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ABSTRACT

A new policy incorporating an operational protoeas developed for the establishment of
new fisheries in South Africa. The common octopQstopus vulgariswas used as a
candidate species for the project. The operatigmatocol consisted of a three-phased
development framework, namely information gatherfRypase 0), an experimental fishery
(Phase 1) and the final implementation of a commakfishery (Phase 2). The present study
focussed on phase 0 of this theoretical framewardk protocol and was implemented by
using a proposed octopus pot fishery in South Afas a case studiPhase 0 included a
desktop study, information gathering in the fieddh economic feasibility study and the
formulation of a Fishery Management Plan and expemial design for the fishery.
Information gaps identified during the desktop gtudiere addressed during field
investigations into the population structure andldgy of O. vulgarisalong the southeast
coast. Immature females were found to use thetidérarea to feed and grow before
migrating to the subtidal area to mature and spaiean size differed substantially between
intertidal and subtidal areas, with larger octopmsnd subtidally. Age and growth trials
using tetracycline as a marker showed tQatvulgaris deposit daily growth lines in their
beaks. A genetic study showed that there is mhkslylionly one panmitic population along
the coast. The economic feasibility study indicatedt a longline pot fishery could be
feasible provided a 30% catch in 6600 pots/mon#itaned. Only existing, debt-free vessels
should be used in this fishery. The Fishery Manager®lan proposed in this study includes
management measures such as effort limitationcehties and gear, size restrictions, vessel
monitoring systems, and observer programmes. Basedhe population dynamics and
biology of O. vulgarisit is suggested that a precautionary approactet@ldping fisheries

for this species in both the inter- and subtidabaralong the South African coast.
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CHAPTER 1: INTRODUCTION

CHAPTER 1

INTRODUCTION

FISHERIES MANAGEMENT TRENDS - A GLOBAL PERSPECTIVE
Overexploitation of traditional fisheries, overdafisation of fleets, increases in product

demand and growing world populations all put inshe@ pressure on marine ecosystems
(Caddy 1999). It is estimated that approximatelyo7@f the world’s fisheries are exploited,
depleted or recovering. This state of depletiopasticularly evident in the developed and
industrialised nations of the northern hemisphéxd, is also found to a lesser extent in
developing countries. Overexploitation levels shiries in the United States of America and
the European Union alone have reached 45% and BSpectively (Rosenberg et al. 1993).
Some of the better-known fishery collapses havenbie Peruvian anchovy and the
Canadian cod stocks (Buckworth 1998). Both fisleedellapsed after overfishing caused by
fleet overcapitalisation in the case of Peru, tetdgical advances in the cod fishery, and the
failure of management to acknowledge risks withie thanagement measures employed
(Muck 1989; Walters & Maguire 1996).

Caddy (1999) suggested that the depleted stateaaghenresources worldwide is not only
attributable to the ‘tragedy of the commons’ in m@ecess fisheries, but to the shortcomings
of general management paradigms. For example gihtitence schemes and target reference
points have not prevented the overexploitation aolfapse of fisheries. The failure of
fisheries management to take technological advamtesaccount has caused an increase in
effort and a decrease in fish stocks even wherigeldnicence schemes were in place (Caddy
1999). Moreover, the uncertainty or risk in managetrmeasures such as target reference
points has largely been ignored in the past (Coghrd002a). The lack of failsafe
mechanisms to reduce this risk has had disastansequences, with collapses of even those
fisheries managed by ‘safe’ MSY (Maximum Sustaieabileld) target points (Caddy 1999).
MSY is now considered as a limit reference poitlheathan a target point, with MSY only

used as a target in the rebuilding of stocks.

Non-compliance by fishers and ineffective policagd enforcing of management measures
has also resulted in overfishing, as well as misamy and increased dumping of bycatch.

Disregard of the law is common in some fisheriesalise fishers do not respect government-
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imposed regulations (Beddington et al. 1997). Thiargely due to the top-down approach of
fisheries management, in which government decisemes enforced upon fishers without
adequate stakeholder input or consultation (Chafl@95; Caddy 1999). In addition,
overfishing has caused changes within whole ecesystwhere long-lived species at the top
of the food chain are being replaced by faster grgwlower-ranked species (Caddy 1999).
This so-called ‘fishing down the food chain’ hasomomic implications, as the long-lived
species are generally higher value commodities thage that replace them. It is therefore
apparent that traditional management measures Ima¥ebeen effective in ensuring

sustainable resources and ecosystems.

As the global human population continues to grow fish production declines (Watson &
Pauly 2001), demand for, and prices of, marine ypectedare likely to increase. However, new
fisheries are still being developed, and fishelaeslings of underdeveloped and underutilised
resources have increased considerably in theviasity years compared to traditional finfish
fisheries (Perry et al. 1999). Many of these uneeetbped resources are marine
invertebrates, landings of which have increasedcapgroximately 46% between the mid-
1980s and mid-1990s, compared to only 19% and 3@wtgr for pelagic and demersal
finfishes respectively (FAO 1997). Countries sushGanada and Australia are particularly
focussed on the development of new invertebrakeefiss. Currently, 35 invertebrate species
are exploited in Canada, and these contributedl80&6 increase in invertebrate landings in
British Columbia over the mid-1980s-1990s perioctr(f? et al. 1999). Comparatively,
Canadian groundfish landings only increased by 58Btle pelagic landings of species such
as herring decreased by 20%. In Australia, 78%e0¥ fisheries are based on invertebrates,

comprising 14 previously unexploited species (Halokal999).

Unfortunately, the development of most new fishethas been far from sustainable, and has
typically been fast and unrestrained with an irehl# collapse following soon after. These
boom and bust fisheries developed faster than pleeias’ biology could be assessed and
management measures implemented (Hilborn & Si#88]1Perry et al. 1999). However, it
is particularly important to prevent new and depéig fisheries from following the same
route of overexploitation and commercial extinctitrat transpired in many traditional
fisheries (Caddy 1999).
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It is evident that a complete paradigm shift is dezkin fisheries management, so that
standard methods of stock assessment include moosysiem and environmental
considerations, and socio-economic factors are #d&en into account (Caddy 1999).
Revised management policies and sustainable uidizaare necessary on a global scale
(FAO 1995, 1996; Caddy 1999; Perry et al. 1999).

Recent international agreements and legislatiore flyaven new hope and guidance towards
the sustainable use of marine resources. The Uhi&gbns Convention on the Law of the
Sea (1982), the Code of Conduct for ResponsibleeFiss (FAO 1995) and the Reykjavik
Declaration (2001) are three of the most promimetgrgovernmental agreements that could
provide more protection for marine resources. Irtgrarprinciples fostered by the Code are
conservation and rebuilding of marine resourcegettter with sustainable use to ensure a
food source, a livelihood and a heritage for futgenerations. More specifically, these
principles are to be achieved through responsildbefies management based on best
scientific knowledge, supportive legislation, irgike management, effective monitoring and
enforcement, and sustainable fishing effort (FAQ@3)9 A summary of pertinent objectives
of the Code is given in Table 1. In addition, theeqautionary approach to fisheries
management proposed by the FAO (Food and Agrial@rganisation of the United
Nations) in 1993 is fundamental to the conservatibmarine and inland aquatic resources
(FAO 1996). It advocates that conservative and aareenary steps be taken in the face of
risk. Specifically, it states that where uncertairg high and knowledge is poor, harvests
should be reduced. Furthermore, it states thaetaagd limit references points should be
determined in advance, as indicators of undesirdisl@ng. With revised management
paradigms advocated and endorsed on a global &atidy 1999; Perry et al. 1999; FAO
1995, 1996; Anon 2002a), it is essential that thpsaciples also be applied to new
underdeveloped and non-conventional resources aschvertebrate fisheries, to ensure

sustainable utilization and development (Caddy 1999
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Table 1. A summary of the Code of Conduct for Responsibighéries (FAO 1995)

principles and objectives pertinent to fisheriesagement.

e Conservation of aquatic ecosystems. The right tio ¢iarries with it the obligation to do so in a
responsible manner so as to ensure effective ogatsamr and management of the living aquatic
resources.

« Fisheries management should promote the maintenafnttee quality, diversity and availability of
fishery resources for present and future generstion

« Measures for long-term conservation and sustainadxdeof fisheries resources should be adopted by
States through an appropriate policy, legal antitin®nal framework.

e The precautionary approach should be applied toeteason, management and exploitation of living
aquatic resources taking account of the best siiteatidence available.

« Relevant domestic parties should be identified angaged in management to achieve responsible
fisheries.

e Compliance should be ensured through effective amisins of fisheries monitoring, surveillance,
control and enforcement.

e States and management organizations should adppi@@ate management measures, based on the
best scientific evidence available.

e Excess fishing capacity should be prevented andifoinated to ensure sustainable levels of fishing
effort.

The Code of Conduct also supports the inclusiostaiteholders (fishers, communities, etc.)
in decision-making processes and the mobilizatfotoasumer power in attaining the goal of
future sustainability of marine resources. Inclgdinterested and affected parties in the
management of a resource creates a custodianstligearse of responsibility towards the
resource, so transferring more management respliysinto user groups and involving
them in the decision-making process helps increag®port for management regulations
(Pinkerton 1989). This concept of ‘co-managemeas bained acceptance as a management

practice in both industrialized and developing ovadi (Hutton & Pitcher 1998).

The Reykjavik Declaration (2001) encompasses mbshese principles and concepts but
broadens it towards an ecosystem approach. Ihdurtequested the FAO to prepare
operational guidelines to underpin these princigésan ecosystem approach to fisheries
(EAF) (FAO 2003). More recently a plan of implemaman of these principles in capture
fisheries was adopted at the World Summit on Sosbé¢ Development (WSSD,
Johannesburg, South Africa, 2003).

The labelling of food products to indicate respblesor ‘green’ fisheries is a useful method
of harnessing consumer power to discriminate againsustainable fishing practises. The
Marine Stewardship Council (MCS) was constituted 997 to certify fisheries and products

complying with environmentally responsible prineigl This certification was based on the
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principles of the FAO Code of Conduct for Respolesibisheries. MCS is a global, non-
profit organisation that isseeking to harness consumer purchasing power tergen
change and promote environmentally responsible atgship of the world's most important
renewable food sourtgAnon 2002a). This is a relatively new concepithmwonly seven
international fisheries certified to date and apottight in the process thereof. These include
both small fisheries such as Thames herring andyBatet cockles in the United Kingdom
(Anon 2003a, b), as well as large industrial figfersuch as Alaska salmon and Western
Australia rock lobster (Anon 2003c, d). Currentlgeoof South Africa’s most valuable

fisheries, the hake trawl fishery, is undergoingeasment by MCS (Anon 2003e).

POLICY AND MANAGEMENT FRAMEWORKS FOR NEW FISHERIES

The most basic requirements for recognised fishaolicies and their implementation
measures are the adherence to internationally ieardt legislation and agreements such as
the Convention on the Law of the Sea 1982, Premaarty Principle, and Code of Conduct
(Die 2002). Various countries and fisheries managembodies recognise these by
incorporating the principles into their nationagilation or fisheries policies. Furthermore,
fisheries policy should, through goals and objedjvaccurately convey its principles to the
fishery (Cochrane 2002b), and provide guidelinestie Fisheries Management Plan (FMP)
that is ultimately used to manage the fishery atady basis. Precautionary approaches to
prevent unsustainable development (FAO 1995, 188gly that Fishery Management Plans
should stipulate clear objectives, including plé&mrsmonitoring and assessing the effects of
fishing. Guiding policy therefore needs to be iraqad before fisheries and FMPs are
developed. In this way, the principles of interaoatlly accepted fisheries policy filter down

to actual implementation.

Information pertaining to the governance of new argerimental fisheries is scarce, with
few countries specifically formulating policies aRtYIPs on new fisheries development. A
new or developing fishery was defined by Halmafit&99) as:
‘a fishery within which there is little or no exghion, there is potential for development
and which is currently subject to prohibition. Thenay also be little information regarding:

» the stock under consideration,

» the role of this stock in both local and larger nm&r ecosystems,
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» the possible uses of the harvested materials,

» potential domestic and/or foreign markets,

» explicit management objectives, policies and/orafdeg regulations.
Unexploited marine resources, as well as thoseodérpl at exploratory or developmental
levels at the creation of ‘new’ fisheries, are udgd in this definition. However, the

existence of such a resource will not guaranteemermial exploitation (Halmarick 1999).

The lack of FMPs for new fisheries is cause forosmn, as it is of paramount importance to
approach a new fishery within a structured framéwirat is in harmony with fisheries

legislation (FAO 1995; Perry et al. 1999). Aust@iaéind Canada have, however, instituted
policy on new fisheries. Both these countries amggessive in their management approach
and have incorporated the Precautionary Principtethe Code of Conduct (Canada only) in
their national fisheries legislation (Anon 1998ashResources Management Act, Western
Australia 1994 in Halmarick 1999). These principlexluding ecological and economic

sustainability, have been included in the respecpiglicies in Canada (Anon. 2001) and in
management plans in Australia (Halmarick 1999)aienig to new and developing fisheries.
Factors identified as important in these documergrse a scientific knowledge base to the

fishery, strong conservation principles and ecororability of the fishery.

Moreover, management frameworks have been desgpedfically for the development of
new invertebrate fisheries (Perry et al. 1999).sehmanagement frameworks include several
components important in the realisation of prattitshery management. Caddy (1999)
suggests that there is an urgent need for condrdileld experimentation in fisheries
management theory, both on pilot and large scalgplving government, academic
institutions and fishers in different managemermrapches. An experimental fishery phase
was considered important in ensuring sustainableldpment of these new fisheries (Caddy
1999; Perry et al. 1999).

Lessons from experimental fisheries

Experimental fisheries for invertebrates have beemducted in many countries, including
Alaska (Paust 1997), Canada (Gillespie et al. 1988) the United States of America
(Rasmussen 1997; Whitaker et al. 1991; Roper 19¢&)ying degrees of success were

achieved, but none developed into a new commefisiary, even though the stock was in
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most cases large enough to sustain a fishery (PEQ&T; Roper 1997). None of the
experimental fisheries was conducted under coettollonditions or according to formal
protocols, and a rigid scientific basis - an egaémtspect to experimental fisheries - was
absent in most of them (Walters 1986; Roper 198@&yeral other factors also impacted on
the fisheries. Market demand, the driving factonibd the fisheries, was found to be both
species- and area-dependent (Rasmussen 1997)ghtgid the importance of selecting the
right species for a new fishery, as well as essabig whether market demand exists before
the fishery is developed. Furthermore, new invedth fisheries were perceived as
supplemental to other existing fisheries, which Idotelieve pressure on overexploited

species (Rasmussen 1997).

Particular difficulties associated with these fiske were low catch rates (Paust 1997,
Rasmussen 1997) and a high degree of experimentaiuired to determine optimal fishing
techniques and fishing areas (Gillespie et al. L9®8Bmost cases reported, few results were
obtained due to the fishermen’s inexperience awo#t @ commitment; consequently no
further fishery development took place (Paust 13per 1997). Moreover, a business plan
was shown to be essential for fishers to estalgigstls and objectives for the fishing venture
(Paust 1997).

The South African situation is similar, with expeantal fisheries conducted on hake,
kingklip and rock lobster resources reaching vaeidevels of success and failure. Several
other experimental fisheries are planned (limpetsopus, gurnard and sole) or already in
process (panga trap fishery). Common to all of éhiésheries is the lack of a structured

framework for their development and management.

A number of lessons can be learnt from South Afidangklip-directed longline fishery,
which started in 1983. Prior to the start of thegkine fishery, kingklip Genypterus
capensiy was already being exploited through a trawl figh&élowever the stock status was
not assessed before embarking on the longlinerfisfirunt & Japp 1994), and no scientific
experiments were conducted to test the effectseaf,gsoak time, depth, hook size etc. on
CPUE or biomass (Badenhorst 1988). Furthermoranipemwere allocated on an ad hoc
basis. In the first year, permits were grantednexperienced fishers who had little fishing
success. More experienced foreign skippers werdramiad in the second year, which
resulted in good catches, so six more licences vieseed the following year. Effort
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increased by 300% in the third year, which causestexploitation of the stock to below the
50% biomass level. The fishery was terminated @01@unt & Japp 1994), and remains one
of the largest fishery management failures in So@ftica. Specific reasons for failure
include:

* No prior investigation into stock status

* No scientific basis to the experimental fishery

* No precaution employed and high exploitation ratese ignored

* No formal protocol employed in planning and exaagtihe fishery.

The hake- Merluccius capensis, M. paradoyudirected longline fishery was approached
more cautiously, given the kingklip fishery failur&his two-year experiment was well
planned and executed (Japp 1995; Anon 1997). Rrelmn results were mixed, because
inexperienced fishers did not achieve expectedesscdHowever, the fishery proceeded to a
medium-term experimental fishery from 1996, witloehtions of up to 6000 tons made in

consecutive years.

A crustacean-directed experimental fishery wasait@tl in 1994, to evaluate the potential for
exploiting the Natal deep-water lobstéta(inurus delagoaein a trap fishery. This was a
scientifically sound experiment with predetermineldjectives and standardized fishing
methods (Anon 1995). The fishery was conducted twvere years, but a significant decline
in CPUE during 1997, together with other biologicasearch, suggested that the resource
was not large enough to sustain a fishery, so & kedted (Anon 1998b; Groeneveld 2000).

The lack of formal protocol, which led to the kitigkdisaster, was enough to compel caution
in the development of the hake and lobster fiskedesimilar procedure was followed in the
development of both these fisheries where Maringd &wvastal Management (Dept.
Environmental Affairs and Tourism) designed, appoband implemented the experimental
fisheries. Although this procedure provided sommacstire to the development of the above-
mentioned fisheries, there was no continuity o firiocess to the development of subsequent
experimental fisheries. Unfortunately, as with otfishery developments in South Africa,

this also did not occur in the octopus fishery.
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A pot fishery for octopus was proposed during thd-&990s, applications were accepted,
but no permits were issued. Applicants were invitede-submit during 1998 (Saunders
1998). A preliminary investigation was subsequetdlynched into creating a small-scale
octopus fishery in the Western Cape (Smith 199@) the viability could not be established
due to a moratorium placed on all rights allocatidny the Department of Environmental
Affairs and Tourism’s Marine and Coastal Manageninainch in 2001 (Mather et al. 2002).
New permit applications for the octopus fishery evput out to tender during 2002 for a third
time (Anon. 2002b). These applications were agastinded once it was realised that no
policy on experimental fisheries existed. The latkguiding policy and formal protocol
would decrease the chance of success of the abem@emed new fisheries. It is thus
imperative that a formal policy and operationalga@ure be put in place to set a standard in

the development process of new fisheries in Soditica

DEVELOPMENT OF A NEW POLICY AND OPERATIONAL PROTOCOL
The backdrop of changing fishery management inwvoeld and South Africa, and the
increased demand for new economic ventures basedaoine resources, provides an ideal
opportunity to develop and manage a fishery frooeption according to a new management
paradigm. Major issues that could contribute to slkecess and sustainability of a new
commercial fishery were identified as follows:

» Adherence of national/fisheries policy to internatl legal standards (Die 2002)

» Clear guiding policy specific to the fishery neé@schrane 2002b)

» A formal protocol for the establishment of new ésiles (Perry et al. 1999)

* Well planned experimental fisheries (Caddy 1999r\Pet al. 1999).

This study aims to develop policy and operatiorratgrol for establishing new fisheries in
South Africa, using the octopus fishery as a caseys Guiding policy is particularly
important in order to reconcile socio-economic ed&sations with sustainable resource use,
especially in the South African context. In theefanf global advocacy of sustainable and
responsible fisheries it is the responsibility lnd tState and the fishery manager to ensure this
(FAO 1995).
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The development of an octopus fishery in Southoafprovides an ideal opportunity to use
information available on the development and mamege of new fisheries globally, and to
convert this theoretical framework into a workingael. The rest of the study focuses on the
implementation of the before-mentioned policy angerational protocol in the octopus
directed fishery.

THESIS OUTLINE:

* Chapter 2: Establishing a framework policy and operational fomol for the
development of new fisheries in South Afrithe operational protocol consists of three
phases, of which Phase 0 is completed, with thaeowsrbenchmarks realized in
subsequent chapters.

» Chapter 3: Phase 0 - Step 1A review of octopus biology, fisheries and managenfe
review to identify gaps in available information.

» Chapters 4, 5 & 6:Phase 0 - Step 2The collection of additional biological information
in the field. These chapters were written as seépa@entific papers each covering one
biological aspect.

» Chapter 4: Step 2a:Population biology of O. vulgaris on the temperataitheast
coast of South Africa.

* Chapter 5: Step 2b: Age and growth assessment of O. vulgadstheast coast of
South Africa.

» Chapter 6: Step 2c:Population genetics of O. vulgaris around the So#thcan
coast.

» Chapter 7: Phase 0 - Step 3Economic feasibility of an experimental octopukédiy in
South Africa.

* Chapter 8: Phase 0 - Step 4Proposed Fishery Management Plan and experimental
design for the octopus fishery.

» Chapter 9: Synthesis and recommendation.

10
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CHAPTER 2

ESTABLISHING A FRAMEWORK POLICY AND OPERATIONAL PRO TOCOL
FOR THE DEVELOPMENT OF NEW FISHERIES IN SOUTH AFRIC A.

BACKGROUND POLICY ISSUES

The political climate in South Africa during the 9B was conducive to change and
paradigm shifts in all realms of life. Followingetliirst democratic elections and the change
in government in 1994, a model Constitution wasothiiced that necessitated the redrafting
of most supporting legislation in order to promseteial equity and redress consequences of
past racial discrimination. Equal opportunity, jost transformation and socio-economic
development were the vision for a new South Africaterms of marine resource use and
fisheries management this created the opportumitychange in policy and management
frameworks. The pre-1994 Government had a top-davamagement approach and was
specifically resource-oriented (Britz et al. 200However, the state of South African
demersal and pelagic fisheries was good compardbet@enerally poor state of fisheries
worldwide (Cochrane et al. 1997; Payne & Banni2@03). This stability in South Africa’s
large fisheries resources could be ascribed toowarifactors. Firstly, the political and
economic isolation of South Africa during the Apesid era created limited access from
other countries to resources for many years. Furthee, management of resources was
informed by sound scientific input (Kleinschmidtadt 2003), and resource exploitation by a
limited number of participants facilitated cont{@ochrane et al. 1997). However, this small
group of rights-holders was dominated by predontigamhite-owned companies (Britz et al.
2001).

The post-1994 Government became instrumental imgihg fisheries management from
traditional ‘resource’-oriented to ‘people’-oriedtenanagement through the new Marine
Fisheries Policy of South Africa (1997). The polistates that ‘all natural marine living

resources of South Africa, as well as the envirarinie which they exist and in which
mariculture activities may occur, are a nationasasand the heritage of all its people, and
should be managed and developed for the benefitasfent and future generations in the

country as a wholé.
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The Marine Living Resources Act promulgated in 1988vided new goals on fisheries
management, transformation, co-management and dsres to rectify these past
imbalances in the fishing sector. Both the fishenmlicy and Act rested firmly on the
principles of:
* Ecologically sustainable development of marine ueses
* The precautionary approach in management and dawvelat of marine resources,
and
* Transformation in the fishing industry to addresstdrical imbalances, amongst
others.
Subsequently these goals were refined through ttatism with all stakeholders, including
the fishing industry, managers and scientists, gnaater detail and definition (Anon. 2001a).
Pertinent goals were:
e Sustainable utilization through:
o Conservation of overexploited resources
o Exploitation of new resources.
» Transformation through:
o Equal access
o0 Racially representative fishing industry.
* Optimisation of long-term socio—economic benefit®ugh:
0 Economic growth
0 Human resource development

o Capacity building in the fishery sector.

However, this process of transformation and crgasiocio-economic growth was far from
smooth, and was severely constrained by lack dftutisnal capacity and poor planning

(Mather et al. 2002). Transformation in the fishisgctor was implemented through the
redistribution of fishing quotas from historicallyhite- to new black-owned companies,
without a defined policy guiding the process (Ksahmidt et al. 2003). This resulted in legal
challenges to the Government and instability in ynéisheries, including suspension of
fishing in certain sectors (Mather et al. 2002eiKschmidt et al. 2003). A moratorium was
placed on all new fishing rights and a procesdeddatio identify key issues relevant to socio-
economic development and transformation in tharfgsimdustry (Kleinschmidt et al. 2003).

Included in this process was the establishmentnaills and medium-sized fishing enterprises
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to encourage further development in coastal af€ksnSchmidt et al. 2003). The aim of this
was to create employment, develop human resoumdseahance transformation in the
fishing sector (Britz et al. 2001).

Development of new fisheries in South Africa — pralems

The challenge lay in creating new economic oppatiesmwithin the fishing sector, while
promoting equity, transformation and social develept. However, the expansion of the
fishing sector is limited by the natural productoapacity of the resources, most of which are
either heavily utilized or overexploited in exigjifisheries in South Africa. Although the
large offshore resources in South Africa seem tinke stable state (Cochrane et al. 1997),
many species supporting inshore fisheries, sucthadraditional linefishery, abalone and
rock lobster fisheries, are depleted or on thekbwh collapse (Britz et al. 2001). The
expansion and creation of new economic opportumnigied increased access to the marine
resources is therefore largely limited to previgushexploited finfish and invertebrate
species (Britz et al. 2001).

