Status of the European Green Crab,
Carcinus maenasin British Columbia - 2006

G.E. Gillespie, A.C. Phillips, D.L. Paltzat, andM.. Therriault

Fisheries and Oceans Canada
Science Branch, Pacific Region
Pacific Biological Station
Nanaimo, BC

VIT 6N7

2007

Canadian Technical Report of
Fisheries and Aquatic Sciences 2700

Fisheries Féches B+l
I* and Oceans et Océans Canada



Canadian Technical Report of
Fisheries and Aquatic Sciences

Technical reports contain scientific aachnical information that contributes to existing
knowledge but which is not normally appropriate fdamary literature. Technical reports are
directed primarily toward a worldwide audience &ade an international distribution. No
restriction is placed on subject matter and thizseeflects the broad interests and policies f th
Department of Fisheries and Oceans, namely, fishamd aquatic sciences.

Technical reports may be cited as fulllpaitions. The correct citation appears above the
abstract of each report. Each report is abstrantdduatic Sciences and Fisheries Abstramts
indexed in the Department’s annual index to sdierdind technical publications.

Numbers 1-456 in this series were issisetezhnical Reports of the Fisheries Research
Board of Canada. Numbers 457-714 were issued pariPeent of the Environment, Fisheries
and Marine Service, Research and Development Diraiet Technical Reports. Numbers 715-
924 were issued as Department of Fisheries anBritigonment, Fisheries and Marine Service
Technical Reports. The current series name wasgethwith report number 925.

Technical reports are produced regionalityare numbered nationally. Requests for
individual reports will be filled by the establislknt listed on the front cover and title page. Out-
of-stock reports will be supplied for a fee by coennial agents.

Rapport technique canadien des
sciences halieutiques et aquatiques

Les rapports techniques contiennent deseignements scientifiques et techniques qui
constituent une contribution aux connaissanceslesi) mais qui ne sont pas normalement
appropriés pour la publication dans un journalrgdigue. Les rapports techniques sont destinés
essentiellement & un public international et ilstsbstribués a cet échelon. Il n'y a aucune
restriction quant au sujet; de fait, la série tefla vaste gamme des intéréts et des politiques du
ministére des Péches et des Océans, c'est-a-digeilences halieutiques et aquatiques.

Les rapports techniques peuvent étre citésne des publications complétes. Le titre exact
parait au-dessus du résumé de chaque rapportrapesrts techniques sont résumés dans la
revueRésumés des sceiences aquatiques et halieutigfiesssont classés dans I'index annual
des publication scientifiques et techniques du Mére.

Les numéros 1a 456 de cette série omiudikes a titre de rapports techniques de I'Office
des recherches sur les pécheries du Canada. besoai457 a 714 sont parus a titre de rapports
techniques de la Direction générale de la rechestide développement, Service des péches et de
la mer, ministére de 'Environnement. Les numétds a 924 ont été publiés a titre de rapports
techniques du Service des péches et de la mestaimides Péches et de 'Environnement. Le
nom actuel de la série a été établi lors de latjgeralu numéro 925.

Les rapports techniques sont produitééhklon régional, mais numérotés a I'échelon
national. Les demandes de rapports seront satisfadr I'établissement auteur dont le nom
figure sur la couverture et la page du titre. tagsports épuisés seront fournis contre rétribution
par des agents commerciaux.



Canadian Technical Report of Fisheries

and Aquatic Sciences 2700

2007

STATUS OF THE EUROPEAN GREEN CRAB,

Carcinus maenasN BRITISH COLUMBIA — 2006

by

G.E. Gillespie, A.C. Phillips, D.L. Paltzat, andMV.. Therriault

Fisheries and Oceans Canada

Science Branch, Pacific Region
Pacific Biological Station
Nanaimo, B.C. V9T 6N7



© Her Majesty the Queen in right of Canada, 2007
Cat. No. Fs 97-6/2700E ISSN 0706-6457

Correct citation for this publication:

Gillespie, G.E., Phillips, A.C., Paltzat, D.L., amterriault, T.W. 2007. Status of the
European green craBarcinus maenasn British Columbia - 2006. Can. Tech.
Rep. Fish. Aquat. Sci. 2700: vii + 39 p.



TABLE OF CONTENTS

[N IO L AN = ] I T TR v
LIST OF FIGURES ... ..ottt et e e e ettt e et e e et e e ee e e e st e e saa s ee b s s sansssaeeeaneenananen \/
LIST OF APPENDIX TABLES ...t oottt et e et e et e e et ee e e et e e e st e e s e e e san e enaneanes \/
PN SIS I Y-\ O I L.V
LR YN Vil
LN IR O 1 1 L 1 ] 1
LY 1 (0 10 TN 2
[ Y U I 1 3
LIERY N A 3
BEACH SURVEY S .. cetiiiiiitt it e ettt e et e ettt e et e et e et e e et e e et e e e e e e et e e e et e e e sa e s st e eenatasssanssennseeeneennneees 4
(@ ol N N 1 =TT 4
)G - 1 T 4
S 4 = N 0 N ] =TT 4
S =TI IR 0] N 01 T TR 5
N = 5
23707 o1 T 6
[T L0351 [ ]\ 6.
(O ]\ (@ L0 1] [ ] 1 8
ACKNOWLED GEMENTS ....coi ettt et et e et e e et e e et e s e e eaa e e san e eanneeranseernneees 9
L N O i 9



LIST OF TABLES

TABLE 1. LOCATION AND COLLECTION INFORMATION FOR PUBLIC REPORS OFEUROPEAN GREEN CRAB
CARCINUS MAENASN BRITISH COLUMBIA, 1999-2006..........ccccuuiiiiiiiiieeiieeee e mmmmm e 15

TABLE 2. SHELL CONDITION CODES AND DESCRIPTIONS FORUROPEAN GREEN CRABCARCINUS MAENAS
FROM BRITISH COLUMBIA SURVEYS IN 2006, ....iiuiiuiiiiiiiiiiii it ee s o s st s st s et s st sesbaesnssnsenns 16

TABLE 3. AGE STRUCTURE CRITERIA BASED ON MONTH OF CAPTURBIZE AND SHELL CONDITION OF
EUROPEAN GREEN CRABCARCINUS MAENASFROM BRITISH COLUMBIA SURVEYS IN 2006(FIDE
BEHRENSY AMADA 2001,BEHRENSY AMADA ET AL 2005). ..oiiiiiiiiiiiiiiiiiieiieeee e e 17

TABLE 4. DATE AND LOCATION OF BRITISH COLUMBIA GREEN CRAB TRAP SURVEYSMAY -SEPTEMBER2006.

TABLE 5. CATCH ( NUMBER CAUGHT) AND EFFORT(NUMBER OF TRAP$ BY LOCATION AND AREA OF
EUROPEAN GREEN CRABCARCINUS MAENASAND NATIVE CRAB SPECIES FROMBRITISH COLUMBIA
TRAP SURVEYS MAY -SEPTEMBER2006. .......ccuviuiieereerearenteseeseeseese s esessesseseasessessansasesseneeneans 22

TABLE 6. BYCATCH (NUMBER OF INDIVIDUALS) FROM TRAP SURVEYS FOREUROPEAN GREEN CRAB
CARCINUS MAENASN BRITISH COLUMBIA, MAY -SEPTEMBERZ2006. .......cccviiiiiiiiiieieeieeen e s 24

TABLE 7. COLLECTION OF LIVE OR DEAD GREEN CRABCARCINUS MAENASOR MOULTS FROM INTERTIDAL
NIS SURVEYS INBRITISH COLUMBIA , MAY =JULY 20006........iiuiiiiiiiiiiiiieiee e s st eeanesaneen 25

TABLE 8. CATCH RATES(NUMBER CAUGHT PER TRA AND EFFORT(NUMBER OF TRAPS BY LOCATION AND
AREA OF EUROPEAN GREEN CRABCARCINUS MAENASAND NATIVE CRAB SPECIES FROMBRITISH
COLUMBIA TRAP SURVEYS MAY -SEPTEMBERZ2006. ........uuttitiiiiiiiiieiiieieeeeeeeee s ettt eeaeeeeaeaenens 26

TABLE 9. COUNTS BY SEX AND AREA AND SEX RATIO(% MALE) OF EUROPEAN GREEN CRABCARCINUS
MAENAS FROM BRITISH COLUMBIA SURVEYS, MAY -SEPTEMBERZ2006. .......cccvuvuiiiiiiaiieeeeieeeieiininnns 28.

