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ABSTRACT

Ly, L., Levings, C.D., and Piercey, G.E. 2007. Preliminary investigation on aquatic
invasive species of marine and estuarine macrobenthic invertebrates on floating
structures in five British Columbia harbours. Can. Manuscr. Rep. Fish. Aquat.
Sci. 2814: 1i1+ 30 p. ’

Samples of invertebrate communities on buoys and floating docks at Vancouver,
Esquimalt, Nanaimo, Port Alberni and Prince Rupert, British Columbia, were obtained in
August and September 2005. The purpose of the preliminary survey was to provide
baseline data on the taxonomic composition of the invertebrates, with specific reference
to possible aquatic invasive species. Thirty-five invasive or cryptogenic species were
found. Conopeum seurati (Canu, 1928), a bryozoan native to the Atlantic Ocean, was
confirmed from Port Alberni and may be the first record of the species from the northeast
Pacific.

RESUME

Lu, L., Levings, C.D., and Piercey, G.E. 2007. Preliminary investigation on aquatic
invasive species of marine and estuarine macrobenthic invertebrates on floating
structures in five British Columbia harbours. Can. Manuscr. Rep. Fish. Aquat.
Sci. 2814: iii + 30 p. '

Nous avons prélevé des échantillons des communautés d’invertébrés sur les bouces et les
quais flottants & Vancouver, a Esquimalt, & Nanaimo, & Port Alberni et & Prince Rupert
(Colombie-Britannique) en aofit et en septembre 2005. Le but du relevé préliminaire était
d’obtenir des données de référence sur la composition taxonomique des invertébrés, en
traitant particuliérement des espéces aquatiques envahissantes possibles. Nous avons
observé 35 espéces envahissantes ou d’origine indéterminée. Nous avons confirmé la
présence de Conopeum seurati (Canu, 1928), un bryozoaire indigene de 1’océan
Atlantique, & Port Alberni, ce qui pourrait constituer la premiére observation de ’espéce
dans le Nord-Est du Pacifique. :
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INTRODUCTION

Biological invasions are a major global environmental and economic problem. In recent
decades, the world has witnessed an array of harmful invasions by exotic marine
organisms (Cohen and Carlton 1998; Cohen et al. 2005). Marine and estuarine invasive
species are transported into coastal regions mainly through ballast water, ship hulls and
introduced aquaculture organisms (Levings et al. 2002). Aquatic invasive species (AIS)
of marine origin are most likely found at coastal harbours with past and present ship
traffic.

A number of surveys of marine and estuarine invasive species were carried out along the
Pacific coast in the United States in the recent decade (Cohen 1998; Cohen et al. 1998;
Cohen et al. 2001; Boyd et al. 2002; Cohen et al. 2002; DFG 2002; Fairey et al. 2002;
Cohen and Moyle 2004; Cohen et al. 2005). However, few surveys of hard-bottom
benthic invertebrates have been undertaken to determine the presence of AIS along the
Pacific coast in Canada. Other than the preliminary surveys of Richoux et al. (2006) and
Macdonald et al. (2000), no studies have been conducted on macrobenthic invertebrates
on floating structures in BC waters. The artificial nature of the surfaces of buoys and
floating docks may contribute to the abundance of aquatic invasive organisms, based on
the theory that a disturbed or altered environment is more easily invaded (Cohen and
Carlton 1998).

The objectives of this study were to develop a preliminary inventory of invertebrate
aquatic invasive and cryptogenic species (as defined by Carlton 1996) on buoys and
floating docks at harbours in BC, to compare the differences in AIS between regions, and
to provide quantitative reference data of benthic communities for future assessments.

MATERIALS AND METHODS

Sample Collection

Five harbours along the BC coast, i.e. Vancouver, Nanaimo (Nanaimo Harbour and
Departure Bay), Esquimalt, Prince Rupert and Port Alberni, were selected for this study,
and a total of 25 floats or buoys were sampled between 18 Aug 2005 and 20 Sept 2005
(Figure 1). The number of structures sampled in each harbour ranged from three in Port
Alberni to eight in Prince Rupert. Sample locations were recorded with a Garmin GPS
Model 76. A description of the sampling sites is given in Table 1, and a description of
biotic communities in Table 2.

The floating structures were constructed from wood, concrete, and steel. Most had been
in the water for at least one year so the communities were of varying age, probably up to
at least 10 y in some instances such as the concrete docks in the Navy facilities at
Esquimalt. Navigational buoys maintained by the Canadian Coast Guard in BC are
hauled out of the water on a three year rotational schedule in British Columbia so the



buoys that were sampled had been in the water for no more than three years. Some of the
wood structures were creosoted.

