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Of the three argonaut or paper-nautilus (Cephalopoda: 
Argonautidae: Argonauta) species occurring in Australian 
waters, only the tuberculated argonaut A. nodosus 
[Lightfoot], 1786 occurs regularly around Tasmania. The 
Bass Strait islands are well-known localities for mass 
autumn strandings of the brood chamber ‘shells’ of this 
species; however, individuals are also regularly beached 
elsewhere around the Tasmanian coast, including the 
south-east. The Tasmanian Museum and Art Gallery 
(TMAG) collections contain 22 registered specimens of 
this species from various parts of the state, while Muse-
um Victoria (MV), Australian Museum (AM), Queens-
land Museum (QM) and Western Australian Museum 
(WAM) contain at least 40, 12, 11 and 2 Tasmanian 
specimens respectively. By contrast, the warmer-water 
Greater argonaut A. argo Linnaeus, 1758 has long been 
considered a very rare visitor to Tasmanian waters. 
While occasionally washing up on Bass Strait islands, 
until recently the only specimen known from the Tas-
manian mainland was a shell fragment in  TMAG’s col-
lections found in 1990 at Triabunna, on the lower east 
coast. 

All of that changed in the autumn of 2014. On 6th April, 
JF received three emailed photographs of an Argonauta 
argo shell collected by Suzanne Barrett the previous day 
on Hope Beach, South Arm, south-east of Hobart, in 
response to his online request for information on argo-
naut sightings (http://researchdata.museum.vic.gov.au/
argosearch/). Thus, the alarm forecasting a possible 
influx was raised. The 14.4 cm shell was the first intact 
A. argo shell JF had observed from south-east Tasmania, 
despite examining over 1600 argonaut shells and speci-
mens while generating a monograph recently published 
in Molluscan Research (August 2013, Vol. 33, No. 3). In 
the days that followed, photos were posted on Redmap 
(the ‘Range Extension Database and Mapping project’, 
http://www.redmap.org.au/), including images show-
ing a live female A. argo beached while still attached to 
her brood-chamber (Fig. 1). The beaching was wit-
nessed on 7th April, near Kingston, south of Hobart. 
On the basis of the photo, both SG and JF were able to 
validate the record for the Redmap moderators. A week 
later, SG independently received an enquiry at TMAG 
about another argonaut shell that had been found two 

Fig. 1. Stranded Argonauta argo, photographed by Janet 
Potter at Boronia Beach, Kingston, south of Hobart, on 7th April 

Fig. 2. One of six beached Argonauta argo found by SG at 
Seven Mile Beach, east of Hobart, on 4th May 2014. 
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(Continued from page 1) 

days after the Kingston specimen but at Seven Mile 
Beach, east of Hobart. Examining a photo of the shell, 
and later seeing the actual shell confirmed its identity. 
Alerted to the possibility of further beachings of argo-
nauts in south-east Tasmania, SG arranged for some 
media coverage of the story on the local ABC radio and 
in the Hobart Mercury newspaper. The Mercury article 
specifically requested observers to send in their records 
to SG and to Redmap. There followed a flurry of rec-
ords (summarised in Table 1), including several that pre
-dated the original Redmap and Hope Beach observa-
tions. Most of these were from late March or early 
April, and all but two of the localities were within Storm 
Bay (i.e. the inshore waters into which Hobart’s Der-
went River estuary feeds) or Frederick Henry Bay (a 
sheltered side-arm of Storm Bay east of the Derwent 
estuary).  

Records continued to trickle in through April 
and into early May, including a haul of six battered 
shells found by SG on Seven Mile Beach on 4th May 
(Fig. 2). The most recent report was of a fresh specimen 
reported on 11th May from Seven Mile Beach. Geo-
graphical outliers include one at Dolphin Sands near 
Swansea on the east coast on 26th April, and two near 
Port Arthur on separate dates in mid-April. The earliest 
recorded specimen was from Clifton Beach on 11th 
February; however, the record did not come to light 
until late April when it was lodged on Redmap, and it 
remains possible that an incorrect date was entered. 
Additionally, two south-east Tasmanian strandings from 
previous years came to light as a result of the publicity: 
a large and intact specimen found on Carlton Beach in 
March 2012, and a smaller one from near Port Arthur 
in April 1999. All known Tasmanian records (other 
than the early ‘Bass Strait islands’ records) are plotted in 
Fig. 3. 

Meanwhile, the cooler-water A. nodosus — a species that 
turns up regularly in southern Tasmanian waters — has 
only been reported from a single southeastern Tasmani-
an locality this autumn: Adventure Bay on Bruny Island, 
on 16th and 17th May. 

It seems likely that the autumn 2014 beachings 
in southeast Tasmania are historically unprecedented, at 
least in respect to the number of animals involved. This 
begs the question as to what unusual oceanographic or 
climatological conditions might have triggered the 
‘invasion’. The Integrated Marine Observing System 
(IMOS) maintains a web-site that hosts colour-coded 
charts of sea-surface temperature (SST) derived from 
every successful (clear-sky) pass of a NOAA satellite 
(every few hours on average) (see http://
oceancurrent.imos.org.au/Tas/ for the Tasmanian 
maps). Sea-level contours and geotrophic current veloci-
ty arrows, derived from drifters and floats, are overlain 
on these charts. Every month, the charts are compiled Fig. 3. Tasmanian Argonauta argo records grouped by 10 

km squares, and coloured by date of first known record. The given 
year and location of the Cape Barren Isd record is approximate. 

Fig. 4. Sea-surface temperatures, relative sea-levels and currents 
around Tasmania. (a) 0410 hrs, 19th February 2014; (b) 2306 
hrs, 28th March 2014. Source: IMOS.  

b 
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into animations, allowing one to visualise changes in 
SST and current direction over hours, days and weeks. 
February to May 2014 animations show that by Febru-
ary the waters in the semi-enclosed coastal bays of 
south-east Tasmania were much warmer than nearby 
offshore waters. The animations depict the gradual 
southwards extension of warm water in the East Aus-
tralian Current (EAC) offshore from Tasmania’s east 
coast, as well as the intermittent wrapping of the 
Zeehan Current around the southern coast of Tasmania 
from its origins to the northwest. Neither of these pro-
cesses is linear, because the currents form eddies and 
countercurrents; they also gradually mix with the waters 
into which they penetrate. Nevertheless, the general 
pattern, for late summer and autumn 2014, seems to 
have been for a narrow band of water from the Zeehan 
Current to feed along Tasmania’s southern coast to-
wards the southeast, and for intermittent pulses of 
warmer EAC water to be injected into southeast coastal 
waters from the northeast and deflected landwards by 
the Zeehan Current. Several particularly clear but short-
lived pulses of warm EAC water was pushed towards 
Storm Bay, the first on February 18th (Fig. 4a) and an-
other on 28th March (Fig. 4b).  

These pulses only correlate very loosely with 
the spate of A. argo strandings, and it is not entirely 
clear that the two events are related. Nevertheless, it 

makes sense that the occurrence of a warm-water spe-
cies beyond the normal southern limits of its range 
would depend on injections of warm EAC water origi-
nating from within the species’ normal range further 
north. Whether in 2014 the currents were flowing more 
strongly, or the pulses more frequent than usual, re-
mains unclear. Time will tell whether the pattern will be 
repeated in future years, as seems likely given the in-
creasingly evident global pattern of warming ocean wa-
ters and resultant increasing southward extension of the 
East Australian Current. 
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Date Locality *Coordinates Recorder Source 

Pre 1877 Bass Strait Islands -40°S, 148.33°E AM (C058698) JF/MV 

Pre 1935 Bass Strait Islands   MV (F212740) JF/MV 

Pre 1984 Bass Strait Islands -40°S, 150°E USNM (816589) JF/MV 

1990 Triabunna - Plain Place Beach -42.4873°S, 147.9952°E TMAG TMAG 

Early 1990s Cape Barren Island (unlocalised) -40.3691°S, 148.0273°E Dennis Wild JF/MV 

