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REPORT OF THE WORKSHOP ON THE MANAGEMENT
OF THE ANTARCTIC CRAB FISHERY
(LaJolla, Cdlifornia, usa, 26 to 28 April 1993)

OPENINGOF THEMEETING

1.1  The Workshop was held at the Southwest Fisheries Science Center, La Jolla, Cdifornia,
from 26 to 28 April 1993. The Convener, Dr R. Holt (UsA) chaired the Workshop.

1.2  The paticipants of the Workshop were welcomed by the Director of the Southwest
Fisheries Science Center, Dr M. Tillman, on behdf of the us Governmen.

ORGANISATION OF THE MEETINGAND APPOINTMENT OF RAPPORTEURS
1.3  Thefollowing were gppointed rapporteurs:

Dr R. Holt, Agendaltems 1, 6, 7, 8and 9;

Dr R. Otto (UsA), Agenda Item 2 (i) to (iii);

Dr |. Everson (UK), Agenda ltem 2 (iv);

Dr M. Basson (UK), Agenda ltem 3;

Dr A. Rosenberg (UsA), Agenda Item 4; and

Dr D. Agnew (CCAMLR Secretariat), Agenda Items 5 and 6.

A lig of participants is given in Attachment A. A list of papers tabled a the meeting is given in
Attachment B.

ADOPTION OF THEAGENDA

1.4 A draft agenda had been prepared by the Convener and the CCAMLR Secretariat. This
agenda was adopted and is included as Attachment C.

BACKGROUND OF THEMEETING

1.5 Fadlowing natification to the Commisson by the United States in 1991 of a potentid new
fishery for Antarctic crab Paralomis in Subarea 48.3 (CCAMLR-X, paragraphs 6.7 to 6.12), a
fishery operated in Subarea 48.3 from July to November 1992.



1.6  The Sdentific Committee had recommended that a conservative management strategy be
followed in the development of the fishery for the gecies, and had recommended a series of
measures to manage the fishery in this stage of its development.

1.7  The Commisson requested the Scientific Committee to develop a Longterm Management
Pan for the Exploratory Crab Fishery. This cCAMLR Workshop was asked to specify the data
needed and the actions required to acquire the relevant information from the exploratory crab fishery
that will dlow the estimation of appropriate harvest levels and methods in accordance with Article Il
of the Convention, for review by the Scientific Committee (CCAMLR-XI, paragraphs 9.48 to 9.50).

OBXECTIVES OF THEMEETING

1.8  Theobjectives of the Workshop (SC-CAMLR-XI, paragraph 4.17) were:

() to desgn an goproach to management of this fishery that will enable WGFsA to
measure:

(@ the productivity and abundance of the stock; and
(b) theeffect of different harvest drategies;

(i) to establish the types and scale of data necessary to implement the above gpproach to
management; and

(i)  to establish reporting requirements for the fishery.

INFORMATION ON THE PARALOMIS SPINOSI SSIMA STOCK

Biologicd Characterigtics

21 A summay of the types of data discussed in this section, their methods of acquidition and
priority for acquigtionisgivenin Table 1.

2.2 The Workshop conddered avalable information on Paralomis spp. contained in
ws-crab-93/4, 24 and 25 as well as WGFSA-9229. The working group noted that two species of
Paralomis are found in Subarea48.3. Paralomis spinosissima is of mgor concern as thiswas the
target species during the 1992 fishery but Paralomis formosa is dso found in abundance and may
be of commercid interest in the future,



2.3  Thetwo species have smilar geographic digtributions and are known from the Scotia Sea
north to the Atlantic continental shelf waters of South America They are not known from the
eagtern Atlantic or from Pecific Ocean waters. Avallable records summarized by Macpherson
(ws-crab-93/25) show P. spinosissima occurs in areas west of 34° longitude ranging north to 46°S
latitude at depths of 132 to 824 m. Paralomis formosa ranges north to about 37°S latitude and is
found at depthsto 1 600 m. Records from a Spanish trawl survey in 1987 and 1991 show that both
species occur to the south of South Georgia (56°S) (Ws-crab-93/19) but were not found a South
Orkney or the South Sandwich Idands. Little is known of their abundance in areas outsde Subarea
48.3. Suggestions for research on biologica parameters and data collection expressed in this report
largely gpply to both species dthough only P. spinosissima is consdered here.

24  Thegenus Paralomisisin the family Lithodidae, anomuran crabs closdy dlied to the hermit
crabs. The family includes the genera Lithodes and Paralithodes which are commonly known as
king or stone crabs and contain species that provide important commercia fisheries world wide.

The genus Paralomis is known from al the World' s oceans except the Arctic and is usudly found at
extreme depths. In the Southern Oceans members of the genus are, however, found in continental

shdf and dope waters. Paralomis granulosa, for example, is harvested in Chile and to a lesser
extent in Argentinaas well asthe Fakland Idands.

2.5  Anomurans differ from the true crabs (Brachyura) in that femdes lack spermathecae and
cannot store sperm during mating and fertilize eggs a alater time. Femae anomuran crabs mate and
extrude eggs immediatdy after moulting with fertilization occurring during or immediady after
extruson. The abundance and sze of mature maes redive to that of femaes may be more
important in fishery management of anomuran crabs than it is in the management of brachyurans
This is egpedidly true if the moulting-mating season is relaively short. The correation between
moulting and mating times may dso influence the timing of fishing seasons.

