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HOBART REVISITED 
 
The 7th International Conference and Workshop on Lobster Biology and Management was held this 
last February in Hobart, Australia. The editors asked a neighbour who uses similar lingo – although 
not as pronounced – to offer an interpretation of the event that might be more widely understood 
than if an Aussie was to do it.  Daryl Sykes, an industry leader from New Zealand, offers his views on 
the meeting.  
 
A New Zealand industry participant’s overview  
 
This conference was the third at which the New Zealand rock lobster industry has participated.  The 
first was in Queenstown, New Zealand, the second in Key West, Florida. Hobart retained the two 
central themes of biology and management established at the Queenstown conference. 
 
Full marks go to the Tasmanian organising committee for their excellent choice of venue and facilities 
for conference participants.  Fine, warm (relatively speaking from the point of view of those from 
Florida) weather for the duration was an added bonus.  The event hosts were unfailingly cheerful, 
helpful and enthusiastic, and well deserved the acclamation given them at the closing session.   
 
The main  event programme promised an interesting mix of biology, behaviour, aquaculture and 
management topics, but unfortunately there were more than just a few disappointing presentations.  
A few too many were rehashes of previous reports, either published or presented elsewhere. Others 
were delivered – with relative unfamiliarity of the topic - on behalf of the principal authors. 
 
Of particular interest to the industry participants were the marine reserves-related presentations.  The 
worst of these promoted the myths of “spillover” and fishery enhancements.  The very best of them 
highlighted the myths and challenged populist thinking about the alleged fisheries management and 
economic benefits of closing areas to fishing. Between the two extremes were some interesting but 
relatively lightweight attempts to develop methods for calculating opportunity loss and 
compensation benchmarks for displaced fishing effort.  The assumptions and conclusions of several 
papers were very weak – possibly  a consequence of taking stock monitoring data at face value, and 
not making sufficient effort to become familiar with the business of rock lobster fishing as it is done 
on the water. 
 
Much of what was presented in the management sessions was “nice to know” but had little 
immediate application in the real world. Among the most notable exceptions were two amateur catch 
survey projects from North America. Indeed, the research into amateur fishing in Tasmania, Florida 
and Maine provides a platform for a possible joint venture between NZ RLIC and a research provider 
to develop a method for compiling credible estimates of amateur removals from New Zealand lobster 

The Lobster Newsletter − Volume 17, Number 1:  July  2004  1



VOLUME SEVENTEEN          JULY 2004                  NUMBER ONE 
fisheries. The secondary category of highlight management papers were related to stock monitoring 
activities in Canadian and east coast USA lobster fisheries, and in South Africa.  The value of industry 
generated data was greatly emphasised and there was a good focus on electronic data collection and 
reporting back to fishermen.  
 
The papers that caught my eye and my ear in the aquaculture section were those related to harvest 
and post-harvest technology and product quality issues. The Australians in particular are strongly 
into defining and standardising flesh quality of southern rock lobsters. Visual means of identifying 
moult stages, and ways to determine shell hardness, were useful related research topics.  
 

             
 
Stewart Frusher (right) hands over the Conference plaque to the next convenor, Jean Lavallee from Canada, 
among representatives from 28 years of lobster conferences. Others (from left to right) are Mark Butler and Bill 
Herrnkind (Florida, USA, 2000), Jiro Kittaka (Sanriku, Japan, 1993), Nick Caputi (Perth, Australia, 1977), 
Peter Lawton (St Andrews, Canada, 1985), and John Booth (Queenstown, New Zealand, 1997). Missing was a 
representative from Havana, Cuba (1990). 
 
The Hobart programme rightly recognised the time, cost and commitment required of participants 
travelling to Tasmania from around the world by providing the maximum number of presentation 
opportunities in two concurrent “streams”. But having two streams also brings conflicts, and I and 
others have made informal suggestions as to how to improve the format and content for the next 
conference.   
 
These international gatherings are important to researchers, managers and fishery stakeholders and 
ideally should provide an opportunity for debate and interrogation of methods, techniques, policies 
and perhaps even ideologies.   With the greatest of respect to aspiring published authors and their 
mentors, an event of this importance is not a place to “blood” inexperienced presenters.  The 
international forum should focus on the best, the most controversial, and/or the most innovative 
research and management approaches, and should be structured in such a way as to ensure that 
authors and presenters are accountable for their methodology and results. This may also mean that 
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those for whom English is not their primary language have a native English speaker present their 
papers. 
 
The instigators of these international conferences made a bold call when they invited an active rock 
lobster industry presence and participation to the Queenstown event.  The New Zealand industry was 
quick to seize the opportunity and has continued to support and participate through the years.  But 
where was the local rock lobster industry in Key West, and more recently in Hobart?  It is incumbent 
upon commercial stakeholders to promote their perspective of lobster fisheries and there is possibly 
no more a prestigious forum in which to do that than these international meetings. 
 
The next meeting will be on Prince Edward Island, Canada in September 2007, and if the humour and 
oratory of the Canadian participant in Hobart is even a hint of what awaits, and if the 2007 organising 
committee follows the example and heeds the advice of the Tasmanians, the 8th International event will 
be a resounding success.                                                                                                            

Daryl Sykes 
NZ Rock Lobster Industry Council 

Private Bag 24901, Wellington, New Zealand 
sykesd@seafood.co.nz 

 

RESEARCH NEWS 
 

 
New England lobster 
settlement index: update 2003 

 
From: Richard Wahle, Robert Glenn, Peter 
Lawton, David Robichaud, Robert Steneck, Carl 
Wilson & Andrew Pershing  
  
This is the third annual update of the New 
England lobster settlement index, a monitoring 
program that is independently supported by 
Rhode Island, Massachusetts, Maine, and New 
Brunswick, Canada, as well as the fishing 
industry throughout.  The aim is to evaluate the 
strength of lobster year classes when they first 
arrive by post-larval settlement from the 
plankton in shallow near-shore nurseries where 
they spend their first few years of life.  The data 
are being used to gain a better understanding 
of the role of environmental factors in 
determining regional population trends, a 
potentially valuable tool in lobster fishery stock 
assessment and forecasting.  Each update will 
feature an aspect of the data analyses being 

conducted within the time series.  In this 
update, we examine the degree to which 
annual fluctuations in settlement are 
synchronous from region to region.            
 
First, some background.  Surveys are 
conducted by divers using suction samplers in 
shallow cobble-boulder nurseries.  Earlier 
studies demonstrated that patterns in the 
density of benthic young-of-year lobsters 
sampled at the end of the settlement season 
reflect the planktonic post-larval supply, and 
also reliably predict the abundance of nursery-
dwelling 1- and  2-year-old lobsters in 
subsequent surveys (Wahle & Incze 1997, Incze 
et al. 1997).  The time series began on Maine’s 
mid-coast in 1989.  It expanded to Rhode 
Island, Massachusetts and Maine’s Mt. Desert 
region in the 1990’s; then in 2000, to the 
remainder of Maine’s seven lobster fishing 
zones.  Canadian sampling began as early as 
1991, and in 2002 data were combined with 
New England’s for the first time. Sampling is 
now conducted at some 65 sites from Beaver 
Harbour, New Brunswick to Point Judith, 
Rhode Island (Fig. 1).  Spatial patterns of 
settlement along the coast continue to be 
consistent from year to year (Fig. 2).  That is, 
eastern Maine continues to see lower settlement 
compared to the west or further east, a pattern 
generally reflected in the lower commercial 
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landings per-area in eastern Maine than to the 
west (Steneck & Wilson 2001). But there have 
been dramatic fluctuations in settlement in 
some regions over the years.  For example, 
while 2001 and 2003 were banner years for 
many parts of Maine and New Brunswick, 2000 
was one of the poorest on record (Fig. 2).   
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Figure 2.  Regional average lobster settlement 
throughout New England from 2000 to 2003.  In 
parentheses, the number of sites included in  the 
regional mean.  * Some sampling sites in Jonesport, 
Mt Desert and Penobscot Bay have changed in the 
past 2 years, so time trends may not be reliable. 
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Figure 1.  Sampling sites for the New England 
lobster settlement index.  Boxes surround sites used 
for regional averages shown in Fig. 2.  
 
Synchrony in annual fluctuations among 
different regions - or spatial coherence as 
oceanographers refer to it - is another emergent 
pattern of the survey (Figs. 3 and 4).  Significant 
statistical correlations are found over a broad 
geographic area.  For example, it may not be 
surprising that Boston Harbor is strongly 
correlated with nearby Salem Harbor, but it 
becomes more interesting when those regions 
are significantly correlated with more far-flung 
regions like mid-coast Maine and even New 
Brunswick.  In fact, among the four widely 
separated regions whose time series appear in 
Fig. 3, annual ups-and-downs have been in 
synch more often than not.   

Figure 3.  Lobster settlement index time series for 
four selected regions spanning the full length of 
coastline surveyed. 
 