Three quantitative replicate samples were taken from each structure from the water
surface downwards using a 0.1m X 0.1m quadrat and a hand scraper. A net with 0.5 mm
mesh was used for collecting scraped organisms. The samples were put in plastic jars and
fixed in a 10% buffered formalin seawater solution in situ. In the laboratory the benthic
samples were washed through a 0.5 mm mesh sieve. Animals retained on the sieve were
sorted using a Wild M5 binocular dissecting microscope, identified to the lowest possible
taxonomic levels and enumerated. After enumeration samples were stored in 70%
isopropyl alcohol. Mussels (Mytilus sp.) at Sites 1 and 2 in Vancouver harbour were not
counted because they were very abundant at these sites.

Identification of Specimens

All specimens were identified by Lin Lu, except for tanaids, isopods, amphipods and
decapods from several samples, which were identified by Phil Hoover, Biologica
Environmental Services Ltd., and tunicates which were identified by Debbie Paltzat,
Pacific Biological Station, Nanaimo, BC.

Statistical Analysis

Combined data from three replicates at each site were used in all analyses. Non-metric
multi-dimensional scaling (MDS), based on similarity using Bray-Curtis coefficient on
VW-transformed abundance data, was employed to analyse differences in community
structure of benthic invertebrates among sampling sites (Clarke and Warwick 2001). For
all colonial species, a value of 10 was input as their abundance. For Mytilus sp. mussels at
Sites 1 and 2 in Vancouver harbour, an estimate of 2000 was used as its abundance for
each replicate sample.

RESULTS

A total of 174 taxa, consisting primarily of polychaetes (50 taxa), amphipods (30 taxa),
isopods (11 taxa), gastropods (11 taxa), decapods (nine taxa), bryozoans and tunicates
(eight taxa), and cirripeds (seven taxa), were recorded in the survey (Appendix). The
results should be considered preliminary, however, as some taxonomic groups may
require further identification. All samples have been archived at CAER for possible
further identification. For instance, platyhelminths and insect larvae were not identified to
the genus level, In addition, Mjytilus species may include M. trossulus, M.
galloprovincialis and M. edulis, or hybrids thereof, which are not readily distinguished
morphologically (see Richoux et al. 2006).

The sponge Halichondria bowerbanki, the tanaid Anatanais pseudonormani, the isopod
Janiralata occidentalis, the bryozoans Schizoporella unicornis and Schizoporella
pseudoerrata, and all colonial tunicates were only found in Esquimalt. The hydrozoan



Cordylophora caspia, the oligochaetes Nais elinguis and Enchytraeidae species, the
bivalve Modiolus sp., the barnacle Balanus improvisus, and the bryozoan Conopeum
seurati were only recorded in the brackish water of Port Alberni. The amphipod
Ampithoe dalli was only found in Prince Rupert. The tanaid Zeuxo normani was recorded
in large numbers in Port Alberni, but it was also found in Vancouver and Nanaimo. There
are no obvious patterns in species composition between substrates or among sites, except
for the three sites in Port Alberni, formed a distinct group in the MDS plots (Figure 2).
The community structure in Port Alberni was significantly different from other sites
possibly because the taxa there were adapted to brackish water as the sample area was in
the Somass River estuary.

A total of 23 aquatic invasive species and 13 cryptogenic species were recorded during
this survey (Table 3). Most of them derived from the North Atlantic or the West Pacific.
Three aquatic invasive species (Cordylophora caspia, Balanus improvisus and Conopeum
seurati) were only found in Port Alberni, in large numbers. Three cryptogenic species,
Boccardia columbiana and Jassa slatteryi in Nanaimo and Zeuxo normani in Port
Alberni, were found in large numbers, but only a few or none were found in other
locations. These results suggest that invasive species may establish their populations in
certain environments which are suitable for their growth.

The highest total number of species (98) was found in Prince Rupert and the highest
mean number (55) of species per quadrat was found in Esquimalt, while the lowest total
number and mean number (15 and 11 species, respectively) were found in the brackish
water of Port Alberni (Figure 3). However, the proportions of AIS and AIS or
cryptogenic species combined were highest in Port Alberni (Figure 4).