TABLE 10. AGE STRUCTURE OF MALEEUROPEAN GREEN CRABCARCINUS MAENASFROM BRITISH COLUMBIA
SURVEYS MAY -SEPTEMBERZ006. ......iuuiiiniiiiiiiiieii et e et e s s s et s s e eaessaesansesnesbassansetneannns 28

TABLE 11. SHELL CONDITION BY SEX FOREUROPEAN GREEN CRABCARCINUS MAENASFROM BRITISH
COLUMBIA SURVEYS, MAY -SEPTEMBER2006

TABLE 12. SHELL COLOUR AND CONDITION FOREUROPEAN GREEN CRABCARCINUS MAENASFROM BRITISH
COLUMBIA SURVEYS, MAY -SEPTEMBER2006

TABLE 13. INCIDENCE OF INJURIES AND MISSING LIMBS BY LOCATIONFOR EUROPEAN GREEN CRAB
CARCINUS MAENASFROM BRITISH COLUMBIA SURVEYS, MAY -SEPTEMBERZ2006. ........ccovviivniiiniinnnen. 30



LIST OF FIGURES

FIGURE 1. THE EUROPEAN GREEN CRABCARCINUS MAENASLINNAEUS, 1758). ......ccveviviieneireiieireieneeieanes 31

FIGURE 2. HISTORIC COLLECTION LOCATIONS OFEUROPEAN GREEN CRABCARCINUS MAENASN BRITISH
COLUMBIA,; 199920006, .....uuieuiiiiiii it e ittt sremeae st e et e et s et s e s e st s e e et e st e s asassa s et eenseneenss 31

FIGURE 3. COLLECTION LOCATIONS OFEUROPEAN GREEN CRABCARCINUS MAENASFROM BEACH SURVEYS
CONDUCTED INBRITISH COLUMBIA, MAY -SEPTEMBERZ2006. ......cuviiviiiiiiiiieiee e s s e n e 32

FIGURE4. COLLECTION LOCATIONS OFEUROPEAN GREEN CRABCARCINUS MAENASFROM TRAP SURVEYS IN
BRITISH COLUMBIA, MAY -SEPTEMBERZ006. .......uuuttuiiiiiiiiiiiiieiiieeeeeeee e sttt e e e eeeeeaeeaeasasaaannnes 32

FIGURES. REGRESSION PLOT OIEUROPEAN GREEN CRABCARCINUS MAENASCARAPACE WIDTH(MM)
MEASURED NOTCH TO NOTCHCANADIAN STANDARD MEASUREMENT) TO CARAPACE WIDTH
MEASURED POINT TO POINTUS STANDARD MEASUREMENT). .....uututtitiiiiieeiieaaaaaaaaaaaaasaasaaaaaaaannnenes 33

FIGURE 6. CARAPACE WIDTH FREQUENCIE{MM, POINT TO POINT OF MALE (UPPER PANE) AND FEMALE
(LOWER PANEL) EUROPEAN GREEN CRABCARCINUS MAENASCOLLECTED INBRITISH COLUMBIA,
IMIAY mJULY 2006, ... ittt e et ot e e et st et e st e e e e et e s b e et e s b e s s sbssasebseeneeanssnnas 34

FIGURE 7. CARAPACE WIDTH (MM, POINT TO POINJ BY YEAR CLASS FOREUROPEAN GREEN CRABCARCINUS
MAENAS COLLECTED INBRITISH COLUMBIA SURVEYS, MAY -JULY 2006. .......cooeveiiiiiiiiiiiiiiiiiiieeee 35

FIGURE 8. CARAPACE WIDTH FREQUENCY(MM, POINT TO POINY BY SHELL COLOR OF MALEEUROPEAN
GREEN CRAB CARCINUS MAENASCOLLECTED INBRITISH COLUMBIA TRAP SURVEYS MAY-JuLY 2006.

FIGURE9. COLLECTION LOCATIONS OFEUROPEAN GREEN CRABCARCINUS MAENASN BRITISH COLUMBIA
FROM ALL SOURCES1999-2006. .....cuuiiuiiiiiiiiiiiiiiieite et mmrem e eea s e e s e et e s e s et s sberan s st s anneenteeans 37

LIST OF APPENDIX TABLES

APPENDIXTABLE 1. COMMON AND SCIENTIFIC NAMES OF SPECIES ENCOUNTEREDURING TRAP SURVEYS
FOREUROPEAN GREEN CRABCARCINUS MAENASN BRITISH COLUMBIA,, MAY -SEPTEMBER2006. ... 39



ABSTRACT

Gillespie, G.E., Phillips, A.C., Paltzat, D.L., amtderriault, T.W. 2007. Status of the
European green craBarcinus maengsn British Columbia - 2006. Can. Tech.
Rep. Fish. Aquat. Sci. 2700: vii + 39 p.

European green craBarcinus maenass a recently-arrived non-indigenous
species on the Pacific Coast of North America.eA#ippearing in San Francisco Bay in
the late 1980s, they subsequently spread nortkijrayin British Columbia through
larval transport in 1998. Fisheries and Oceansa@amoted 24 public reports of
European green crab on the west coast of Vancdshaerd since 1999.

In 2006, trap surveys were carried out on the weast of Vancouver Island,
Desolation Sound, Discovery Passage and Johnstaaie Srabs or moults were also
collected from beach surveys during the same perfotbtal of 375 crabs were trapped
from beaches in Barkley, Clayoquot and Nootka Sewardtl Esperanza Inlet. Notably
high catch rates were reported in Pipestem InlatBy Sound, 2.28 crabs/trap-day),
Pretty Girl Cove (Clayoquot Sound, 1.42 crabs/-ttag) and Queen Cove (Esperanza
Inlet, two beaches, 1.33 and 1.18 crabs/trap-dspectively). No green crabs were
found in Desolation Sound, Discovery Passage anstohe Strait.

Sex ratios ranged from 61-80% male with an oveedib of 66.4% male for the
west coast of Vancouver Island collections; ongerous female was collected in
Barkley Sound in May. Analyses of size frequeneg ahell condition data indicate that
there were at least three year classes presem jpopulation; most crabs were assigned
to the 2005 year class. High incidence of damageries or missing limbs) was
correlated with high catch rates, suggesting thatatje was a result of intra-specific
agonistic behaviour rather than unsuccessful pi@uaat

The establishment of green crab populations onvidst coast of Vancouver

Island increases the potential for further dispeséhe species into northern British
Columbia and possibly Alaska.
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RESUME

Gillespie, G.E., Phillips, A.C., Paltzat, D.L., amtderriault, T.W. 2007. Status of the
European green craBarcinus maengsn British Columbia - 2006. Can. Tech.
Rep. Fish. Aquat. Sci. 2700: vii + 39 p.

Le crabe vertQarcinus maengsst une nouvelle espéce exotique sur la cote
Ouest de 'Amérique du Nord. Aprés son entrée dmbaie de San Francisco a la fin des
années 1980, I'espéce s’est répandue vers le @moid piais du transport de larves et elle
a atteint la Colombie-Britannique en 1998. Le nt&rs des Péches et des Océans du
Canada a relevé 24 cas ou des patrticuliers onalgidg présence de crabes verts sur la
cOte Ouest de I'lle de Vancouver depuis 1999.

En 2006, des relevés au casier ont été effectuda séte Ouest de I'lle de
Vancouver, dans le bras Desolation, dans le pa$3iagevery et dans le détroit de
Johnstone. Des crabes ou des exuvies ont égalétéergicueillis dans le cadre de relevés
de plage menés durant la méme période. Un totaVBerabes ont été capturés sur des
plages du passage Esperanza et des baies BarldgggGot et Nootka. Des taux de
capture particulierement élevés ont été signalés abras Pipestem (baie Barkley,

2,28 crabes par jour de péche), dans I'anse Reattybaie Clayoquot, 1,42 crabe par
jour de péche) et dans I'anse Queen (deux plageaskage Esperanza : 1,33 et

1,18 crabe par jour de péche, respectivement). Auarabe vert n'a été observé dans le
bras Desolation, dans le passage Discovery ouldatéroit de Johnstone.

Le rapport des sexes a varié de 61 a 80 % enirfalesumnales, et le rapport global
s’est chiffré a 66,4 % en faveur des méales pouabta Ouest de I'lle de Vancouver. Une
femelle ovifere a été recueillie dans la baie Bayldn mai. Les analyses des données sur
les fréquences de taille et I'état des carapaakquent que la population comptait au
moins trois classes d’age, et la plupart des crabtété classés dans la classe d’age de
2005. Une corrélation a été établie entre la fragaetlevée de dommages (blessures ou
membres manquants) et les taux de capture élex€gii suggére que les dommages sont
le résultat d’'un comportement agonistique intracgjmpie plutét que de cas de prédation
non fructueux.