The explanation remains elusive. Widespread 
coherence could point to a factor influencing 
annual differences in egg production, larval 
survival, or transport at a large geographic 
scale.  It is possible that an 
oceanic/atmospheric mechanism may 
dominate annual patterns of settlement.  On the 
other hand, other locales, such as Buzzards 
Bay, which does not correlate strongly even 
with neighboring regions, appear to vary 
according to their own local dynamics.  The 
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Peter Lawton and  David Robichaud 

Invertebrate Fisheries Division 
Fisheries and Oceans Canada 

Biological Station, 531 Brandy Cove Rd. 

next step is to evaluate environmental signals 
that might correlate with the settlement index, 
something we hope to be able to say more 
about in next year’s update. St. Andrews, New Brunswick E5B 2L9 CANADA 
 lawtonp@mar.dfo-mpo.gc.ca 

 

 
Robert S. Steneck 

University of Maine 
Darling Marine Center 

193 Clarks Cove Road 
Walpole, Maine 04573 USA 

Steneck@Maine.edu 
 

Carl Wilson 
Maine Dept. of Marine Resources 

PO Box 8, McKown Point Road 
West Boothbay Harbor, ME 04575 USA 

Carl.Wilson@state.me.us 
 

Andrew J. Pershing 
Dept. of Earth and Atmospheric Sciences 

1115 Bradfield Hall 
Cornell University 

Ithaca, NY 14853 USA 
ajp9@cornell.edu 

 
Figure 4.  Correlation matrix showing the strength 
to which  annual fluctuations in settlement are 
correlated between pairs of regions (some regions 
not shown).  Read across and down as you would a 
mileage chart. The strength of the correlation 
increases in gray scale from white to black; negative 
correlations, where highs in one region relate to lows 
in another, are crosshatched.  Statistically 
significant correlations are indicated with  a circle 
(p<0.1), square (p<0.05), or star (p<0.01).   

Strong interactions between 
juvenile spiny lobster and 
octopus in the Florida Keys   

LITERATURE CITED  
 From: Jennifer A. Lear and Mark J. Butler IV  

Incze, L.S., Wahle. R.A., & Cobb, J.S., 1997. Mar. 
Freshw. Res. 48:729-743. 

 
Competitory and predatory interactions 
among species contribute to the structure of 
animal communities, particularly when species 
simultaneously compete for resources and 
interact in a predator-prey relationship.  This 
type of strong interaction (i.e., multiple modes 
of interspecific interaction with pronounced 
effect on population dynamics) potentially 
occurs between juvenile Caribbean spiny 
lobster (Panulirus argus) and Caribbean reef 
octopus (Octopus briareus) within shallow, hard-
bottom habitats in the Florida Keys, FL (USA).   

Incze, L.S., Wahle, R.A., & Palma, A.T., 2000.  
ICES J. Mar. Sci. 57: 430-437. 
Steneck, R.S., & Wilson, C. J., 2001. Mar. Freshw. 
Res. 52: 1303-1320. 
Wahle, R.A., & Incze, L.S. 1997. J. Exp. Mar. Biol. 
Ecol .217: 179-207. 
 

Richard A. Wahle 
 Bigelow Laboratory for Ocean Sciences 

McKown Point Road 
West Boothbay Harbor, Maine 04575 USA 

 rwahle@bigelow.org 
  

Robert Glenn 
Marine Fisheries 

50a Portside Drive 
Pocasset, MA 02559 USA 
Robert.Glenn@state.ma.us 

 

Octopuses and juvenile lobsters co-occur in 
hard-bottom habitat and octopus both consume 
lobster and may compete  with them for limited 
crevice shelters.  Both species seek similar types 
of shelters that are most commonly found 
within corals, sponges, and solution holes 
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(Hanlon 1983, Aronson 1986, Smith & 
Herrnkind 1992, Herrnkind & Butler 1994, 
Butler & Herrnkind 1997).  The availability of 
appropriate sized shelters significantly impacts 
the recruitment (Eggleston et al. 1990, Butler & 
Herrnkind 1997) and survival of juvenile 
lobsters (Smith & Herrnkind 1992), as does the 
presence of conspecifics for this social species.  
We suspect that octopuses are similarly 
dependent on crevice shelters for protection 
(Hanlon 1983, Aronson 1986) as well as for sites 
for egg deposition, although confirmatory data 
are not available. 
 
Juvenile lobsters respond strongly to the 
presence of octopuses.  Lobsters chemically 
detect the presence of octopuses and do not 
inhabit shelters less than 2 m from these 
predators (Berger & Butler 2001).  However, 
lobsters do not respond in a similar manner to 
chemical cues associated with crevice-dwelling 
fish predators (e.g., red grouper) (Schratwieser 
& Butler unpubl. data).  Crevice shelters 
suitable for juvenile lobster are limited in many 
hard-bottom areas in the Florida Keys (Butler et 
al. 1995, Butler & Herrnkind 1997, Herrnkind et 
al. 1997), so areas with abundant octopuses 
may further limit the local abundance and 
shelter use of juvenile spiny lobsters.  Despite 
numerous anecdotal reports of predation of 
lobsters by octopuses (Hanlon 1983, Smith & 
Herrnkind 1992), there is no evidence that 
lobster are an important component of the diet 
of octopuses, nor do we know whether they 
compete for crevice shelters.   
 
Field surveys of natural populations 
 
We determined the abundance and sizes of 
lobsters and octopuses during 50 field surveys 
conducted at 17 sites in the middle Florida 
Keys during the summers of 2001, 2002, and 
2003 and the spring of 2002 and 2003.  Artificial 
shelters (double stacked concrete partition 
blocks; n = 12-50 per site) used by both lobsters 
and octopuses were already deployed at each 
site and afforded us a standardized way to 
assess local abundances of both species.  A 30 
min survey of lobsters in natural shelters (i.e. 

sponges, corals, and other crevice shelters) was 
also conducted at each site to augment our 
surveys of those in artificial shelters.  The 
association between lobster and octopus 
abundance was analyzed using a Pearson 
correlation analysis.  
 
There was a significant negative correlation 
between the number of lobsters per block and 
the number of octopuses per block on the field 
sites that we surveyed (P = 0.026, r = -0.316).  
Variation in lobster abundance was greatest on 
sites with no octopuses but dropped to a 
consistently low level (0.5 lobsters or less) on 
sites with one or more octopuses suggesting 
that there is a strong threshold effect.   
 
Size refuge from octopus predation 
 
To determine if there is a size at which juvenile 
lobster are no longer susceptible to predation 
by octopuses, we conducted mesocosm 
experiments in wading pools (2 m dia.).  Each 
pool contained a single artificial shelter and a 
single octopus of known size.  A single lobster 
ranging in size from 15 to 55 mm carapace 
length (CL) was then added to each pool and 
checked twice daily to quantify their survival.  
A total of 22 octopuses were used and 150 
lobsters were consumed.  Again, we used a 
Pearson correlation analysis to examine the 
relationship between the weight of the octopus 
(g) versus the CL (mm) of the lobsters that they 
consumed. 
 
We found no correlation between octopus 
weight and the size of juvenile lobsters they 
consume (P = 0.112, r = 0.130), which suggests 
that juvenile lobsters do not attain a body size 
refuge from octopus predation. 
 
Lobster mortality and shelter competition 
 
To test for shelter competition between lobsters 
and octopuses under varying conditions, we 
manipulated (1) lobster density (1 or 3 lobsters), 
(2) the presence or absence of an alternative 
prey source (live bait shrimp), and (3) the initial 
resident of the pool (lobster or octopus first) in 
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12 wading pools as described above.  Three 
partition blocks used as artificial shelters were 
added to each pool.  One block contained only 
large crevices, one had medium sized crevices, 
and the last block offered only small crevices in 
which lobsters or octopuses could dwell.  
Previous studies showed that octopuses and 
lobsters both choose a preferred shelter within 
24 hours, therefore each trial ran for 48 hours.  
On the first morning of a trial, a lobster, three 
lobsters, or an octopus was added to each pool.  
The following morning (day 2) the shelter 
choice (size and crevice) was recorded for the 
initial resident animal(s), alternative prey was 
added if necessary, and either an octopus or 
lobster(s) was added to the pool to serve as a 
new arrival.  On the morning of day 3, the 
shelter choice for all individuals of both 
species, as well as lobster injuries and mortality 
was recorded.  For trials when groups of three 
lobsters were required, we recorded these data 
for all three individuals, but the data from one 
focal individual were randomly selected for 
inclusion in the data analysis.  These data were 
analyzed using two different 4-way (initial 
resident x alternative prey x lobster density x 
outcome of the trial) multidimensional log-
linear contingency-table analyses, one each 
testing for differences in lobster mortality 
(killed or not killed), and displacement of each 
species (displaced or not) from a shelter in the 
presence of the other species.   
 
Both initial residency (χ2  = 5.002, df = 1, P = 
0.0253) and alternative prey (χ2 = 5.713, df = 1, P 
= 0.0168) interact with lobster density to affect 
lobster mortality.  Lobster mortality is lowest at 
high densities, particularly when lobsters are 
the initial resident and when alternative prey is 
available.  Thus, the presence of conspecifics 
and alternative prey sources may reduce the 
risk of predation by an octopus.  We measured 
injury rates also, however the high mortality of 
lobsters in several of the trials renders direct 
comparison of injury among the remaining 
individuals meaningless.  When mortality and 
injuries are examined collectively they further 
emphasize the importance of aggregation and 

alternative prey for reducing the probability of 
injury or mortality of lobsters. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Negative correlation between lobster and 
octopus abundance.  Fifty surveys were conducted 
at 18, 25 x 25m sites in the FL Keys (USA).  Lobster 
abundance declines to a significantly low level (<0.5 
lobsters/block) when octopus abundance is greater 
than 0.1 octopus per block (~3 octopus/site).   
 
Alternative prey and lobster density had no 
effect on a lobster or octopus’s ability to 
displace the other from a preferred shelter (χ2 = 
0.006, df = 1, P = 0.9408).  Octopuses, however, 
are more successful than lobsters at displacing 
a competitor from its shelter (χ2 = 43.086, df = 
11, P < 0.0001).  Eighty percent of lobsters who 
switched shelters on the second night were 
displaced by an octopus.  In fact, 50% of the 
lobsters that were killed (when lobsters are 
initial resident) had been displaced from their 
shelter.  In comparison, none of the octopuses 
that switched shelters were displaced by a 
lobster. 
 
 
 
 
 
 
 
 
 
 
 
Picture Credit: from the book:  “Leroy the Lobster” 
by Kathryn Orr (1986), MacMillian Press, NY. 
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Octopuses are effective predators of juvenile 
lobsters and can alter the use of dens by 
lobsters.  However, the presence of alternative 
prey and lobster conspecifics mediates the risk 
of predation on lobsters and their propensity to 
abandon a crevice shelter when octopuses are 
present.  In the field, lobsters generally avoid 
sites where octopuses are present, but if nearby 
shelters are limited their survival may be 
ameliorated by the presence of conspecifics and 
alternative prey.    
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Jennifer A. Lear and Mark J. Butler IV  
Department of Biological Sciences 

Old Dominion University 
Norfolk, VA 23529 USA 

Jlear002@odu.edu 
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Artificial collectors for 
European spiny lobsters  
 
From: D. Díaz, P. Baringo, P. Abelló, B. 
Andrés, C. Linares, L. Recasens & M. Zabala  
 
The wide use to which data and animals from 
puerulus collectors can be put means that new 

designs of collector have been developed since 
the earlier ones illustrated by Phillips & Booth 
(1994).  Knowledge of the annual postlarval 
supply to an exploited population is a useful 
tool for managing fisheries and has been used 
to predict trends in fishery landings in 
following years. Studies of the biology and 
ecology of the earliest benthic phases have 
often been possible only by using individuals 
obtained in collectors. In all cases, the collectors 
must offer pueruli a suitable habitat/shelter 
during settlement. 
 
The European spiny lobster Palinurus elephas 
has been one of the most highly priced 
seafoods in the Mediterranean basin since 
ancient times. Fishing pressure on the 
population has been intense, and yet very little 
is understood about larval and juvenile 
ecology. The distribution and movements of 
the phyllosoma larvae and the optimal 
conditions for settlement, as well as the source 
and sinks of larvae, are presently unknown.  

 
After reviewing the use and application of 
collectors for many spiny lobster species 
around the world, we tried to capture P. elephas 
pueruli in the western Mediterranean using 
artificial settlement structures. Díaz et al. in 
2001 identified the preferred settlement 
microhabitat of P. elephas in the western 
Mediterranean to be the empty holes of the 
rock-boring date mussel, Lithophaga lithophaga. 
Taking into account the natural characteristics 
of this habitat, attempts were made to design 
artificial structures able to harbour and collect 
pueruli and postpueruli.  
 
Eight different models of collector have been 
tested since 1997. Before 2001 we tested models 
A and B, based on algae and crevices. Taking 
into account the characteristics of the date 
mussel holes, five further models were 
designed (C-G), the  main characteristics of 
each being shown in Table 1. 
 
Two sites with different characteristics were 
chosen to perform the trials. Site A was a rocky 
coastal area with high densities of available 
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Biofouling (algae, serpulid polychaetes, 
ascidians, etc.) appeared in a few months over 
all collectors, while the holes themselves were 
mainly used by species of blenniid fish 
(especially Parablennius rouxi). During the two 
monitored seasons, no spiny lobster settlement 
was detected in any of the collectors placed in 
Site A. In contrast, model G placed near the 
artificial reefs on the muddy-sandy bottoms 
(Site B) was successful, after only three months 
conditioning (Fig. 1).  

date mussel holes and with densities of natural 
spiny lobster recruits of 0.31 - 1.52 
individuals/10 m2. Site B was a sandy-muddy 
area in which artificial reefs had been placed to 
prevent trawling.  
 
Between 1997 and 2000, collectors A and B 
were placed in Site A and surveyed each 
settlement season (May-August) until autumn 
2002.  During spring 2002 we placed the new 
models C-F in the same area, surveys being 
carried out during the settlement seasons of 
2002 and 2003. Model G collectors were placed 
in Site B in spring 2003 and were monitored 
during the summer of 2003. 

 

 

 
Table 1. Characteristics of the seven different 
designs of spiny lobster collector tested. +, 
positive attribute; –, negative attribute. 

 
Figure 1. Collector G close to an artificial reef (Site 
B) after three months conditioning at 19 m depth 
with a recently settled juvenile P. elephas. 
Parablenius rouxi also use the shelter. 
 
We had previously surveyed the nearby 
artificial reefs and found no recently-settled 
spiny lobsters; these reefs do not provide 
suitable microhabitat or shelter for settlement, 
although they were relatively suitable for 
juveniles aged over 1 year as well as for adults.  

 
The successful model G consists of two units, 
the base and the collector itself. The base 
consists of a recycled tyre filled with 25-30 kg 
of concrete. A corrugated steel rod (16 mm ∅), 
protected with a 20 mm ∅ PVC tube, protrudes 
vertically from the centre of the tyre. The 
collector itself is composed of three stacked 
subunits, each subunit consisting of four 
perforated bricks. Central holes allow 
attachment to the base; corrugated steel bars, 
fixed to the perforated bricks by epoxy resin, 
provide stability to the subunits. Assembly of 
the modules can be carried out with relative 
ease underwater. 

 
Shelter is a key issue in spiny lobster settlement 
and early life history and is especially 
important in the case of P. elephas. Presumably 
collectors A and C did not provide suitable 
shelter to capture/attract pueruli. Collector B 
was found to collect newly-settled octopus 
(Octopus vulgaris) as well as decapod 
crustaceans (several caridean shrimps and 
hermit crabs), but not spiny lobsters.  
 

 The successful model G has several advantages 
such as low cost, easy maintenance, the 

 Code (A) (B) (C) (D) (E) (F) (G)

Collector  
Name Artificial  

Seaweed  
Collector Seedbed  

Collector Booth  
Collector Perforated  

brick Collector  Concrete  
Collector Flags 

Collector
Perforated 
brick Collector

Easiness to  
Survey - - + + + + +

Sediment  
Collaps e + + + + + + +
Fixation Rope Rock Base  Base  Base  Base Base 

Maintenance - + - + + + +
Ease of  

Installation + - - + - - +

Stability + + - - - - +
Ease of  

manipulation + + - + - - +

Durability - + - + + + +
Site tested A A A A A A B

Success - - - - - - +
Depths tested 5 - 30 5 - 20 5 - 20 5 - 20 5 - 20 5-20 5-20

Imitation Algae Holes Crevices Holes Holes Holes Holes
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materials last at least two years, good stability, 
easy to monitor underwater, the recently 
settled spiny lobsters are easy to catch, and less 
than three months of conditioning is sufficient. 
The collector has 288 holes/unit , and a total 
cost of materials of 46 €. One of these collectors 
offers 66% more holes than natural reef of date 
mussel holes of the same area. 
 
The collectors placed in Site A, where natural 
settlement takes place, have not been 
successful, probably because of the availability 
of suitable natural microhabitat nearby. On the 
other hand, in an area without available natural 
shelter (Site B), those provided by the collectors 
were used. 
 
These trials suggest that settlement of P. elephas 
is an active process that may be highly 
dependent on the probability of pueruli finding 
suitable microhabitat. Further trials in different 
areas need to be undertaken to confirm this. We 
hope that our results prove to be helpful in 
developing a tool for management of the spiny 
lobster fishery in Mediterranean waters. 
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Numbers of larvae hatched vs 
female size in the red lobster 

 
From: Marysabel Báez-Hidalgo, Eugenio Díaz-
Iglesias and Erick Perera-Bravet 
 
The reproductive potential or fecundity in 
spiny lobsters has most often been evaluated 
according to the number or mass of eggs  
attached to the pleopodal setae (e.g., Buesa & 
Alves 1971, Briones & Lozano 2000), the 
numbers usually increasing exponentially with 
cephalothorax length (Lc) (Chubb 1991). 
However, advances in the rearing of 
phyllosomas has led to the possibility of 

evaluating fecundity from the numbers of 
larvae hatched under laboratory conditions, 
which can give a more realistic estimate of 
reproductive potential. The aim of this work is 
to determine the relation between the numbers 
of larvae produced by the red lobster Panulirus 
interruptus and Lc during hatching under 
controlled conditions. We also report the 
presence of a naupliosoma stage in this species. 
 
The lobsters (15 in 2002 and 6 in 2003) were 
selected near the end of the egg development 
period, when the eggs were changing from 
dark orange to brown. They were maintained 
individually in 250 l tanks with recirculated 
ocean water at 18 ± 1º C and with moderate 
aeration; the water exchange rate was at least 
10 times a day. Each tank was drained at the 
top by a central PVC tube with windows 
covered by 200 µm plankton mesh to stop the 
escape of larvae. 
 
After thorough mixing, three 10.75 ml samples 
of larvae were taken using a Stempel pipette for 
each lobster, one each morning over the three 
days that hatching took place. The larvae were 
fixed in Davidson solution and for the count a 
stereoscopic microscopic and a plankton 
circular counter were used. The 20 000 larvae 
used for an aquaculture experiment were 
removed the first day and then this number 
added to the calculated total number of larvae 
at the end. 
 
Hatching lasted about 72 hours, but even after 
that, several hundred eggs remained attached 
to the setae. When observed under the 
microscope it could be seen that these eggs 
were no longer developing. The first larvae 
were at the naupliosoma stage (Fig. 1), as 
described by authors such as Phillips & Sastry 
(1980), Dupré (1996), and Lipcius & Eggleston 
(2001). This stage lasted just a few hours, after 
which they moulted into the first-stage 
phyllosoma. 
 
The regression was calculated with Lc the 
independent variable and the numbers of 
larvae the dependent variable. The function of 
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fecundity from Bagenal & Brown (1971) was 
applied. 

The comparison made using the size of 80 mm 
Lc for calculating the dependent variable (y) is 
presented in Table 2.  
 

       

Our results show that: 
• The obtained value is lower than that 

for other species, probably because of 
the unhatched eggs  

• The value obtained using the equation 
of Pineda-Barrera et al. (1981) is very 
different to the others 

• The value obtained using the equation 
of Tapia-Vázquez et al. (2001) is lower 
than ours, even without the unhatched 
eggs 

Figure 1. Naupliosoma of Panulirus interruptus. 
 
The descriptive statistics for both variables are 
presented in Table 1. There were no significant 
differences between years, either for female size 
(t=0.091 n.s.; p>0.05) or the number of larvae 
(t=0.196 n.s.; p>0.05). Because there were few 
data for 2003, the relationship between the 
variables was calculated just for 2002 and is (Lc 
in mm): 

 
 
Table 2.  Fecundity and number of larvae 
calculated with the relationship presented in 
this work and by others. (Variable x= 80 mm  
Lc) 

 
       Nº larvae = 0.7462 Lc2.8794 ; r2=0.5048 
 
Table 1. Descriptive statistics for size and the 
number of larvae each year. 
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It is important that although this function 
explains only 51% of the relationship between 
variables, the results obtained are relevant due 
to the variability in lobster size. The 
relationships for fecundity (Nº of eggs) used for 
comparison were (Lc in mm): 
 Figure 2. Relationship between size of female 

Panulirus interruptus and number of larvae. Panulirus interruptus: 
F= 0.0103 Lc 2.4063 (Pineda-Barrera et al. 1981)  
F= 0.9197 Lc 2.7 (Tapia-Vázquez et al. 2001) The relationship between adult size and 

numbers of larvae presented in this work is an 
expression of actual fecundity in this species - it 
represents the real number of organisms 
starting at the larval stage. 

 
Panulirus argus: F= 0.5911 Lc 2. 9663 (Cruz & Leon 
1991) 
Panulirus cygnus: F= 1.92 Lc 2.69 (Chubb 1991) 

Species Reference Estimated variable Numbers
Panulirus argus Cruz y León, 1991 No. eggs 260751 
Panulirus cygnus Chubb, 1991 No. eggs 252705 

Pineda Barrera et al., 1981 No. eggs 391 
Tapia-Vázquez et al., 2001 No. eggs 126470 Panulirus interruptus

This paper No. larvae 225223 

 
Variable 

 
Year 

 
n 

 
Minimum 

 
Maximum 

 
Mean Standard error

2002 15 62.0 97.2 79.5 2.3 Lc (mm) 

2003 6 71.8 83.0 79.3 1.6 

2002 15 92638 672893 243524 35316 No. larvae 

2003 6 147234 306383 248881 23738 
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Interspecific Mate choice in 
Homarid Lobsters 

From: Arani Chandrapavan, Gro van der 
Meeren and Thomas Breithaupt 
 
The reproductive strategies of the European 
lobster Homarus gammarus have always been 
thought to be the same as its American 
counterpart H. americanus. And given the 
geographical isolation the likelihood of 
crossbreeding has never been of concern - until 
recently. Regular catches of American lobsters 
in Norwegian waters have raised questions of a 
possible invasion and of a possible ecological 
and economic disaster.   

 
 
 
 
 
 
 
 
 
 

 
This collaborative study (UK and NORWAY) 
investigated the probability of interbreeding by 
the two Homarus species by examining mate 
choice in a semi-natural flume tank at the 
University of Hull. Naturally aggressive 
species, these lobsters compete for shelter, food 
and dominance. However for the purpose of 
this study we only wanted to know about 
mating preferences between European males, 
European females and American males. In each 
trial males of each species (claw sizes matched) 
fought to establish dominance before being 
released into a tank with two artificial shelters. 
A day later the European female was released 
and all interactions recorded by video for 
several days or until mating took place. For any 
interaction to take place there must be some 
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form of communication. For American lobsters 
studies have shown that water-borne chemicals 
in the released urine play the primary role in 
individual recognition, sex discrimination and 
in establishing dominance and territory (Atema 
& Voigt 1995). Is this also true for European 
lobsters? 
 
No sexual interactions occurred between the 
species, and the American males showed no 
sexual interest in the European females and 
vice versa. Conspecific courtship occurred in 10 
trials and mating in 5 (Fig. 1). The European 
female preferred to court and mate with a 
European male even if the latter was 
subordinate to the American male. Shelter 
cohabitation occurred more frequently and 
lasted longer between conspecifics than 
between heterospecifics. All interspecific 
cohabitations were of an aggressive nature, 
with lobsters fighting over the shelter. 
Conspecific cohabitation, in contrast, was 
mainly peaceful and frequently included 
courtship.  

Figure 1. Mating events. In Trial nos 1-8 the 
European lobster males were dominant, Trial nos 9-
15 are when the American males were dominant. All 
events were between male and female European 
lobsters. 
 
Although hybrids have been produced in 
hatcheries before (eg., Kittaka et al., unpubl. 
data), our results suggest that there are 
differences between species in social 
communication, perhaps in chemical signals 
that may act as efficient pre-mating barriers. 
Behavioural observations also indicate that the 

two species probably speak different 
“languages”, at least in chemical 
communication (studies underway at 
University of Hull). On the other hand we have 
explored only half the story, given that an 
American female was missing in our study. 
While interbreeding may not pose a possible 
threat in the future, the capability of the  
American lobsters to take over territories  
would still pose problems.  
 
Clearly more research is needed, however from 
a management point of view a possible threat 
has been eliminated by these studies. The 
question still remains though, can these two 
species one day co-exist or will the European 
lobster be displaced? 
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A research update on 
phyllosoma culture of 
Panulirus japonicus in Japan 
 

From: Hirokazu Matsuda 
 
The Japanese spiny lobster (Ise-ebi) Panulirus 
japonicus is distributed along the central and 
southern Pacific coast of Japan and into the 
northern region of Taiwan. Total catches in 
Japan have been fairly stable for a long period, 
ranging from 969-1691 t between 1951 and 
2001. From their dignified dragon-like 
appearance symbolic of longevity, the lobster is 
regarded as a culturally unique marine animal 
for the Japanese and remains a traditional 
culinary delight served as a special dish at 
memorable ceremonies. Because of its high 
economic value as a resource for coastal 
fisheries, many studies on the biology, fishery 
management and aquaculture for P. japonicus 
continue with the objective to sustainably 
manage and if possible increase stock. 
Likewise, the history for phyllosoma culture 
and research in Japan is extensive, exceeding 
100 years.  Nonaka et al. (2000) documents this 
development, with its remarkable 
achievements.  
 
Currently, projects on larval culture for P. 
japonicus are underway at two research 
institutes in Japan: Mie Prefectural Science and 
Technology Promotion Center (MSTPC) and 
the Fisheries Research Agency (FRA).  Fig. 1 
shows the numbers of early juveniles produced 
through larval culture by the two 
organizations. The research goals of these 
organizations are not necessarily the mass 
production of juveniles, rather these 

institutions strive to determine the optimal 
culture conditions through well-designed  
experiments. The number of early juveniles 
produced implicitly indicates the status of our 
culture techniques to date. Numbers vary 
greatly between years, for example from 1 to 78 
between 1994 and 2002. In 2003, however, 
MSTPC successfully produced 297 juveniles. 
This success is attributed to the following 
factors: (1) characteristics of larval growth have 
become clear to a large extent, (2) research into 
optimal culture conditions, such as 
temperature, feeding and larval rearing 
density, have progressed, (3) mass culturing 
systems, including the design of alternative 
culture tanks and their operation, are 
improving. Here, I give an overview in more 
detail of each of these factors, how research has 
been modeled and where challenges still exist. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Growth of larval P. japonicus in the 
laboratory  
Ten newly hatched phyllosomas were cultured 
individually in small glass vessels using a still-
water system (24-26oC) to discern features 
relating to growth. Body length (BL) at hatch 
was 1.55±0.01 mm (mean ± s.d., N=10), and 
increased markedly to 20.95±3.16 mm over the 
25 instars (N=4). The duration of each instar 
increased gradually from about one week to 
two weeks until the 20th instar, thereafter it 
became constant at two weeks. 
 
Of the initial 10 larvae, five metamorphosed to 
the puerulus stage. Their durations of 
phyllosoma life were 245-326 days (mean 289.0 
days) and the numbers of instars were 22-29 

 

0 

50 

100 

150 

200 

250 

300 

N
o.

 o
f j

uv
en

ile
s 

1986 1988 1990 1992 1994 1996 1998 2000 2002 

MSTPC 

FRA 

Fig.1 The numbers of early juveniles of Panulirus japonicus 
produced at Mie Prefectural Science and Technology Promotion 
Center (MSTPC) and Fisheries Research Agency (FRA). 
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(mean 26.2). BLs in the final instar were 28.5-
33.1 mm (mean 30.28 mm). 

 
Among features relating to growth, the most 
important one for larval culture may be molt 
increment in BL. There are three phases in the 
relationship between BL before molt and the 
molt increment in BL by the next molt (Fig. 2). 
Molt increment increased gradually from 
around 0.5 mm at 1.5 mm BL (1st instar) to 
around 1 mm at 5 mm BL (Phase A), then it 
became constant at around 1 mm until about 15 
mm BL (Phase B). Beyond 15 mm BL it 
increased exponentially (Phase C). Larval 
behavior, such as response to light and diel 
timing of molting, and a trend in the 
occurrence rate of molt-related death change at 
the boundaries between Phases A, B and C. 
Nutritional requirements also possibly change 
with the changes in molt increment. Therefore, 
we assigned these three phases to early, middle 
and late stages in the development of 
phyllosoma, respectively, and are determining 
optimal culture conditions for each stage. 
 

 
 
 
 
 
 
 
 
 
 
  

Culture conditions 
Artemia and mussel gonad are principal foods 
for phyllosoma culture. When middle-stage 
larvae were fed exclusively with Artemia or 
mussel gonad, survival rates to the puerulus 
stage were poor compared with those for larvae 
fed with a combination of both foods (Fig. 3). 
This suggests that each of these foods has 
insufficient nutrients for larvae on their own 
and the combination compensates for these 
nutritional deficiencies.  Successful culture to 
the puerulus stage from the middle-stage has 
been also achieved by a combination of squid 

muscle and Artemia in our laboratory, however 
the survival rate was very low. 
 
Temperature and light may be important 
factors affecting larval growth. Our project 
showed the optimal temperature for rapid 
growth and high survival rate is 26oC for the 
early and middle stages and 24oC for the late 
stage (Matsuda & Yamakawa 1997). Light 
intensity affects the swimming behavior of 
larvae and their distribution in a culture tank. 
As Bermudes (2003) pointed out, low light 
intensity (<0.5 µmol S-1m-2) appears necessary 
to increase larval rearing density because it 
prevents larvae aggregating in tanks. However, 
continuous dark has a negative effect on larval 
growth and a light/dark rhythm is necessary to 
set the diel timing of moulting and 
metamorphosing. A recent set of carefully 
controlled light experiments conducted last 
summer showed differences in phyllosoma 
swimming speed of varying ages and differing 
nutritional conditions (Goldstein & Matsuda, 
unpubl. data). Best results were obtained when 
larvae were cultured under a constant 
photoperiod of 12L:12D.  
 

 
 
 
 
 
 
 
 
 
 

 
 
Mass culturing system 
Phyllosomas of P. japonicus show negative 
phototaxis except for a few weeks after hatch. 
This behavior causes a biased aggregation on 
the bottom of tank during the light phase when 
tens to hundreds of larvae are cultured 
simultaneously in a flow-through system. Since 
phyllosomas have considerably thin and long 
legs, it has been considered that the 
aggregation increases the severity leg damage, 
which in turn results in poor survival.  

Figure 2.  Relationship between body length (BL) before 
molt and increment in BL by the next molt. 
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Fig.3 Survivals to the puerulus stage for middle stage 
larvae fed with exclusively mussel gonad or Artemia and 
with the combination. The experiment was conducted with
two tanks for each group.
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Therefore, many attempts - such as adjusting 
velocity and direction of water current in tanks 
and developing new designs of culture tanks - 
have taken place to prevent larval aggregation 
(e.g., Inoue 1981, Kittaka 2000). But breaking 
the aggregations using strong water currents 
was found to be stressful to larvae and can lead 
to an energetic imbalance due to forced 
swimming. At present, better results can be 
obtained under dim light in moderate water 
currents that ensure larvae swim freely. The 
survival rates to the puerulus stage from the 
middle stage (11.5 mm BL) were highest, at 51-
55%, when larvae were cultured in a moderate 
seawater current using specially-designed 40-l 
elliptical tanks (85×60×15 cm) (Fig. 4) at a 
density from 40-65 larvae per tank.  The curved 
surface of the tank also helped the larvae to 
disperse over the bottom, which we think was a 
significant factor in the high survival. Larvae 
reached the puerulus stage after 338 ± 31 days 
(mean ± s.d., N=108) from hatch.  
  
    
 
 
 
 
 
 
 
 
 
 
 
     
 
 
 
 
Culture techniques for palinurid phyllosomas 
have been improving step by step since Kittaka 
(1988) successfully obtained a single puerulus 
of Jasus lalandii after culture of hatched larvae 
in 1987. Now tens of late-stage phyllosomas can 
be cultured in a single tank and grown to the 
puerulus stage. However, we still have to solve 
many problems to establish mass culturing 
systems: prevention of bacterial disease with 

less antibiotics, increase in number of larvae 
cultured in a single tank and increase in 
efficiency of culturing procedures. Prevention 
of bacterial disease has first priority in our 
current research. Various approaches from 
pathology to nutrition along with culture 
techniques are then needed. The challenge of 
culturing phyllosomas in quantity will continue 
for some time to come. 
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Are we developing formulated 
diets attractive enough for 
spiny lobsters?  
 
From: Erick Perera and Eugenio Díaz-Iglesias 
 
The grow-out of spiny lobsters on land and in 
sea-cages is a promising new aquaculture 
venture worldwide, prompting the expansion 
of research into nutrition. Several authors have 
reported on the difficulty of maintaining 

Figure 4. Culture tank for middle- and late-
stages phyllosomas (40-l in volume). 
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Caribbean spiny lobster (Panulirus argus) on 
formulated diets. Diets composed of fresh, 
natural prey produce the highest growth rates.  
As knowledge of nutritional requirements 
increases, the development of formulated diets 
that are chemically attractive to lobsters is 
necessary to achieve faster and higher food 
consumption and growth rates.  
 
The role of antennules, in particular their 
morphology and physiology, in the 
chemoreception process of lobsters is widely 
recognized (Ache et al. 1976, Schmidt & Ache 
1992, Wachowiaak et al. 1996, Trapido-
Rosenthal et al. 1990). In behavioral studies, 
McLeese (1970) showed that some amino acids 
attract Homarus americanus. Four of them 
(alanine, glutamic acid, succinic and malic 
acids) sustain their attractivity at low 
concentrations. In these studies, all amino acids 
or amino acid mixtures were less attractive 
than fish, shrimp, and lobster extracts. Taurine, 
when at low concentrations, is also an 
attractant for lobsters (Trapido-Rosenthal et al. 
1990).  At the Center for Marine Research at the 
University of Havana, Cuba, we have 
conducted studies into the proper formulation 
of diets for the grow-out of P. argus. The aim of 
the present study was to examine the 
behavioral response of P. argus to odor plumes 
from natural and formulated diets under 
controlled conditions. 
 
Thirty juvenile lobsters were used in our 
behavioral experiments. The experimental 
devise  or “olfactometer” (a tank 76 cm x 47 cm 
x 38 cm filled with 15 cm of water) that we used 
was  divided in half by an acrylic partition  
(Fig. 1A). A shelter for one lobster was placed 
in one end of the tank while at the opposite 
end two pipes generated two separate and 
continuous streams of seawater (13.2 L/h) that 
exited the tank after flowing past and behind 
the lobster shelter. One lobster was placed in 
the shelter 30 min before each replicate trial. 
Then, the foods that were to be compared 
(chitons, sea urchin, or a formulated diet; 
designed by Fraga, I. from the Cuban Center 
for Fishery Researches)  were  simultaneously 

placed in tanks that supplied the water to the 
seawater pipes.  
 
We then observed: (T1) the time to detect the 
food (start of antennal flicking), (T2) the time 
until the start of movement toward the food, and 
(T3) the time to reach the food.  The times were 
measured by an analog chronometer (0.1 sec 
accuracy). It was considered “no response” when 
T2 was more than 5 min. Usually, 30 trials were 
run with a particular pair of foods. A 
randomized complete block design was used, 
where the treatments were foods and the blocks 
were the individual lobsters, on which several 
replicate trials were run. A randomized 
complete block ANOVA was used to detect 
differences among treatments and blocks, 
whereas a Duncan multiple range test was used 
to determine differences in means. A 
nonparametric test (X2) was used to compare 
the preference for foods. 
 
In the absence of a water current, lobsters 
exhibited antennal flicking behavior but they 
failed to find the source of the odor and came 
to rest in a tank corner, a pattern of movement 
previously reported by McLeese (1973) for H. 
americanus. This demonstrates the importance 
of a water current for lobster chemical 
orientation and led us to make two water 
stream runways in the olfactometer. 
Preliminary observations showed that resting 
lobsters responded to all foods tested when 
they were present in the olfactometer and 
lobsters selected them over an inert glass ball 
placed in the second runway.  
 
Antennal flicking has an important role in P. 
argus chemoreception (Daniel & Derby 1991, 
Koehl et al. 2001).  Lobsters exhibited flicking 
behavior and the movement of mouthparts 
whenever food was present in the chamber. 
Then they walked upstream toward the 
preferred source of odor, in all but 9% of the 
trials. Lobsters moved laterally across the 
current until directly in line with its axis, as 
McLeese (1973) described for H. americanus.  In 
the present study, lobsters often moved 
perpendicular to the current until they 
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 encountered the acrylic partition, then stopped 

for several seconds while they moved their 
antennules from one side of the runway to the 
other. Sometimes lobsters entered a runway but 
quickly turned back to select the other runway, 
presumably moving to the side of maximum 
stimulation of the aesthetasc and non-
aesthetasc chemosensory neurons in the 
antennules (St Cullet et al. 2001).  

 
 
 
 
 
 
 
 
  
 Differences were only detected in T1 (F=6.17**, 

p ≤ 0.01 for treatments; F=1.14 ns, p >0.05 for 
block effect), during the start of flicking 
behavior when fresh food was first added 
simultaneously. Some authors have observed 
potentiation among the components of an odor 
mixture (McLeese 1970, Daniel & Derby 1991, 
Lynn et al. 1994). No differences were found in 
T2 (F=1.97 ns, p>0.05 for treatments and F=0.92 
ns, p>0.05 for block) or T3 (F=0.98 ns, p>0.05 for 
treatments and F=0.69 ns, p>0.05 for block), 
indicating that the tank used was not long 
enough to detect differences in movement 
speed. 

 
 
 
 
 
 
 
 
 
 
Figure 1. Tank with two water-stream-runways 
(olfactometer) used in the study: (A) the distribution 
of odor (dye) by currents, (B) a resting juvenile 
lobster before food was added, and (C) a juvenile 
lobster walking upstream toward the preferred 
source of odor. 

 
In all cases the fresh foods were preferred over 
the formulated food (sea urchin preferred over 
formulated diet: X2=8.04**, p≤ 0.01 and chiton 
preferred over formulated diet: X2=12.4***, p ≤ 
0.001). In addition, chitons were more attractive 
than sea urchins (X2=8.53**; p ≤ 0.01). In the 
current experiment, the preference order was: 
chitons>sea urchins>formulated food. Hirtle & 
Mann (1978) compared the behavior of H. 
americanus in the presence of the odors of a crab 
(Carcinus maenas), a mussel (Mytilus edulis) and 
the sea urchin Strongylocentrotus droebachiensis, 
the lowest response being to the sea urchin 
odor.  As expected, the formulated diet was 
poorly attractive to lobsters and the results 
indicate that improvement in attractivity is 
necessary to ensure that lobsters respond 
promptly to the provision of food.  Early 
feeding after food addition is essential to avoid 
the leaching of soluble nutrient into the water , 
which strongly affects the nutritional value of 
the diet. 

 
Behavioral experiments often lead to results 
that are difficult to understand due to the wide 
variety of factors affecting animal behavior. 
However, they are generally easy to conduct 
and the response of the organism can be 
studied under different conditions.  Therefore, 
behavioral assays may  be  useful for assessing 
the suitability of diet ingredients that promote 
rapid feeding in lobsters. 
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Phyllosoma larvae of Thenus 
orientalis and Scyllarus rugosus 
reared to settlement 
 
From:  Joe K. Kizhakudan, E.V.Radhakrishnan, 
Rani Mary George, P. Thirumillu, S. 
Rajapackiam, C. Manibal, and Joseph Xavier 
 
Breeding and larval rearing of the scyllarid 
lobsters Thenus orientalis and Scyllarus rugosus 
have been achieved at the Kovalam Field 
Laboratory under the Madras Research Centre 
of the Central Marine Fisheries Research 
Institute, Cochin, India.  
 
Healthy phyllosoma larvae obtained from 
laboratory-held broodstock of T. orientalis were 
reared to settlement in 26 days. The 
phyllosoma larvae passed through four stages 
before settling as nistos. The non-feeding nistos 
moulted into juveniles after four days. Survival 

from the first phyllosoma instar to the nisto 
was 22%. The broodstock of T. orientalis 
maintained in tanks attained sexual maturity. 
Egg extrusion began 6-8 hours after mating and 
the spermatophore was lost 12 hours after 
mating. The incubation period was  35 days.  
 
The incubation period of S. rugosus ranged 
from 23 to 35 days and the larvae 
metamorphosed  to the nisto stage 32 days after 
hatching. 

 
The short larval phase and the high survival 
during larval culture are the positive 
characteristics of T. orientalis. The only success 
reported in complete larval rearing of this 
species earlier was from Australia; the present 
success is globally the second, and the first in 
India. This breakthrough is expected to support 
development of hatchery technology for mass 
propagation and farming of sand lobster in 
India. Preliminary results show that T. orientalis 
is a potential species for aquaculture, with 
farm-produced lobsters being harvested in 5-6 
months. However formulation of growout 
feeds for different stages of growth is necessary 
for commercial viability.  A pilot project of 
large scale seed production and farming will be 
implemented to evaluate the prospects of 
hatchery production and farming of  T. 
orientalis. 

       
Joe K. Kizhakudan, E.V.Radhakrishnan,  

Rani Mary George, P. Thirumillu, S. 
Rajapackiam, C. Manibal, and Joseph Xavier                     
Central Marine Fisheries Research Institute 

                                    Cochin-682018 
INDIA 

 
Crisis in the lobster stocks in 
Iranian waters of Oman Sea 
 
From: Nassrin Mashaii and Farhad Rajabipour  
 
There was little commercial landing of spiny 
lobsters in Iranian waters of Oman Sea until 
quite recently. Local fishermen would generally 
avoid lobsters because of the damage to their 
nets. But about 15 years ago the Iranian 
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Fisheries Company encouraged the landing of 
lobsters by fishermen. 
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Figure 2. Landings of P. homarus in Iranian 
waters of Oman Sea, 1990-2003. 

 
Commercial catching of the lobster has 
flourished since then in Iranian waters. Most of 
the lobsters are taken along the southeast 
shores, along the rocky coasts east and west of 
the port of Chabahar (Fig. 1). 
 

         

 
However, surveys of the commercial catch of 
lobsters at different landing points in southeast 
Iran in 1999-2001 showed a great deal of 
unauthorized landings (Table 1). Illegal use of 
gill nets to catch lobsters is also a problem. All 
length classes are captured in these nets, 
leading to stock damage. Also the lobsters 
collected with nets are usually damaged and 
often dead when received at the coolstores, and 
so have low quality and value. However, the 
traps allowed to be fished do not seem to be 
very efficient and their design needs to be 
improved. 

Figure 1. Map of the lobster catching localities in 
southeast Iran. 

 
Because of the relatively finite stocks of 
lobsters, only the spiny lobster Panulirus 
homarus Linnaeus, 1758, can be landed. Fishing 
is under the control of the General Office of 
Fisheries, with several fishing companies 
catching, processing and exporting lobsters 
during the fishing season. Lobster sales earn 
foreign exchange and help maintain the 
economy for the local people. 

 
Table 1. Details of illegal landings of P. homarus 
lobsters in Iranian waters of Oman Sea, 1999-
2001 (percent small [undersized - CL ≤70 mm] 
and ovigerous female).  
* Fishing stopped after a week because very few lobsters 
were caught in this site; last two lines for 2000 are for 
Tang and Meidani respectively. 

 
Unfortunately, there is much violation of the 
current rules and controls, which has led to 
fishery damage and decreases in stocks. Yearly 
landings have fallen from 46 t in 1990 to about 
3 t in 2003 (Fig. 2). 
 
Studies suggest ways to prevent further stock 
damage. American Plastic Pots with vents to 
allow small lobsters to escape must be used. It 
is illegal to take lobsters <70 mm carapace 
length, or ovigerous females. The fishing 
season starts in September, following the 
monsoon but also after the 1-2 month period of 
phytoplankton blooms which are usually seen 
in all coastal areas of southeast Iran at that time 
of the year. Lobster catching is prohibited at 
other times of the year. 

 
Unauthorized lobster fishing in spring is 
thought to be the greatest threat to lobster 
stocks because this is the peak of reproductive 
activity in P. homarus. Despite regular 
inspections, illegal catches continue, especially 
on eastern shores. In the east, the lobster price 
is much higher than elsewhere, tax laws are 

1999   2000   2001  
Site Small Eggs N Small Eggs N Small Eggs N 
Bris 42 41 359 41 43 319 *   

Ramin &    3 16 823 11 2 432
Chabahar 8 21 1066 5 18 922 11 1 139
Konarak 13 38 670 3 16 1139 12 8 234

Puzm 33 25 1425 9 32 1013 14 6 378
West of     3 16 1175    
Puzm 3 30 356 6 25 485 16 11 148

The Lobster Newsletter − Volume 17, Number 1:  July  2004  20



VOLUME SEVENTEEN          JULY 2004                  NUMBER ONE 
more permissive, and sea distances are short 
between ports and the border. Together with 
insufficient inspections and equipment, there is 
smuggling of lobsters. In contrast, in the 
western parts, fishermen are less expert, there 
is a shortage of fishing equipment, there are 
long distances between landings and 
coolstores, the roads are arduous between the 
villages, and the long monsoon season means 
that lobster fishing is not as extensive. 
 
Management surveys have shown the need for 
more attention to the protection of the lobster 
stocks. Iranian fisheries surveillance must be 
greatly strengthened in eastern areas and there 
is need for fishery development programs in 
the west. Continuation of the current 
management approach to lobster fishing is 
likely to lead to further decrease in stocks, 
investment losses, and many biological, 
economical and social costs. 
 

Nassrin Mashaii and Farhad Rajabipour 
Brackish Water Fisheries Research Station, Yazd, 

Iran 
Mashaii33@yahoo.com 

 

 
ANNOUNCEMENTS 

 
 
New lobster book 
 
After discussions at recent international lobster 
workshops, Drs. Ehud Spanier and Kari Lavalli 
have contracted with a publisher to produce 
the first volume on slipper lobster biology and 
fisheries. Balkema Press, the publisher of the 
Crustacean Issues volumes, via its parent 
company Swets & Zeitlinger, originally agreed 
to publish Vol. 18:  The Biology and Fisheries of 
Slipper Lobsters. Swets & Zeitlinger, however, 
was recently purchased by the Taylor & Francis 
Group, and they have currently assigned the 
Crustacean Issues series to the CRC Press in the 
US, a well-respected publisher of scientific 
books. We anticipate delivery of the volume to 

CRC Press in late 2005 for a 2006 publication 
date. 
 
A number of books have been published on the 
more commonly known clawed and spiny 
(rock) lobsters in the past 20 years.  The first 
most notable of these was that published by 
Academic Press in 1980, The Biology and 
Management of Lobsters, Volumes 1 & 2, edited 
by Stan Cobb and Bruce Phillips. This covered 
mainly clawed and spiny lobsters and their 
biology to date. The Biology of the Lobster 
Homarus americanus, edited by Jan Factor and 
published by Academic Press in 1995, updated 
substantially the information provided in the 
earlier books. Spiny lobster biology was 
updated in the books  Spiny Lobster management, 
edited by Bruce Phillips, Stan Cobb  and Jiro 
Kittaka, and Spiny Lobsters: Fisheries & Culture, 
edited by Bruce Phillips and Jiro Kittaka, both 
published by Fishing News Books (a subsidiary 
of Blackwell Science Ltd.), in 1994 and 2000 
respectively.  A new volume Lobsters: Biology, 
Management, Aquaculture and Fisheries, edited by 
Bruce Phillips, and slated for publication by 
Blackwell Publishing in 2005, is expected to 
further update biological information on all 
commercially exploited species of lobster. 
 
Thus far, no major volume has been dedicated 
to the biology of slipper lobsters (inclusive of 
Scyllarides, Scyllarus, Thenus, Arctides, Ibacus, 
and Parribacus spp.).  These lobsters are fished 
commercially, but not to the extent of spiny 
and clawed lobsters. Within the last 20 years, 
however, more attention has been paid to them 
as a group and their biology is beginning to be 
understood.  We have currently amassed a 
fantastic group of biologists from all over the 
world to contribute to this volume.  Topics 
covered include taxonomy and evolution, 
cytogenetics, growth, larval culture, early life 
history, feeding apparatus and digestive 
anatomy, feeding behavior, behavior and 
sensory biology, exoskeletal structure and 
biomechanics, and fisheries information from 
the Mediterranean, New Caledonia, Sri Lanka, 
India, and Hawaii.   
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We welcome inquiries from potential authors 
who might be interested in contributing to this 
volume, particularly with regards to fisheries 
information and basic biology.  Anyone so 
interested should contact either Ehud Spanier 
at spanier@research.haifa.ac.il (Leon Recanati 
Institute for Maritime Studies & Department 
for Maritime Civilizations, University of Haifa, 
Mt. Carmel, Haifa  31905  Israel) or Kari Lavalli 
at klavalli@yahoo.com (The Lobster 
Conservancy, P.O. Box 235, Friendship, ME  
04547, USA) as soon as possible.  Initial drafts 
of chapters are due at the end of October 2004. 
 
Puerulus Identification Project 
(PROJECT PIP): connecting 
lobsters in a global context 
 
From:  Jason Goldstein and Ray George 
 

The puerulus stage of spiny lobsters 
represents a critical and pivotal life-
history link between the long-lived, 
oceanic phyllosoma to the benthic 
dwelling adult-phase juveniles.  
Great research strides have been 
and continue to be made within this 
realm of lobster research.  
However, there are still major gaps 

in our knowledge, particularly with regard to 
the ecological requirements, interactions, and 
attributes for species that reside in remote 
habitats, many of which are of no commercial 
fishery interest (Butler & Herrnkind 2000).   
 
We also lack a centralized source of puerulus 
information to consult.  Recent research of the 
50 or so palinurid species has provided 
reasonably detailed morphological descriptions 
of these phases for identification (McWilliam 
1995).  Project PIP will collate additional data 
on the ecological requirements, natural 
settlement zones, and early habitat shifts of 
pueruli.  Some managers of commercially 
important stocks have already used such data 
in the design of artificial collectors in order to 
confidently monitor pueruli numbers that settle 
annually on productive fishing grounds.  These 

kinds of data can provide valuable predictions 
of good/bad periods in future years.   
 
Project PIP has many important applications 
that would potentially contribute to:  

• A broad, descriptive assessment of 
comparative ecological requirements of 
pueruli, helping to define a range of 
natural settlement zones  

• Assessing the longevity of the puerulus 
stage 

• Comparing the size ratio of the 
puerulus to adult 

• Past evolutionary trends in puerulus 
behavior and ecology that have resulted 
from ecological and environmental 
changes 

• Assisting in the design of special 
artificial collectors for effective 
monitoring programs, and for harvesting 
pueruli for ongrowing 

 
Our approach in carrying out this project will 
be fourfold.  It includes creation of a 
comprehensive global puerulus survey, the 
compilation of an informational database, an 
interactive digital photo library, and the 
preservation of archival puerulus material.  We 
will then be able to disseminate geographic, 
biological, and physical information for as 
many of the 50 species of palinurid lobsters as 
possible, helping to bridge a large number of 
scientific disciplines.   
 
Therefore, we encourage as many lobster folk 
(researchers, managers, taxonomists, 
naturalists) to participate in this survey, 
whether you are regularly sampling pueruli or 
happen to find them in the field by chance.   
WE NEED YOUR HELP!   An electronic copy 
of the survey, complete with instructions is 
now available by emailing Jason Goldstein. 
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Lobster Newsletter Index 
 
The first issue of The Lobster Newsletter 
appeared in spring 1988, and there have been 1-
2 issues every year since. This makes for a 
wealth of material invaluable to lobster 
researchers and managers worldwide.  
 
The next issue of the newsletter, planned for 
December 2004, will contain a complete index 
to The Lobster Newsletter. 
 
To ensure its publication on time later this year, 
please consider writing an article for the 
newsletter. We need material now! Send your 
contribution to any one of the editors listed in 
the panel at the end of this issue. 

 
INDUSTRY INVOLVED  

 
Fishermen and scientists join 
forces to research lobster 
recruitment 
 
From: Carl MacDonald and Patty King  
 
Established in January 1994 as a non-profit 
organization, the Fishermen and Scientists 

Research Society (FSRS) is an active partnership 
between the two groups. The overall objectives 
of the FSRS are to promote effective 
communication between fishermen, scientists 
and the general public, and to establish and 
maintain a network of fishermen and scientists 
capable of conducting collaborative research 
and collecting information relevant and 
necessary to the long-term sustainability of 
marine fisheries.  The current membership of 
337 includes 236 fishermen and 101 
scientists/others.  (See website, www.fsrs.ns.ca)  
 
A primary research focus for the FSRS is the 
American lobster, Homarus americanus, an 
extremely important species to the Canadian 
East Coast fishery.  Both fishermen and 
scientists have expressed concern over the need 
for more science in support of lobster 
management.  The FSRS has responded by 
initiating and participating in a number of 
research projects.   A major focus of the FSRS 
lobster research program is lobster recruitment.   
 
In the spring of 1999, the FSRS launched a Short 
Term Lobster Recruitment Index Project.  
During the commercial season, fishermen use a 
particular number of standardized lobster traps 
to gather information about undersize lobsters 
in their area. Volunteer fishermen count, sex 
and measure the sizes of lobsters from their 
science traps and record them in a logbook. 
These fishermen also indicate if lobsters are 
berried, tagged, and/or v-notched. Each year 
the project traps are fished in the same 
locations to minimize that variable. The project 
has participants in all Lobster Fishing Areas 
(LFAs) along the Atlantic coast of Nova Scotia, 
from LFA 27 to LFA 34 (ranging from Cape 
Breton to southwest Nova Scotia), with over 
160 fishermen in total. Participants also monitor 
bottom temperatures by placing a 
computerized temperature recorder in one of 
their project traps for the whole lobster season. 
 
Project objectives 
This project is designed to study changes in 
abundance of juvenile lobsters that will recruit 
into the lobster fishery in the upcoming seasons 
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and, as the project continues, allow an index of 
recruitment to be developed. Lobster fisheries 
in Atlantic Canada rely heavily on newly-
recruited lobsters. Hence, we hope to be able to 
predict, with some degree of certainty, if there 
will be increases or declines for the commercial 
lobster fishery.  
 