Although progress is being made in ensuring eqaity transformation in South African
fisheries, most historically disadvantaged indiadu(HDIs) lack skills and knowledge to
enter directly into a fishery, and require intersupport while developing fishery ‘know-
how'. This became evident after the first attematstransformation (Kleinschmidt et al.
2003), when historically disadvantaged individualgl companies sold their fishing rights
rather than participating in the fishing industngmnselves. Instead of selling their so-called
‘paper quotas’, these rights-holders could have eldped their knowledge through

cooperation and partnerships with companies ansithehls with experience in fisheries.

It is important that policy guidelines for the deagment of new fisheries do not confuse the
fundamental prerequisites associated with an exygertal fishery with that of a commercial
venture. A commercial fishery implies economic retu and employment, while
experimental fisheries assess the resource tondieerthe possibility of future commercial
exploitation. It is imperative to involve individisaor entities with existing and available
infrastructure, as well as experience and skilefe§uarding the scientific integrity of the
experimental fishery will ensure that any commerdghts granted will be to the benefit of

all. Furthermore, great caution must be exerciseteims of introducing additional, new
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fishing capacity when undertaking experimentalifigh Experimental fishing should, as far
as realistically feasible, aim to use fishing vésatready deployed in South African waters.

Conducting experimental fisheries according to éhpsnciples will ensure the sustainable
development of South Africa’s marine resourcesime lwith Government’'s objectives of

long-term social and economic development. Goventmghould commit to capacity

building (through knowledge and skills transfergd dnuman resource development) within the
fishing sector to enhance transformation and ensuexess of new entrants into new
commercial fisheries. Government should also sttovattain inclusive management in all
sectors of the fishing industry, since shared resjiities between resource users and

government will increase the likelihood of comptarand sustainable use of the resource.

Recently a protocol for the management and impléatem of developing fisheries was
formulated (Perry et al. 1999). This framework fesed on invertebrates, but is applicable to
any new developing fishery and has been implememteaxttopus, elasmobranch and crab
fisheries in Canada (Morrison et al. 1999; Bensbmale2001; Krause et al. 2001). This
framework is particularly well structured, allowifgr step-by-step planning and execution of
a fishery. It consists of three phases. First,eafighery research phase (phase 0) is initiated,
where available information on the species ancefigls collected and potential management
strategies are suggested. During the phase 1matwn lacking from phase O is collected.
New information is gathered though sampling andeys of the population and habitat, and
an experimental fishery is conducted. This infororatis then used in the regulation and
implementation of the commercial fishery, which coences in the last phase (phase 2).

The present study uses the framework proposed hy Be al. (1999) to build a suitable
model for the development and management of neweffiss in South Africa. A policy is
proposed containing an operational protocol coingjstof a 3-phased development
framework The operational protocol for South Afriadso consists of three phases: i)
information gathering including information collectin the field (phase 0 & 1 in Perry et al.
1999), ii) experimental phase where the experimeinthery is conducted and possible
regulation is proposed and implemented and iii) toenmencement of the commercial
fishery. This protocol adheres to the conceptshef precautionary approach, sustainable
resource use and responsible fisheries managennggested by FAO (1995) and Perry et al.
(1999).
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The following policy and protocol for the estabhsént of new fisheries in South Africa is
based on and structured according to a combinafion
» International policy on developing fisheries
0 Western Australia, Halmarick (1999)
o Canada, Anon. (2001b)
» Fisheries management literature on policy issues
o Cochrane (2002a)
* Marine Living Resources Act (1998)
* Interim policy on developing fisheries by MCM (Anaz003)

* Management framework (Perry et al. 1999).

The policy is introduced by describing the reasgriehind and need for new fisheries in
South Africa, the necessity for policy that is sfiedo new fisheries, and pertinent national
legislation. The policy principles are explored aingh the mission statement, guiding
principles, and goal and objectives. The operatipnatocol includes the development of the
fishery according to a three-phased approach, dmal pgrocess of implementation

(applications, assessment, licensing etc.).
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INTRODUCTION
The Marine Living Resources Act of 1998 states thatmarine environment and all living
resources within it is a national heritage and ghbe developed sustainably for the benefit
of all South Africans. Government priority lies the development and diversification of
existing fisheries and the establishment of neWwelies in order to fulfil the key objectives
of:
» Job creation
* Human Resource Development
* Social Sector Service Delivery: expanding the conecima#ly exploitable resource
base, broadening access and prioritising the pobdesadvantaged
* Rural Development Programmes — focusing particulamnl previously neglected areas
such as the Eastern Cape

* Transformation.

More specifically, the Department of Environmendfairs and Tourism will attain these
through the BranchMarine and Coastal Management (MCM), subsequeefigrired to as
"the Department". The Departmestcommitted to delivery on all of these objectivasd

sees the establishment of several new fisheriashagh priority.

The establishment of new fisheries should be addrem a structured manner, by:

* Bringing already on-going fishing activities whid¢tave emerged without coherent
management, or in the absence of formal manageaitgether, under adequate
control

» Effectively implementing the Department's policy flevelopment of new fisheries
when initiating a new fishery

* Applying the Precautionary Principle with respeat the utilization of resources

(sustainability is paramount).
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Definition of a new fishery

A new fishery is a regulated fishery that explait@source or part of a resource that has not
previously been managed by the state as a comnhéstiary. It also includes previously
unexploited resources, underexploited resourceslithd hitherto been a bycatch of another
fishery, or fully exploited or even overexploitedources that had hitherto not been subject

to any management controls.

New fisheries may be explored where a resource sipmtential for development. However,
the existence of such a resource and the asso@aftimentation does not guarantee that

commercial access would be granted.

MISSION STATEMENT
The development of marine living resources, througgtological sustainability, the
precautionary principle and responsible fishingwtryds economic and social gain for all

South Africans.

GUIDING PRINCIPLES
The policy complies with the Code of Conduct foispensible Fisheries (FAO 1995) and the
Precautionary Principle (FAO 1996). Sustainableettgwyment of a new fishery should thus
take place according to the principles of:
* Ecological sustainable use, through the maintenaoteecological processes,
preservation of biodiversity and responsible fighin
* The Precautionary Principle: in the event of uraiaty or risk, management will be
cautious and conservative
* Management based on best scientific evidence &laila

» Economic feasibility of fisheries.

POLICY GOAL
» Sustainable resource development through sciemtiggrity, sound management and

responsible fishing.
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POLICY OBJECTIVES

* To govern the development of new fisheries accartrpolicy principles

* To institute a standardised operational protocottie establishment of new fisheries

* To ensure that experimental fisheries are exeauedessfully, and attain objectives

of

Assessment of resource availability
Optimisation of harvesting techniques
Establishment of biological characteristics of tegource

Assessment of economic viability of the fishery.

» To ensure that skill and knowledge transfer anddruresource development ensue at

the start of a new commercial fishery.

MANAGEMENT STRATEGY TO ACHIEVE OBJECTIVES

* The Department must provide infrastructure in teohslesignated officials and/or

resource managers and resources to execute thenrapiation of new fisheries.

* New fisheries should be developed according tgtkscribed operational protocol.

* A Fisheries Management Plan (FMP) adhering to thidigg principles of the policy

should be drafted for each new fishery.
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OPERATIONAL PROTOCOL: A THREE-PHASED DEVELOPMENT
FRAMEWORK FOR NEW FISHERIES

The operational protocol for the development of nevhdises in South Africa consists of
three phases (Fig. 1), namely:
* Phase 0: Information gathering
o Step 1: Desktop study
o0 Step 2 (Optional): Information gathering in thddiand/or exploratory fishery
0 Step 3: Economic feasibility study
0 Step 4: Experimental fishery design and Fishery ag@ment Plan
* Phase 1: Implementation of the experimental fishery
0 Step 1: Fishery implementation
Step 2: Data collection, monitoring and controti# fishery
Step 3: Fishery-independent research

Step 4: Reassessment of the fishery

o O O O

Step 5: Ministerial decision on the approval/praioin of commercial
exploitation of the resource
* Phase 2: Commercial fishery
o Step 1: Revision of the Fishery Management Plan
o0 Step 2: The allocation of rights according to gahpolicy on commercial
fisheries, giving due consideration to the needrmmsformation and capacity
building
o0 Step 3: Knowledge and skills transfer
o Step 4 & 5: Monitoring of the fishery and fishendependent research.
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Start of protocol

Marine Living Resources Act of 1998

1y

Proposed New Fisheries Policy

1y

Operational Protocol (3 Phased)

v

PHASE 0
Information Gatherina

Revision of protocol process

:

PHASE 1 :D
Experimental fisherv i

Step 1 Desktop study
(Table 1 & 2)

L Step 1 Fishery implementation

Step 2 (Optional’: Information gathering in
the field by MCM (Table 1 & 2)

Or
I

Step 2b (Optional: Exploratory fishery
(Table 3)

Step 3 Economic feasibility study
(Table 4)

No further development

Step « Experimental fishery design &
Fishery Management Plan (Table 5, 6 & 7)

PHASE 2
Commercial fisherv

(Table 8)

Application

Assessment & Allocation
Notification
Implementation

Step Z Data collection and monitoring of the
fishery

Step 3 Fishery independent research

Step 4 Reassessment of the fishery

1
1 Is the fishery blologl'cally and economically|
' sustainable? i

No further exploitation

Step 5 Ministerial approval

Step 1 Revision of Fishery Management Pla

Step Z Allocation of rights according to
policy on commercial fisheries

Application

Assessment & Allocation
Notification
Implementation

Step 3 Knowledge and skills transfer

Step 4 Monitoring of the fishery

Step 5 Fishery independent research

Figure 1. Three-phased operational protocol for the devetagrof new fisheries in South Africa.
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PHASE 0: INFORMATION GATHERING

This preliminary phase comprises a synthesis dfradwn information on the target species.
Furthermore, critical information gaps are ideetifiand new information generated on
biology, fisheries, management and economics ofsihecies and potential fishery. This
phase consists of four distinct steps, namely &tdpsstudy (literature review), information

collection in the field (which can include an expltory fishery), an economic feasibility

study and, lastly, the design of the experimernsalery and the Fishery Management Plan.

Step 1:Desktop study

In Step 1, data will be accumulated on the basitogy of the species, existing fisheries, and
management approaches previously used on simimiespand fisheries. Crucial to this step
is the identification of information gaps, so as dnsure a precautionary approach to
management of the developing fishery. Understandiveg basic biology of the species,
information on potential fishing techniques, catednds and market dynamics will all give
insight into the potential success or failure af fishery (Perry et al. 1999). This provides
vital background information for effective implemation of management measures.
Depending on the species and fishery type undesideration, areas of biological and
fishery information that may need to be identiféhating this step for the implementation of

appropriate management measures are listed in Tedotel 2.
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Table 1.Basicbiological information required to understand the productive charackesist

of a species, and to implement appropriate managiemeasures. Reference is shown as

superscript.

Control type Management Biological information required Reference
measure
Mobile Sessile/sedentary
demersal/pelagic benthic

Input control  Size limits Size at maturity Size at maturity 2 Perry et al. 1999
Size at age Size at age “Gillespie et al. 1999
Growth rate >3 Yield per recruit >3 *Caddy 1989
Reproductioh Growth rate$ > 3and

Natural mortality natural mortalityon
Yield per recruit a spatial scale
Survival after capture Survival after capture

and release and release
Effort regulation Unit stock Spatial patterns

Growth raté ® Unit stock
Migrations® Dispersal and
Recruitment migrations'

Output control  Quota/TAC Unit stotk Spatial patterns
Migrations 3 Unit stock
Abundancé Abundancéon a
Growth, recruitment, spatial scale
mortality" 3 Habitat distribution

Growth rate§ % %and
natural mortality on
a spatial scale
Larval dispersal
scales

Habitat distribution

Table 2.Basicfisheriesandmanagementinformation required to implement appropriate

management measures. Reference is shown as sygerscr

Fisheries information required

Reference

Fishery descriptioh

Fishing techniqués?

Scale of fishery (large, small)

'Perry et al. 1999

Type of fishery (demersal, coastal, high seasHalmarick 1999

Vessel and gear type
Gear selectivity and efficiency
Catch rates

Management measures used

Input vs. output control
Successes / failures of measures

Environmental impacts

Fishery disruption of habitat, ecosystem
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Step 2(Optional): Information gathering in the field and/or explooay fishery

Critical information gaps identified during Stepcan be addressed by additional research.
This can proceed either through fishery-independesgearch conducted by the Department,
or through an exploratory fishery. The Departmeitit decide on the method of information
gathering. If information gathering in the field tye Department’s staff is deemed too time-
and effort-consuming, an exploratory fishery miglet implemented to collect the required
information. The nature of the fishery and inforioat needs will further influence the

method of information gathering.

Exploratory fisheryThis refers to a situation in which an entrepren®as approached the

Department with an original idea to utilize an uplexed or underexploited resource. The
desktop study (Phase 0: Step 1) must be completgdnéormation requirements identified
by the Department before an exploratory permitlmamssuedAn exploratory permit will be
issued for a limited time period and/or catch vaduim allow the entrepreneur to test the idea,
as well as market acceptability of products. Pertirbiological, fisheries and economic data
can be collected during this stage. The implememtggtrocess for an exploratory fishery is

summarized in Table 3.

The Department is committed to a general policyestarding entrepreneurship, and some
protection might be required for proponents of watove ideas, techniques, gear use, etc. If
an entity has proposed a promising venture/desighrhight have beneficial results in terms
of Government’s key focus areas, and providingegherno specific reason why the entity
should not be allowed to fish, the entity should dranted a licence to embark on an
exploratory fishery. The Department (a managememntrgittee chaired by the CD: Resource
Management) will evaluate these cases. The allmtatrocess will be a closed one, with a
single permit allocated to the interested partyquRsts for access to exploratory fishing
proposals will be dealt with in accordance with gnevisions of the Promotion of Access to
Information Act 2 of 2000Approval to conduct an exploratory fishery shoulot ibe
interpreted as an automatic right of entry to expental or full commercial phases of the
fishery. However, if the Department implements &pegimental fishery at a later stage, the
entity’s contribution should be taken into account selection of participants for the
experimental fishery. Similar considerations apflya commercial fishery is the final

outcome.
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Table 3. Summary of themplementation processof an exploratory fishery.

Implementation Responsibility Method Minimum Requirements
Process
Application Applicant Application form  Fishing experience

Business plan

Vessel ownership

Ability to produce gear
Presentation of business plan
Commitment to workshops, data
collection

Observer assistance

Assessment & The Department: Evaluation Process must be transparent, fair,
Allocation Working group legal
Notification The Department: Written reply Reasons for not being successful
Resource / project
manager
Implementation  Applicant & The Check-ups on Adherence to business plan
Department: progress milestones
Resource / project
manager

Step 3:Economic feasibility study

It is essential to establish which vessel type &sding methods will be economically

feasible. This study should include a descriptibrihe proposed fishing operation, a basic

financial analysis, and market research to detexmiarket areas, demand and prices.

Table 4. Basiceconomicinformation needed to assess the economic feasibility ofrerfys

Reference is shown as superscript.

Economic information required

Reference

Market demanti®

Potential economic value of Sp?
Expected catch ratk3

Cost of fishing

Vessel and gear typé

Perry et al. 1999
2Halmarick 1999
3Cochrane 2002b
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Step 4:Experimental fishery design and Fishery Manageriéam
Experimental fishery designThe basic requirements of responsible fishing and

precautionary approach (FAO 1995; Roper 1997) amicaable to various aspects of an
experimental fishery. For example, the extent atesof the experimental fishery in terms of
number of participants or tonnage allocated shobdd determined according to the
precautionary principle, with limited available anmation warranting a more conservative
approach. The duration of the experimental fist#ryuld be medium term to create stability
and confidence in the fishing sector. An four-ygam would create a suitable environment
for investment, and would also be sufficient toeassthe characteristics of the fishery,
according to the specific objectives of the politie choice of gear and technology must be
approved by the Department, and would depend ochcedtes, socio-economic and
ecosystem considerations, the potential for interceross-sectoral conflict, overall economic
feasibility, and control. The blueprint for the expnental fishery design will be based on the
outcome of the desktop study, information gatherethe field, and the recommendations
from the economic feasibility study. All relevamfaormation will be considered to ensure a

well-balanced scientific experiment suited to lacaéds (Tables 5 & 6).

Table 5. The keyinformation required from an experimental fishery. Reference is shown

as superscript.

Information requirement Necessity for information Method of attaining Reference
information
Abundance/biomass To determine if stock is largeAnalysing trends in CPUE Roper 1997
enough to support commercial
exploitation
Distribution To identify areas of abundance Equdlifig effort in all
fishing areas
Catch rate To assess efficiency of gear, Experimentation with fishing
fishing techniques gear
Species biology To understand the productiveBiological analysis of catch
characteristics
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Table 6. Basicrequirements for the design of an experimental fishery. Referescghown

as superscript.

Experimental fishery requirements Reference
Statistically valid experiments Small and large scale 'Perry et al. 1999
Government and fisher involvement ’Halmarick 1999
Fishery-dependent and -independent researé@addy 1999
Early controls on harvesting capacify Low vessel numbets *Roper 1997
Specified time frame (3-4 yr§)* °FAO 1995

Strict licence conditiorfs
Monitoring and compliance
Fishery Management Plan

Fishery Management Plan (FMPhe minimum information requirements for an FMI@ ar

listed in Table 7. An FMP must broadly adhere ternational legislation and the objectives
of national or fishery-specific policy (Die 2002lhe operational objectives of the fishery
must be stated clearly and should be (Cochranel$)002

* Measurable

» Realistic and achievable

» Accepted by interested parties

* Linked to a time frame.
The management measures must be described anthlcatmponents of the ecosystem
specified, as well as threats to these componerdspeoposed preventative measures. The
FMP should also define performance indicators afdrence points. The reference points
measure the state of the resource, i.e. whetl®inta desirable state (target reference point)
or in a state to be avoided (limit reference poj@chrane 2002b). Indicators and reference
points must be set for all objectives of the FMRluding biological, ecological, economic
and social objectives. Furthermore, consultati@asares and review processes of the FMP
should be specified (Die 2002).
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Table 7. Minimum requirements of a Fishery Management Plan. Reference is sha@avn a
superscript.

Fishery Management Plan requirements Reference

Adherence to national and international 'Die 2002
legislatiort
Fishery descriptioh
Management objectivés Clear & achievable operational objectives
Management strategy to achieve Management measures
objectives Reference points

Performance indicators
Consultation process of FMP Public consultation*

Review process of FMP

*This step will not be required during the expernta fishery.

Framework for a typical Fishery Management Plan:

. Description of the resource

. Goal

. Management objectives

. Description of the proposed fishery

o Duration, fishing area, number of participating sads/licences, vessel type,

gear type, etc.

Experimental design of the fishery

o Objective of experiment, methods of data collectgiatistical analysis

Management strategy

0 Suggested management measures and alternatives

Performance indicators to measure achievement nhgement objectives

Administration process
o Noaotification, monitoring and compliance, penaltissyiewing and amendment

procedures.
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PHASE 1: IMPLEMENTATION OF THE EXPERIMENTAL FISHERY
The implementation and execution of the experinmeidhery occurs during this five-step

second phase, and the process of developing aigle&ry is initiated. This stage determines
whether the species/stock exists in harvestablatiigs and can be captured by a particular

gear type, and also investigates habitat impaadt@economic feasibility of the fishery.

Step 1:Fishery implementation

Departmental infrastructurdhe Department should put systems in place to addesearch

and management issues related to the implementatioew fisheries. Procedures to deal
with applications for exploratory and experimenrfiaheries will be as follows. Aproject
managerwill be appointed to coordinate the implementatodra new fishery. If the fishery
falls within the remit of an existing scientific wang group, scientific issues could be dealt
with there. If not, an ad hoc working group or taskam could be established.
Recommendations emanating from the scientific waykgroup or ad hoc working group
should be submitted to the Director: Research aekpment, Director: Compliance, Chief
Director: Research, Antarctica and Islands and fChiesctor: Resource Management for

submission to the Minister or his delegate for appt.

Implementation Process (Table 8)

1) Application: Calls for applications to participate in experinanfisheries will be
published in the Government Gazette and/or printextiia by the Department. The
notification should invite interested parties tdomit a formal application and business
plan (Appendix 1), and should include policy objees, application criteria and the
experimental design. The application criteria stidag consistent with the policy for new

fisheries. _Application criteriaApplicants will need to meet minimum requirements

(fishery-dependent), and illustrate their capad¢dgyperform by means of evidence of
previous involvement in the fishing industry, knedge of fishing grounds, and ability to
purchase or manufacture minimum gear. Applicantshaive to provide proof of vessel
ownership, and illustrate commitment by presenéingork plan for the first two years of
fishing. Willingness to attend workshops, meticuligurecord data, assist observers and
fishery officers, and commitment to experimentalgadures must also be indicated.

2) Assessment and allocatiorA designated Group within or appointed by the Depant

will assess all applications and business planecation procedures will be transparent,
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3)

4)

fair, legally sound and equitable. Applications @wdobe assessed using the following

tools:

* A question and point system (Appendix 2, point eystto be developed by the
Department)

» The panel may request further information from #yeplicant to assist in its
assessment and allocation

» Information contained in the application may bejeatto validation.

Notification of status:The applicant is notified of the approval/refusbhn application.

Implementation/Participation: Successful applicants commence participation amtyb
the fishery to life. The permit-holder must stashfng within a prescribed time frame. If
not, the permit-holder will be penalized througlsdoof permit and/or legal action.
Fishery officers should liase with the permit-hoki¢éo ensure timely procedure of the
fishery (3 - 6 month check-up).
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Table 8. Summary of themplementation processof the experimental fishery.

Implementation Responsibility Method Minimum Requirements Guidingtime
Process frame
Notification The Department: Publication in Policy objectives
Resource / project  Government Experimental design
manager Gazette Minimum requirements for
application
Application Applicant Application form  Fishing experience 1 month

Business plan

Vessel ownership

Ability to produce gear
Presentation of business plan
Commitment to workshops, data
collection, experimental design
Observer assistance
Assessment & Process must be transparent, faid months

The Department: Question system

Allocation Working group Point system legal
Validation of data
Notification The Department: Written reply Reasons for not being successful e2kg
Resource / project
manager
Implementation  Applicant & The Check-ups on Adherence to business plan 4 months
Department: progress milestones
Resource / project
manager
Timeframe from Implementation: 5.2 months,
notification to:
Actual fishing: 9.2 months

Step 2:Data collection, monitoring and control of the fesk

Observers:Observers may be required to collect data and tmofishing activities. The
funding of observer programmes will be determinacaaesource-specific basis. In general,
funding of the observer programme should be onUber Pays principle. However, in the
case of small-scale fisheries, the Department nayycthe costs for all or part of the
observer programme. This would be a Resource Mamageresponsibility and should be
budgeted for by the Chief Directorate: Resource &f¢@ment. Information collected will

include biological data and catch and effort dasaset out in the experimental design.

Data collection(Fishery-dependentHigh quality and reliable catch and effort datawasl

as samples for biological research, will need to doevided by participants. Specific
information required may vary from resource to tese (refer to Tables 1-3 of Phase 0).
Furthermore, permit-holders will be obliged to seevthe Department with biological,

fisheries and economic data and information.
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Data Analysis:The collation and analysis of information will liee responsibility of the

Department.

Monitoring and control:Specific regulations set by the Department (by reeaipermit

conditions, if necessary) with regard to species fimits, bycatch limits, designated areas,
designated landing points or harbours, fishing @essclosed areas, catch limits (by area if
appropriate), and effort limitation must be obsdrv€ompliance can be reported on by the
on-board observers and Vessel Monitoring SystemidS)/ as well as by Extension Officers
and/or Honorary Marine Conservation Officers (RdfRA section 9 (2)) if required by the
Department. Designated landing points/harbours tadl identified where fishery control
officers and contracted marine monitors will obgeadherence to permit conditions, as well
as record catch data. Resource-specific rules dagathe handling of non-target species

must also be established.

Step 3:Fishery-independent research

According to the Code of Conduct for Responsiblgh&ries (FAO 1995), sound fishery
research must be conducted in areas of biologyloggoand socio-economics. Fishery-
dependent and -independent research should be @eddore-, during and post-experimental
fishery to ensure that the fishery is well plannegecuted and monitored. The research
should be consistent with international trendshe tlevelopment and management of new
fisheries. Information gaps identified during Ph&seStep 1 must be addressed. Research

objectives will vary between resources.

Departmental research guidelines

» Prioritising research on potential experimental figries All new or underutilized
resources need to be assessed and prioritisedjen t identify research focus areas
(due to staff capacity shortages, researchers toeftus attention on key/identified
resources).