DISCUSSION

There were different designations of status for some species in previous reports of AIS
from the northeast Pacific.. The polychaetes Capitella capitata and Harmothoe imbricate
have been reported as cryptogenic species in this region (Cohen and Carlton 1995;
Golden et al. 1998; DFG 2002; Fairey et al. 2002; T N and Associates 2002). Boyd et al.
(2002) reported the amphipod Jassa slatteryi as a non-indigenous species from the
Eastern Pacific, but DFG (2002) and Fairey et al. (2002) considered it a native species.
laniropsis tridens was reported as an exotic species by some reports (Cohen et al. 1998;
Cohen et al. 2002; DFG 2002; Cohen et al. 2005), but Fairey et al. (2002) considered it a
native species.

The bryozoan Conopeum seurati typically occurs in estuarine and brackish habitats of
Northern Europe and the Mediterranean. It shows large tolerance to salinity and
temperature variations, including freezing and drying out, and has been collected in
estuaries where salinity is less than 1 psu. Prior to Winston's (1982) study, this species
had not been reported in the western hemisphere. C. seurati was found in the brackish
habitat of Port Alberni in this survey and may have been introduced from the east coast of



the United States. This may be the first record of this species on the Pacific coast of
North America.

The theory that species-poor communities are more vulnerable to invasion than are other
communities and species-rich communities could resist invasions (Cohen and Carlton
1998) is relevant to this survey. There were only 15 species found in Port Alberni, fewer
than found in the other four harbours (56-98 species), possibly due to the harsh
conditions of a brackish environment. However, the relative number of
invasive/cryptogenic species (26.7% and 33.3%, respectively) was higher in the brackish
water of Port Alberni harbour during this survey. Our results are consistent with the
above-cited theory and suggest that estuarine/brackish environments may be more easily
invaded by exotic species. :

Due to sampling limitations, we were able to only collect quantitative samples from the
water surface downwards to a depth of 0.1m. The sampling method excluded intertidal
species and those living deeper than 0.1 m. We suggest that more surveys on aquatic
invasive species should be carried out at more sites on the coast of BC. When navigation
buoys are lifted for cleaning, the organisms on the bottoms of the structures would be
easily accessible. On the Atlantic coast, where numerous buoys are lifted every year by
the Canadian Coast Guard because of ice conditions, such sampling has been considered
as a monitoring method for AIS (McKindsey and Landry 2006). However on the Pacific
coast, because the buoys are lifted every three years on a rotating cycle in various
harbours, an annual monitoring survey would not be possible. As well, harbours on the
Pacific coast seem to have fewer navigational buoys. For example Vancouver has only 14
lighted floating navigational buoys maintained by the Canadian Coast Guard, of which 13
are either at Roberts Bank, or off Point Grey, outside Burrard Inlet.
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Table 1.

Descriptions of sampling sites.

* position estimated from hydrographic chart

Site Site Location Latitude Longitude Sampling Substrate
No. Date
(dd/mm/yy)

1 Buoy Q41, Vancouver 49°17°6.9°N 123°08°55.5°W | 18/08/05 Metal

2 Buoy Q52, Vancouver 49°16°53.4°N | 123°08°58.3°W | 18/08/05 Metal

3 Buoy QC, Vancouver 40°18°12.2°N | 123°09°59.9°’W | 18/08/05 Metal

4 Buoy Q65, Vancouver 49°18°40.8°N | 123°07°37.8"W | 18/08/05 Metal

5 CAER dock, West Vancouver 49°20°24.4°N | 123°13°59.0”°W | 18/08/05 Concrete
6 Floatplane dock, Nanaimo 49°10°14.3°N | 123°56°1.0"°W 25/08/05 Concrete
7 Lighthouse Restuarant dock, Nanaimo | 49°10°7.6°N 123°56°7.2°W 25/08/05 Concrete
8 Buoy P9, Nanaimo 49°10°24.3’N | 123°56’7.0°°W 25/08/05 Metal

9 Buoy P11, Nanaimo 49°10°33.8°N | 123°56°14.3°W | 25/08/05 Metal

10 Buoy P12, Nanaimo 49°10°35.0°N | 123°56°10.0”°W | 25/08/05 Metal

11 PBS dock, Nanaimo 49°12°37.0°N | 123°57°22.4”W | 25/08/05 Concrete
12 B Jetty, Esquimalt * 48°25°57°N 123°25°57"°W 09/09/05 Wood

13 C Jetty Camber, Esquimalt * 48°25°56"°N 123°25°557°W 09/09/05 Concrete
14 C Jetty Westside, Esquimalt * 48°25°58°°N 123°25°55°W 09/09/05 Wood