04/1999 Port Arthur - Denmans Cove -43.1385°S, 147.8939°E Brendan Baker SG/TMAG 

03/2012 Carlton - Park Beach -42.8681°S, 147.6130°E Grant Muir SG/TMAG 

11/02/2014 Clifton Beach -42.9944°S, 147.5234°E Robyn Everist Redmap 

21/03/2014 Seven Mile Beach -42.8465°S, 147.5313°E Kim Valentine SG/TMAG 

29/03/2014 Clifton Beach -42.9944°S, 147.5234°E Sarah Cameron SG/TMAG 

30/03/2014 Clifton Beach -42.9944°S, 147.5234°E Sarah Cameron SG/TMAG 

Early 04/2014 Kingston Beach -42.9838°S, 147.3243°E Meg Taylor SG/TMAG 

Early 04/2014 Bellerive Beach -42.8701°S, 147.3757°E Holly Zeinert SG/TMAG 

Early 04/2014 Seven Mile Beach -42.8465°S, 147.5313°E Catherine Byrne SG/TMAG 

5/04/2014 South Arm - Hope Beach -43.0341°S, 147.4553°E Suzanne Barrett JF/MV 

7/04/2014 Kingston - Boronia Beach -42.9929°S, 147.3292°E Janet Potter Redmap 

9/04/2014 Seven Mile Beach -42.8465°S, 147.5313°E Suzanne Hedgecott SG/TMAG 

12/04/2014 Port Arthur - Safety Cove -43.1755°S, 147.8553°E Rob de Little SG/TMAG 

14/04/2014 Port Arthur - Safety Cove -43.1755°S, 147.8553°E Rob de Little SG/TMAG 

18/04/2014 Clifton Beach -42.9944°S, 147.5234°E Ian Woodward Redmap 

22/04/2014 Howden - foreshore -43.0227°S, 147.2904°E Christine Bickford SG/TMAG 

22/04/2014 Lauderdale - Roches Beach -42.9111°S, 147.4952°E Peter Watson SG/TMAG 

22/04/2014 Seven Mile Beach -42.8465°S  147.5313 E Bill Bleathman SG/TMAG 

26/04/2014 Nine Mile Beach & Dolphin Sands -42.0915°S  148.1348 E Jane Richardson SG/TMAG 

29/04/2014 Adventure Bay - northern end -43.3480°S  147.3234 E Adam Howell Redmap 

3/05/2014 Clifton Beach -42.9944°S  147.5234 E Sarah Cameron Redmap 

4/05/2014 Seven Mile Beach -42.8465°S  147.5313 E Simon Grove SG/TMAG 

8/05/2014 Seven Mile Beach -42.8465°S  147.5313 E Sarah Bishop SG/TMAG 

11/05/2014 Seven Mile Beach -42.8465°S  147.5313 E Penny Sowter SG/TMAG 

Table 1. Known Tasmanian records of Argonauta argo. *Coordinates are standardised . 
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MOLLUSCS 2015 
Call for Symposia 

The next triennial conference of the Malacological Society of Australasia is being planned for the first 
week of December 2015. It will be held at the National Marine Science Centre and Pacific Bay Resort in 
Coffs Harbour, located in subtropical northern NSW. Dr Richard Willan will be running a post confer-
ence workshop on nudibranch (sea slug) identification.  
 
The scientific organising committee would like to invite suggestions for symposia and workshops for  
Molluscs 2015. Symposia at previous conferences have included topics such as: 
Molluscs and Climate Change 
Molluscs and Molecules 
Phylogeny and Systematics 
Physiology and Evolutionary Development 
Invasive Species, Parasites and Diseases 
Fisheries and Aquaculture 
 
If you would like to propose a scientific symposium or workshop for Molluscs 2015, please contact  
conference organisers: 
Assoc. Prof. Kirsten Benkendorff email Kirsten.benkendorff@scu.edu.au  or 
Assoc. Prof. Stephen Smith email: steve.smith@scu.edu.au 
or post some ideas on our Facebook page for discussion. 

Temperature is an important environmental factor that 
influences the biochemical, physiological and behav-
ioural response in molluscs (Diaz et al. 2011). Consider-
ing global climate change scenarios, increases in temper-
ature could make aquatic ectotherms vulnerable to ther-
mal stress. Low pH is an additional stress associated 
with ocean climate change that may also impact an or-
ganism’s biochemistry and nutritional properties (e.g. 
Pazos et al. 1997, Silva et al. 2012, Lira et al. 2013).  

Turbinidae, commonly referred to as turban 
snails, are distributed worldwide at all latitudes and 
depths, but are most diverse in tropical and subtropical 
shallow water environments. They are distributed wide-
ly over several countries in Southeast Asia and the Pa-
cific Islands, New Zealand and Australia. In Australia, 
turbans are a fished on a small scale. Commercial collec-
tion of turban shell is mainly restricted to NSW waters 
(I&I 2010), while it is relatively new fishery in Tasmania 
with potential to expand throughout coastal South Aus-
tralia (Mavrakis and Sullivan 2006).  

To determine the temperature tolerance of tur-
binid snails, critical thermal maximum (CTMax) and 
preferred temperature were assessed for Turbo militaris 
(Reeve, 1848) (Fig. 1) and Lunella undulata (Lightfoot, 
1786) (Fig. 2). The CTMax of both species was assessed 
using a dynamic method which involved changing the 

water temperature at a constant rate. Previous studies 
on CTMax have used a 1°C increase interval every 30 
minutes (Diaz et al. 2006; Diaz et al. 2011), while in this 

study two 1°C ± 0.8°C increase intervals for every 30 
minutes were applied (short term CTMax) and, addi-

tionally, 1°C ± 0.8°C for every 12 hours (longer term 
CTMax). These increments were selected to allow equi-
libration of the snails to the surrounding water temper-
ature, while producing an increasing gradient over time. 
All the individuals were acclimatised in a flow-through 
200 L water system tank for a week, with the acclimati-
zation conditions matching the water conditions where 
they were originally collected. Short and longer term 
CTMax experiments were done at different times with 
different individuals. The starting temperature for short 
term CTMax was based on the acclimatisation tempera-
ture. According to CTMax theory, the loss of attach-
ment to the substrate is a stress response indicating the 
loss of locomotory activity (Diaz et al. 2011). This was 
determined by visual monitoring and recording the 
time and temperature at which the organisms lost at-
tachment. The results showed that short term CTMax 
at 50% for L. undulata was 32.17°C and long term was 
29.6°C. Turbo militaris had a slightly higher short term 
CTMax at 50% (33.97°C) and for long term, 29.45°C. 
 

Thermal tolerance and biochemical composition of Turbinidae  
Roslizawati Ab Lah, Southern Cross University, New South Wales 

Email: r.ablah.10@student.scu.edu.au 
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Fig. 1.   These pictures show how T. militaris slowly detached from the wall of the glass tank as the temperature was 
increased and as the CTMax was reached. Photo: R. Ab Lah 

Fig. 2.   a) L. undulata attached to the tank, while 
b) L. undulata is detached from the tank.  
Photo: R. Ab Lah. 

Preliminary proximate analysis has revealed similarities 
in the overall nutritional content (i.e. moisture, protein 
lipid, ash, carbohydrates) of the two species living in 
natural conditions in the field. Both species have a good 
composition of polyunsaturated fatty acids, which are 
important for human health. However, there are some 
significant differences in the specific fatty acid composi-
tion of the two species, with, for example, more Omega-
3 Eicosapentaenoic acid (C20:5) in L. undulata com-
pared to greater amount of Omega-6 Arachidonic 
(C20:4) acid in T. militaris. 

To investigate the effects of elevated tempera-
ture and ocean acidification on the biochemical compo-
sition of T. militaris, a manipulative experiment was un-
dertaken at the National Marine Science Centre 
(NMSC) in Coffs Harbour. Proximate composition (i.e. 
moisture, protein lipid, ash, carbohydrates) and fatty 
acid analysis are currently underway to compare the 
nutritional quality of the snails under different treat-
ment regimes. This research will provide valuable infor-
mation about Turbinidae as a dietary source for humans 
and how their nutritional quality may be impacted by 
seasonal variation and long-term climate change. 
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Mining in many countries results in significant inputs of 
metal contaminants to aquatic systems (Solà et al. 2004, 
Mayes et al. 2009). In polluted aquatic systems, sedi-
ments are recognised as the most important sink and 
source of contaminants to ecosystems (Li et al. 2000). 
Sediment-bound contaminants may persist for many 
decades, for example, metal contaminants have persist-
ed in the Molonglo River, NSW since the cessation of 
the Captains Flat mine operation in 1962 and have elim-
inated aquatic communities over a 30 km stretch of the 
river below the mine site (Graham et al. 1986).  

Previous studies have identified the remobilisation 
of metals from river sediments and oxidation of tailings 
material within sediments as major continuing sources 
of metals within the river system (Brooks 1980, Norris 
1986, Hogg 1990, Dames and Moore 1993). In this con-
text, the bioavailability and toxicity of sediment-bound 
metals to benthic biota was investigated as part of an 
assessment of the health of the river ecosystem. 

Integrating exposure (metal concentrations in the 
sediment), dose (accumulated metals in cellular and sub-
cellular compartments of organism tissues) and respons-
es (associated biological health markers), provides infor-
mation on bioavailability and toxicity of sediment 
bound metal contaminants to the benthic biota (Taylor 
and Maher 2010).   