* Researchers and managers involved in the develdpafenew fisheries need to
access, integrate and disseminate various infoomaturces and types. These can be
biological, social and economic, but legal and adstiative issues should also be

taken into account in advising on the way forward.
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Step 4:Reassessment of the fishery

Review, assessment and modificatidxn annual review of performance achieved by the
permit-holders against their business plan, witiulareview of the developing fishery, its
condition, and status occurring at the end of teeetbpmental period, will be conducted.
Both reviews are to be assessed by a designatekiyddroup or in sourced capacity using
data and information supplied by the Department @eaticipants. Permit-holders classified
as under/non-performers will be requested to pevahsons in writing within a prescribed
time frame as to why their permit should not beoked. Failure to produce a valid reason
will result in the permit being revoked. Criteriar fperformance measurement of permit-
holders could include:

* General compliance to permit conditions

* Commitment to experimental procedure, timely retfrdata

» Performance in harvesting

* Business feasibility.

Reporting and recommendationThe dissemination of results and recommendations

(feedback and progress reports) to participantsbeilthe responsibility of the Department.
Recommendations based on the results of the exgetiwill form the basis of a decision on
whether to implement the next phase, i.e. a comalefishery. If a commercial fishery is
proposed, results of the experimental fishery sthéaim the basis of a Fishery Management
Plan for the specific fishery. Recommendations khmclude information on fishing areas,
fishing methods, fishing seasons, fishing and fefédrt, size limits and bycatch levels and

responsibilities, amongst others.

Note: All data/information collected in the course of experimental phase of a new fishery

should be made publicly available.

Step 5:Ministerial decision on the approval / prohibitiai commercial exploitation of the

resource.
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PHASE 2: COMMERCIAL FISHERY

Once the Department has enough information abospexific resource to be able to
determine a TAC, TAE or Precautionary Maximum Caltatmit (PMCL) and commercial
exploitation has been approved by the Ministettsgare allocated for the requisite period

and the commercial fishery commences.

Step 1:Revision of the Fishery Management Plan

Step 2: The allocation of rights according to general pglisn commercial fisheries, giving

due consideration to the need for transformatiod aapacity building

Application, assessment and allocatiorhe criteria for implementing a new, full-scale

fishery would be in line with those for any exigticommercial fishery. However,
experienced applicants/experimental fishers shaulomit proposals indicating how they
intend to transfer skills to non-experienced pessamd/or applicants.

Step 3:Knowledge and skills transfer
Departmental responsibilities:

Identification of client groupThe sector or client groups that the Departmeentifies to

benefit from the new fishery should be defined. Wheer applicable and relevant, it should
be stated that the client groups are small opesaod that the main objective in establishing
a new commercial fishery is job creation. Intertsead conflict needs to be considered, e.g.
the impact of the new fishery on existing sectarshsas subsistence fishers or on other
existing fisheries. The Department will, as fapassible, implement a system to ensure that
the client groups optimise the potential profitsivld from such ventures. Participants will
be encouraged to be involved in all facets of teature (including the marketing of the

species) in order to enhance their profit margins.

Knowledge transferThe role of the Department in collecting and disiseating market-

related information would depend on the client groun the case of potential small-scale
commercial fisheries (targeting Historically Disagitaged Individuals or new entrants), the
Department would have to take on the responsibility acquiring this information and

presenting such information to the participantssdme cases, relevant information could be

provided by the Department to guide potential itwes
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Skills transfer'When applying for a commercial licence, the expental fisher must outline
a practical plan for skills transfer. However, bepartment should develop a protocol for,

and oversee the process of, skills transfer.

Step 4 & 5:Monitoring of the fishery and fishery-independesgearch

Once the fishery been established, all the managemecedures with respect to the
resource, the users, monitoring and control, arskaeeh will be applied, as for other
commercial fisheries. However, special attentiot bé given to new fisheries to ensure that

a precautionary approach is followed.

NOTE: In any of the above three scenarios, the Departmahreserve the right to decide
whether to allow a fishery to progress to the mEhdse or to terminate a fishery at any stage,

based on resource or any other considerations.

CONCLUSION

This policy document was submitted to MCM and wasgofirably received. It will most
likely be used as the formal policy on the develepmof new fisheries in South Africa.
However this document needs to be assessed arelvezlito optimise cooperation by all

stakeholders.
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CHAPTER 3

PHASE 0: STEP 1 - A REVIEW OF OCTOPUS BIOLOGY, FISHERIES AND
MANAGEMENT

OCTOPUS SPECIES IN SOUTH AFRICA AND THEIR POTENTIAL FOR
COMMERCIAL EXPLOITATION

To date 195 cephalopod species have been recardediihern African waters, of which 39
are from the Order Octopoda, and five of theseoatepus species belonging to the family
Octopodidae (Roeleveld 1998). These species diftersiderably with respect to their
distribution, current exploitation levels and pdtahfor further commercial exploitation. At
present no commercial fishery exists for octopug,four species@ctopus magnificysO.
vulgaris, O. cyaneaand Veladona togata capenyisre being exploited at low levels. A
number of other cephalopod species could also beowfmercial interest, with the squid
(Loligo vulgaris reynaud)i currently the only directly exploited cephalopogsource in
South Africa (Roeleveld 1998).

Octopus vulgaris

In southern AfricaQctopus vulgari®ccurs from Luderitz (288'S, 1506'E) on the coast of
Namibia to Durban (283'S, 3053'E) on the east coast of South Africa (Smald.e1993).
The taxonomy of this species is currently underiesgvand might consist of a species
complex (Mangold 1997; Roeleveld 1998; Soller et2800). Research in South Africa has
mainly focused on the biology of the species. Havethis has been confined to isolated
investigations on the subtropical east coast (SaBuchan 1981) and the cold temperate
southwest coast (Smith & Griffiths 2002), while aldbr the temperate southeast coast is
lacking. McQuaid (1994) conducted laboratory fiah aspects of prey selection and feeding
behaviour ofO. vulgaris Current exploitation ofD. vulgaris consists of subsistence and
recreational fisheries situated mostly on the eaast of South Africa. Artisanal fisheries on
the Transkei coast in the Eastern Cape removedxsippately 12.3 tons during 1994 - 1995.
On the KwaZulu-Natal coast an estimated 12.9 tdnsctopus were harvested during 1995
(Robertson & Fielding 1997). Recommendations weaglarfor a small-scale pot fishery on
the southwest coast (Smith 1999) using small veszel5 tons) with minimum labour (2
persons), and different pot types of PVC pipe dddyes, but neither the vessel or gear type

was tested.
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Octopus cyanea

Octopus cyanes the most common reef-dwelling octopus in thdohwest-Pacific (Roper et
al. 1984), and occurs along the east African caasfar south as KwaZulu-Natal on the
subtropical coast of South Africa. The speciesogntl in intertidal and shallow subtidal
waters (Roper et al. 1984; Roeleveld 1998), bulelits known about its biology and
population dynamics in southern Afrid@. cyaneas harvested intertidally for bait and food
in KwaZulu-Natal and this exploitation could podgitbe expanded into a small-scale
artisanal fishery. During 1995, 12.9 tons of oc®peere harvested on the KwaZulu-Natal
coast; this may represent a mixed catclofulgarisandO. cyaneaRobertson & Fielding
1997).

Aphrodoctopus schultzei

Aphrodoctopus schultzes distributed from Lideritz (288'S, 1506'E) in Namibia to
Tsitsikamma (327'S, 2828'E) on the south coast of South Africa, but istmmmmon west
of Cape Point (322'S, 1830'E). The biology ofA. schultzeiwas described by Roper &
Mangold (1991) and Smith (1999). This is a smadlcsps (mean mass 65 g), which occurs in
intertidal and shallow subtidal waters to a maximdepth of about 18 m (Smith 1999A.
schultzeiis currently not exploited (Smith pers. comm.), batuld be used in the aquarium

trade due to its small size.

Octopus magnificus

The distribution ofOctopus magnificusanges from Liideritz (288'S, 1806'E) in Namibia

to Port Alfred (3835'S, 2657'E) on the southeast coast of South Africa. Teetl
distribution recorded fo®. magnificugs 2 to 560 m, but is most abundant between 100 and
300 m (Villanueva et al. 1991). This is a large csg® with a mean mass of 2091 g
(Villanueva 1993). It was described by Villanuevaaé (1991), and some biological work
has been done by Villanueva (1993) and Smith (1999)magnificuss caught as a bycatch
in the west coast hake trawl fishery, the souttstt@bster trap fishery and south coast sole
trawl fishery off South Africa (Villanueva 1993; &m1999). Bycatch from the west coast is
generally reported, while that from the south coastot (Smith 1999). Reported landings
during the period 1979 -1997 varied between apprately 65 and 115 metric tons per year
(Smith 1999). These quantities suggest that theispeould be targeted through a direct
fishery. O. magnificuss sold to local and international markets asadfand bait species,
with most of the catch being exported to North Aiceeand Europe as bait (Smith 1999).

a7



CHAPTER 3: REVIEW

Veladona togata capensis

Veladona togata capensis distributed along the east coast of South Afaod Mozambique
(Roeleveld 1998). Not much is known about the lggland population in Southern Africa. It
is currently a bycatch species in prawn trawls tb# KwaZulu-Natal coast (Smale et al.
1993).

Target octopus species

The species that is the most likely candidate faliracted fishery in South Africa i®.
vulgaris It is the most common octopus occurring alongethére South African coast, and
has been earmarked by industry as a target sptmies potential fishery (Smith 1999).
Despite the present focus @n vulgaris future possibilities should not preclude the ptis

for commercial exploitation dD. magnificusor for artisanal and recreational exploitation of

O. cyanean KwaZulu-Natal.
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AN OVERVIEW OF AVAILABLE INFORMATION ON THE BIOLOGY OF
OCTOPUS VULGARIS

Taxonomy

The cephalopod genu3ctopuscomprises approximately 90 species (Nesis 1987%) tHri
taxonomic status of many is still uncleg@ctopus vulgarisconsists of a large species
complex distributed worldwide, which is currentlpder both morphological and molecular
review (Soller et al. 2000). Preliminary molecutasearch by Hudelot (2000) indicates that
major changes could occur in the classificatioroctopods. In addition, Roeleveld (1998)
suggested (based on morphology) that the SouthcakfrD. vulgaris also needed to be

renamed.

With the increased fishery value of cephalopoddias become important to solve global
taxonomic problems relating to cephalopods. Taxao@nd phylogenetic studies on octopus
have largely been based on morphology (Voss 190fileR& Voss 1983; Mangold &
Hochberg 1991), however the ecological elasticiy cephalopods allows for swift
adaptations in morphology, which are expressed gfpically (Boyle & Boletzky 1996).
Molecular techniques are now increasingly being leygudl to solve these taxonomic
problems (De Los Angeles Barriga Sosa et al. 1988er et al. 2000; Warnke et al. 2000).

Distribution

O. vulgariswas previously believed to have a worldwide disttion, but is now considered
to occur in the Mediterranean and the eastern Atlamly (Mangold 1997). A truly coastal
species, it is found in the upper 100 m of the ioemtal slope, with abundance decreasing
down the slope (Guerra 1981). It mostly inhabiasll®w rocky areas, but does occur on sand

and muddy substrates in some regions (Mangold 1983)

Research

O. vulgarisis one of the most intensely studied cephalopagtisg worldwide (Mangold
1997). Studies on the biology and exploitationhi$ species have mainly taken place in the
Mediterranean Sea and on the Saharan Bank, notthdesa (Hatanaka 1979; Sato &
Hatanaka 1983; Mangold 1983; Guerra 1981). Othatiet conducted internationally have
dealt with aspects dD. vulgarisphysiology (Wells 1978), learning and behaviouoy&ott

& Young 1955), nervous system (Young 1967, 197Ihbryology (Neaf 1923, 1928;
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Boletzky 1968, 1969), diet (Nigmatullin & Ostapenk876) and systematics (Mangold &
Hochberg 1991).

Comparatively little work has been conducted@nvulgarisin South Africa, although some
research has been done on its biology (Smale & &udi®81; Smith 1999; Smith & Griffiths
2002) and diet (McQuaid 1994). Work by Smale & Barci{1981) primarily focussed on
feeding and growth rates, but also investigatedbilbbéogy on a small subtidal reef in the
subtropical KwaZulu-Natal region. Smith (1999) a@dhith & Griffiths (2002) conducted
field-based studies on the population biologyOofvulgarisin subtidal kelp beds along the
cold temperate southwest coast. To date no resdwmslbeen done o@. vulgarisin the

warm temperate region of South Africa. A summaryhef pertinent biological information is

given in Table 1.

Table 1. Summary of biological information available @n vulgarisin South Africa.

Biological feature Reference
Smale & Buchan (1981) Smith (1999),
Smith & Griffiths (2002)
(Subtropical) (Cold temperate)
Size range (mean) 58 - 3012 g (Unknown) 57 - 4625 g (1019 g)
Size at maturity Female = 900g Female = Unknown
Male = 400g Male = 170g
Growth rate 5.2 % body weight per day Unknown
Sex ratio F:M 0.5:1 (summer), 1:0.5 (winter) 0.6:1
Diet Mussels, crabs Crustaceans, abalone
Seasonality Female migration inshore in winter Msiae large in summer, small in winter

Population dynamics

The spatial distribution and population dynamicectopuses is very diverse. The abundance
and population size structure ©f vulgarisin the Mediterranean and in northwest Africa was
shown to be highly variable (Mangold 1983; Guer®&1)), with migrations between inshore
and deeper offshore areas related to spawning lehawand temperature variations
(Mangold & Boletzky 1973; Guerra 1981). Similar matjon patterns were found on the east
coast of South Africa (Smale & Buchan 1981) an®&auth Carolina (Whitaker et al. 1991).
Smith (1999) noted a shallower depth distributionjfiveniles than for larger animals on the
west coast of South Africa. This was also found @o vulgarisin Bermuda (Mather &
O’Dor 1991) and fo©. dolfleiniin Canada (Hartwick et al. 1988), indicating thgortance

of spatial dynamics within populations. Furtheromhation on population dynamics and
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distribution can be gleaned from molecular studigsese can be used to determine whether
more than one population exists within a fishingckt and whether spatial interaction

between these stocks occurs.

Life history

The life history ofO. vulgarishas been well studied (Neaf 1923, 1928; Itamilel263;
Mangold-Wirz 1963; Nixon 1969, 1971; Guerra 197931; Hatanaka 1979. vulgarisis a
semelparous, large octopod with small eggs (2 -n3) fMangold 1983). The planktonic
hatchlings weigh approximately 1.2 mg and have atlmdength of 1.7 mm (Mangold 1997).
The duration of the planktonic stage is temperati@@endent, and has been found to vary
between 33 - 40 days at 22 - Z7 (Itami et al. 1963) and 50 - 60 days at°1(Villanueva
1995). After 12 - 24 months of growth, the aduwitsigh 2 - 10 kg (Mangold 1997), with
males maturing at 190 g and females at 1000 - 2000 the Mediterranean (Mangold &
Boletzky 1973; Mangold 1983).

Mating occurs when the male transfers sperm intobibdy cavity of the female through a

specialised hectocotylus arm. Spermatophores aredsin the female’s oviducal glands until

spawning is initiated (Mangold-Wirz 1963). The fdenapawns once and lays between 100
000 and 500 000 eggs (Mangold 1983). The eggsaddein sheltered dens, with the egg

strings fixed to the substratum. Spawning occ@aryound (Wodinsky 1972). The female

protects and cleans the eggs until they hatchpanaally dies shortly afterwards.

Growth

Cephalopods are short-lived animals with fast ghorates and high turnover of generations
(Boyle & Boletzky 1996). Their growth is influencday various factors such as water
temperature, food availability, size and speciesrgfgthe 1984; Van Heukelem 1976;
Mangold & Boletzky 1973; Borer 1971). The growthaaftopods and loliginid squids occurs
over two phases of the life cycle, the first beegxponential and the second, logarithmic
(Forsythe & Van Heukelem 1987). The duration okthphases is species-specific (Forsythe
1984) and temperature-dependent (Van Heukelem 19&éje variation in growth between
individuals has also been observed for many cepbalspecies (Forsythe & Van Heukelem
1987; Van Heukelem 1976), includir@. vulgaris (Mangold & Boletzky 1973; Smale &
Buchan 1981). Such variation in growth has rertlézagth measurements insufficient for
both cohort analysis and ageing of cephalopodss{fioe & Van Heukelem 1987).
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Traditional length-frequency analysis and other aei®dised for growth estimates and ageing
of finfish cannot be applied to cephalopods, asutiderlying assumptions are not supported
by cephalopod growth (Forsythe & Van Heukelem 19B&kson 1994). The debate on the
difference between finfish and cephalopod growttl #ie applicability of models based on
teleost growth to cephalopods is ongoing (hgii et al. 1998a; Jackson 1994; Jackson et al.
1997). Although it has been suggested that cepbdlage and growth could be estimated by
similar models to those used for short-lived fihfispecies (Pauly 1998), this has been
opposed by Forsythe & Van Heukelem (1987), Jack$884) and Jackson et al. (2000).

Age

In the past, age determination in cephalopodsd@asséd on squid, primarily because of their
major importance to fisheries worldwide and thededality of their statolith structure.
Tetracycline, a chemical marker, has also beenesséally used as an age validation method,
by staining the statoliths of squids (Dawe et &83; Lipinski et al. 1998b). With the
increasing commercial importance of octopus it besome necessary to focus on octopus
aging for stock assessment and management purpDsspite work on the growth of
octopus (Guerra 1979; Mangold & Boletzky 1973; Ssm&alBuchan 1981), few studies have
attempted to determine octopod age directly (Raydegnandez-Conzalez 1998; Hernandez-
Lépez et al. 2001; Sousa reis & Fernandes 2003)g Rirmation in octopus beaks and
vestigial shells was investigated with beaks hgttied as a useful tool in octopus ageing and
can be likened to the use of statoliths in squigiray

Trophic importance

Cephalopods play an important role in marine fo@thsv They are both predators of smaller
fishes and invertebrates, and the prey of largdreB and mammals (Smale 1996; Klages
1996; Clarke 1996)0. vulgarisfeeds on a variety of prey including crustaceamsljuscs,
other cephalopods and fishes (Nigmatullin & Ost#petO76; Guerra 1978; Hatanaka 1979;
Smale & Buchan 1981). Caddy (1983) suggested that\aerse relationship exists between
predatory fishes and octopus populations. Givehghart-lived species such as cephalopods
are widely believed to benefit from anthropogenttarmges to faunal abundance, the
relationship between cephalopods and their preslatan be influenced by commercial
exploitation of the predator (Clarke 1983). Sevaaathors have suggested that octopus
fisheries started in the Saharan Bank region asmsegjuence of overexploitation of seabream
populations (Garcia Cabrera 1968; Bas et al. 1Z&ddy 1983; Caddy & Rodhouse 1998).
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However, Balguerias et al. (2000) indicated thabmbination of biological, oceanographic
and economic factors, and not solely the overetaiion of fish, contributed to the increase

in cephalopod catches in the Sahara Bank fishery.

Synthesis and identified information gaps

To adapt appropriate management measures (astset Gbhapter 2) specific information is

required to understand the biology of a specieg aVailability of this basic knowledge in

both international and South African literaturesiown in Table 2. Although a large amount
of information is available o@. vulgarison an international level, this review has reveale
critical shortcomings in the information availableO. vulgarisin South Africa.

* The taxonomic classification of the South Afric&n vulgarisis unclear; no
research has been done on the genetic relatedngaspuolation structure oD.
vulgarisalong the coast of South Africa.

» Biological information forO. vulgarison the warm temperasoutheast coasts
lacking.

* No data is available on the fecundity, age, poputatdynamics (spatial
dynamics), stock structure or recruitment@f vulgaris along theentire South
African coast.
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Table 2. Generalbiological information required for precautionary resource management

and the availability of this information from boitternational and South African literature.

Shaded areas indicate gaps in South African infooma References are shown in

superscript.

Biological information

Management Required Available Available Notes Reference
measure information Internationally  South Africa
Size limits Size at Yesh 31011 Yes™ 3 *Only forwarm  'Mangold 1983
maturity subtropical — still >Mangold-Wirz 1963
Size at age No No needed for cold *Mangold & Boletzky 1973
Growth rates Yed *Yes 2 and warm “Mangold 1997
Reproduction Yesh 24 No temperate *Domain et al. 2000
Natural Yes' No climates ®Robinson & Hartwick 1986
mortality 'Guerra 1981
Yield per Yes™ No **|ntertidal/ 8FAO 1997
recruit shallow subtidal °Guerra 1997
Survival after Yes®® No only %Hatanaka 1979
capture and "Wodinsky 1972
release 2Smale & Buchan 1981
*Smith 1999
Effort Unit stock No No YCaveriviére et al. 2002
regulation Migrations Yes’ **yeg 1213 *Demarcq & Faure 2000
Recruitment Yes! 1 No
Quota/TAC  Abundance Yes®?® No
Habitat Yesh 4’ *rygg 12,13
distribution
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GLOBAL OCTOPUS FISHERIES

Introduction

The global cephalopod catch consists mostly ofdhdlies Sepiidae (cuttlefish), Loliginidae
(squid), Ommastrephidae (squid) and Octopodidagogos) (FAO 1997). Octopus and
cuttlefish each contribute only 12% to the worlglt@lopod catch, which is dominated by
squid (75 %) (Paust 1997). Octopus is caught usarpus methods, including trawling
(Rathjen & Voss 1987), clay pots and traps (Whitakeal. 1991; Sanchez & Obarti 1993),
long lines using hooks (Voss 1988), by hand du®@UBA diving (Hartwick & Barriga
1997) and spearing (Young & Harman 1997). Largéefies for Octopus vulgarisare
concentrated on the northwest African coast, inMiegliterranean Sea and Japan (Hatanaka
1979; Mangold 1983, Takeda 1990), while small-sdsleeries exists in countries such as
Mexico (Solis-Ramirez 1997), Canary Islands (HedwmGarcia et al. 1998), Chile (Defeo
& Castilla 1998) and Hawaii (Young & Harman 199%xperimental fisheries have also been
attempted in several countries, among them Can@ikegpie et al. 1998) and the USA
(Whitaker et al. 1991). A review of fishery typeRGQE trends, fishing methods, management
measures, market conditions, and environmental amtiropogenic influences on these
octopus fisheries provides much-needed baselimenation pertinent to the development of

a new fishery.

Large fisheries

Northwest Africa

The fishery on the northwest coast of Africa is tlaegest trawl fishery for octopus
worldwide, with the catch harvested by vessels f@pain, Korean Republic, Morocco and
Mauritania and exported as frozen product to Jd@Garerra 1997). The fishery started during
the 1960s when traditional finfish catches begauéoline (Caddy 1983; Rathjen & Voss
1987) and showed a variable increase in catchhiegd 35 000 tons in 1994 (FAO 1997).
Two stocks ofO. vulgarisare exploited: a northern one on the Saharan Badka southern
one off Cape Blanc, which is now considered ovemtgd (FAO 1997). Catches of the
southern stocks declined during the late 1980gdtutned to higher levels during the early
1990s, after fishing activity was reduced by 40%AQF 1997). In the northern areas,
management measures comprising a reduction ofgioregssels and a two-month closed

season (FAO 1997) were implemented. During 20Gkc@nd closed season was introduced
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and there was a further reduction of the Spanisét fiishing in Moroccan waters (Anon.
2001).

Mediterranean

Octopus fisheries in the Mediterranean region arepgrised of both pot and trawl fisheries.
The Mediterranean pot fisheries have existed sthassical times and currently accotiot
approximately 36% of the annual octopus landingthen Spanish Mediterranean (Mangold
1983; Rathjen & Voss 1987; Sanchez & Obarti 19€3tches in the Mediterranean have
shown an increase in landings of most cephalopodse last 40 years (FAO 1997), with
vulgaris catches rising from approximately 2 000 tons & 1950s to 20 000 tons during the
1990s (Guerra 1997).

In the western Mediterranean, octopud@s ulgari9 are caught in nearshore waters using
pots (Sanchez & Obarti 1993) and further offshgrérbwling (Quetglas et al. 1998; Sartor et
al. 1998). The pot fishery catch peaks in earlyt&rinwhen approximately 0.15 - 0.3

octopuses are caught per pot. Only large octopfzsekg mass, >11 cm ML) are caught in

this inshore pot fishery (Sanchez & Obarti 1998)tHe trawl fishery, octopus represent 8 -
40% of the total catch (Quetglas et al. 1998; Sastoal. 1998). The CPUE for the trawl

fishery is highest during early summer (40 kg/mg @he largest animals are much smaller
than those caught in the inshore pot fishery (Qastgt al. 1998). This suggests that mature
octopuses migrate for spawning and brooding puptséhe nearshore environment, where
they become available to the pot fishery. Spaneshahd for octopus increased substantially

during the last decade, and most of the catchriswtned locally (Sanchez & Obarti 1993).

In Portuguese waters, octopus and other cephalopmdsaught as a bycatch to finfish-
directed trawling (Fonseca et al. 2002), yet thetgf approximately three times the price of
fish. Although the minimum legal size for octopws (.75 kg, the legal trawl mesh size

mostly retains octopus smaller than this.