2.6  The Workshop conddered available information on reproduction in P. spinosissima  in
Subarea 48.3 and noted the following:

() Size a maturity is probably lower a Shag Rocks than at South Georgialdand. Chela
alometry indicates that maes mature a about 66 mm cargpace length at Shag Rocks
and 75 mm a South Georgia ldand. Differences in femade Sze a maturity (based on
the frequency of ovigerous specimens by size group) were less apparent; 50% of the
femdes were carrying eggs a a sze of 62 mm cargpace length (data combined from
both locations). The minimum and average Sizes of ovigerous femaes were, however,
smdler a Shag Rocks than a South Georgia Idand. Determination of Sze a maturity
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was difficult due to the high frequency of rhizocephdan parastes The sze of
ovigerous femaes is directly proportiond to functiond maturity. There was some
discusson of the posshbility that morphometric maturity as determined for maes may
not be directly equatable to the sze at which mdes actualy participate in mating and
are hence functiondly mature.

Fed and subsequent microscopic observations of embryos being brooded by femaes
during July 1992 suggest that mating probably occurs over substantid portions of the
year. Developmentd stages ranged from externd eggs showing only the formation of
blastodiscs, to those that had completed development and were in the process of

hatching. Femdes carrying only the remnants of hatched eggs were aso commonly
encountered. While these observations are indicative of a protracted spawning period,
in the absence of seasond monitoring it is not clear whether spawning within the
population occurs throughout the year . If here is a seasond component to the
frequency of spawning, its timing may influence spatid didribution of maes rdative to
femaes and the frequency of moulting.

The number of newly fertilized eggs in P. spinosissima ranged from gpproximately 2
000 to 14 000 and increased exponentialy with cargpace length. The reationship
between fecundity and Sze was compared to that for Lithodes aequispina from the
Aleutian Idands. While fecundity in P. spinosissma is an order of magnitude lower
than many other crab species, at any given Sze average fecundity in P. spinosissima is
higher than that for L. aequispina. Participants noted that recruitment in other crab
and crustacean populations is highly variable and not necessarily well related to
population egg production. However, the importance of fecundity observations and
their gpplication to underdanding stock/recruitment relationships should not be ruled
out for Paralomis spp. Also, participants noted that it would be desirable to describe
the relationship between numbers of brooded embryos and body size at later stages of
embryologic development in order to estimate the number of larvae hatched.

Data on the diameter of oocytes relative to the developmenta stage of brooded
embryos indicated that spawning does not immediatdy follow hatching in
P. spinosissima. If it is assumed that embryologic development lasts for one year and
that vitellogenes's occurs a a roughly congdant rate, then the spawning cycle may
approach two years. This would be amilar to spawning cycle of L. aequispina which
has a smilar depth range in the North Pacific, an embryologic period of one year,
amilar egg Sze and is capable of lecithotrophic larval development.  The possibility



that P. spinosissima has lecithotrophic, benthic larvae was discussed as this sort of
life history may influence stock/recruitment relationships.

2.7 Apat from the above reproductive data and limited information on size frequency,
paticipants noted that there was very little life history, ecologicad or demographic information
avalable. Due to the limited area that has been fished and from which biologicd data has been
collected, condderable attention should be given to ared differencesin dl parameters.

Digribution and Stock |dentity

2.8  The Workshop consdered data presented in documents Ws-Crab-93/17, 19, 24 and 25 aswell
as WGFSA-92/29. It was noted that the Spanish trawl survey of continental shelf and dope waters of
the Scotia Arc encountered crabs only at South Georgia Idand and Shag Rocks. It was agreed that
CCAMLR Members should atempt to assemble existing, unpublished, information on the geographic
digtribution of crabs in the Southern Oceans.

2.9  Differences in mean 9ze and the 9ze a maturity between Shag Rocks and South Georgia
Idand suggest that discrete stocks may exist. Discussions indicated that comparative morphology
and demographic studies were most generaly used to identify stocks of crabs and that recent studies
were proving the utility of genetic techniques in stock identification. Tagging studies have aso been
used to ddineate stocks for the purposes of fishery management. It was generdly agreed that
differences in demographic characteristics were frequently sufficient to warrant separate treatment of
populations inhabiting various grounds even if populations could be consdered as parts of the same
interbreeding unit (deme) geneticdly.

210 The Workshop suggested that in addition to biologicd and fishery data collection,
oceanographic data also be collected. If thisis avalable from other sources it should be interfaced
with the biologicd data Mogt crab populations show sgnificant changes in size over time, which
may be related to environmentd factors. Data on seasona water temperatures and probably current
patterns are desirable. These data could be best obtained by established hydroacoustically released
gear. Expendable Bathy Thermographs (XBTS) give a sngp shot of conditions a a given time, but
given the limited commerdd effort, would probably be insufficient in quantity to provide a useful time
series of data



Demographic Characterigtics

211 Paticipants agreed that information on size-specific growth, mortaity and stock abundance
was most important a the moment. At present these dements can most easily be estimated by
andogy with other species and stocks.  The interaction of reproductive and life history parameters
with stock/recruitment relationships was discussed as was the importance of parasitism. Participants
agreed that the acquidtion of demographic information would be influenced by the sdectivity of pots
in the fishery. Compardive fishing experiments between pots with smdl and large mesh sze and
between pots and trawls were suggested.

Paragitism

2.12 Investigations during the experimentd crab fishing study had indicated that in some areas a
very high proportion of the P. spinosissma were parasitised by rhizocephaan™. Microsporidian
infections were dso found but a much lower incidence. The incidence of infection was greetest in
smdl individuas of both sexes and was more prevaent at South Georgiathan at Shag Rocks. These
parastes were not found in P. formosa (WGFSA-92/29). Incidence of rhizocephdans and
microgporidiansis probably underestimated as early stages of infection are cryptic.

