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ABSTRACT

Sephton, D., J. Quellette-Plante and B. Vercasmer. 2013, Biofouling monitoring for
aquatic invasive species (AIS) n Nova Scotia; May - December 2010. Can. Tech. Rep.
Fish. Aguat. Sci. 3034

The shellfish culture industry in Atiantic Canada has been impacted by the intreduction,
spread and increases in populations of non-indigenous, fouling tunicates since the mid-
1990's. Five species of tunicates are of present concern in the region: Ciona
intestinalis, Bolrylius schiosseri, Botrylloides violaceus, Styela clava and Didemnum
vexitium. A surveillance and monitering program for tunicates was initiated by the
Department of Fisheries and Oceans in the spring of 2006, and continues to operate
annually with the participation and support of community groups, academia and other
levels of government. Geo-referenced monitoting stations were selected along the
coast of Nova Scotia (NS) based on the presence of vectors (risk factors) for funicate
arrival or establishment. Monitoring collectors (plates) were deployed at 33 stations in
2010 during 3 deployment periods; first (May - August), second (August - October) and
full {(May — Octaober). Water temperature, salinity and oxygen content were measured at
each deployment and collection, and various surfaces were examined for tunicate
fouling and the presence of other invasive species. Ten anecdotal reporis of tunicate
presence were received in 2010. Four additional AIS were added to the program’s
watch list in 2010; two tunicates; Diplosoma listerianum and Ascidiella aspersa, an
amphipod; Caprelfa mutica and a bryozoan; Membranipora membranacea,

Styela cfava, D. vexillum, D. fisterianum and A. aspersa were not detected in
2010. Ciona infestinalis was found at 18 of 33 monitoring stations, and reported fram 3
locations. Botryllis schiosseri was the most wide-spread species; present at 27 of 33
monitoring stations, and reported anecdotally at 2 locations. Baotrylloides violaceus was
found on 14 of 33 monitoring stations, and reported anscdotally at 2 locations, Five
stations were free of tunicates, and they were not present at 4 jocations reported
anecdotally. All 3 previously mantioned tunicate species were present at 13 stations.
The 3 species of tunicates reported in Nova Scotia were found in waters with 3.5 —23.4
°C temperature, 23.9 - 32.6 salinity, and 4.58 - 11.83 myg L™ dissoived oxygen.

Ciona infestinalis dominated {moderate to heavy) the biofouling community on
collector plates at many stations in southwestern NS, along the south shore, in
Chedabucto Bay and in coastat Cape Breton. Bolrylius schiosseri was the dominant
tunicate in the Bras D'or Lake, {moderate to very heavy), but it was found (low to
moderate} throughout the province. Bolryfioides violacetis was recorded as a low
fouler at many locations, including two first records: Digby and Sober Istand (eastern
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shore). Only part of the north shore of Nova Scotia {Merigomish to Malagash} was
tunicate free in 2010

Caprefla mulica and M. membranacea were present throughout Nova Scotia in
2010, at 9 and 23 of 33 monitoring stations, respectively.
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RESUME

Sephton, D., J. Ousllstte-Piante and B. Vercaemer. 2013, Surveiliance de
biosalissures pour les espéces aquatiques envahissantes (EAE) dans ia région de
Maritimes de DFO, Nouvelle-Ecosse :mai-décembre 2010. Can. Tech. Rep. Fish.
Aqguat. Sci. 3034

L'industrie de la conchyliculture dans la région de I'Atlantique a été touchee par
I'apparition, {a propagation et la surpoputation des tuniciers non- indigénes, depuis le
milieu des années 1980, Cing espéces de tuniciers sont préoccupantes actueflement
dans la région: Ciona intestinalis, Botiyflus schiosseri, Bofrylloides viclaceus, Styela
clava et Didemnum vexiflum. Un programme de surveillance et de suivi des tuniciers a
é1& initié par le ministére des Péches et des Océans, au printemps 2008, et continue a
opérer chague année avec la participation et le soutien des groupes communautaires,
des universitaires et d'autres niveaux de gouvernement. Des stations de surveillance
géo-référencées ont été sélectionnées le long de la cote de la Nouvelle-Ecosse selon la
présence de vecteurs (facteurs de risque) pour larrivée ou I'établissement de tuniciers.
Des collecteurs de surveillance (plaques) ant été déployés dans 33 stations en 2010
durant 3 périodes de déploiement, premidre partie (Mai - Ao{it), deuxieme partie (Aodt -
Octobre) ou saison pleine (Mai - Octobre). La température de l'eauy, la salinité et la
teneur en oxygéne ont été mesurées a chaque déploiement et collecte et les
biosalissures ont été examinées sur différentes surfaces pour détecter la présence de
tuniciers et d'autres espéces envahissantes. Dix rapports anecdotiques d'cbservation
de tuniciers ont &té regus en 2010. Quatre autres EAE ont été ajeutées a la liste de
surveillance du programme en 2010: deux tuniciers; Diplosoma listerianum et Ascidiella
aspersa, une crevette; Caprelfa mutica st un bryozoaire; Membranipora membranacea.

Styola clava, D. vexillum, D. listerianum et A. aspersa n'ont pas ¢ détectés en
2010. Ciona infestinalis a été retrouvé a 18 des 33 stations de surveiliance, et signalé
dans 3 endroits. Botryifus schiosseri est l'espéce la plus répandues, présente & 27 des
33 stations de surveiliance, et rapportée a 2 endroits. Botrylloides violaceus a été trouve
sur 14 des 33 stations de surveillance, et signalé dans 2 endroits. Cing stations étaient
libres de tuniciers, et ils p'étaient pas présents a 4 des endroits signales
anecdotiquement, tandis que les 3 espéces de tuniciers &taient toutes présentes dans
13 stations. Les 3 especes de tuniciers présentes en Nouvelle-Ecosse ont &t& trolivés
dans des eaux de 3,5 — 23,4 °C de temperature, 23.2 4 32,6 de salinité, et de 4,58 a
11,83 my L-1 d'oxygene dissous.

Ciona intestinalis domine {de fagon modérée a forte) fa communaute des
biosalissures sur les piaques dans da nombreuses stations du sud-ouest Nouvelle-
Ecosse, ke long de la rive sud, dans la baie Chedabucto et dans la région cotiére du
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Cap-Breton. Botryflus schiosseri était 'ascidie dominante dans le lac Bras d'Or,
{modeérée a ties forie), mais il a &t& ohservé (faible 4 modérée) dans toute la provinee.
Botrylloides violaceus a &té observé en tant que faible biosalissure en de nombreux
endroits, y compris les deux premiers endroits ol H a été datecté: Dighy et Sober Island
(la cdle d'est) . Seule une partie de la rive nord de la Nouvelle-Ecosse (Merigomish &
Maiagash) a été libre de funiciers en 2019.

Caprefla mutica et M. membranacea étaient présents tout ls fong de la Nouvelle-
Ecosse en 2010: 4 9 et 23 des 33 stations de surveillance, respectivement.



1.0 INTRODUCTION

Non-indigenous species {NiS) may pose great risk to native species, and biodiversity,
and can negatively impact native ecosystems and their function (Sala et al. 2000).
Among NIS of global concern, ascidians, more commonly known as tunicates or sea-
squitts, have affected marine ecosystems in the past two decades due to their negative
impacts on native species (Lambert 2001; Lutz-Collins et al. 2009} and communities
(Blum et ai. 2007; Dijkstra et al. 2007b). invasive tunicates may quickly dominate
matine fouling communities following their establishment in new environments (Lambert
and Lambert 1998, 2003). They pose a serious threat to shelifish aquaculture
operations, as they can attach to and overgrow aguacuiture gear and bivalves (Carver
et al. 2003; Bullard et. al. 2007). This results i increased operation and production
costs (MacNair et. al. 2008) as tunicates must be removed from culture gear and from
shellfish during harvesting and processing. Infestations of non-hative tunicaies have
resulted in significant economic losses to the blue mussetl, Mytilus edulis {Linhaeus,
1758), aquacuiture industry in Prince Edward Istand (PE!) and Nova Scotia (N5} since
the mid 1990's {Boothroyd et al. 2002; Clarke and Therriault 2007, Howes et al. 2007;
Ramsay et al. 2008). '

Four species of non-native, fouling tunicates are now firmly established in
Atlantic Canada. The solitary clubbed tunicate, Styefa cfava (Herdmann, 1881) has
been present in PEl since 1997 {Locke et al. 2007), but has not yet been recorded in
NS (Sephton et al. 2011). Another solitary tunicate species, the vase tunicate, Ciona
infestinalis (Linneaus, 1776), may have been present in Atlantic Canadian waters since
the 1850's (Stimpson 1852). Heavy infestations, however, were first noted on a musse!
farm in the Lunenburg-Mahone Bay area in 1997 (Cayer et al. 1998; Carver et al. 2003},
and the species is now widespraad in NS (Carver et al. 2006a; Sephton et al. 2011). 1t
has been present in PEI since 2004 (Locke et al. 2009) and is now considered the
predominant threat to musse! aguactiture there (Ramsay et al. 2008). Vase tunicates
have recently been reported for the first tme in Placentia Bay, Newfoundiand (Sargent
et al. 2013). Two colonial spacies, the golden star tunicate Botryllus schiosser (Palias,
17686} and the violet tunicate, Bolrylloides viofaceus (Oka, 1927) have been present in
PE! for about a decade {Locke et al. 2009), and in NS for a decade or more {Carver et
al. 2008b). Bofrylius schilosseri was first reported in Newfoundiand in 1875 {Hooper
1975), and surveys in 2006 and 2007 revealed the presence of both colonial species
(Callahan et al. 2010). A fifth species of concern, the colonial pancake batter tunicate,
Didemnum vexilium {Kott, 2002}, is present nearby on the American side of George’s
Bank {Bullard et al. 2007; Valentine et al. 2007) and as far north as Eastport, Maine
(Martin et al. 2010). Two additional species are also now recognized as potential
invaders of Atlantic Canadian waters (Locke 2008). the compound sea squit Diplosoma
fisterianum (Milne-Edwards, 1841}, present in the Guif of Maine (Dijkstra et al. 2007a)



and sporadically in the Magdalen Islands, Quebec, since 2008 (N. Simard, pers. comm.)
and the Eurcpean sea squirt Ascidielfla aspersa (Muller, 1776) now present in the Guif
of Maine {Dijkstra et al. 2007a).

In response 1o the growing threat posed by tunicates and other invasive species
to native coastal communities, fisheries and shelifish aguaculiure in Allantic Canadian
waters, Fisheries and Oceans Canada developed and initiated an Aquatic Invasive
Species {AIS) Biofouling Monitoring Program in the spring of 2006. A description of the
DFQC Maritimes Region Program, and results of monitoring from 2006 to 2009, is given
in Sephton et al. (2011). Two non-tunicate biofouling species; the Japanese skelaton
shrimp, Caprefla mutica (Schurin, 1835) and the lacy-crust bryozoan, Membranipora
membranacea (Linnaeus, 1767} were added to the program in 2009. Here we repoit on
the monitoring for invasive biofouling species conducted in the DFO Maritimes Region,
NS batween May and December 2G10.

2.0 MATERIALS AND METHODLDS

2.1, STATION SELECTION

Coastal and inland {Bras D'Or Lake) general monitoring stations were selected based
on the presence of potentiat or existing "risk factors” for the introduction and spread of
tuicate species. These included; (1)} presence of shelifish or musse! processing
facilities, {(2) mussei or shellfish aguaculiure sites, {3) important commercial port with
international iraffic, (4} marinas of yacht clubs with US fraffic, {5) commerciat fishing
harbours, and (6} harbours with herring or US lobster processing facilities. Sites with
air-exposure at low tide were not included. Thirty-three geo-referenced stations were
monitored in 2010 (Table 1}. Of these, 27 stations were monitored in 2009, one (Stn
420} was not and & {Caribou, Dingwali Harhour, Aspy Bay-North Harbour, LaHave River
and Eel Lake) were new monitoring stations to the Program, added at the request of the
sheiifish aguacuifure industry.

2.2. MONITORING COLLECTORS
Monitoring collectors used in 2010 are shown in Figure 1. Collectors were

constructed by suspending three, 10 om X 10 om, kghtly sanded PVC piates from a
rope line. The distance from the top {o the bottom plate was about 1 m. The



— \ 3 PVC collector

plates (20 cm apart)

Figure 1: AIS plate collector used in biofouling monitoring in 2010.



S8l [@ssnwl ‘8IS sinjnaenbe

ysusys () slwe sunep Jitd ue|pu
HooR BURRC| "BULEL ‘gD IUSBA JSAR] BABRHEN
Jeym anand 'wod Buissaoosd pue Sulysy jews
yaop Buieoy ‘wod aen

-PEXIL 'WNIpaW "BULBL gnjo) JUDeL SLLINgByS
aon Buineoy ‘Heym

aand ‘pod Buissaooud pue Buiysy ewis
¥oop Buneoy ‘Hegm

aand ‘wod Buissasosd pue Buigsy wripsiy
sebed a1sio

‘shong ‘sauy ‘eys aungnoenbe ysupsyg

yoop Buneoy ‘leuym

algnd 'vod Buissanosd pue BUlsy wnipaiy
Moop Guneoy ‘peym

aland ‘ued Buissanond pue Buiysy wnipsy
yoop Bueoy ‘peym

sgnd ‘wod Buisseooid pue Buysy wripspy
yoop Buneoy ‘Lelm

2nand ‘wod Buisssnosd pue Buisy wnipsy
yoop Buneo| ‘Wod asn-paxiw 'abigl

‘UL N0 IBA BIOIS BAON LISISOAN [BACY
alnjonlg

wawAojdaqg pue uonduosag uonels

£E30C ¥
geE80¥ ¥or
Orere ¥
Q0Zee e
SjrAT =
0LSES'SE
QLL06°GE
250p8 S
LPEIE S
G84iPl 85

8899l 9%

CEdsl el

M
apnubuon

885SF v
Q8L LERF
OvELE'ER
ILER VAN % 4
eL295°EF
QLFPFPEY
OFASTATE % 4
08edle¥
QLELLEY
BFOLELY
LOrEL ¥l
510e9vy

No
apmpe-

104 uelpy|
Jahly SABHET
UoInNop Lo
;LUNG|SYS
lewsobiuy
NogIEH SMEID
oMET 123

anoy duwen
uodabpasp
Ieg ynouwue;,
ueyBaisy
AgBIQ

uoneIoT

sOyS S 6l
SIS § 004
ANS S 28
2SS Z)

2A0YS ARS O

AYS S 8

2I04S MS 201

2UOYS MS £

JUYS MRS 9

2I0YSMS ¥

JUYSMS T

JUCUS A |

‘ON
uotboy 'uig

0107 ‘suonels Bupojuow semads saseal| anenby 1L oigel



yoop Bugeol)

‘treya onand 'wod ash-pax|w Wnigay

yaop Suneoll

‘e ogand Lnodiey [euojERII8) WnIpSy
ey sjeaud Unoquey

BLUS ‘Sasinosay (BINMEN §O sINMISU| 1M, ELeLN
sAONG ‘SRS UDHRINPS aunynoenby

yaop Buneo) ‘Heus ongnd ‘eale

SUNYNIENDE SIS UNOgIeYy [BUONESINAI 2US
yoop Buneoy Heym ognd ‘eaue

aunyndenbe ysuays nogiey feugEsInal {Bug
syoop Bujeoy ‘ayed o p

selg 0] SOURLRUS TBULBW gN|D SUCIT St8)ed 1S
¥o0p Buneoy ‘peum ognd pod

|[euaneuwsal ‘sbie| Jeau Yod [BUonealaal pue
BUySy 1BWIS "BULIELL YIB 4 SULRY SA00 STUISA
yoop Buneo))