L’établissement de populations de crabes verttastiite Ouest de I'lle de

Vancouver augmente le risque de propagation dpdEsjusque dans le Nord de la
Colombie-Britannique et en Alaska.
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INTRODUCTION

The European green crabarcinus maenaf_innaeus, 1758)(Figure 1), is a well-
documented invasive species that has a reputatiboth a competitor with native crab
species and a major predator on clams, mussekijeviishes and other species in
natural settings and in aquaculture (Elner 19811d2dl968; Coheet al. 1995; Grosholz
and Ruiz 1995; Jamiesen al. 1998; Fairchild and Howell 2000; Groshelzal 2000;
Behrens Yamada 2001; McDonadtlal 2001; Jenseet al 2002; Waltoret al. 2002;
Whitlow et al 2003; Behrens Yamads al 2005; Taylor 2005). Its native range is from
Mauritania in northwestern Africa through AtlanEcirope to northern Norway and
Iceland. C. maena$as become established in South Africa, eastestralia, Tasmania,
the Patagonian coast of South America, the Atlardast of North America (from
Virginia to Prince Edward Island) and the Pacitbast of North America (LeRouat al
1990; Grosholz and Ruiz 1995; Behrens Yamada 2Drhjeson 2002; Jamiesenal.
2002; Audett al 2003; Carlton and Cohen 2003; Ahyong 2005; BehiMamadaet al.
2005; Cameron and Metaxas 2005; Hidatgal 2005). A closely related species,
Carcinus aestuari(= C. mediterraneusis native to the Mediterranean, Black and Asov
Seas, and has become established in Tokyo, Sa@aaita and Dokai Bays in Japan
(Furotaet al 1999; Behrens Yamada and Hauck 2001; GHtext 2004).

European green crabs were first detected on tbiéd@oast in San Francisco
Bay in 1989, and likely had arrived earlier andtoup populations before detection
(Cohenet al 1995; Grosholz and Ruiz 1995). Likely vectors #wought to be ballast
water transport of larvae or discarded packing nete(seaweed) for Atlantic seafood
products or bait worms (Behrens Yamada 2001). 68aghd Geller (2000) used
molecular genetics to determine that the foundioygutation was the Atlantic coast of
North America.

Dispersal from San Francisco Bay was through shbaed settlement of pelagic
larvae (Grosholz and Ruiz 1995; Behrens Yamada-amd 2000; Behrens Yamaea al
2000; Behrens Yamada 2001). Increases in distoibait limits were episodic, with
green crabs spreading to Estero Americano, CA9891Bolinas Lagoon, Drakes Estero,
Tomales Bay, Bodega Harbour and Humboldt Bay ir318& estuaries in Oregon and
Washington in 1995 or 1996; and to British Columdhiging the 1997/98 EI Nifio
episode (Grosholz and Ruiz 1995; Miller 1996; Bekr&amada and Hunt 2000;
Behrens Yamada 2001). The known range in the iPasfof 2000 was from Morro
Bay, CA, to British Columbia.

Most historic British Columbia reports are frone thvest coast of Vancouver
Island (WCVI), with a single record from EsquimBkrbour in Juan de Fuca Strait
(Table 1, Figure 2). In 1999, five crabs were réggubfrom Useless Inlet, Barkley Sound,
and one crab from Esquimalt; two crabs were feraatkone was unsexed. Between
2000 and 2006, there were 11 reports from sevatitots, totaling 29 crabs. Virtually
all of these were males; the exceptions were thnsexed crabs reported in 2005 and
four females from Kyuquot in 2006.



This report documents results of the first yeaa afultiple-year program to
examine distribution and biological characterisb€&uropean green crab populations in
British Columbia. These are the first surveysaid at European green crab in Pacific
Canada. The first year explored beaches on WCidxn Barkley Sound and
Esperanza Inlet and inside waters north of thatQtf&eorgia. Future work will
concentrate on northern WCVI, primarily Kyuquot @datsino Sounds, and Queen
Charlotte Strait on the northeastern coast of Vaweplsland.

METHODS

Trap surveys were conducted on or near selectechies on WCVI, Johnstone
Strait (JS), Desolation Sound (DS) and DiscovergsBge (DP)(Gillespiet al, in prep.).
Survey locations were determined in advance thraxgimination of charts and
consideration of local knowledge.

Initially, the surveys tested two trap configuoats (Fukui folding fish traps and
Gee minnow trag$ and three bait types (frozen herring, prawn pellets and canned
tuna cat food). Herring and prawn bait were eredas standard commercial plastic bait
jars drilled with 10 mm holes; the bait jars weusgended inside the upper surface of the
traps. Tuna cans were punched with four 5 mm haelssuspended in mesh bags from
the upper surface of the traps. After initial $egfear was standardized to Fukui fish traps
with frozen herring.

Generally, six traps were deployed on 60 m granedlat approximately 10 m
spacing, except when fish and minnow traps (si¢aah) were mixed on a line, then
spacing was approximately 5 m. Traps were setniylet;, soak time was approximately
18-24 hours. Groundlines were secured by an ararfibmarked by a float on the
seaward erfd Traps were generally set in the intertidal zdne were occasionally set in
the shallow subtidal 1-2 m below Chart Datum.

Crabs were processed individually by trap. Fbcrabs, we recorded species,
sex, carapace width (CW) measured point-to-poiR) @hd notch-to-notch (NR()shell
condition (categorically determined using shell vyealor and degree of fouling, see
Table 2), missing or regenerate limbs, injuries anakks. ForC. maenascarapace color
on the underside of the thorax was also classffidite, yellow, green, orange-brown or
red-brown). Bycatch of fish and other invertebsatas reported as number caught and
estimated total weight per string by species. \agpecies were released after sampling,
green crabs were retained and frozen.

! Gee minnow traps were modified by increasing tmmel opening on each end to 6 cm diameter.

% This arrangement facilitated recovery of the trapany stage of the tide, either by hand at loe tr

from a small craft at high tide.

% Carapace width measured point-to-point is the éshgneasurement across the carapace includind'the 5
anterolateral spines; notch-to-notch measuremeatmade with vernier caliper tips placed in theches
between the®@and %' anterolateral spines.



Age structure was estimated using methods docweddnt Behrens Yamada
(2001) and Behrens Yamadtal (2005), who determined that green crab length
frequencies on the Pacific Coast exhibited broadeadhat corresponded to age classes.
All green crabs <40 mm CW PP were assigned to @06 Zear class regardless of sex or
month of capture (Table 3). Male crabs were agslgn2005 year class if they were
between 40-70 mm CW PP and captured in May or Jurigetween 40-80 mm CW PP if
captured in July. Males were assigned to a pdaletkr’ age class if they were >70 mm
CW PP and captured in May or June, or >80 mm CVdrrPcaptured in July. Males
between 70-80 mm CW PP captured in July were asigiaed an “older” year class if
they were coloured orange or red. Females wergreeska 2005 year class if they were
between 40-65 mm CW PP. Females between 60-65 WrPE were assigned to an
“older” year class if they were orange or red, ahdemales >65 mm CW PP were
assigned to the “older” year class.

Trap sampling was conducted in conjunction witadiesurveys for non-
indigenous species (Gillespa¢ al, in prep.). Evidence of green crabs (live orddelabs
or moults) was recorded where encountered duriagtbsurveys.

RESULTS

Trap Surveys

A total of 772 traps was set and recovered du2ip@p (Table 4 and Table 5).
Most of the effort was on the west coast of Vanasusland; 162 traps at five sites in
Barkley Sound, 205 traps at nine sites in Clayo@mind and 148 traps at 12 sites in
Nootka Sound and Esperanza Ifileinside waters north of the Strait of Georgiaaver
also sampled; 101 traps at seven sites in JohnStoai, 90 traps at seven sites in
Desolation Sound, and 30 traps at two sites ind¥egy Passage.

In addition to designed surveys, 12 traps weras@thiffin Spit, Sooke, in
August and 36 at McKenzie Bight, Saanich InletSaptember. The Sooke traps were
set in conjunction with intertidal survey work atieg Saanich Inlet traps in response to a
public report of green crabs at the site. The $awks did not catch green crabs but
because the traps were tampered with before tiol cauld be measured, data on other
species are not available. The Saanich Inletmetiuced red rock, graceful, northern
kelp and purple shore crabs but no green crabdéBaand Table 6).

* Nootka Sound and Esperanza Inlet are contigubus,will be grouped in these analyses.



Beach Surveys

Evidence of green crabs was recorded in sevestdnoes from beach survey
activities (Table 7, Figure 3). Moults were foustdPipestem Inlet and Hillier Island in
Barkley Sound; Cypress Bay, Warn Bay, Whitepine & &hiskey Jenny Beach and
Pretty Girl Cove in Clayoquot Sound; and Queen Gouesperanza Inlet. Live crabs
were captured by hand at Vernon Bay in Barkley So\hitepine Cove and Whiskey
Jenny Beach in Clayoquot Sound and observed (hwtapured) at Pretty Girl Cove.
One dead crab was found at Queen Cove in Espehalezat was hidden under an algal
mat and had been stepped on the previous day sdtiieg trap lines.

Catch Rates

Green crabs were caught at most sites samplduedwwWest Coast of Vancouver
Island (Table 5, Figure 4)C. maenasvere captured at three of five sites in Barkley
Sound, four of nine sites in Clayoquot Sound angisef 12 sites in Nootka/Esperanza.
Overall catch rates by area ranged from 0.20 drapsday in Clayoquot Sound to 1.72
crabs/trap-day in Barkley Sound; catch rates wevdarate in Nootka/Esperanza (0.38
crabs/trap-day)(Table 8).

Because the surveys were exploratory in naturesal@ilated weighted catch
rates that included only trap strings from locasievhere green crabs were found (Table
8). Resulting catch rates were 1.93 crabs/trapfalaBarkley Sound, 0.47 crabs/trap-day
for Nootka/Esperanza and 0.37 crabs/trap-day fay@juot Sound.