Japan

Various octopus species are exploited in Japanesersy with the most commoi®.
vulgaris, contributing 90% to the total octopus catch (Tak&€90). Fishing methods include
trawling, pots, long lines and angling. During 1980t fishing and trawling accounted for
49% and 27% of octopus caught in Japanese watgsaively.O. vulgarisis caught mostly
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at <100m depth in the Seto Sea, where landingsdsed steadily from 14 166 tons during
the 1960s to 6 422 tons during the 1980s (Take@®)1®During the period 1983 - 1987, a
five-year plan to protect and enhance spawning amdery areas was implemented. It
included introducing artificial and natural boulsemd blocks to the substrate to protect and
encourage spawning females. Other areas were sprtasmall stones to make the substrate

more suitable for juveniles (Takeda 1990). Thecsss of this intervention is not known.

Small-scale fisheries

Senegal

A small-scale fishery in Senegal started when vulgaris appeared in the commercial
landings of traditional finfish fisheries in 198&dveriviere 1990). The fishery was
established as an important commercial venturendut89 (Caveriviere 1994). This is a
coastal fishery, which is exploited for both amighand industrial purposes. The main fishing
gear used in the artisanal fishery is a jigging khadnile the industrial fishery relies on
trawlers (Diallo & Ortiz 2002). Fishing from indusl vessels is prohibited within six miles
of the shore, while there is no restriction on #nesanal vessels. The fishing depth ranges
between 10 and 100 m.

Catches in the artisanal fishery fluctuated betw2eand 8 metric tons between 1989 and
1994, while CPUE doubled in the same period. Thleirfig season varies, with peak activity
occurring in spring (Feb. - May) in the northerrearbut in autumn (Jun. - Oct.) in the

southern and central areas. The development ofiiiiiery was dependent on international
markets, with products initially being exported yrib Asia and later also to Europe

(Caveriviere 1990). Currently all catches are soidthese markets (Deme et al. 1997).
Management measures employed in this fishery irciashimum size and closed seasons for

octopus (Caveriviere et al. 2002).

Mexico

Octopus QOctopus maypfishing in Mexico began in 1949, but was a lowk®astal activity
until 1970, after which catches increased from D &hs to 9 000 tons in 1986 (Solis-
Ramirez 1997). During the early 1980s, the meckdnfeet, which usually caught fish,
started participating in hook and line fishing fdfishing) for octopus. This led to increased
octopus landings, so a series of new managemendumesawere introduced. Although an
open-access fishery, a strict fishing season was@sd, harvesting by diving and hooking
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was prohibited, a minimum legal size of 110 mm realength was implemented, and catch
and effort data had to be submitted. Currently fisteing fleet consists of two types of boats,
namely artisanal (18 — 31 ft boats) and mechan{d@d- 72 ft boats). Each main vessel
carries a number of smaller craft, usually onéhted canoes in the artisanal fleet and five to
seven boats in the mechanised fleet (Solis-RariB87). Fishing trips are limited to one day
for artisanal boats, during which approximately 2g0of octopus are landed, and 12 days for
the mechanised fleet, when up to 11 tons are lapeedrip. Octopuses in this fishery are
only caught on hook and line. Some experimentatitth natural- and lure-baited traps was
conducted during the late 1960s to early 1970s,thist was not very successful (Solis-
Ramirez 1997). Recently, the fishery in the Celestgion was seriously affected by a red
tide that forced the octopus to move out of thkifig areas, causing a revenue loss of over 1
million USD (FIS Latino 2001).

Hawaii

Small-scale octopus fisheries exist in Hawaii, vitttopus cyaneandO. ornatuscaught in
both commercial and recreational fisheries, andadsycatch in the lobster trap fishery
(Young & Harman 1997). Fishing occurs throughow ylear with no closed season or bag
limit, but a minimum legal size of 0.45 kg is erded. Octopuses are harvested by spearing
in shallow waters and by using lures at depthspofou240m. Fishing occurs during the day
and night, with the largest catches being madenduautumn. Commercial catches were
about 2 268 kg during the early 1960s but by 1988 increased to 18 144 kg, valued at 70
000 USD. Octopus landed as bycatch in the lobstkefy was worth approximately 50 000
USD during 1986 (Young & Harman 1997).

Canary Islands

The small-scale trap fishery in the Canary Islatadgets demersal fish, with octopus caught
as bycatch (Hernandez-Garcia et al. 1998). Fistaikgs place at depths of 18 - 200 m from
small boats (7 - 12 m), each deploying a total @8 Baps and hauling in about 50 traps per
day. The soak time (time spent in the water) of tlags is about five days. The fishery
started in 1980, when approximately 2 tons of agsopere landed. It peaked in 1982 with 21
tons and in 1995 with 25 tons, but at other tinms tatches (3 - 11 tons) persisted. This
cyclical high and low CPUE has been linked to EFRdievents affecting the region
(Herndndez-Garcia et al. 1998).
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Chile

Octopus mimuss harvestedy both skin- and hookah-divers in Chi{lPefeo & Castilla
1998), operating in waters of 5 — 20 m depth inrslwe coves. The fishery is an open-access
one, regulated only by a closed season (Dec. -)Mastarted in 1978 with landings of two
tons a year and increased to approximately 4008 byn1983. During the period 1989 —
1991, landings decreased to 2500 tons per annunmarehsed again to 3700 tons in 1997.
Export value of the 1997 catch reached 13.5 milli8D (Defeo & Castilla 1998).

The octopus landings were influenced by environadefaictors associated with ENSO (El
Nifio Southern Oscillation) events, such as sedirdepbsition in subtidal areas as a result of
landslides. The catches were also influenced byt4éon supply and demand locally and
increased demand by foreign markets. All theseofactan cause overexploitation and
economic dissipation, and it was suggested thataptenary measures such as size limits,

catch quotas and marine reserves be implementdddBeCastilla 1998).

Canada

In CanadaQctopus dofleinivas harvested recreationally and as a bycatclthier disheries,
yielding 18-50 tons per year until the early 198dsrtwick & Barriga 1997). The harvest
increased rapidly after 1984 with the developmédra commercial SCUBA dive fishery and
reached approximately 206 tons in 1988, when diliargested 10 - 73 kg/diver hour. With
the introduction of individual vessel quotas in 19fhe landings decreased to 81 metric tons
in 1995 (Gillespie et al. 1998). The commercialedfishery now represents about half the
annual landings of octopus in British Columbia wilte remainder derived as bycatch in
trawl and trap fisheries (shrimp, prawn and cratg) an hand- and long lines (Gillespie et al.
1998).

There has also been some experimental fishing trafhs in the region. Pre - 2000, little
management attention was given to the dive fistearg no minimum size limit, quotas,
minimum escapements, biological sampling or closeason existed (Gillespie et al. 1998).
During 2000 some management procedures were implechéo regulate the fishery. Fishers
had to apply for a license, which was only awarttedhose with a proven record in the
fishery (Anon. 2000). Various license conditionsrevemplemented and these included

keeping detailed harvest logbooks, participating ological sampling, using
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environmentally benign irritants, and adhering limsed fishing areas and seasonal closures
(Anon. 2000).

California

Octopuses have been harvested in California si&é.10riginally most of the catches were
incidental, except during 1930 — 1950 when an adofrap fishery, using cone-shaped
wicker baskets deployed at depths of 6 - 9 m, edigt the Monterey Bay area (Duffy 1997).
Japanese, Chinese, Greek and Italian communities the main consumers of octopus in
this area. Landings were variable and ranged frbr@a97 kg during 1924 to 453 kg in 1960,
increasing again to 58 968 kg in 1980 (Duffy 199Mere are currently no regulations in

place regarding octopus exploitation off the Catifan coast.
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Experimental fisheries

The potential for small-scale octopus fisheriesehleen investigated on an experimental
basis in several regions worldwide, including Aes€anada, California, South Carolina and
Florida.

Alaska

An octopus-directed pot fishery, targeti@gtopus dofleiniwas initiated in 1983 in southeast
Alaska. All octopuses caught prior to 1982 weredbgia in the crab and shrimp fisheries
(Paust 1997). The experimental fishery @rdofleiniconsisted of three phases during which
different gear types and fishing areas were tedtied.gear types used in the experiment were
wooden slat pots, ceramic and plastic pots, and @éGvinyl chloride) pipe pots, and these
were tested in both shallow inshore (<12.5 m) affishore waters. The inshore areas were
the least productive, with a catch efficiency of 4% (soak time 7 days). The offshore areas
were more productive, and a CPUE of 30% was recordgng wooden slat pots during

autumn and winter.

Canada

There have been various experimental fisheriesguseps forOctopus dofleinin British
Columbia, Canada (Gillespie et al. 1998). Adkinalef1980) tested wooden boxes, half-tyre
pots, paint- and oilcans, and crab and prawn trajisough 1 432 baited traps were deployed
between depths of 7 and 66 m, only nine octopusae waught. Hartwick et al. (1982) set
trap lines inshore (6 - 19 m) and offshore (37, 33,& 91 m) on the west coast of
Vancouver. Optimal soak time was found to be 1@ days, with wooden boxes and tyres
the most effective. Inshore traps caught small atsrn(6 kg) at a CPUE of 0.03 kg/trap, with
trap efficiency averaging 0.77% and peaking at 2®6@luring June. The offshore trapping
was more productive at 6.56%, catching larger acofil kg) at a higher CPUE of 0.46
kg/trap. Traps were more efficient during winter deep offshore waters, and were

ineffective in shallower areas where there is amdbnce of natural dens.

Clayton et al. (1992) conducted another experinigrap fishery near Prince Rupert. Gear
types tested were wooden boxes, ceramic eel tnaghdaited prawn mesh traps. Trapping
efficiency was highest for prawn traps (23%) and#en boxes (17%) and lowest (1%) for
eel traps. Mean octopus size was larger in wooder$(11 kg) than in prawn traps (4.5 kg).
However, the traps were tested on different bottypes at different times, and could
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therefore not be properly compared. Trap fishing wat considered a viable option and
there is no significant octopus-directed trap fighen Canada at present (Gillespie et al.
1998).

California

A small-scale octopus fishery on the Ventura - &d®dirbara coast in southern California
was investigated as a supplemental fishery toiegistrab and lobster fisheries (Rasmussen
1997). Octopus@. californicusand O. rubescenswas a bycatch in halibut gill nets and
hagfish trapsO. californicusandO. rubescensvere mainly caught for human consumption.
Various gear types were tested including hagfiapgr(plastic, cylindrical), spruce boxes of
various sizes, baited and unbaited traps, andifalrpipes. Fishing took place on both hard
and sandy/muddy bottom, at depths of 10 to 50 rts Rere alternately placed on a longline
(82 m) at 2.7 m intervals, with a surface buoy andhor at each end. Each vessel deployed
three lines, which were retrieved by a gillnet regbak time was 24, 48 and 96 hours,
respectively. Catch rates were found to vary wittdim structure. Pots on hard bottom were
most successful, with one octopus caught in evetypsts, compared to pots on muddy
bottoms, which had a low catch rate of one octgars/0 pots.

South Carolina

Research into the fishery potential @f vulgariswas undertaken during 1984 - 1986 in the
South Carolina area (Whitaker et al. 1991). Fistwogurred between 11 and 30 km offshore
at a depth of 12 to 25 m, on hard bottom, low-peafeefs. Fishing gear consisted of double
PVC pipe pots and single half-tire pots. The PVfegbots were plugged at one end and had
diameters of 15.2 cm and 10.2 cm. The longline istex$ of 15 pots comprising five of each
pot type and placed 9 m apart. The line was ancharel had a surface buoy at each end.
Each vessel had three longlines, which were reddelsy a hydraulic winch. Soak times
varied between 6 - 10, 11 - 15 and 16 - 20 days.

No significant difference in catch rates among dgpes was found. Soak time required for a
catch rate per line of 60% was 6 - 10 days. Therage catch rate was 27.8%, but catches
decreased in the second year. The catch rateshigdgrest in summer and autumn, and the
largest octopuses were caught during late auturdnaamter. The average size of octopuses
caught was 0.90 kg, with larger diameter gear dagclarger individuals. Small pots were

most effective during summer when small octopusesevpresent, whereas larger pots were
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more effective during winter. Neither the leachofgcement plugs nor the colour of the pots
seemed to deter octopuses from the pots, which feeted within two weeks. Although the
potential for a seasonal fishery during summerfantwas identified, low prices attained for

octopuses would have made this fishery only mahgipaofitable.

Florida

During the 1980s, an experimental fishery was cotetuforO. vulgarison the west coast of
Florida, where it is caught as a pest bycatch sgeiti the stone crab trap fishery (Roper
1997). The fishing gear consisted of double PVCepgots with a concrete plug in the
middle, double PVC pipe pots closed at one end, sindle tyre pots. The pots were
alternately placed at 7.8 m intervals on a 625 nglioe, with 60 pots per line. Soak times
were 24, 48 and 96 hours, with a 10 day leachimg for all pots before fishing started. Two
parallel lines were deployed at a depth of 3 m #uath gradually moved deeper (7.8, 10.9,
18.8, 28 m). CPUE in terms of number of octopusgppt ranged between 45 and 90%.

Fishing occurred between 1984 and 1985. Commefisiabrmen running the experiment
demonstrated little commitment and lost gear, and gesult no reliable data were obtained.
The local market was also not strong enough taasusin octopus fishery, and a commercial

fishery never took place.

South Africa

The potential for a small-scale octopus fisherySouth Africa was reviewed by Smith
(1999). He assessed fishing methods, gear and madd recommended that a pot fishery
would be the best suited for development in Southc& This type of fishery could be
operated in conjunction with existing fisheries Isuas the linefishery, rock lobster and
abalone fisheries, because similar vessels (3-5i#) could be used. The fishing method
would involve pots on longlines, as used in Soutrona (Whitaker et al. 1991), and
Florida (Roper 1997). The pots would comprise PV@ep (two diameters, single and
double), and half-tire pots. Further recommendatiaere for the use of small vessels (less
than 5 tons) operated by two people, with a hydrdude-hauler used to deploy and retrieve
pot lines. Much experimentation would be neededetiermine the optimal fishing areas, pot
types, soak times and depth. There is, howevelpcal demand for octopus so all catches
would have to be exported (Smith 1999).
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Synthesis and identified information gaps

It is evident that octopus fisheries are highlyedse and can be successful on both small and
large scales. Even small-scale fisheries such @etfound in Mexico and Chile are worth
millions of USD in revenue (Solis-Ramirez 1997; &e& Castilla 1998). Nonetheless, there
are various factors that influence the revenue ctous fisheries and these include
environmental (red tides, climatic events), antbggnic (cholera epidemics), and market-

related (stockpiling, demand) factors.

It is also apparent that establishing a new fislernpot straightforward and that many factors
need to be considered during an experimental fysiost important is the competence of
fishers, since productive pot fishing is highly dedent on the gear type used and the area
being fished (Gillespie et al. 1998). Furthermaesuccessful experimental fishing project
would allow for diversification between fisheriesasing competition between fishers and
relieving pressure on other resources. Specifformmation required on fisheries and
economics in order to ensure successful and saslainlevelopment, and its availability in

both international and South African literatures bsted in Tables 3 & 4.
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Table 3.Basicfisheriesinformation required for sustainable development and managemen
Shaded areas indicate gaps in South African infoomaReferences are shown in

superscript.

Fisheries information (Pot fisheries)

Required Available Available Notes Reference
Internationally  South Africa

Fishery description Yes> ! *Yes® *Theoretical, not ‘Guerra 1997
Fishing techniques 4 *Yes® implemented “Whitaker et al. 1991
Vessel and gear type Y&S *Yes® 3Gillespie et al. 1998
Gear selectivity and Yes® No Highly selective “Paust 1997
efficiency ®Rasmussen 1997
Catch rates Yest* &7 No Low ®Roper 1997
Environmental Yes® No Low 'Sanchez & Obarti 1993
impacts 8Smith 1999

°Bjordal 2002

Table 4. Basic economic information required for sustainable development and
management of a fishery. Shaded areas indicate gapSouth African information.

References are shown in superscript.

Economic information

Required Internationally South Notes Reference
Africa

Market demand Knowh No demand High market demand 'Guerra 1997
Potential economic Known' 34 Known?  High, potential “cold ?Smith 1999
value of species rush” fishery 3Solis-Ramirez 1997
Expected catch Known " 314.6.7 “ynknown = Low and variable ~ “Defeo & Castilla 1998
rates
Cost of fishing Not available Unknown
Profitability Known®* Unknown  High
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MANAGEMENT AND ASSESSMENT OF OCTOPUS FISHERIES

In managing cephalopod fisheries, it becomes intpver#o learn from past experiences with
finfish overexploitation (Lipiski et al. 1998a). It is important to balance thgectives of
maximizing catch and minimizing the risk of deptetithe resource. This has been done
fairly successfully for various squid fisheries ¢Brak & Macy 1996; Basson et al. 1996).
However, little information is available on actiessessment and management of octopus
fisheries. Furthermore, Caddy (1983) suggestedhibidt long-term and short-term measures
are important in the management of cephalopod std&&me input and output management
measures that have been implemented in cephalcgiwaties are discussed below.

Input controls

Most octopus fisheries are managed by input caatsakth as size limits, closed areas and
closed seasons, and effort limitation (Caddy 19880 1997; Solis-Ramirez 1997). The
main advantage of input controls is time- and &stiency, because the need for short-term

decision-making is reduced and exact knowledgéoakssize is not required (Caddy 1983).

Size limitation

Size limitation has been implemented in Mexico, ldawnd Senegal (Solis-Ramirez 1997;
Young & Harman 1997; Caveriviére et al. 2002). bt fisheries, large-diameter pots have
been shown to catch larger octopuses and vice \@#ataker et al. 1991). Setting a
minimum or maximum pot size can thus effect sizec®n of octopus. Size selection for
octopuses has also been achieved in trawling, lnmef size-selective nets (Fonseca et al.
2002). This method is an easy and effective waprtiect specific stages of a life cycle.
Octopuses are hardy animals that survive well afiture and release if undersized animals
were caught (Robinson & Hartwick 1986; Domain e2&i00).

Time- and area closures

There are several advantages (Hall 2002) to timd-a@ea closures and these include:
» Conceptual simplicity
» Stock protection
* Habitat protection

* Insurance against uncertainty.
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Spatial and temporal variability is important ines¢ing closed areas and the timing of closed
seasons. In terms of biology of the species, in&tion on growth, reproduction and spatial
patterns are needed. Life stages that may be \allleeto fishing must also be identified
(Gillespie et al. 1998). Closed areas must be largrigh to protect the stock from collapsing
in the event of overfishing (Hall 2002). They mulserefore encompass different habitat
types needed during the life cycle and also takgration into consideration (Lipski et al.
1998a).

Closed seasons / time restrictiorSlosed seasons are used in stock maintenance and

recovery (Caddy 1983; FAO 1997) and have proveeéficient measure in some fisheries
(FAO 1997). Closed seasons can be an effective geament tool for species that have peak
spawning aggregations and seasons,(hwulgarisspawns throughout the year (Wodinsky
1972) and does not form spawning aggregations. Mieless octopuses are generally
protected from fishing while brooding as they spaggs in a den or cave and do not forage

during this period.

Closed areasAreas such as no-fishing zones in inshore regamasMarine Protected Areas
(MPAS) can be used in stock management to propestising stock to seed adjacent areas. A
closed season and area in Morocco, instituted atepr juvenile cephalopods, has proven

efficient in increasing catch rates (FAO 1997).

Restrictive licensing / limited licences

Limitations on vessel or licence numbers shouleimployed to control the increase in both
access to the fishery and fishing capacity (fishpogier) (Pope 2002). It is important that the
licence conditions include restrictions on the eéssze, engine size or power, and on other
technological advancements that might improve figheapacity of the vessel or fleet (Pope
2002). If this is not done, effort levels will irease even though fleet size or licence numbers
are kept constant. Information on the implementataf these restrictive measures is

unavailable for octopus fisheries.

Gear limitation

Gear use can be limited in two ways, by specifylgytype of gear (trawling, pots, hook and
line, nets) or the number of gear allowed for use Qumber of pots or longlines). Ideally,
fishing gear should adhere to the following (Bjdra@02):
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* Be highly selective for target species and sizéh Witle or no impact on the habitat
and other species
* Give high catch rates at the lowest cost

* Produce high-quality catches.

By restricting gear use to a particular type wiitgiting the number of gear allowed, effort
can be reduced. Furthermore, by restricting ge#rabwith least impact on other species and
the environment, environmentally friendly fishinganc be accomplished. Gear-type
restrictions have been implemented in some octéipheries (Solis-Ramirez 1997; Hartwick
& Barriga 1997).

Output controls

Quota (catch controls)

Catch restrictions generally take the form of alt@llowable catch (TAC), but can also
include bag limits (normally for recreational fistes). Quotas or TACs are generally set in
terms of the number of tons allowed to be caugbpéP2002), and information regarding
stock size is needed in order to determine thers ififiormation, which includes data such
as habitat and population density estimates, iermgdy difficult to acquire (Pope 2002,
Gillespie et al. 1998). The applicability of gerdrafish assessment models to cephalopods
is highly disputed (Forsythe & van Huekelem 1983ck¥on et al. 1997; Lipski et al.
1998a; Pauly 1998), so quotas are thought to bé&-iely management options for

cephalopods.

Other management measures

Short-term management measures may include tenyppemits and variable timing of
harvesting seasons (Caddy 1983). During periodsigif biomass a number of temporary
permits may be issued, while the harvesting seasonbe timed to deal with natural and
anthropogenic influences. As an example, when didedevent caused mass emigration and
mortality of marine life in Mexico in 2001, harvesy was halted for a number of fisheries
(FIS Latino 2001).
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Assessment

There is a paucity of information on active fishagsessment methods used in cephalopod
fisheries. In small-scale fisheries the stock statgenerally assessed by monitoring catch
rates, octopus size and effort levels, as in theiddm fishery (FAO 1997; Solis-Ramirez
1997). Information on active stock assessment lig @vailable for large octopus fisheries off
Mauritania and Senegal (Demarcq & Faure 2000; Qaeee et al. 2002). These fisheries
use environmental indicators to predict recruitmand future stock size. A strong link
between upwelling intensity, retention processes larval recruitment exists in this fishery
(Demarcq & Faure 2000; Caveriviére et al. 2002}hwtihe recruitment success Ottopus

vulgarisbeing largely dependent uptre seasonality and intensity of local upwelling.

The northwest African trawl fishery employs a condtion of measures in the assessment of
octopus and other cephalopod stocks. Catch rates menitored and a recruitment index
calculated by assessing the smallest size claghtalhese data were combined with results
from annual trawl surveys to provide indices of miance and biomass (Bravo de Laguna
(1989), in Gillespie et al. 1998). Production mad&kre then used to estimate yield.

Various regulatory measures implemented in octdieries worldwide are indicated in
Table 5. Management measures, their implementatigerating costs, information needs and

risks are summarized in Table 6 (Perry et al 1999).
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Table 5. Managemenmeasuresimplemented in various octopus fisheries. References are

shown in superscript.

Management Octopus Fishery  Effectiveness of Reference
measures measure

Input control

Size limit Senegal Effective Caveriviére et al. 2002
Mexico? Unknown %Solis-Ramirez 1997
Portugat Not effective 3Fonseca et al. 2002

Closed area Canatla Unknown ‘Gillespie et al. 1998
Morocco Effective *FAO 1997

Closed season Seneyal 248Unknown  °®Defeo & Castilla 1998
Mexico® L %Effective "Hartwick & Barriga 1997
Chile® 8Anon 2001
Canadé
Morocco

Restrictive licences - -

Gear limitation Mexicb Unknown
Canada

Output control

Quota Morrocch Unknown

Assessment measures

Catch rate, size classes,Mexico’ Unknown

effort levels

Stock size Senedal Reasonable
Mauritanid

Table 6. Managemenmeasuresand potentiabssociatedcosts, informatiomeedsand

risks (Perry et al. 1999). References are shovenperscript.

Management  Implementation Industry  Assessment information Risks
measure choices operating requirements
costs
Size limits Size limits Minimal Age at first reprodtion, Missed fishing opportunities
yield per recruit
Effort controls  Effort limits Low, CPUE Overfishing due to increase
stable in catchability at low stock
size
Time/area closures  Highest Dispersal and migrationMissed fishing opportunities
TAC/quota Biomass from Minimal Surveys Missed fishing
surveys opportunities, or
depensatory effects
Biomass from Low, CPUE, catches, analysis Overfishing due to
production variable hyperstability in CPUE
modelling index
Biomass from Low, Depletion fishing Overfishing due to variance
removal variable in estimates

experiments
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Synthesis and identified information gaps

In the management and assessment of cephalopods,intportant to take a life cycle
approach. Cephalopods have only one year-claggntrast to finfish that have multi year-
classes. They therefore use spatial distributioaitesjies to ensure survival (Ligki et al.
1998a). Spatial variability is thus a major fadtmconsider during management.

Possible management measures to be implementée iB8duth African octopus pot fishery
are limited licences, limitation on the type andner of pots to be used, minimum size
limits and closed areas through existing MPAs.
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PHASE 0: STEP 2 - INFORMATION GATHERING IN THE FIEL D.