‘eUuett Uoipenbg 1yoes SN 1BAOK

yoop Bugeoy 'Aydeibouesans

Jo aymyisy; piotpag Je Heum Uil enob

vod asn-paxiu euonewsiu 'afbie

¥aop Buneo) ‘Heus oRgnd ‘este

aumynaenbe Ysysys ‘Uod asn-paxiul ‘wnipsng
almanng

1uswAoidaq pue ueonduasag uones

GLe86' 6%
eaivi 09

0e4985°09-
046R2€°09-

G5680°19-

9Lt 19"

QL8 05

0106 Lo

(AN

2811989

0¥eee ve-
M.
apnpubuon

BELLE'GY

0B566097

0LGSE'SY
Q9EL0°6F

0L008'SF

Orose sb

G99y

0eslesd

[A 4 X1 44

L3188 v

08LE5 %P
N.
SpmeET

Binogsing

yorappey

WOSEYSY
Aegisel

slepstusin

LBBLIODOIAUAN

$.J9)19d 1S

BA0D) SNUSA

uoipenbs yses
SN |EACYH Xejller

ARor OIg xemeH

JANSAYD

uoges0T

(B30 |5
SHET 0P sBlg

SHET 1Q.P SEIg
SHET 0P SBIY

exeT JO.P selg
aye7.Jo P seld

o¥e JO P seid

alengepay

xejleH

Xe}| 2
BI0US §

uoiBay

a5

G5

¥a
98

A

L5

Ly

(34

AL -4

¥e

La
"ON
wms

PANUIUG) ‘QL0z ‘suolels Bulopuop ssneds sAISEAUL oENDY | S|0BL



‘PUEJS| pIEMPS 20Ulld = |3d

HUMSUNIG MBN = gN ‘UHoU = N ‘Uo1slg 8des = §9 'YIN0S = § “WSISSUINDS = JAS SUonBIASIqay

yaop Buneoy ‘Heym olgnd ‘Agieau (34
wow pue 0 owes Augy ‘pod Bulgsy jewg
syaop Bunecy ‘Lod asn

paEXIW 'WRIPSLU 'BULIe gD ISR NI
Naop Buleoy ‘Leum oyand ‘eaue
ainynoenbe ysijieys ‘Wod Buysy |Bus
Heym olgnd ‘alyes jeoq

J2qany pue 34 ‘gN 'vod ssn-paxil ‘afien
pegm alealLd ‘eale

amnynoenbe ysyeys ‘wod Buysy jeuws
peEum anand ‘eoue

anynoenbe ysyisys ‘wod Bulysy jBwus
soop Buieoy

yoep Buneoy ‘pegm o)gnd Jeuiuus | Ausg
pUE|pUNOMASN Jeau 'pod ssn-pexiu ‘abien
»oop Buieoy

Hod diys 851ni9 [SUORBLISIV PUE SN Jesu
"BULIELL N|O 1OBA UOISIg aden j2Aod
aimanilg

juawiopdag pue uonduossac] uoneys

08.5979
08LLLZY
CrPor Lo
1651079
JOSeF 09

OrQor 09

00BFT 09"

GLL91°09

M.
spnibuo

0862LGY

(1) TR R o

BL5980° 3

08929 o

00106 ar

QZe06 eF

0890¢ ov

e6etl or
N
SpnIReET

noques
neyoid
nogew

dweaneus

InaqieH embuin

Jlembuiq

ASUpAg LHON

Aaupis

uoneno

2UOYS N

20US N
[EI1SECD 90
|E1SECD 90
[EISECD 90

[€1SEC] G0

[ElSECD 93

[EISEO]) 8D

uolbay

16

£

¥

Vray

68

£9

29
oN
g

‘panunuos 'QLog ‘suonels Buuojuo seads anseaul auenby ) 8iqe)



line was weighted with a 250 g barrel weight fo ensure that the rope hung vertically in
the water column. A label with contact information for the DFO Maritimes Region AlS
Monitoring Program was aftached to each collector. The depth of the top collector plate
was approximately 1 m.

2.3. MONITORING PROTOCOL

Twenty-five stations were monitored by staff from DFO Science Branch, Maritimes
Region, Coastal Ecosystem Research Division. Additional stations were monitored by:
Clean Annapolis River Project {(CARP: Digby, Station 1), Eskasoni Fish and Wildiife
Commission (EFWC: Whycocomagh, Station 51; Orangedale, Station 52 and Eskasoni,
Station 54}, Cape Breton University, Department of Biclogy (CBU: Louisburg, Station
58: Sydnay, Station 62 and North Sydney, Station 63) and DFO, Eastern Nova Seotia
Area Office, Conservation and Protection Branch {East Bay, Station 86). The Nova
Scotia Department of Fisheries and Aquaculture (NSDFA) provided anecdotal
infarmation from severatl shelifish aquaculture sites {Table 2).

Table 2: Location of anecdotal reports in 2010,

Station | Region '} Location {atitude [ Longitude | Station
Na. N W Description
424 South shore | Porf L'Hebert | 43.75600 | - 64.95810 | Shellfish lcase
421 | Eastern Sober Island | 44.84000 | - 6247000 | Oyster loase
shore
104 Eastern Country 4523220 | -81.75800 | Mussel lzase
shore Harbour
36 Eastern YWhitehead 4523297 -61.15875 | Mussellease
share
44 Chedabucto | Petit-de-Grat | 45.5071 - 60.96010 | Fishing harbour
48 Bras d'Cr Gillis Cove 4591100 | -61.05390 | Oysier lease
423 Bras d'Or Alba 45.92400 | - 8099250 | Oyster loase
85 Cape Brelon | Aspy Bay, | 46.88309 |- 60.465561 | Oyster lease
Coastal South
Harbour
112 North shote | Merigomish | 46.6500D | - 62.54000 | Shellfish lease
422 | Nonhshore | Malagash 4575000 | -63.35000 | Oysterlease

Two collectors (Figure 1) were deployed (hung) with the top plate approximately
1 m befow the water surface at each site in late May to mid-June and collected in late
October to mid-November to assess full season colonization (fult deployment period} on



cellector plates. Collectors deployed on shellfish agquaculture leases were hung at the
depth of the mussel socks: bm at Indian Point {Station 18) and at Aspy Bay-North
Harbour {Station 94) or on oyster cages at Eel Lake (Station 108}). Collectors were
deployed in such a way that various areas of the station were sampled. For example, 2
floating docks would be selected for collector deployment at a station with several
floating docks; one near the harbor entrance and one closer {0 shore, and collectors
waouid be hung on opposite sides and opposife ends of each dock. in order to determine
saasonal differences in colonization at each site, two additional collectors were
deployed in {ate May and collected in mid-August (first deployment), white twe more
were deployed in mid-Auglist and collected in late October {second deployment). Dates
and details of 2010 collector deployment for all stations are shown in Appendix 1.

A Garmin eTrex Unit {Gamin International, Inc., Olathe, Kansas, USA) was used
to detennine or verify the geo-referenced position of each monitaring station and
photographs of new stations were taken in May. Temperature (°C}, salinity, conductivity
{ms cm'*) and oxygen content (% saturation and mg L'i} were measurad at collectar
depth using a Y51 85 or YSI 6600 Scnde (YS! Incorporated, Yellow Springs, Ohio, USA)
at each deployment and collection. A Hydrolab-Guanta (Hach Hydromet, Loveland,
Colorado, USA) instruiment was used at Station 1 {Digby). The YSI 6800 Sonde aiso
measured chlorophylt A (ng L") and pH. VEMCO (AMIRIX Systems, Inc., Bedford,
Nova Scotia, Canada) minidog-T8k temperature recorders were attached fo one of the
full season monitoring collectors (Figure 1) at twenty stations (see Appendix 1). A
visual check of surfaces and structures adjacent to collectors was made at each station
at each visit to document the presence of tunicates and non-indigenous species (Table
3}

Following the prescribed monitoring period (see Appendix 1), collectors were
removed and collector ropes, tags and weights were examinad in the field for the
presence of lunicales, other non-indigencus species and bicfouling native species.
These data were recorded in the field, and later entered into a Microsoft ACCESS
database for further anaiysis.

Individual PVC plates were cut free of each collector and placed bottorn-side up
in seqguence (top plate = left (1), middle plate = centre (2} and bottom plate = right (3})
on a white, labelled background. The plates were phetegraphed using a frame-
mounted Canon PowerShot A280 (Canon Canada Inc., Mississauga, Ontario) digitad
camera inside a white photographic tent.  ideally, photographs were taken in the field,
hut under adverse weather conditions or when partners shipped collectors to the
Bedtord Institute of Ceeancgraphy (BiO), photographs were taken indoors within 24 b of
collection.



Table 3. List of non-indigenous aquatic species subject to detection and
monitoring in 2010. * indicates a species usually not attached to collector

piates.
Group | Scientific Name " | Common Name {s}
Tunicates Ciona infestinalis “ Vase lunicate
' Bolryfius schlosseri " " Golden star tunicate
Botrylioides violaceus Violet tunicate
B Styefa clava ' Clubbed tunicate
- Didemnum vexilfumt Pancake balter tunicate
""" Diplosoma fisteriantrm Compound sea squirt
" | Ascidieila aspersa European sea squirt
Bryozoans | Mombranipora membranacea | Coffin box, lacy crust bryozoan |
Crustaceans | Caprelia mutica | Japanese sketeton shrimp
| Carcinus maenas* European gresn crab
Eriocheir sinensis* ' Chinese mitten crab
Hemigrapsus sanguineus® | Asian shore crab
Algae Codium fragile spp. fragile* Oyster thief, Codium, green
fleece

2.4 DETERMINATION OF PRESENCE AND PERCENTAGE COVERAGE OF
TUNICATES

Presence of tunicate species was determined as a positive observation on either a DFO
monitoring collector {plates, rope, tag or weight) or on any submerged surface inspecied
at the monitoring station upon collector deployment or retrieval, or as an anecdotal
report provided by a monitoring partner.

Percentage cover of each tunicate species was determined by visual
examination of the bottom {under) surfaces of each plate. Categories for the
percentage cover were 0 (absent); 1: < 26% coverage (low) of the under plate surface ;
2. 25-50% coverage (moderate); 3: 51-75% coverage {heavy), 4: 75-98% coverage
{very heavy) and 5: >100%. A value of *1" was assigned to collectors where one to a
few individual tunicates were present on surfaces of the collector other than plates (see
above).

The average percentage cover category for each species of tunicate at each
station was determined separately for each deployment period (first, second and full}.
An average cover value for a deployment period was caiculated as the sum of all the
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category values divided by the total number of plates recovered (i.e. six plates for two
collectors, or three plates if only one collector was recovered in a deployment period).
The year average percentage cover category was determined as the sum of all category
valuas divided by the total number of plates recovered in all deployment periods {i.e.
maximimum of 18 plates for six monitoring collectors).

3.0 RESULTS
3.1 GENERAL OCCURRENCE
General results for the presence of tunicate species monitored in 2010 are given in
Table 4, and the locations where C. infestinalis, B. schlasseri, and B. violaceus were

present are given in Figure 2.

Table 40 Prevalence of aguatic invasive species (monitoring records or anecdotal
reports) in Nova Scotia, May — December 2010

Species ' Monitoring | Anecdotal | Total
Sites Reports Records
{33} (10} (43}
Ciona infestinalis 18 3 21
[ Botryllus schlosseri 27 2 29
Botrylioides violaceus 14 2 16
Styefa clava - 0 0 0|
Didempinn vexittum 0 0 0
Diplosoma listerianum 0 0 o |
"Ascidiolla aspersa 0 0 G |
"No Tunicates 5 4 a
Caprolla mutica 9 0 @
Membranipora membianacea | 23 0 23

Botryllus schiosseri was the most frequently recorded tunicate; present at 27
(82%) monitoring stations and reported at 2 additionat locations (67% of totai records).
Ciona intestinalis was found at 18 (54%) monitoring stations, and reported from 3
additional sites (49% of records). Bofryfloides violaceus was the least frequently
recorded tunicate; present at 14 monitoring stations (42%)} and reportted from 2
additionat locations (37% of records). Siyela clava. D. vexilium, D.listeriantum and A,
aspersa were not detected in 2010. Ciona infestinalls was formaliy reporied as present
at Country Harbour, althotigh this species has been present i this area since 2008 or
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2007 (B. Hancock, pers. comm.} and Botrylloides violaceus was reported for the first
time in Digby and at Scher Island. Tunicates were not present at five stations: Pictou,
Mabou, Caribou, Aspy Bay-North Harbour and LaHave River and waie absent from
another four iocations, reported anecdotally: Merigomish, Malagash, Alba and Port
L'Hebert. Tunicates were present on sites with every “risk- factor’ selected; from
aquaculiure leases, to private marinas, to public fishing wharves. Interms of
geographic iocation, only the North shore of Nova Scotia (Figure 2) remained free of
invasive tunicates in 2010,

3.2 ENVIRONMENTAL RANGES

The ranges of temperature, salinity and dissolved oxygen concentration at sites where
tunicates were present during the study period are shown in Tabie 5, YSI values are
given in Appendix 2, and Minilog plots are given in Appendix 3.

Table 5: Rangss of values for temperature, salinity, and dissolved oxygen at
stations where invasive tunicate species were present, May -

Decembei 2010.
Species Y31 Temperature Minilog & ¥SI
Range (°C} Temperature Salinity Oxygen
Range (°C} Range Range
{mg L)
“Ciona intestinalis | 6.3-218 35-269 | 23.9-326 | 4.58-11.83
Botrylius schiosseri 6.4-23.4 3.5-26.9 172-326 | 4581183
Botrylivides 64-226 78-236  |239-326 |458.71.83
Yviolaceus
No Tunicates 91216 0.2 ~ 23.9 25.7-202 | 458-1183

The YSI values represent 1m depth measurements taken at each of the thiee
station visits, and do not reflect the true tolerance range for tunicate species. However,
data from Minilog recording thermistors are hourly values recorded throughout the study
period and give a more accurate picture of temperature maxina and minima, as weli as
an indication of daily and seasonal variation. Ciona infestinalis was present at sites with
jate-summer temperatures as high 26.9°C. Of the two colonial species observed, B.
violaceus was present in waters as warm as 23 8°C, while B. schiosseri was present in
warmer waters up to 26.9°C. Bofnyflus schlosseri tolerated a wider salinily rangs than
the other species and was present in brackish waters as low as 17.2. Tunicates
tolerated a wide range of oxygen concentrations, from 4.58 to 11.83 mg L*.



13

Chicrophyli and pH values recorded during station visits (Appendix 2} were
vartable, and loo infrequant to allow meaningful comparison.

Examination of Minilog water temperature piots (Appendix 3) showed a general
pattern of warming from late May through early July, with cycles of minor cooling (2 -
4°C drops), and warming throughout the sumimer. Warmest temperatures were
recorded either in mid-July or in early September, coinciding with the arrival of
Hurricane Earl {(downgraded fo a tropical storm) on September 4, 2010. A gradual
cooling trend was evident through September, with a brief warming and mixing event in
early Qctober, followed by a steady dedline in temperature. Short-term {daily} cycles of
heating and cosling were also evident. Digby was the coldest, least variable station
{lowiest daily variation), with a season high of 15.7°C on September 4, followed by
Yarmouth Bar with a high of 17.4°C. Coastal stations in southwesiern NS (Wedgeport
and Clark's Harbour) showed a wider range of temperature values, reflecting higher
wind and wave exposure. South shore coastal stations (Shelbume, Port Mouton,
Lunenburg and indian Point), Halifax, and Venus Cove (Chedabucic Bay} were
characterized by higher (21 — 27°C) mid-summer temperatures, and greater short-term
variations in temperature. Stations in the Bras D'Or Lake {St. Peter's, Eskasoni,
Baddeck) showed steady warming to a mid-July peak, with steady, and moderate
temperatures (20-22°C) leading to a second peak in early September (24-25°C).
Variations in temperature inside the Lake were lower compared with coastal sites.
Other sites in Cape Breton (Cheticamp, North Sydney, and Aspy Bay-North Harbour)
showed temperature trends similar to those seen in the Bras D'Or Lake, but
ternperatures were cooler {22.7°C maximum) in Aspy Bay-North Barbour, at the
extreme north eastern tip of Cape Breton. Caribou, on the north shore, showed
moderate temperature variations, with mid-summer temperature values between 17 and
21°C, and a high of 23.9°C on September 4, 2010.

Minilog thermistors remained in the water over the winter at two mussel farms:
Aspy Bay-North Harbour and Indian Point Marine Farms (IPMF). Winter temperature
dropped to -1.4°C in Aspy Bay-North Harbour an January 26, 2010, with temperatures
remaining at about 0°C {+/- 0.5°C) or lower between January 22 and March 4, 2010, a
period of 42 days. Summer maximum temperature was 22.7°C on August 18, 2010,
Winter minimum temperature at IPMF was -0.5°C on January 22, 2010 on Site 1, the
most sheltered location, and remained below 0.5°C for a 19-day peried between
January 24 and February 11, 2010. Water temperature dropped to a low of -0.9°C on
January 29 at Site 2, 2 more exposed location, and remained at 0.5°C or below for a 19-
day period between January 25 and February 12, 2010. Summer maximum
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temperatures at IPMF were reached on September 9 at Site 1 (21.9°C), and August 31,
2010 at Site 2 (21.6°C),

3.3 TUNICATE COVERAGES (DEGREE OF INFESTATION)

There was variation (i.e. “patchiness”): (1) among individual plates on a collector, (2)
between duplicate collectors at a site during a deployment period, and (3) among
deployment periods (see Section 3.4), and this variation also was evident in the
intensity of biofouling on other structures at the stations. The overall average coverage
on monitoring collectors gave a comparable approximation of the level of infestation
observed on fouled structures at each station.

Wetnoport 151 sk - Bay bo August

Sin, 11 B

Callector # 2 . Plate | Collector ¥ 2 - Plate 2 .

affoitor 80 Pate d

. . . . a ¢ - e B e L
Sl e o av MNALE TR e vy L 8L skl 3y G MY

Figure 3. Photograph of first deployment collector plates at Wedgeport in 2010,
showing differences between plates on the same collector and on collectors
deployed duing the same period.

Photographs of plate surfaces for the first deployment period at Wedgeport (Figure
3) are typical of many stations where different tunicate species dominated different
collectors (i.e. C. intestinalis on Collector #1, and colonial tunicates on Collector #2)
deployed during the same period. Variation in species coverage was often also evident
among plates of the same collector: here the top plate (Plate 1) of Collector 2 was heavily
fouled by B. schlosseri, with low to moderate coverages of B. schlosseri and B. violaceus
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on the middie plate (Plate 2), and low fo maderate coverages of C. intestinalis, B.
schlosseri and B. viofaceus on the bottom plate (Plate 3).

The average percentage coverages (over all plates and coliectors) recorded at
all stations monitored in 2010 are shown for C. infestinalis (Figure 4), B. schiosserf
{Figure 5) and B. violaceus (Figure 6).

3.3.1 Ciona intestinalis

Average annual coverage of C. infestinafis was heaviest along the south shore {Stations
18, 19 and 21) and the southwestern tip of NS, and in the Sydney-North Sydney area
(Figure 4). Coverage between Shelburne and Meteghan can best be described as
“patchy”, with very high coverages at Ingomar (Station 10}, interspersed with much
jower coverages at other stations. Low coverages were observed in Halifax Harbour
{Stations 24 and 402) and in the Chedabucto Bay area (Stations 41). Giona intestinalis
was not present afong the north shore {Merigomish to Malagash) or in the Bras d'Or
Lake {Stations 48, 51, 52, 54 and 86). While C. intestinalis was present at the public
wharf in Dingwall (Station 68), in very low numbers, it was not found at a private wharf
in the same harbour {Station 420) or nearby in Aspy Bay-North Harbour (Station 94) or
Aspy Bay-South Harbour (Station 95). Ciona infesfinalis was reported anecdotally from
Petit de Grat, Isia Madame, and at Whitehead and Country Harbour on the eastern
shore.

3.3.2 Botrvilus schlosseri

Average annual coverage by B. schiosseri was low at stations in southwestern Nova
Scotia and along the south shore, but moderate in Lunenburg and Chester (Figure 5).
This species was not detected along the eastern and nerth shores, but was low 10
moderate along coastal Cape Breton. Highest coverages were noted in the Bras D'Or
Lake, with a very high infestation at St. Peter's (Station 47) at the southern entrance 1o
the Lake. Again, coverage was “patchy” among stations in some areas, for exampie on
the south shore: LaHave River (absent) to Chester (moderate). Bolrylius schiosseri was
reported anecdotaily as present in Aspy Bay-South Harbour, and Gillis Cove, Cape
Breton.

3.3.3 Botrylloides violaceus

Low average annual coverages of B. violaceus were cbserved at stations in
southwestern Nova Scotia, along the south shore, and at several stations along the
Cape Breton coast (Figure 8). Violet tunicates were reported for the first time at Digby.
Moderate coveragas were noted at North Sydney (Station 63) and Dingwall {Station 68).
An oyster lease on the eastern shore, Sober Island, is to our knowledge the first record
for this species in that area. As was observed with C. infestinalis and B. schlossert,
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stations with fow coverages were interdispersed among stations that were free of B.
vinlaceus (Figure 8). Bolryloides viclaceus was reported anecdotally as present in
Petit-de-Grat, isle Madame.

3.3.4 No Tunicates Prasent

Tunicates were absent from five monitoring stations in 2010: LaHave River Yacht Ciub
(Station 100} on the south shore, Mabou (Station 73), on the Gulf coast of Cape Breton,
Aspy Bay-North Harbour (Station 94) and Pictou (Station 77) and Caribou (Station a1},
on the north shore (Figure 2). Four anecdotal reports highlighted the absence of
tunicates on oyster aguaculture ieases in the following locations: Alba, in Cape Breton,
Malagash and Merigomish, on the north shore, and Port L'Hebert, on the south shore
{Figure 2}.

3.4 OTHER BIOFOULING ORGANISMS

3.4.1 Membranipora imembranacea

The lacy crust bryozoan, M. membrancea, was present on monitoring collectors
deploved at 23 of 33 monitoring sites throughout the province (Figure 7). Sites included
marinas, smali to large fishing harbours, and mussel farms, and there was no clear
regional pattern of occurrence.

3.4.2 Caprella mittica

The Japanese skeleton shrimp, C. mufica, was found on monitoring coliectors deployead
at 9 of 33 monitoring stations (Figure 8). It was found at several stations in southwest
NS, Lunenburg, and Halifax on maintand NS, and at Louisbourg, Dingwalt and Aspy
Bay-Narth Harbour in Cape Breton.

3.5 SEASONAL VARIATION IN TUNICATE PRESENGE {Appendix 1)

3.5.1 Southwestern shore {Digby to Clari'’s Harbour)

Vase tunicates, C. infestinalis, were present on first, second and full deployment
collectors at all stations on the southwestern shore, with the exception of Yarmouih Bar
{Figure 9C). Itis important to note, however, that low coverages of vase funicates were
noted on fouling surfaces {(buoys, floating docks, ropes} in August and October.
Coverage by C. intestinalis was heaviest on first deployment collectors at Wedgeporl
(Figure 9D} and Camyp Cove {Figure 9E), the result of early season settlement, and on
full deployment collectors at Digby (Figure 9A} and Meteghan {Figure 98),
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indicative of setttement and growth throughout the entire deployment period. Vase
tunicates were generally present from May through October in this region, with year
average coverages heaviest at Wedgeport (heavy: 51-75%), moderate at Meteghan and
Camp Cove {25-50%), and low at Digby and Clark's Harbour {<25%).

Golden star tunicate, B. schilosser, were present an first, second and full
deployment collectors at all stations, with the exception of first deployment coliectors at
Dighy, where water temperatures were below 15°C during the first deployment period
{Appendix 3}, and full deployment collectors at Yarmouth Bar and Meteghan, where
plates were totally covered by vase tunicates. The species was reported on buoys and
oystar cages at Eel Lake. In general, coverages were low at most stations, but
moderate coverages were noted on first deployment collectors at Wedgeport, and
second deployment collectors at Camp Cove and Clark’s Harbour, which may reflect
higher settiement and growth as the water warmed. Water temperatures at Dighy were
stitl below 15°C {Appendix 3} when second set collectors were deployed, which may
explain the absence of B. schiosseri, oflen described as a warm-water species, on first
depioyment collectors.

Violet tunicate, B. viofaceus, coverages were generaily iow during al deployment
periods, and this species was absent during the first deployment pericd at Digby and
Yarmouith Bar, the two coldest stations. Moederate coverages were noted during the
second deployment period at Mateghan only.

Vase tunicate, C. intesiinalis, was the dominant tunicate in this region, often
settling on plates earlier in the season before settiement by golden star and viclet
tunicates. Colonial tunicates were frequentiy observed growing on top of vase
tunicates, which occupied maost of the plate surfaces on second and full deployment
coliectors.

3.5.2 South shore {ingomar to Chester)

The vase tunicate, C. infeslinalis, was present at all stations in this region with the
axception of Port Mouton (Figure 10C), and during the first deployment period at
Shelburne (Figure 10B). Coverage was highest at ingomar {Figure 104), where
collectors were completely fouted by C. infestinalis during ali deployment periods. Low
fouling was noted during the first deployment period at Lunenburg {Figure 10D} and
Indian Point {(Figures 10E and 10F), with moderate fouling at Chester (Figure 10G).
Fouting was heavy at indian Peint, and very heavy {>75%) at Sheiburne, during the
second deployment period. They were present in low to moderate coverages in all
deployment periods at Lunenburg (Figure 10D) and Chester {Figure 10G).
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Coverage by B. schicsseri, golden star tunicate, was heavy during the early
deployment period at Lunenburg {Figure 10D), and during the second deployment
pericd at Chester (Figure 10G), and these stations showed the highest (25-50%)
average annual coverages. Golden star tunicates were present in low coverage
throughout the year at Port Mouton {Figure 10C}, and at Sites 2 and 3, indian Point
(Figure 10F). They were absent from collectors at Site 1, Indian Point (Figure 10E)
during the first deployment period, and from Shetburne (Figure 10B), during the second
deployment, when plates were covered in vase tunicates.

Violet tunicates, B. violaceus, were absent from Shetburne and Poit Mouton, and
present in low coverage at some point during the year at the other stations in this
region. At ingomar, where coverage by vase tunicates was very high, colonial tunicates
were observed growing on vase tunicates, instead of on plate surfaces.

Tunicates were absent from the LaHave River Yacht Club (Station 100), whare
collectors were heavily fouted by the blue mussel, Mylifus edufis.

3.5.3 Halifax

Ciona intestinafis was present at both stations monitored in this area. |t was the only
tunicate present at the BIO Jetty {Figure 11A), where its coverage was low to moderate,
and the only tunicate presant at the Royal Nova Scotia Yacht Squadron marina (Figure
11b) during the early deployment period. Golden star tunicates were present at RNSYC
in low coverages during the second deployment period only. Bofrylloidas violaceus was
absent from these two stations.

3.5.4 Eastern shore (Shin Harhour to Whitehead)) and Chedabucto Bay (Venus
Cove, Petit-de-Grat)

Only one station was monitored from these regions in 2010 Venus Cove, In
Chedabucto Bay. Ciona inlestinalis and B. schiosseri were present with low coverage
during the second and full deployment periods (Figure 12), where water temperatures
were lower water early in the season than in nearby Cape Breton. Ciona intestinalis
were reported anecdotally as present at Petit-de-Grat, and on fwo mussel aquaculture
sites; Country Harbour and Whitehead.
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Figure 11: Seasonal and year average coverage of tunicates in Halifax: BIO Jetty
(A) and RNSYS (B) in 2010, for C. intestinalis, (1) and B.
schiosseri (| 1 ).
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Figure 12: Seasonal and year average coverage of tunicates at Venus Cove in
2010, for C. intestinalis (L) and B. schlosseri (L_1).
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3.5.5 Cape Breton Coastai

Ciona infestinalis was not found at Louishourg {Figure 134), Dingwall
Harbour {Figure 13E) and Cheticamp (Figure 13F) and coverages were low
at Dingwall {Figure 13D). Coverages were heavy during first and fuli deptoyments at
Sydney (Figure 13B) and first deployment at North Sydney (Figure 13C).

Bofrylfus schiosseri showed low coverages at ali sfations, except for very heavy
coverages during second deployment at Cheticamp (Figure 13 F). This tunicate was
present on first deployment collectors at Louisbourg, but the second and full deployment
coliectors were lost here. it was reporied anecdotaily at Aspy Bay-South Harbour,

Botrylioides viclaceus was not found at Louisbourg and Sydney, and heavy
coverage was noted iate in the season at North Sydney (Figure 13C), and coverage
was low to moderate at Cheticamp. Coverage was moderate on full season collectors
at Dingwall.

Tunicates were absent from two stations monitored in this region: Aspy Bay-
North Harbour {Station 24) and Mabou {Station 73). Tunicate fouling was heaviest in
North Sydney, with an early dominance by Ciona intestinalis followed by second
deployment dominance by Botrylloides violaceus. Botryflus schiosseri was dominant at
Cheticamp.

3.5.6 Bras d'Or Lake

Botrytius schiosser was the only fouling tunicate present at monitoring stations in
the Bras d'Or Lake in 2010. The species was afso reported anecdotally from an oyster
farm at Gillis Cove. Goverage by B. schlosseti was highest during the first deployment
at Eskasoni {Figure 14C), and higher during the second deployment period at St.
Peter's (Figure 14A), Whycocomagh (Figure 14E} and Orangedale (Figure 14F). Full
deployment collectors were most heavily fouled at St Peter's (Figure 144A),
Whiycocomagh {Figure 14E) and Orangedale (Figure 14F), reflective of their longer
deployment period and yearly averages were heavy {(51-75%) at these locations. No
tunicates were present on a shelifish lease at Alba.

3.5.7 North shore {Merigomish to Malagash)

Tunicatas were not present on monitoring collectors deployed at stations in
Pictou {Station 77} and Caribou {Station 91), and were nof reported from oyster farms at
Malagash and Merigomish.
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4.0 DISCUSSION
4.1 TUNICATE ESTABLISHMENT AND SPREAD

The results of ongoing DFC monitoring in Nova Scotia from 2008 to 2009 (Sephton et
al. 2011) and in 2010 indicate that populations of Ciona inlestinalis, Botrylius schiosseri
and Bolrylloides violaceus are (1) well established in many lacations, and (2) spreading
to new areas.

The successful survival, establishment and spread of non-indigenous species,
beyond the existenca of a suitable vector for introduction, lies in the presence of a
suitabie environment {Locke 2009). Temperature and salinity tolerances of C.
infestinalis, B. schiosseri and 8. violaceus recorded in 2010 were comparable with
earlier values {Sephton et al. 2011), well within the range of tolerances given for these
species (Carver et al. 2008 a,b; Epelbaum et al. 2009; Vercasmer et al. 2011), and
consistent with the environmental conditions of coastal Nova Scotia in genaral. The
trend in warmer summer (and winter) water temperatures observed in many locations in
Nova Scotia since 2006 may be conducive to the spread of established AlS such as B.
viclaceus, and heavier infestations of tunicates at several stations. Stachowicz et al.
(2003) found a positive correlation belween the timing of introeduction and total
recruitmen of introduced sea squirts and warmer winter and summer water
temperatures, respectively.

Minilog temperature data indicated that 2010 summer water temperatures were
comparable with temperatures cbserved in 2008, and 1-2°C higher than in 2009
{Sephton, unpub. data; Vercaemer et. al. 2011). Long term monitoring and research
(Vercaemer et al. 2011} at IPMF (Station 19} has tracked changes in environmental
temperature and subsequent recruitment of C. infestinalis larvae and degree of
infesiation at this site. Alr temperature data indicated that the winters, and following
summers, of 2004, 2005 and 2007 were cooler, and low infestations of C. infestinalis
were noted, while water temperatures during the winters and summers of 2008, 2009
and 2010 were warmer, with much higher infestations of vase tunicates during those
summers (Vercaemer et al. 2011). Minidog data from the winter of 2010 showed that
water temperature at indian Poini dropped to a low of only -0.5°C (Lease #1) and -0.9°C
(Lease #2) and remained there for a period of only 19 days, while maximum summer
water temperature exceeded 21°C. Winters on the south shore of NS have historically
heen characterized by extended (4-8 weeks) of water temperatures well befow 0°C
{Darnell, pers. obs.}). Indeed, the heaviest infestation of C. intestinalis ever recorded at
this site was evident in 2011, {Sephton and Vercaemer, pers. obs.} to the extent that
mussel harvesting operations were greatly reduced.
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Warming temperatures may create new opporfunities for the establishment of
colonial tunicates which grow well at warmer temperatures {Chadwick-Furman and
Weissman 1995) and are also tolerant of low salinities (Epelbaum et al. 2008},

Botryiius schiosseri, present throughout coastal NS, is now dominant and widespread in
the warm, brackish waters of the Bras d'Or Lake, white the low salinities {below 20) may
have prevented the establishment of B. viofaceus (Epelbaum et al. 2009). In St. Peter's
Bay, PE|, Paetzold et al. (2012) noted that the biomass of B. schiossert on mussel
socks was 4-fold higher in 2010, where water temperature reached 20°C in mid-
summer compared to 2000, where temperatures were 4-5°C lower. Increases in the
coverage of B. schiosseri at Lunenburg and Eskasoni, and of B. violaceus in North
Sydney in 2010 may also reflect this warming trend.

While the jong-standing yeardo-year presence of C. infestinalis, B. schiosseti
and B. violaceus in soutiwestern NS and along the south shore, and B. schiosser in
the Bras d'Qr Lake, may denote their initial points of introduction in ports via commercial
shipping and subsequent establishment (Lacoursiére-Roussel ot. al. 2012a, b), their
secondary spread to adjacent bays, harbours, and marinas indicates human-mediaied,
stepping-stone type introductions {Lacoursigre-Roussel, 2012a; Sephion et al. 2011),
most likely as “hitchhikers” on the hulls of small recreational or fishing vessels, o on
fishing gear (Lambert and Lambert, 1998, 2003; Lacoursiére-Roussel et al. 2012a, b).
Once introduced to a new harbour or bay where environmentai conditions are favorable,
tunicates may spawn, attach fo natural or man-made surfaces, grow and successfully
overwinter, resulting in an established population. Lacoursiére-Roussel ef al. (2012b)
found that potential for spread via recreational vessels was high in NS, where about half
of the boats examined were fouled by colonial tunicates, and that those boais moved
among muitiple marinas during summer months.  Specifically, they found that the ports
of Yarmouth and Sydney, and marinas in Mahone Bay and Chester {south shore}, and
in the Bras d'Or Lake were the busiest in Nova Scotia in 2008, with multiple
apportunities for the introduction and spread of new, or presently established tunicate
species. Given that tunicates have a very low potential for natural spread {larval drift
and rafting}, it is crucial, that ongoing public outreach to fishers and recreational
hoaters, and education to raise awareness of the threats posed by nen-native tunicates
in coastal communities, continue as a preventative measure to their continuing spread.
Citizen groups should be established to help with ongoing monitoring, given their
success in other regions {Coben et al. 2011; Salem Sound Coastwatch 2013).

4 1.1. Ciona infestinalis

Heavy infestations of C. intestinalis resulting in losses to shelifish aquactiture were first
reported on the south shore of Nova Scotia in 1997 (Cayer et al. 1988). Information
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from the shelifish aquaculture industry shore (Carver et al. 2003; Carver et al. 20064a;
Clancey and Hinton, 2003; Clancey and Macl.achian, 2004) and from DFO monitering
efforts since 2006 indicate that vase {unicates are well established in southwestern NS,
along the south shore, in Chedabucto Bay and on Isle Madame. Sephton et al. {2011)
report that this species has spread (present at 39% of all monitoring stations in 2008,
rising 1o about 50% of all stations in 2007- 2010}, and was present at 64% of NS
Marinas in 2009 (Lacoursiere-Roussel et al. 2012a). However, the number and
locations of stations monitored/surveyed in each year differed, which could account for
some of the year-to-year differences.  Information from sentine! stations (Tabie 6; key
stations monitored in all, or most years, since 2006) shows that, despite some inter-
annuai variability, C. intestinalis is present af about 50-68% of sentinel stations, with
increasing coverage noted af three stations. Clona infestinalis is now present in Dighy,
in Halifax Harbour, from Country Harbour to Canso, aind in Dingwall, North Sydiney and
Sydney in Cape Breton. It has not established in the Bras d'Or Lake, probably due to
low salinities, aithough a few individuals (or small populations) have been present
sporadically in 5t. Peter's, at the southern entrance of the Lake close o isle Madame,
and also in Sydney. Both locations represent entry points for recreational boats and
yachis from PE!, other regions of NS, and the U35 eastern seaboard, all important AlS
vectors. Ciona infestinalis was not observed on the eastern shore from Halifax to
Country Harbour, or from Merigomish to Malagash on the north shore in 2010, The
north shore is probably more at risk of invasion by C. infesfinalis, given their presence at
Havre Boucher in 2008 and 2009 {Sephton et al. 2011), and in Bailantyne’s Cove, St
(George’s Bay in 2009 (A. Lacoursigre-Roussel, per. comm), the close proximity to PE),
and volume of vesse! fraffic from this area (Darbyson et al. 2009). A Rapid Assessment
to determine the presence of tunicates was conducted at Caribou in August 2010.
While no tunicates were found, it is important to mamntain monitoring efforts in this area
given the risk of intreduction of their intreduction.

4.1.2 Batrylius schiosseri

Bofryllus schicsseri, present in Nova Scotia since the 1880’s (Carver et af. 2006b), is
now the most widely distributed tunicate; present at 69% of monitoring stations between
2006 and 2008 {Sephton et al. 201 1) and at 88% of senting! stations in 2010 {Tabie 8).
Golden star tunicates are established in allf regions of Nova Scotia, with the exception of
part of the north shore, and from Ship Harbor to Liscombe on the eastern shore.
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Bolryllus schiossen was found on setliement collectars in 2009 at Cribbon's Point and
Ballantyne’s Cove in St. George's Bay on the north shore (fow during first deployment;
heavy during second deployment), and in Musquodohoit Harbour on the eastem shore
in 2008 {|_acoursiere-Roussel et al. 2012 ). While this species dominates with heavy
coverages in the Bras D'Or Lake {specifically between 2008 and 2010, Table 6), and is
now widespread in Nova Scotia as a low to moderate infesting AlS (87% of NS marinas
in 2009; Lacoursiére- Roussel et al. 2012 b), it is generally regarded as a nuisance
species (Ramsay et al, 2008; Paetzold et al. 2012} with less impact than C. intestinalis.
Arens et al. {2011} and Paetzold et al. (2012) determined that fouling by B. schiosseri
an mussel socks in St. Peter's Bay, PEl had no effect on mussel productivity, growth,
length, abundance of condition index}, despite an aguaculiure industry perception that
fouling by colonial tunicates was detrimental {o mussel crops.

4.1.2 Bofhrylloides violacels

Botrylloides violaceus, present since the 1880°'s (Carver et ai. 2008b}, is also now
established in many areas, including the southwestern and south shores, on Isle
Madame, at Nerth Sydney, Dingwail and Cheticamp (Sephion et al. 2011). This species
has spread to a few new locations each year since 2006; from 18% of all monitoring
stations in 2006, to 38%, 50% and 42% of stations in 2008, 2009 and 2010 respectively,
and present at 33% of marinas surveyed in 2009 by Lacoursigre-Roussel et al. (2012a).
It was present at 50% of sentinel stations in 2010 {Table 8) and reported for the first at
two locations; Digby, in the Bay of Fundy, and Sober Isiand on the eastern shore in
2010. Generally, this species ocours in low coverage, but heavier coverages weare noted
in North Sydney and Dingwali in 2010, As is the case for B. schlossers, B. violaceus is
regarded as a nuisance species, and its fouling of biue mussels doas not impact
productivity or growth (Arens et al. 2011; Paetzald et al. 2012)

4.1.3 Ahsence of Styela clava, Didemnum vexillum, Diplosoma listerianum and
Ascidiella aspersa

Four additional tunicate species either present in nearby eastern Canadian (PEI: 5.
clava), or in northeastern US coast waters (D. vexilfum, 2. listerianum and A. aspersa),
were not detected in NS in 2010, Given the volume of commercial shipping and
recreational boating vectors from these regions (see Darbyson et al 2009; Locke 2008;
Lacoursiere-Roussel, 2012a) and the similarities belween donor regions and NS waters,
it iz possible that these species will successfully establish following their introduction
{Locke 2009},
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Popuiations of 5. clava have declined in PEI in recent years, concurrent with the
arrival of C. infestinalis (Ramsay et al. 2008). The concerted efforts of government and
the shellfish culture industry described by Locke et al. (2009) may have prevented its
arrival in Nova Scotia through the transfer of infected shelifish. Indeed, the spread of
exofic tunicates in coastal waters through bivalve aquaculiure is fikely not as important
as other vectors {McKindsey et al. 2007), as stock transfers are imited and carefully
managed through Introduction and Transfer Committeas (Locke et al. 2008). Siyela
clava may be introduced attached to drifting materiais or on boat hulls, as recreational
and commercial boats regularly travel from PE{ to Nova Scotia {Darbyson et al. 2009;
Locke ef al. 2008). Another solitary tunicate, A. aspersa, native to Europe and the
Mediterranean, and present in New England since the 1980's, has not yet been found in
Canadian waters {Mackenzie, 2011b), but it remains on our monitoring fist as a polential
invader.

Of the colonial tunicate species, D. vexiffum, present on the US seaboard as far
notth as Fastport, ME, is not yet present in Atflantic Canadian waters. It has not been
detected in the Bay of Fundy, either through biofouling monitoring efforts (LeGresiey et
al. 2008, Martin et al. 2010a) or during annual Rapid Assessments conducted since
2000 {Martin et ai. 2010bk; Sephton and Vercaemer, pers. obs.}. If has not been found in
Nova Scotian waters to date during annual biofouling monitoring (Sephion et al. 2011},
or during the Rapid Assessment conducted in Yarmouth Bar in 2010 (pers. obs.). the
shell-gravel hottom of the US side of George's Bank is heavily covered with D. vexifium
(Valentine et al. 2007), so the commergial scallop fleet s a potential, yet unintentional,
vector far its introduction to southwestern Nova Scotia, Once dislodged from the bottom
when benthic sediments are disturbed by scalliop dragging, D. vexiffum may enter non-
infested areas on the Canadian side of the Bank as floating fragments in acean currents
(Lengyei et al. 2009}, and reattach on hard substrates (Bullard et al. 2007}, or be
introduced attached to scallop shells or caught in fishing gear. This species aiso
threatens the scaliop fishery directly through habitat loss, making the ocean bottom
unsuitable and inaccessible for settiing scallops (Moris ef al. 2009).

Dipfosoma listerianum, native to Europe (Mackenzie, 2011a}, and present
sporadically in the Guif of Maine for about 20 years (Dijkstra et al. 2007a), was reported
in the Magdalen Islands at Havre Aubert, QC in 2008 (Simard, pers. comm.}. A Rapid
Assessiment was conducted in 2009, and no sign of the tunicate was found, nor has it
heen recorded elsewhere in Atlantic Canada since. This species remains on our watch
fist, as it has potential for rapid establishment and dominance in new habitats (Vance et
al. 2009).
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4,2 SPATIAL AND TEMPORAL VARIATION IN TUNICATE DISTRIBUTIONS
Tunicate distributions in Nova Scotia have previcusly been described as
discontinuous or “patchy” in space and "sporadic” in time (Sephion et at. 2011} and

these characteristics were again evident in 2010,

4.2.1 Spatial Variations

Smail scale "patchiness” was evident by variable coverage by one or more of the three
dominant tunicate species on separate plates of the same collector (Figure 3). This
small-scale patchiness may reftect the limited naturai dispersion ability of tunicates as
gametes or larval stages (Lambert and Lambert 1998; Lambert 2005). Differences
betwaen collectors hung during the same deployment period, most often within several
meters of one another or on alternate sides of the same floating dock, are
representative of limited larval dispersal at scales of less than 10 m {(Osman and
Whitlatch 1995), or small differences in environmental variables such as light or current.
Deploying duplicate collectors and calculating an average coverage value for each
deployment pariod, as well as visuaily examining aliernate surfaces, allowed the
determination of a more meaningful estimate of tunicate coverage at monitoring
stations. The importance of the visual search was emphasized in sifuations where one
duplicate collector was fost, or where tunicate presence was so low that settlement did
not occur on monitoring collectors, but tunicates were indeed present (ie C. intestinalis
at Yarmouth Bar}. Visual inspections may also reveal the presence of other invasive
species, such as Codium fragile and other algae, Caprefla mutica, Membranipora
membranacea, and Carcinus maenas and other crab species.

Large scale “patchiness” was evident across larger areas in 2010, where
differences in the degree of tunicate coverage were noted from one station to the next,
while environmental conditions were very similar. Examples of this type of “patchiness”
were noted on the southwester shore, where heavy coverage by C. infestinalis were
noted at Wedgepori, Camp Cove and ingomar, while stations nearby at Eel Lake and
Clark's harbour had low coverages. These observations may aiso be related to fow
intensity of a vector for secondary spread from an infested to a non-infested area, and
reduced propagule pressure (Chailton 1998).