Sites with the highest abundance (estimated lmhaate) were Pipestem Inlet
(2.28 crabs/trap-day), Pretty Girl Cove (1.42 ctmbp-day), Queen Cove Upper (1.29
crabs/trap-day), Queen Cove Entrance (1.18 crapsday) and Whiskey Jenny Beach
(0.92 crabs/trap-day). All other sites had cattks of 0.33 crabs/trap-day or lower.

No green crabs were caught in traps set in Johas$trait, Desolation Sound,
Discovery Passage, Sooke or Saanich Inlet.

Sex Ratio

Sex ratios were skewed towards males, with peagentale ranging from 61%
in Barkley Sound to 80% in Clayoquot Sound and Ka#iisperanza (Table 9). One
ovigerous female green crab was caught at Pipesteton May 17.

Size and Age

Canadian and American agencies measure carapdteaficrabs differently.
The Canadian standard for research is notch-tdanatbile regulations for minimum



legal size use point-to-point measuremeéntsmerican agencies use point-to-point
measurements. We measured most crabs using botihestls and plotted the data
(Figure 5). A simple linear regression descrildegrelationship between the two
measures as:

CW,,, = 0.909§CW,, )+ 0.4816

whereCWy is carapace width measured notch-to-notch@Wdp is carapace width
measured point-to-point. The relationship showey ligtle variation, having af® value
of 0.9954.

Size distribution ranged from 32-98 mm CW PP fades and 29-76 mm CW PP
for females (Figure 6). The female distributionsvioadly unimodal centered around 55
mm CW PP, while the male distribution was bimoddahwweaks between 45-70 mm CW
PP and 80-90 mm CW PP.

Overall, most green crabs were assigned to th £6ar class (Table 10, Figure
7). Approximately 90% of male green crabs and 82:&f female green crabs from
Barkley and Nootka/Esperanza were assigned toG88 gear class. Crabs from
Clayoquot Sound were quite different; 40% of maled 44% of females were assigned
to the 2005 year class. Forty-five percent of méilem Clayoquot were assigned to the
“older” year class while 33% of females were assijto the 2006 year class.

Shell Condition

Most of the crabs examined were either new haetl shabs (77% of males and
86% of females) or old shell crabs (9% of males B2fb of females)(Table 11). Very
few crabs were plastic, soft or springy crabs (38rall) or very old shell crabs (1%
overall) and none were observed in the act of nroglt

Virtually all crabs in the new and new-old shalhditions were either yellow or
green in colour (Table 12). Roughly half of thalts that were old shell or very old shell
were orange or red. The few orange-red crabs wbdavere between 53-85 mm CW PP
for males and 47-73 mm CW PP for females (Figure 8)

Injuries

Crabs designated as damaged included those thatmvssing limbs (legs or
claws), regenerating limbs, or had a puncture waaride carapace (only one crab from

® Notch-to-notch measurements are considered mateate as the crab does not “shrink” as the
anterolateral spines wear with increased shell 8gdps is not as significant an issue @rmaenasgs the
spines are oriented anteriorly, are more robust ih@€ancerspecies and the widest possible measurement
is not on the spine tips.



Whiskey Jenny Beach)(Table 13). Frequency of eog of damage varied by location
and ranged from 0-36%; the overall frequency of agenwas 16%. Four of 13 sites
where green crabs were collected had relativelly mgidence of damage: Pipestem
Inlet, Queen Cove, Pretty Girl Cove and WhiskeynyeBeach.

Bycatch

An additional 34 speci@svere captured in traps set for green crabs (Téble
Other species of crab were regularly caught; mastraon were red rock crab (927
individuals), graceful crab (428 individuals) arefimit crab (358 individuals).
Dungeness and northern kelp crabs were fairly comi@6 and 73 individuals,
respectively. Helmet and splitnose crabs, yello@ purple shore crabs and coonstripe
and bay shrimp were occasionally observed in traps.

Relatively few molluscs or echinoderms entereddr#he only gastropod
encountered was dire whelk, which was only captime@iayoquot Sound and
Nootka/Esperanza. The only sea stars were batarftbwer stars.

Twenty species of fish were identified from traggahes. Most were relatively
small, inshore species common in British Columblar{ 1973). Large species were
rarely caught; the only exception being a 1.5 kgypogfish found in a trap in Chonat
Bay. The most commonly encountered species wafidstaghorn sculpin (760
individuals). The euryhaline prickly sculpin waasptured in traps at Pipestem Inlet, Gold
River and Queen Cove.

DISCUSSION

Results of these surveys demonstrate that Euragpream crab have established
local breeding populations on the west coast ofcdamer Island. Surveys in Johnstone
Strait, Desolation Sound and Discovery Passageelsas limited sampling at Sooke
and Saanich Inlet did not find evidence of greabdrom inside waters. Combined
historic and 2006 survey records show green crabrgdly distributed in the sounds and
inlets south of Brooks Peninsula, with one histoeicord from Esquimalt, near Victoria
(Figure 9).

Carcinuscan occupy a wide range of protected habitatsithiey rocky shores,
cobble beaches, sandflats and tidal marshes andearange of salinities and
temperatures (Grosholz and Ruiz 1995). We foutchaates to be generally higher on
beaches with low salinity (at the head of inletd associated with creek and river
deltas), in areas near freshwater channels andcogar €.g, eelgrass beds). Catch rates
varied by location with the highest rates, and ypmesbly the highest densities of crabs, in
Pipestem Inlet, Pretty Girl Cove and Queen CoveadBes at Pipestem Inlet and Pretty

® A complete list of common and scientific namespécies encountered is included in Appendix Table 1



Girl Cove were at the head of long inlet systent fzed significant freshwater influence.
Both beaches at Queen Cove were influenced bydaHeMver and a creek running
across the upper beach and spilling across thetoave beach at the entrance. Surface
salinity, measured by refractometer, was 5-10%hatwo beaches at Queen Cove, 10%o
at Pretty Girl Cove and 12%. at Pipestem Inlet.gBtan sculpins, the fish most
commonly caught in traps, are extremely tolerabwf salinity and are known to
penetrate the lower reaches of coastal streams¢ {[9@8B; Mecklenbergt al 2002). The
presence of primarily freshwater prickly sculpindraps at Pipestem and Queen Cove,
both of which had high catch rates of green cralbpirelated to relatively low salinity
which allows these fish to be found on beachesnaayg confer advantage @ maenas

by deterring competition by larger native crabsrHand Behrens Yamada 2003;
deRiveraet al. 2005).

In general, beaches with high catch rates of gcegim did not have high catches
of largeCancercrabs, and those with high catch rate€ahcer magisteandCancer
productusdid not have high catch rates@f maenas Discrepancies are a result of
pooling trap strings by sitége., some strings producétarcinusbut notCancer and
others produce@ancerbut notCarcinus We did note mixed catches ©f maenasand
the smalleiCancer gracilisat Pipestem Inlet. In general, Dungeness cradfepsandy
habitat and red rock crabs prefer rocky habitatri{#882). Graceful crabs prefer muddy
habitat and are often found on beaches as theywfdHe tide to feed.

The preponderance of males in traps may be amaerdf behaviour rather than a
true reflection of sex ratio in the population.aps generally underestimate the female
portion of crab populations due to agonistic intds and reproductive behaviour. Sex
ratios biased towards male crabs was also not&khyens Yamadat al (2005) from
samples trapped in Oregon and Washington.

European green crabs grow faster and achieve largeimum size on the Pacific
coast of North America than they do on the Atlasteast of North America and in their
native range (Berrill 1982; Jamiesenal 1998; Baet&t al 2005; Behrens Yamadsd
al. 2005). Torchiret al. (2001) postulated that increased performanceeasdrgcrab
might be due to a combination of factors includieaduced competition, better
environmental qualityd.g, increased food resources) and/or absence ofah@emies
such as predators or parasites. They concludéddcaeased prevalence of parasites
was a significant factor in increased performarfdgatcoduced populations.

Ventral shell coloration varies from yellow to greto orange to dark red and this
shift is related to shell agee., new shells are yellow then turn green, orange and
eventually red (McGaw and Naylor 1992; McGatal 1992; Reicet al. 1997; Wolf
1998; McKnightet al 2000; Rewitzt al 2004; Styrishavet al 2004; Leeet al 2005;
Brian et al 2006; Todcet al 2006). The color phases have also been linked to
differences in physiological ecology; yellow or gnecrabs have broader physiological
tolerance than orange or red crabs, have greatesregulatory capability, can withstand
hypoxia better and may even be more tolerant dtipoh (Reid and Aldrich 1989; Reid
et al 1997; Styrishavet al. 2000, 2004; Leet al 2003, 2005). Large red male crabs are



stronger than green males and out-compete thehafotat, mates and prey (Kaisral
1990; Reicet al 1997). Styrishavet al (2004) postulated that green males are utilizing
a “growth” life history strategy while red malesan a “reproductive” life history
strategy. Differences in tolerances and compet#igivantages are expressed in the
crab’s distribution with red males more commonubtgdal habitats and green males
more common in stressful, marginal estuarine ankyrintertidal habitats (Kaiseat al
1990; McGawet al. 1992; McKnightet al 2000; Leeet al. 2005).

Length frequency distribution, shell condition aradour data suggest that several
year classes are present on WCVI. Using lengttpigacy and shell condition, we
estimated that crabs caught in 2006 in British @uidia were primarily made up of one-
year-olds, representing the 2005 year class. Becaacruitment of European green crab
was poor on the Pacific Coast in 2002 and 2004 i@ehYamada and Randall 2006),
large crabs likely represent the 2003 year class.

Differences in year-class structure between aregsha an artifact of sample
size. The Clayoquot Sound samples are the smalfi¢isé three areas (Table 10),
although the Nootka/Esperanza samples are not tatgdr and have similar sex ratios
(Table 10). Barkley Sound samples are of adecgia¢e at least 100 of each sex.

The four beaches that yielded damaged green crafesalso the four beaches
with the highest catch rates. If catch rate isalated with density, then high incidence
of damage is correlated with high density of greeabs in a location. This leads us to
believe that non-fatal damage is a result of ispacific agonistic interactions, rather
than inter-specific interactions, which are likédyal (Hunt and Behrens Yamada 2003).

CONCLUSIONS

C. maenashas established local breeding populations inrségeunds and inlets
on the west coast of Vancouver Island. To datretis no evidence of populations from
inside waters of the Strait of Georgia through 3tbine Strait. Green crabs can live at
least six years on the Pacific Coast, therefotteomg recruitment event is required at
least every five years to maintain populationshim Pacific Northwest and British
Columbia (Behrens Yamada and Randall 2006). Tkecten of a strong 2005 cohort in
these surveys ensures that a breeding populateraitable to produce potential recruits
through at least 2011.

Green crabs in British Columbia arrived as larvaenf southern populations in
1998, a year of strong northern transport (BehMarmeadaet al 2005). The range of
European green crab on the Atlantic coast of NArtterica expands northward in warm
years and contracts in colder periods (Welch 18@8rill 1982). Thomsort al (1989)
documented the seasonally persistent, polewardritpWancouver Island Coastal
Current, which could serve as an alongshore condditinsport green crab larvae from
Barkley Sound to Brooks Peninsula and beyond.dtht@n to this means of northward
dispersal, the occurrence of abnormally warm teatpees and strong northward coastal



transport in the next few years might allow popolag on WCVI to serve as larval
sources to seed new populations in northern Bssiply Alaska (Coheat al 1995;
Jamiesoret al 1998; Hineset al. 2004; Behrens Yamada and Randall 2006).
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Table 1. Location and collection information for public reports of European green crab Carcinus
maenas in British Columbia, 1999-2006.

Year Month(s) Location Latitude  Longitude Comments

1999 6/7 Useless Inlet 48°59'N  125°03'W 2 malegthéle, 1 unsexed (1
male 75 mm CW, 1 female 58
mm CW)

1999 8 Esquimalt Harbour 48°26'N  123°26'W 1 malb (Bm CW)

2000 5 Lemmens Inlet 49°12’'N  125°52’'W 2 males % mm CW)

2000 8 Bligh Island 49°39°'N  126°31'W 1 male (61 nG@Ww)

2001 8 Little Espinosa Inlet 49°58'N  126°54'W 3 msl(73, 79, 81 mm CW)

2002 6 Port Eliza 49°56’'N  127°03'W 1 male (67 mm LW

2003 7 Little Espinosa Inlet 49°56'N  127°03'W 1 m@b64 mm CW)

2005 5/6/8 Little Espinosa Inlet 49°56’'N  127°03'W nfales (57, 68, 81, 83, 85 mm
Cw);
3 unsexed (all ~60 mm CW)

2005 5 Kyuquot 50°02’'N  127°22’'W 1 male (57 mm CW)

2005 6 Pipestem Inlet 49°02’'N  125°12’'W 1 male m@a@ mm CW)

2006 6/7 Kyuquot 50°02’N  127°22'W 5 males (52, 4@, 68, 83 mm
Cw);
4 females (55, 64, 51, 61 mm
Cw)

2006 7 Mayne Bay 48°59'N  125°19'W 1 female 69 mm CW

2006 8 Pacific Rim National 48°55'N  125°19'W 1 male ~65 mm CW

Park

N.B. - All carapace width measurements (CW) are pointetioip
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Table 2. Shell condition codes and descriptionsif&uropean green crab,Carcinus maenasfrom
British Columbia surveys in 2006.

Adapted from DFO standard shell age assessmenBufogeness crabs.

Shell Condition

Code

Description

Plastic

New Soft

New Springy

New Hard

New-Old

ol

Very Old

Moulting

Moult

4

A newly moulted crab likely 1 - 2 dayd.olUnderside of thorax will be
primarily white rather than yellow, dark green oown and every part of the
shell can be easily deformed with light pressukeshort-duration stage
immediately following a moult.

A recently moulted crab. Undersidehafraix will be white or yellow and
some springiness in the shell can be detected. &Alsry short stage
probably lasting less than a week.

Carapace will be hard but legs mayaia slightly springy. Underside of
thorax will be lemon yellow or greenish-yellow. &re will be no fouling,
barnacle growth or abrasion of carapace spinewsata tips of dactyls.

Underside of thorax will be green ontmmo Few if any signs of wear or
abrasion on carapace. May have barnacles but tidde small. Very
little claw wear and cusps of claws are not rounaiedi worn. As these
crabs age it will be increasingly difficult to dat@ne if the shell is new or
old.

Shell has a mixture of characteristice®iv hard and old shell conditions.
May exhibit some fouling and barnacle growth. $klkebws signs of wear,
especially on cusps and tips of claws, but the atill relatively clean and
vigorous.

A crab showing claw wear and possibly bamaticrustation or other
fouling growth but otherwise a healthy, viable créhell may appear very
clean and bright but claws will show unmistakatms of weari(e., worn
cusps, faded colour near cusps and tips, brokentgha). Carapace spines
and tips of dactyls will also be blunted. Often é&ecars and abrasions and
areas of blackening around injuries.

Extreme shell and claw wear, may hawl gtisease; tips of walking legs
may be black or rotting off. These crabs alwayseappethargic and
moribund. The crab probably has not moulted for thore years. The crab
is probably in terminal moult. Barnacles oftengenet, usually large or two
size classes.

Old shell which is splitting at the stedine (seam between upper and lower
halves of the shell) and is in process of moulituBmust be opening at
time of observationThis stage is of very short duration, severalrbaa

most.

Discarded carapace, usually found onachewhich may or may not be
attached to rest of body
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Table 3. Age structure criteria based on month ofapture, size and shell condition of European
green crab,Carcinus maenasfrom British Columbia surveys in 2006 {ide Behrens Yamada 2001,
Behrens Yamadaet al 2005).

. Shell
Year Class (Age) Sex Month Captured Size (mm CW Ppéondition/COIour
2006 (0+) Male/Female May-July <40 All
2005 (1+) Male May-June 40-70 All
July 40-80 All
July 70-80 Yellow-Green
Female May-July 40-60 All
May-July 60-65 Yellow-Green
Older (2+ and greater) Male May-June >70 All
July >80 All
July 70-80 Orange-Red
Female May-July >65 All
May-July 60-65 Orange-Red
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Table 4. Date and location of British Columbia gren crab trap surveys, May-September 2006.

Set Location Date Latitude Longitude PFMA
1 Useless Inlet May 15, 2006 48°59.5’N 125°01.8'W 3-&

2 Useless Inlet May 15, 2006 48°59.6'N  125°01.7W 3-&

3 Vernon Bay May 15, 2006 49°00.5’N  125°08.6'W 23-6
4 Robber’s Pass May 15, 2006 48°54.0'N  125°07'W 523-
5 Pipestem Inlet May 16, 2006 49°02.3'N  125°12.2'W 23-10

6 Pipestem Inlet May 16, 2006 49°02.3'N  125°12.2'W 23-10

7 Jacques/Jarvis Lagoon May 17, 2006 48°55.4'N 1@8°'W 23-8

8 Pipestem Inlet May 17, 2006 49°02.3'N  125°12.2'W 23-10

9 Pipestem Inlet May 17, 2006 49°02.3'N  125°12.2'W 23-10
10 Lemmens Inlet May 26, 2006 49°13.6'N  125°51.7’'W 24-9

11 Lemmens Inlet May 26, 2006 49°12.8'N  125°50.3'W 24-9

12 Lemmens Inlet May 26, 2006 49°12.1’'N  125°51.6'W 24-9

13 Lemmens Inlet May 26, 2006 49°11.6'N 125°51.6'W 24-9

14 Lemmens Inlet May 26, 2006 49°12.0'N  125°53.0'W 24-9

15 Cypress Bay May 27, 2006 49°16.5’N  125°54.3W -4
16 Cypress Bay May 27, 2006 49°16.2’N  125°54.6'W  -924
17 Mosquito Harbour May 28, 2006 49°13.6'N 125°28/0 24-10
18 Tranquil Inlet May 28, 2006 49°12.6'N 125°40.0W 24-12
19 Warn Bay May 28, 2006 49°15.3'N  125°43.9'W 24-10
20 Warn Bay May 28, 2006 49°15.6'N  125°44.1'W 24-10
21 Cypress Bay May 29, 2006 49°16.2’N  125°54.8W  -724
23 Whitepine Cove June 10, 2006 49°18.2'N 125°38.9° 24-5

24 Whitepine Cove June 10, 2006 49°18.2’'N 125°88.9° 24-5

25 Cypress Bay June 10, 2006 49°16.3'N  125°54.8'W 4-72
26 Cypress Bay June 10, 2006 49°16.2'N  125°64.7'W 4-72
27 Whitepine Cove June 11, 2006 49°19.1'N  125°88.9'° 24-5

28 Bawden Bay June 11, 2006 49°17.5’N  126°00.4'W  -424
31 Whiskey Jenny Beach June 12, 2006 49°23.9'N 126°W 24-3
32 Whiskey Jenny Beach June 12, 2006 49°23.9'N 126w 24-3
33 Pretty Girl Cove June 12, 2006 49°28.4'N 1262 M. 24-2

34 Pretty Girl Cove June 12, 2006 49°28.4'N  1262M. 24-2

35 Whitepine Cove June 12, 2006 49°18.2'N  125°W.0" 24-5

N.B. — Sets 22, 29 and 30 were deep sets not imgmal catch green crab, thus are not included.
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Table 4. Continued.

Set Location Date Latitude Longitude PFMA
36 Muchalat Inlet June 14, 2006 49°39.8'N  126°22/4°  25-3
37 Mooyah Bay June 14, 2006 49°37.8'N  126°27.0W  -325
38 Mooyah Bay June 14, 2006 49°37.8'N  126°27.2°W  -325
39 Matchlee Bay June 14, 2006 49°36.9'N  126°03.1'W 25-1
40 Gold River June 14, 2006 49°40.8'N  126°06.7W  -125
41 Barr Creek June 15, 2006 49°564.9'N  126°47.2°W  -925
42 Little Zeballos River June 15, 2006 49°57.2'N 6314B.7'W 25-10
43 Zeballos June 15, 2006 49°58.9'N  126°51.1'W 25-1
44 Little Espinosa Middle June 16, 2006 49°56.9'N26%54.4'W 25-11
45 Little Espinosa Middle June 16, 2006 49°56.9'N269564.4'W 25-11
46 Little Espinosa Upper June 16, 2006 49°55.8'N 6°52.4'W 25-11
a7 Little Espinosa Upper June 16, 2006 49°55.8'N 6°52.4'W 25-11
48 Little Espinosa Lower June 16, 2006 49°55.8'N 6°B4.5'W 25-11
49 Espinosa Inlet June 17, 2006 49°58.1'N  126°%8.6° 25-11
50 Espinosa Inlet June 17, 2006 49°58.1'N  126°%8.6° 25-11
51 Port Eliza June 17, 2006 49°54.9'N  126°02.7W -125
52 Port Eliza June 17, 2006 49°54.9'N  126°02.7W -125
53 Queen Cove Upper June 17, 2006 49°53.0'N 126'®9. 25-12
54 Queen Cove Entrance June 17, 2006 49°52.5’N 5RGW 25-12
55 Queen Cove Upper June 18, 2006 49°53.0'N 126°%8. 25-12
56 Queen Cove Upper June 18, 2006 49°53.0'N 126°%8. 25-12
57 Queen Cove Upper June 18, 2006 49°53.0N 126'W8. 25-12
58 Queen Cove Entrance June 18, 2006 49°52.5’N 5R2&W 25-12
59 Queen Cove Entrance June 18, 2006 49°52.5’N 5RGW 25-12
60 Port Neville July 12, 2006 50°29.7’N  126°05.3'W 12-25
61 Robber Point July 12, 2006 50°31.2'N 126°03.8'W 12-25
62 Hanatsa Point July 12, 2006 50°31.7’N  125°59.5'W 12-25
63 Port Neville July 12, 2006 50°32.5’N 125°58.5’'W 12-25
64 Blenkinsop Bay July 12, 2006 50°29.2’N 126°0W1’ 12-1
65 Blenkinsop Bay July 12, 2006 50°29.0'N 125°5@6’ 12-1
66 Jackson Bay July 13, 2006 50°31.8'N 125°49.3'W 3-3¥
67 Read Bay July 13, 2006 50°31.8'N 125°46.8'W 73-3
68 Topaze Harbour July 13, 2006 50°31.5’N 125°48.4' 13-37
69 Jackson Bay July 13, 2006 50°30.9'N 125°45.4'W 3-3Y
70 Forward Harbour July 13, 2006 50°29.3'N 125°A®.0 13-38
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Table 4. Continued.

Set Location Date Latitude Longitude PFMA
71 Forward Harbour July 13, 2006 50°29.4'N 125°A®.0 13-38
72 Shorter Bay July 14, 2006 50°24.6'N 125°43.9'W 3-4D
73 Vere Cove July 14, 2006 50°23.4'N 125°46.3'W  3B-
74 Vere Cove July 14, 2006 50°23.4'N 125°46.3'W  3IB-
75 Humpback Bay July 14, 2006 50°21.7’N  125°41.3'W 13-30
76 Humpback Bay July 14, 2006 50°21.7’N  125°41.3'W 13-30
77 Lancelot Inlet July 22, 2006 50°03.6'N  124°43W’ 15-4
78 Theodosia Inlet July 22, 2006 50°04.1'N 124°A45 15-4
79 Lancelot Inlet July 22, 2006 50°04.3'N  124°4%\2' 15-4
80 Okeover Inlet July 22, 2006 49°58.0'N  124°40.8'W 15-4
81 Okeover Inlet July 22, 2006 49°58.0'N  124°40.8'W 15-4
82 Prideaux Haven July 23, 2006 50°08.8'N 124°38.9° 15-5
83 Prideaux Haven July 23, 2006 50°08.5’N 124°40.1° 15-5
84 Eveleigh Island July 23, 2006 50°08.4'N 124°M4/6  15-5
85 Pendrell Sound July 23, 2006 50°16.4'N 124°48.7° 15-5
86 Pendrell Sound July 23, 2006 50°17.5°N 124°48.3° 15-5
87 Von Donop Inlet July 24, 2006 50°09.6'N 124°BW9  13-16
88 Von Donop Inlet July 24, 2006 50°09.1'N 124°3@/9 13-16
89 Von Donop Inlet July 24, 2006 50°08.5’N 124°BW1  13-16
90 Von Donop Inlet July 24, 2006 50°08.4'N 124°3@/7 13-16
91 Von Donop Inlet July 24, 2006 50°10.5’N 124°3@/3 13-16
92 Pipestem Inlet July 17, 2006 49°02.2’'N  125°1/2° 23-10
93 Pipestem Inlet July 17, 2006 49°02.3'N  125°1\&/2' 23-10
94 Pipestem Inlet July 18, 2006 49°02.2’'N  125°1/2° 23-10
95 Pipestem Inlet July 18, 2006 49°02.3'N  125°1/2° 23-10
96 Pipestem Inlet July 19, 2006 49°02.2’'N  125°1\&/2' 23-10
97 Pipestem Inlet July 19, 2006 49°02.3'N  125°1/2' 23-10
98 Pipestem Inlet July 20, 2006 49°02.2’N  125°1/2' 23-10
99 Pipestem Inlet July 20, 2006 49°02.3'N  125°1/2' 23-10

100 Kanish Bay
101 Kanish Bay
102 Kanish Bay
103 Chonat Bay
104 Chonat Bay

September 8, 2006  50°14.7'N  125°%1.5 13-11
September 8, 2006  50°14.4’'N  125°¥8.8 13-11
September 8, 2006  50°15.8'N  125°W.3 13-11
September 8, 2006  50°17.5°N 125%18.4 13-11
September 8, 2006  50°17.1’'N 125%8.4 13-11
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Table 4. Continued.

Set Location Date Latitude Longitude PFMA
105 McKenzie Bight September 19, 2006  48°33.3'N  °BRB'W 19-10
106 McKenzie Bight September 19, 2006  48°33.3'N  °BRB'W 19-10
107 McKenzie Bight September 19, 2006  48°33.3'N  °BRB'W 19-10
108 McKenzie Bight September 19, 2006  48°33.2'N  °BRA'W 19-10
109 McKenzie Bight September 19, 2006  48°33.3'N  °BRA'W 19-10
110 McKenzie Bight September 19, 2006  48°33.3'N  °BRB'W 19-10
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Table 5. Catch ( number caught) and effort (numbeiof traps) by location and area of European
green crab,Carcinus maenasand native crab species from British Columbia tr@ surveys, May-

September 2006.