15 DFO dock, Seal Cove, Prince Rupert 54°19°51.6°°N | 130°16°45.3°W | 12/09/05 Wood
16 Float, Cow Bay, Prince Rupert 54°19°6.9°N | 130°19°16.1”"W | 12/09/05 Concrete
17 Barge Mooring Buoy, Prince Rupert 54°19°23.7°N | 130°20°39.7°W | 12/09/05 Metal

18 Digby Island dock, Prince Rupert 54°18°47.0°N | 130°24°13.1”W | 12/09/05 Concrete
19 Fairview Terminal, Prince Rupert 54°17°19.9°N | 130°21’35.7°W | 12/09/05 Metal

20 Buoy D43, Prince Rupert 54°13°14.9°N | 130°21°43.0"°W | 12/09/05 Metal

21 Floating dock, Port Edward 54°14°44.2°N | 130°17°52.3°W | 12/09/05 Wood
22 Mooring Buoy, Porpoise Harbour, 54°14°1.9”°N 130°1 8’2.7”W 12/09/05 ’Metal

Prince Rupert

23 Government dock, Port Alberni 49°14°12.4°N | 124°48’56.0""W | 20/09/05 Concrete
24 Government dock inside, Port Alberni | 49°14°12.8°N | 124°48°45.2°W | 20/09/05 Concrete
25 Harbour Quay Marina, Port Alberni 49°13°55.4°°N | 124°48°50.5>°W | 20/09/05 Concrete




Table 2. Characterization of the benthic communities at sampling sites

Site No. Description of Biotic Community

1 A relative diverse community highly dominated by mussels, with amphipods, polychaetes,
barnacles and insects

2 A relative diverse community highly dominated by mussels, with amphipods, polychaetes,
barnacles and insects

3 < 5% biotic coverage, green algae, barnacle

4 A relative diverse community highly dominated by mussels, with barnacles, polychaetes and
insects

5 A relative diverse community highly dominated by mussels, with barnacles, isopods,
polychaetes, insects and amphipods

6 A diverse community highly dominated by mussels, with high abundances of amphipods,
polychaetes and barnacles o

7 A diverse community dominated by amphipods, with green and brown algae, polychaetes,
small barnacles and mussels ,

8 20% biotic coverage, dominated by amphipods, with green algae, polychaetes, mussels,
bamacles and hydrozoans

9 10% biotic coverage, dominated by amphipods, with green algae, small numbers of mussels
and barnacles

10 10% biotic coverage, amphipods, mussels, decapods and hydrozoans

11 A diverse community dominated by mussels and polychaetes

12 A diverse community dominated by amphipods, with ascidians and high abundance of
tanaids, large barnacles and polychaetes

13 A diverse community with sponge, ascidians and high abundances of amphipods,
polychaetes, isopods and barnacles

14 A diverse community with sponge, ascidians and high abundances of tanaids, amphipods,
polychaetes and isopods

15 A relative simple community with tube polychaetes and barnacles

16 A relative simple community with barnacles, tube polychaetes, limpets, bivalves, and
amphipods

17 20% biotic coverage, green algae, insects, barnacles, and other invertebrates

18 A diverse community dominated by amphipods, with high abundance of isopods and
polychaetes, and a number of gastropods, bivalves, barnacles, sea spiders and insects

19 A relative diverse community dominated by barnacles, with a number of amphipods,
polychaetes and limpets

20 A relative simple community dominated by amphipods, with high abundances of barnacles
and insects

21 A sparse community with green algae, bamacles, polychaetes, and other invertebrates

22 A relative simple community dominated by barnacles, with green algae and high abundance
of amphipods and insects

23 A brackish community dominated by barnacles and tanaids, with oligochaetes, amphipods,
insects, hydrozoans and bryozoans

24 A brackish community dominated by tanaids and oligochaetes, with barnacles, amphipods,
insects, hydrozoans and bryozoans

25 A brackish community dominated by tanaids and oligochaetes, with bamacles, amphipods,

insects, hydrozoans and bryozoans




Table 3. Aquatic invasive and cryptogenic (*) species found in this survey

Species Recorded Harbour Source

Cnidaria: Hydrozoa :
Cordylophora caspia (Pallas, Port Alberni Black/Caspian Seas
1771)
Obelia cf. dichotoma (Linnaeus, Nanaimo, Prince Rupert, Vancouver, N Atlantic
1758)* Esquimalt
Sarsia tubulosa (Sars, 1835) Prince Rupert, Esquimalt N Atlantic