The gaps in the available information @n vulgarisin South Africa were addressed during
this phase. Research was conducted to investigatbitlogy, age and growth on the warm
temperate coast as well as stock structure aro@dcoast. The following chapters were
written as separate scientific papers each coveaingiological aspect, therefore some

repetition from previous chapters was unavoidable.

« CHAPTER 4: Population biology 00. vulgarison the temperate southeast
coast of South Africa.

« CHAPTER 5: Age and growth assessmentfvulgarison the southeast

coast of South Africa.

« CHAPTER 6: Population genetics @. vulgarisaround the South African

coast.
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CHAPTER 4: BIOLOGY

CHAPTER 4

POPULATION BIOLOGY OF OCTOPUS VULGARISON THE TEMPERATE
SOUTHEAST COAST OF SOUTH AFRICA.

This work has been published in thaurnal of Marine Biological Association of the UnitKingdom Vol. 83:
535-541.

INTRODUCTION

The importance of biological information to undarsi the productive characteristics of a

species for the implementation of appropriate mansmnt measures where pointed out in

Chapter 2. The current chapter focuses on fishelgpendent data, by addressing gaps in the

biological information in South Africa as pointedton Chapter 3.

Octopus vulgariuvier 1797 is one of the most intensely studigphalopod species in the
world (Mangold 1997), with research concentratedhe Mediterranean Sea and on the
northwest African coast (Mangold & Boletzky 1973;u€Bra 1979; Hatanaka 1979;
Caveriviere et al. 2002). This species was preWohslieved to have a global distribution;
however it is now considered to occur in the Med#ieean and the eastern Atlantic only, but

forms part of a larger cosmopolitan species com(engold 1998).

The distribution ofO. vulgarisin southern Africa ranges from Lideribn the coast of
Namibia, to approximately Durban on the east cofs$outh Africa (Smale et al. 1993).
Limited biological research has been conducted hen dubtropical east coast (Smale &
Buchan 1981) and the cold temperate southwestexst ¢8mith & Griffiths 2002) of South
Africa. Biological and ecological data dd. vulgarison the warm temperate southeastern
coast is lacking, although an isolated laborattugys on mussel predation 1&y. vulgarishas
been carried out (McQuaid 1994). These three atdfes vastly in oceanographic climate,
species diversity and zoogeography (Branch et394) Differences in water temperature
and prey availability have been shown to influeac®wpus growth rates and size (Forsythe &
Hanlon 1988; Forsythe 1993).

The intertidal stock ofO. vulgaris along the South African coast is exploited by both
recreational and subsistence fishermen, with tkellef exploitation varying between the
different regions (Clark et al. 2002). The octomtisck in the subtidal area is currently

unexploited. This study was initiated to providelbgical and ecological information @D.
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vulgaris along the warm temperate southeastern coast othSaifrica, which would
supplement existing data for other regions. Thisebae information will be used in the
development of a proposed octopus fishery arouadStbuth African coast. The aim of this
study was to describe the population structurdpgiyand distribution 0O. vulgarisin both
intertidal and subtidal areas.

MATERIALS AND METHODS

Study area

Intertidal collections were conducted around Al@agy, a large log-spiral bay situated on the
southeast coast of South Africa (Schumann et 8719 he collection sites consisted mainly
of rocky substrata and were located around Capé&eReise headland at the western end of
Algoa Bay (Fig. 1). Subtidal sites were locatedvanious reefs in Algoa Bay, St Francis Bay
and Tsitsikamma National Park (a marine reservé]. (E). A description of both the
intertidal areas and subtidal reefs is given inl@db The water temperature in the study area
is warm but fluctuating (12 - 2@) during summer and colder but more stable (18°C\
during winter months (Beckley 1988). The tempematilmctuations in summer are induced

by localised upwelling, caused by prevalent eastends.

29°S
h Southern Africa
West 34
Coast P
\\\ ‘\,Sayt'heast
..~ Coast
37
15°E 20 25 30 34

PrAnrs
- ~

{ Algoa

——— -
- ~ -
> -

__Bay’

Figure 1. Geographical location of octopus collection sdaghe southeast coast of South

Africa.
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Table 1.Descriptions of the intertidal and subtidal colieotsites forOctopus vulgaris

Site Intertidal Area description
Algoa Bay 1 Sheltered low profile rock.
2 Sheltered low profile rock.
3 Exposed high profile rock.
4 Exposed high profile rock.

Site Subtidal Reef description
Algoa Bay 5 Medium to high profile, dense inversk cover, depth: 5 - 20 m.
Low profile, sparse invertebrate cover, interspeisend, depth: 1

6 -20m.

St Francis Bay 7 Boulder reef, seaweed cover, fewriebrates, depth: <8 m.

Tsitsikamma 8 High profile, dense invertebrate cover, depth: 36 m.

National 9 Tidal gully, sparse invertebrate cover, interspdrsand, depth:

Marine Park <12 m.

Sampling techniques

Intertidal collections were conducted during spriogy tides from January 1999 to February

2000. Searches were conducted for approximatedettiays per month, for every month (n =

25-35 per month). Total monthly effort was calcethfrom two people searching a set area

(approximately 5800 fi), in a two-hour period. Collections were mostlyndaluring daylight

hours (morning), with a few collections at nightcAmparative study showed that den sites

were located more effectively during the day.

Subtidal samples were collected during the day,nBans of SCUBA (Self Contained

Underwater Breathing Apparatus) diving, from Ju®®94 to November 2000. Collections

were done on a seasonal basis, with 7-9 collecti@nsseason (n = 30-40 for each season)

Octopuses were removed from their dens by squirdingild dilution of copper sulphate

(CuSa), an irritant, or chloroform, an anaesthetic, itlte den. Specimens were euthanased

in a 3% ETOH-seawater solution and frozen for latelogical analysis.

Exposed (sites 3 and 4) and sheltered (sites 12pnutertidal areas were compared over a

six-month period, to investigate octopus densities.
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Biological data collection

Total mass (TM), total length (TL), dorsal mantength (DML), head width (HW) and
gonad mass (GM) were recorded from thawed samglas.gonadosomatic index (GSI) was
calculated agionad mass as a percentage of total mass. Sexetwasthed by the presence
of the spermatophoric groove and heterocotylusherttird right arm of the males (Mangold
1983). Female maturity was categorized accordinglangold (1987). Stage 1 (immature)
refers to the ovary as small and white, Stage 2uinma) is characterised by a larger ovary
and the oviducal glands are off-white in colourag&t 3 (mature) refers to the presence of
loose oocytes in the ovary and Stage 4 (spentjsrédethe ovary as flaccid with few loose
oocytes present. Males were classified as sexoalyre by the presence of spermatophores
in Needam'’s sac. Egg counts were done from egaggstrcollected from the dens. The egg
strings were counted and measured, and the nunfibeggs per string determined from a
subsample. This figure was then extrapolated imagt the total number of eggs per female.
Beaks were removed and soaked in fresh water for 8ays, after which they were rinsed
and preserved in 10% formaldehyde. The diet wassaged by analysing stomach contents
and den remains. Contents of the crop and stomacé rgmoved, weighed and preserved in
10% formalin. Contents were washed through a 50eni mesh sieve and prey species
guantified by volume. Teleost prey was identifiedhe lowest taxon possible, using otoliths
(Smale et al. 1995) and eggs found in the gut cositeDen remains were collected and
preserved in 10% formaldehyde for later analysisn&éls were removed and weighed. Den

length, width and height were measured after reinaiilne octopus.

Statistical analysis
Morphometric and egg numb@&male mass (TM) relationships were analysed with
GraphPad Prismi and Statistica (StatSaf) software using linear and non-linear, least-
square regression line or best-fit curve. The guiase §°) test was used to determine sex
ratios (Zar 1984). Seasonal data (mean mass, @Big tested for normality and
homogeneity of variance, transformed where necessat tested using a two-way ANOVA
(Statistica, StatSdft). Den volume and octopus size were correlatedguie Spearman
rank correlation in GraphPad Prishsoftware. Biological parameters were measured for
significant difference (one-way ANOVA) between siteithin each area. No significant
difference was found for any of the following paeters:

« Intertidal: TM (p = 0.288); TL p =0.2152); ML p = 0.1903); GSIf = 0.2053)
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» Subtidal sites: TMg = 0.051); TL p = 0.089); ML p = 0.065); GSlf = 0.053)
Data was also tested for the influence of subtidaf type on morphometrics (TM, TL, ML,
GSI) using a one-way ANOVA. TM data were then tddtw interaction between reef type
and season using a two-way ANOVA (Statistica, Stf#fE.

RESULTS

Density and distribution

A comparison between the exposed (sites 3 anddislagltered (sites 1 and 2) areas showed
that octopus were more abundant on low-profile yoekeas on the sheltered sites.
Abundance in terms of mean number of octopus delleer hour was higher for the
sheltered sites (3.4 £ 0.9 SD), compared to expsged (0.5 £ 0.2 SD). The distribution of
octopus within sites was patchy and clumped in Bii¢hintertidal and subtidal regions.

In all, 300 octopuses weighing a total of 125.68vkas removed from the intertidal area
within one year. Intertidal densities were reldivéow and ranged between 0.02 1
octopus/100 m(mean 0.28 + 0.08 SE), with density decreasinghie following year
(personal observation). The effort for collectingdlof octopus was approximately 1h search
time per person. In the subtidal area, 147 octapussghing 168.34 kg were collected from
a depth range of 3 - 30 m, at a search time ofOlimidutes for 1.1 kg octopus.

Significant differences in morphology (TM= 0.00058; TLp = 0.0017; MLp = 0.0008; GSI

p = 0.0028) were noted between low and high profdefs. Furthermore, the TM was
influenced by area and season. Individuals fromiomedto high-profile reef with dense
invertebrate cover during summer were significatdisger than the TM during winter on
both low p = 0.000148) and high profile reefs £ 0.0024) (Fig. 2). Brooding females were
more prevalent on medium-profile boulder reef (I7)=than on high-profile reef (n = 2).
Loose-boulder reef offered particularly good debited compared to solid-structure, high-

profile reef (personal observation).
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Figure 2. The difference between summer and winter mean foa€s vulgarisfound on

two reef profiles sampled on the southeast coaSbath Africa.

Den use and Diet

During intertidal collections 75% of the octopu$esnd were in dens and 25% were found
exposed in rock pools. Octopus size was positigelyelated (r = 0.83) < 0.0001) with den
volume (cni), with larger octopuses associated with larger @@inme. Two different den
types were observed; small octopuses (342.5 g 024%$D) generally occupied holes sunk
perpendicularly into the substrate, while largetopases (580.6 g = 542.3 g SD) excavated
dens beneath rocks and ledges. Of the specimelesteal, 47% of intertidal (n = 141) and
41.5% of subtidal (n = 61) octopus had prey remainthe gut. Prey remains were only
present at 11.92% of intertidal and 9.23% of subtitbns. No distinct middens were found at
the dens either intertidal or subtidally. The maiay items identified from stomach contents
were crustaceans, teleosts and octopus (Fig. 8)atter identified a®. vulgarisfrom beaks
and partially digested flesh. Molluscs were mostvatent in the den remains, with the
dominance in bivalves attributed mainly W@nus vericosa(Fig. 4). Teleosts found in the
diet were identified to family level (Fig. 5). Srh&k300 g) octopuses were found to eat

Blenniidae and Gobiidae eggs attached to rock cesfa
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Figure 3. The frequency (of volume) of main prey items idied from the stomach contents

of O. vulgariscollected on then the southeast coast of South Africa.
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Figure 5. Teleosts families identified from otoliths and edognd in the stomach contents of

O. vulgariscollected on the southeast coast of South Africa.

Population biology
Sex ratio
Females were found to dominate the intertidal é2ehfemale to male ratig > 0.05), while

there was no significant difference in the subtskat ratio (1:1p > 0.05).

Morphometrics

The relationship between dorsal mantle length atal tength was linear (TL = 5.02 (ML) +
54.03, f = 0.87, n = 440, Fig. 6), while the dorsal mateegth and total mass relationship
was best described by a power curve (TM = 0.0038)¢{N, ¥ = 0.89, n = 440, Fig. 7). The
mean TM, TL, DML and GM for both inter- and sublidaecimens are presented in Table 2.
There was no significant difference (p > 0.05) iram mass between the sexes within a
particular area. There was, however, a significdifference between the intertidal and
subtidal mean mass (p < 0.05) in females and tieetital and subtidal mean mass (p < 0.05)
in males. Generally subtidal specimens had a sugmifly (p < 0.05) larger mean mass than
the intertidal octopus. Differences were also appain the mass of the gonads, with the

subtidal specimens having significantly larger (p.€5) gonads (Table 2).
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Table 2 The total mass (TM), total length (TL), dorsal maméngth (DML) and gonad mass

(GM) of Octopus vulgarisndividually collected from intertidal and subtldates. Values are

mean + SE.
Intertidal
Female Male All
(n=199) (n=101) (n =300)
T™ (g) 627.72 +41.44 529.54 +61.34 594.67 +34.43
TL (mm) 567.05 +11.59 515.15 +£18.40 549.57 £9.96
DML (mm) 103.03 £2.77 90.82 £3.13 98.92 +2.15
GM (9) 1.69 +0.14 4.08 +0.47 2.49 £0.19
Subtidal
Female Male All
(n =66) (n =81) (n =147)
™™ (g) 1302.93 +169.27 931.05 +102.63 1098.02 +95.61
TL (mm) 641.64 +27.78 608.33 +24.71 623.29 +£18.45
DML (mm) 125.53 £5.75 110.48 +4.215 117.24 £3.52
GM (9) 37.43 £10.19 9.35+1.13 21.96 +4.74

A clear linear relationship between gonad mass (@Y total mass (TM) was found for
male octopus both intertidally and subtidally (GM:102 (TM) - 0.76,r= 0.94, n =181),

with gonad mass increasing with total mass. Althougertidal (mainly immature) females
gave a similar result (GM = 0.003 (TM) - 0.18,= 0.82, n =199), the combined intertidal
and subtidal female sample showed a weak relatiprsh= 0.34). The subtidal females
showed a large variation in the gonad—-total masioaship, with some small females

having large gonads and vice versa.
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Figure 6. The linear relationship (TL = 5.02(ML) + 54.03 7 0.87, n = 440) between dorsal

mantle length and total length ©f vulgariscollected on the southeast coast of South Africa.
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Figure 7. The dorsal mantle length and total mass relatigneh®©. vulgariscollected on the
southeast coast of South Africa was best desctilyel power curve (TM = 0.0038(ME:J®
r* = 0.89, n = 440).

Maturity

Male maturity stages ranged from juvenile to matoo¢h intertidally and subtidally, with
mature males found year-round. Intertidally, 62.4% 63) of males were mature, with a
mean size of 733.79 g = 86.6 (SE), while subtidally.3% (n= 60) of males were mature,
with a mean size of 1246.98 g + 127.01 (SE). Allesdarger than 190 g were mature, with

the smallest mature male weighing 71.89 g.
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Immature and maturing females were found both ftickglly and subtidally, but no mature
females were found in the intertidal region. Suddticollections yielded 14 mature females
without spawned eggs, nine brooding females and spent individual. The brooding
females, of which two individuals were mature aaden were spent, all had eggs present in
the den. Six subtidal females had flaccid, degeedradies, indicating the possible end of
the life span. Four of these were spent individuate was brooding but not spent, and one
mature. The mean size of the mature females waS.222y + 314.9 (SE), with spawning
probably taking place between 1008000 g total mass. Of these females, 50% were matur
at approximately 1600 g. The smallest mature feroallected weighed 405 g.

Gonadosomatic index (GSI)

The mean GSI was below 1% for both the intertichal aubtidal malegintertidal: 0.69% +
0.032 (SE), = 101, subtidal: 0.95% = 0.053 (SE)7r81) and the mainly immature intertidal
females (0.26% % 0.011 (SE),m199). The GSI for immature subtidal females washie
range 0.1 2.5% and for mature females 1.3B0.34% (mean 5.21 £ 0.72 (SE)=17).

Fecundity

The total number of eggs produced was estimated f@ven spent females and ranged from
42133 to 789111. The mean number of eggs per egg sanged from 602 to 2133 and the
mean number of egg strings per individual rangedhfi70 to452. The mean length of the
egg strings was 74.48 mm £ 0.76 (SE) and ranged 86 to114 mm. Both the number of
eggs per egg string®@ 0.87,p < 0.05, Fig. 8) and the total number of egds=(p.78,p <

0.05) were significantly related to the size of thenale.
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Figure 8. Number of eggs per string related to the totadsr(g) ofO. vulgarisfemales
collected on the southeast coast of South AfriaaniNer=-4322.72 +1685.99*log10(mass)).

Each cluster of points is data from one individual.

Seasonal trends

There was an interaction between the main effdcise@m and season on mean magsutk =
6.7945,p = 0.00018). There was a three-way interaction betwthe main effects of area,
season and sex on GSlls) = 7.649,p = 0.00005). The post-hoc test showed that the
subtidal females for the seasons of summer, auamdrspring were significantly different (

> 0.05) from the rest. Intertidal mean mass andl shS8wed no difference between seasons.
Seasonal mean mass for both intertidal and subtidéés and females is presented in Fig. 9.
The mean intertidal and subtidal mass also diffasigdificantly between summep € 0.05)
and spring g < 0.05).

Subtidal female GSI was significantly highgr< 0.05) in summer (3.23%) than in winter
(1.06%) (Fig. 9). Further evidence to support sealty is given in the distribution of
mature, brooding and spent females (Fig. 10). Tuimaber of mature and brooding females
peaked during summer and autumn and was lowesaglwinter. There was no seasonal
variation in the sex ratios,p(> 0.05 for all seasons) which remained 1:1 and 2:1

(female:male) for the subtidal and intertidal octepespectively.

94



CHAPTER 4: BIOLOGY

Incidences of possible mating (mature male and nmgfdemale found in same or adjoining
dens) were recorded on five occasions intertidalyl five occasions subtidally, in all

seasons.
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Figure 9. The mean mass (g) and mean gonadosomatic indd¥ (@5for male and female
O. vulgariscollected intertidally and subtidally per seasartlte southeast coast of South
Africa.
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Figure 10.Seasonal distribution of mature, brooding and sfenaleO. vulgaris(Total n =

37% of all subtidal females) collected on the sea#t coast of South Africa.

DISCUSSION

Important aspects of species biology relevant te thanagement of the fishery were
addressed in this chapter. Reproductive charatitsrisuch as size at maturity and fecundity,
and population dynamics in terms of spatial andptmal distribution and migrations,
previously unknown were determined. This informati® essential in the management of the

species (Chaper 2).

Despite the possibility of a species compleXittopus vulgaristhe dynamics and biology in
southern Africa was found to be similar to that €@r vulgarison the northwest coast of
Africa (Mangold & Boletzky 1973; Hatanaka 1979) aheé Mediterranean Sea (Sanchez &
Obarti 1993). Octopuses tend to be opportunisecdes that make use of a variety of prey
items in different habitats (Mangold 1983). Thisisarly reflected irD. vulgarisalong the
South African coastline, with the diet varying ciolesably between the different coastal
regions. The brown mussel was the dominant prey de the subtropical east coast (Smale
& Buchan 1981), abalone and crustaceans compieedulk of prey on the southwest coast
(Smith 1999), and crustaceans, teleosts and otttepuses dominated prey items on the
southeast coast (this study). It was noteworthy tiwa fish taken were small and typical of
reef areas. Regional variation in diet reflect$edénces in prey spectra available in different
zoogeographic areas (Branch et al. 1994), and demades behavioural plasticity that allows
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these predators to successfully exploit a wideetarof prey taxa. The prey species recorded
in southern Africa fall within the range of preysaoved in the Mediterranean (Nixon 1987)
and northwest Africa (Nigmatullin & Ostapenko 19Hgtanaka 1979; Caveriviere 2002).

Morphometric descriptions are also very similarstodies on the subtropical east coast
(Smale & Buchan 1981) and cool temperate southweast (Smith & Griffiths 2002) of
South Africa, as well as the Mediterranean (Sanééabarti 1993). The dynamics of the
population appear to be dominated by the migratibmaturing females to deeper subtidal
areas, where they mature, spawn and brood. Thisthgpis is supported by the fact that no
mature or brooding females were found intertidafynale & Buchan (1981) and Smith
(1999) also found evidence of such migration pateamongst female octopuses. Similar
distributions of matureD. vulgaris females were found on the northwest coast of Afric
(Hatanaka 1979), in the Mediterranean (Sanchez &rtbli993) and in South Carolina
(Whitaker et al. 1991). The difference betweendize of intertidal and subtidal females on
the South African coast suggests that younger, lesmaldividuals (small GM) inhabit the
intertidal area, whereas larger and older indivislflarger GM) occur subtidally. However,
this still needs to be validated by ageing stud@sapter 5). The link between somatic and
gonadal growth is restricted to the premature phasdangold 1983), and generally the
correlation between body mass and gonad mass ter letmales than in females, as was
evident in this study. The cause of variation iresat maturity is still unknown, but many
factors such as food, light, temperature, age angklvariation in individual growth have
been implicated (Mangold 1983). The specific infloe of temperature on cephalopod
growth and size has been illustrated by severdioasit(Forsythe & van Heukelem 1987;
Forsythe 1993). A female hatching in spring wilbgr faster than one hatched during the
previous winter, due to higher water temperatuaes, will therefore reach a larger size at a
younger age (Forsythe 1993). The influence of teatpee is evident when comparing size at
maturity for the temperate southeast coast andstiptropical east coast of South Africa.
Males matured larger (400 g) and females maturedien{900 g) on the east coast (Smale &
Buchan 1981) compared to observations for male® 9and females (1600 g) on the
southeast coast (this study). On the southwest cd&outh Africa Smith & Griffiths (2002)
and in the Mediterranean Mangold (1983), noted tmatie maturity was reached at

approximately 170 g and 190 g respectively.
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Male octopuses also differed in size between thertidal and subtidal areas. This could
indicate a migration of the older, larger maleshi® subtidal area to mate with mature, ready
to spawn females. Migration to deeper waters incihld season, possibly for reproduction,
has been suggested from studies off northwest &f@averiviere 2002). A current study on
the South African squid_pligo vulgaris reynaud)iindicates that the last male to mate with a
female substantially increases his success rgiatarnity (Sauer in prep.). A similar strategy
could be employed by. vulgaris males. The sex ratios were maintained throughloait t
months sampled, which differed from findings by $& Buchan (1981) and Smith (1999).

Spawning peaked during autumn and winter on théragpical east coast of South Africa
(Smale & Buchan 1981). On the cold temperate seegh coast, the GSI peaked during
spring and summer; however, no mature females foered (Smith 1999). This differs from
the trend found on the warm temperate southeast,coatiere the GSI peaked and mature
females were more abundant in summer. Spawnin@. efulgarisin the Mediterranean was
observed during summer (Mangold & Boletzky 1973)jlevspawning peaked during spring
on the northwest African coast (Guerra 1979). Timbrgonic development oD. vulgaris
can vary between 55 and 89 days at temperatures ol ?C (Boletzky 1987; Caveriviére et
al. 1999) and the planktonic larval stage is edtihaat approximately 60 days at°2l
(Villanueva 1995). The southeast coast of SoutlicAfhas prevailing bottom temperatures of
15 - 1PC (Oosthuizen 1999), and with peak spawning ocegrin summer, the first
settlement will probably peak late autumn to spridgring this period, the spawned females
would have died and the decrease in mean massdetive seasons would be evident. Smith
(1999) also observed this seasonal variation ie, st attributed this to lower water

temperatures.

The fecundity calculated for the southern Africanvulgarisdiffers from that found in the
Mediterranean. O. vulgarisin South Africa exhibited a wider range of betwet000 -
790000 eggs, compared to the Mediterranean wheareebr 100000 and 500000 eggs are
laid (Mangold 1983). The number of egg strings fenale was similar at 70 - 452 (this
study) and 100 - 400 (Mediterranean); however)ehgth of the egg strings differed from 74
mm (this study) to 100 mm (Mediterranean) (Mandid3@3).

98



CHAPTER 4: BIOLOGY

At present, only the intertidal area on the SouthcAn coast is exploited for octopus. This
study did not aim to estimate biomass; nonethekesgriation in biomass in the intertidal
component of th®. vulgarispopulation was noted. Intensive research colladiioring one
year, plus increased disturbance of the rocky slawea by bait diggers and subsistence
collectors the following year, may have resultedlower octopus numbers in the area.
However, anthropogenic effects on biomass canngirtseen in this study, and the reduction
of biomass might have been due to natural fluabaatiwithin the population. Although the
intertidal population could be seen as a renewabtource (with the subtidal source
replenishing the intertidal source), the combinegla@tation of intertidal and subtidal areas
could be detrimental to the octopus stock, as tleeexploitation of one area will impact on
the other. These two areas, which differ in logahind fishing activity, should thus be
managed as one to ensure sustainable use of tlopusctesource. Octopus fisheries
worldwide have shown that careful planning is nelefla a biological and economical
sustainable fishery (Whitaker et al. 1991; Rop&7iDefeo & Castilla 1998; Caddy 1999).
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CHAPTER 5

AGE AND GROWTH ASSESSMENT OF O. VULGARISON THE SOUTHEAST
COAST OF SOUTH AFRICA.