The exposure-dose-response relationships of Hyridella 
australis that were caged at four sites along a metal con-
tamination gradient in the river have been measured 
(Fig. 1). The freshwater bivalve H. australis was chosen 
as it possesses many of the characteristics needed for a 
good biomonitor; they are sessile, hardy, tolerant to 
contaminants, and provide sufficient tissue for analyses. 
Moreover, laboratory Pb, Cd and Zn-spiked sediment 
toxicity tests conducted with H. australis showed clear 
exposure-dose-response relationships, suggesting this organ-
ism is a good biomonitor for metals in freshwater envi-
ronments. The laboratory studies further suggested that 
it is a hardy and robust organism and would have the 
potential to survive in the contaminated river system. 
The Molonglo River sediments contain a mixture of 
metals. Exposure to metal mixtures can be additive or 
antagonistic and needs to be tested in situ. In the present 
study, after 28 days of exposure in the river, metal dose 
was measured in whole soft body and individual tissues 
of the caged organisms.  

Sub-cellular localisation of metals in hepatopancre-
as tissues was examined to identify the biologically avail-
able and detoxified metal contents.  

Fig. 1. Field exposure experimental setup. 

The biological responses in terms of enzymatic and 
cellular biomarkers were also measured in hepatopan-
creas tissues. Lysosomal membrane stability decreased 
as the sediment metal concentration gradient increased. 
Lysosomes of the organisms collected from the site 
with the highest metal contamination had the greatest 
percentage of unstable lysosomes of all mussels tested 
(Fig. 2).  

Information gained from this study will aid in un-
derstanding the effects of the metal contamination on 
biota and in determining whether this species would be 
suitable for reintroduction to the river in rehabilitation 
programs for the metal affected areas. 
 
 
Publication  
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R.P. & Krikowa, F. (2014) Effects of lead-spiked sediments on 
freshwater bivalve, Hyridella australis: linking organism metal 
exposure-dose-response. Aquatic Toxicology 149: 83–93.  
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Vale Edna Tenner 
Fred Bunyard 

Email: bunyard@internode.on.net 
 

Edna Tenner passed away on 13th March 2014 at the 
age of 91. Edna had been the stalwart of our Victoria 
Branch for much of our early days and as the Secretary 
she took her job seriously. The Chairman was only 
there to ‘direct traffic’. 

She was secretary when we held our meetings 
in a room in the old Victoria Museum. When it was 
decided that there would be a new Museum and that 
the current one would be partly demolished and be 
added to the State Library we had to change our meet-
ing place, firstly, to the theatre foyer and then the thea-
tre itself. It was there that we presented Edna with a 
plaque and a bouquet of flowers to celebrate her 20 
years as our secretary. 
 Eventually we were unable to use the Museum 
and found new premises at the Melbourne Camera 
Club. Edna had always printed our Branch Bulletin and 
it was now more difficult as she had to get a tram from 
Reservoir to the Museum to use their Photostat ma-
chine. Finally it was made easier when she found that 
she could get copies done at her local MPs office. Edna 
held a special meeting at her house, at the start of the  

year, where office bearers would meet to set the agenda 
for the ensuing year — scones and her delicious home-
made jam, tea and coffee — what memories. 

Edna moved from Reservoir to a retirement 
village, where she had a 90th Birthday party with a large 
turn up of family and friends. Her mind was as sharp as 
it had ever been and she knew everyone there.  

It’s an old cliché, but they really don’t make 
them like Edna any more. 
 
(Article reproduced from p. 2 of the Victorian Branch Bulletin of 
the Malacological Society of Australasia No. 273, April-May, 
2014. This publication is being progressively posted on-line and 
many past editions are available from the Malacological Society of 
Australasia website – look at ‘Branches’ under the ‘About the 
Society’ section). 
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To document patterns of gastropod predation and their 
long-term effects, I investigate changes through the Ne-
ogene in the degree of morphological variation evi-
denced by venerid bivalve prey species that exhibit signs 
of gastropod predation, in the form of drill holes. To 
enhance predator evasion, prey species may have devel-
oped a number of anti-predatory morphologies (e.g. 
spines, increased shell thickness, and changes to shell 
shape that may be associated with greater burrowing 
efficiency). Given this variety, co-evolution of predator 
and prey species may have had a direct effect on taxo-
nomic richness through time, although, if venerids were 
becoming more successful at evading predation, evi-
dence of successful predation may have declined 
through the study interval, even with increases in the 
abundance and diversity of predatory gastropods. Even 
so, a greater range of morphologies should be exhibited 
by prey taxa in the face of increased predation.  