Annelida: Polychaeta
Amblyosyllis cf. speciosa lzuka, Esquimalt NW Pacific
1912
Amphiglena cf. mediterranea Esquimalt N Atlantic
(Leydig, 1851)
Boccardia columbiana Berkeley, | Nanaimo, Prince Rupert, Esquirnalt NW Pacific
1927*
Capitella capitata (Fabricius, Prince Rupert, Vancouver N Atlantic or E Pacific
1780)*
Eteone longa (Fabricius, 1780)* Nanaimo N Atlantic
Eusyllis blomstrandi Malmgren, Prince Rupert N Atlantic
1867
Eusyllis japonica ITmajima and Prince Rupert NW Pacific
Hartman, 1964
Harmothoe imbricate (Linnaeus, Nanaimo, Prince Rupert, Vancouver, N Atlantic
1767)* Esquimalt
Nereis pelagica Linnaeus, 1758 Nanaimo, Prince Rupert, Vancouver, N Atlantic

Esquimalt
Perinereis sp. Vancouver Unknown
Pholoe minuta (Fabricius, 1780) Nanaimo, Vancouver N Atlantic
Platynereis bicanaliculata (Baird, | Nanaimo, Prince Rupert, Vancouver, NW Pacific
1863)* Esquimalt
Polydora cornuta Bosc, 1802 Vancouver N Atlantic
Polydora limicola Annenkova, Prince Rupert, Esquimalt NW Pacific, Bering Sea
1934
Polydora websteri Hartman, 1943 | Esquimalt N Atlantic
Proceraea cornuta (Agassiz, Nanaimo, Prince Rupert, Vancouver, NW Atlantic
1862)* Esquimalt
Serpula vermicularis Linnaeus, Prince Rupert N Atlantic
1767
Typosyllis alternata (Moore, Prince Rupert, Vancouver, Esquimalt NW Pacific
1908)*
Typosyllis armillaris (Miiller, Prince Rupert N Atlantic
1776)
Typosyllis cf. pulchra (Berkeley Nanaimo, Prince Rupert, Vancouver, NW Pacific, Bering Sea
and Berkeley, 1938)* Esquimalt
Arthropoda: Cirripedia
Balanus improvisus Darwin, 1854 | Port Alberni N Atlantic
Arthropoda: Tanaidacea

Leptochelia dubia (Krayer, Nanaimo N Atlantic
1842)*
Zeuxo normani (Richardson, Nanaimo, Vancouver, Port Alberni Unknown
1905)*

Arthropoda: Isopoda
laniropsis tridens Menzies, 1952 | Prince Rupert NW Pacific
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Table 3 (continued)

Species Recorded Harbour Source
Arthropoda: Amphipoda
Ampithoe valida Smith, 1873 Nanaimo, Prince Rupert, Vancouver, NW Atlantic
Esquimalt
Caprella drepanochir Mayer, Prince Rupert Unknown
1890*
Ischyrocerus anguipes Krgyer, Prince Rupert N Atlantic
1838
Jassa marmorata Holmes, 1903 Port Alberni NW Atlantic
Jassa slatteryi Conlan, 1990* Nanaimo E Pacific?
Bryozoa
Bowerbankia gracilis Leidy, 1855 | Prince Rupert, Esquimalt NW Atlantic
Conopeum seurati (Canu, 1928) Port Alberni N Atlantic
Schizoporella unicornis Esquimalt NW Pacific
(Johnston, 1874)
Tunicata: Ascidiacea
Botrylloides violaceus Oka, 1927 | Esquimalt NW Pacific

* Cryptogenic species

11
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Stress: 0.15
14W 19M
13C 450
16C 12W 22M  20M
21W 6C
11C
7C
15W sc M
1™
2M
8M
oM 17M
25C
10M \ 23C
24C
M Port Alberni

Figure 2. MDS ordination of macrobenthic invertebrates (using Bray-Curtis similarities
on VV-transformed abundance) for the 25 sampling sites in this survey. Numbers denote
sampling sites (1-5: Vancouver; 6-11: Nanaimo; 12-14: Esquimalt; 15-22: Prince Rupert;
23-25: Port Alberni). Letters stand for substrates (M: metal; C: concrete; W: wood)
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Figure 3. Total number over all structures and mean number of species per
structure recorded on buoys and floating docks in the five harbours during
this survey

359 CIAIS
30+ BEZA AIS or Cryptogenic
25+ 7
. 20= /
= 15+ Z
10- %
171
oL L7 |
Va nclou'ver Nanal\imo Esqu'imalt Pr. R'upert Port A:Iberni

Location

Figure 4. Proportion of AIS and AIS or cryptogenic species combined of benthic
invertebrates recorded on buoys and floating docks in the five harbours of BC
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