4.2.1 Temporal Vartations

While C. infestinalis. B. schlosseri and B. violaceis were present as low to moderate
fouters on plates throughout the year at many stations, there were some temperature—
related seasonai patterns in tunicate presence.
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Dominance by C. infestinalis was noted as heavy coverages during the first
deployment period in Meteghan, Wedgeport, and Camp Cove (southwest NS}, Chester
(south shore) and at Sydney and North Sydney. We observed moderate to substantial
numbers of overwintered vase tunicates in southwest NS and along the south shore in
late May, evident potential for reproduction and early settlement on monitoring plates
once water temperatures reached 8°C, regarded as the lower limit for spawning in Nova
Scotian populations (Caiver et al., 2006), aithough gamete production has been
observed at 4°C (Carver et al. 2003) . The spawning period for this species in Nova
Scotia begins in fate May and continues through untit November or eatly December
{Vercaemer et al. 2011; Appendix 3). Larvae grow guickly following settlement (Carver
et ai. 2003), covering surfaces including monitaring plates and ieaving little room for
colonial tunicates, which explains their low coverages on plates in many locations where
vase tunicates dominate, and their setiement on vase tunicates themselves {eg.
Ingomar, Meteghan). Vase tunicates were noted in low coverage throughout the year in
Halifax, and at colder stations in Digby, Yarmouth Bar and Clark’s Harbour, and in
Lunenburg, a somewhat wanmer station where they co-oceourred with colonial funicates.
At Venus Cove, C. infestinalis was not ochserved untl the second deployment after a
warming period in mid-July {~ 22°C} , and their coverages were highest during this
pericd at Indian Point and Shelburne, which may reflect the September peak in
recruitiment observed by Vercaemer et al. {(2011) along the south shore.

Settlement and growth by colonial funicates when waters are warmer was
reflacted by the first deployment absence of B, schlosserd in Digby, at RNSYS {Halifax)
and Venus Cove, and B. violaceus in Dighy and Yarmouth Bar. This trend was clearly
evident at Cheticamp, when both colonial species were most abundant during the
second deployment period. Coverage by B. schipsseri was much higher during late
summer to fall at stations in the Bras D’Or Lake {St. Peter’s, Baddeck, Whycocomagh
and Crangedale) where it was the only tunicate present. At Chester, 8. schiosseri
replaced C. infesiinalis as the dominant species during the second deployment period,
and there were more golden star tunicates present during this period in Camp Cove,
Sydnay and Cheticamp. 8. viofaceus was heaviest on second set collectors at North
Sydney, where it replaced C. infestinalis as the dominant tunicate.

Anomalies in seasonal patferns of seftlement, such as heaviest coverage of B.
schiosserf on first deployment collestors, and lower coverages on second and full
deployment plates at Eskasoni {Fig. 14C), may also reflect infense settlement at very
small scales, which does not necessarily reflect the overall pattern of settlement at a
location. Deployment of additional collectors may address this shortcoming of the
present monitoring protocal, although this may not be logistically feasibie.
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Inter-annual "patchiness” in tunicate presences were also noled at sentinel
stations (Table 6). The absence of a species in subsequent year(s) following its
appearance (ie introduction) can signat that (1} it has not survived through the winler in
the new environment, or {2} that its density is “patchy” or so low that it is not detected
through the monitoring protocol used. For exampla, Ciona infestinafis was not found on
monitoring plates at Yarmouth Bar in 2007, 2008 or 2010, or at St Peter's in 2007 and
2010, Simitarly, B. schiossen was not found on monitoring plates af BIO in 2008, 2007
angt 2009, but this species is well established, in very low abundances, throughout
Halifax Harbour {Sephion, pers. obs.). Menitoring protocol in areas where tunicates
have not been chserved, or where infestaiions are very low, should be adjusied to
nclude additional "search time" to examine fixed struciures, the deployment of
additional monitoring collectors, or the use of modified collectors with shading saucers
and additional fouling surfaces {2008 collector: Sephton &t al. 2011). There have been
instances, such as the ocourrence D. fisferianum at Havre Aubert, QC in 2008, where
funicates have been present cne summer and absent the folfowing year. However,
negative reports in 2 consecutive years are required before a water bhody is considerad
“tunicate free” and shelifish transfers can resume in PEI {Locke et al. 2009},

4.3 DISTRIBUTION CF NON-TUNICATE BIOFOULERS

4.3.1 Membranipora membranacesa

Meambranipora membranacea, was first reported in the Guif of Maine in 1987 (Berman
et al. 1892). This encrusting bryozoan was probably introduced from Europe
{Schwaninger 1899}, and first reported in the Mahone Bay and St Margaret's Bay area
in the early 1980's {Scheibling et al. 1989). This species alters benthic habitat by
encrusting on the hlades of kelp, causing them to bacome britile and break with wave
action, resuiting in mass defoliation of native kelp beds (Berman et al. 1992; Saunders
and Metaxas 2008; Scheibling and Gagnon 2006, Scheibling et al. 1898}, With the
destruction of kelp beds, colonization and establishment by other algal species,
including the invasive alga C. fragife, may proceed. The presence of Codium fragile,
which is of a lower nutnitional quality than native kelp, resulis in changes in benthic
community structure (Schmidt and Scheibling 2007).

Consistent recording of the presence of M. membranacea began in 2010, and
although the bryozoan was noted in many locations in 2009, a reliable comparison
between those years cannot be made. This species was present at 23 of 33 monitoring
sites, in alt regions of the province, in 2010. Popuiation cuthreaks of this species have
been associated with warmer water temperatures (Saunders and Mataxas 2007, 2008;
Scheibling and Gagnen 2009}, and given the warming water trend observed in many
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areas of Nova Scotia in the last several years, the infestation is likely to continue and
spread. Colonies of M. membranipora can overwinter in Nova Scotia on a number of
kelp species {Saunders and Metaxus 2009), and these colonies can provide larvae for
first settiement in May or June (Saunders and Metaxus 2007).

To date, our monitoring for C. fraghe has been confined to visual chservations at
a few biofouling monitoring sites, and anecdotal reports. It was noted as presentat 2
Jocations: Camp Cove and Sober Istand, in 2010. Given the widespread presence of M.
membranacea, which facilitates the removal of native kelps and their replacement by
species such as C. fragile, future monitoring efforts should place increased emphasis on
the detection of the alga at locations with, and without, M. membranacea.

4.3.1 Caprella mutica

Caprelfa mutica, native to north-eastern Asia (Turcotte and Ste-Marie, 2009), was first
reported in Atlantic Canadian waters in 1998 Prince Edward !sland (Locke et al, 2007),
where it is now well established. Since that time, the presence of Japanese skeleton
shrimp has been noted anecdatally o many shellfish aquaculture sites, and at
biofouling menitoring locations throughout Nova Scotia {(Sephton, pers. comm.),
primarily on arfificial structures. C. mufica was observed at 9 of 33 monitoring stations
in 2010, located throughout the province. Temperature and salinity are the key factors
that limit its spatial distribution, but with a temperature tolerance between -1.8 o 25°C,
and a salinity folerance between 11 and 35, (Turcotte and Ste-Marie, 2008), this highly
productive species is likely to survive throughout Atlantic Canada.

its effect on natural ecosystems remain largely unknown, although it has been
confirmed that a decrease in mussel {Mylifus edulis) spat collection and growth is
associated with the appearance of C. mulica (Ashton 2008; B. Sainte-Marte and C.
Turcotte, pers. obs). In the faboratory, C. mufica is an aggressive competitor towards
native caprellid species {Shucksmith et al. 2009}, Its primary method of dispersal is
attached to boat hulls or in ballast water, and although it does not have a planktonic
larval stage, if can move actively by crawling or swimming (Caine 1980},

4.4 NEXT STEPS IN AlS MONITORING IN NOVA SCOTIA

Given the number of established AIS in Nova Scotia, and the potential for
intreduction of new AIS through shipping and boating from other regions, and the
additional of new species to the “watch list" annually, it is imperative that DFO’s
monitoring of AIS continue in Atlantic Canada. Several areas for improvement have
heen identified during the course of the present work:
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1. Increased monitoring of non- and low-infested regions
Areas such as the north and pait of the eastern shores of NS remained free of
tunicates until the summer of 2013, and infestations are low, or restricted to B.
schiossen only. DFQ Gulf Region has monitored stations on the north shore since
2011, hut communication and co-ordination between DFO Gulf and DFOQ Maritimes
Region wilt continue to ensure that a sufficient number of key stations are
manitored, given the threat to shelifish aguaculture in this area.

Increased monitoring activity will be initiated along the eastern shore, speciticaily in
the Ship Harbour area, site of an active and viable mussel aguaculiture site.

2. Increased efforts to detect Didemnum vexiffun in southwest NS and aiong the south

shore
There have been sporadic, unconfirmed reports D. vexillim in this area, but to

date, no samples that would allow confirmation of ifs presence have been collected,
and the species has never been found on monitoring plates. A native didemnid, D
albidum, is very simitar in appearance to D. vexiffum, making identification in the field
difficult and necessiating microscopic examingtion to differentiale the species.
Additional monitoring stations wilt be established in this area, and outreach at iccal
fisheries meetings may also be attempted, where identification and coliection
materials are provided to scailop fishermen. A Rapid Assessment, simiar to the
annual Bay of Fundy Assessment, was conducted in September 2013, with a total of
28 harbours and marinas examined. Didemnum vexifium was not cbserved during

the course of this assessment.

3. Demarcations of AlS distributicns
Additional geo-reference surveyss/sightings {e.q. small buoy surveys; Vercaesmear
et al. 2013) will be conducted as part of AIS monitoring activities, as time permits.
While new AIS maonitoring stations will not be established, serendipitous searches
will he conducted whenever an area is visited, and monitoring partners and the
general public will he encouraged to report AlS sighiings, provide GPS co-ordinates,
and reference samples for identification.

4. Continuing, and expanded, ocutreach efforts to recreationat marinas, the aquacufture
industry, and coastal commiinities in general
A number of new AlS products have been developed recently, and increased
efforts wili be made to distribute tham to the general public. AIS ldentification
posters will be displayed at marinas, fishing harbours, and replace at AlS manitoring
stations if required. A tri-fold, tabletop AIS booth and & Pop-up Banner have been
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developed with the help of DFO Communications, These products will form the
basis of new AlS outreach efforts at Fisheries and Marina meatings and the Halifax
international Boat Show. AlS ldentification booklets, temporary tatioos, stickers and
pens, will encourage coastal users to “recognize, remove and report” AlS.

5. Continue to collect information on AIS fife histories, and environmental tolerances
and species inferagtions to support ongoing research
AlS monitoring efforts have included the collection of environmental data, as well
as noting the presence of AlS and native species on monitoring coliectors, and at
monitoring stations, throughout the monitoring period and beyond. We will continue
to suppart ongoing AIS research, as we strive to compile more information that will
enhance our understanding of the impacts of AlS in Nova Scotia waters.

5.0 CONCLUDING REMARKS

The DFO AIS Biofouling Monitoring program, ongoing in Nova Scotia since 2000, has
clearly identified that five biofouling AlS: the tunicates; Ciona infestinalis, Bofryllus
schiosseri and Botrylloides violaceaus, the capreliid shrimp Caprefla mutica and the
bryozoan Membranipora membranacea are now firmly established in Nova Scotia's
coastal waters. Along with fwo established non-fouling species; the alga Codium fragite
and the European green crab Carcinus maenas, these invasive species have
demonstrated harmful effects to native species, communities and habitats, and coniinue
to spread to new environments each year. The nuisance impacts of these AlS, which
include hiofouling of recreational structures, fishing and aguaculture gear and product,
and coimmercial and recreational boats, have been a deterrent to the use and
enjoyment of coastal marinas and environments, as welfl as an additional financial
burden to recreational boaters and marine and aquaculture industries.

Given the volume of recteational and commercial vessels from many regions of the
world, the potential for the introduction and spread of new AlS, as well as the spread of
established AlS in Nova Scotian waters, is of great concern for DFO biologists and
managers alike, especially given recent observations of warmer winter and summer
water temperatures. The biofouling monitoring program has been instrumental in the
early detection of three new species of tunicates: Siyefa clava, Ascidiella aspera and
Diplosoma listerfanum in Nova Scotia in 2012, and Didemnum vexifitm remains on the
DFQ Maritimes Region watch list. Locke {2008) has identified and additional 14 tunicate
species as potential invaders to the region, and the potential for the introduction of
exotic crustaceans and fish species is also increasing, so it is important that this
program continues.
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The process of developing Aqguatic Invasive Species Regulations under the
Fisheries Act began in 2010. These Draft Regulations are nearing completion, and
have been the subject of Public Comment and Review in recent months, so their
inclusion in upcoming amendments to the Fisheries Act is widely anticipated. AlS
Regulations will provide a legal framework and process to prohibit the introduction and
spread of AlS, while facilitating their management, mitigation and eradication. It is
imperative that current AlS surveillance and monitoring efforts, led by DFQ and with the
support of other levels of government, First Nations, the aguaculture industry, NGO's
and fishing and coastal coimmunities, continue concurrently with the development,
introduction and enforcement of these Regulations. DFO monitoring and surveillance
will provide accurate and up-to-date information on the distributions of AlS to inform and
strengthen the Regulations.

The strengths and value of the present AlS monitering program fie in its potential
and/or ability to:

+ Facilitate surveiliance, early detection and rapid response activitias for new AlS,
so that new infestations may be documented and managed,

= Identify habitats, and environmental conditions, where AlS are found, thus
informing research on the biology of these species, and their ecological
mteractions in naiive communities and habitatls,

s RMonitor the establishment of new AlS, and track the spread of existing
popuiations,

« Provide information and advice for management decisions, and

» Increase awareness of AlS within the general public and among DFO clients, and
encourage reporting of new AlS occourrences.

The program makes integral contributions to DFO's straiegic outcomes o maintain
healthy and sustainable aquatic ecosystems, and economically prosperous Maritime
sectors and fisharies, faced with the ecological and economic threats posed by AlS,



47

ACKNOWLEDGEMENTS

We are grateful to the following individuals and organizations who monitored
stations and provided data: Lome Penny, DFO Maritimes Region; Carla Hicks and
Erica Watson, DFO Gulf Region; Andrew Bagnall, Nova Scotia Department of Fisherias
and Aquaculture; Katherine Jones, Cape Breton University; Allison Mclsaac and John
Johnson, Eskasoni Fish and Wildlife Commission; Levi Cliché, Clean Annapolis River
Project and shelifish growers Peter Darnell, Golfon and Nolan D'Eon and Darrelt
MaclLeod. We express our appreciation to numerous Harbour Authorities, Yacht Club
and Marina Managers who allowed us access thek facllities. Special thanks to Chris
Giode who created the ArcGIS distribution maps. Eddy Kennedy, Tom Sephton and
Ciaudic DiBacco provided useful comments and suggestions for the improvement of the
report.

Funding for this monitoring survey was provided by Fisheries and Qceans
Canada, Agualic Invasive Species program.



48

REFERENCES

Arens, C.J., Paetzold, 5.C., Ramsay, A. and Davidson, J. 2011. Pressurized
seawater as an antifouling treatment against the colonial tunicates
Bolrylloides violaceus and Bolryllus schiosseri in mussel aguacuiture.
Aguat. Invas, G 465-476.

Ashton, GV, 2008. Distribution and dispersal of the non-native capreilid
amphipod, Caprella mutica Schurin 1935. Ph.D. thesis, Univ. Wales,
Swansea, Wales, 180p.

Berman, J., Harris, L., Lambert, W., Buttrick, M., Dufresne, M. 1892. Recent
imvasions of the Gulf of Maine: three contrasting ecological histories.
Conserv. Biol. 6; 435-441.

Blum, J.C., Chang, A.L., Lifesthrdm, M., Schenk, M.E., Steinberg, M.K. and Ruiz,
G.M. 2007. The nen-native solitary ascidian Ciona infestinalis (L.)
depresses species richness, J. Exp. Mar. Biol. Ecol. 342: 5-14,

Boothroyd, F.A_, MacNair, N.G., Landry, 7., Locke, A. and Davidson, T.J.
2002, Dealing with an aquatic invader: the clubbed tunicate (Styela clava) in
Prince Edward island waters. Bull. Aqua. Ass. Canada 102: 8899,

Bullard, 5.G., Lambert, G., Carman, M.R_, Byrnes, J., Whitlaich, R.B., Ruiz,
G., Miller, R.J., Hairis, L., Valentine, P., Collie, J.S., Pederson, J.,
McNaught, D.C., Cohen, AN., Asch, R.G., Dijkstra, J. and Heinonen, K.
2007. The colonial ascidian Didemnum sp. A: current distribution, basic
Riology and potential threat to marine communities of the northeast and
west coasts of North America. J. Exp. Mar. Biol. Ecol.342: 99-108.

Caine, E.A. 1880, Ecology of two littoral species of caprellid amphipods
{Crustacea). Mar. Biol. 58: 327-335.

Callahan, A.G., Deibei, D., McKenzig, C.H., Hall, J.R. and Rise, M.L. 2010.
Survey of harbours in Newfoundland for indigenous and non-indigenous
ascidians and an analysis of their cytochrome ¢ oxidase | gene sequences.

Aquatic Invasions 5: 31-38.

Carver, C.E., Chisholm, A. and Mallet, A L. 2003. Strategiss to mitigate the




44

impact of Clona intestinalis (L.) biofouling on shelifish production. J. Shelifish

Res, 22: B21-631.

Carver, C.E., Maliet, A.L. and Vercaemer, B. 2008a. Biclogicat synopsis of the

solitary tunicate, Ciona intestinalis. Can. Manuscr. Rep. Fish. Aguat. 5ci., 2746:

22 p.

Carver C.E., Mallet, A.L. and Vercaemer, B. 2006b. Biclogical synopsis of the
colonial tunicates, Botnylus schiosseri and Bofryfloides violaceus. Gan.
Manuscr. Rep. Fish. Aquat. Sci. 2747, v + 42 pp.

Cayer, D., MacNeil, M. and Bagnali, A.G. 1999. Tunicate fouling in Nova
Scotia aguaculture: a new development. J. Shelifish Res. 18: 327.

Chadwick-Furman, N.E. and Weissman, |.L. 1295. Life-histories and
senescense of Botryilus schiosseri {Chordata, Ascidiacea) in Monterey
Bay. Bioi. Bull. 189: 36-41.

Charfton, J.T. 1986. Pattern, process, and prediction in marine invasion ecoclogy.
Biol. Consery. 78 97-106.

Clancey, L. and Hinton, R. 2003, Distribution of the tunicate, Ciona
intestinalis, in Nova Scotia. Nova Scotia Department of Agriculture and
Fisheries, 6 pp.

Clancey, L. and MacLachlan, G. 2004, Distribution of the tunicate, Ciona
intestinalis, in Nova Scotia 2004. Nova Scotia Departmeant of
Agriculture and Fisheries, 6 pp.

Clarke, C.L. and Themiauit, T.W. 2007. Biclogica! synepsis of the Invasive
Tunicate Styefa clava (Herdman 1881). Can. Manuscr. Rep. Fish.
Aquat. Sci. 2807, vi + 23 pp.

Darbyson, E., Locke, A., Hanson, J.M. and Witlison, J H.M. 2008a Marine
boating habits and ihe potential for spread of invasive species in the
Gulf of 5t. Lawrence. Aquat. Invas. 4: 87-84.

Diikstra, J., Harris, L.G. and Westerman, E. 2007a. Distribution and long-term
temparal patterns of four invasive colonial ascidians in the Gulf of Maine. J.
exp. Mar. Biol. Ecol. 342; 61-68.



50

Dijkstra, J., Sherman, H. and Harris, L.G. 2007b. The role of colonial ascidians in
aitering biodiversity in marine fouling communities. J. Exp. Mar. Biok Ecol.
342; 166171,

Epelbaum, A, Herborg, M., Therriault, T\W. and Pearce, C.M. 2009.
Temperature and salinity effects on growth, survival, reproduction and
potential distribution of two nen-indigenous botryllid ascidians in British
Columbia. J. exp. Mar. Bicl. Ecol. 369; 43-52.

Howes, 5., Herbinger, C.M., Darneli, P. and Vercaemer, B. 2007. Spatial and
temporal patterns of recruitment of the tunicate Ciona intestinalis on a
mussel farm in Nova Scotia, Canada. J. Exp. Mar. Biol. Ecol. 342; 85- 92.

Lacoursiere-Roussel, A., Bock, D.G., Cristescu, M.E., Guichard, F., Girard, P.,
Legendres, P. and McKindsey, C.W. 2012a. Disentangling invasion
process in a dynamic shipping-boating network. Mol. Ecol. 21: 4227~
4241,

Lacoursiere-Roussel, A., Forrest, B.M., Guichard, F., Pigla, R.F. and
McKindsey, C.W. 2012b. Moedeiing biofouling from boat and socurce
characteristics: a comparative study between Canada and new
Zealand. Bigl Invasions 14: 2301-2314.

tambert, G. 2001. A global overview of ascidian introductions and their
possible impact on endemic fauna. In The Biolagy of Ascidians. Edited
by H. Sawada, H. Yokosawa and C.C. Lambert. Springer-Verlag,
Tokyo, pp 249-257.

Lambert, G. 2005, ELcology and natural history of the protochordates. Can. J.
Zool 83; 34-50.

Lambert, C.C. and L.ambert, G. 1998. Non-indigenous ascidians in southern
California harbours and marinas. Mar. Bioi. 130: 675-688.

Lambert, C.C. and Lambert, G. 2003. Persistence and differential distribution
of nonindigenous ascidians in harbors of the Southern California Bight.

Mar. Eccl. Prog. Ser. 259: 145-161.

LeGresley, M.M., Martin, J.L., McCurdy, P, Thorpe, B, and Chang, B.D. 2008.



51

Non-indigenous tunicate species in the Bay of Fundy, eastern Canada.
IGES J. Mar. Sci, 65: 770-774.

Lengyel, N.L., Collie, J.5. and Valentine, P.C. 2009. The invasive colonial
ascidian Didemnum vexillum on George's Bank - ecological effects and
genetic identification. Aquat. invas. 4: 143-152.

Locke, A. 2009. A screening procedure for potential tunicate invaders of
Atantic Canada. Agquat. Invas. 4: 71-79.

Locke, A., Hanson, J.M., Ellis, X.M., Thompson, J. and Rochette, R. 2007.
Invasion of the Southern Guif of St. Lawrence by the clubbed tunicate
{Styela clava Herdman): potential mechanisms for invasions of Prince
Edward Island estuaries. J. Exp. Mar. Bicl. Ecol. 342.69-77.

Lacke, A., Hanson, J.M., MacNair, N.G. and Smith, A. 2009. Rapid response o
non-indigenous species. 2. Case studtes of invasive tunicates in Prince
Edward island. Aquat. invas. 4; 245-258.

Lutz-Collins, V., Ramsay, A., Quijon, P. and Davidson, J. 2009. Invasive
tunicates fouling mussel lines: evidence of their impact on native
tunicates and other epifaunal invertebrates. Aguat. Invas. 4: 213-220.

MacNair, N. Morrison, A., Mills, C. and Campbell, E. 2006. Invesfigation into
the life cycles, impact on mussel culture and mitigation strategies for
fwo new invasive colenial tunicates, the golden star and the violet
tunicate. Savage Harbour PEl: AFRI Report, 060AR18, PEI
Depariment of Agriculture, Fisheries and Aquacuiture, Fisheries &
Aquaculture Division, Charlottetown, PEI, Canada.

Martin, J.L., LeGresiey, M.M., Thorps, B., and McCurdy, P. 2010a. Non-
indigenous tunicates in the Bay of Fundy, eastern Canada (2006-2009).
Aguat. Invas. 6: 405-412.

Martin, J.L., LeGresley, M.M., Cooper, J.A., Thorpe, B., Locke, A, Simard, N.,
Sephton, ., Berier, R., Berube, 1., Hill, B., Keays, J., Knox, D.,
L andry, T., Lander, T., Nadeau, A. and Watson, E.J. 2010b. Rapid
assessment for Didemnum vexiffum in Southwest New Brunswick.
Can. Tech. Rep. Fish. Aquat. Sci. 2882, iv + 16 p.



Mackenzie, A.B. 2011a. Biclogical synopsis of the compound sea squirt
(C¥plosoma listerianum). Can. Manuscr. Rep. Fish. Aguat. Sci. 2966
v+ 18 p.

Mackenzie, A.B. 2011b. Biological synopsis of the European sea squirt
{Ascidielfa aspersa). Can. Manuscr. Rep. Fish. Aquat. Sci. 2988:
v+1i5p.

McKindsey, C.W., Landry, T. G'Beirn, F X. and Davies, |.N. 2007. Bivalve
aquacuiture and exotic species: a review of ecological considerations
and management issues. J. Sheli. Res, 26; 281-284.

Morris, J.A. Jr., Carman, M.R., Hoagiand, K.E., Green-Beach, E.R.M. and
Karney, R.C. 2009, Impact of the invasive colonial tunicate Didemnum
vexitium on the recruitment of the bay scallop {Argopecten irradians
irradians} and implications for recruitment of the sea scallop
{Placopecten magelfanicus) on Georges Bank., Aquat. Invas 4: 207-
21H1.

Csman, R.W. and Whitlatch, R.B. 1995. Ecological factors controlling the
successful invasion of thiee species of ascidians info marine subtidal
habitats of New England. in: Proceedings of the Northeast Conference
on non-indigencus aguatic huisance species, Cromwell, Ct, pp 49-60.

Paetzold, S.C., Hili, J. and J. Davidson. 2012. Efficacy of high-pressure
spray against coionial tunicate fouiing in mussel aguacuiture: inter-annual
variation.

Ramsay, A., Davidson, J., Landry, T. and Arsenault, G. 2008. Process of
invasiveness among exotic tunicates in Prince Edward Island, Canada.
Biological invasions 10: 1311-1316.

Saia, O.E., Chapin, F.S., Armesto, J.J., Berlow, E., Bloomfield, J., Dirzo, R.,
Huber-Sanwald, E., Huenneke, L F., Jackson, R.B., Kinzig, A.,
Leemans, R, Lodge, D.M., Mooney, H.A., Cesterheld, M., Poff, N.L.,
Sykes, M. T, Walker, B.H., Walker, M. and Wali, D.H. 2000.

Global biodiversity sceharios for the year 2100, Science 287:1770-
1774,

Salem Sound Coast Watch. 2013, hitp:www.salemsound.oig.




53

Sargent, P.S., Wells, T., Matheson, K., McKenzie, C.H. and Deibel, D. 2013.
First record of vase tunicate, Ciona intestinalis (Linneaus, 17G7), in coastal
Newfoundiand waters. Biolnvasions Rec. 2; 88-88.

Saunders, M. and Metaxas, A. 2007. Temperature explains setflement
patterns of the intreduced bryozoan Membranipora membranacea in Nova
Scotia, Canada. Mar. Ecol. Prog. Ser. 344:95-106.

Saunders, M. and Metaxas, A. 2008. High recruitment of the introduced
bryozoan Membranipora membranacea is associated with kelp bed defoliation
in Nova Scotia, Canada. Mar. Ecol. Prog. Ser. 362:138-151.

Saunders, M. and Metaxas, A. 2009, Population dynamics of a
nonindigenous epiphytic bryozean Membranipora membranacea in ihe
western North Atlantic: effects of kelp substrate. Aquat. Biol. 8:83-94.

Scheibling, R.E., and Gagnon, P. 2008. Competitive interactions between the
invasive green algal Codium fragife spp. fomentoscides and native
canopy-forming seaweeds in Nova Scotia (Canada). Mar. Ecol. Prog.
Ser. 325:1-14.

Scheibling, R.E., and Gagnon, P. 2008. Temperature-mediated outbreai
dynamics of the invasive bryozoan Membranipora membranacea on
Nova Scotian kelp beds. Mar. Ecol. Prog. Ser. 390: 1-13.

Scheibling, R.E., Hennigar, AW. and Baich, 7. 1999. Destructive grazing,
epiphytism, and disease: the dynamics of sea-urchin-kelp interactions
in Nova Scotia. Can. J. Fish. Aquat. Sci. 56: 2300-2314.

Schimidt, A.L. and Scheibling, R.E. 2007. Effects of native and invasive
macroalgal canopies on composition and abundance of mobile benthic
macrofauna and turf-forming algae. J. exp. Mar. Biol. Ecol. 341: 110-
130.

Schwaniger, H.R. 1999. Popuiation structure of the widely dispersing marine
bryozoan Membranipora membranacea (Cheilostomata): impiications for

population history, biogeography, and taxonomy. Mar. Biol. 135: 411-423.

Sephton, D., Vercaemer, B, Nicolas, J.M. and Keays, J. 2011. Monitoring for



54

Invasive tunicates in Nova Scotia, Canada {2008-2009). Aguat. Invas. 8: 391-
403.

Shucksmith, R., Cook, E.J. Hughes, B.J. and Burrows, M.T. 2009,
Competition between the non-nalive amphipod Caprelfa mutica and two native
species of caprelids Pseudoprotefla phasma and Caprelfa linearis. J. Mar.
Biol. Assoc. UK. 89 1125-01132.

Stachowicz, J.J., Terwin, J.R., Whitlatch, R.B. and Osman, RW. 2002, Proc. Nat.
Acad. Sci., USA 99.24: 15487-15500.

Stimpson, W. 1852, Several new ascidians from the coast of the United
States. Proc. Boston Soc. Nat. Hist. 4: 228-232.

Turcotte, C. and Sainte-Marie, B. 2008. Biclogical synopsis of the Japanese
skeleton shrimp (Caprefla mutica). Can. Manuser. Rep. Fish. Aguat.
Sci. 2803: vit + 26 p.

Valentine, P.C., Collie, J.§_, Reid, R.N., Asch, R. A., Guida, V.G. and
Blackwood, D.S. 2007, The occurrence of the colonial ascidian
Didemnum sp. on Georges Bank gravel habitat: Ecological observations
and potential effects on groundfish and scallop fisheries. J. Exp. Mar.
Biol. Ecol. 342: 179-181.

Vance, T., Lauterbach, L., Lenz, M., Wah!, M., Sanderson, R.A. and
Thomason, J.C. 2009. Rapid invasion and ecological interactions of
Diplosoma listerfanum in the North Sea. UK Journal of the Marine
Biologicai Assoication of the Linited Kingdem — Marine Biodiversity
Records, 2.e59. DOI 10.1017/51755267208000815.

Vercaemer, B., Sephion, D, Nicolas, J.M., Howes, 5. and Keays, J. 2011,
Ciona infestinalis environmental control points: field and laboratory
investigations, Aquat. Invas. 6. 477-490.

Vercaemer, B, Bugden, . Roach, 8. and Clement, P. 2013, Small buoy suiveys:
pilot for invasive tunicates monitoring. Can. Tech. Rep. Fish, Aguat. Sci. 3013, v
+ 38p.