2.13 The implications on the P. spinosissima population of this rhizocephdan infestation were
conddered in the study described in ws-crab-93/7 and supported by more generd moddsin ws-
crab-93/9. Thefollowing condusions had been drawn in this sudy:

(i)  the spawning stock of a population with a high prevaence of rhizocephaan infestation
islikely to be below the spawning stock of an uninfected population;

(i) the spawning stock ratio (exploited SSN**/unexploited SSN) decreases as fishing
mortality increases when only hedthy animds are harvested. This is dso true in the
absence of paragtiam but the ‘darting point’ or the unexploited levedl of spawning
sock is lower when there is any infestation; and

(i) when hedthy and parasitised animals are harvested the spawning stock ratio decreases
lessrapidly than is the case when only hedthy animas are harvested and in some cases
there may be an increase in the spawning stock for reatively low levds of fishing
mortdity.

genus Briarosaccus class Cirripedia, phylum Crustacea
ssN = Spawning Stock Number

* %



2.14 It wasnoted that in modelling the Situation it was important to take account of the recruitment
dynamics of the paraste and hogst. This in turn meant it was important to determine the larvd
digtribution and be able to determine stock identity.

2.15 Even though the rhizocephdan tends to cause feminisation in P. spinosissima, it was noted
that there was a higher prevdence of paraditisation in maes than femdes. During the fidd study
presence of pleopods had been taken as diagnogtic that the crab was femade.

2.16 A dgnificant proportion of the rhizocephdans were themselves infected by an undescribed
gpecies of isopod. The dynamics of this hyperparastisation were unknown and merit analyss
through extension of modelsin ws-crab-93/7and 9.

2.17 Eventhough the mgority of the rhizocephdan infected P. spinosissima were smdler than the
minimum Sze adopted in WG-FSA-92/29, it was agreed that destroying infected individuds is more
likely to have an overdl benefit to the crab population. It was considered that there was no chance
of further infection if such crabs were crushed and returned directly to the sea.

2.18 Infection by the rhizocephdan is thought to occur during the immediate post-moult period.
The externa, the externd manifestation of the paradite, becomes vishble some months later.

2.19 Noinformation was available to indicate whether high levels of parastisation were alocalised
or widespread phenomenon. Information on this topic could be obtained by andyss of data on
infestation rates on a haul-by-haul basis taking account of the location of the catches.

220 The prevdence of rhizocephdan paastism undoubtedly influences demographic
characterigics and stock recruitment relationships in any stock that may be defined. This
host-paradite interaction should be more extensdvely moddled to predict its influence on
demographic characterigtics and yield.

ASSESSMENT METHODS

3.1 Various assessment methods that have been used in other crustacean fisheries and that may
be applicable to the P. spinosissma and P. formosa fishery in Subarea 48.3 were identified. The
methods can be grouped as follows:



depletion methods,

change-in-ratio and index-remova methods,
Sze/length- based assessment anayses,
cdibration of abundance indices,

production models; and

yidd-per-recruit.

These methods, with the exception of yied-per-recruit, are discussed in turn and ther man
assumptions, data requirements and outputs are summarised in Table 2. For dl of the assessment
methods described below estimates of uncertainty of current stock status should be made and
sengitivity to underlying assumptions and data quaity should be explored.

3.2  These methods can be divided into two groups. The first group (depletion, change-in-ratio,
index-removd, szellength-based assessment, and production modd methods) require that the
fishery substantidly reduces the population from the sudy area snceit is the change in the population
due to known removds that is the bass of the estimation. The second group does not require that
the fishery reduce the population sze.

Depletion Methods

3.3  Depletion methods (aso referred to as Ledie-De Lury methods) can, in theory, be gpplied
to aggregated data over a whole fishing season or severd years to obtain estimates of totd
population size. In the context of the crab fishery a South Georgia, it is a this sage more
gopropriate and feasible to consder loca depletion models applied to data a a finer tempora and
spatid scae.

34  Locd depletion models use commercid catch-per-unit-effort (CPUE) and cumulative catch
data to estimate locd population dendtiesin rdaively smdl areas. These dengty estimates can then
be used to extrapolate to a population Size over a larger areaif data on digtribution of the stock are
avalable. The man assumptions are that CPUE is proportiona to the dendty and that the population
is closed over the period consdered in the anadyss. The second assumption can often be relaxed
though additional information may be required.

3.5 Itisimportant that an gppropriate measure of effort is used when congructing CPUE. Soak
time of pots may, for example, have to be taken into account if there is any relationship between
catch per pot and soak time or if there is any Sgn of saturation. The aggregated data on catch per
pot and average soak time presented in ws-Crab-93/24 seem to show some form of saturation in



catch rate at a soak time of around 30 hours. Saturation can be due to many effects, for example,
degradation of bait, and is usudly determined from field studies.

3.6 Idedly, catch/effort data should be on as fine a spatid and tempora scale as possble. This
is paticularly rdevant in this case because the level of effort is curently relaively low. Daaat a
coarse scae of, for example, 10-day periods by gridsquare (1° longitude by 0.5° |atitude) may
disguise any depletion occurring a afiner scae.