Location T,;l:bs C.maenas C.gracilis C.magister C.productus HhBeimgonus P. productus
Useless Inlet 18 2 8 - - - -
Vernon Bay 6 2 - - 2 - -
Robbers Pass 6 - - 2 17 - 2
Pipestem Inlet 120 274 32 - - - -
Jacques/Jarvis Lagoon 12 - 9 - 2 - 7
Barkley Sound 162 278 49 2 21 0 9
Lemmens Inlet 45 - 58 - 31 - -
Cypress Bay 64 9 1 2 12 4 39
Mosquito Harbour 24 - 24 - 8 - -
Tranquille Inlet 6 - - 1 - - -
Warn Bay 12 - 2 1 24 - 14
Whitepine Cove 24 4 4 3 28 - -
Bawden Bay 6 - - - 1 - -
Whiskey Jenny Beach 12 11 - - 14 - 5
Pretty Girl Cove 12 17 - - - - -
Clayoquot Sound 205 41 89 7 118 4 58
Muchalat Inlet - - - - - -
Matchlee Bay - - - - - -
Mooyah Bay 12 1 - - - - -
Gold River 6 - - - - - -
Barr Creek 6 - - 2 - - -
Little Zeballos River 6 - - - - - -
Zeballos 6 1 - - - - -
Little Espinosa Inlet 35 1 4 - 4 - -
Espinosa Inlet 12 1 - 1 - - -
Port Eliza 12 1 5 - 1 - -
Queen Cove Upper 24 31 1 1 - - -
Queen Cove Entrance 17 20 - 6 - - -
Nootka/Esperanza 148 56 10 10 5 0 0
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Table 5. continued.

No.
Location Traps C.maenas C.gracilis C. magister C. productus  HEiragonus P. productus
Port Neville 24 - 6 27 78 - -
Blenkinsop Bay 12 - 4 10 41 - -
Topaze Harbour 24 - 27 24 15 - -
Forward Harbour 12 - - - - - -
Shorter Bay 5 - - 2 10 - -
Vere Cove 12 - - - 36 - -
Humpback Bay 12 - - - - - -
Johnstone Strait 101 0 37 63 180 0 0
Lancelot Inlet 12 - 34 - 48 - -
Theodosia Inlet 6 - 45 - 8 - -
Okeover Inlet 12 - 1 - - -
Prideaux Haven 12 - 3 - 17 - -
Eveleigh Island 6 - - - 8 - -
Pendrell Sound 12 - - - 13 - -
Von Donop Inlet 30 - 74 - 4 - -
Desolation Sound 90 0 157 0 98 0 0
Kanish Bay 18 - 83 9 - -
Chonat Bay 12 - - 114 - -
Discovery Passage 30 0 83 3 123 0 0
McKenzie Bight 36 0 3 0 328 0 6
Saanich Inlet 36 0 3 0 328 0 6
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Table 6. Bycatch (number of individuals) from trapsurveys for European green crabCarcinus

maenas in British Columbia, May-September 2006.

Species BS CS N/E DS DP JS Sl Total
Crustaceans

C. gracilis 49 89 10 157 83 37 3 428
C. magister 2 7 10 0 3 63 0 85
C. productus 21 118 5 98 123 180 382 927
Crangonsp. 0 1 0 0 0 0 0 1
H. nudus 0 0 0 0 2 0 16 18
H. oregonensis 8 0 0 4 0 0 0 12
O. bifurca 1 0 0 0 0 0 0 1
Paguridae 19 125 179 32 0 3 0 358
P. danae 0 0 0 0 0 0 10 10
P. producta 9 58 0 0 0 0 6 73
T. cheiragonus 0 4 0 0 0 0 0 4

Molluscs
L. dira 0 48 12 0 0 0 0 60

Echinoderms
A. miniata 1 9 0 0 0 0 0 10
P. helianthoides 0 8 1 0 1 2 7 19
Fish

A. fenestralis 0 5 0 0 0 2 1 8
C. asper 18 0 4 0 0 0 0 22
C. aggregata 6 0 1 3 0 0 4 14
E. lateralis 1 0 0 0 0 0 0 1
E. bison 0 0 1 0 0 0 0 1
H. stelleri 0 0 0 2 0 0 2 4
l. tenius 0 0 0 0 0 13 0 13
L. maculatus 0 0 0 0 0 10 0 10
L. armatus 128 120 80 256 84 71 21 760
L. sagitta 0 2 0 0 0 0 0 2
M. polyacanthocephalus 0 1 1 1 0 0 0 3
O. elongatus 0 0 0 0 0 0 1 1
P. vetulus 1 0 0 0 0 0 0 1
P. laeta 6 3 0 0 0 1 0 10
P. ornata 0 1 0 0 0 0 0 1
P. notatus 0 3 0 0 0 0 0 3
R. jordani 0 0 0 0 0 0 3 3
S. caurinus 0 5 7 5 0 0 0 17
S. acanthias 1 0 0 0 1 0 0 2
X. mucosus 0 0 0 0 1 0 0 1

Legend: BS = Barkley Sound, CS = Clayoquot Souri#, NlNootka Sound and Esperanza Inlet, DS =
Desolation Sound, DP = Discovery Passage, JS =stlmin Strait, SI = Saanich Inlet. Common and

scientific names listed in Appendix Table 1.
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Table 7. Collection of live or dead green cralCarcinus maenasor moults from intertidal NIS

surveys in British Columbia, May-July 2006.

Date Location Latitude  Longitude Comments
May 15, 2006 Vernon Bay 49°01'N  125°07'W 1 live
May 17, 2006 Pipestem Inlet 49°02’'N  125°12'W 1 ntoul
May 17, 2006 Hillier Island 49°02'N  125°20'W 1 moul
May 26, 2006 Cypress Bay 1 49°16'N  125°55'W 2 meult
May 26, 2006 Cypress Bay 2 49°17'N  125°54'W 1 moult
May 27, 2006 Warn Bay 49°15'N  125°44'W 1 moult
June 10, 2006 Whitepine Cove 49°18'N  125°57'W £)i8 moults
June 11, 2006 Whiskey Jenny Beach 49°24'N  126°10'W 4 live, 3 moults
June 12, 2006 Pretty Girl Cove 49°28'N  126°14'W 6uits
June 17, 2006 Queen Cove Upper 49°53'N  126°59'W oRltm
June 17, 2006 Queen Cove Entrance 49°52'N  126°59'W 1 dead
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Table 8. Catch rates (number caught per trap) aneffort (number of traps) by location and area of
European green crab,Carcinus maenasand native crab species from British Columbia tr@ surveys,

May-September 2006.

Location T,;l:bs C.maenas C.gracilis C.magister C.productus HhBeimgonus P. productus
Useless Inlet 18 0.11 0.44 0.00 0.00 0.00 0.00
Vernon Bay 6 0.33 0.00 0.00 0.33 0.00 0.00
Robbers Pass 6 0.00 0.00 0.33 2.83 0.00 0.33
Pipestem Inlet 120 2.28 0.27 0.00 0.00 0.00 0.00
Jacques/Jarvis Lagoon 12 0.00 0.75 0.00 0.17 0.00 .58 0
Barkley Sound 162 1.72 0.30 0.01 0.13 0.00 0.06
Barkley Sound (w) 144 1.93
Lemmens Inlet 45 0.00 1.29 0.00 0.69 0.00 0.00
Cypress Bay 64 0.14 0.02 0.03 0.19 0.06 0.61
Mosquito Harbour 24 0.00 1.00 0.00 0.33 0.00 0.00
Tranquille Inlet 6 0.00 0.00 0.17 0.00 0.00 0.00
Warn Bay 12 0.00 0.17 0.08 2.00 0.00 1.17
Whitepine Cove 24 0.17 0.17 0.13 1.17 0.00 0.00
Bawden Bay 6 0.00 0.00 0.00 0.17 0.00 0.00
Whiskey Jenny Beach 12 0.92 0.00 0.00 1.17 0.00 204
Pretty Girl Cove 12 142 0.00 0.00 0.00 0.00 0.00
Clayoquot Sound 205 0.20 0.43 0.03 0.58 0.02 0.28
Clayoquot Sound (w) 112 0.37
Muchalat Inlet 0.00 0.00 0.00 0.00 0.00 0.00
Matchlee Bay 0.00 0.00 0.00 0.00 0.00 0.00
Mooyah Bay 12 0.08 0.00 0.00 0.00 0.00 0.00
Gold River 6 0.00 0.00 0.00 0.00 0.00 0.00
Barr Creek 6 0.00 0.00 0.33 0.00 0.00 0.00
Little Zeballos River 6 0.00 0.00 0.00 0.00 0.00 0.
Zeballos 6 0.17 0.00 0.00 0.00 0.00 0.00
Little Espinosa Inlet 35 0.03 0.11 0.00 0.11 0.00 .000
Espinosa Inlet 12 0.08 0.00 0.08 0.00 0.00 0.00
Port Eliza 12 0.08 0.42 0.00 0.08 0.00 0.00
Queen Cove Upper 24 1.29 0.04 0.04 0.00 0.00 0.00
Queen Cove Entrance 17 1.18 0.00 0.35 0.00 0.00 0 0.0
Nootka/Esperanza 148 0.38 0.07 0.07 0.03 0.00 0.00
Nootka/Esperanza (w) 118 0.47
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Table 8. continued.