INTRODUCTION

Management of cephalopod populations has beconteasingly important with the rising
demand placed on these resources because of thetiolepf traditional finfish stocks.
Central to many management strategies is the hemlerstanding of age and growth of a
species. However, age determination of cephalopadsbecome a contentious issue, with
clear divergence in the scientific literature (kigki et al. 1998a; Pauly 1998). Traditional
length-frequency analyses based on von Bertalagrfyvth curves assume slow asymptotic
growth in cephalopods (Longhurst & Pauly 1987; datr al. 1991). However, age research
based on statolith increments and growth of cemiuale in the field and laboratory has
shown logarithmic and exponential growth with arshite span (Forsythe & van Heukelem
1987; Jackson et al. 1997). Although there has belantance to accept proof of such growth
in cephalopods (Pauly 1998), supporting evidencenamy cephalopod species has become
overwhelming (Forsythe & van Heukelem 1987; Jackd®94; Lipihski et al. 1998b;
Arkipkin 1995; Broziak & Macy 1996; Dawe & Beck 1B9Arkipkin & Laptikhovsky 2000;
etc). Furthermore, comparative studies betweernwbeage assessment methods proved that
the application of asymptotic growth is incorrentiahat length-frequency analysis based on

von Bertalanffy cannot be applied to cephalopodskSon et al. 1997; Jackson et al. 2000).

Cephalopod age determination in the past has fdcasesquid, primarily because of their
importance to fisheries worldwide and their staolstructure. However, octopus are
increasingly exploited commercially (Roper et afB83), yet accurate age and growth
assessment of octopus has so far eluded fishearsagers. Many studies have dealt with the
growth of octopus (Mangold-Wirz 1963, Mangold & Btdky 1973; Guerra 1979, 1981), but
few have attempted to determine octopod age dyredthe crystal structure of octopus
statoliths is not conducive to ring or incrementniation (Tait 1980). Some authors have
reported on rings found in beaks; however, nonengited to use these structures in ageing
of the animal (Clarke 1962; Nixon 1973; Smale et1#93). The first to investigate the
periodicity of ring deposition in octopus beaks &vétaya & Hernandez-Conzélez (1998).

They postulated a one-day, one-ring depositiorOciopus vulgarisThe use of tetracycline
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as a stain in statoliths has provided supporttierdne-day, one-ring deposition hypothesis,
and has been used successfully in squid (Hurlegl.e1985; Jackson 1990; Limki et al.
1998b) and sepioids (Jackson 1989).

This work investigates the suitability of using kegowth lines in the ageing of octopus, and
attempts to validate the one-day, one-ring demsitiypothesis foO. vulgaris along the
southeast coast of South Africa. This is essemtiatmation for the management of a species
as referred to in Table 1 of Chapter 2, and idiexatiin Table 1 & 2 of Chapter 3 as gaps in
the South African and global information.

METHODS

Estimates of growth

Growth experiments were conducted ©On vulgaris (150 - 720 g) collected intertidally in
Algoa Bay. The octopus were kept individually ilmgg tanks with lids, in an open circulating
system, and fed daily on livBerna perna a brown mussel found in their natural diet
(Buchan & Smale 1981). Growth experiments were ootetl at 18C, 22°C and in the field
(described below).

Four different treatments were conducted aCl8&amely two TC (tetracycline) experiments,
one control experiment, and one PIT (passive ialemansponder) tagging experiment. The
second set of experiments, af@2consisted of three treatments, comprising twaah@ one
placebo experiment (Table 1). The octopus usethenTiC experiments were anesthetized,
and tetracycline (120 mg/ml) was injected into thantle 2 - 3 times at various intervals
during the experiment. The tetracycline dosage (1@8fcentration) was determined
according to mass (pers comm. V. Bettencourt asl wseSepia sp - Table 1). A pilot
experiment was conducted to ascertain the viabiitytetracycline, an antibiotic, as a
chemical marker i©. vulgarisbeaks. Fouf. vulgariswith a mass between 150 and 300g
were collected from the intertidal zone in AlgoayBalong the southeast coast of South
Africa. The animals were anesthetized in 3% ETOBwsger mix (3 - 5 min) and then
injected (into the 1 right arm) with 0.1 ml of t@tycline (120 mg/ml). All revived after
approximately five minutes in fresh seawater. To®pus were kept as described above. The
animals were euthanased in 3% ETOH seawater solatiter 20 days. The beaks were

removed, cleaned, and stored in 5 — 10 % formaldiehin the dark. The beaks were later
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checked for staining under a fluorescent light mscope. All four beaks, both upper and

lower, were clearly marked by the tetracycline.

The control treatment group received no injectiansije the placebo treatment was injected
with sterile saline solution, following the samethwal as for the tetracycline injections. In
the PIT treatment octopuses were tagged by subsotiasty injecting the tags (10 mm L x 1
mm D) in order to identify individuals. The tags reenjected between the eyes of four
individuals, and kept in the laboratory as aboveisTmethod was used successfully @n
tetricusandO. maorunboth in the laboratory and field (Anderson & Batikd999).

The growth curve calculated f@. vulgarisin this study (Fig. 2) was based on the findings
of Villanueva (1995), wher®. vulgarislarvae were reared to 17 g in 60 days at a groatth

of 8%day". Villanueva’s (1995) growth rate was extrapolatedthe next 30 days, wit®.
vulgaris attaining 171 g at the age of 90 days. Growthsrafeer 90 days were based on the
growth rate (G) calculated in the laboratory araddfiduring this study for the two different

size classes of <600 g and >600 g.

Field growth

O. vulgariswith well-established den sites in the intertida¢éa were identified for use in
field growth and age experiments. Octopus were vethdrom their dens, anesthetized as
described above, weighed and injected with TC diddys, before being released back into
the den. This procedure took approximately sevemutas, with five minutes for anesthesia
and approximately two minutes for weighing and d¢tins. Octopuses were observed until
they were fully revived{5 minutes) and had assumed their natural defepssgioning at
the entrance of the den. The use of subcutaneoligdgk ensured the identification of
individual octopuses. Although 17 octopuses wegged and TC-injected, only eight were
retrieved. Two were retrieved after five days, fafter 13 days and two after 14 days. Sea

surface temperature during the field experimenlistied in Table 2.
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Table 1. Tetracycline dosage (ml) allotted to the total sn@g ofO. vulgaris.

Total mass (g) Tetracycline

120mg/ml (ml)
100-300 0.2
300-500 0.3
500-700 0.4
700-1000 0.5
1000-1500 0.7
1500-2500 0.8

Table 2. The growth experiments classified into treatmemdécating the water temperature
(meant SD) during the experiment, number of octopus (r§anh treatment and the duration

of the experiment (days).

Treatment  Temperature (°C) N Days
TC 17.78+ 1.4 8 34
TC 18.71+ 0.8 8 29

Control 18.93+1.2 5 29
PIT 18.93+1.2 4 21
TC 21.78+1.8 8 24
TC 22.81+0.3 4 24

Placebo 22.71+0.6 3 21

Field 2000 17.13+1.4 6 5, 13

Field 2002 17.03+0.9 2 14

Age validation

The beaks of octopus collected for a populatiotolgip study by Oosthuizen & Smale (2003)
along the southeast coast of South Africa were usétis age assessment stu@y.vulgaris
was collected both intertidally and subtidally indaaround Algoa Bay. For sampling
technique and biological data collection, see Qoszém & Smale (2003). The beaks were
embedded in resin and sectioned, through the sdggéne (Fig. 1), with a double-bladed
diamond otolith saw. The sections were mounted laes and polished with Alpha
Micropolish® Alumina No 2 (0.3um particle size), then etched with 33% hydrochlagtd

for 10 hours. This method was successfully usedOorvulgaris by Raya & Hernandez-
Gonzélez (1998). The sections were examined usiNgkan binocular microscope (100 -
300 x magnification) under oblique reflected liggach growth line consisted of a successive
light and dark band; dark bands were counted, rektrepeated counts were done on each
beak. Counts were discarded where more than 10%atiear was observed. This is the
standard cut-off value used in repeated countsnggaudies (Jackson et al. 1997; Jackson et
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al. 2000). The bands were counted along the marfgihe section (Fig. 1) rather than along
the Internal Rostral Axis (IRA) as defined by Ra§aHernandez-Gonzalez (1998). About
90% of the counts were done on upper beaks, asldessr beaks were readable. The
similarity between upper and lower beaks couldb®eéstablished conclusively, because both
upper and lower beak counts could only be dondiver beaks. The beaks of TC-injected
octopus were processed by the same method, exeemtdhing with hydrochloric acid.
Beaks and the subsequent slides were stored imesskto prevent fading of the TC

fluorescence.

Upper Lower

Hood — Crest \
Lateral
wall

Wing
Whole beak
Sagital plane
/ D
B\ /
A~

/

Section

Margin

Figure 1. The upper and lower beaks@¢ttopus vulgarisindicating the plane of sectioning.
The section indicates two areas where bands weildezi the margin (used in this study) and
the Internal Rostral Axis (IRA) as defined by R&&lernandez-Gonzéalez (1998).

Statistical analysis

Growth

The instantaneous relative growth rate (G) (where W, — InWy/t; — t)*100) (Forsythe
& Heukelem 1987), also termed the Specific GrowtiteR(SGR) (Robinson & Hartwick
1986), was determined for each octopus within gaehtment. The growth rate (G) was
tested for differences between treatments (TC, i©HnPIT and Placebo) within each

temperature with a one-way ANOVA. No significantffeiences were found between
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treatments within a temperature, and all data pemperature were lumped for further
analysis. The growth rate (G) was then tested ritaraction with size classes, <600 g and
>600 g, and temperature by a two-factor ANOVA (Z2884). The growth curve was based
on growth rates of planktonic to settlement larg&®. vulgarisas determined by Villanueva
(1995).

Age

Size-at-age curves were based on increment coealatted to TM (total mass) for separate
sexes, and the relationship was analysed with GragpphPrisml software using both linear
and non-linear regression best-fit curves. Incrantamunts were also related to maturity

stages using a power curve.

RESULTS

Growth

Growth rate (G) between treatments

Growth was not influenced by TC treatment, PIT tag$lacebo injections. There was no
significant difference (ANOVAp > 0.1) in growth rate (G) between the two TC, coinand
PIT treatments at £8, nor between the two TC and placebo treatmerfsO¥A, p > 0.1) at

22°C. Growth data within a specific temperature waerefore lumped for further analysis.

Weight gain

The mean weight gain over 21 and 30 days &€ 8as 51.93% and 85.8% of body mass
respectively. The mean weight gain over 21 and®6 dit 22C was 88.96% and 94.59% of

body mass respectively. The mean weight gain o8eatdys in the field was 12.13% of body

mass. The percentage weight gain folCL&nd 22C over a similar period (16, 15 days) was
18.54% and 34.45% respectively

Growth rate (G) between size classes and tempegatur

There was a significant difference in growth ra& between temperature treatments 8
vs 22°C, p = 0.000121; 18C vs Field,p = 0.000304; 22C vs. Field,p = 0.00019) and the
two size classes <600 g and >600pg=(0.000123). Growth rate was highest afQ2and

lowest in the field. The growth rate was also higioe the smaller size class of <600g (Table
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3). O. vulgarisin the laboratory and field exhibited exponengadwth between 100 — 1000 g

total mass (Fig. 2). Few individuals were rearethtger than 1000 g.

Table 3. The relative instantaneous growth rate (Mean GEx18r the different size classes
subject to three treatments.

Size class Treatment
18°C 22°C Field
150-600 g 2.05+0.14 3.11 +0.22 0.97 £0.10
n=16 n=10 n=5
600-1200 g 1.32+£0.15 1.98 +0.14 0.70 £ 0.06
n=9 n=5 n=3
3500
30007 . Lab e
= 2500r . Field G
73/ 2000 Extrapolation
< 1500-
1000
500
O n | | |
0 100 200 300 400
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Figure 2. The growth curve fo®. vulgarisbased on the instantaneous relative growth rate
(G) attained for both laboratory and field growtihe relationships are described by the
following equations, TM=47.88&8® r*=0.98, and TM=87.59€"® *=0.99, for laboratory

and field respectively, where TM is total massdgyl t is time (days).

Age assessment

Of 320 beaks sectioned and prepared, 60 were eteargh to record accurate counts. The
upper beak was used in most cases; both beaks eweneted for 5 individuals. The
increments were most prominent along the margithefsection, with the Internal Rostral
AXis in most cases unclear or with an incompletément sequence. The mean increment
count, mass, sex and maturity stage for each specis) presented in Appendix 3. The
relationship between total mass (TM) and age irsdmcrements) was determined separately

for the sexes. Neither linear nor non-linear meditded the data well. In the case of males,
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the runs tests were not significant for deviatitmmsn either modelf = 0.426 linearp =
0.637 non-linear), and similaf values (f = 0.75 linear; = 0.74 non-linear) were attained.
Results for the females were alike with the rumssst@ot significantg = 0.213 linear model;
p = 0.071 non-linear model), and comparaBleatues (f = 0.24 linear model;?r= 0.2 non-
linear model). The data were fitted with the narer model for illustration purposes (Fig. 4
& 5).
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Figure 3. Growth curve based on beak increment counts foe @alulgariscollected along
the southeast coast of South Africa. TM=86"%43% r°=0.75, n=17.
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Figure 4. Growth curve based on beak increment counts foalke®. vulgariscollected
along the southeast coast of South Africa. TM=4&%" *=0.26, n=43.
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The comparison of growth data and increment coungli€ates variation between these data
sets. The exponential growth observed for the sgeavas not fully supported by the age
validation data (Fig. 5).

L] Lab G 7
3000f » FieldG !

----- Extrapolation 4
—~ 2500 « Beak increments

400

Age (days)

Figure 5. Size-at-ageggrowth curve ofO. vulgarisbased on growth experiments and beak

increment counts.

In general, the juvenile/immature intertidal octepuere the youngest and smallest, with the
mature subtidal females being the oldest and la(égs. 6 & 7). The oldest individual was
an intertidal maturing female at 352 days, the gash an intertidal immature male at 57
days. A female weighing 2320 g was found brooding.& months, while a spent individual
weighed 896 g at 11.4 months, suggesting a life §6al0 - 13 months. Large variation in
size-at-age was observed between sexes as welletagedn maturity stages. Females

generally reached an older age than males.
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Figure 6. The mean counts for male and femalevulgaris(mean mass + SD) at different

maturity stages. Bold/italic lettering indicatedrttdally collected octopus. (TM = 106.7e

0013 =0.96, n=60).
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Figure 7. The mean age at different maturity stages of matefemale). vulgaris

(I=immature, J=juvenile, MlI=maturing, M=mature).Bandicate standard deviation around

mean age.
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Tetracycline as a chemical marker inO. vulgarisbeaks

Whole beaks

The tetracycline bands were more definite in whHmeks than in the sectioned beaks. Only
TC dosages injected less than 20 days before tatimm were visible. TC bands were
clearest on the wings and posterior end of thedateall. Various patterns of TC deposition
were noted in the whole beaks. The TC was depositadine, but in some areas also across

various increments and across strengthening foomsin the beaks.

Both the upper and lower beaks of two small (19000 g) laboratory-kept individuals,

administered with two TC injections 13 and 5 dag$ole termination, showed two clear
lines of TC deposition (Fig. 8a). The lines wersiie on the inside of the lateral wall (lower
beak), on the posterior end of the hood, and orotitiside of the wing area (upper beak). It
was noted that these lines fused at the corneomegjii the wings, with the result that the
growth increments were compressed (Fig. 8b). Atpihiat where the two TC lines merged,

the TC diffused across numerous growth lines adddt follow one particular increment.

A large individual showed only one deposition liafier two TC injections; note the
increment compression at the margin of the wing.(B¢). Deposition of TC in strengthening
formations in the beak was noted on the inner eidne wing (lower beak); however, the
deposition line was not defined and formed jaggedhétions across growth increments (Fig
8d). Although the TC bands were clearly observeth@se whole beaks, it was not possible

to accurately count bands and correlate them \Wwagmumber of days between injections.
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Figure 8 a-d.a) TC deposition lines on the outside of the antenorg area of the upper beak.
Male specimen, TM = 400 @) The fusion of two OTC lines noted on the margirthe&f anterior
wing area of the upper beak. Female specimen, TMG g.c) Increment compression at the
posterior margin (inside) of the posterior creshgviMale specimen, TM = 823 gl) OTC
deposited across various growth lines into stresmgtly formations in the anterior wing area.
Female specimen, TM = 400 g.
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Sectioned beaks

Only five (4 laboratory, 1 field) sectioned beaksowed clear deposition of TC. The
increments between the TC lines could be relatedhéo number of days between TC
injections. It is suggested th@t vulgarisdeposits daily bands in the beak. The TC bands are
illustrated in Figures 9 & 10. The size and sexhef octopus and replicate increment counts

for the beak sections are presented in Table 4.

Table 4. The increment counts related to days between TéZtions and termination fd@b.
vulgarisin both the field and laboratory.

Field/lLab Sex TM  Up/Low Days Days Replicate  Mean + SD Fig
Specimen (9) beak between between increment
TC1&2 TC2& counts
Termination
U 15 15,17, 15 16 £1.15
1.3(lab)  F 1180 ] 15 14,1415 14+058  °
6 6, 6,6 60
4.4(lab) F 990 L 2 222 240
6 6,7,7 7+0.58
4.5(lab) F 404 L 2 232 3+0.58
6 6,6,6 60
4.6(lab) F 590 U 2 222 2+0 10
. U 13 12,12,13 13 +0.58
F8(Feld F 628 ] 13 13,12,14  12+0.58
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Figure 9 a & b. a) A section of the upper beak Gfctopus vulgarisindicating two margin areas
where the tetracycline deposition lines (red arjomere visibleb) The enlargement of the area@n
indicating 15 days between the tetracycline liné @nd of the beak. Female specimen, TM = 1180g.

Figure 10 a-d.a) A section of the upper beak Ofctopus vulgarisindicating two marginal and one
internal area where the tetracycline depositioaedi(red arrows) were visible) The enlargement of
the selected area amindicating two tetracycline lines with six growtmés between them and
another two before the end of the beak. Femalemspac TM = 590g.
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DISCUSSION

The use of tetracycline as a markeQaotopus vulgarideaks was successful, and supported
the one-day one-increment deposition hypothesisdtrpus in both the field and laboratory.
Although n was low it provides sufficient evidencet to reject the one-ring one-day
hypothesis. The variation between growth and inem@nage estimates suggests uncertainty
in the general growth model for this species. Diespiformative results from the observed
growth, possible areas of uncertainty lie in theedwaination of field growth rates (very low
n) and underestimates in the increment analysigwiNwtanding these uncertainties the
number of increments at size f@. vulgarisin South Africa was similar to that found by

Raya & Hernandez-Conzalez (1998) rvulgarison the northwest African coast.

Although similar sectioning and preparation methfmishe beaks 0oD. vulgarisas Raya &
Hernandez-Conzélez (1998) were followed, the peacgnreadable beaks obtained were low
(18.8%). The difficulty lay in accurately sectiogithe plane of contact between the hood and
crest, and preparation of the section. Similar eg&lation studies on squid also found that
statolith preparation posed a problem (hgki et al. 1998b). Furthermore, the success and
visibility of tetracycline stains seem to be intheed by dosage, as smaller individuals more
regularly had visible stains compared to largeniddials. The darker pigmentation of larger
beaks might also have reduced tetracycline vigjbilowever, despite these difficulties the
support for the one-day, one-increment hypothesisquid statoliths could not be refuted
(Lipinski et al. 1998Db). It is suggested that the metmset in this study be refined to ensure
optimal preparation, in order to increase the nunolbeeadable beaks as well as the accuracy

of reading.

O. vulgarison the southeast coast of South Africa exhibitqubaential growth between 100

- 1000 g. Exponential growth was also found@orvulgarisin the Mediterranean (Mangold-
Wirz 1963) and foO. vulgarisfrom 50 - 5000 g in Senegal (Domain et al. 206®wever,
Forsythe & van Heukelem (1987) suggested that drasvinore accurately described by two
functions, namely exponential and logarithmic. Tlaek of accurate growth data for
individuals larger than 1000 g in the present staduld explain the failure to detect a
logarithmic growth phase fdD. vulgarison the South African coast. The growth rate (G) of
O. vulgarisat different sizes during this study (2.03 at arg2) was higher than those found
by Mangold (1983) (1.45 and 0.94), but lower thlanse by Smale & Buchan (1981) (2.75
and 2.24) for similar-sized octopus. The growtle nabs found to decrease with increase in
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weight, which has been noted before@rvulgarisand various other octopus species (Smale
& Buchan 1981; Hanlon 1983; Forsythe 1984; Boyl83)9

The large difference in growth rate between lalmyyatind field results suggested that food
and temperature may have played a role in grovghlwyas found by Van Heukelem (1976).
Inherent variation in individual growth of specinsereared under identical conditions (Van
Heukelem 1976; Forsythe 1984; Smale & Buchan 1%l yyell as in the field (Domain et al.
2000), is also known to cause disparities in groeghmates. The influence of temperature
on cephalopod growth and size has been illustrbtedeveral authors (Forsythe & van
Heukelem 1987; Forsythe 1993). A female hatchingpning will grow faster than one
hatched during the previous winter, due to highatew temperatures, and will therefore
reach a larger size at a younger age (Forsythe)1g898thermore, a small sample size and
limited number of days at liberty might have biasedults of field growth in this study.
Domain et al. (2000) suggested that sufficient medde growth ofO. vulgarisin the field

only occurred after 10 days at liberty.

The relationship between increments and maturiggssts that females can be mature and
brooding by eight months, correlating with a lifpas of approximately 10 - 13 months.
Other authors suggested similar life spans of 1@ months in northwest Africa (Raya &
Hernandez-Conzalez 1998), 12 - 14 months in Sen@mahain et al. 2000) and 9 - 15
months on the east coast of South Africa (Smaleu&ran 1981).

Jackson et al. (1997) suggested that the usetofiia has the most potential for generating
growth models for cephalopods. He showed the maogierror in growth and life span
estimates obtained using von Bertalanffy models pamed to estimates from growth
experiments and statolith increments. Statolith -dgegved growth models have been
successfully used in various squid fisheries (Akkipl995; Broziak & Macy 1996; Dawe &
Beck 1997; Arkipkin & Laptikhovsky 2000). The uskagrowth model derived from both
observed growth and beak age estimates for octioptlgs study is a first. However, this
model is not conclusive, with areas of uncertasttlf needing to be addressed. The results
provide preliminary size-at-age data to be usedha management of this species until

conclusive evidence can be amassed through furdsearch.
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CHAPTER 6

POPULATION GENETICS OF OCTOPUS VULGARISON THE COAST OF SOUTH
AFRICA.

INTRODUCTION

The identification of stock structure within a pégdion is an important facet of both fisheries
stock assessment and fisheries management (Begdy 099). Failure to detect stock
structures can lead to biological changes, infleepooductivity rates and cause loss of
genetic diversity within a species (Altukhov 19&licker 1981; Smith 1991)This in turn
can lead to ineffective management as the underljumction of the population is not
understood and the response of the stock to mareageneasures cannot be predicted (Begg
et al. 1999).

Recently, there have been significant advances raggecially in the field of genetic stock

identification (Begg et al. 1999). Genetic markdx@ve increasingly been used in the
identification of finfish stocks (Bartley et al 1®9Beacham et al. 1995; Imsiridou et al. 1998;
Shaklee et al. 1999; Katsarou & Neevdal 2001; Seiithl. 2002; etc). By comparison, the

use of genetic methods in cephalopod populatiogiestuhas been low (Carvallo et al. 1992;
Brierly et al. 1993; Norman et al. 1994; Shaw et18199) and genetic studies on octopus
specifically have focused mainly on phylogeny (DeslAngeles Barriga Sosa et al. 1995;
Bonnaud et al. 1997; Sdéller et al. 2000; Warnkal.€2000).

Although Octopus vulgariss one of the most intensively studied cephaloppecies, it is
still undergoing taxonomic revision. Long considkrte be globally distributed, it is now
considered to be restricted to the MediterraneahEastern Atlantic through morphological
description (Mangold & Hochberg 1991; Mangold 199Recently species previously
classified a®. vulgaris have been separated form Devulgariscomplex and described as
a separate species through genetic studies (Watrsde2000).

Molecular analyses of octopus phylogeny have faissn allozymes, and mitochondrial
DNA (mtDNA) (gene coding regions: COI, COIl, COIlllgs rRNA etc.). Studies on octopus,
and O. vulgarisin particular, have focussed on the COIIll genaaregf mtDNA (Barriga

Sosa et al. 1995; Bonnaud et al. 1997; Soller et2@00; Warnke 1999a), with DNA
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sequences available from individuals from severgians including South Africa. Given that
the taxonomic classification of the South Africgresies is uncertain (Roeleveld 1998), it is
essential to determine the phylogenetic statusedsas population structure of the species,

because a proposed fishery @rvulgarisplanned in the near future.

The objectives of this study were firstly, to intigate the genetic variation within South
African O. vulgaris at the mtDNA COIll region, to determine populatistructure and
secondly, to determine the phylogenetic relatedoésouth African and Mediterrane&h

vulgaris.