55

000 000 000 vl {12go0 L — Aey| 0Z) N4

LEL 0'c'0 000 yid! (12go120 L — Aey 0Z) N4

z2'ee 1’00 000 04 (180100 1 — "By G) puooag SOTNIA

0Lk L'0'0 «=0'0'0 0L (Jaqoop ¥ — By ) puodss Qdd leg UINoULEA ¥
0'0'0 000 0'0'0 L (1snbBry G — Ay OZ) 1SuI4

0'0'0 L'0°0 0'0'0 L (ysnBry g — Aey 0z} 1su1d

150 1s0| 150| Iyl (J=ao1o0 I — Ae 0Z) (N4

L'L'0 000 g's's vl (Jaqoa w1 — Aew 02) lInd

00z 200 B 0L (l2qoyo0 | — "By §) puoosg

S'ee 0’00 00 0L (1eqojoQ pL — By g) puooag  O40 veybalepy 2
L' 1’00 e L L {(1snBry 5 — Ay 0Z) 15014

0'0°0 00} L'e's 1 {1snBmy ¢ — Ae 0Z) 15114

0'L'0 000 0'0'0 eel (fagqoyog 8 — Al 8Z) [IN4

1'0'0  0€0 o 4 eel (120300 8 — Aejy 8Z) [INd

0'0'0 0'0't LE'L 25 (18goyo0 g - By /1) puodag SOTNIIA

0't'o 000 000 Z5 (13q0100 g - By £1) puooss JuwD fabig L o %mgﬂ_ﬂw
g'0'c 0'00 000 18 (3snBry 71 — Aeyy 92) 1suld

0'0'0 000 Q'L 18 (3snBriy £ — Aey| gZ) 1sul

(sAep)

I2A0D A2A0D JAA0D PolUad sajeq .._._.Hm_._._h.u_.u_m_ﬂ hm UOIlE2O™] "CN UIS _.__n_mmm.w_
“ag sg 19 juswhojdag palouuc

‘Bujno} ou = ju pue

(1030202 Buliojuow Uo jou Ing ‘uonels je Jussaid seyeoiun; = ,, ‘Wodal [ejoposue Jussqy
= -0 pue podal |[ejopoaue jussald = y-d ‘snasejoia sepiojidiog = 'A'g 'vessojyas snjjlipog
="s'g ‘sijeujsojul BUOID = "I'D) “sucnels |elsaas je pafojdep aiam (1x2] anjg) s1ojsiwsy)
Bojulpy ‘aBeianod +%,00L = § pue abelanod %E6-9/ = ¥ ‘90BISA0D %,6/-L5 = £ ‘©BBIBA0D %05
-9z = 7 ‘aBeianod 9,cz> = | ‘abeiano 3jeoiun] ou = g alaym ‘(z'A'X) s9ye|d wonog pue a|ppiw
‘doy Joy usalb aie abelanod saioadg ‘Aeg Jo uoiBay |esjydesboab Aq padnoib ale suonels
‘0L0Z Ul UOJEIS UYOES JE SI0]123][0D [ENPIAIpUI UC aBeiaaoo asjesiun) pue Buuojiuow jo sjiejaq 1 Xipuaddy



56

000 T T B L) (Jagqojo €1 — ABY L} (N4

L0 00 L L (120100 £ ~ fE 1) (Ind

FE'E  Eee V'L 0L (12gojoQ ¢| — By p) puoses o "

L'E'} Z'L'2 LEL 0L (4=qo00 €1 — By ¥) pucoes nogieH sUe|n

0'00 kil L'0'L Ll (¥snBny & — Aepy 51} 1844

0'L') L) L L Ll (¥snBny +— Aepy 51} 1544

L'o'c 000 FY'e Bl (120300 G ~ Aey| 1) (In4

£''2 oLl L'L'L 6tl (12qo120 G — Ae 61} N4

L'L'0 Z'L'L FA zl ($=goyoQ gL — By ¢) puocoeg

L'LL AT A L2 L Zi (feqoioQ gL — By §) pucoes 040 ancD dwed L

Lo 000 ¥'e's L (¥snBry +— Aejy 51} 15414

V'L o'k #i'eE 2 (1snBry 4 — ABly 61 1514

0'0°0 E'L w0'00 121 (180100 0Z — A& 1) In4

0'0°0 ol T AP o L2 (leqojo 0z —fep 5L} Ind ©04a el e g0l

180 150| 180 gl {(1=qoja0 ¥1 — fepy 61} |INd

F'LL V'L v gl (Jeqojag ¥1 — fep 61} In4

L'0's 0'L'0 #'§S i (1800100 ¥L — By ) pucaeg

0'0'L LL'E L'L'D L2 (legojog ¥L — By ) puooes 04a g

L' ey ZLL 12 (ysnBny ¥ — Aey 61} 1S4 aloys
B'LL L'L'L §'6'G AL (ysnbny & — Aepy 61} 1544 uJajsamyinos

{sAep}

1aA02 12A02  13A0D poluad sajeq wawkojdag Ag uanesoT "oN uis ucibay
‘A'g 's'g 'o juswhoidag paicjiuop

‘penunue ‘| xipuaddy



57

000 000 000 il {laqoioQ €1 — Aew 6L IInd

oo 00 000 vl {Jeqeio0 g1 — AB 61} (N4

0'0°0 L'l oo 0L {18qo100 £} — "By v} puooag

g'oo0 000 000 0L (laqo100 gL — By ) puonas 040 uoinop Hod 28
0’00 00F 000 L (1snBry  — e 61.) 184

g'o'c 000 000 L (1snBry + — Aey 6L} 15114

V0 -0 -0 gfu oL-0aQ w4aSN pHegeHJuod  vER
0'0'0 0'0°0 E¥'e il (2qoyo0 £1 — A8 6L) In4

000 V'L e vl {1eq0100 €1 = A& 6L} 1N

000 g'0'o rilege 0L (imqojop g1 — By ¥) puocoeg SOTININ

g'0'c  00'e  §'S'S 04 {;aqoiog £) — By ) puosag Q40 sungeys i
0'0'0 L'o'0 000 iyl {1snBrny & — AE 610 1suid

0'0'0 L'LL 0'0'0 L (1snBry § — A 61.) 1sU1d4

0'0'0 0'0'0 vy v il (12000 €L — AN L) INd

L' L 7'G'lL i) (JegoyeQ €L — Ae 61) INd

P 'L g%y 04 (4200100 €| — By ) puogeg

0'0'L 0'0'0 §'s's 0L (1eqoyp0 gL = By §) pucses  O4Q rewoby oL aJ0ys UINog
o'0'c 000 §'5's L (1snBry +—Aep B1) 1su14

000 000  €§'s's LL (snBny v — A2 61) 151 |

(sfep)

J3A0D  IBAOZ  13A03D pouad sojeq uawhojdeq Ag uonesoT ‘oN uls uoibay
‘Ag 's'g o juawholdag paJojiuoy

‘panuijuos '} Xjpusddy



58

000 L1 £ 0L (18qoiog g| — bny £) puooeg SOTINI
0'0'0 100 £y 04 (leqoiop g) — By g) pucdag 7 (z aus) 5
0'0'0 0'0'o ¥l €3 {1snBry ¢ — Aew Z1) 3sa4 o Uelpy|
0’00 0'0'L A €8 {1snBry £ — Aeyy ZL) 35014
0'0'0 0'0'0 Zv'y 0L (18go100 z| ~ By £) puosag SOTINEN
LU0 DL WZY 04 (19goi00 2| — By £) puogag (L aus}
0’00 0'0'0 FL'L €8 (1snbny g — Ay gL} 1si4  O4d ujod uelpy| Bl
000 000 000 £8 (ysnBry € — Aep 21) 3844
L'Z'L L' L > Sl (J2goyo g1 — Ae L2) (Ind
LU L' L'g'L Gl (12qoyo0 g1 —Ae 1.2} Ind
R A i A Lb'L g9 {18go0 g1 — "Bny g) pucsag 0TI
Al Li'o ZLL 89 {1aqoop g1 — By 9) puooas  04Q Binquaun gl
VL. gt 0o L (ysnBryy o — Aey 12) 38414
V'L ¥¥E 000 1L (ysnBry 9 — Aepy 1Z) 38414
000 000 000 Gl (1egoyog g1 — Aep 61) (N4
0’0’0 000 000 Gzl (1290300 £1 — Ae 61) N4
0'c'd 000 000 B9 (12gojog g1 — By ) pucseg
0’0 00'c 000 69 (18gojop g} — By ) pucsas Q4g IaA BrBHET 0D
o0 000 000 9l (1snBmy p — Agn) 61.) 18114
g'c'd 000 000 9L (3snBmy p — A 61.) 18414 aloys ymnesg
{sfep)
I8A02  12A0D  I13ADR3] pouad saleq JuawAoidag Ag uonesoT “oN uis uoibay
= s'g T wswhojdag pajcjiuop

‘penuijuos ‘L xipusddy



59

oo’'c 000 00 L9l (42qo120 62— Aew Lg) (INd

p'0'o 000 ey Lel (42go}o0 62 — few Lg) N
000 001 L't ¥8 {18qojo0 Bz — By g) puodss
0oo oo'e Lot +8 {12qc100 Bz — By §) puooes 038 SASNE- SRR o
0'0'n g'o'c 00l L (ysnBry 9 — Aepy LZ) 15414

0'0o Q'o'n L Li {ysnBry o - Az LE) 1514

D00 00D £LE 891 (4200300 BZ — AE ¥L) IInd

o0’ 00D gt 891 (4agoieQ 82 — few 1) N4

o'o'c 000 'L L8 (42qo1o0 67 — ‘Bny g) puocoesg SIOTININ

o'o'o o'ao L' i8 (JegmoQ gz — By ) puonag 04d Ajer 0|9 xeleH 2 xejjeH
o'’ 000 L' L8 (1snBry ¢ — Aeiy 1) 18114

g'0'c 000 Ay L8 (1snBry ¢ — Aep +1) 18414

150 1s0| 150| arl (12qo)o0 0z — Aey 52) (1N

PR B L'L'o atl (1200300 0z — Aa G2 (In4

150 150| 150 Gt (4agooQ g — ‘Bny g) puoseg

'L gt 100 L (4ago120 g — ‘Bny 9) puoseg Qad i L

0'n'o Py 000 g4 (3snBry g — Ao 52) 1sud

V'e's 000 vy £ (3snBr g — Ae §2) 15414

0'0'0 L'l 'y 0L (42qoi100) ZL — ‘Briy €) puooag SOTININ

p'o'c 000 £2¢ 0L (4200100 zI = By £) puooaeg (¢ =ug)

000 VL L eg (snbmy g — e zy) sy O3 Wiod UBpYl Bl

00'0 000 000 £8 (ysnbBry £ —Aepy Z1) ¥siid 2J0ys ynosg.

{sfep)
JaA0D J8AD2  18A0D pouad sageq weawlodag Agl uonESST ‘ON WS uoiBay

‘A'g 's'g Ty juawdholdag palcjuol

‘panunuos ‘| xjpuaddy



60

0’00 &6t 00D 951 (JagwsnoN € — Aew LE) N4

0'0'c  €¥s 000 851 (s2auancy ¢ — Aai LE) In4

000  ¥eE 0'0'n 26 (‘noN g =By &) puoseg

g'o's  s'g't 0'o'o Z8 (‘noN £ — By £} puoses MR iotusaned ARE

go'a  £01L 000D 9 (1snBry £ — Asppy 18 15414

oo’ 00l 000 ¥g (1snBny ¢ — A=y LE) 15014

-0 v-d -0 BjU olL-2eg Y4aSN sACD SIS 8

000  ¥¥¥ 000 gelL (4age1o0 g = Aew 92) (N4

000 #¥F 000 gEl (4290100 2 —AEp 92) N4

000 ¥¥EF 000 6S {1agoo0 g - By QL) puoses 9

0'0'0  v¥r 000 BG {lsgopo g— By gl puosss odd SEIEd 18 A 8WeJO.pseig
000 £TZ 000 g9/ (1snBry 0L = few oz) 15114
‘oo’ L'v'e 0o =7 {1snBry gL — Ae 6Z) 38414

Y-d w0 V-d Bju 0142061 04a rIOSPEd ojangepays
js0| 150 150] FEL {18g0100 £ — Aew 92) |In4
oo'c VLW 00l vEL {eqoo0 £ - feiy 92) In4
go'o L't oLt 85 (4200100 L =By p}) puooag SN
00'0 Lo 1LY ag (4agojog L =By p1) puosas O4Q anog snusp, L
g'0'c o000 ooo g (ysnBrry oL — Ay 97} 1S4

go'c ooo oo =1 (isnBry oL — Aep 92) s

-0 -0 = B/U Q=220 4SSN inogueH Aqunog 0L

-0 v-0 -d 2/ 0L-oeg YAQSN pEBUBIUN, LS

Yo -0 ¥-0 gju [o[RCTa! Y4aSN puejs| Jaqos gy uiajse3

(shep)
JaADD J3ADD  19A0D pouad sajed Juawhodan Ag UC[ED0T "oN WS uoibay

Ay ‘s'g T juawfojdeg palcjiuow

‘Panunuod ‘| xipuaddy



6l

¥-0 -0 -0 e/ oL-22g WAASN CL T =
000 L'e 000 7l (Jag=aoN g —aunp L) ind

o'o'c  g€L¥ 000 ¥l (lequsnoN - 8unr gLl ind  ©4d fegiseg 98
000 020 0'0'0 Sel {12qojoQ g — AB 92) N4

000 000 0'0'0 gl {l2qo100 g — A= 9Z) N4

0'0'0 o'L'L 0'0'0 LG (48qojoQ g — ‘Bny gL} puoosg

0'0'0 g'2'e 000 LG (JoqojoQ g — By gL} puoZaS 044 Gs
g'o'o 000 000 ¥8 (1snBry g1 — Aely 92) 1504

0'0'0 L'Z'0 000 8 (1snBry g1 — Ae 9z) 18014

0'0'0 \'2'Z 000 951 (1aqLisaoN £ — Ae Lg) Ind

0'0'0 o = 8 0'0'0 951 {(laqanon € —Ae LE) INd

0'0'0 g 0'0'0 Z5 (‘noN € — By €) puoses DOTNIN

0'00 'L 0'oo Z6 (‘noN € — By ) puoses  OM4T UOSENST 5
00’ ¥gZ Q00 ¥o (1snBry ¢ — Agg) LE) 1814

0'0'c  ¥¥ez 000 ¥9 (1snBry ¢ — A L€) 18414

000  ¥¥¥ 000 agl (Jaquiznon € — Aepy 1€) N4

o'o0’o  Z¥v 000 a5l (1equenoN £ — Agp| Lg) N4

0'0'0 g'e'e 0'0'0 75 {(Jaquanon £ — By ¢) puoses

0'0'0 £€% 000 Z6 (lequanoN g — By €) puosag  oapdd sjepebuely  Zg  @yeqipQ.p selg
0'0'0 L'L'o 000 9 {1snBry ¢ — Agpyj LE) 18114

g'0'n 000 000 9 {1snBry £ — Aey Lg) 1501

{shep)

I8A0D 18A0D  JIBA0D poliad sajeq wawfojdag ig uocnesoT] "oN WS uciBay
"A'g 's'g T Juawhoidag paJojus|y