3.7  Some participants felt scepticd about the possibility of detecting any depletion effects, even
on alocd scde. Firdly, this is because there is a posshility that spawning and moulting are
protracted for this species. Secondly, thereisasingle vessd in the fishery and it would tend to avoid
depletion. The firg issue can be addressed by developing a variation of the standard depletion
method to take growth and recruitment into account, though this would clearly require additiona
information.

3.8  The second issue could be addressed by using an experimenta approach. One possibility
may be to request the fishing vessdl(s) to do repeated sampling by settings of many grings in a
rdaivey smdl aea over a short period of time. Catch/effort data from this type of ‘fishing
experiment’ may be very vaduable for estimation of local dendty from depletion methods. From the
point of view of afishing vessd, this may be feasble over aperiod of one week or less ance it is not
inavessH’sinterest to continue fishing once catch rates have dropped to very low levels. However,
repeated sampling may generate emigration from the area.

3.9 It was noted that the assumption of congtant catchability may not be redidic in this new
fishery where fishermen are il in a process of learning. As long as the andyss is goplied to data
over a short time-period (one or two weeks rather than the entire season, for example) this should
not be a problem.

3.10 Extrgpolation from estimates of loca dengty to larger areas should be done with great care
as topology, substratum characteristics, depth, etc. may vary consderably between areas containing
crab. Only areas of smilar physcd characteristics should be included in extrgpolation, perhaps
creating a need for more sudy areas. In some cases it may not be appropriate to extragpolate at al
because of factors such as movement or migration of crabs and changes in sze of animds by area
(and/or depth).



Change-In-Ratio (CIR) and Index-Removd (IR) Methods

3.11 Destriptions of the IR and IR methods and their gpplication to show crab are given in ws-
crab-93/10. Both these methods require some form of survey, either by appropriate trawl gear or
pots, to randomly sample animals before and after the fishery. Tota removads (i.e, totd catch) is
also required.

3.12 The cIrR method uses the random samples to obtain estimates of the proportions of legal and
ub-legd szed crabs before and after fishing. These proportions and the total removals are then
used to estimate the population size and the number of legd-sized crabs before fishing, as wel as
catchability coefficents. The IR method uses estimates of catch rates before and after fishing from
the random samples and the total removas to estimate the same parameters as the CIR method. Itis
a0 possible to combine estimates from the two methods asindicated in ws-Crab-93/10.

3.13 Both these methods are based on the assumption that the population is closed. The CIR
method further assumesthat dl legd szed animds have the same probahility of being caught. The IR
method assumes that the probability of capture does not vary within or between surveys. Asin the
case of the depletion method, there are ways of relaxing these assumptions.

3.14 Mog of the comments made with respect to the depletion method aso apply to these two
methods. The man difference is however, that additiond information from fishing a random
locations is required for CIR and IR whereas the commercid fishery may not be prosecuted at
random locations. There may be some advantage in looking at the feaghility of requedting the
commercid vessd(s) to carry out fishing a random locations.

3.15 It would be paticulaly useful if estimates of population sze from both the CIR/IR and
depletion methods could be obtained. These estimates could adso be combined with appropriate
weighting (by, for example, inverse variance) to possibly improve the precison of the estimates.

Size/l_ength-based Methods

3.16 There are various methods that fal within this category. Length-based cohort analysis (or
Jones nethod) is badcdly a deterministic modd that uses catch in numbers by sze dass with
estimates of growth rate, naturd mortdity and termind fishing mortaity to estimate population size,
The man assumption which generdly limits the use of this method is that the population is in
equilibrium.  The determinigtic nature of this method means that it can, in theory, be gpplied to a
sgngle year’ s data though results would obvioudy be interpreted with great caution.

10



3.17 Length-converted catch curves are used to estimate total mortdity. They require data and
assumptions smilar to those required for length-based cohort calculations. With avirgin population,
length- converted catch curves can potentialy be used to estimate natural mortality.

3.18 The length-based De Lury method (Conser, 1992) uses time series of indices of population
numbers, by at least two Sze classes, and tota catches together with some description of growth and
mortaity to edimate populaion Szes and fishing mortdities by Sze class. This method estimates
parameters using alikelihood criterion.

319 Catchrat-9ze andyss (CAsSA) is amilar to the length-based De Lury method but requires
further information asindicated in Table 2.

3.20 All the 9ze-based methods of assessment require rdatively large amounts of detailled data
and cannot redlly be gpplied to the crab fishery around South Georgia at this early stage.

3.21 These sze-based methods aso focus on the need to estimate growth parameters. Estimates
of growth rates are dso required for estimating other quantities such asyield. Since it is not possible
to directly age crabs, other methods, for example, length frequency andyses have to be used. There
are many problems associated with length frequency analyses dthough they have been applied to
datafrom other crab fisheries. Thefirgt problem isthat commercia data from pots are unlikdy to be
representative of the whole population. Idedly random samples from trawl catches or, possbly,
from fine-meshed pots should be used. It may be feasble to use some fine-meshed pots on strings
of commercid pots.

3.22 The second problem is that there is often a large degree of variahility in the rdationship
between sze and age because not al animas moult every year. A given cohort may exhibit a
bi-moda or multi-moda digtribution of 9zes. As in the case of many other crustacean and fish
gpecies, the size digtributions at older age classes overlap thus obscuring any modes at larger Szein
length frequency didtributions.

3.23 Two of the most promising methods for obtaining good growth data are tagging studies and
holding of pre-moult animas. These methods generdly provide information on moult increments by
gze. Information on moult frequency by szeisfar more difficult to obtain.

3.24 There are clear advantages in Sarting tagging experiments at this early stage of the fishery. It
is important to note that the desgn and extent of such an experiment would depend on its main

purpose. If the main purpose of atagging experiment isto obtain information on growth (rather than

1



estimating the population size, for example) then it would be gppropriate to do intense tagging in a
smdl area and return a a later stage to try and recover tagged animals. Such data would be ussful
even if the percentage of returned tagsis low. Concern was expressed as to the feashbility of usng
tagging methods given the current low levels of effort in the fishery.

3.25 It was pointed out that tagging can produce reduced moult increments and high incidenta
mortdity. Holding tank experiments are so advisable.

Cdlibration of Abundance Indices

3.26 Thecdibration of abundance indicesincdude the following two methods. The firgt congsts of
using the catch rates (catch-per-pot) and some estimate of the effective area fished by a pot to
cdculate the population dengty and then extrapolate over a‘fishable area. The main problem with
this method is estimating the effective area fished by a pot. Since pots are baited, crabs are
effectively atracted and the gear is therefore not passve. Furthermore, the area of attraction may
well depend on the orientation of the string relative to currents and migration ‘routes of crabs. This
method is not generdly recommended for assessment unless the effective area fished can be
estimated in adirect way by, for example, using radio-tagged crabs.

3.27 The second method conssts of using a trawl to estimate dendity by the swept-area method
and then doing comparative fishing trids to relate catch rates of traps to the dengty estimated by the
trawl. For this purposg, it is best to estimate the gear efficiency of the trawl (eg., by mounting a
camera on the trawl). However, in some cases it may be acceptable to use the trawl dengty
estimates uncorrected for gear efficiency (i.e, minimum trawlable biomass) as has been used for
other crustacean fisheries.

3.28 There are various types of gppropriate gear for crab surveys, including ‘Nephrops' trawls
and beam trawls. A type of ‘snow plough’ gear (Maynard and Conan, 1985) which employs a
camerato photograph crabs lifted off the bottom and pushed up againgt a grid, for easy counting and
measuring, has dso been employed with success. The use of camera deds in conjunction with line
transect type survey methods could aso be investigated.

3.29 Research surveys, independent of the commercid fishery, are of great vaue for comparison
with other assessment methods based on the commercid data. Even if the likelihood of surveys for
this fishery seems remote a this stage, it should be borne in mind as an assessment and monitoring
method for the future.



Production Modds

3.30 Production modds, like depletion models, use changes in indices of abundance such as CPUE
to estimate population sze. This method has been gpplied to Dungeness crabs (Stocker and Buitler,
19901). These methods work best where there is some contrast in the data and therefore many of
the comments regarding the depletion methods and the relatively low current level of effort would
a0 apply to production models.

Other Ad Hoc Methods

3.31 One of the ad hoc methods used in WG-FSA-92/29 for etimating appropriate catch levels
(rather than population sSze) was to condder comparable species.  This method is fraught with
difficulties, as recognised by the wG-FsaA, and is not recommended now that more information has
been obtained.

MANAGEMENT APPROACHES

Harvesting Regimes

41  The god of management of the Antarctic crab resource is preventing the reduction of the
stock below the leve at which the stock will be able to produce the maximum sustainable yield on a
continuing bass. Working paper ws-Crab-93/5 reviews the management methods gpplied to crab
stocks in other areas. In generd, there are two primary categories of regulations controlling
harvesting: (i) indirect controls on mortality through regulated minimum legal Sze, seasond closures
and prohibitions on harvesting femaes; and (ii) direct mortdity controls through catch or effort limits.

4.2  The Workshop noted that controls on the size of the animals landed, prohibition on retaining
female crabs and seasond closures during peak spawning or moulting periods are very widdy used
for regulating crab fisheries. These measures have the advantage of being applicable even when
information on the population dynamics of the resource is quite limited. For example, with the data
avalable from the fird year of fishing around South Georgia, minimum legd Szes have been
determined which are expected to dlow male crabs a least one mating year before they are
vulnerable to the fishery. The judtification for the prohibition of retaining femaes can be based on the
basic biology of the animd, though further work is needed in the future to ensure that reproductive

1 stocker and Butler. 1990. Fish. Res., 9: 231-254.
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success is not impared due to the reduction of the adult mae population. Determining the
gopropriate timing of seasond closures will require additiond information on the life history of these
crabs, in particular the seasond patternsin moulting and spawning.

4.3  The Workshop participants adso noted that size, sex and seasond regulations would not
restrict the expangon of the fishery and hence are termed ‘indirect controls. In order for the
development of the fishery to be geared to the collection of information necessary for conserving the
resource, further controls on fishery expangon are required. The experience in Alaskan crab
fisheries is that in those areas where direct controls on the mortdity, through catch limits, have not
been imposed, fishing mortdity gppears rdatively high. Therefore, the Workshop recommends that
both indirect and direct control measures be gpplied to the Antarctic crab fishery.

4.4 |t was noted that the combination of direct and indirect controls can mean that catch imits
need not be set precisely or conservatively, since the indirect controls should protect the stock from
reproductive failure in the short-term even if the catch is too high to be sustainable in the longterm.
However, if the catches exceed the longterm sustaingble levd, the fishery will be affected by having
greater sendtivity to variations in recruitment, lower average catch rates, and greater proportion of
the catch with new shells and thus low meset qudity.

45  More spedificdly, a minimum legd landing sze for both P. spinosissma and P. formosa
should be gpplied. Only legd szed mde crabs should be retained in the catch, except if an
experimental strategy for reducing parasite infestation is attempted (paragraph 4.8). No seasond
closure can be recommended at present until more biologicd data become available. Investigation
of yidd/recruitment and maturation processes may influence the setting of minimum sizes in the future.

4.6  In the future, a catch limit should be caculated based on anadlyss of the avallable data to
determine both an assessment of biomass (virgin and current) and the maximum proportion of the
exploitable stock that can be harvested on a sustainable bass. There is no reiable assessment of
stock biomass currently available (see Section 3 above).

Approaches to Management

4.7  The Workshop discussed additiond gpproaches to management which should yield
subgtantia new information as well as improve conservation of the crab resource. To reduce the
number of crabs beow the minimum legd sze which are caught, a minimum mesh 9ze or the
requirement for an escape port in the pots should be consdered. In addition, to prevent lost pots
from continuing to kill crabs, a biodegradable or gavanic time reease device which opensthe traps
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should be required. Reducing the number of crabs caught and then discarded should improve
consarvation. Thereis some evidence that crabs caught and then discarded may not die immediately
after capture and so mortdity due to handling can be subgtantidly underestimated. Additiona
gudies on handling mortdity are desirable.

48  The Workshop discussed the management implications of modelling studies of the parasite
infestation of P. spinosissima (Ws-crab-93/7 and 9). Harvesting of the infected crabs may reduce the
prevaence of the paradite in the populaion and so improve the reproductive potentia of the stock
(the paragite renders an infected crab sterile). One possibility discussed was the destruction of any
infected crabs caught, irrespective of crab sze. The Workshop recommended that the feasibility of
this be investigated.

4.9  In order to obtain more information on the dynamics of the paradite infection as well as on
the response of the crab stock to different levels of harvest, the Workshop recommended that the
fishing area might be divided into differentid fishing zones. In one zone, the catch would be much
andler than in the other. Each zone would be further partitioned so that in one part, sub-legd sze
paradte infected P. spinosissima would be destroyed and in the other part they would not. Potsin
an experimental management regime should enable capture of parasitised crabs.

4.10 The Workshop recognised that such an experimenta management regime would not be an
ided datisticad experiment since replicate treatments would not be possble. However, it was the
consensus of the participants that substantid information could be obtained in this way, even if a
formd datigticd test would not be feasble, paticularly if the system was operated over severd
fishing seasons.

4.11 Fndly, the Workshop discussed multispecies implications of the developing crab fishery.
There are two concerns. (i) that crabbs may be important prey items for other species in the area of
the fishery; and (ii) that there is a by-catch in the crab fishery which is likely to impact other stocks.
There is, a this stage, no rea evidence to suggest that either of these concerns warrant additiond
restrictions with respect to the development of the fishery or its subsegquent management.

DATA AND REPORTING REQUIREMENTS

51 Table 1 summarises basic hiologica, demographic and distributiond data required for a
more complete understanding of Paralomis spp. and to enable more sophisticated use of he
methods discussed under Agenda Item 3. These data may not necessarily be obtainable from the
commercid fishery but if they can be obtained this will usualy require the presence of observers.



W s-crab-93/6 describes some biologicd and catch/effort data that may be obtained from the fishery
without the use of observers.

5.2  The logbook issued by the us to the vessd engaged in fishing in 1992 and 1993 for
recording haul-by-haul catch and effort details (ws-crab-93/16) currently contains the following:

Cruise Destriptions:
cruise code, vessel code, permit number, year.
Pot Descriptions:
pot shape, dimensions, mesh size, funnd attitude,
number of chambers, presence of an escape port.
Effort descriptions
date, time, latitude and longitude of the sart of the t;
number of pots set, number of potslog, depth, soak time;
bait type.
Catch Descriptions
retained catch in numbers,
catch of regulated fish, if present.

5.3  Tothese the Workshop suggested that the following should be added:

number of pots on theline

spacing of potson theling;

by-catch of dl species, irrespective of regulated status, and
incrementa record number, for linking with sample informetion.

54 If a management drategy involving the destruction or utilisation of parastised undersized
males and paraditised femaes were to be imposed it would be important that the numbers of crabsin
these categories were recorded on the catch and effort logbook.

55  Currently, commerciad vessels are required to measure a subsample of 35 crabs (al species
combined) each day, dthough there is no specific guidance about the way the catch should be
sampled. A random sampling Strategy is extremely important if the resultant data are to be a
representative, satisticaly robust sample of the catch

5.6  Crabscould be sampled by (i) taking 35 crabs from the whole catch over the day, (ii) taking
35 crabs randomly from the totdl catch of asingleline, or (iii) taking 35 crabs from a number of pots
on aline. The former two methods suffer from the likelihood of bias by sdection by fishermen, and
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the latter produces imprecise estimates due to aggregation by the pots - (crabs might aggregate by
X, dze or paradtic infection, for instance).

5.7  Aslong as the likdihood of aggregations is recognised and considered in statistical analyses
(duster sampling, andlyds of inter-pot variance) the latter method is likely to prove mogt reliable in
this fishery. It has the additiond advantage that it is likely to be the least disruptive of fishing
activities. Potstypically contain less than 35 crabs, so anumber of pots may have to be sampled.

5.8  Accordingly, the Workshop recommends that crabs are sampled from the line hauled just
prior to noon, by collecting the entire contents of a number of pots spaced a intervas dong the line
so that at least 35 specimens are represented in the subsample.

5.9  Thelogbook for recording biological data (ws-crab-93/14) currently contains the following:

Cruise Descriptions:

cruise code, vessel code, permit number
Sample Descriptions

date, position
Data

species, X, length for 35 individuds.

510 The Workshop suggested that the subsample should be linked to the line information by
induding:

line number; and
position of the Sart of the s,

and that the following additiond information should be collected:

presence/absence of rhizocephalan parasites,
arecord of the destination of the crab: kept, discarded, destroyed; and
arecord of the pot number from which the crab comes.

511 Paragraphs 5.2 to 5.10 above discuss the data which should be collected by commercid
vessds fishing for crab. Paragraph 7 of Conservation Measure 60/X1 requests that the Workshop
decide which of these detailed data should be reported to ccAMLR and in what form. The
conservation measure sets minimum guiddines for this in its paragrgph 5: (i) fine-scae data with a
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resolution of at least 1° longitude by 0.5° latitude by 10 day period; and (ii) species, Sze and sex
composition of asubsample.

512 The Workshop agreed that data at the finest scale possible would be desirable for good
assessment and management of the fishery according to the methods outlined under Agenda ltems 3
and 4. However, the Workshop did not agree on the precise format of data to be submitted to
CCAMLR.

5.13 Dr Holt expressed the opinion that dnce a sngle vessd was engaged in the fishery,
haul-by-haul data containing precise podtiond and depth information would be considered
confidentia and could not be submitted to CCAMLR except in summary form.

5.14 It was pointed out that Snce the fishery wasin its early stage, there were certain management
measures that could be taken which would not demand data of as fine a resolution as the haul-by-
haul data for the current year. As the fishery proceeded an increasein precison might be necessary
as management and assessment methods became more sophisticated.

5.15 It might dso be possble to report data usng methods which retained a sufficient degree of
detal to be used in the assessment and managemert, but which did not reved the commercidly
confidentid details. Trandocation/transformation of position, categorisation of depth and aggregation
of data by areas smdler than 1° longitude by 0.5° latitude were examples of these.

5.16 Prof. J. Beddington (UK) expressed the view that since the highest resolution of these data
was haul-by-haul and many of the assessment and management methods were most efficient when
the finest scde data are available for use, haul-by-haul data should be reported.  Although the types
of categorisation suggested in paragraph 5.15 could perhaps eventudly be used in management, it
would not be possble to decide on the appropriateness of these scaes until haul-by-haul data had
been examined.

5.17 Examples from other crab fisheries indicated that on the east and west coast of the US some
haul-by-haul data are provided for management andyses. However, such data is kept confidentia

to protect commercia operators. In other cases only aggregated data are reported.

518 In view of these differences, the Workshop was unable to provide a unanimous
recommendation for the data reporting requirements of Conservation Measure 60/X1, paragraph 7.
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ADVICE TO THE SCIENTIFIC COMMITTEE

Management Measures

6.1  Fdlowing the management approaches adopted at CCAMLR-XI, the fishery should continue
to be managed by both indirect and direct controls on harvesting:

Indirect:  limits on retention of crab by Sze, sex (mdes only) and in the future possbly
season (the 3S approach).

Direct: catch limits for each season, initidly set as a precautionary measure and refined
as data become available.

6.2  The use of gavanic time releasers or biodegradable devices, which effectively destroy the
pot long before norma decay processes would, will reduce the effects of ghost fishing should pots
be logt from aline and should be considered.

6.3  Adoption of aminimum mesh size and/or the incluson of an escape port (usualy ametd ring
st into the dde of the pot) in pots should be conddered following research on mesh or port
sectivity, to better sdect only crabs of harvestable sze and reduce the number of discards

(paragraph 4.7).

6.4 Havesing or destruction of paradtised crabs of dl ages and sexes may reduce the
prevaence of parasitism in the population, and should be considered (paragraph 4.8). In thisregard,
use of pots with smaler mesh or escape port sizes would catch more parasitised crabs, but would
expose smal unparasitised crabs to the high wind chill factors on deck, with a consequent possibility
of discard mortdlity.

6.5 The Workshop recommended the use of depletion methods, the change-in-ratio and
index-remova methods and the andyds of length frequency distribution methods for assessment
purposes at this stage (paragraphs 3.3, 3.11 and 3.21).

6.6  The Workshop recommended that the possibility of designing an experimentd gpproach to
harvest strategies should be consgdered, for ingtance, one in which loca depletion of the populationis
encouraged over a short period of time or asurvey is conducted before and after the fishing season
(paragraphs 3.8 and 3.11).
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6.7 A further experimentd approach would be to divide Subarea 48.3 into several crab
management areas.  Different leveds of fishing effort would then be applied to the different areas (by
impogtion of area-pecific catch limits), and/or they could receive different parasite management
drategies or mesh Sze strategies as discussed in paragraph 4.9.

Daa Requirements

6.8  There are anumber of biologicd phenomena which require investigation (Table 1). Much of
the biologica data required, by Table 1, could be obtained by observers on commercid vessdls. In
this case, the Workshop suggested that pots with finer mesh or escape ports should be added to
lines of commercia pots to collect crabs of al szes (paragraph 3.21).

6.9 Hne-meshed pots or smal escape port pots will dso provide data on the overdl length
frequency of the population. Despite the difficulties in interpreting these length frequencies to
estimate growth and naturd mortdity (paragraph 3.17) the Workshop recognised that a large
dataset collected at the gart of the fishery (when the population is ill in avirgin sate) would have
the potentid to be extremely vauable in the future when other factors required for its interpretation
(such as moult frequency and size increments) are better understood.