METHODS

Sample collection

O. vulgariswere collected intertidally and by SCUBA divingifin various sites around the
South African coast (Fig. 1). Approximately 3 - B ©f arm tip was removed from each
specimen, where after the octopus was releasedsarmeles were preserved in 95% ETOH.

The number of samples collected per site is indit@t Table 1.

South Africa

1. Port Alfred

2. Port Elizabeth
3. Kleinmond

4. False Bay

3. Hout Bay

—— T

Western
Cape

Figure 1. Collection sites oOctopus vulgari@round the South African coast.
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Table 1L Number of tissue samples©ttopus vulgarigollected per region and site.

Region Site Number
Eastern Cape Port Alfred 10
Port Elizabeth 11
Western Cape Kleinmond 5
False Bay 4
Hout Bay 5

DNA extraction, PCR and Sequencing

The total genomic DNA was extracted using a Qidgbieasy® Tissue Kit, after addition of
the ATL Buffer and proteinase K the tissue was batad overnight at 56 before the

protocol was completed. The elute was tested oroagayel to determine DNA yield.

Initial primers were designed (Prof R. Kirby, Rhedégniversity) to amplify 700 base pairs
(bp) of the COIII region, however, no products wamaplified. A second set of primers was
then designed (M. Jivaji, Rhodes University) to chatonserved regions within the COIIl
sequences available in Genbank @rvulgaris A 380 bp segment of the COIIl region of
mitochondrial DNA was amplified using the polymerashain reaction (PCR) with these
specific designed primers: mtDNA forward ACCATAATTCAATGATGACGTGATATT-

5" and mtDNA reverse ' BAAATAGAAAATGATGCTTCTATATATTCTAA-3 “ supplied by
Ingaba Biotech (Pretoria, South Africa). The PCRct®ns were set up in @gbreaction
volume, containing: 2{8 10x NH, Buffer, 2.5ul 50mM MgCh, 2.5141 BSA, 2.Qul 100mM
dNTPs, 1ul primer (3.2 pmol), 04l Taq (BIOTAQ™ DNA Polymerase) and 1 -}d DNA.
Thermal cycling was hot started (@6 for 5 min, held at 88C while Taq was added)
followed by five cycles of & (50 sec), 4% (50 sec) and ?Z (1 min), followed by 28
cycles of 98C (50 sec), 5T (30 sec) and 72 (1 min). The last step of % was prolonged
for 5 minutes (Sdller et al. 2000). The amplifiecbgluct was cut out of agarose gel and
purified using a Promega WizadSV Gel and PCR Clean-up System. DNA was sequenced
in one direction (forward) using BigDg@eTerminator v3.1 Cycle Sequencing Kit and run on
a ABI 3100 Genetic Analyser (PE AppliedBiosystems)

Data analysis

Sequences from 21 samples from the Eastern, asdriigles from the Western Cape was

compared to determine whether different populateist along the South African coast.
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Sequences were aligned using ClustalW in BioEdal(H999) with further modifications by
eye. Analyses were carried out with both 595 bpore@Published sequences only) and the

380 bp region (published plus sequence from thidy3t

Phylogenetic inference was made using maximum parsy (MP), maximum likelihood

(ML) and distance based methods in PAUP* 4.0b10ofgwd 1998) and MEGA version 2.1
(Kumar et al. 2001). Distance analysis was perforomng neighbour joining (NJ),

assuming a Kimura two-parameter and HKY85 modek@gawa et al. 1985) of sequence
evolution. For MP analysis a heuristic search atlgor, with tree-bisection, branch swapping
and random sequence addition was used. Insertr@hdeletions were treated as missing data
in all tree construction, and confidence was asselbg 1000 bootstrap resamplings for
distance, parsimony and maximum likelihood appreadtoligo vulgaris reynaudii
(EMBL/Genbank accession number: X97960) was useshasit-group to root all trees.

RESULTS

Sequence comparisons

No sequence variation was observed between indilgdiuiom the same region or between
individuals from the eastern (n = 21) and westeapeéC(n = 14) regions. All sequences
conformed to a single haplotype. Lack of variatwithin and between east and west coast

samples prohibited further population genetic asialy

The sequence obtained in this study was an exatthnta a previou$D. vulgaris COlll
sequence from False Bay, South Africa and fromtdmisda Chuna lodged by Warnke
(1999b) in Genbank (Accession numbers SA: AJ2504BIC: AJ250477). The South
African COIIl sequence from the present study warmgared to a range @. vulgarisand
other octopus species COIIl sequences lodged i&kBL/Genbank database (Table 2). The
380 bp COIlll region 00. vulgarissequenced in this study is illustrated in figure 2.
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Table 2. Abbreviations, origin and accession numbers of Dd&juences for the various

species compared.

Species

Abbreviation

Origin

Accession number

Octopus vulgaris

Octopus mimus
Octopus mimus
Octopus bimaculoides
Octopus bimaculatus
Octopus dolfeini

Loligo vulgaris reynaudii

@)
<
[

L

O0000000O0OOO0O0O0O0OO
moepmo33<<<<<<<<<<<c

South Africa, this study
South Africa

Tristan da Cunha
Senegal
Mediterranean

Taiwan

Venezuela

North Brazil

North Brazil

Costa Rica, Caribbean
Costa Rica, Caribbean
Costa Rica, Pacific
Costa Rica, Pacific
North Chile

USA, California

USA, California

AJ250487
AJ250477
AJ250476
AJ012121
AJ250479
AJ250478
AJ012123
AJ012124
AJ012126
AJ012127
AJ012125
AJ250480
AJ012128
AJ250482
X83100
X83103
X97960
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Figure 2. The 380 bp COIll region dD. vulgarissequenced in this study, aligned and

compared to octopus COIll sequences from othepnsgi

O v. 5 (Mediterranean) 1  TCGAGAAAGTACATTTCAAGGTTTCCACACATCCAAAGTA 40
O v. 1 (S. A This study) L 40
O v. 2 (South Africa) L 40
O v. 3 (Tristan da Cunha) L 40
O v. 4 (Senegal) L 40
O v. 6 (Taiwan) 1 Coovien T ... 40
O v. 7 (Venezuel a) 1 Coo I I 40
O v. 8 (North Brazil) 1 C....... Ao T..T..... T .... C 40
O v. 9 (North Brazil) 1 C....... Ao T.T..... T.... C 40
O v. 10 (Costa Rica, Caribbea 1 C........ Ao T..T..... T..G.T 40
O v. 11 (Costa Rica, Caribbea 1 C....... Ao T..T..... T..G.T 40
O v. 12 (Costa Rica, Pacific) 1 C........ Ao T..T..... T..G.T 40
O m 1 (Costa Rica, Pacific) 1 C....... Ao T ... T..G.T 40
O m 2 (North Chile) 1 C....... A T.T..... T..G.T 40
O o. (USA California) 1 Ao T.T..... T ... 40
O a. (USA, California) 1 AL C.T..T............ 40
O d. 1 A ... C.... A.T..... TAT..... T 40
Lol i go (X97960) 1 C....... Ao CA..T...CTA. .. .. C 40
O v. 5 (Mediterranean) 41 TATAATGGCCTTCGATGAGGTATAATACTTTTTATTATTT 80
O v. 1 (S. A This study) AL C. 80
O v. 2 (South Africa) A1 C. 80
O v. 3 (Tristan da Cunha) A1 e C. 80
O v. 4 (Senegal) A1 80
O v. 6 (Taiwan) 41 C......... 80
O v. 7 (Venezuel a) L T C......... 80
O v. 8 (North Brazil) 41 ... .. C.AT.A .. ... C......... 80
O v. 9 (North Brazil) a1 ... C.AT.A ... .. Co..oovnnn. 80
O v. 10 (Costa Rica, Caribbea 41 ........ GIlLA . 80
O v. 11 (Costa Rica, Caribbea 41 ........ GILA .. 80
O v. 12 (Costa Rica, Pacific) 41 ........ GILA . 80
O m 1 (Costa Rica, Pacific) 41 ... GILA .. 80
O m 2 (North Chile) 41 ... GTLA . 80
O o. (USA, California) 41 ... AT A .. C...... 80
O a. (USA, California) 41 ... .. CL.AT. A .. 80
O d. 41 ... GILA ... ... A ... G A 80
Lol i go (X97960) 41 .CGITA..TA A .. AT...G..GTT. A .... C.CC. 80
O v. 5 (Mediterranean) 81 CAGAAGTATGTTTCTTTTTTGCTTTCTTTTGAGCCTATTT 120
O v. 1 (S. A This study) 8l T .... 120
O v. 2 (South Africa) Bl T 120
O v. 3 (Tristan da Cunha) 8l T .... 120
O v. 4 (Senegal) 8l T ... 120
O v. 6 (Taiwan) Bl 120
O v. 7 (Venezuel a) 8l 120
O v. 8 (North Brazil) 81 ....... T ... T .o T ... T .... 120
O v. 9 (North Brazil) 81 ....... T .... T T........ T..... 120
O v. 10 (Costa Rica, Caribbea 81 ............. T T ... 120
O v. 11 (Costa Rica, Caribbea 81 ............. T T ... 120
O v. 12 (Costa Rica, Pacific) 81 ............. T ... G....T........ T ... 120
O m 1 (Costa Rica, Pacific) 81 ............. J IS T T ... 120
O m 2 (North Chile) 81 ... T ... G....T........ T .... 120
O o. (USA, California) 81 ... T.C....... T ... AL 120
O a. (USA, California) 8l ... T .o T ... G.... 120
O d. 81 ..... AT ... T..C.... C.T........ T..C.. 120
Lol i go (X97960) 81 .C.......... T..G...... T ... T .... 120
O v. 5 (Mediterranean) 121 CCATAGTAGITTAGCTCCTAATATAGATATTGGATCATGT 160
O v. 1 (S.A This study) 121 T G 160
O v. 2 (South Africa) 121 T..C 160
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O v. 7 (Venezuel a) 241 .. T T 280
O v. 8 (North Brazil) R R T.C..T........... A C 280
O v. 9 (North Brazil) 241 .. T T T..C..T........... A. C 280
O v. 10 (Costa Rica, Caribbea 241 ......... ALl T C 280
O v. 11 (Costa Rica, Caribbea 241 ......... AL, T C 280
O v. 12 (Costa Rica, Pacific) 241 ...... T.A ... T ..... T .o A C 280
O m 1 (Costa Rica, Pacific) 241 ...... T.A....... T...... T o A. C 280
O m 2 (North Chile) 241 ... ... T.A ....... T...... T A. C 280
O o. (USA California) 241 ... .. T ... T . T A . 280
O a. (USA, California) 241 ... .. T T A C 280
O d. 241 ... T..A ... T .... Co.oi. GA...A A 280
Lol i go (X97960) 238 .AA AL CGAT...CCCGA. 277
O v. 5 (Mediterranean) 281 TTAAAATCCGCAACTCACTCTATAATTATTACTATTTCCT 320
O v. 1 (S A This study) 281 320
O v. 2 (South Africa) 281 320
O v. 3 (Tristan da Cunha) 28l 320
O v. 4 (Senegal) 281 320
O v. 6 (Taiwan) 28l 320
O v. 7 (Venezuel a) 281 Coveee e 320
O v. 8 (North Brazil) 281 Co..oi T T. 320
O v. 9 (North Brazil) 281 Cooovvei T T. 320
O v. 10 (Costa Rica, Caribbea 281 C................ Tt G...... C... 320
O v. 11 (Costa Rica, Caribbea 281 C................ T GA .... C... 320
O v. 12 (Costa Rica, Pacific) 281 C................ T GM....C.T. 320
O m 1 (Costa Rica, Pacific) 281 C.... Tt C.... C..T. 320
O m 2 (North Chile) 281 Co. .o T GA .... C..T. 320
O 0. (USA California) 281 Co...i C.... C.... C..C... 320
O a. (USA, California) 281 Coovtiee e C.C.C... 320
O d. 281 ..... TCA . T.T........... C..C.C.CAA 320
Lol i go (X97960) 278 CAC. T.GAAT.T..C.. A .C. .. T.G .G ..ATT. 317
O v. 5 (Mediterranean) 321 TAGGATTTTATTTTACAATCCTTCAAATATTAGAATATAT 360
O v. 1 (S A This study) 321 T 360
O v. 2 (South Africa) 321 .. T 360
O v. 3 (Tristan da Cunha) 321 .. T 360
O v. 4 (Senegal) B2 360
O v. 6 (Taiwan) 321 ... G Coovvvnnnnn. G.... 360
O v. 7 (Venezuel a) 321 ... T..Cooi 360
O v. 8 (North Brazil) 321 ... Cooovii GGA ......... 360
O v. 9 (North Brazil) 321 ... C.C........... GG ......... 360
O v. 10 (Costa Rica, Caribbea 321 ............. C....... Co 360
O v. 11 (Costa Rica, Caribbea 321 ............. G 360
O v. 12 (Costa Rica, Pacific) 321 ............. G 360
O m 1 (Costa Rica, Pacific) 321 .. o 360
O m 2 (North Chile) 321 .. Gt 360
O 0. (USA, California) 321 ...l C....... T .A ..o 360
O a. (USA, cCalifornia) 321 ...l Co.ovvn T..Co 360
O d. 321 .. TTT.A..... AL 360
Lol i go (X97960) 318 ....TACA..C..C...T.T...... CCTGA. . ..... T. 357
O v. 5 (Mediterranean) 361 AGAAGCATCATTTTCTATTT 380

O v. 1 (S A This study) 361 ... 380

O v. 2 (South Africa) 361 ... 380

O v. 3 (Tristan da Cunha) 361 ... 380

O v. 4 (Senegal) 361 ... 380

O v. 6 (Taiwan) 361 ... 380

O v. 7 (Venezuel a) 361 ... 380

O v. 8 (North Brazil) 361 ... 380

O v. 9 (North Brazil) 361 ... 380
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O v. 10 (Costa Rica, Caribbea 361 .................. C. 380
O v. 11 (Costa Rica, Caribbea 361 .................. C. 380
O v. 12 (Costa Rica, Pacific) 361 .................. C. 380
O m 1 (Costa Rica, Pacific) 361 ... C. 380
O m 2 (North Chile) 361 ... C. 380
O o. (USA California) 361 .. 380
O a. (USA, California) 361 ...G ... 380
O d. 361 T C. 380
Lol i go (X97960) 358 ...G.TCG....C..C 377

131



CHAPTER 6: GENETICS

Phylogenetic trees

The tree construction methods of neighbour joinaigd maximum parsimony revealed
similar topology for both the 380 bp and 595 bpioeg (Fig. 3 & 4, 380 bp region shown
only). Four distinct clusters were visible. The 8oAfrican and Tristan da Cunha haplotypes
fell within the Mediterranean cluster also contagiSenegal, Taiwan and Venezuela. A
second cluster consisted of tle vulgaris/O. mimugomplex from Costa Rica and North
Chile, while the last two groups were formed ®y vulgaris from North Brazil andO.
bimaculatus/bimaculoidesrom California. All these clusters were supportby high
bootstrap values (92 - 100%).

Average sequence divergence was calculated withth etween groups (Table 3 & 4:
Mediterranean groug®. v.1-7; Costa Rica grou®®. v.10, 11 &0. m.1, 2; North Brazil
group: O. v. 8, 9 andO bimaculatus/bimaculoidegroup). O. vulgaris from South Africa
displayed less sequence divergence from Seneg@®%). and Mediterranean (1.32%)

individuals compared t@. vulgarisfrom other regions (4.21 - 4.47%).

Table 3. Mean percentage (%) sequence divergence witkiiviéditerranean group.

Mediterranean  South Africa Senegal Taiwan
380 bp 595 bp 380 bp 595 bp 380 bp 595 bp 380 bp 595 bp

Mediterranean
South Africa 1.32 1.51

Senegal 0.53 0.17 0.79 0.67 -
Taiwan 3.16 2.86 421 3.87 3.68 3.36 -
Venezuela 3.68 3.53 4.47 3.85 4.21 3.53 5.26 4.03

Table 4.Mean percentage (%) sequence divergence for eacip.gr

380 bp 595 bp
Mediterranean 3.131 2.738
Costa Rica 2.527 2.318
Brazil 0.26 0.19
California 16.59 16.47
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. wlgaris 1 (South Africa)

—1
82

. wlgaris 2 (Tristan da Cunha)

5 . wilgaris 3 (Senegal)

92

. wlgaris 4 (Mediterranean)

100

. wlgaris 5 (Taiwan)

66 . wlgaris 6 (Venezuela)

. wilgaris 10 (Costa Rica, Caribbean)

" . wilgaris 9 (Costa Rica, Caribbean)

. mimus 1 (Costa Rica, Pacific)

55

= =l
76

— 0. bimaculoides (USA, California)
58— 0. bimaculatus (USA, California)

. wlgaris 11 (Costa Rica, Pacific)

. mimus 2 (North Chile)

O O OO0 OO0 OO0 o0 o0 oo

— O. wlgaris 7 (North Brazil)
10l 0. wilgaris 8 (North Brazil)
O. dofleini

Loligo

Figure 3. Maximum parsimony tree (in Mega, Branch & boundpstructed from aligned
Octopus vulgarisand a range of other octopus species mtDNA CQ@ljusnces. (Bootstrap

values (%) after 1000 replications).
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O. wlgaris 11 (Costa Rica, Pacific)
O. mimus 2 (North Chile)
O. mimus 1 (Costa Rica, Pacific)

95

O. wlgaris 10 (Costa Rica, Caribbean)

O. wlgaris 9 (Costa Rica, Caribbean)

100[ O. wlgaris 8 (North Brazil)
O. wilgaris 7 (North Brazil)

92 — O. bimaculoides (USA, California)

O. bimaculatus (USA, California)

—— O. wlgaris 6 (Venezuela)

100

O. wilgaris 5 (Taiwan)

O. wlgaris 4 (Mediterranean)

O. wilgaris 3 (Senegal)
O. wlgaris 1 (South Africa)
O. wlgaris 2 (Tristan da Cunha)
O. dofleini

Loligo

0.05

Fig. 4 Neighbour Joining (assuming Kimura-2 parameter rottee constructed from
alignedOctopus vulgarisand a range of other octopus species mtDNA C@djusnces in

Mega. (Bootstrap values (%) after 1000 replicafio8sale bar indicates branch length.

Distance matrixes using Kimura-2 parameter (Tablarel Jukes- Cantor, HKY 85 (data not
shown) models produced similar values. This disgtatiata also support the close relation
(0.01 - 0.0 = no divergence) between the Southcafrj Tristan da Cunha, Senegal and

Mediterranean sequences.
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Table 5. Pairwise distances between haplotypes based oKithera-2 parameter model.

Haplotype designations as in Table 2.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1y
1 Loligo
2 Ov 5 0.38 | -
3 Ov1 036 | 0.01| -
4 Ov7 0.36 | 0.04| 0.04] -
5 Ovil | 035 0.10| 0.10f 0.09 -
6 Ov10 | 035| 0.12] 0.12] 0.1 0.01 -
7 Ovi12 | 034 | 0.14| 0.14] 013 0.08 0.08 -
8 Ov 9 0.32 | 0.13]| 0.13] 0.1 0.08 0.09 0.08 -
9 Ov 8 0.33| 0.12| 0.13] 0.113 0.09 0.09 0.08 0.p0 -
10 | Om2 034 | 0.14| 0.4/ 017 o003 003 0.00 0.8 0j08 -
11 | Od 0.36 | 0.23| 0.22] 024 0.20 020 0.20 0.0 020 Q.20
12 | Ov4 0.37| 0.01| 0.01] 0.04 0.0 0.1 0.13 0.2 0{12 0.13220 -
13 | Oveb 0.37 | 0.03| 0.04 004 011 011 0.14 0.14 0]23 (Q.14230 0.03]| -
14 | Om1 0.34| 0.13| 0.13] 0.12 0.08 0.03 0.01 0.p8 0/08 0.01190 0.12| 0.13| -
15 | Oo 0.35| 0.12| 0.12] 0.1 0.09 009 009 0.9 0j09 (09180 0.12| 0.12| 0.09 -
16 | Oa 0.34| 0.12| 0.12 0.1} 0.09 0.09 0.09 0.p9 0/08 0.09190 0.12| 0.13] 0.09 0.0% -
17 | Ov3 0.36 | 0.01| 0.000 0.04 0.10 0.12 0.14 0.3 0{13 0.1422(0 0.01| 0.04] 0.13 0.12 0.1p
DISCUSSION

No distinction could be made betwe®otopus vulgarisollected on the east and west coasts
of South Africa on the basis of genetic variationtihe COIIl region. These data do not,
therefore, refute the hypothesis of a singlevulgarisgenetic population around the cod3t.
vulgaris has planktonic larvae, and oceanographic studegyahe South African coast have
suggested that the dispersal of ichthyoplankton owayr over a large scale (Roberts & van
den Berg in press.). Population genetic studiesereral other species around the South
African coast have shown no genetic variation betweest and east coasts. Most of these
studies were conducted on demersal teleosts (@taalt 1987; Leslie & Grant 1990) and
benthic invertebrates (Lombart & Grant 1986) wilaniktonic eggs and larvae, indicating

free movement of larvae between the west and east.c

Molecular genetic analysis of cephalopods have kewedieen hampered by low levels of
variability (Shaw et al. 1999). The COIll regionaeined here might be too conserved, i.e.
there is not enough genetic variation present twstifferences between populations and
other methods such as microsatellite DNA markersukh be explored to investigate
population structures. Microsatellite markers aosvravailable for octopus and have been
used in a population study on octopus in northwdsgta (Greatorex et al. 2000; Murphy et

al. 2002). Genetic variability detected by the msatellites indicated that more than two
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genetically distinct populations exist of the narést coast of Africa (Murphy et al. 2002).
Microsatellites were also successfully employedistinguish population structuring in squid
(Loligo forbes) where other techniques such as mtDNA and allosyfaded to detect
differences (Shaw et al. 1999). The South Afri€anvulgaris based on data from this study
should be treated as a single population for fishesnagement purposes until more in depth

genetic research can be conducted.

Phylogenetically the South Africad. vulgarisis closely related t®. vulgarisfrom Senegal

(0.79 % divergence) and the Mediterranean (1.32vrgence). These results are similar to
that found by Warnke et al. (2000) and Soller et(2000). Warnke et al. (2000) further
postulated that populations from France, SenegalithS Africa, Tristan da Cunha and
Venezuela are from the same taxon. However, thb baguence divergence (this study,
3.16-5.26%) between the Mediterranean (includingtis@\frica, Senegal) and Taiwan and
Venezuela might support conclusions drawn from rolggical data by Mangold &

Hochberg (1991) and Mangold (1997), which indicaaedediterranean and eastern Atlantic
distribution only. Nevertheless, further taxonomslassification of octopus should take in
consideration morphology, reproductive and molecudata to ensure an all rounded

approach to systematic analyses.
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PHASE 0: STEP 3 - ECONOMIC FEASIBILITY OF AN EXPERI MENTAL
OCTOPUS FISHERY IN SOUTH AFRICA.
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Application

Assessment & Allocation
Notification
Implementation
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CHAPTER 7: ECONOMIC FEASIBILITY

CHAPTER 7

PHASE 0: STEP 3 - ECONOMIC FEASIBILITY OF AN EXPERI MENTAL
OCTOPUS FISHERY IN SOUTH AFRICA

INTRODUCTION

Fisheries exist because they provide social andanir benefits to society, and the way in
which a fishery is managed will impact, either pigsly or negatively, on those benefits
(Cochrane 2002). The aim of creating new fishingasfunities in South Africa is to achieve
economic growth within coastal areas, focussing $mall- and medium-enterprise
development; and thereby create employment opptigsndevelop human resources and
enhance transformation in the fishing sector (Bgetzal. 2001). It is important for the
fisheries manager to have an understanding ofdernlying economic and social factors, to
fully comprehend the impact that the managementhef resource has on these factors
(Cochrane 2002).

Economic and social analysis of a fishery shouldpbesented, in the same fashion as
biological and ecological data, for the managenaetision-making process. In establishing
new fisheries it is important to have knowledgettud following factors (as identified in
Chapter 2) to determine the economic feasibilita dishery:

* Vessel and gear type

* Fishing techniques

» Gear selectivity

* Expected catch rates

* Local and international markets

» Cost of fishing.

This knowledge is not only necessary for the fighmanager responsible for the formulation
of an experimental fishery, but also for the praspe fisher, who must submit a business
plan as part of the permit application process-dPnpting the economic viability of the
resource will thus help to develop and manageifihefy sustainably from its inception. This
chapter focuses specifically on the economic fél#tgilof the proposed octopus pot fishery.
Octopus vulgarisvas identified by industry as the target of a fgmescommercial venture.

Subsequently, it was determined to be a specidsswigéed to the proposed venture in terms
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of geographic and depth distribution, biology, nedability and demand (Guerra 1997; Smith
1999; Chapter 3).

The aim of this work was to describe the fishingvéty and calculate the minimum CPUE
for various fishing operation scenarios to detesrtime economic feasibility. It is important
to note that this is only a@stimated minimum CPUE, based on assumptions that cannot be
confirmed until the fishery starts. Furthermoreisteconomic analysis also needs to be

assessed by stakeholders with experience in thatome of a fishery.