Although systematic relationships and taxonomic 
identity of venerid bivalves from the Indo-Pacific are 
quite poorly known, geometric morphometrics is an 
ideal method for differentiating morphologically similar 
taxa and for determination of taxonomic associations of 
venerid taxa. These methods will be used to create 
mathematical models that approximate the total variety 
of shell shapes that are based on photo-
graphs of field collected specimens or those 
reposited in natural history museums. Anti-
predatory characters (as described above) in 
tandem with these mathematical descriptors 
of shell shape can then be related to the 
total biological diversity of prey taxa to de-
termine the strength of the relationship be-
tween morphological diversity and biologi-

cal diversity as a function of biotic interactions between 
predator and prey. Venerid morphospecies will be exam-
ined in relation to type specimen material at museums 
that have extensive venerid collections from the Indo-
Pacific. Differentiation of species designations using a 
rigorous implementation of morphometric techniques 
will be critical to unraveling systematic relationships and 
taxonomic identities of venerid bivalves from the Indo-
Pacific.  

Initial analyses of morphologic variation indicate that 
non-random selection of certain prey morphologies by 
predators, based upon shell shape characters alone, is 
readily apparent. Thus, prey shape appears to be a useful 
diagnostic feature for distinguishing predator preference 
and selectivity. Furthermore, shape indices of specimens 
with greater incidence of predation attempts are highly 
correlated with characters recognized as being useful for 
predation avoidance. That is, for several venerid genera, 
predation instances are substantially less common (to not 
occurring at all) in prey with increased shell thickness or 
greater burrowing potential, as indicated by deeply in-
cised pallial sinuses. These results indicate that strong 
selection pressures operate across broad spatial and tem-
poral scales that drive morphologic diversity of venerid 
prey species. 

 

Escalated morphologic variation and diversity: 
Cenozoic predator/prey interactions of the Indo-Pacific 

Gary J. Motz, University of Cincinnati, Cincinnati, OH, USA 
Email: motzgy@mail.uc.edu 

Synthetic outlines are overlaid on an ordination of 
shell shape parameters for specimens of the  
genus Dosinia.  Points arrayed in shape space are 
coded by color to denote stratigraphic position 
(specimen age) and coded by symbol to denote geo-
graphic location of each specimen.  Specimens with a 
large cross (+) behind the symbol have been killed 
by a shell-drilling predator. 
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Notes on the mating behavior of Octopus oliveri 
Heather Ylitalo-Ward, University of Hawai’i at Manoa, Hawai’i Institute of Marine Biology, USA 

Email: hyw@hawaii.edu 

Mating behavior among octopuses can be complex and 
varied, although only a small number of species have 
been studied in detail. Octopus oliveri is a small, nocturnal, 
intertidal octopus described from the Kermadec Islands 
(New Zealand) and occurs also in Japan and Hawaii’i. It 
mates readily in lab conditions, making it an ideal candi-
date for studies in cephalopod reproduction.  

In all, 62 successful trials between 36 individu-
als (24 females and 12 males) were performed. Of 
those, 46 trials included mating. As with most octopus-
es, the mating behavior observed between and within 
individuals was varied (Wells and Wells 1972, Huffard 
2007). However, a general pattern could be seen among 
mating pairs in the trials where mating occurred. The 
male was introduced into the tank approximately 10 
minutes after the female. The average time it took for 
the male to approach the female and begin mating was 
18 minutes, with the shortest amount of time being 8 
seconds and the longest 1 hour and 7 minutes. No obvi-
ous courtship was seen in either behavior or body pat-
terns for either male or female octopuses. The male 
would touch the female all over her mantle and arms 
while searching for the oviduct with his hectocotylus 
(arm modified for spermatophores transfer) for approx-
imately 30 seconds to one minute. Most mating oc-
curred in either the arm reach or mount position 
(Hanlon and Messenger 1998), however in 12 tri-
als, beak-to-beak mating (Rodaniche 1991) was 
observed (Fig. 1). After a brief period where the 
hectocotylus was inserted, the male would begin 
the conspicuous arch and pump movement (Wells 
and Wells 1972), making it very easy to record the 
number of times the arch and pump occurred. The 
most a male was able to arch and pump in one 
mating trial was 74 times, the least was 5 times, 
with an average of 25 times during a single mating 
session. The average time between each arch and 
pump was 2 minutes and 12 seconds. During mat-
ing, the male was generally a dark brown-red color 
and the female was a pale white. Mating would end 
when either the male or the female would detach 
from the other, to begin fighting (agonistic behav-
ior) or resting. The longest a male and female spent 
mating uninterrupted was 1 hour and 33 minutes. 
In general, each trial was characterized by many 
short bouts of mating, the shortest being approxi-
mately 1 minute in duration. The average time 
spent mating (all short bouts added together) per 
trial was 1 hour. In the 16 trials where no mating 
occurred, variable times and combinations of both 
fighting and resting were observed.  

