angiacolonial ascidians on oysters;
overgrowth did not always lead to mortality andame cases growth and survival were
enhanced. In comparative trials in P.E.l. wHereiolaceusvas actively cleaned from the
surface of cultured mussels, MacNair (pers. comepdrted no significant positive impact
on growth, meat yield or survival relative to héavouled mussels. Likewise Bullard (pers.
comm.) found that overgrowth of young cultured eystby the colonial tunicaidemnum
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sp. had no negative impact on performance. ConwerseNew Zealand, Coutts and Sinner
(2004) reported that an infestation of the colotuaicateDidemnum vexillunon the green

mussel Perna canaliculugslead to a loss of condition and in some casedatityr

Sebens (1997) noted in extensive diving surveystiigacombined presence of sea
urchins andotrylloidesseverely impacted the indigenous assemblage henlolatrylloids
seemed immune to urchin grazing. It was arguet] &van in the absence of the urchins, the
capacity ofBotrylloidesto overgrow and outcompete indigenous speciesiraag

compromised the former natural habitat.

Less well-documented chemical interactions inclindeobservation th&. schlosseri
metabolites may have toxic effects on barnacle inaappepods and mussel gills (Braiko et
al. 1988). Also, Teo and Ryland (1995) suggestatidgktracts oB. schlosserdisplayed
moderate levels of toxicity against invertebratgda. In contrast, Keough (1998) found that
the presence @. schlosserhad a positive impact on the settlement of othalirg

organisms, specifically arborescent bryozo@wg(laspp.).
6.3. IMPACTS ON INDUSTRY

It is generally acknowledged that the colonial tates B. violaceusandB. schlosseri
have the potential to impact marine industriahatés, but there are few documented
studies. Various surveys have listed their occueeas a nuisance fouling organism on the
hulls of ships, floating docks and nautical budyanibert and Lambert 2003, Pederson et al.
2005). In shellfish aquaculture operations, they mvergrow seed collectors thereby
smothering young juveniles or excluding the setdatrof the desired species. Finfish nets
or shellfish cages may become infested with a rhablonial tunicates that effectively
eliminates the flow of oxygen and particles throtigda mesh. In one case they were
observed to cover 90-100% of the cage surface aighwp to 6 kg.fm(Cao et al. 1998).
The actual impact on the growth and survival ofdhged inventory is likely important but
no estimates are available. Other costs direcliyed to tunicate biofouling include the

increased labour and maintenance activities redquadeep the equipment clean.
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6.4. CONTROL METHODS

In general, the strategy for controlling the sprefdn invasive species is based on
three principles: eradicate, contain and mitigdeadication is typically an option in the
early stage of an introduction, but becomes velficdit with the geographic dispersal of the
species. Containment implies the restriction efghace occupied by the invasive species.
This is particularly difficult in the case of colahtunicates that have the ability to spread
asexually by means of budding, fragmentation ardladispersal. Finally, mitigation
involves the development of management strategiesduce the impact of the invasive
species; unless an introduction can be quicklyieased, this is often the only remaining
option.

Ideally, natural predators such as small gastrepoe the preferred control method
for eliminating biofouling organisms from aquacuéwequipment, but colonial tunicates are
apparently unpalatable to many predatory spediegerms of active control measures,
Lambert (pers. comm.) suggested tBaviolaceusshould be treated with freshwater when it
overgrows oyster spat. In a survey of possiblehoug for controlling the proliferation &.
violaceuson cultured mussels in P.E.l. (MacNair, pers. comspraying or dipping in
vinegar (5% acetic acid) for 15 sec was found tgudestantially more effective than
freshwater, brine or lime treatments. Note, howetiat this approach was not
recommended for juvenile mussels and possibly athelifish which may be vulnerable to
the effects of vinegar; preliminary trials shouk indertaken to assess the impact on the
cultured species. For a more detailed discusdipossible strategies for eliminating
tunicates, see Carver et al. (2006).

Although not very practical as a control measuiek&ich and Weissman (1990)
studied the effect of X-ray irradiation & schlossercolony survival; colonies exposed to
more than 5,000 rads died within 19 d whereas axpd® less than 2000 rads did not cause
mortality. Cima et al. (1995) reported tlBatschlosseris sensitive to organotics, especially
butyltins. Terlizzi et al. (1997) recommended tise of easy-release silicone coatings on
ship hulls to reduce the risk of fouling and digaéiof species such 8s schlosseri

Preparation or cleaning protocols should be devisethussel seed as well as other
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commercial species to reduce the risk of transfgrinese colonial tunicate species to new
areas within Atlantic Canada.

Once colonial tunicates are introduced and becatabkshed, they are likely to persist
despite treatments such as de-fouling, since threwwuding structures may act as a source of
subsequent infestations. Coutts and Sinner (20834akly caution that de-fouling operations
could exacerbate the problem futher since coldni@tates tend to disperse by
fragmentation. Fortunately, in Atlantic Canada beyplecies apparently become dormant or

die-back during the winter months, although spe@gtimates of mortality are not available.
6.5. IMPACT SUMMARY

Introduction of any species into a new environnmeay lead to a disruption in
community structure/dynamics but such interactiemsvaried, complex, and difficult to
predict. Competition for space or food resourcey lead to the displacement of native
species, while a population explosion may leadkt®ssive organic enrichment of the
system. These impacts may translate into bioldgecanomic and/or human health risks.

In general, the recent spreadBofschlosserandB. violaceusnto new regions of
Atlantic Canada is arousing concern because of teputation for overgrowing other
species and possibly jeopardizing their survitalvould appear that the ongoing expansion
of the aquaculture industry has effectively incesbthe availability of suitable settlement
substrate thereby encouraging the developmentsgttholonial tunicate populations. Yet the
longterm implications for the aquaculture industnd other marine industries remain to be
determined. More information on various aspectheflife history and ecology of these
species, particularly their impacts on the growttl aurvival of cultured shellfish, would
improve our ability to assess their potential imfpatthe marine ecosystem in Atlantic
Canada. It would also provide a better platformdevising management strategies to

reduce the risk of continued spread and mitigatartipact of these species in affected areas.
7.0 CONSERVATION STATUS

B. schlosserandB. violaceusare both considered “globally secure” or without

conservation status.
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8.0 SUMMARY

Anecdotal reports from the Atlantic coast of Na8d more recently P.E.Il. suggest
that the colonial tunicate®. schlosserandB. violaceusare now exhibiting the rapid
population growth often associated with invasivecsgs. Studies from other regions suggest
that adjacent subpopulations of these species wtagiedifferent life history traits
depending on food resources and temperature conslitiThis variability highlights the
urgent need for studies documenting the growtheggion time and longevity of local
populations in Atlantic Canada. Likewise, moreomfation is required to accurately assess
the impact of these species on the growth andiref cultured shellfish. This information
is critical to devising control measures to redteerisk of further dispersion as well as
developing effective mitigation and eradicatiorastgies to minimize their impacts on
aquaculture industry and the structure of marimaroanities in Atlantic Canada.
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