6.10 Additiona information which observers could collect includes data on discard mortdity.
However, in crabs, discard mortality may not be evident until some months after the catching
incident, because damage may result in an inability to moult rather than immediate desth, and
consequently discard mortdity studies should be of long duration.

6.11 The Workshop agreed on the data that should be collected by commercid vessdls fishing for
cab. These ae given in Section 5. The Workshop was unable to provide a unanimous
recommendation for the data reporting requirements of Conservation Measure 60/X1, paragraph 7.

OTHER BUSINESS

7.1  Recognising that very little information concerning Antarctic crabs is avalable, Dr A. Paul
(UsA) suggested that it would be useful for CCAMLR to maintain an ongoing bibliography for these
Species.



ADOPTION OF THE REPORT

8.1  Thereport was adopted.

CLOSEOF THEMEETING
9.1 In dosng the mesting, the Convener thanked dl participants for ther hard work and
cooperation during the meeting. He congratulated the participants for producing critica information

requested by CCAMLR.

9.2 Headso thanked the Secretariat for their high standards of professonaism and hard work in
meaking sure the meeting ran smoathly and efficiently.

9.3  Findly, he expressed appreciation to the staff of the Southwest Fisheries Science Center for
their support during the mesting.

9.4  The Convener then closed the mesting.
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Table1:

Research needs for P. spinosissima and P. formosa.

Knowledge Required Sources Priority
Reproductive Dynamics
Number of eggs extruded by sze Lab andyses High?
of crab
Number of eggs hatched by sze Lab andyses High
of crab
Incubation period by season and Tank holdings, tagging, High
duration [estimated: lyear] Seasond monitoring
Femae mating frequency by season Tank holdings, tagging, High
[estimated:1-2 years) Seasond monitoring
Percent carrying fertilized eggs by Catch sampling High
Season and size of crab
Egg hatching location by season and Research survey, catch sampling Low
depth
Larvee location by season and depth | Research survey Low
Duration of larva stage Research survey, lab holdings Low
Proportion meturity by sze Catch sampling High?
Growth Dynamics and Mortdity
Growth rate Catch data, length frequency High
Moult increment by season and size Tank holdings, tagging High
Duration of intermoult period by season | Lab studies, tagging, High
and 9ze radioisotope studies
Allometry of chela (estimation of Szea | Commercia observer, research survey High
maturity)
Mortdity (by Sze) Catch monitoring, length frequency Med

andysis tagging

Host- Parasite Interaction
Reproductive output of rhizocephdan | Tank holdings Med
Brooding period of rhizocephdan Tank holdings Med

a Some data are dready available for thisitem (Ws-Crab-93/24 and WG-FSA -92/29)




Table 1 (continued)

Knowledge Required Sources Priority
Fine-scale prevalence of Catch sampling High
rhizocephdan
Hogt susceptibility characteristics Lab experiments Med
Effect of parasite on growth Lab experiments Low
Incidence of hyperparasitisation Catch sampling Med
Effect of hyperparasitisation Catch sampling, Iab experiments Med
Paragite larval duration Lab experiments High
Intengity of symbiotic egg predators Catch sampling Med
Didiribution and Stock Identity
Depth range by sex, size, reproductive | Commercia observer, research survey High
condition, paragitic infestation,
substratum type
Geographic distribution Exploratory survey High
Larva disperson Plankton survey (old plankton records) Low
Stock identity Morphometrics genetics (mitochondrial DNA) | Low




Table 2:

Assumptions and data requirements of assessment methods.

Method

Data Requirements

Main Assumptions

Outputs

Depletion methods

Catch
And appropriate measure of

« Closed” population
» CPUEIs proportiond to population size

Population size (or local abundance)
Catchability coefficient

effort to construct CPUE; or  Exploitable rate (fishing mortality)
» Some other INDEX of abundance * Fishing power of gear
* Possible estimate of recruitment
Change-in-ratio (CIR) » Random samples before and after fishing * Closed population » Population size
and Index-remova » Total catches * CIR: dl animas have same probability of |« Catchability coefficient
(IR) being captured  Exploitable rate (fishing mortality)
* |R: probability of capture does not vary * Fishing power of gear

within or between surveys

Possible estimate of recruitment

Length-based cohort
analysis

Catch in numbers by size class
Growth rate

Natural mortality

Termind fishing mortality

 Closed populaion
« Equilibrium population

Population numbers by size class
Fishing mortdity by size class

Length-converted catch
curves

 Abundance in numbers by size class
» Growth rate

Age at full recruitment

* Equilibrium population
* Closed population

Tota mortdity Z=F+ M

Length-based De Lury
(Conser, 1992)

Index of population size in numbers by
size class over time

Totd catch over time

Growth (parameters or description)

Natural mortality

* Closed population

Population humbers by size class
Fishing mortdity by size class
Catchability coefficient(s)

Catch-at-sze andyss

Index of population size in numbers by
Size class over time

Total catch over time

Growth (parameters or description)

Natural mortality

Probability distribution for length-at-age

Selectivity coefficient

* Closed population

Population numbers by size class
Fishing mortdity by size class
Catchability coefficient(s)

Cdibrating index of
abundance

Index of abundance

» Edtimate of calibration factor

Catchahility coefficient

 Various - depends on the type of index

Population size
Exploitation rate

Production models

Catch and effort data

* Various - dependson model  used

Population size
Parameters relating to growth/
recruitment and “carrying capacity”

*  Closed to known immigration and emigration.
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