In general, the mating behavior of Octopus oliveri appears 
typical for the genus with the only remarkable deviation 
being the presence of beak-to-beak mating, albeit un-
common (~25%). Rodaniche (1991) was the first to 
describe beak-to-beak mating in the larger pacific 
striped octopus, however, in his observations, beak-to-
beak mating was the only mating position exhibited by 
that species. In Octopus oliveri, the mount, reach, and 
beak-to-beak mating positions were all observed, possi-
bly suggesting that all positions result in successful ferti-
lization. Sexual cannibalism has been observed in a 
number of octopus species, implying that beak-to-beak 
mating would be a dangerous position for a male to 
place himself in (Hanlon and Forsythe 2008). Cannibal-
ism did occur among non-experimental Octopus oliveri 
when housed in a large communal tank but it was un-
clear if it was specifically sexual cannibalism or simply 
natural consumption. Still, the fact that cannibalism oc-
curs at all would suggest that males might be wary of 
mating in a position that would make them vulnerable 
to consumption. However, it is possible that the drive 
to mate outweighs the potential risk of cannibalism. As 
it was, no cannibalism was observed in any of the ex-
perimental  trials but that does not rule out the possibil-
ity that it may occur in the wild. 

Fig. 1. Video stills of four mating pairs in the beak-to-beak mating 
position. Females are indicated as the letter A and males as the letter B. 
Photo: H. Ylitalo-Ward. 
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Effect of common on-farm stressors on the immune system and 
histology of hybrid greenlip and blacklip abalone (Haliotis laevi-

gata Donovan × Haliotis rubra Leach) 
Celia Coralie Hooper, University of Melbourne 

Email: Celia.Hooper@Gribbles.com.au 

Octopus oliveri photographed at the type locality: Raoul Island,  
Kermadec Islands, New Zealand. Photo: M. Reid. 

Stress has been implicated in immunosuppression lead-
ing to increased susceptibility to disease outbreaks in 
farmed abalone (Hooper et al. 2007a). The aim of this 
research was to develop and use haemolymph assays on 
abalone farms to check for immunosuppression associ-
ated with common stressors seen in commercial abalo-
ne mariculture. The stressors studied were movement 
and anaesthesia, heat stress and increased stocking rate. 
The haemolymph assays used most commonly were the 
total haemocyte count, phagocytic rate (Fig. 1), antibac-
terial assay and neutral red retention assay. Concurrent-
ly, quantitative histology was done to define tissue dam-
age associated with the major stressors studied. The 
abalone used were hybrids of Haliotis laevigata Donovan 

× Haliotis rubra Leach, bred from farm stock (Fig. 2).  
An outbreak of abalone viral ganglioneuritis in 

2006 (Hooper et al. 2007b) allowed investigation into 
the effects of a biologic stressor that had not been 
planned for originally as part of this research project. 
The infection causes severe necrotising ganglioneuritis 
and severely decreased haemocyte counts in abalone 
with severe histological lesions (Hooper et al. 2012).  

The effect of a standard movement procedure, 
as currently done in Australia, was investigated on-farm 
by dividing the movement process into the main possi-
ble causes of stress. The experiment compared move-
ment without anaesthesia (manual detachment or chip-
ping), anaesthesia without movement and anaesthesia 
with subsequent movement (Hooper et al. 2011). The 

main stressor in moving stock is the anaesthetic proce-
dure rather than the handling. Both of the anaesthetised 
groups had elevated haemocyte counts and depressed 
phagocytic rates, neutral red retention times and anti-
bacterial activity. The most severely affected abalone 
were those both anaesthetised and moved, followed by 
those that were anaesthetised but not moved. Recovery 
back to baseline levels occurred within 1 day for most 
parameters, but not for the neutral red retention times, 
which remained suppressed throughout the experiment.  