No.
Location Traps C.maenas C.gracilis C. magister C. productus  HEiragonus P. productus

Port Neville 24 0.00 0.25 1.13 3.25 0.00 0.00
Blenkinsop Bay 12 0.00 0.33 0.83 3.42 0.00 0.00
Topaze Harbour 24 0.00 1.13 1.00 0.63 0.00 0.00
Forward Harbour 12 0.00 0.00 0.00 0.00 0.00 0.00
Shorter Bay 5 0.00 0.00 0.40 2.00 0.00 0.00
Vere Cove 12 0.00 0.00 0.00 3.00 0.00 0.00
Humpback Bay 12 0.00 0.00 0.00 0.00 0.00 0.00
Johnstone Strait 101 0.00 0.37 0.62 1.78 0.00 0.00
Lancelot Inlet 12 0.00 2.83 0.00 4.00 0.00 0.00
Theodosia Inlet 6 0.00 7.50 0.00 1.33 0.00 0.00
Okeover Inlet 12 0.00 0.08 0.00 0.00 0.00 0.00
Prideaux Haven 12 0.00 0.25 0.00 1.42 0.00 0.00
Eveleigh Island 6 0.00 0.00 0.00 1.33 0.00 0.00
Pendrell Sound 12 0.00 0.00 0.00 1.08 0.00 0.00
Von Donop Inlet 30 0.00 2.47 0.00 0.13 0.00 0.00
Desolation Sound 90 0.00 1.74 0.00 1.09 0.00 0.00
Kanish Bay 18 0.00 4.61 0.06 0.50 0.00 0.00
Chonat Bay 12 0.00 0.00 0.17 9.50 0.00 0.00
Discovery Passage 30 0.00 2.77 0.10 4.10 0.00 0.00
McKenzie Bight 36 0.00 0.08 0.00 9.11 0.00 0.17
Saanich Inlet 36 0.00 0.08 0.00 9.11 0.00 0.17

Weighted (w) catch rates include only sites wheeeg crab were collected.
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Table 9. Counts by sex and area and sex ratio (%ate) of European green crabCarcinus maenas

from British Columbia surveys, May-September 2006.

Sound No. Male No. Female Total % male
Barkley 168 106 61.3%
Clayoquot 35 9 79.5%
Nootka/Esperanza 46 11 57 80.7%
Total 249 126 375 66.4%

Table 10. Age structure of male European green cha Carcinus maenasfrom British Columbia

surveys, May-September 2006.

Number in Year Class

Percent in Year Class

Sex Area 2006 2005 Older Total 2006 2005 Older
Barkley 1 151 16 168 0.6 89.9 9.5
Male Clayoquot 5 14 16 35 14.3 40.0 45.7
Nootka/Esperanza 0 43 3 46 0.0 93.5 6.5
Total 6 208 35 249 2.4 83.5 14.1
Barkley 2 94 10 106 1.9 88.7 9.4
Female Clayoquot 3 4 2 9 33.3 44.4 22.2
Nootka/Esperanza 0 9 11 0.0 81.8 18.2
Total 5 107 14 126 4.0 84.9 11.1
Barkley 3 245 26 274 11 89.4 9.5
Combined Clayoquot 8 18 18 44 18.2 40.9 40.9
Nootka/Esperanza 0 52 5 57 0.0 91.2 8.8
Total 11 315 49 375 2.9 84.0 13.1
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Table 11. Shell condition by sex for European greecrab, Carcinus maenasfrom British Columbia
surveys, May-September 2006.

Shell Sex Percent

Condition Male Female  Ovigerous Total Male Female Total
Plastic 0 0 0 0 0.0 0.0 0.0
New Soft 2 0 0 2 0.8 0.0 0.5
New Springy 8 2 0 10 3.2 1.6 2.7
New Hard 199 106 1 298 77.0 85.6 79.9
New-Old 12 4 0 16 4.8 3.2 4.3
old 32 11 0 43 12.9 8.8 11.5
Very Old 3 1 0 4 1.2 0.8 11
Moulting 0 0 0 0 0.0 0.0 0.0
Moult 0 1 0 3 0.0 0.8 0.8
Total 248 124 1 373 100.0 100.0 100.0

N.B. - Shell conditions are described in Table 2.

Table 12. Shell colour and condition for Europearmgreen crab,Carcinus maenasfrom British
Columbia surveys, May-September 2006.

Colour Percentage
Shell Yellow- Orange-
Condition  Yellow Green Orange Red Total Green Red

Plastic
New Soft 2 2 100.0 0.0
New Springy 9 1 10 100.0 0.0
New Hard 65 227 292 100.0 0.0
New-Old 7 8 1 16 93.8 6.3
Old 15 5 20 1 41 48.8 51.2
Very Old 1 1 1 1 4 50.0 50.0
Moulting 0
Total 99 242 22 2 365 93.4 6.6
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Table 13. Incidence of injuries and missing limb®y location for European green crabCarcinus
maenas from British Columbia surveys, May-September 2006

No. of Crabs
Location Injured Missing Claws Missing Legs Examined % Damaged

Cypress Bay 0 0 0 9 0.0
Little Espinosa 0 0 0 2 0.0
Mooyah Bay 0 0 0 1 0.0
Queen Cove 1 8 1 52 19.2
Pipestem Inlet 10 13 18 274 15.0
Pretty Girl Cove 0 3 1 17 23.5
Useless Inlet 0 0 0 2 0.0
Vernon Bay 0 0 0 2 0.0
Whitepine Cove 0 0 0 4 0.0
Whiskey Jenny Beach 1 3 1 14 35.7
Zeballos 0 0 0 1 0.0

Total 12 27 21 378 15.9
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Figure 2. Historic collection locations of Europea green crab,Carcinus maenasin British
Columbia, 1999-2006.
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Figure 3. Collection locations of European greenrab, Carcinus maenasfrom beach surveys
conducted in British Columbia, May-September 2006.

Legend: Open circles are locations surveyed; filiedles are locations with green crab or moults
collected.

Figure 4. Collection locations of European greenrab, Carcinus maenasfrom trap surveys in
British Columbia, May-September 2006.

Legend: Open circles are locations surveyed, fitiedes are locations with green crab collected.
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Figure 5. Regression plot of European green craljarcinus maenascarapace width (mm) measured
notch to notch (Canadian standard measurement) toatapace width measured point to point (US
standard measurement).
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Figure 6. Carapace width frequencies (mm, point tgoint) of male (upper panel) and female (lower
panel) European green crabCarcinus maenascollected in British Columbia, May-July 2006.
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Figure 7. Carapace width (mm, point to point) byyear class for European green crabCarcinus
maenas collected in British Columbia surveys, May-July D06.
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Figure 8. Carapace width frequency (mm, point to pint) by shell color of male European green
crab, Carcinus maenascollected in British Columbia trap surveys, May-dly 2006.
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Figure 9. Collection locations of European greenrab, Carcinus maenasin British Columbia from
all sources, 1999-2006.
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Appendix Table 1. Common and scientific names opscies encountered during trap surveys for
European green crab,Carcinus maenasin British Columbia, May-September 2006.

Common name

Scientific Name

Common Name

Scientifdame

Graceful crab
Dungeness crab

Red rock crab
European green crab
Bay shrimp

Purple shore crab

Dire whelk

Bat star

Padded sculpin
Prickly sculpin
Shiner perch
Striped seaperch
Buffalo sculpin

Whitespotted greenling

Spotfin sculpin
Daubed shanny

Pacific staghorn sculpin

Crustaceans

Cancer gracilis
Cancer magister
Cancer productus
Carcinus maenas
Crangonsp.
Hemigrapsus nudus

Yellow shore crab
Splitnose crab
Hermit crab
Coonstripe shrimp
Northern kelp crab
Helmet crab

Molluscs

Lirabuccinium dirum

Echinoderms

Asterina miniata

Sunflower star

Fish

Artedius fenestralis
Cottus asper
Cymatogaster aggregata
Embiotoca lateralis
Enophrys bison
Hexagrammos stelleri
Icelinus tenuis
Leptoclinus maculatus
Leptocottus armatus

Pacific snake prickleback Lumpenus sagitta

Great sculpin

Lingcod

English sole
Crescent gunnel
Saddleback gunnel
Plainfin midshipman
Northern ronquil
Copper rockfish
Spiny dogfish

Rock prickleback

Hemigrapsus oregonensis

Oregonia bifurca
Paguridae

Pandalus danae

Pugettia producta

Telmessus cheiragonus

Pycnopodia helianthoides

Myoxocephalus
polyacanthocephalus
Ophiodon elongatus
Parophrys vetulus
Pholis laeta

Pholis ornata
Porichthys notatus
Ronquilus jordani
Sebastes caurinus
Squalus acanthias
Xiphister mucosa
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