Trap and gauge design 
All participating fishermen use a standard trap.  
The trap has two 5-inch entrance rings, 1-inch 
wire mesh, no escape vents, and a 
biodegradable ghost panel and is designed to 
maximize the capture and retention of smaller 
lobsters (Fig. 1). The Canadian Department of 
Fisheries and Oceans (DFO) support this 
research initiative and supply scientific study 
trap tags for the project traps. The fishermen 
use a specially designed gauge to measure the 
carapace length of captured lobsters within 
defined size intervals (Fig. 2). A new gauge 
with more size intervals was introduced in the 
Fall of 2003. 
 
The size groupings are coded from 1 to 15 and 
are in 10-mm increments, with the exception of 
size groupings 8 and 9 which are in 5-mm 
increments to give a clear indication of the 
number of lobsters just under the legal size 
limit. The logbook allows for specifying if a 
captured lobster was above minimum legal size 
within the size grouping which encompasses 
the legal limit (which can vary between LFAs in 
the study region, and over time as new 
conservation measures are introduced). 
 
 
 
 
 
 
 
 
 
 
 
How are recruitment trap data used? 
What we need to know is how the lobster 
population responds to fishing, ecosystem 

changes (temperature), and management 
actions. Understanding the population 
response requires indicators. The three main 
indicators used to understand lobster 
populations are abundance, distribution, and 
exploitation.  

 
The FSRS’s recruitment data provides 
information for all of these indicators.  By using 
the recruitment data one can look at abundance 
trends by area and size, distribution by size, 
and exploitation rate by area and size. Greater 
than 50% of the data used in the recent LFA 33 
lobster stock assessment conducted by DFO 
were provided by the FSRS in the form of 
lobster recruitment data.  
 
To assess lobster abundance through 
recruitment data we are looking at trends in the 
catch rate of specific size grouping of lobsters 
over the seasons. We actively encourage 
increased participation in the lobster 
recruitment project to help reduce uncertainty 
in these estimates of lobster abundance. To 
account for the potential influence of migration 
of lobsters into an area, scientist members 
within FSRS are recommending to fishermen to 
add traps or participants, rather than to move 
traps around during the season.  
 
To visualize large scale patterns in lobster 
distribution from the recruitment project we 
are plotting project information in maps 
partitioned by 10-minute (latitude and 
longitude) areas. These show, for example, 
the distribution of males, females, and berried 
lobsters all by size groupings. The data could 

14

Figure 1: Standardized lobster trap used by 
fishermen  

Width40

Figure 2: Measuring gauge—First 5 Years 
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also be analyzed to show, for example, the 
areas where berried lobsters are captured 
more frequently. These representations may 
also reveal regional differences in capture 
rates which can be linked to differences in 
lobster productivity (as all fishermen use 
standard trapping approaches). 
 

Exploitation rate is described as the catch of 
lobsters over the season divided by the 
population of lobsters in that area (ER = Catch 
/ Population Number). Exploitation rate can be 
used as an indicator to measure fishing effects 
on the population, as a tool to calculate success 
of lobster management decisions, and helps to 
evaluate egg-per-recruit targets.  
 
The catches from the lobster recruitment traps 
are useful in determining exploitation rates 
because the fishermen record the catch 
information daily over the whole season. At 
the first of the season there will be a certain 
ratio of legal-size lobsters to undersize 
lobsters. The numbers of legal-size lobsters are 
being depleted over the season while the 
numbers of under-size are not and so remain 
constant.  So, the change in the ratio of legal-
size lobster to under-size lobsters during the 
season is used to estimate exploitation rate. 
The more the ratio of legal to undersize 
lobsters declines the higher the exploitation 
rate.  
 
Why sample while fishing? 
The data from the lobster recruitment index 
standardized traps project is very useful. The 
data provided by fishermen is otherwise 
unobtainable.  The collecting of data leads to 
cooperation between fishermen and scientists. 
The data collection is cost effective as 
fishermen can collect the data during their 
normal commercial fishing. Fishermen are 
present to provide local knowledge about the 
lobster fishery and have the opportunity to 
influence decisions.  

 
Future direction 
Future considerations for the lobster 
recruitment project include expanding the 

number of participants in some areas, 
expanding areas where traps are located, and 
possibly conducting out-of-season lobster 
tagging. In addition, a publication is planned 
based on a review of the first five years of the 
recruitment study.  
 
Increased collaboration with fishermen and 
scientists in the New England lobster fishery is 
also planned.  In 2002, the Gulf of Maine 
Lobster Foundation (GOMLF) took on a 
Ventless Trap Survey.  Their project had many 
similarities to that of the FSRS project and it 
was decided to hold a workshop to look at 
further standardizing the projects and 
developing a collaborative action plan.   
     
The Joint Fishermen and Scientists Research 
Society - Maine Lobstermen’s Association 
Collaborative Lobster Recruitment Research 
Workshop was held on February 19 and 20, 
2003 in Halifax, Nova Scotia.  The objectives of 
the workshop were to: 

• Review experiences with trap-based, 
short-term recruitment monitoring projects 
within the Atlantic Canada/Gulf of Maine 
region 

• Work towards a consensus on the best 
approaches for this research (including 
trap configuration and experimental 
design) 

• Secure a future regionally-coordinated 
development path for these trap-based 
approaches in which lobster fishermen 
play a crucial role 

• Promote partnerships among regions of 
Atlantic Canada, and between Atlantic 
Canada and the Gulf of Maine region 

 
This workshop solidified the working 
relationship between the Canadian and USA 
groups and led to the standardization of the 
core components of the project such as trap and 
measuring gauge design, data collection, and 
data management.  It also expanded the 
geographic scope of lobster recruitment 
research so that it is possible to get a more 
complete picture of what is happening in the 
lobster fishery along the east coast from Cape 
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Introducing:  The Lobster 
Group of the Marine Research 
Center (CIM) of Havana 
University, Cuba  

Breton, Nova Scotia to New England. By 
working jointly, everyone has more complete 
information for making decisions on resource 
conservation and management. The workshop 
report, which includes summaries of the FSRS, 
GOMLF, and other regional recruitment 
projects, can be found at 
www.fsrs.ns.ca/events/lobster_workshop2003.
html . 

 
From: Raul Cruz 
 
The Lobster  Group at the Marine Research 
Center (CIM) at the Havana University in Cuba 
(Fig. 1) has a staff of six professionals: 
Marysabel Báez, Ana Sanz (Biology Faculty), 
Erick Perera, Desislava Dávila, Germán 
Saavedra, and Raúl Cruz.  The researchers in 
the group are engaged in studies related to 
various aspects of the biology, ecology, and 
aquaculture of the spiny lobster Panulirus 
argus.  The general objective of our program is 
the integration of biological, ecological, and 
environmental studies with the goal of 
achieving sustainable development of the P. 
argus resource in the Cuban archipelago.   This 
research in the Caribbean has potential world-
wide applications for the conservation of 
biodiversity, the study of marine protected 
areas, and the development of lobster 
aquaculture.  

Carl MacDonald  
FSRS Research Biologist 
carlfsrs@auracom.com  

Patty King  
FSRS General Manager 

pattyfsrs@auracom.com 

PO Box 25125  
Halifax, Nova Scotia 

Canada B3M 4H4 

 
PEOPLE 

 
Prof Jiro Kittaka honored 
 
Jiro Kittaka received a standing ovation at the 
Hobart conference dinner in February after 
speaking in acceptance of a drawing of a 
phyllosoma larva, presented in recognition of 
his achievements and lead in phyllosoma 
culture. The phyllosoma is the final stage of 
Jasus edwardsii, drawn by Rick Webber of 
National Museum of New Zealand.  

 

 

 

                  

 
Figure 1. Lobster Research of Marine Research 
Center of Havana University. Marysabel Báez, 
Desislava Dávila, Ana María Colaço (Portuguese 
visitor), Raúl Cruz, Germán Saavedra and Erick 
Perera. 
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Ongoing projects include:   
• Study of the biology of reproduction in P. 

argus under laboratory controlled 
conditions (since 2004). 

 
 
 

• Assessment of growout of puerulus and 
post-puerulus in  P.  argus (since 2004).  

 

• Understanding recruitment of free-
swimming planktonic larval 
invertebrates  and their relationship 
with oceanic processes (starting 2005). 

• Application of new techniques to 
determine growth in P.  argus (starting 
in 2005). 

• Use of artificial shelters for protection of 
biological habitats, maintenance of 
biodiversity, and promotion of 
ecologically sustainable spiny lobster 
fisheries (starting in 2005 or 2006) 

 
In each case, the idea is for research that helps 
us get over the technical hurdles that hinder 
our ability to answer interesting questions 
about lobster biology.  Any collaborations, 
reports, publications or information from 
similar projects would be greatly appreciated.  
For more information or collaboration, write 
the author. 

Raúl Cruz Izquierdo  
Centro de Investigaciones Marinas 

Universidad de la Habana 
Calle 16 #114 entre 1era y 3era, Playa, 

Miramar, Cuba 
www.cim.cu 

 rcruz@comuh.uh.cu  
rcizquierdo@yahoo.com 

 

         
 
      Figure 2. Logo of the CIM Lobster Group.  
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