DESCRIPTION OF THE PROPOSED FISHERY

Vessel type

The proposed fishery should be compatible with o#hsting fisheries to prevent both user
conflict and capital expenditure at the start of tmew fishery. Vessels in the existing
fisheries fleet should thus be suitable for us¢éhannew fishery. Vessels sizes of 3 - 5 tons
were suggested by Smith (1999) because similaeilsgase used in existing fisheries such as
the linefishery, the rock lobster fishery, the halkected handline fishery, and the squid
fishery. These fisheries occur mainly along thetw&suthwestern, southern and southeastern
Cape coasts. Similar sized vessels were also usether experimental octopus fisheries
(Whitaker et al. 1991). The South African vesselthe specified size class vary from small 5
- 8 m (chukkies, skiboats) to medium 14 - 25 m tan@geckboats) vessels (Smith 1999).
Furthermore, the vessels should be fitted with elmosounder, a GPS plotter and a line-
hauler. This equipment will enable the accurateemeination of depth, fishing substrate,
fishing areas, and location and retrieval of fighgear. It was recommended by Smith (1999)

that only two to three crewmen is needed for suftbhaeng operation.

This study will focus on two different sized vessel 14 m deckboat (Fig. 1) powered by two
285 hp inboard diesel engines and a smaller 8m 1@ooden “chukkie” (Fig. 2) with a six-
cylinder diesel engine. These smaller vessels opérate in the west and southwestern Cape
regions, generally out of small harbours, while lrger vessels are found around the entire
coast. For the purpose of this study, three crewamehone skipper will operate the deckboat,

while only two crewmen and a skipper will operdte thukkie.
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Gear type

Smith (1999) recommended pot fishing on longlines the South African experimental
fishery. This is also the method that has been usest commonly in other experimental
octopus fisheries (see Chapter 3). The fishing geasists of long lines with a number of
pots (unbaited, no hooks) attached at interval® [ifes are anchored and buoyed at each
end. The pots could consist of PVC pipe and tiris pgher closed off in the middle or at one
end (Fig. 3). These are similar in structure teséhdescribed by Whitaker et al. (1991). The
specific structure in terms of length of the linedanumber of pots per line, as well as soak

times, will be at the discretion of the individdisher.

For the purpose of this study, two configuratiohgear and soak times were compared. The
first consisted of a large number of short lineghva short soak period, while the second
comprised few but longer lines with a longer soakiqul (Table 1). Pots used in this study
consisted of PVC pipes, approximately 50 cm in terand 11 cm in diameter (Whitaker et

al. 1991; Smith 1999).

144



CHAPTER 7: ECONOMIC FEASIBILITY

PERSZ ACTF

Figure 2. Chukkies, the smaller (8 - 10 m) wooden vesseered in a small boat harbour in

the southwestern Cape.

Flgure' 3. Octopus pots con5|st|ng of PVC plpe (111 mm abd mm dlameter)and half

tires, closed off in the middle.
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Fishing activity

The operational area for this fishery will be fr&aldanha on the west coast to East London
on the east coast, due to the wide continentaf sinea along this stretch of coast. Octopus
occurs to a depth of approximately 200 m, with alaunte decreasing with increasing depth.
The fishing depth range will therefore probably & - 100 m, on relatively flat-profile
bottom.

The smaller vessels only have the capacity to ndaletrips, so fishing activity will involve

a number of traps being deployed and hauled eaghTdas might not apply to the larger
vessels with capacity for multi-day trips, and #hesight engage in other fishing activities
before and after gear deployment and retrieval. él@n, for the purpose of this study,
fishing operations and cost calculations are lichite a daily fishing operation (see economic
assumptions below regarding other fishing actisjtie Fishing days per month were
calculated as follows (A detailed description a#dh fishing operations is presented in Table
1):

. There are approximately 20 days available to figiper month, the rest allows
for bad weather and vessel maintenance.

. Fishing operation 2 deploys all pots (900 year95Qlyear 2) on 6 lines (year 1)
and 13 lines (year 2) for a seven day soak timey¢Bes of 7 days = 21 days). All
lines are deployed and retrieved during only foes going days (i.e. 4 fishing
days)

. Fishing operation 1 deploys all pots (1000 yea2)O0 year 2) on 40 lines (year
1) and 80 lines (year 2) for a four day soak tidheycles of 4 days = 16 days).
Ten lines are deployed each day for the first 1¢sdd2 sea going days) and
during the last four days, lines are only retrie(#dea going days; i.e. 16 fishing

days).

Octopus will either be iced or frozen at sea, ddpen on the vessel type. The only
processing required is removal of the beak andnateorgans. Octopus will be exported

directly by the fisher or sold to an intermediaiethis purpose.
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Gear selectivity
Pot fishing is a passive fishing method and higddiective towards the target species, so no
bycatch is expected (Bjordal 2002).

Table 1 A description of the two different fishing opecaits employed in this study.

Fishing and gear design Fishing operation 1 Fishing @pation 2
No. of pots
Year 1 1000 900
Year 2 2000 1950
Gear configuration Year 1 40 lines (220m each) ®btpots per line 6 lines (1050m each) with 15G pot
per line
Gear configuration Year 2 80 lines (220m each) &#tpots per line 13 lines (1050m each) with 150
pots per line
Pot type Single PVC closed in the middle Single R¥MgSed in the middle
Fishing trips Daily, deploying 10 lines a day, Dailleploying 6 lines
Soak time 4 days 7 days
Fishing days/month 16 4

EXPECTED CATCH RATES

Other experimental fisheries for octopus reportadable but low catch rates (Table 2).
Catch rate is defined as the number of octopushteney number of pots. The average size of
octopus caught in South Carolina was 0.90 kg, watiger diameter pots catching larger
individuals (Whitaker et al. 1991). Similar sizeagtes are caught on the Senegalese coast
(Diallo 2002). Biological studies 0®. vulgarisaround the South African coast indicate a
mean size of approximately 1 - 1.2 kg. Seasonatian is evident, with the mean octopus
size during winter (600 g) being substantially derathan in summer (1,5 — 2 kg) (Smith
1999; Chapter 3, Oosthuizen & Smale 2003). The @epecatch rate for this study was set at
30%, with large individuals caught in summer anéken octopus caught in winter.

Table 2. Catch rates from other octopus pot fisheries.

Fishery Catch rate Reference
tSouth Carolina 27.8 %, Whitaker et al. 1991
tWest Coast of Florida 45 - 90 % Roper 1997
tSpanish Mediterranean 6-40% Sanchez & Obart3 199
*Canada: Barkley Sound 0.63 % Adkins et al. 1980
*Canada: Vancouver Island 0.26 - 8.44 % Hartwicklefi982
*Canada: Prince Rupert 1.88 - 23.62 % Clayton .1282
*Alaska 21 % Paust 1997

tSimilar sized species . vulgaris
*Large octopus species
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MARKETS
Prospective fishermen and import/export companiesewnterviewed to collect market-
related information. Information on octopus imppegports and local supply are given in

Appendix 4.

Local market

A very small local market exists for octopus and timly local species traded and consumed
is Octopus magnificusThis large octopus is supplied by wholesalersstipoto the
Portuguese and Greek communities based predonmynamtiGauteng and Cape Town
(approximately 4 tons/month). Onl®. magnificusis exported from South Africa, while
imported octopus (from India and Asia) consists“ledby octopus” (sp. unknown). This
product is mostly used in seafood restauradtsiulgarisis rarely traded, and generally only

consumed by subsistence fisheries.

International market

The O. magnificusbycatch from the Namibian and South African wesdst hake trawlers

and south coast rock lobster traps are bought bgl Ibusinesses and exported mainly to
Portugal and Spain with some going to the UniteateSt and Belgium (approximately 170
tons/year). This species is frozen into 5 — 10 kghs and shipped to the various markets.

The average ex-vessel price is R8 - 13/kg whilatlaeket price is R 14 — 18 /kg.

Markets forO. vulgarisexist in various countries, including Australiapan, Korea, Spain
and Portugal (Fisheries Information Services 200hgse are large commercial/agricultural
markets that sell fresh and frozen seafood, meait &nd vegetables, as well as other
agricultural products. Octopus is generally graki¢al different sizes and usually sold frozen.
Different grades (sizes) fetch different prices. éstimation of price, size ranges and product
form of O. vulgaris sold on the European (Mercabana, Spain), Japaflesgiki), and
Australian (Sydney) markets are presented in T@blEhe Japanese market showed a slow
but stable increase in price over the last yeanJewthe Australian market showed high

variability in price. The European market was fastable.
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Table 3a. Examples of sizes, product forms and price of masosold on the European
Market (Mercabarna — frozen octopus — 11/9/200&n&iies Information Services (2002)). 1

EUR =+ R 10.

Octopus Product Product Price Price
Origin Size form (EUR/kg) (R/kg)
Morocco 0.5 kg whole 7.15 71.5
Morocco 1 kg whole 8.11 81.1
Morocco 2.5kg whole 8.71 87.1
Morocco 3 kg whole 10.22 102.2
Morocco 4-5 kg whole 12.02 120.2
Tunisia 1 kg whole 6.61 66.1
Tunisia 2.5 kg whole 6.91 69.1
Tunisia 3 kg whole 7.66 76.6
Tunisia 4-5 kg whole 8.71 87.1

Table 3b. Examples of sizes, product forms and price of mescsold on the Japanese Market
(- frozen octopus — 11/9/2002; Fisheries Informmaervices (2002)). 1 JPY=R 0.069

Octopus Product Product Price Price
Origin Size form (JPY/kg) (R/kg)
Morocco 0.2-0.3kg gutted 640 44.60
Morocco 0.3-05kg  gutted 705 48.58
Morocco 0.5-0.8kg  gutted 775 53.48
Morocco 0.8-1.2kg  gutted 795 54.86
Morocco 1.2-1.5kg  gutted 950 65.55
Morocco 1.5-2 kg gutted 1000  69.00
Morocco 2-3 kg gutted 1050  72.45
Morocco 3-4 kg gutted 1150  79.35

Table 3c. Examples of sizes, product forms and price of masosold on the Australian
Market (Sydney— frozen octopus — 11/9/2002; Figselnformation Services (2002)). 1

AUD =+ R6.5

Octopus Product Product Price Price

Origin Size form (AUD/kg) (R/kg)

Unknown Medium Unknown 4.95 32.18
Large 6.21 40.37
3-4 kg 5.19 33.74
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Cost estimation
Costs were determined at present price (Septendi#, 2n Rands). All items were priced

individually, while general running expenses weetedmined from vessel owners and the
Economic and Sectoral Study conducted on the Sainiban linefish industry (Mather et al.
2002).

ECONOMIC SCENARIOS

Capital stock requirement was assessed for twerdifit economic scenarios firstly, when the
vessel and all necessary gear are purchased dietfiening of the fishery (Full Capital
Outlay, FCO) and secondly, when a pre-owned vesseed (Use of Existing Vessel, UEV).
These scenarios were extrapolated into eight optionthe two different fishing operations,
and costing sheets and the minimum CPUEs were latddufor these. Cashflow statements
for year 1 and 2 and break-even analysis (yeab)lwere only calculated for the most cost-
effective options (KPMG Aiken & Peak 1992; Longekercet al. 2000). The eight economic

scenarios identified for the fishery are as follows
Option 1a. FCO, deckboat and gear purchased at beginninghariy, Fishing operation 1.

b. UEV, pre-owned deckboat used, gear purchased atrideg of fishery, Fishing operation 1.
Option 2a. FCO, chukkie and gear purchased at beginningsbé&fi, Fishing operation 1.

b. UEV, pre-owned chukkie used, gear purchased ahbieg of fishery, Fishing operation 1.
Option 3a. FCO, deckboat and gear purchased at beginninghadri/, Fishing operation 2.

b. UEV, pre-owned deckboat used, gear purchasedyairieg of fishery, Fishing operation 2.
Option 4a. FCO, chukkie and gear purchased at beginningsbé&fi, Fishing operation 2.

b. UEC, pre-owned chukkie used, gear purchased atmiegi of fishery, Fishing operation 2.

The assumptions on which cost calculations weredase listed below:

Assumptions

* 11 months of fishing, 1 month contingency (vessaintenance).

* 10 % increase in all costs and market prices par (feflation).

* Year 1: Fishing with a minimum number of pots (9®01000). Permit conditions
specify minimum number of pots to be used duringrysne. It must be assumed that
some fishermen might use the only minimum numbegroté during year one.

* Gear maintenance during Year 1 is the cost of capjaapproximately a third of the

gear. This is estimated, as the real rate of gearis unknown.
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e Year 2: Fishing with maximum number (1950 or 206Dpots (Gear restrictions will
include a maximum number of pots used).

* Gear maintenance during Year 2 is the cost of capaapproximately two-thirds of
the gear.

* Crew increase by one in Year 2, because of incdegsar and fishing activity, Salary
structure: Skipper = R5000/m, 1 Crew = R2500/mrdase because of an increase in
the number of pots handled.

* Fishing days per month do not increase, only irsgdaactivity during each fishing
day.

* Fuel consumption increases by 20% in Year 2 becalisgreased activity. The fuel
consumption of Fishing operation 2 is approximatedyf that of Fishing operation 1
(R7500 / 2). Increase because of an increaseanntimber of deployment and
retrieval of more lines.

» Vessel insurance approximately 3% of vessel value.

* Administration costs of the smaller vessel (chukkiee approximately half that of the
larger vessel (deckboat).

* The permit fee of the smaller vessel (chukkie)ppraximately half that of the larger
vessel (Deckboat).

» Protective clothing of the smaller vessel (chukkseapproximately a quarter that of
the larger vessel (Deckboat).

* If only a six-month fishery, costs will be shargddiher fishing activities.

* Assume that deck space on the chukkie is not pitotghin the number of pots fished.

» Catch rates were based on rates attained in otiperienental fisheries (Whitaker et
al. 1991).

» Catch size composition (500 g vs. 1 kg) was basedi@ogical data from both South
Africa (Smith 1999; Oosthuizen & Smale 2003) arskelhere (Whitaker et al. 1991;
Diallo 2002).

* Whole catch is exported to the European market.

» Export and packaging costs were estimated at Rg.dprobably overestimated).

A description of the quantity and cost of the tweagdesigns used in the different fishing
operations is presented in Table 4. The gear cogtiEhing operation 1 was approximately

double that of Fishing operation 2. A small numbklonger-length lines, with more pots per
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line, are more cost-effective than a large numbbeshort lines, with fewer pots per line. The

gear and fishing design also has implications @&l fise, since Fishing operation 1 required

16 sea days per month compared to four sea dayspeth for Fishing operation 2. A

summary of total costs and estimated CPUE neededwver costs is presented in Table 5.

The use of an existing vessel (UEV) with Fishingmgion 2 was the most cost-effective

economic scenario for both vessel types.

Table 4. A description of the quantity and cost for therggesigns used in the two different

fishing operations.

Fishing operation 1 Description Quantity Cost
40 lines (220m each) pots 1000 x UPVC 30cm leriiom 300m @R64/m 19200
diam.

1000 pots (25/line)  lines: drop Ploypropl6mm, 22 40 coils @ R553/coil 22120
main 10mm, 220m coil 40 coils @ R220/coil 8800
buoys 250mmx4/line 160 buoys@ R168/bouy 26880
anchors 20kgx2/line 80 ancho®@ R380/anchor 30400
cement 10kg bag 10 bags @ R40/bag 400
LL clips 0 1000 clips  @R9/clip 9000

Total gear cost 116800

Fishing operation 2 Quantity Cost

6 lines (1100m each) pots 270m 17280

900 pots (150/line) lines: drop 29 16037
main 29 6380
buoys 20 3360
anchors 10 3800
Cement 10 400
LL clips 900 8100

Total gear cost 55357
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Table 5. Summary of the total costs (Rands) and estimatdEC(in kg per year) needed to

cover expenses. These estimates were based on edaromarket prices (Fisheries

Information Services 2002). The different scenaoghe experimental octopus fishery are
as follows: FCO - Full capital outlay, UEV - Utiézexisting vessel, FO - Fishing operation.
(See Appendices 5-8 for detailed costing). A tatalll fishing months per year, with the

costs and CPUE given for the first six months cdryg and 2, due to the different fishing

operations that occurs during these years. CPUBvhere catch consist of 500 g size class
sold at R71.5/kgCPUE 2 = where catch consist of 1 kg size clags &0R81.5/kg.

Option Deckboat
Year 1 2 3 4 5
la FCO,FO 1 Months 6 11 6 11 11 11 11
Total Costs (Rands) 606,948 1,213,896657,5421,315,0841,292,6411,274,9701,264,001
CPUE 1 (kg) 9,869 19,738 10,692 19,440 17,515 15,947 14,681
CPUE 2 (kg) 8,489 16,978 9,196 16,721 15,066 13,717 12,627
1b UEV, FO 1
Total Costs (Rands) 236,948 473,896321,542 643,084 688,641 738,970 796,001
CPUE 1 (kg) 3,853 7,706 5,228 9,506 9,331 9,243 9,245
CPUE 2 (kg) 3,314 6,628 4,497 8,177 8,026 7,950 7,952
3a FCO, FO 2
Total Costs (Rands) 561,837 1,123,676591,8791,183,7621,153,8411,128,3861,107,845
CPUE 1 (kg) 9,136 18,271 9,624 17,498 15,635 14,114 12,867
CPUE 2 (kg) 7,858 15,716 8,278 15,051 13,448 12,140 11,067
3b UEV, FO 2
Total Costs (Rands) 191,837 383,676255,879 511,762 549,841 592,386 639,845
CPUE 1 (kg) 3,119 6,239 4,161 7,565 7,450 7,409 7,431
CPUE 2 (kg) 2,683 5,366 3,579 6,507 6,408 6,373 6,392
Chukkie
Year 1 2 3 4 5
2a FCO,FO 1 Months 6 11 6 11 11 11 11
Total Costs (Rands) 205,322 413,076251,029 507,165 505,329 505,953 509,282
CPUE 1 (kg) 3,339 6,717 4,082 7,497 6,847 6,328 5,915
CPUE 2 (kg) 2,872 5777 3,511 6,448 5,890 5,443 5,088
2b UEV, FO 1
Total Costs (Rands) 112,822 228,076167,029 339,165 354,329 371,953 392,282
CPUE 1 (kg) 1,835 3,709 2,716 5,014 4,801 4,652 4,556
CPUE 2 (kg) 1,578 3,190 2,336 4,312 4,130 4,002 3,919
da FCO, FO 2
Total Costs (Rands) 185,352 370,706221,639 443,343 440,780 440,319 442,171
CPUE 1 (kg) 3,014 6,028 3,604 6,553 5,973 5,507 5,136
CPUE 2 (kg) 2,592 5,185 3,100 5,637 5,137 4,737 4,417
4b UEV, FO 2
Total Costs (Rands) 92,852 185,706137,639 275,343 289,780 306,319 325,171
CPUE 1 (kg) 1,510 3,020 2,238 4,070 3,927 3,831 3,777
CPUE 2 (kg) 1,299 2,597 1,925 3,501 3,377 3,296 3,248

153



CHAPTER 7: ECONOMIC FEASIBILITY

Cash flow statements for the first two years arnareak-even analysis of the most feasible
scenarios (Options 3 & 4) are given in Appendicee29Both FCO and UEV are shown for

comparison.

Sensitivity analysis

The sensitivity of the Net Profit (before tax) tariations in CPUE (15%), market prices
(15%), and costs (10%) was determined for five yea@ine sensitivity of the net profits of the
most economical scenarios (Options 3 & 4) is preseim Figures 4 - 6. The change in
CPUE and market price had the most noticeable teffedNet Profit.
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Value (Rands)

Option 3a - FCO, Deckboat, FO 2 (a)

2,500,000 _
2,000,000 [ Fixed costs
1,500,000 —¥— Net profit before
1,000,000 4 tax _
500,000 —a— Total Operating
costs
0 —&— sales
-500,000

Value (Rands)

Option 3b - UEV, Deckboat, FO 2 (a)

2,500,000
2,000,000 [ Fixed costs
1,500,000 —¥— Net profit before
1,000,000 tax )
500,000 —a&— Total Operating
costs
0 —&— sales

-500,000

CPUE variation (b)

CPUE variation (b)

3,000,000 - 4,000,000
.3(:; ¥ 2000000 | o— cpue 30% ;g [ 3,000,000 A/‘/‘/A cpue 30%
ag 1,000,000 —&— cpue 15% a @ 2,000,000 —&— cpue 15%
= O — O
2 "_qo') 0 —aA— cpue 45% 2 g 1,000,000 —aA— cpue 45%
-1,000,000 0
1 2 3 4 5 1 2 3 4 5
Years Years
Price variation (c) Price variation (c)
2,000,000 2,500,000
— 5 1,500,000 — ~ = 2,000,000 —
£ 8 1,000000 —e— current = 3 / e current
2o 500000 —-— -15% 2 o 1500000 /;',/*//.74- 15%
= ' -15% a @ -
ol Al — 5 1,000,000 0
2 o 0 —a— +15% 25 —a— +15%
<2 500,000 ( L= —J | 2 & 500000
-1,000,000 0
1 2 3 4 5 1 2 3 4 5
Years Years
Cost variation (d) Cost variation (d)
1,500,000 2,000,000
=% 1,000,000 =g 1,500,000 |
= —e— current = —e— current
S < 500,000 | . S < 1,000,000
g o —-— - 10% a? —a— - 10%
= O 0 ~ O 500,000 |
LD —Aa— +10% 2% —Aa— +10%
Z o -500,000 =y 0
-1,000,000 -500,000
1 2 3 4 5 1 2 3 4 5
Years Years

Figure 4. Option 3 a (Full capital outlay, deckboat, employing fishiogeration 2) & (Use

of existing vessel, deckboat, employing fishing ratien 2).

Break-even analysis a) and

sensitivity analysis of the Net Profit (before téx)) CPUE, c) Price and d) Costs.
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Option 4a - FCO, Chukkie, FO 2 (a) Option 4b - UEV, Chukkie, FO 2 (a)
2,500,000 2,500,000
iy [—— Fixed costs - ;
8 2,000,000 2 2,000,000 [— Fixed costs
§ 1,500,000 —*— Net profit before &Cu 1,500,000 | —x— Net profit before
~ tax ~
o 1,000,000 —a— Total Operating o 1,000,000 | —a— Total Operating
= costs =
g 500,000 —m—sales C>5 500,000 —a— géoﬂsetss
0 0
1 2 3 4 5 1 2 3 4 5
Years Years
S CPUE variation (b
CPUE variation (b) (b)
4000000 3500000
- 3000000 —A
£ § 3000000 //- —e— cpue 30% £ § 2500000 —e— cpue 30%
= S %, 2000000
(O] 0, (&) 0,
9..- = 2000000 /‘/’/’/, —&— cpue 15% ?_-. S 1500000 —&— cpue 15%
2 & 1000000 —— cpue 45% £ G 1000000 —&— cpue 45%
= € 500000
0 L L L | 0
1 2 3 4 5 1 2 3 4 5
Years Years
Price variation (c) Price variation (c)
2500000 2500000 \
A /‘/i
+~ = 2000000 A/', .. = 2000000 -
= 3 —e—current = 3 /‘/‘,/ —e— current
O = 1500000 © = 1500000
g e —-15% g o / —=—-15%
— O 1000000 ~ O 1000000
T % —A— +15% Q%% —a— +15%
Z & 500000 / Z & 500000
0 0
1 2 3 4 5 1 2 3 4 5
Years Years
Cost variation (d) Cost variation (d)
2,000,000 2,500,000
=~ ~ 2,000,000
E é 1,500,000 * current E é ! ' 4 —e&— current
o = © + 1,500,000
a4 @ 1,000,000 —-— - 10% g o —m— - 10%
= O — O 1,000,000
2 T 500,000 A 10% 2% —A— +10%
L) ' Q 500,000
0 0 /
1 2 3 4 5 1 2 3 4 5
Years Years

Figure 5. Option 4 a (Full capital outlay, chukkie, employing fishingeration 2) &b (Use

of existing vessel, chukkie, employing fishing cgen 2).

Break-even analysis a) and

sensitivity analysis of the Net Profit (before téx)) CPUE, c) Price and d) Costs.
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Option 4a - FCO, Chukkie, FO 2 (a) Option 4b - UEV, Chukkie, FO 2 (a)
Limiting deck space Limiting deck space
1,200,000 _ 1,200,000
g 1,000,000 /././/‘ — Fixed costs g 1,000,000 /././/‘ — Fixed costs
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Figure 6. Option 4 a & b, Chukkie deck space is limiting. Break-even analyy and
sensitivity analysis of the Net Profit (before téx)) CPUE, c) Price and d) Costs.
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RECOMMENDATIONS

This economic appraisal indicates that the potefighcould be viable if a catch rate of
approximately 30% can be attained. All existingseds (UEV) employing the second fishing
operation were considered profitable, breaking ewdhin the first year. The minimum
CPUE for the chukkie, operating in the west or baugistern Cape was estimated at 2.6 — 4.1
tons/year, depending on the fishing operation. