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EXECUTIVE OVERVIEW

In planning and undertaking surveys for marine pests in Australia as part of the National System
for the Prevention and Management of Marine Pest Incursions, an understanding of temperature
and salinity tolerances of the pest species on the current priority list would be useful so as to
focus efforts on those species that can survive in a particular area. The purpose of the present
report was thus to undertake a literature review and collate the available data on temperature and
salinity maxima and minima for priority marine pests. Information on the environmental cues
and periods for reproduction were included where such data would be readily obtained.
Temperature and salinity maxima and minima for a total of 50 different species were considered,
with summaries including an estimate of the reliability of the data (see table below). Information
on many pest species was sparse or absent. For species with no directly applicable information,
data were extrapolated from known their distribution and/or inferred from other members of
the same genus. Neither of these approaches are considered ideal, and data reliability in these
instances is given as low (L). In addition, the scientific rigour of many sources was open to
question, and this information was also given a low (L) reliability index.
Data for each taxon were summarised to cover the temperature and salinity range encompassed
by different strains within a species, across different congeners, and home ranges employed as
proxies where direct information was lacking (Grey Background – table below).
Tolerance information was incomplete for four species, Charybdis japonica, Megabalanus
tintinnabulum, Hydroides sanctaecrucis and Watersipora arcuata (Red – table below). Data for species
related to these might be employed as a proxy, although retaining this group in all surveys would
be preferable.
For the purposes of marine pest surveys in ports and harbours, a precautionary approach would
dictate that priority pests in the low reliability category should be considered. Further, many
pests (particularly the micro- and some macroalgae; Blue – table below) can occur as different
strains which, when combined, have broad environmental tolerances and should be included in
all surveys. It is also recommended that all microalgae (dinoflagellates and diatoms) be retained.
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Summary for each species based on the highest and lowest values for temperature and salinity
tolerances across strains, congeners and distributions. Blue = species which encompass different
strains, Red = species where data are lacking, and grey background indicates low reliability of
information. ‘H’ indicates high reliability of the data, while ‘L’ indicates that the species is known
to occur at these levels but usually has not been tested outside these values.
Group

Species

Microalgae

Alexandrium catenella
Alexandrium minutum
Alexandrium tamarense
Gymnodinium catenatum
Dinophysis norvegica
Pfiesteria piscicida
Pseudo-nitzschia seriata
Caulerpa taxifolia
Codium fragile ssp. tomentosoides
Polysiphonia brodiaei
Undaria pinnatifida
Asterias amurensis
Carcinus maenas
Charybdis japonica
Eriocheir sinensis
Hemigrapsus sanguineus
Pseudodiaptomus marinus
Balanus eburneus
Balanus reticulates
Megabalanus rosa
Megabalanus tintinnabulum
Varicorbula gibba
Crassostrea gigas
Petricolaria pholadiformis
Potamocorbula amurensis
Musculista senhousia
Perna perna
Limnoperna fortunei
Mytilopsis sallei
Perna viridis
Crepidula fornicata
Hydroides ezoensis
Hydroides elegans
Hydroides sanctaecrucis
Polydora cornuta
Polydora websteri
Pseudopolydora paucibranchiata
Sabella spallanzanii
Ciona intestinalis
Styela clava
Blackfordia virginica
Mnemiopsis leidyi
Bugula flabellate
Bugula neritina
Schizoporella errata
Tricellaria occidentalis
Watersipora arcuata
Watersipora subtorquata
Neogobius melanostomus
Tridentiger bifasciatus

Macroalgae

Echinoderms
Crustaceans

Molluscs

Polychaetes

Tunicates
Jellyfish
Bryozoans

Fish

2

Temperature
°C
10 – 38
10 – 30
2.5 – 30
12.5 – 35
3.2 – 17.8
4 – 31
-1.6 – 18
9 – 32.5
-2 – 34
0 – 28
0 – 27
0 – 25
0 – 33
12 – 24
7 – 30
0.8 – 34
8.9 – 28
16 – 32
6 – 44
15 – 28
Max 45
-1 – 26
-1.8 – 35
2 – 30
0 – 28
-3 – 31.1
7.5 – 30
10 – 32.6
5 – 40
6 – 37.5
15 – 35
4 – 23
13 – 30
No data
11 – 27
1 – 18
8.5 – 21
4 – 29
8 – 25
-2 – 27
10 – 32
1.3 – 32
9.1 – 20.7
9.1 – 20.7
13 – 26
9.1 – 20.7
15 – 22
12 – 28
-1 – 30
5 – 37

Salinity
psu
15 – 45
4 – 37.5
7 – 40
Min. 20
6 – 34
0.5 – 60
5 – 48
Min. 17
17.5 – 40
5 – 35
20 – 34
18.7 – 41
1.4 – 54
No data
0 – 35
0 – 48
28.6 – 32.3
2 – 40
0.5 – 40
24 – 34
No data
26 – 39
3.0 – 56
20.0 – 35
0 – 35
6.6 – 39
15.0 – 55
0–3
0 – 50
0 – 64
18.0 – 40
32.0 – 35
15.0 – 42
No data
33.0 – 37
27.0 – 32
21.5 – 35
26.0 – 38
11.0 – 42
10.0 – 36
0 – 35
3.4 – 75
33.4 – 37.8
14 – 37.8
38.9 – 39.3
33.4 – 37.8
No data
25 – 49
0 – 40.6
0 – 21

Reliability
H
H
H
H
L
H
L
H
H
L
H
H
H
L
L
L
L
L
L
L
H
L
H
L
L
H
H
L
H
H
L
L
L
L
L
L
H
L
L
L
L
L
L
L
L
L
L
L
H
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BACKGROUND

The National System for the Prevention and Management of Marine Pest Incursions is a
collaborative effort between Federal, State and Territory governments, marine industries,
conservation, and research organisations. The National System comprises three key elements,
which are strategically integrated to provide a holistic, practical and effective approach to marine
pest management. The key elements are:
1. Prevention (both introductions to Australia and translocations within Australian waters);
2. Emergency preparedness and response (contingencies for new incursions and
containment or eradication where possible); and
3. Ongoing management and control (for established pest populations).
Management of marine pests in Australian port and harbour facilities requires a capacity for
regular monitoring. Traditionally, this type of survey has proven to be prohibitively expensive
owing to the large number of species collected (including natives, cryptogenics and pests) with a
subsequent need for prolonged and experienced taxonomic endeavour.

In addition, the

traditional approach does not encompass the pragmatic requirements for pest management in
that most marine exotics in Australia, while undesirable, do no lasting harm (McEnnulty et al.
2001; Hayes et al. 2005) and are not subject to management strategies. As a consequence, marine
pest surveys required as part of the National System will be refined to targeted searches for
presence/absence of species on the relevant priority list (Table 1) that is to be further
circumscribed to those organisms that are known to tolerate the temperature and salinity regime
within each survey area.
For the purposes of marine pest surveys in ports and harbours, a precautionary approach would
dictate that priority pests which fall into the low reliability category should be considered.
Further, many pests (notably the micro- and some macroalgae; Table 3 - Blue) may occur as
different strains which, when combined, have broad environmental tolerances. While new
sampling technologies such as gene probes may be targeted at particular strains of a species,
current searches must be at the species level. It is thus recommended that all microalgae
(dinoflagellates and diatoms) be retained.
The purpose of this study was to;
1. Undertake literature searches for temperature and salinity tolerances for the current list
of priority marine pests;
2. Highlight areas where these data were lacking; and
3. Provide an indication of the reliability of the available information.
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With a truncated list of organisms to consider, pest surveys of ports and harbours should prove
to be quicker, cheaper, more reliable and able to be completed by staff with relatively limited
taxonomic experience. A total of 50 species listed as priority species under the National System
were to be considered in the first instance (Table 1). This list is based on the best available
information on which pests may prove problematic, but will be subject to change as new pests
arrive or the priority status of an extant pest is redefined.
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Table 1 - Current priority marine pest species that may be subject to management strategies under
the National System, as at May 2006.
Group
Microalgae

Macroalgae

Echinoderms
Crustaceans

Molluscs

Polychaetes

Tunicates
Jellyfish
Bryozoans

Fish

Common name
Dinoflagellate
Dinoflagellate
Dinoflagellate
Dinoflagellate
Dinoflagellate
Dinoflagellate
Diatom
Aquarium strain Caulerpa taxifolia
Green sea fingers
Red macroalgae
Japanese kelp
Northern Pacific seastar
European green crab
Lady crab
Chinese mitten crab
Japanese shore crab
Calanoid copepod
Ivory barnacle
Barnacle
Barnacle
Barnacle
Clam
Feral Pacific oyster
False angelwing
Brackish-water bivalve
Asian date mussel
South African brown mussel
Golden mussel
Black striped mussel
Asian green mussel
Slipper limpet
Serpullid polychaete
Serpullid polychaete
Serpullid polychaete
Spionid polychaete
Spionid polychaete
Spionid polychaete
Mediterranean fanworm
Sea vase
Sea squirt
Black sea jelly
Sea walnut
Bryozoan
Bryozoan
Bryozoan
Bryozoan
Bryozoan
Bryozoan
Round goby
Shimofuri goby

5

Scientific name
Alexandrium catenella
Alexandrium minutum
Alexandrium tamarense
Gymnodinium catenatum
Dinophysis norvegica
Pfiesteria piscicida
Pseudo – nitzschia seriata
Caulerpa taxifolia
Codium fragile ssp tomentosoides
Polysiphonia brodiaei
Undaria pinnatifida
Asterias amurensis
Carcinus maenas
Charybdis japonica
Eriocheir sinensis
Hemigrapsus sanguineus
Pseudodiaptomus marinus
Balanus eburneus
Balanus reticulates
Megabalanus rosa
Megabalanus tintinnabulum
Varicorbula gibba
Crassostrea gigas
Petricolaria pholadiformis
Potamocorbula amurensis
Musculista senhousia
Perna perna
Limnoperna fortunei
Mytilopsis sallei
Perna viridis
Crepidula fornicata
Hydroides ezoensis
Hydroides sanctaecrucis
Hydroides elegans
Polydora cornuta
Polydora websteri
Pseudopolydora paucibranchiata
Sabella spallanzanii
Ciona intestinalis
Styela clava
Blackfordia virginica
Mnemiopsis leidyi
Bugula flabellate
Bugula neritina
Schizoporella errata
Tricellaria occidentalis
Watersipora arcuata
Watersipora subtorquata
Neogobius melanostomus
Tridentiger bifasciatus
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INFORMATION SOURCES

Information on temperature and salinity tolerances of priority pest species has been collated
through searches of available scientific and grey literature. While this investigation has been
broad, there are a few key sources which have already summarised much of the available data,
including:
•

National

Introduced

Marine

Pest

Information

System

(NIMPIS)

http://www.marine.csiro.au/crimp/nimpis/
•

The ‘Marine Life Information Network for Britain & Ireland’ (MarLIN)
http://www.marlin.ac.uk/index.php

•

‘Invasive Species Specialist Group’ (ISSG) Global Invasive Species Database
http://www.issg.org/#ISSG

•

Guide to the exotic species of San Francisco Bay – information on pest species
http://www.exoticsguide.org/

•

Gulf

States

Marine

Fisheries

Commission

(GSMFC)

http://www.gsmfc.org/
For each species on the target list, the maximum and minimum temperature and salinity ranges
that each species can tolerate were provided. Where data were lacking, the temperature and
salinity ranges of the pest’s home range, or other invasion areas, were used as a proxy, in which
case reliability of the information was accepted as “low”. Otherwise, where little information
could be found on a specific species, information on congeners was provided, again with
reliability fixed at “low”. In addition, some species occur in different strains, the environmental
tolerances of which are often markedly different. Data for as many different strains as could be
found were collected. Unless otherwise stated, data on larval stages of species was not found.
Other information on physical limitations of each taxon was noted, in particular spawning
triggers and periods. In some instances no information was available on either the species, its
relatives, or the home range. The reliability of each parameter for each species was estimated as
either high or low based on the source (i.e. refereed scientific journals versus grey literature) and
the type of information (i.e. laboratory trials versus data extrapolated from congeners or the pests
home range).
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SPECIES SUMMARIES

The information described below is summarised in Tables 2 and 3.
Some care must be taken in the interpretation of the data, as many of the critical levels have been
identified as a component of treatment options for the particular pest and thus involve
temperature and/or salinity levels that may be well above those that are likely to occur naturally.
As a consequence, for many species the levels identified are actually exposures rather than a fixed
critical point. For example, cysts of the dinoflagellate Gymnodinium catenella may be killed after
exposure to 35 °C for 30 minutes (Hallegraeff et al. 1997), but need only 30-90 seconds at 40 – 45
°C (Bolch and Hallegraeff 1993). In instances such as these, the lower temperature was selected
as being indicative of tolerance, although it is inherently conservative.

6.1

Microalgae

Microalgal pests include toxic dinoflagellates (Alexandrium, Gymnodinium, Dinophysis and Pfiesteria)
and diatoms (Pseudo-nitzschia). These algae offer a particular challenge to marine pest survey
design, as they occur in varying numbers of strains within each species, the tolerances of which
may vary substantially. In most instances the range of temperature and salinity tolerances
presented across the spectrum for a particular species readily encompasses most if not all the
environments subject to investigation. Therefore, unless there are specific reasons not to include
a particular microalgal group, it is recommended that they be retained in all marine pest surveys.

6.1.1

Alexandrium catenella

The Hong Kong strain of Alexandrium catenella can survive in temperatures between 10 and 30 °C
(while the optimal range for growth is between 20 and 25 °C) and salinities between 15 and 45
psu with the optimal being between 30 and 35 psu (Siu et al. 1997). Blooms can occur at 13 °C
(Rensel 1993), while survival at 30 °C is marginal (Siu et al. 1997). Cysts of A. catenella in Australia
(ACSH01 and ACC501 strains from Sydney Harbour and Cowen Creek respectively) were killed
after 4.5 hours at 38 °C (Hallegraeff et al. 1997).

6.1.2

Alexandrium minutum

Data are presented on 4 strains of Alexandrium minutum.

Strain AM89BM from France

demonstrated slow growth at 10 psu with cells eventually dying at salinities of 4, 6 and 8 psu,
with growth occurring at up to 37.5 psu (Grzebyk et al. 2003). No temperature data are available
for this strain. The strain from the Port River in South Australia is tolerant of salinities between
21 and 35 psu and while growth was tested between 12 and 25 °C the optimal temperature was
16 °C (Cannon 1993). However, this strain has not been tested outside these limits. The strain
AmKB06 from Malaysia grew in salinities between 5 and 30 psu but died at 2 psu, with optimum
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growth at 25 psu (Lim and Ogata 2005). Again, temperature was not considered, although this
strain must tolerate warmer tropical waters.
Information presented in Su et al. (1993) is actually for A. minutum, as it was wrongly identified as
A. tamarense (Hallegraeff et al. 1997; Yoshida et al. 2000; Hewitt et al. 2002). This strain is tolerant
of temperatures between 10 and 30 °C (Hwang and Lu 2000) but is killed after 7 days at 35.5 °C
(Su et al. 1993) with the optimal temperature being 25 °C (Hwang and Lu 2000). Cells tolerated
salinities between 7.5 and 37.5 psu, although no growth was recorded at the higher limit (Hwang
and Lu 2000). Cells did not survive at 1.6 or 45 psu, and the optimal range was between 10 and
35 psu (Su et al. 1993).

6.1.3

Alexandrium tamarense

Prakash (1967) reported that the strain of Alexandrium tamarense from Canada tolerates salinities
between 7 and 40 psu with the optimum at 19 – 20 psu, while temperature tolerance was between
5 and 25 °C with the optimum between 15 and 19 °C. A. tamarense from Massachusetts did not
grow at 2.5 or 5 °C, but no death occurred at these temperatures (Anderson et al. 1984). No cysts
were produced below 12 °C (Anderson et al. 1984). No salinity data for this strain have been
found. The strain Pr18b from Canada exhibited inhibited growth at 10 °C with no change
between 20 and 30 °C (Parkhill and Cembella 1999). For the same strain, growth was inhibited at
10 psu and showed no significant difference between 20 and 30 psu (Parkhill and Cembella
1999). The strain ATHS-92 from Japan exhibited optimal growth at 25 psu, however, growth
was almost constant in the range of 13 to 38 psu (Hamasaki et al. 2001). The same strain
displayed no growth at 12 and 22 °C and maximum growth was at 17 °C (Hamasaki et al. 2001).
However, these data are somewhat confounded by differences in the light regimes. Strain
AtPA01 from Malaysia had low growth rates at 10 and 15 psu but could survive up to 30 psu
(Lim and Ogata 2005). No temperature data for this strain were found.
Reproduction for all three Alexandrium species is primarily asexual but they can also reproduce
sexually, usually when conditions are unfavourable (i.e. nutrient depletion, high biological oxygen
demand, self-shading) (Bolch et al. 1991; Hewitt et al. 2002). Reproduction cues and periods are
different for each species; A. catenella requires elevated nutrients and temperature as well as a
stable water column (Hewitt et al. 2002); A. minutum blooms in spring and autumn in South
Australia and reproduction cues are unknown (Cannon 1990; 1996). Reproduction cues for A.
tamarense include spring tides combined with increasing temperature such that it blooms in March
and May in Japan (Balch 1981).

6.1.4

Gymnodinium catenatum

Gymnodinium catenatum from the Derwent and Huon Estuaries in Tasmania had optimal growth
ranges of 14.5 – 20 °C and 23 – 30 psu, but stopped growing at less than 12.5 °C and 20 psu or
8

O’Loughlin et al. (2006)

Marine pest tolerances

above 25 °C (Blackburn et al. 1989). The upper salinity limit has not been identified. Cysts of G.
catenatum from three Tasmanian strains (GCDE08, GCDE02 and GCHU11) were killed after 30
minutes exposure to 35 °C (Hallegraeff et al. 1997), although it is unlikely that this temperature is
achieved in the natural state.
Gymnodinium catenatum can reproduce both sexually and asexually. A deficiency in nutrients is
thought to trigger the switch from asexual to sexual reproduction (Hallegraeff et al. 1997).
Blooms of this species are triggered when the water temperature is above 14 °C, with increased
rainfall and the associated reduction in salinity, and a calm water column is crucial for blooms to
develop (Hallegraeff et al. 1995). Data for all three Alexandrium species and Gymnodinium catenatum
is given as high as it is from laboratory experiments

6.1.5

Dinophysis norvegica

The dinoflagellate Dinophysis norvegica occurs in the Baltic Sea in temperatures between 3.2 and
17.1 °C (Salomon et al. 2003), and in the North Sea in temperatures between 7 and 17.8 °C
(Klöpper et al. 2003). Salinity tolerances reported for this species are also from known ranges,
between 6 and 34 psu (Klöpper et al. 2003; Salomon et al. 2003). Reliability of this information is
given as low as ranges are from known distributions only.

6.1.6

Pfiesteria piscicida

Sullivan and Anderson (2001) reported on the salinity tolerance of seven different strains of
Pfiesteria piscicida; tolerances range from 0.5 to 60 psu. Strains 1830 and 1831 have ranges of 1 –
45 psu and 1 – 50 psu respectively, while the strain 1843 had a range of 0.5 – 55 psu. However,
55 psu treated cells were viable after being returned to 12 psu. The lower investigation limit of
0.5 psu for strains 1901, 1902 and 1921 did not kill all cells, as swimming cells were visible after
being put back into 12 psu. Strains 1901, 1902 and 1921 had upper limits of 45, 55 and 60 psu
respectively. The largest range is between 0.5 – 60 psu for the strain CCMP1928 (Sullivan and
Anderson 2001). No data on temperature ranges could be found for these strains. Data for the
salinity tolerances is given as high as it is from laboratory experiments. However, Burkholder et
al. (1992) reported survival ranges for P. piscicida from the USA of 4 – 28 °C and 0 – 35 psu, the
reliability of this data is reported as low as it is from known distributions rather than based on
experimental evidence. However, for the same species and place, Burkholder (1995) reported
survival limits between 6 and 31 °C, this data is also given low reliability.
P. piscicida is a toxic diatom that can reproduce both asexually, via temporary cysts, and sexually
(Steidinger et al. 1996). Reproduction is stimulated by an unknown chemosensory cue in fish
secreta and excreta (Steidinger et al. 1996).
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Pseudo-nitzschia seriata

Growth of Pseudo - nitzschia seriata has been recorded between –1.6 and 12 °C, with survival (but
no growth) occurring at 15 °C (Smith et al. 1994; Fehling et al. 2004). However, this species is
known to occur in St Lawrence estuary in Canada at temperatures between 2 and 18 °C (Fehling
et al. 2004). Reliability of the data for the Canadian strain is given as low as the information is
from known distributions only.
P. seriata reproduces during the summer months, with increased water temperatures (Fehling et al.
2005). As no data for the salinity tolerance of P. seriata could be found, salinity ranges for seven
other species of Pseudo-nitzschia are presented. Although P. delicatissima, P. pseudodelicatissima and P.
multiseries (MU7 from USA) can tolerate salinity up to 45 psu, P. delicatissima can tolerate salinity as
low as 5 psu, P. multiseries as low as 7 psu and P. pseudodelicatissima can only tolerate salinity as low
as 15 psu (Thessen et al. 2005). Thessen et al. (2005) also reported that P. brasiliana and P.
subfraudulenta can survive in salinities between 4 and 35 psu. P. multiseries (Canada) and P. pungens
can survive in salinities between 15 to 48 and 9 to 30 psu respectively (Jackson et al. 1992). These
ranges would suggest that P. seriata can tolerate a broad range of salinities.

6.2

Macroalgae

As with the dinoflagellates and diatoms, macroalgae may also occur in a variety of strains with
varying environmental tolerances. Reproductive cues are poorly understood, although many pest
macroalgae are readily spread via fragmentation.

6.2.1

Caulerpa taxifolia

The invasive form of the marine alga Caulerpa taxifolia is known to occur in a number of different
strains, the precise relationships of which are difficult to determine. The Mediterranean strain
survived at 6 °C for seven days, but did not survive after 2 months at 9 °C, with the upper lethal
temperature between 31.5 and 32.5 °C (Komatsu et al. 1997; Pierre and Maricela 1999). Samples
from Moreton Bay demonstrated an absolute lower limit of 9 °C with no recovery after being put
back into seawater at 22 °C (Chisholm et al. 2000). Chisholm et al. (2000) did not consider
temperatures upwards of 22 °C for the Moreton Bay. There are no salinity data for either the
Moreton Bay or the Mediterranean strains.
Cheshire et al. (2002) reported that C. taxifolia from West Lakes was killed at salinities outside of
17 psu and 65 psu, but it has not been tested between 35 and 65 psu. Although some data is
missing the reliability of the data is given as high as the ranges presented are from laboratory
experiments. While C. taxifolia can reproduce either sexually or asexually via fragmentation, the
invasive strains apparently only reproduce via fragmentation (Zuljevic and Antolic 2000).
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Codium fragile ssp tomentosoides

The green macroalga Codium fragile ssp tomentosoides encounters temperatures in the NW Atlantic of
–2 to 27.5 °C, with the lethal high temperature being reported as 34 °C (Trowbridge 1998).
Hanisak (1979) reported that no growth occurred at temperatures below 6 °C and the optimal
temperature was 24 °C for samples collected from Rhode Island. Moeller (1969) stated salinity
tolerances in the range of 17.5 to 40 psu.
Codium fragile ssp tomentosoides reproduces during spring and summer once the water temperature is
above 15 °C (Hewitt et al. 2002). Even though it can survive in temperatures between –2 and 34
°C, maximum reproduction occurs when the water is 24 °C (Hanisak 1979; Trowbridge 1998).
This species can survive long periods of desiccation (Schaffelke and Dean 2005) and is capable of
both sexual and asexual reproduction, the latter occurring particularly in the cooler months
(Hewitt et al. 2002). Reliability is given as high as the temperature values presented are from
laboratory experiments.

6.2.3

Polysiphonia brodiaei

Temperature tolerance values for the red macroalga, Polysiphonia brodiaei, are based on the
environment where it is known to occur (Sweden and Port Phillip Bay). In Sweden, it is found at
temperatures from 0 – 18 °C and salinities between 15 and 35 psu (Johansson et al. 1998). In
Port Phillip Bay, Victoria, the temperature ranges from 10 – 24 °C (Jenkins 1986).

As

temperature and salinity values provided are only for the known range and have not been tested,
reliability of the data is given as low. However, the upper limit for the congener P. setacea is 28 °C
and at the lower limit plants were able to survive at 5 °C for 4 weeks (Rindi et al. 1999). Yarish et
al. (1979) reported that P. subtilissima can survive in 5 psu but died after exposure to 0 psu for 3.5
days; the maximum salinity tested was 35 psu, at which all plants survived. Reliability of the data
for P. setacea and P. subtilissima is given as high as they are absolute values.
Like most red macroalgae, P. brodiaei has a complicated life cycle, the environmental cues for
reproduction are unknown.

6.2.4

Undaria pinnatifida

The Japanese kelp, Undaria pinnatifida, reproduces in summer, with temperature, light and depth
being important developmental cues (Hewitt et al. 2002). It has an annual heteromorphic life
cycle alternating between diploid macroscopic sporophyte and the haploid microscopic
gametophyte (Hewitt et al. 2002).
Morita et al. (2003a) reported bleaching and withering of male and female gametophytes of U.
pinnatifida at 30 °C, which were cultured from plants growing close to their southern distribution
limits in Japan. Morita et al. (2003a) reported the upper critical temperature for growth of male
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and female gametophytes to be 29 °C, while the upper critical temperature for the maturation of
female gametophytes was reported to be 23 °C (Morita et al. 2003a). U. pinnatifida gametophytes
enter an encysted resting stage at 24 – 30 °C, but re-commence growth if temperatures fall below
24 °C (Saito 1975). In northern France, the lowest temperature for recruitment is 5 °C with the
lower and upper lethal temperatures reported to be < 0 °C and > 25 °C, respectively (Castric-Fey
et al. 1999). While growth is possible at 3 °C (Sanderson 1990) both the gametophyte and
sporophyte are known to occur between 0 and 27 °C in Japan (Hay 1990). The critical upper
temperatures for growth reported from Japan are 25 °C (Akiyama 1965) and 27 °C (Morita et al.
2003b).
The lowest salinity at which U. pinnatifida establishes and grows is 20 – 25 psu in Venice (Curiel et
al. 2002). Optimal salinity for growth is 27 – 33 psu (Bardach et al. 1972). Growth is possible at
27 psu (Saito 1975), and has been recorded at 22 and 23 psu in New Zealand (Wallentinus 1999)
and between 29 and 34 psu in Japan (Yoshikawa et al. 2001). The tolerances outlined above
suggest that in Tasmania and Port Phillip Bay, where the annual range of sea temperatures varies
from 10 – 20 °C and from 11 – 21 °C respectively, development of gametophytes and
sporophytes is likely to occur all year round. The salinity tolerance of U. pinnatifida indicates its
potential to establish in estuarine and marine habitats along the southern Australian coast.
Reliability of the data is given as high as both the sporophyte and gametophyte have to be
present for this species to reproduce.

6.3
6.3.1

Echinoderms
Asterias amurensis

Adults of the Northern Pacific seastar, Asterias amurensis, survive in water temperatures ranging
from 0 to 25 °C (Ino et al. 1955), although they lose weight below 4 and above 20 °C (Hawkes
and Day 1993). Juveniles died when exposed to 29 °C for 2 days and 1.1 °C for 4 days (Hawkes
and Day 1993). Sexual reproduction occurs within the temperature range of 5 to 23 °C and at
salinities of 29.5 to 34.8 psu (Hewitt et al. 2002). The optimal salinity for the development of
larvae is 32 psu. However, larvae can survive short (10 minute) exposure to salinities < 17.5 psu,
but die at salinities < 8.75 psu (Sutton and Bruce 1996). A. amurensis occurs at salinities as low as
18.7 psu in Hendersons Lagoon, Tasmania (Hewitt et al. 2002) and as high as 41 psu (Thomson
and Watson 1994). Reliability of this data is high as the data shown are from laboratory
experiments.
A. amurensis is capable of both sexual (in winter) and asexual reproduction by fragmentation,
provided part of the central disc is attached to the amputated arm (Hewitt et al. 2002). Eggs and
sperm are released into the water column with females capable of producing between 10 and 25
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million eggs per year, and larvae are able to remain in the water column for up to 120 days
(Hewitt et al. 2002).

6.4
6.4.1

Crustaceans
Carcinus maenas

The European green crab, Carcinus maenas, reproduces in summer for a period of four months;
reproduction begins when the females begin to moult. The European green crab can survive in a
wide range of temperatures and salinities (Cohen et al. 1995; Ruiz et al. 1998; Cameron and
Metaxas 2005). Adult C. maenas occur at depths between 0 and 60 m and are reported to survive
in temperatures ranging between 1 and 26 °C (Cohen et al. 1995), 3 – 26 °C (Ruiz et al. 1998) and
0 – 33 °C (Washington Department of Fish and Wildlife 2001), but die if subjected to 0 °C for
sustained periods (Cohen et al. 1995). Feeding is reduced at 6 – 7 °C and ceases at <6 °C. C.
maenas is a euryhaline organism with optimal salinity ranges of 22 – 41 psu in the laboratory
(Cohen et al. 1995), and 10 – 33 psu (Ruiz et al. 1998). C. maenas survive minimum and maximum
salinities of 4 psu and 54 psu, but is known to tolerate 1.4 psu during flooding of intertidal zones
(Cohen et al. 1995; Washington Department of Fish and Wildlife 2001), for short periods of time.
Reliability of this information is given as high as upper and lower lethal temperatures and
salinities have been found.

6.4.2

Charybdis japonica

The lady crab, Charybdis japonica, reproduces in summer and autumn in Asia (Oishi and Saigusa
1997; Jeffs and James 2001; Vazquez Archdale et al. 2003). Very little information on this species
could be found, the temperature range (12 – 24 °C) is based on the known distribution in New
Zealand only and therefore reliability is given as low. No data on salinity tolerances have been
found.

6.4.3

Eriocheir sinensis

The Chinese mitten crab, Eriocheir sinensis, is catadromous (living in freshwater but migrates to the
sea to breed) with mating occurring under hard-shell conditions usually during late autumn
through winter (Veldhuizen and Stanish 1999), and spawning occurring where the average salinity
is 20 psu (Anger 1991). Successful development of larvae requires temperatures above 9 °C and
access to a range of salinities (Veldhuizen and Stanish 1999). For both juveniles and adults,
growth stops at temperatures below 7 °C and above 30 °C, with optimal growth occurring
between 20 and 30 °C (Hymanson et al. 1999). Adult crabs can survive in water temperatures of
0 °C for up to 7 days, with normal activity returning if placed back into warmer waters
(Veldhuizen and Stanish 1999). E. sinensis can survive in salinities between 0 and 35 psu (Rudnick
et al. 2003). However, salinity tolerances above 35 psu have not been tested. The reliability of
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the data is given as high/low as temperature has been well investigated but the upper salinity
values have not. Juvenile and adult crabs can survive out of the water for long periods.

6.4.4

Hemigrapsus sanguineus

The Japanese shore crab, Hemigrapsus sanguineus, is found at temperatures between 0.8 and 27 °C
and in salinities between 30 and 33 psu (McDermott 1998); reliability of this information is given
as low as these ranges are based on known distributions. Epifanio et al. (1998) reported that no
larvae were able to survive to the adult stage at salinities lower than 10 psu and larvae did not
develop at temperatures below 20 °C. As little information could be found, data are presented
for three congeners, H. nudus, H. edwardsii and H. crenulatus.

H. nudus can tolerate water

temperatures between 3.5 and 34 °C (McGraw 2003) and salinities between 2 and 32 psu.
McGraw (2001) reported 100% mortality after 24 hours exposure to 0 psu, while 32 psu was the
highest salinity tested for H. nudus. Both H. edwardsii and H. crenulatus can survive in similar
temperatures between 7 – 24 °C and 6 – 23 °C respectively, although H. edwardsii can survive in
salinities between 24 and 48 psu, while H. crenulatus can survive in the wider range of 12 – 42 psu
(Hicks 1973). Reliability of this data is given as high as the information presented is from
laboratory experiments.

6.4.5

Pseudodiaptomus marinus

The calanoid copepod, Pseudodiaptomus marinus, is an egg carrying planktonic copepod. From its
known distribution in Japan, it can survive in temperatures between 8.9 and 28.2 °C and salinities
from 28.6 to 32.3 psu (Liang and Uye 1997). Reliability of this data is given as low as it is from
known distributions only.

6.4.6

Balanus eburneus

The ivory barnacle, Balanus eburneus, occurs between temperatures of 16 and 32 °C, while salinity
survival limits are between 2 and 40 psu (Bacon 1971; Dineen and Hines 1994b; Brown and
Swearingen 1998). Low reliability is given for this data as it is from known distributions.

6.4.7

Balanus reticulates

For the barnacle B. reticulatus, both the temperature (6 – 29 °C) and salinity (20 – 40 psu)
tolerances reported by Thiyagarajan et al. (2002) have not been fully tested, and therefore
reliability is given as low.
Thus, data for three non-pest Balanus species have been included. The maximum upper lethal
temperature for B. balanoids is 44 °C (Foster 1969) but no lower lethal temperature or salinity
ranges were available for this species. However, reliability is given as high as an upper lethal
temperature has been identified. B. amphitrite survived between temperatures of 15 and 30 °C,
while after three days immersion at 5 psu all individuals were dead (Qiu and Qian 1999).
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Reliability of this data is given as low, as the temperature range given is not the absolute
maximum and no maximum salinity tolerance was found. The temperature range for B. subalbidus
of 5 to 22 °C was from known distribution of the species and not experimental data (Dineen and
Hines 1994a), hence reliability is therefore given as low. The lower salinity value of 0.5 psu in
Table 3 is also from the known distribution, while the upper limit of 35 psu was from
experimental data (Dineen and Hines 1994a).

6.4.8

Megabalanus rosa

Both the temperature (15 – 28 °C) and salinity (24 – 34 psu) ranges for Megabalanus rosa are from
known distributions in Japan (Anil et al. 1990). Reliability of the data for M. rosa is given as low as
it is from known distributions.

6.4.9

Megabalanus tintinnabulum

The only data found on M. tintinnabulum is that it took 810 minutes for 100% mortality at 36 °C
but only 2 minutes at 45 °C (Samuel Jesudoss et al. 1997). However, reliability is given as high as
an absolute upper lethal temperature has been identified.
Both M. rosa and M. tintinnabulum are hermaphrodites, with the cue for reproduction being an
increase in water temperature (Hewitt et al. 2002).

6.5

Molluscs

6.5.1

Varicorbula gibba

The clam, Varicorbula gibba, has separate sexes and is a broadcast spawner, with reproduction and
settlement taking place during summer and autumn (Hewitt et al. 2002). In Limfjord (Denmark),
it occurs at temperatures between –1 and 16 °C (Jensen 1988, 1990). Growth has been recorded
between 11.3 and 24.3 °C in Elefsis Bay, Greece (Theodorou 1994) and 8 – 26 °C in Port Phillip
Bay (Talman 2000; Talman and Keough 2001). V. gibba has been recorded at the following
salinities; 26 – 39 psu in Port Phillip Bay (Talman 2000; Talman and Keough 2001); 28 – 34 psu
in Limfjord, Denmark, (Jensen 1990); 27 – 32 psu in Nissum Bredning, Denmark (Jensen 1988);
and 38.2 – 38.6 psu in Elefsis Bay, Greece (Theodorou 1994). Reliability of this information is
given as low as all data presented are from known ranges worldwide.

6.5.2

Crassostrea gigas

The Pacific oyster, Crassostrea gigas, begins life as a male and after a year begins to function as a
female.

Spawning begins when water temperature increases and may coincide with

phytoplankton blooms, usually during summer (Hewitt et al. 2002). This species has a wide
temperature tolerance from –1.8 to 35 °C. Rajagopal et al. (2005) reported that specimens were
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dead after one-hour exposure to 43 °C. In terms of salinity, Chu et al. (1996) reported 50%
mortality at 3 psu, and C. gigas is known to survive at 56 psu for up to four days (Hopkins 1936).
Reliability of the information presented is given as high as the data is from laboratory
experiments.

6.5.3

Petricolaria pholadiformis

Very little information could be found on the false angelwing, Petricolaria pholadiformis; the values
provided (temperature range of 2 – 30 °C; salinity range of 20 – 35 psu) are those for Newport
Bay where this species is known to occur (Maryland Department of Natural Resources 2006). As
the ranges presented are from known distributions only, data reliability is given as low.

6.5.4

Potamocorbula amurensis

The brackish-water bivalve, Potamocorbula amurensis, occurs as separate sexes with reproduction
cues including physical stress, heat shock and rough handling (Nicolini and Penry 2000). It
reproduces between May and June as well as between September and October in Korea (Hewitt
et al. 2002).
P. amurensis can survive in water temperatures between 0 and 28 °C in Asia (Carlton et al. 1990).
However, Koh and Shin (1988) reported water temperature within the sediment of between –3.5
and 37.8 °C in areas where this species is known to occur. P. amurensis can survive prolonged
exposure to varying salinities between 0 and 35 psu (Nicolini and Penry 2000). As data is only
from known distributions, reliability is recorded as low.

6.5.5

Musculista senhousia

The Asian date mussel, Musculista senhousia, has separate sexes, with increased water temperatures
believed to induce spawning (Hewitt et al. 2002). Reported reproduction periods in the northern
hemisphere are between September and November (Sgro et al. 2002). It is found in temperatures
ranging from 12 – 26 °C in Mission Bay (USA) (Crooks 1996). In the laboratory, mortality
occurs within 3 days at temperatures between –3 and –5 °C (Guan et al. 1989) and peaks of
planktonic larvae were found at a water temperature of 31.1 °C (Miyawaki and Sekiguchi 1999).
Growth occurs at salinities of 6.6 – 29.9 psu in Japan (Miyawaki and Sekiguchi 1999), 13 – 22 psu
in USA (Reusch and Williams 1998), and 10 – 21 psu in Russia (Kulikova 1978). Ambient
salinities reported for survival are: 34 – 35.5 psu in San Diego Bay (Reusch and Williams 1998),
30.6 – 32 psu in Korea, and 11.2 – 28.8 psu in China (Guan et al. 1989). It is known to grow
between 34 and 39 psu in the Mediterranean Sea (Mastrototaro et al. 2003). As data is only from
known distributions of the species, reliability is recorded as low.
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Perna perna

The South African brown mussel, Perna perna occurs as separate sexes and spawns through
external fertilization by releasing eggs and sperm into the water column. It is thought that a drop
in water temperature is the cue for reproduction (Lasiak 1986).

In South Africa, various

reproduction periods have been reported for this species including May to October (Berry 1978),
and April to September and December to February (Lasiak 1986). The long-term upper and
lower temperature limits for P. perna are between 7.5 and 30 °C (Hicks and McMahon 2002). The
adult salinity tolerance of this species is between 19 and 44 psu (Salomao et al. 1980), but the
veligers are reported to survive in salinities between 15 and 55 psu (Romero and Moreira 1980).
The reliability of the temperature data is given as high as upper and lower limits can be identified.
However, the salinity data is given as low as it is from known distributions.

6.5.7

Limnoperna fortunei

In South American rivers, the Golden mussel, Limnoperna fortunei, is capable of continuous
reproduction throughout the year (Brugnoli et al. 2005), although the threshold temperature for
the onset of reproduction is between 15 and 17 °C (Darrigran 2002).
L. fortunei is exclusively a freshwater mussel and is found in temperatures between 10 and 32.6 °C
and salinities between 0 and 3 psu (Deaton et al. 1989; Darrigran 2002; Sylvester et al. 2005). The
reliability of these data is given as low as these ranges are based on known distributions.

6.5.8

Mytilopsis sallei

A proportion of the black striped mussel, Mytilopsis sallei, populations become hermaphroditic as
they age, with the remainder persisting as males. Eggs and sperm are spawned into the water
column, where external fertilisation takes place (Hewitt et al. 2002). Cues for reproduction
include a reduction in salinity (<20 psu) and over-crowding (Kalyanasundaram 1975). In the
laboratory, this species survives temperatures between 5 and 40 °C (Rao et al. 1975), with death
occurring within 4 hours at 45 °C (Kalyanasundaram 1975). M. sallei has survived in freshwater
for nine months (Karande and Menon 1975), but after exposure to 50 psu, animals did not
resume normal activity (Kalyanasundaram 1975). Reliability for M. sallei is given as high as
absolute upper and lower temperature and salinity values have been identified.

6.5.9

Perna viridis

The Asian green mussel, Perna viridis, is a broadcast spawner with separate sexes (Hewitt et al.
2002), and reproduction cues include an increase in water temperature (Siddall 1980) and
decrease in salinity due to heavy rains (Stephen and Shetty 1981). Segnini de Bravo et al. (1998)
reported 100% mortality at 6 °C and 50% mortality at 37.5 °C and upper and lower lethal salinity
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values of 0 and 64 psu respectively. Reliability is given as high as tolerances are from laboratory
experiments.

6.5.10 Crepidula fornicata
The slipper limpet, Crepidula fornicata, can survive in temperatures between 15 °C and 35 °C
(Lucas and Costlow 1979). After exposure at 35 °C, embryos and adults died within 2 days,
although the lowest temperature considered (15 °C) had little effect (Lucas and Costlow 1979).
C. fornicata is able to survive in salinities between 18 and 40 psu (Rayment 2006). However, these
are ranges within known distributions and reliability of the data is given as low.
C. fornicata is a protandrous hermaphrodite (Rayment 2006). In the northern hemisphere, females
spawn between February and October, with the peak season occurring in May and June
(Rayment 2006). The cue for reproduction is neap tides.

6.6

Polychaetes

Very little information was found for the serpullid polychaetes and reliability for all species where
information could be obtained is low.

6.6.1

Hydroides ezoensis

Temperature (4 – 23 °C) and salinity (32 – 35 psu) data for Hydroides ezoensis is from a known
population in Langstone Harbour (Brown and Eaton 2001), therefore reliability of the data is
low.

6.6.2

Hydroides elegans

Hydroides elegans from the Aegean Sea and Hong Kong had a temperature range from 13 to 30 °C
(Qiu and Qian 1998; Kocak and Kucuksezgin 2000). Mak and Huang (1982) reported 90%
mortality for H. elegans after 45 hours at 15 psu, while the maximum salinity of 42 psu is also
from the Aegean Sea (Kocak and Kucuksezgin 2000), and therefore reliability is given as low.

6.6.3

Hydroides sanctaecrucis

No data were found for the serpullid polychaete Hydroides sanctaecrucis.

6.6.4

Polydora cornuta

The spionid polychaete, Polydora cornuta, is known to survive in temperatures between 11 and 27
°C and in salinities between 33 and 37 psu (Cinar et al. 2005); the reliability of this information is
given as low as it is only from the distribution of a known population in Turkey.
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Polydora websteri

Polydora websteri can survive in temperatures between 1 and 18 °C and salinities between 27 and 32
psu (Evans 1969; Breves-Ramos et al. 2005). As the temperature data is from known populations
in Newfoundland and the salinity data is from Brazil, reliability of the information is given as low.

6.6.6

Pseudopolydora paucibranchiata

Both temperature (8.5 – 21 °C) and salinity (21.5 – 35 psu) values for the polychaete
Pseudopolydora paucibranchiata are the range of Port Phillip Bay (Coleman and Sinclair 1996);
therefore reliability is low. P. paucibranchiata, a spionid polychaete, has two distinct sexes, with
fertilisation occurring internally, which is achieved by the transfer of a spermatophore from the
male to the female (Hewitt et al. 2002). This species reproduces between March and September
in New Zealand (Read 1975).

6.6.7

Sabella spallanzanii

In laboratory trials, the Mediterranean fanworm, Sabella spallanzanii, survived at 4 °C for 12 hours
(Clapin 1996). During a study of S. spallanzanii off the Italian coast, water temperature reached
29 °C (Giangrande and Petraroli 1994). S. spallanzanii is known to survive in salinities between 26
and 38 psu at Queenscliff, Victoria (Currie et al. 2000) and dies after 2 hours exposure to
freshwater (Gunthrope et al. 2001). Reliability is given as low as only the lower salinity limit has
been identified.
S. spallanzanii is a broadcast spawner with separate sexes (Hewitt et al. 2002). Spawning cues
include falling water temperatures and shorter day lengths (Currie et al. 2000; Giangrande et al.
2000).

6.7
6.7.1

Tunicates
Ciona intestinalis

Larval development of the sea vase, Ciona intestinalis, occurs between temperatures of 8 and 25 °C
(Bellas et al. 2003). In the Mediterranean, most of the adult population dies when temperatures
fall below 10 °C, although in Sweden, reproduction can occur when temperatures are above 8 °C
(Jackson 2005). This species can survive in salinities as low as 11 psu (Jackson 2005) and up to
42 psu (Bellas et al. 2003). Reliability of this data is given as low as it is from known distributions
only.

6.7.2

Styela clava

The sea squirt, Styela clava, grows in areas where the ambient temperature goes as low as –2 °C
and as high as 27 °C on the Pacific coast of America (Cohen 2005). Salinities on the Pacific coast
vary between 22 and 36 psu, but adults cannot survive in salinities below 10 psu and the larvae of

19

O’Loughlin et al. (2006)

Marine pest tolerances

this species dies below 18 psu (Cohen 2005). As the data is from a known distribution of the
species reliability of the data is given as low.
Both C. intestinalis and S. clava are hermaphrodites (Niermann-Kerkenberg and Hofmann 1989;
Kashenko 1996), releasing eggs into the water column, either individually or in mucous strands
where fertilisation takes place (Petersen and Svane 1995; Hewitt et al. 2002).

6.8
6.8.1

Jellyfish
Blackfordia virginica

The black sea jelly, Blackfordia virginica, is able to tolerate temperatures between 10 and 32 °C
(Vannucci et al. 1970; Mills and Sommer 1995) and salinities between 0 and 35 psu (Moore 1987).
As these values are from known distributions only, reliability is given as low.

6.8.2

Mnemiopsis leidyi

The comb jelly, Mnemiopsis leidyi, is able to survive in a wide range of temperatures between 1.3 °C
(Burrell and Van Engel 1976) and 32 °C (GESAMP 1997) and salinities from 3.4 psu (Miller
1974) to 75 psu (GESAMP 1997). Reliability of this data is given as low as the ranges are only
from known populations and have not been experimentally tested.
M. leidyi is a self-fertilising, simultaneous hermaphrodite capable of releasing both eggs and sperm
into the water for external fertilisation to take place (Hewitt et al. 2002). M. leidyi spawns at night
with cues for reproduction being high concentrations of medium size copepods and temperatures
above 20 °C (Zaika and Sergeeva 1994). Although spawning in the USA occurs between spring
and summer (June-October), in the Black Sea, M. leidyi is capable of reproducing all year round,
with a peak between October-November (Hewitt et al. 2002).

6.9
6.9.1

Bryozoans
Bugula flabellate

The bryozoan, Bugula flabellate, is found in Port Phillip Bay, Victoria, which has a temperature
range of 9.1 to 20.7 °C and a salinity range of 33.4 to 37.8 psu (Jenkins 1986). Data reliability is
given as low as it is from known distributions only.

6.9.2

Bugula neritina

Bugula neritina is also found in Port Phillip Bay, and has the same temperature range and upper
salinity tolerance (and low reliability) of B. flabellate.

However, salinities below 18 psu are

detrimental to colonies and salinity lower than 14 psu is fatal (Mawatari 1951).
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Both B. flabellate and B. neritina are protogynous hermaphrodites. Once larvae are released they
metamorphose and produce a bushy colony by rapid asexual budding (Dyrynda and Ryland 1982;
Hewitt et al. 2002).

6.9.3

Schizoporella errata

Schizoporella errata is known to occur in water temperatures in the range of 13 and 26 °C and
salinities between 38.9 and 39.3 psu in Greece (Brown et al. 2003). As these ranges are only from
a known population, data reliability is given as low.

6.9.4

Tricellaria occidentalis

Tricellaria occidentalis occurs in Port Phillip Bay and similar temperature and salinity tolerances have
been derived as for Bugula flabellate, with similarly low data reliability.

6.9.5

Watersipora arcuata

Watersipora arcuata is found in Sydney waters between the temperatures of 15 and 22 °C (Wisely
1958), therefore reliability of the data is given as low. No data for salinity tolerance could be
found.
W. arcuata is capable of reproducing asexually (via fragmentation) or sexually.

Being a

hermaphrodite, the bryozoan is capable of self-fertilization after which larvae are released,
settling within 24 hours (Hewitt et al. 2002). W. arcuata is highly phototrophic and a strong light
intensity can induce spawning (Wisely 1958). It is capable of spawning all year round, but peaks
between February-May when water temperatures are around 20 °C in the southern hemisphere
(Hewitt et al. 2002).

6.9.6

Watersipora subtorquata

Watersipora subtorquata is also capable of both asexual and sexual reproduction. In California, it
has been collected at temperatures between 12 and 27 °C and in Japan from 12 to 28 °C (Cohen
2005). In California, it is found at salinities between 25 – 37 psu, but has also been found at
salinities up to 49 psu in the Suez Canal (Cohen 2005). As the data is from known populations
data reliability is given as low.

6.10 Fish
6.10.1 Neogobius melanostomus
The round goby, Neogobius melanostomus, is found in temperatures between –1 and 30 °C (Ilyin
1949 in Stepanova et al. 2005) and salinities between 0 and 40.6 psu (Charlebois et al. 1997).
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N. melanostomus spawns both in fresh and saline water (Stepanova et al. 2005). In the Black and
Caspian seas of northern Europe, the round goby’s spawning period begins in spring, lasting
from April to September (Charlebois et al. 1997).

6.10.2 Tridentiger bifasciatus
The shimofuri goby, Tridentiger bifasciatus, is able to survive in temperatures as low as 5 °C, as it
has been recorded in Suisun Marsh in San Francisco Bay (Matern and Brown 2005). The critical
thermal maximum for this species is 37 °C (Matern 2001). T. bifasciatus is able to survive in
salinities near 0 psu (Matern and Brown 2005) and up to 21 psu (Matern 2001). Reliability of this
data is given as low as it is from known populations. However, the upper thermal limit has been
identified.
No available data on growth, reproduction cues or periods has been found for this species.

22

O’Loughlin et al. (2006)

Marine pest tolerances

Table 2 - Temperature and salinity tolerances of all species. ‘H’ indicates high reliability of the data, while ‘L’ indicates that the species is known to occur at these
levels but usually has not been tested outside these values.

Group/Species

Strain/Congener

Temperature
°C

Salinity
psu

Source(s)

Sui et al. 1997
Hallegraeff et al. 1997
Hallegraeff et al. 1997

H
H
H

Grzebyk et al. 2003
Cannon 1993
Hwang and Lu 2000
Lim and Ogata 2005

H
H
H
H

Reliability

Microalgae
Alexandrium catenella

Hong Kong
ACSH01 Sydney Harbour
ACC501 Cowen Creek, NSW

10 – 30
Max 38
Max 38

15 – 45
No Data
No Data

Alexandrium minutum

AM89BM Morlaix B., France
Port River, SA
T1 Taiwan
AmKB06 Getting R., Malaysia

No data
12 – 25
10 – 30
No data

4 – 37.5
21 – 35
7.5 – 37.5
2 – 30

Alexandrium tamarense

Bay of Fundy, Canada
Mill Pond, Massachusetts, USA
Pr18b Lawrence Estuary, Canada
ATHS-92 Hiroshima B., Japan
AtPA01 Aman Island, Malaysia

5 – 25
2.5 – 26
10 – 30
12 – 22
No data

7 – 40
No data
10 – 30
13 – 38
10 – 30

Prakash 1967
Anderson et al. 1984
Parkhill and Cembella 1999
Hamasaki et al. 2001
Lim and Ogata 2005

H
H
H
H
H

Gymnodinium catenatum

Derwent R. and Huon R., Tasmania
GDCE08 Derwent Estuary, Tasmania
GDCE02 Derwent Estuary, Tasmania
GCHU11 Huon Estuary, Tasmania
Hiroshima B., Japan
GCCV-10 Gulf of California, Mexico
Ria de Vigo, Spain

12.5 – 25
Max 35
Max 35
Max 35
7.5 – 30
5 – 35
6 – 32

Min. 20
No data
No data
No data
10 – 35
10 – 40
No data

Blackburn et al. 1989
Hallegraeff et al. 1997
Hallegraeff et al. 1997
Hallegraeff et al. 1997
Yamamoto et al. 2002
Band-Schmidt et al. 2004
Bravo and Anderson 1994

H
H
H
H
H
H
H

3.2 – 17.8

6 – 34

Klöpper et al. 2003
Salomon et al. 2003

L

Dinophysis norvegica
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Temperature
°C

Salinity
psu

Source(s)

CCMP1830 Chicamacmico R., Chesapeake B., USA
CCMP1831 Chicamacmico R., Chesapeake B., USA
CCMP1834 Pokomoke R., Chesapeake B., USA
CCMP1901 Chesapeake B., USA, axenic strain
CCMP1902 Chesapeake B., USA, axenic strain
CCMP1921 Chicamacmico R., Chesapeake B., USA
CCMP1928 – Wilmington R., Georgia, USA
USA, Pamlico R. Est., North Carolina, USA
USA, Pamlico R. Est., North Carolina, USA

No data
No data
No data
No data
No data
No data
No data
6 – 31
4 – 28

1 – 45
1 – 50
0.5 – 55
0.5 – 45
0.5 – 55
0.5 – 50
0.5 – 60
No data
0 – 35

Sullivan and Anderson 2001
Sullivan and Anderson 2001
Sullivan and Anderson 2001
Sullivan and Anderson 2001
Sullivan and Anderson 2001
Sullivan and Anderson 2001
Sullivan and Anderson 2001
Burkholder et al. 1995
Burkholder et al. 1992

Resolute, Canada

-1.6 – 18

No data

P. delicatissima LaPn-4 Louisiana, Texas Shelf, USA
P. pseudodelicatissima CCMP 1823 Louisiana, Texas Shelf, USA
P. multiseries MU 7 Louisiana, Texas Shelf, USA
P. multiseries Pomquet Harbor, Canada
P. pungens Brudness R., Canada
P. brasiliana Louisiana Texas Shelf, USA
P. subfraudulenta Louisiana Texas Shelf, USA

No data
No data
No data
No data
No data
No data
No data

5 – 45
15 – 45
7 – 45
15 – 48
9 – 30
4 – 35
4 – 35

Mediterranean

9 – 32.5

No data

Moreton B., QLD
West Lakes/Port R., SA

9 – 22
No data

No data
Min 17

Codium fragile ssp. tomentosoides

-2 – 34

17.5 – 40

Polysiphonia brodiaei

0 – 20.7

15 – 35

5 – 28
No data

No data
5 – 35

Group/Species

Strain/Congener

Pfiesteria piscicida

Pseudo-nitzschia seriata

Smith et al. 1994
Fehling et al. 2004
Thessen et al. 2005
Thessen et al. 2005
Thessen et al. 2005
Jackson et al. 1992
Jackson et al. 1992
Thessen et al. 2005
Thessen et al. 2005

Reliability
H
H
H
H
H
H
H
L
L
L
H
H
H
H
H
H
H

Macroalgae
Caulerpa taxifolia

P. setacea
P. subtilissima
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Komatsu et al. 1997
Pierre and Maricela 1999
Chisholm et al. 2000
Collings et al. 2004
Moeller 1969
Trowbridge 1998
Jenkins 1986
Johansson et al. 1998
Rindi et al. 1999
Yarish et al. 1979

H
H
H
H

L
H
H
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Temperature
°C

Salinity
psu

Source(s)

0 – 27

20 – 34

Yoshikawa et al. 2001
Curiel et al. 2002
Morita et al. 2003b

H

0 – 25

18.7 – 41

Ino et al. 1955
Park and Kim 1985
Thomson and Watson 1994
Hewitt et al. 2002

H

Carcinus maenas

0 – 33

1.4 – 54

Cohen et al. 1995
Washington Department of
Fish and Wildlife 2001

H

Charybdis japonica

12 – 24

No data

Jeffs and James 2001

L

Eriocheir sinensis

7 – 30

0 – 35

Anger 1991
Hymanson et al. 1999
Rudnick et al. 2003

H/L

0.8 – 27

30 – 33

3.5 – 34

0 – >32

7 – 24
6 – 23

Group/Species

Strain/Congener

Undaria pinnatifida

Reliability

Echinoderms
Asterias amurensis

Crustaceans

Hemigrapsus sanguineus
H. nudus
H. edwardsii
H. crenulatus
Pseudodiaptomus marinus

Balanus eburneus

25

24 – 48
12 – 42

Epifanio et al. 1998
McDermott 1998
McGaw 2001
McGaw 2003
Hicks 1973
Hicks 1973

H
H

8.9 – 28.2

28.6 – 32.3

Liang and Uye 1997

L

16 – 32

2 – 40

Bacon 1971
Dineen and Hines 1994b
Brown and Swearingen 1998

L

L
H
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Temperature
°C

Salinity
psu

Source(s)

6 – 29
Max 44
15 – 30
5 – 22

20 – 40
No data
Min 10
0.5 – 35

Thiyagarajan et al. 2002
Foster 1969
Qiu and Qian 1999
Dineen and Hines 1994a

L
H
L
L

15 – 28

24 – 34

Anil et al. 1990

L

Max 45.0

No data

Samuel Jesudoss 1997

H

-1 – 26

26 – 39

Jensen 1988
Talman 2000

L

-1.8 – 35

3 – 56

Hopkins 1936
Mann et al. 1991
Chu et al. 1996
Shatkin et al. 1997

H

Petricolaria pholadiformis

2 – 30

20 – 35

Maryland Department of
Natural Resources 2006

L

Potamocorbula amurensis

0 – 28

0 – 35

Carlton et al. 1990
Nicolini and Penry 2000

L

Musculista senhousia

-3 – 31.1

6.6 – 39

Guan et al. 1989
Miyawaki and Sekiguchi 1999
Mastrototaro et al. 2003

Perna perna

7.5 – 30

15 – 55

Salomao et al. 1980
Hicks and McMahon 2002

H

Limnoperna fortunei

10 – 32.6

0–3

Deaton et al. 1989
Darrigran 2002
Sylvester et al. 2005

L

Group/Species

Strain/Congener

Balanus reticulates
B. balanoides
B. amphitrite
B. subalbidus
Megabalanus rosa
Megabalanus tintinnabulum

Reliability

Molluscs
Varicorbula gibba

Crassostrea gigas
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H/L
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Temperature
°C

Salinity
psu

5 – 40

0 – 50

Kalyanasundaram 1975
Rao et al. 1975

H

Perna viridis

6 – 37.5

0 – 64

Segnini de Bravo et al. 1998

H

Crepidula fornicata

15 – 35

18 – 40

Lucas and Costlow 1979
Rayment 2006

L

Hydroides ezoensis

4 – 23

32 – 35

Brown and Eaton 2001

L

Hydroides elegans

13 – 30

15 – 42

Mak and Huang 1982
Qiu and Qian 1998
Kocak and Kucuksezgin 2000

L

Hydroides sanctaecrucis

No data

No data

Polydora cornuta

11 – 27

33 – 37

Cinar et al. 2005

L

Polydora websteri

1 – 18

27 – 32

Breves-Ramos et al. 2005
Evans 1969

L

8.5 – 21

21.5 – 35

Coleman and Sinclair 1996

L

4 – 29

26 – 38

Clapin 1996
Currie et al. 2000
Giangrande et al. 2000

L

Group/Species

Strain/Congener

Mytilopsis sallei

Source(s)

Reliability

Polychaetes

Pseudopolydora paucibranchiata

Sabella spallanzanii
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Temperature
°C

Salinity
psu

Source(s)

Ciona intestinalis

8 – 25

11 – 42

Jackson 2005
Bellas et al. 2003

L

Styela clava

-2 – 27

10 – 36

Cohen 2005

L

Blackfordia virginica

10 – 32

0 – 35

Vannucci et al. 1970
Moore 1987
Mills and Sommer 1995

L

Mnemiopsis leidyi

1.3 – 32

3.4 – 75

GESAMP 1997

L

Bugula flabellate

9.1 – 20.7

33.4 – 37.8

Jenkins 1986
Valdivia et al. 2005

L

Bugula neritina

9.1 – 20.7

14 – 37.8

Mawatari 1951
Jenkins 1986

L

Schizoporella errata

13 – 26.0

38.9 – 39.3

Brown et al. 2003

L

Tricellaria occidentalis

9.1 – 20.7

33.4 – 37.8

Jenkins 1986

L

Watersipora arcuata

15 – 22

No data

Wisely 1958

L

Watersipora subtorquata

12 – 28

25 – 49

Cohen 2005

L

Group/Species

Strain/Congener

Reliability

Tunicates

Jellyfish

Bryozoans
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Temperature
°C

Salinity
psu

Source(s)

Neogobius melanostomus

-1 – 30

0 – 40.6

Charlebois et al. 1997
Stepanova et al. 2005

L

Tridentiger bifasciatus

5 – 37

0 – 21

Matern 2001
Matern and Brown 2005

H

Group/Species

Strain/Congener

Reliability

Fish
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Table 3 - Summary for each species based on the highest and lowest values for temperature and
salinity tolerances across strains, congeners and distributions. Blue = species which encompass
different strains, Red = species where data are lacking, and grey background indicates low
reliability of information. ‘H’ indicates high reliability of the data, while ‘L’ indicates that the
species is known to occur at these levels but usually has not been tested outside these values.
Group

Species

Microalgae

Alexandrium catenella
Alexandrium minutum
Alexandrium tamarense
Gymnodinium catenatum
Dinophysis norvegica
Pfiesteria piscicida
Pseudo-nitzschia seriata
Caulerpa taxifolia
Codium fragile ssp. tomentosoides
Polysiphonia brodiaei
Undaria pinnatifida
Asterias amurensis
Carcinus maenas
Charybdis japonica
Eriocheir sinensis
Hemigrapsus sanguineus
Pseudodiaptomus marinus
Balanus eburneus
Balanus reticulates
Megabalanus rosa
Megabalanus tintinnabulum
Varicorbula gibba
Crassostrea gigas
Petricolaria pholadiformis
Potamocorbula amurensis
Musculista senhousia
Perna perna
Limnoperna fortunei
Mytilopsis sallei
Perna viridis
Crepidula fornicata
Hydroides ezoensis
Hydroides elegans
Hydroides sanctaecrucis
Polydora cornuta
Polydora websteri
Pseudopolydora paucibranchiata
Sabella spallanzanii
Ciona intestinalis
Styela clava
Blackfordia virginica
Mnemiopsis leidyi
Bugula flabellate
Bugula neritina
Schizoporella errata
Tricellaria occidentalis
Watersipora arcuata
Watersipora subtorquata
Neogobius melanostomus
Tridentiger bifasciatus

Macroalgae

Echinoderms
Crustaceans

Molluscs

Polychaetes

Tunicates
Jellyfish
Bryozoans

Fish

30

Temperature
°C
10 – 38
10 – 30
2.5 – 30
12.5 – 35
3.2 – 17.8
4 – 31
-1.6 – 18
9 – 32.5
-2 – 34
0 – 28
0 – 27
0 – 25
0 – 33
12 – 24
7 – 30
0.8 – 34
8.9 – 28.2
16 – 32
6 – 44
15 – 28
Max 45
-1 – 26
-1.8 – 35
2 – 30
0 – 28
-3 – 31.1
7.5 – 30
10 – 32.6
5 – 40
6 – 37.5
15 – 35
4 – 23
13 – 30
No data
11 – 27
1 – 18
8.5 – 21
4 – 29
8 – 25
-2 – 27
10 – 32
1.3 – 32
9.1 – 20.7
9.1 – 20.7
13 – 26
9.1 – 20.7
15 – 22
12 – 28
-1 – 30
5 – 37

Salinity
psu
15 – 45
4 – 37.5
7 – 40
Min. 20
6 – 34
0.5 – 60
5 – 48
Min. 17
17.5 – 40
5 – 35
20 – 34
18.7 – 41
1.4 – 54
No data
0 – 35
0 – 48
28.6 – 32.3
2 – 40
0.5 – 40
24 – 34
No data
26 – 39
3 – 56
20 – 35
0 – 35
6.6 – 39
15 – 55
0–3
0 – 50
0 – 64
18 – 40
32 – 35
15 – 42
No data
33 – 37
27 – 32
21.5 – 35
26 – 38
11 – 42
10 – 36
0 – 35
3.4 – 75
33.4 – 37.8
14 – 37.8
38.9 – 39.3
33.4 – 37.8
No data
25 – 49
0 – 40.6
0 – 21

Reliability
H
H
H
H
L
H
L
H
H
L
H
H
H
L
L
L
L
L
L
L
H
L
H
L
L
H
H
L
H
H
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
H
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SUMMARY

There would appear to be little need to include Limnoperna fortunei in port and harbour surveys in
all marine harbours, as this species seems to be restricted to freshwater (< 3 psu; Table 2) and is
widely described as such (Darrigran 2002; Brugnoli et al. 2005; Sylvester et al. 2005). Apart from
Pseudo-nitzschia seriata, which appears to be restricted to waters less than 18 °C (although note the
low reliability of this estimate, Table 2), all other microalgae may be retained as they have wide
ranging tolerances, particularly given the level of flexibility exhibited across different strains
(Table 2). Given that sampling for microalgae will be very similar in most instances, the inclusion
of all dinoflagellates and diatoms as a generic component of pest surveys may not be prohibitive.
Sampling for Caulerpa taxifolia in northern Australia is probably unnecessary as this species occurs
naturally in tropical waters, albeit as the non-invasive wild form (Cheshire et al. 2002). Otherwise,
macroalgae may be difficult to distinguish from native species, a factor exacerbated by the high
diversity of the southern Australian marine flora (Cheshire et al. 2000).
For economically important and/or well-known pests, reliability of the data is generally high
(Tables 2 and 3). These include most of the dinoflagellates and macroalgae, Asterias amurensis,
Carcinus maenas, Crassostrea gigas, Musculista senhousia, Perna perna, Mytilopsis sallei, Perna viridis,
Megabalanus tintinnabulum, and Tridentiger bifasciatus. For all other species (32 in total; Table 3),
reliability of the information has to be given as low, owing to lack of scientifically rigorous data.
Based on the application of a precautionary principal to marine pest survey design, the argument
for the blanket inclusion of most, if not all, of this latter group should be considered.
Bryozoans would appear to be generally limited to water temperatures higher than 10 °C and are
intolerant of low salinities (Table 2 andTable 3). However, in all bryozoan species, the reliability
of the information is low. Otherwise there is no pattern to temperature and salinity tolerances
amongst the other groups (along with the single echinoderm and mollusc; Table 2 and 3). Each
pest species must therefore be considered individually for each survey, not only in terms of both
the temperature and salinity tolerances but also taking into account the reliability of the available
information.
For many priority pest species, an experimental investigation of temperature and salinity
tolerance should be relatively straightforward.

31

O’Loughlin et al. (2006)

8

Marine pest tolerances

REFERENCES

Akiyama, K. (1965) Studies of ecology and culture of U. pinnatifida (Harv.) Sur. II. Environmental
factors affecting the growth and maturation of gametophyte. Bulletin of the Tohoku
National Fisheries Research Institute. Shiogama 25; 143-170.
Anderson, D.M., Kulis, D.M., Binder, B.J. (1984) Sexuality and cyst formation in the
dinoflagellate Gonyaulax tamarensis: cyst yield in batch cultures. Journal of Phycology 20;
418-425.
Anger, K. (1991) Effects of temperature and salinity on the larval development of the Chinese
mitten crab Eriocheir sinensis (Decapoda: Grapsidae). Marine Ecology Progress Series 72;
103–110.
Anil, A.C., Chiba, K., Oamoto, K. (1990) Macrofouling community structure and ecology of
barnacles in Hamana Bay (Japan). Biofouling 2; 137-150.
Bacon, P.R. (1971) The maintenance of a resident population of Balanus eburnus (Gould) in
relation to salinity fluctuations in a Trinidad mangrove swamp. Journal of Experimental
Marine Biology and Ecology 6; 187-198.
Balch, W.M. (1981) An apparent lunar tidal cycle of phytoplankton blooming and community
succession in the Gulf of Maine. Journal of Experimental Marine Biology and Ecology 55;
65-77.
Band-Schmidt, C.J., Morquecho, L., Lechuga-Deveze, C.H., Anderson, D.M. (2004) Effects of
growth medium, temperature, salinity and seawater source on the growth of Gymnodinium
catenatum (Dinophyceae) from Bahia Concepcion, Gulf of California, Mexico. Journal of
Plankton Research 26; 1459-1470.
Bardach, J.E., Rhyther, J., Mc Larney, W.O. (1972) Aquaculture. The farming and husbandry of
freshwater and marine organisms. John Wiley & Sons, New York.
Bellas, J., Beiras, R., Vázquez, E. (2003) A standardisation of Ciona intestinalis (Chordata,
Ascidiacea) embryo-larval bioassay for ecotoxicological studies. Water Research 37; 4613–
4622.
Berry, P.F. (1978) Reproduction, growth, and production in the Mussel Perna perna, on the East
Coast of South Africa. Investigational Reports Of Oceanography Research Institute,
Durban 48; 1-28.
Blackburn, S.I., Hallegraeff, G.M., Bolch, C.J. (1989) Vegetative reproduction and sexual life
cycle of the toxic dinoflagellate Gymnodinium catenatum from Tasmania, Australia. Journal of
Phycology 25; 577-590.
Bolch, C.J., Blackburn, S.I., Cannon, J.A., Hallegraeff, G.M. (1991) The resting cyst of the red
tide dinoflagellate Alexandrium minutum (Dinophyceae). Phycologia 30; 215-219.
Bolch, C.J., Hallegraeff, G.M. (1993) Chemical and physical options to kill toxic dinoflagellate
cysts in ships’ ballast water. Journal of Environmental Engineering 1; 23-29.
Bravo, I., Anderson, D.M. (1994) The effects of temperature, growth medium and darkness on
excystment and growth of the toxic dinoflagellate Gymnodinium catenatum from northwest
Spain. Journal of Plankton Research 16; 513-525.

32

O’Loughlin et al. (2006)

Marine pest tolerances

Breves-Ramos, A., Lavrado, H.P., de Oliveira, A., Junqueira, R., da Silva, S.H.G. (2005)
Succession in rocky intertidal benthic communities in areas with different pollution levels
at Guanabara Bay (RJ-Brazil). Brazilian Archives of Biology and Technology, 48; 951-965.
Brown, C.J., Eaton, R.A. (2001) Toxicity of chromated copper arsenate (CCA) – treated wood to
non-target marine fouling communities in Langstone Harbour, Portsmouth, UK. Marine
Pollution Bulletin 42; 310-318.
Brown, C.J., Eaton, R.A., Cragg, S.M., Goulletquer, P., Nicolaidou, A., Bebianno, M.J., Icely, J.,
Daniel, G., Nilsson, T., Pitman, A.J., Sawyer, G.S. (2003) Assessment of effects of
chromated copper arsenate (CCA)—treated timber on nontarget epibiota by investigation
of fouling community development at seven European sites. Archives of Environmental
Contamination and Toxicology 45; 37–47.
Brown, K.M., Swearingen, D.C. (1998) Effects of seasonality, length of immersion, locality and
predation on an intertidal fouling assemblage in Northern Gulf of Mexico. Journal of
Experimental Marine Biology and Ecology 225; 107-121.
Brugnoli, E., Clemente, J., Boccardi, L., Borthagaray, A., Scarabino, F. (2005) Golden mussel
Limnoperna fortunei (Bivalvia: Mytilidae) distribution in the main hydrographical basins of
Uruguay: update and predictions. Anais da Academia Brasileira de Ciências 77; 235-244.
Burkholder, J.M., Noga, E.J., Hobbs, C.H., Glasgow Jr, H.B. (1992) New ‘phantom’
dinoflagellate is the causative agent of major estuarine fish kills. Nature 358; 407-410.
Burkholder, J.M., Glasgow Jr, H.B., Hobbs, C.W. (1995) Fish kills linked to a toxic ambushpredator dinoflagellate: distribution and environmental conditions. Marine Ecology
Progress Series 124; 43-61.
Burrell, V.G., Van Engel, W.A. (1976) Predation by and distribution of a ctenophore, Mnemiopsis
leidyi A. Agassiz, in the York River Estuary. Estuarine and Coastal Marine Science 4; 235242.
Cameron, B., Metaxas, A. (2005) Invasive green crab, Carcinus maenas, on the Atlantic coast and in
the Bras d'Or Lakes of Nova Scotia, Canada: larval supply and recruitment. Journal of the
Marine Biological Association of the United Kingdom 85; 847-855.
Cannon, J.A. (1990) Development and dispersal of red tides in the Port River, South Australia.
IN: Toxic marine phytoplankton. Fourth international conference., (Graneli, E., et al. Eds) Elsevier
Science Publishing Co., Inc, New York, USA. 110-115.
Cannon, J.A. (1993) Growth in culture of the toxic dinoflagellate Alexandrium minutum from the
Port River, South Australia. IN: Toxic Phytoplankton Blooms in the Sea, (Smayda T. J.,Shimizu
Y. Eds) Elsevier, Amsterdam, The Netherlands. Vol. 3; 741-746.
Cannon, J.A. (1996) Competition between the dinoflagellates Alexandrium minutum and
Prorocentrum micans in the Port River, South Australia. IN: Harmful and Toxic Algal Blooms,
(Yasumoto, T., Oshima, Y., Fukuyo, Y. Eds) Intergovernmental Oceanographic
Commission of UNESCO, 381-384.
Carlton, J.T., Thompson, J.K., Schemel, L.E., Nichols, F.H. (1990) Remarkable invasion of San
Francisco Bay (California, USA) by the Asian clam Potamocorbula amurensis. I. Introduction
and dispersal. Marine Ecology Progress Series 66; 81-95.
Castric-Fey, A., Beaupoil, C., Bouchain, J., Pradier, E., L'Hardy-Halos, M.T.H. (1999) The
introduced alga Undaria pinnatifida (Laminariales, Alariaceae) in the rocky shore ecosystem

33

O’Loughlin et al. (2006)

Marine pest tolerances

of the St Malo area: Morphology and growth of the sporophyte. Botanica Marina 42; 7182.
Charlebois, P.M., Marsden, J.E., Goettel, R.G., Wolfe, R.K., Jude, D.J., Rudnika, S. (1997) The
round goby, Neogobius melanostomus (Pallas), a review of European and North American
literature. Illinois-Indiana Sea Grant Program and Illinois Natural History Survey. INHS
Special Publication No. 20. 76 pp.
Cheshire, A.C., Collings, G.J., Edyvane, K.S. and Westphalen G. (2000) Overview of the
Conservation Status of Australian Marine Macroalgae. University of Adelaide, South
Australia. A Report to Environment Australia, Canberra.
Cheshire, A., Westphalen, G., Boxall, V., Marsh, R., Gilliland, J., Collings, G., Seddon, S., Loo,
M. (2002) Caulerpa taxifolia in West Lakes and the Port River, South Australia: distribution,
eradication options and consequences. South Australian Research Development Institute,
Aquatic Sciences. PIRSA Fisheries, Marine Habitat Program.
Chisholm, J.R.M., Marchioretti, M., Jaubert, J.M. (2000) Effect of low water temperature on
metabolism and growth of a subtropical strain of Caulerpa taxifolia (Chlorophyta). Marine
Ecology Progress Series 201; 189-198.
Chu, F.L.E., Volety, A.K., Constantin, G. (1996) A comparison of Crassostrea gigas and Crassostrea
virginica - effects of temperature and salinity on susceptibility to the protozoan parasite,
Perkinsus marinus. Journal of Shellfish Research 15; 375-380.
Cinar, M.E., Ergen, Z., Dagli, E., Petersen, M.E. (2005) Alien species of spionid polychaetes
(Streblospio gynobranchiata and Polydora cornuta) in Izmir Bay, eastern Mediterranean. Journal
of the Marine Biological Association of the United Kingdom 85; 821-827.
Clapin, G. (1996) The filtration rate, oxygen consumption and biomass of the introduced
polychaete Sabella spallanzanii Gmelin within Cockburn Sound: can it control
phytoplankton levels and is it an efficient filter feeder? Bachelor of Science Honours
Thesis, Edith Cowan University, Joondalup, Western Australia 90pp.
Cohen, A.N. (2005) Guide to the Exotic Species of San Francisco Bay. San Francisco Estuary
Institute, Oakland, CA, www.exoticsguide.org. Accessed 4th May 2006.
Cohen, A.N., Carlton, J.T., Fountain, M.C. (1995) Introduction, dispersal and potential impacts
of the green crab Carcinus maenas in San Francisco Bay, California. Marine Biology 122;
225-237.
Coleman, N., Sinclair, M.A. (1996) Appendix 2. A review of the literature on exotic marine
invertebrates introduced into Victorian waters with special reference to Port Phillip Bay.
IN: Mapping and distribution of Sabella spallanzanii in Port Phillip Bay, Final Report to Fisheries
Research and Development Corporation, 94/164, (Parry, G.D., Lockett, M.M., Crookes, D.P.,
Coleman, N., Sinclair, M.A. Eds) Victorian Fisheries Research Institute, Department of
Conservation and Natural Resources.
Collings G., Westphalen, G., Cheshire, A., Rowling, K., Theil, M. (2004) Caulerpa taxifolia
eradication research and monitoring: Caulerpa taxifolia (Vahl) C Agardh eradication efforts
in West Lakes, South Australia. Milestone report to PIRSA Marine Habitat Program. South
Australian Research and Development Institute (Aquatic Sciences) Report Number
RD02/0160-8.
Crooks, J.A. (1996) The population ecology of an exotic mussel, Musculista senhousia, in a southern
California bay. Estuaries 19; 42-50.

34

O’Loughlin et al. (2006)

Marine pest tolerances

Curiel, D., Guidetti, P., Bellemo, G., Scattolin, M., Marzocchi, M. (2002) The introduced alga
Undaria pinnatifida (Laminariales, Alariaceae) in the Lagoon of Venice. Hydrobiologia 477;
209-219.
Currie, D.R., McArthur, M.A., Cohen, B.F. (2000) Reproduction and distribution of the invasive
European fanworm Sabella spallanzanii in Port Phillip Bay, Victoria, Australia. Marine
Biology 136; 645-656.
Darrigran, G. (2002) Potential impact of filter-feeding invaders on temperate inland freshwater
environments. Biological Invasions 4; 145–156.
Deaton, L.E., Derby, J.G.S., Subhedar, N., Greenberg, M.J. (1989) Osmoregulation and salinity
tolerance in two species of bivalve mollusc: Limnoperna fortunei and Mytilopsis leucophaeta.
Journal of Experimental Marine Biology and Ecology 133; 67-79.
Dineen Jr., J.F., Hines, A.H. (1994a) Effects of salinity and adult extract on settlement of the
oligohaline barnacle Balanus subalbidus. Marine Biology 119; 423-430.
Dineen Jr., J.F, Hines, A.H. (1994b) Larval settlement of the polyhaline barnacle Balanus eburneus
(Gould): cue interactions and comparisons with two estuarine congeners. Journal of
Experimental Marine Biology and Ecology 179; 223-234.
Dyrynda, P.E.J., Ryland, J.S. (1982) Reproductive strategies and life histories in the cheilostome
marine bryozoans Chartella papyracea and Bugula flabellata. Marine Biology 71; 241-256.
Epifanio, C.E., Dittel, A.I., Park, S., Schwalm, S., Fouts, A. (1998) Early life history of
Hemigrapsus sanguineus, a non-indigenous crab in the Middle Atlantic Bight (USA). Marine
Ecology Progress Series 170; 231-238.
Evans, J.W. (1969) Borers in the shell of the sea scallop, Placopecten magellnnicus. American
Zoologist 9; 775–782.
Fehling, J., Green, D.H., Davidson, K. (2004) Domoic acid production by Pseudo-nitzschia seriata
(Bacillariophyceae) in Scottish waters. Journal of Phycology 40; 622–630.
Fehling, J., Davidson, K., Bates, S.S. (2005) Growth dynamics of non-toxic Pseudo-nitzschia
delicatissima and toxic P. seriata (Bacillariophyceae) under simulated spring and summer
photoperiods. Harmful Algae 4; 763-769.
Foster, B.A. (1969) Tolerance of high temperatures by some intertidal barnacles. Marine Biology
4; 326-332.
GESAMP (IMO/FAO/UNESCO-IOC/WMO/WHO/IAEA/UN/UNEP Joint group of
experts on the Scientific Aspects of Marine Environmental Protection) (1997)
Opportunistic settlers and the problem of the ctenophore Mnemiopsis leidyi invasion in the
Black Sea. Rep. Stud. GESAMP (58), International Maritime Organisation, London, Great
Britain 84p.
Giangrande, A., Licciano, M., Pagliara, P., Gambi, M.C. (2000) Gametogenesis and larval
development in Sabella spallanzanii (Polychaeta: Sabellidae) from the Mediterranean Sea.
Marine Biology 136; 847-861.
Giangrande, A., Petraroli, A. (1994) Observations on reproduction and growth of Sabella
spallanzanii (Polychaeta, Sabellidae) in the Mediterranean Sea. IN: Acetes de la 4eme Conference
internationale des Polychetes/ Proceedings of the 4th international polychaete conference, (Dauvin, J-C.,

35

O’Loughlin et al. (2006)

Marine pest tolerances

Laubier, L., Reish, D.J. Eds) Memoires du Museum National d' Histoire Naturelle,
Paris162; 51-56.
Grzebyk, D., Bechemin, C., Ward, C.J., Verite, C., Codd, G.A., Maestrini, S.Y. (2003) Effects of
salinity and two coastal waters on the growth and toxin content of the dinoflagellate
Alexandrium minutum. Journal of Plankton Research 25; 1185-1199.
Guan, F., Han, Y., Qu, W. (1989) On the habitat on growth of Musculus senhousei (Benson).
Journal of Fisheries of China 13; 181-188. (In Chinese with English summary).
Gunthorpe, L., Mercer, J., Rees, C., Theodoropoulos, T. (2001) Best practices for the sterilisation
of aquaculture farming equipment: A case study for mussel ropes. Marine and Freshwater
Resources Institute Report No. 41., Marine and Freshwater Resources Institute,
Queenscliff, Victoria 48pp.
Hallegraeff, G.M., McCausland, M.A., Brown, R.K. (1995) Early warning of toxic dinoflagellate
blooms of Gymnodinium catenatum in southern Tasmanian waters. Journal of Plankton
Research 17; 1163-1176.
Hallegraeff, G.M., Valentine, J.P., Marshall, J-A., Bolch, C.J. (1997) Temperature tolerances of
toxic dinoflagellate cysts: application to the treatment of ships’ ballast water. Aquatic
Ecology 31; 47-52.
Hamasaki, K., Horie, M., Tokimitsu, S., Toda, T., Taguchi, S. (2001) Variability in toxicity of the
dinoflagellate Alexandrium tamarense isolated from Hiroshima Bay, western Japan, as a
reflection of changing environmental conditions. Journal of Plankton Research 23; 271278.
Hanisak, M.D. (1979) Growth patterns of Codium fragile ssp. tomentosoides in response to
temperature, irradiance, salinity, and nitrogen source. Marine Biology 50; 319-332.
Hawkes, G., Day, R. (1993) Review of the biology and ecology of Asterias amurensis. Status Report
to Fisheries Research and Development Corporation, CSIRO Division of Fisheries,
Hobart, Tasmania.
Hay, C.H. (1990) The dispersal of sporophytes of Undaria pinnatifida by coastal shipping in New
Zealand, and implications for further dispersal of Undaria in France. British Phycological
Journal 25; 301-313.
Hayes, K., Sliwa, C., Migus, S., McEnnulty, F. and Dunstan, D. (2005) National priority pests:
Part II Ranking of Australian Marine Pests. An Independent Report Undertaken for the
Department of Environment and Heritage by CSIRO Marine Research. CSIRO Marine
Research, National Heritage Trust. 94 pp.
Hewitt C.L., Martin R.B., Sliwa C., McEnnulty, F.R., Murphy, N.E., Jones T., Cooper, S. (2002)
Editors. National Introduced Marine Pest Information System. Web publication
<http://crimp.marine.csiro.au/nimpis>, Date of access: 1st June 2006
Hicks, G.R.F. (1973) Combined effects of temperature and salinity on Hemigrapsus edwardsi
(Hilgendorf) and H. crenulatus (Milne Edwards) from Wellington Harbour, New Zealand.
Journal of Experimental Marine Biology and Ecology 13; 1-14.
Hicks, D.W., McMahon, R.F. (2002) Temperature acclimation of upper and lower thermal limits
and freeze resistance in the nonindigenous brown mussel, Perna perna (L.), from the Gulf of
Mexico. Marine Biology (Berlin). 140; 1167-1179.

36

O’Loughlin et al. (2006)

Marine pest tolerances

Hopkins, A.E. (1936) Adaptation of the feeding mechanism of the oyster (Ostrea gigas) to changes
in salinity. Bulletin of the Bureau of Fisheries 48; 345-364.
Hwang, D.F., Lu, Y.H. (2000) Influence of environmental and nutritional factors on growth,
toxicity, and toxin profile of dinoflagellate Alexandrium minutum. Toxicon 38; 1491-1503.
Hymanson, Z., Wang, J., Sasaki, T. (1999) Lessons from the home of the Chinese mitten crab.
Interagency Ecological Program Newsletter 12; 25–32.
Ilyin, B.S. (1949) Gobies. Atlas: Commercial fish species of the USSR. Pisshchepromizdat.
Moscow pp. 642-644.
Ino, T., Sagara, J., Hamada, S., Tamakawa, M. (1955) On the spawning season of the starfish,
Asterias amurensis, in Tokyo Bay. Bulletin of the Japanese Society of Scientific Fisheries 21;
32-36.
Jackson, A. (2005) Ciona intestinalis. A sea squirt. Marine Life Information Network: Biology and
Sensitivity Key Information Sub-programme [online]. Plymouth: Marine Biological
Association
of
the
United
Kingdom.
Web
publication:
http://www.marlin.ac.uk/species/Cionaintestinalis.htm, Date of Access: 4th May 2006.
Jackson, A.E., Ayer, S.W., Laycock, M.V. (1992) The effect of salinity on growth and amino acid
composition in the marine diatom Nitzschia pungens. Canadian Journal of Botany 70; 2198–
201.
Jeffs, A.G., James, P. (2001) Sea-cage culture of the spiny lobster Jasus edwardsii in New Zealand.
Marine and Freshwater Research 52; 1419–1424.
Jenkins, G.P. (1986) Composition, seasonality and distribution of ichthyoplankton in Port Phillip
Bay, Victoria. Australian Journal of Marine and Freshwater Research, 37; 507-520.
Jensen, J.N. (1988) Recruitment growth and mortality of juvenile Corbula gibba and Abra alba in
the Limfjord Denmark.
IN: Meeting on the Baltic Sea environment: History,
eutrophication, recruitment, ecotoxicology. Held at the 10th symposium of the Baltic
Marine Biologists, Vol 6, Kiel Meeresforsch Sonderh, 357-365.
Jensen, J.N. (1990) Increased abundance and growth of the suspension feeding bivalve Corbula
gibba in a shallow part of the eutrophic Limfjord Denmark. Netherlands Journal of Sea
Research 27; 101-108.
Johansson, G., Eriksson, B.K., Pedersen, M., Snoeijs, P. (1998) Long-term changes of macroalgal
vegetation in the Skagerrak area. Hydrobiologia 385; 121–138.
Kalyanasundaram, N. (1975) Studies on the biology of Mytilopsis sallei (Recluz), an important
marine fouling mollusc. Bulletin of the Department of Marine Science, University of
Cochin 7; 685-693.
Karande, A.A., Menon, K.B. (1975) Mytilopsis sallei, a fresh immigrant in Indian harbours. Bulletin
of the Department of Marine Science, University of Cochin 7; 455-466.
Kashenko, S.D. (1996) Effects of desalination on the larval settlement and metamorphosis of the
ascidian Styela clava. Biologiya Morya (Vladivostok) 22; 174-178.
Klöpper, S., Scharek, R., Gerdts, G. (2003) Diarrhetic shellfish toxicity in relation to the
abundance of Dinophysis spp. In the German Bight near Helgoland. Marine Ecology
Progress Series 259: 93-102.

37

O’Loughlin et al. (2006)

Marine pest tolerances

Kocak, F., Kucuksezgin, F. (2000) Sessile fouling organisms and environmental parameters in the
marinas of the Turkish Aegean coast. Indian Journal of Marine Sciences 29; 149-157.
Koh, C.H., Shin, H.C. (1988) Environmental characteristics and distribution of macrobenthos in
a mudflat of the west coast of Korea (Yellow Sea). Netherlands Journal of Sea Research
22; 279-290.
Komatsu, T., Meinesz, A., Buckles, D. (1997) Temperature and light responses of alga Caulerpa
taxifolia introduced into the Mediterranean Sea. Marine Ecology Progress Series 146; 145153.
Kulikova, V.A. (1978) Morphology, seasonal abundance dynamics and settlement of larval
bivalve Musculista senhousia in the Bousset Lagoon (South Sakhalin). Marine Biology
(Vladivost.) 4; 61-66.
Lasiak, T. (1986) The reproductive cycles of the intertidal bivalves Crassostrea cucullata (Born,
1778) and Perna perna (Linnaeus, 1758) from Transkei coast, Southern Africa. The Veliger
29; 226-230.
Liang, D., Uye, S. (1997) Seasonal reproductive biology of the egg-carrying calanoid copepod
Pseudodiaptomus marinus in a eutrophic inlet of the Inland Sea of Japan. Marine Biology 128;
409-414.
Lim, P-T., Ogata, T. (2005) Salinity effect on growth and toxin production of four tropical
Alexandrium species (Dinophyceae). Toxicon 45; 699-710.
Lucas, J.S., Costlow J.D., (1979) Effects of various temperature cycles on the larval development
of the gastropod mollusc Crepidula fornicata. Marine Biology 51; 111-117.
Mak, P.M.S., Huang, Z.G. (1982) The salinity tolerance of the serpulid polychaete, Hydroides
elegans (Haswell, 1883), and its possible applications in bio-antifouling. IN: The Marine Flora
And Fauna of Hong Kong and Southern China, (Morton, B.S., Tseng, C.K. Eds) Hong Kong
University Press, Hong Kong 2; 817-823.
Mann, R., Burreson, E.M., Baker, P.K. (1991) The decline of the Virginia oyster fishery in
Chesapeake Bay: considerations for the introduction of a non-endemic species, Cassostrea
gigas (Thunberg, 1793). Journal of Shellfish Research 10; 379-388.
Maryland Department of Natural Resources (2006) Fixed station monthly monitoring – Newport
Bay.
<http://mddnr.chesapeakebay.net/bay_cond/bay_cond.cfm?param=sal&station=XCM48
78> Date of access: 28th June 2006.
Mastrototaro, F., Matarrese, A., D’Ongia, G. (2003) Occurrence of Musculista senhousia (Mollusca
Bivalvia) in the Taranto seas (eastern-central Mediterranean sea). Journal of the Marine
Biological Association of the United Kingdom 83; 1279-1280.
Matern, S.A. (2001) Using temperature and salinity tolerances to predict the success of the
Shimofuri goby, a recent invader to California. Transactions of the American Fisheries
Society 130; 592-599.
Matern, S.A., Brown, L.R. (2005) Invaders eating invaders: exploitation of novel alien prey by the
alien Shimofuri goby in the San Francisco Estuary, California. Biological Invasions 7; 497507.

38

O’Loughlin et al. (2006)

Marine pest tolerances

Mawatari, S. (1951) The natural history of a common fouling bryozoan, Bugula neritina.
Miscellaneous Reports of the Research Institute for Natural Resources, Tokyo 19-21; 4754.
McDermott, J.J. (1998) The western Pacific brachyuran (Hemigrapsus sanguineus: Grapsidae), in its
new habitat along the Atlantic coast of the United States: geographic distribution and
ecology. ICES Journal of Marine Science 55; 289–298.
McEnnulty F. R., Bax N. J., Schaffelke B. and Campbell M. L. (2001) A review of rapid response
options for the control of ABWMAC listed introduced marine pest species and related taxa
in Australian waters. Centre for Research on Introduced Marine Pests. Technical Report
No. 23. CSIRO Marine Research, Hobart.
McGaw, I.J. (2001) Impacts of habitat complexity on physiology: purple shore crabs tolerate
osmotic stress for shelter. Estuarine, Coastal and Shelf Science 53; 865-876.
McGaw, I.J. (2003) Behavioural thermoregulation in Hemigrapsus nudus, the amphibious purple
shore crab. Biological Bulletin 204; 38-49.
Miller, R.J. (1974) Distribution and biomass of an estuarine ctenophore population, Mnemiopis
leidyi (A. Agassiz). Chesapeake Science 15; 1-8.
Mills, C.E., Sommer, F. (1995) Invertebrate introductions in marine habitats: two species of
hydromedusae (Cnidaria) native to the Black Sea, Maeotias inexspectata and Blackfordia
virginica, invade San Francisco Bay. Marine Biology 122; 279-288.
Miyawaki, D., Sekiguchi, H. (1999) Interannual variation of bivalve populations on temperate
tidal flats. Fisheries Science 65; 817-829.
Moeller, H.W. (1969) Ecology and life history of Codium fragile subsp. tomentosoides. PhD thesis,
Rutgers University.
Moore, S.J. (1987) Redescription of the Leptomedusan Blackfordia virginica. Journal of the Marine
Biological Association of the United Kingdom 67; 287-291.
Morita, T., Kurashima, A., Maegawa, M. (2003a) Temperature requirements for the growth and
maturation of the gametophytes of Undaria pinnatifida and U. undarioides (Laminariales,
Phaeophyceae). Phycological Research 51; 154-160.
Morita, T., Kurashima, A., Maegawa, M. (2003b) Temperature requirements for the growth of
young sporophytes of Undaria pinnatifida and Uudaria undarioides (Laminariales,
Phaeophyceae). Phycological Research 51; 266-270.
Niermann-Kerkenberg, E., Hofmann, D.K. (1989) Fertilization and normal development in
Ascidiella
apsersa
(Tunicata)
studied
with
Nomarski-optics.
Helgolaender
Meeresuntersuchungen 43; 245-258.
Nicolini, M.H., Penry, D.L. (2000) Spawning, fertilization, and larval development of
Potamocorbula amurensis (Mollusca: Bivalvia) from San Francisco Bay, California. Pacific
Science 54; 377-388.
Oishi, K., Saigusa, M. (1997) Nighttime emergence patterns of planktonic and benthic
crustaceans in a shallow subtidal environment. Journal of Oceanography 53; 611- 621.
Park, M.S., Kim, B.Y. (1985) Feeding behaviour of the starfish, Asterias amurensis (Lutken).
Bulletin of the Fisheries Research Developmental Agency, Busan 34; 171-174.

39

O’Loughlin et al. (2006)

Marine pest tolerances

Parkhill, J-P., Cembella, A.D. (1999) Effects of salinity, light and inorganic nitrogen on growth
and toxigenicity of the marine dinoflagellate Alexandrium tamarense from northeastern
Canada. Journal of Plankton Research 21; 939-955.
Petersen, J.K., Svane, I. (1995) Larval dispersal in the ascidian Ciona intestinalis (L.). Evidence for a
closed population. Journal of Experimental Marine Biology and Ecology 186; 89-102.
Pierre, M.A.D.L., Maricela, Y.I.P. (1999) Literature Review of Caulerpa taxifolia. University of
Salzburg
Molecular
Biology,
Salzburg
Austria.
Online
Publication:
http://www.sbg.ac.at/ipk/avstudio/pierofun/ct/caulerpa.htm Date of access: 1st June
2006.
Prakash, A. (1967) Growth and toxicity of a marine dinoflagellate, Gonyaulax tamarensis. Journal of
the Fisheries Research Board of Canada 24; 1589-1606.
Qiu, J-W., Qian, P-Y. (1998) Combined effects of salinity and temperature on juvenile survival,
growth and maturation in the polychaete Hydroides elegans. Marine Ecology Progress Series
168; 127-134.
Qiu, J-W., Qian P-Y. (1999) Tolerance of the barnacle Balanus amphitrite amphitrite to salinity and
temperature stress: effects of previous experience. Marine Ecology Progress Series 188;
123-132.
Rajagopal, S., van der Velde, G., Jansen, J., van der Gaag, M., Atsma, G., Janssen-Mommen,
J.P.M., Polman, H., Jenner, H.A. (2005) Thermal tolerance of the invasive oyster Crassotrea
gigas: Feasibility of heat treatment as an antifouling option. Water Research 39; 4335-4342.
Rao, K.M., Raju, P.R., Ganti, S.S., Kalyanasundarum, N. (1975) Metabolism in Mytilopsis sallei
(Recluz) (Pelecypoda): Influence of temperature. Current Science 44; 110-112.
Rayment, W.J. (2006) Crepidula fornicata. Slipper limpet. Marine Life Information Network:
Biology and Sensitivity Key Information Sub-programme [on-line]. Plymouth: Marine
Biological
Association
of
the
United
Kingdom.
Available
from:
http://www.marlin.ac.uk/species/Crepidulafornicata.htm Date of access 10th May 2006
Read, G. B. (1975) Systematics and biology of polydorid species Polychaeta: Spionidae from
Wellington Harbor. Journal of the Royal Society of New Zealand 5; 395-419.
Rensel, J., (1993) Factors controlling paralytic shellfish poisoning (PSP) in Puget Sound,
Washington. Journal of Shellfish Research 12; 371-376.
Reusch, T.B.H., Williams, S.L. (1998) Variable responses of native eelgrass Zostera marina to a
non-indigenous bivalve Musculista senhousia. Oecologia 113; 428-441.
Rindi, F., Guiry, M.D., Cinelli, F. (1999) Morphology and reproduction of the adventive
Mediterranean rhodophyte Polysiphonia setacea. Hydrobiologia 398-399; 91-100.
Romero, S.M.B., Moreira, G.S. (1980) The combined effects of salinity and temperature on the
survival of embryos and veliger larvae of Perna perna (Linne, 1758) (Molluska: Bivalvia).
Boletim de Fisiologia Animal, University Of San Paulo 5; 45-58.
Rudnick, D.A., Hieb, K., Grimmer, K.F., Resh, V.H. (2003) Patterns and processes of biological
invasion: The Chinese mitten crab in San Francisco Bay. Basic and Applied Ecology 4;
249–262.

40

O’Loughlin et al. (2006)

Marine pest tolerances

Ruiz, G.M., Miller, A.W., Walton, W.C. (1998) The bi-coastal invasion of North America by the
European green crab: Impacts and management strategies. Aquatic Nuisance Species Task
Force, Smithsonian Environmental Research Centre, Edgewater, Maryland, USA 45pp.
Saito, Y. (1975) Undaria pinnatifida. In: Advance of phycology in Japan , Tokida, J. and Hirose, H.,
(eds). Dr. W. Junk , The Hague. pp. 304-320.
Salomao, L.C., Magalhaes, A.R.M., Lunetta, J.E. (1980) Survival of Perna perna (Mollusca:
Bivalvia) in different salinities. Boletim de Fisiologia Animal, University Of San Paulo 4;
143-152.
Salomon, P.S., Jnason, S., Granéli, E. (2003) Parasitism of Dinophysis norvegica by Amoebophrya sp.
in the Baltic Sea. Aquatic Microbial Ecology 33: 163-172.
Samuel Jesudoss, K., Gunasingh Masilamoni, J., Nandakumar, K.V.K., Azariah, N., Azariah, J.
(1997) Temperature tolerance and Impact of power plant heated effluents on Megabalanus
tintinnabulum. Web publication: http://www.biol.tsukuba.ac.jp/~macer/index.html Date
of Access: 25th June 2006.
Sanderson, J.C. (1990) A preliminary survey of the distribution of the introduced macroalga,
Undaria pinnatifida (Harvey) Suringer on the east coast of Tasmania, Australia. Botanica
Marina 33; 153-157.
Schaffelke, B., Deane, D. (2005). Desiccation tolerance of the introduced marine green alga
Codium fragile ssp. tomentosoides - clues for likely transport vectors? Biological Invasions 7;
557-565.
Segnini de Bravo, M.I., Chung, K.S., Perez, J.E. (1998) Salinity and temperature tolerances of the
green and brown mussels, Perna viridis and Perna perna (Bivalvia, Mytilidae). Revista de
Biologia Tropical, Supplement 46; 121-126.
Sgro, L., Turolla, E., Rossi, R., Mistri, M. (2002) Sexual maturation and larval development of the
immigrant Asian date mussel, Musculista senhousia, in a Po River deltaic lagoon. Italian
Journal of Zoology 69; 223-228.
Shatkin, G., Shumway, S.E., Hawes, R. (1997) Considerations regarding the possible introduction
of the Pacific oyster (Crassostrea gigas) to the Gulf of Maine: a review of global experience.
Journal of Shellfish Research 16; 463-477.
Siddall, S.E. (1980) A clarification of the genus Perna (Mytilidae). Bulletin Of Marine Science 30;
858-870.
Siu, G.K., Young, M.L.C., Chan, D.K.O. (1997) Environmental and nutritional factors which
regulate population dynamics and toxin production in the dinoflagellate Alexandrium
catenella. Hydrobiologia 352; 117-140.
Smith, R.E.H., Stapleford, L.C., Ridings, R.S. (1994) The acclimated response of growth,
photosynthesis, composition, and carbon balance to temperature in the psychrophilic ice
diatom Nitzschia seriata. Journal of Phycology 30; 8–16.
Steidinger, K.A., Burkholder, J.M., Glasgow Jr., H.B., Hobbs, C.W., Garrett, J.K., Truby, E.W.,
Noga, E.J., Smith, S.A. (1996) Pfiesteria piscicida gen. et sp. nov. (Pfiesteriaceae fam. nov.), a
new toxic dinoflagellate with a complex life cycle and behavior. Journal of Phycology 32;
157-164.

41

O’Loughlin et al. (2006)

Marine pest tolerances

Stepanova, T.G., Ragimov, D.B., Mitrofanov, I.V. (2005) Caspian Sea Environment Program
Neogobius
melanostomus
Web
Publication:
http://www.caspianenvironment.org/biodb/eng/fishes/Neogobius%20melanostomus/m
ain.htm Date of access: 1st July 2006.
Stephen, D., Shetty, H.P.C. (1981) Induction of spawning in four species of bivalves of the
Indian coastal waters. Aquaculture 25; 153-159
Su, H-M., Chiang, Y-M, Liao, I-C. (1993) Role of temperature, salinity and ammonia on the
occurrence of the Taiwanese strain of Alexandrium tamarense. IN: Toxic Phytoplankton Blooms
in the Sea, (Smayda, T.J., Shimizu, Y. Eds) Elsevier Science Publishers, B.V. Amsterdam
837-842.
Sullivan, B.E., Andersen, R.A. (2001) Salinity tolerance of 62 strains of Pfiesteria and Pfiesteria-like
heterotrophic flagellates (Dinophyceae). Phycological Research 49; 207-214.
Sutton, C.A., Bruce, B.D. (1996) Temperature and salinity tolerances of the larvae of the northern Pacific
seastar A. amurensis. CRIMP Technical Report, 6. Prepared for: CSIRO Marine Research,
Cent. for Research on Introduced Marine Pests. CSIRO Marine Research, Cent. for
Research on Introduced Marine Pests, Hobart (Australia).
Sylvester, F., Dorado, J., Boltovskoy, D., Juarez, A., Cataldo, D. (2005) Filtration rates of the
invasive pest bivalve Limnoperna fortunei as a function of size and temperature.
Hydrobiologia. 534; 71-80.
Talman, S.G. (2000) The ecology and impacts of the introduced basket clam, Corbula gibba, in
Port Phillip Bay, Australia. PhD dissertation, University of Melbourne, Department of
Zoology, Melbourne, Victoria.
Talman, S.G., Keough, M.J. (2001) Impact of an exotic clam, Varicorbula gibba, on the commercial
scallop Pecten fumatus in Port Phillip Bay, south-east Australia: Evidence of resourcerestricted growth in a subtidal environment. Marine Ecology Progress Series 221; 135-143.
Theodorou, A.J. (1994) The ecological state of the Elefsis Bay prior to the operation of the
Athens sea outfall. Water Science and Technology 30; 161-171.
Thessen, A.E., Dortch, Q., Parsons, M.L., Morrison, W. (2005) Effect of salinity on Pseudonitzshia species (Bacillariophyceae) growth and distribution. Journal of Phycology 41; 21-29.
Thiyagarajan, V., Nair, K.V.K., Subramoniam, T., Venugopalan, V.P. (2002) Larval settlement
behaviour of the barnacle Balanus reticulatus in the laboratory. Journal of the Marine
Biological Association of the United Kingdom 82; 579-582.
Thomson, J.D., Watson, R.J. (1994) The commercial impact of Asterias amurensis on the fishing
and mariculture industries in Japan. A report of a visit to Japan, January 24 - February 6,
1994. Report to the National Seastar Task Force.
Trowbridge, C.D. (1998) Ecology of the green macroalga Codium fragile (Suringar) Hariot 1889:
invasive and non-invasive subspecies. Oceanography and Marine Biology: an Annual
Review 36; 1-64.
Valdivia, N., Heidemann, A., Thiel, M., Molis, M., Wahl, M. (2005) Effects of disturbance on the
diversity of hard-bottom macrobenthic communities on the coast of Chile. Marine Ecology
Progress Series 299; 45–54.

42

O’Loughlin et al. (2006)

Marine pest tolerances

Vannucci, M., Santhakumari, V., Dos Santos, E.P. (1970) The ecology of hydromedusae from the
Cochin area. Marine Biology 7; 49-58.
Vazquez Archdale, M., Anraku, K., Yamamoto, T., Higashitani, N. (2003) Behaviour of the
Japanese rock crab ‘Ishigani’ Charybdis japonica towards two collapsible baited pots:
Evaluation of capture effectiveness. Fisheries Science. 69; 785-791.
Veldhuizen, T., Stanish, S. (1999) Overview of the life history, distribution, abundance, and
impacts of the Chinese mitten crab, Eriocheir sinensis. Report for the US Fish and Wildlife
Service.
Wallentinus, I. (1999) Exotics across the ocean - Undaria pinnatifida (Harvey) Suringar, 1872. IN:
Exotics across the ocean: Case histories on introduced species: their biology, distribution, range expansion
and impact, (Gollasch S., Minchin D., Rosenthal H., Voigt M., Eds) Department of Fishery
Biology, Institute for Marine Science, University of Kiel, Germany 11-19.
Washington Department of Fish and Wildlife (2001) Washington Department of Fish and
Wildlife:
Aquatic
Nuisance
Species.
Web
publication:
http://www.wa.gov/wdfw/fish/ans/greencrab.html Date of Access: 28th May 2006.
Wisely, B. (1958) The settling and some experimental reactions of a bryozoan larva, Watersipora
cucullata (Busk). Australian Journal of Marine and Freshwater Research 9; 362-371.
Yamamoto, T., Oh, S.J., Kataoka, Y. (2002) Effects of temperature, salinity and irradiance on the
growth of the toxic dinoflagellate Gymnodinium catenatum (Dinophyceae) isolated from
Hiroshima Bay, Japan. Fisheries Science 68; 356-363.
Yarish, C., Edwards, P., Casey, S. (1979) Acclimation responses to salinity to three estuarine red
algae from New Jersey. Marine Biology 51; 289-294.
Yoshida, M., Ogata, T., Thuoc, C.V., Matsuoka, K., Fukuyo, Y., Hoi, N.C., Kodama, M. (2000)
The first finding of toxic dinoflagellate Alexandrium minutum in Vietnam. Fisheries Science
66; 177-179.
Yoshikawa, T., Takeuchi, I., Furuya, K. (2001) Active erosion of Undaria pinnatifida Suringar
(Laminarials, Phaeophyceae) mass-cultured in Otsuchi Bay in northeastern Japan. Journal
of Experimental Marine Biology and Ecology 266: 51-65.
Zaika V.E., Sergeeva N.G. (1990). Morphology and Development of Mnemiopsis mccradyi
(Ctenophora, Lobata) in the Black Sea.- Zoologichesky Journal. 52 (11) 5 - 11 (in Russian,
abstract in English).
Zuljevic, A., Antolic, B. (2000) Synchronous release of male gametes of Caulerpa taxifolia
(Caulerpales, Chlorophyta) in the Mediterranean Sea. Phycologia 39; 157-159.

43