Histological changes were also associated with 
anaesthesia (Hooper et al. 2014). Benzocaine anaesthesia 
with or without subsequent movement led to signifi-
cantly greater histological changes in tissues than did 
manual movement without anaesthesia. The left kidney 
of anaesthetised abalone contained less protein and hae-
mocytes than controls or manually moved abalone on 
the day of anaesthesia, but returned to baseline levels 
within 1 day. The foot muscle of anaesthetised and 
moved abalone had areas of extensively denuded epithe-
lium 5 days after anaesthesia. Abalone manually de-
tached without anaesthesia showed non-significant 
change in all these parameters. Haemolymph protein 
levels were significantly elevated due to both anaesthesia 
and manual movement, compared to controls but de-
clined to baseline levels within 3 days. Haemolymph 
electrolytes (calcium, phosphate, magnesium, sodium, 
chloride) in the cell-free haemolymph showed no signif-
icant differences due to movement or anaesthesia. 

file:///E:/MSA151%20July%202014/Ready%20for%20typesetting/Celia.Hooper@Gribbles.com.au


 

12 

Overall, these studies indicate that the stress of move-
ment on-farm does not impact haemolymph ionic ho-
meostasis but it can have sublethal impacts on immune 
function and cause extensive tissue damage.  

Increased stocking density had a significant 
effect on antibacterial activity. The antibacterial activity 
was highest in the low density stocked tanks and lowest 
in the high density stocked tanks. The experiment was 
stopped prior to an impact on growth rate. There were 
no significant effects on the haemocyte count, phago-
cytic rate or neutral red retention time. This experiment 
indicates that since stocking density stress impacts anti-
bacterial activity prior to impacting growth rate, this 
assay is a sensitive indicator of impending health prob-
lems in highly stocked tanks.  

The effect of extreme but non-lethal elevated 
temperatures on abalone histopathology, immunology 
and biochemistry was tested in a controlled laboratory 
experiment (Hooper et al. in press). Abalone were held 

in water that was heated from the ambient 16° tempera-

ture to 26°C within 5 hours and then held at 26°C for 
one week to determine the effects of this acute heat 
stress on the day of temperature elevation and after 2 
and 7 days to assess whether or not animals acclima-

tised to 26°C. 
Antibacterial activity, phenoloxidase activity 

and neutral red retention times declined significantly 
with heat and did not recover. The total haemocyte 
count was elevated significantly during heat stress and 
was highest on day 1. The phagocytic rate was elevated 
on day 1 but had recovered by the following day. Acid 
phosphatase activity, leucine aminopeptidase, haemo-
lymph protein and haemolymph electrolytes (calcium, 
phosphate, magnesium, sodium, chloride) were not sig-
nificantly affected by heat stress. This indicates that 
severe heat stress causes changes in some, but not all 
haemolymph parameters. The sublethal immunologic 
effects seen in haemolymph samples occurred concur-
rently with histological changes. The digestive gland 
had significantly increased haemocyte infiltrates in heat 
stressed abalone. Heat stressed abalone had significantly 
greater loss of epithelium lining from the gills, with no 
recovery. The gill goblet cell numbers declined signifi-
cantly on day 2 and had recovered by day 7. There was 
no significant change in the volume of fluid or protein 
concentration of the haemolymph in the gill sinuses 
between treatment groups. These results indicate that 
immunosuppression and organ damage are likely to be 
involved in the increased incidence of bacterial disease 
reported by abalone farmers during summer. 

The experiments demonstrate that different 
stressors induce different kinds of changes in immune 
parameters and in target tissues. This increases our un-
derstanding of the effect of on-farm stress on abalone 
and provides a means to study methods on-farm to 
improve husbandry methods. Our results also give a 
means of investigating underlying problems in poorly 
performing stock. The histological changes in tissues 

Fig. 2. Photomicrograph of a monolayer of abalone haemocytes, 

illustrating cells that have (black arrow) and have not (blue ar-

rows) phagocytosed zymosan particles. x1000. Photo: C. Hooper. 

Fig. 1. Tiger abalone Haliotis laevigata x Haliotis rubra 

on the farm where stress experiments were undertaken. Photo: C. 

Hooper. 

paralleled changes in some assays used to assess haemo-
lymph immune functions, indicating that haemolymph 
or tissue based assessments may be used interchangea-
bly for some stressors. Furthermore, the stress respons-
es observed in these studies reveal how complex on-
farm situations can be. These assays provide a means to 
examine complex stressful situations, such as stock 
movement, by evaluation of the key smaller component 
parts. 
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