‘penunuod ‘| xipuaddy



62

A VL'E 000 #0L (sequisidas 2 —ABW LE) INd

ZLL ¥l 0'0'0 #0L {(tsquaidas » —Aew 2] N4

L'g'L L'L'o L'0'0 $0L (Jaquisidss 2 —fep £2) N4

L'e'L 'Ll 1L ¥0L (Jequisides 2 —few sz} IInd  O4d lemBuig 69

Zey LR 00’0 Ll {42qoj0Q L2 —3unr g} lind

#EE 0Lt L'vy Ll {4=q0100 £z —=unr g} In4

FFE  0'L'L Lol 09 {190 /g — By 5z) pucoas SOTININ

g2z LEL 00l 09 (100 lg— By gz) pucosg ndD faupdAg yuon €9

Ty Z'1'D oL L8 {3snBny gz — sunp g) 15414

000 00n ¥t L8 {3snbBny gz — aunr g) 1814

oo 00k §9% Ll (J2qoiog 22 —sunr g) |In4

00 1'0'0 L'e'z 11 (42000 22 —Bunr g) (In4

0'0'0 " L'o'L oS {lsqoyog £z — By 92) puodes

0'0'0 L'L'L oo 08 {i=qojoQ Lz — By gg) puooas  Ngo faupis  z8

0’00 L'0'0 Z'L's 18 (3snBryy gg —aunr g) 1si4

0’0o 0'0'0 §'G'G 18 (1snBry g —=unr g} 1sii4

180 150| 150 671 (J2go1o0 §L —3unr g) (Ind

180] 150| 1sg| 6ZL (1agorog gL —aunp g) |Ind

180 1s0| }s0| s} (120 g1 — Bny 0g) puoses

180] 150| 10| 85 (120 61 = Bny 0g) pPUOZ8S gD Binogsino 8¢

000 'L o'o'o €L (ysnbBriy 0z —aunp g} 384 |ejsecs
goc 000 000 €L {1snBry gz —aunp g) 15114 ucjeig aden

{sAep)

Jaacs JaA0Z  18A032 poliagd sajeq juawiojdag Ag ucnesoT oN uis uciBay

Ay &g g uawroldag palojuoy

‘panupuos 'L Xpuaddy



63

000 000 000 eel (1800320 L —ABW £Z) IIN4
000 000 000 gel (18q0100 L = ABN /2) (In4
000 000 000 LG (48qojaQ £ — By /) puooes
0’00 000D 000 LS (18gojo0 £ — By /1) puoseg ZEi Aol
000 00D Q00 z8 (1snbBry 2| — AR L2) 15014
o'0'c  o'c'c 000 zg {ysnBry /| — fe 22) 1shd
0'L'L L'e'e 000 gel {(1sqo0 £ — few £2) 1IN
L'L'z ¥'e'e 000 gel {1eqopo /£ — Aey £2) Ind
el Gt vy 000 LG (legoioQ L — By /) puooas SOTINIA
L'z'e g£ev 000 K (1eqojo0 L — By 1) puocoss  04Q dweaeyg L/
L'0'L L'0'0c 000 Z8 (1snbry 21 — Aei L2} 1s2d
00't 00 000 z8 (1snBry /| — fep| £Z) 1sa4
L'V’ 000 000 FOL (1equumydasg J — Aepy 42) INd
L'L'2 00 000 ¥Ol (lequieydag - ey /Z) N4 040 inogleH |emBulg  0gZ¥
InogieH
-0 v-d -0 Bju 0L-28g W-OSN ihos dem fdsy TP
SOTININ
0'0'0c 000 000 12018 (Wese—Aasz) N4 ©4a InogieH 44 [e3sea)
o'0'c  00o 000 0L (es g —-FfeBZ) INd 040 ypoN 'Aeg Adsy uojaig aded
(shep)
IaADD ABAOD A2ACD _un..._._@n_ mm_umn_ “_._._E____ﬁc_n_m_u ._..”m UOOEDOT] "ON UIS :G_mﬂﬁ_
"Ag 's'g 19 wawlojdeg paJojuoy

'panupuod ‘| Xipuaddy



64

v-0 -0 V-0 B/u 01-28Q ¥4asSN ysebeeyy  zzw

g'0'c 000 0'00 el {18g0300 £ — AB 92) IIN4

0'0'c 00o o'oo el {12qo120 £ — A 92) (IN4

g'0'c 000 000 LS {1eqojoQ L — By 11} puooeg DOTININ

g'0'c oo 000 LS {leqojoQ L — By 1) puooss  O4d nogues L6

g'0'c  0'0'n 000 €8 (1snBny 2| — Aey 92) IS4

g'0'c 000 000 £ (1snBry 2| — ABlAl 92) 1Sd14

g'0'c  o0'o'n 000 yel (12q0300 / — ABlp 92) 1IN

g0'c o000 000 ¥EL (1290300 £ — Aeip 92) 1IN

g0t 00’0 000 LG {lagejoQ L — By 1) puooes  ©d4d nopld 22

g0'c  ooo 000 €8 {isnBny 2| — Agly 92) 1sai4

00’0 o0oo 000 €8 (ysnBny /1 —Aep 92) 1sn4
v-0 -0 -0 B/ oL-22Q Y4AsSN ysiwoBuapy  ziLl 210ys ULION

(sAep)

J3ACT  1BA0D  13A0D pouad sajeq JuswAiojdag Ag uonedsoT "oN WS uoibay

‘Al =g 19 uswhodag psJojucy

‘panupRuos ‘| xipuaddy



65

7N 85'0 [WR=T ZEe'8 58 pLLE  BEEL 0088 gL POl

Fi=i) 191 2g'iy 668 BT0L  Z8°0% Ll 0059 81 Bny-p0 Jnogied syielg 8

8L 4 B0 LBy 8'6 SOl 85°LE C#'6 0059 50  AEp-SL

N 862 Z6'ey $2'8 L'GE LB'LE 5221 0099 ¥L P0G

857, lZ6 =Y 728 9lOL  E£pOE 999l 0099 gL B0 sropdwen 4

182 160 88y GT'B ¥E0L B0°LE BOLL  009% gz  fen-6L

WN ZFL 8Lty 28 8%¥5  ¥ODE  LPEL 0099 A N o A

Gg'L gL 6'9F 6L 656 508 €09k 0099 £ Bry-+0 JodabBpapy, g

zes gLl 89Sk S0'6 G00L 9962 99'LL 0099 gl few-al

N WN WN WN G20l N G'LL +0ld WN P0-02 e 23 20k

N St 956k A28 gool Z'Ze \SEL 0099 gl 0oVl

6L SEZ 9'8y o8 g'oolL L'LE BFElL 0088 9l Bry-g0  JBg WnoulEs

=) +9'0 9L '6F LS8 186  ZLE ¥FE 0099 L'z Aep-0z

W 180 86 BF 598 g/6 £9Ze S9LL  00Se 8L  PO¥l

892 3z 60'6¥ 1£8 /6 PO0EE  SLEL 0089 gL Brygo ueybalay g aloys

pa’L Ze'0 ECBY 96 L'Z0L  B6°LE E0'6 0099 ¥L  fen-DE Isamyincs

w

Hd W i W9 Sw .7 Bw o Auujeg e T adfi] ‘ydeg s8ieQ uopeso] ON ucibay

Yiug ‘Apagonpuog ‘uabixg ‘uabixp ‘dwal |SA  @qoid  Ijdweg ‘Ul

"o1angepays = ‘payn ‘uoipenbsg Jyse A BROOS BACHN |BAOY =
SANY ‘suleq sulEp JUIod UBipu| = 4Ndl ‘8 1Aydolio|ys = YYD "Julod uelpu] Jo) uaaib ale sisquunu
ucnelsqns °0L0z ul suopels Buuojuow je saqoud [SA Buisn painsesw ss|geleA [EjuswuoliAug 7 xipuaddy



66

WN ¥N N N 8'6L) N A +0.d ¥N  320-02

25/ WN z.0F le'8  B'G0L  ZHOE  LERL 0099 60  Brny-gp Jseyn L2

[ ZE0 ep €8°LL  GBZL  ELME 8S0L 0099 zL few-sz

N N Z6' P 5+'8 96 62 §ZL +0ld g 120-ZL

60'8 WN Ly 6 E0LL  BBDE /STl 0099 G Bry-c0 4Ndl (g)8L

N N WN LB oLl 65°0¢ §'9 wN = fep-z |

WN 7N FA pE'8 AT 74 £l +0.d G 100-2L

€18 WN GL iy GE'6  980L  ¥OLE g'el 0099 G Bny-c0 4ndl (2)8L

N N WN 9oL ¥OL L0 #'9 N g ABN-Z)

WN WN SErr 9g°g GGh 9'82 £l +old g 1°0-ZL

71’8 N WN 176 Z0LL LE BE'EL 0099 G Bry-c0 Aid (LBL

N WN N 9oL =] L0 g9 N g fep-z|

vN ¥9°0 Fo ey BZ'8 TE6  £91E  ZZLL 0099 ¢l 1POEL

2 280 EC 4P BE'S 666 L8'0E  69FL 0099 ¢} EBry-g0 finqusun g1

8L £L0 = 86  &P0L ELLE  £96 0095 gL few-1z

vN L'E 8L 'E 8¢ 286 Z8¢z trZL 0099 (SR s To By

844 LT 8L°0F Zge  Zo0L 2462 Lo'BL 0099 gL Brysp ey eseyE ool

= 80’1 89 ¥ LF'6 T6E 6982 556 0098 2L few-Lz

N LLO gl Z4iL €E€8  20°Le  LL'LL 0099 'L 1#oEl

GL'L 640 BS It 800 60k 98°0% 1L 0099 61  Brg-y0 uoinop o4 28

N 110 8 8F LWoaL 2E0L 92LE 952 0099 gL fep-sl

YN 85'Z 608 168 zal £1E €971 0099 'L Pogl

€L LE'Y Loy ZL'g LLoL L'gg  ZP'8L 0099 'L Brg-y0 suingayg  ZL

18°G 7Lz gl Zo0l @0l LL0E FEB 0099 61  Aew-gl

¥N $9°0 Z8'8r 58 L6 BELE  POLL 0099 L 190-€L

6L vE0 vO' L GG L 956 L1908 825 0099 'L Bng-pp Jewobul QL aloys

£5°L 160 Ry LEE  BRL.  BYE 86 0099 L Repsl yinesg

w

Hd 16T W3 su .7 B % Aiuies oY adfy ‘'pdag aeq uoneso] ON uotSay

WUz ‘Auagonpueg ‘uebixg ‘uabfixg ‘dwal  |SA  egoid sjdwes ‘uls

‘penuniuod ‘z xipusddy



N gg'L §2°9E e8 Si6 88EC gl 0099 'L 120-80
LB £0°L el g.2  Z00L  egEE BElZ 00E9 gL  Brig-gl yoeppeg 66
B4 WM Zose 06’8 g0l €FZZ 8Ll 0098 w1 Aep-oz
wN N N 888 g/8  Zglil =l WN YN AON-Z0
YN W WM ¥0'8  GG0L /68l 922 WN wN o Bry-go luoseysy &
N WN wN 20l  SPLL  8€BL  BEL N wN  AEn-Le
WN YN WM BL6 ges Tl 26 N WN  AON-SO
W W N 6§88 L0l M¥LL VEER YN wN  Brg-sn sepebueio 28
| i N L0V B0l SFEL 80l W wN o AE-LE
WN WM YN or'6 L'Z6  BBLAL 28 N WN  AON-ED
WN WN WN 6L'2 L'g0l  #L8k G2 N wN  Brygo yBewososfyp LS
N N WM 95’8 66 EZ6L 601 Wi YN AEn-le
WN K= £0+E Z8'8 LooL  +¥LE SLSL 00ss L WOE0 —
N Le'L §'¢E ==y ges £0'lZ  BLOZ 0099 zlL  BnyqQl 598d 18 Lb

_ : h : 2 : : : 10p seig
=) 8270 LEEE ZLB 2E0L BT FrElL 0099 ZL fengz
N 5Lk B ey wlg TG TEOE S0%L 0099 geL deg-gy D EplEed b Aeg ‘payg
YN 8L L9 ¥2'8 588  vE6E  PLGL 0099 'L P00 -
N 0 £SO gL'g E¥0L BZ0E BYEL 0089 60  Bny-0L ancg SNUsA Lb s
€84 250 ZZ 8t §20L 8504 90'LE eFd 008G oL fawege
WM £8'2 gLap 188 gZ6  FEZO0E  EE0L 0099 ZL  1O-0E
86'L g1 86t gog  @'S0L 6062 ZF9lL  0DB9 L Bry-00 SASNY OV
99/ 850 BB LY 66 Z'LoL  LB0E 894 009g gL few-iz HEjEH
N 90% LS Eb'e L6 9482 4504 0099 1 190-82 &
6L 82E L9'gf gL  GE0lL  EE0E 9§96l 0099 L'L Bry-og Capay T xepeH
WN N W (kv 6 +6'62 £'9 +ald wN  AEnpL ey

wi
Hd 161 -l g .1 Bw %  AuEes 9, adil ‘wydag aleQg ucneso]  ON uciBay
Yus  “Giagonpucd ‘uabixo ‘uabixg ‘dwe)l |SA 2gotd  Ijdwesg ‘uig

‘panunuo ‘Z Xipuaddy



68

N Lre 95t Zee L'88 ZL'8Z BESL 0099 ZL 100
g SG'| £0'Sy 80, 08 6lL6Z 98l 0099 gL Brig-4 | noqueg g
YA 'l LISt 806 Z00L LL8Z Z5LL 0099 gL few-gz
YN g0e 802k Lo 866 90°/Z B0'9L 0099 'L 190740
B8/ = 8LZ¥ g9’/ 800, 95°.Z Zo'lE  00%9 60 B4l nopld A2 @doys yuon
692 60 0¥y 968 188 PE8Z  99'LL 0099 gL fen-gz
N BLT 8LEY 128 '8 ¥2/Z Z9GL 0099 Pl 190-40
8L 60'L SEEY 15/ L'lgl  Z6°L2  BS'LEZ 0088 60  Bny-i) nogeyy  £4
60’8 620 £¥ ¥ BL'6 P'Z0l 262 206 0058 V'L Aep-LE
N BL'P 6LEF 628 2'86 8282 95'GL 0098 z 120-40
18 Z2E Lty L&' L g0l §8Z  8FEZ  008S gL Briv-£ L dweonayo L4
18 8l Z9'G¥ zZ9'6 L'¥0L  Z¥BZ  ESOL 0098 z Aepi-£E
7L ZL'z 698 ¥9'L £/8 v0'€Z  /80Z 0099 zZo des-i0 110K Lmzm_._ﬁwm G6
844 N 88'0F g £/6 zegge  ALAL 0099 ¥l des-B0 8.8y 6
inogJeH Yuopn
88°L z vo'9e ¥0'g PO'B  GSBZ  ELFL 0089 2L deg-an ucisig
: ; 57 : ; : z _ lemBuig 69
96°L gl LGt PLOL 650l 9962 4878 0098 gL AEN-LZ adeg
w
Hd 1 B RT3 .1 Buw o Anuies 2, adfy ‘yadag =10 uclesn] O ucibay|
Wiuo  ‘Auangonpucs fusBixo ‘uaBixp ‘dws ) ISA agodd opdweg ‘uis

‘ponuniuos ‘g xipuaddy



Appendix 3: Minilog plots from selected monitoring stations, 2010.
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South shore (Ingomar to Chester)
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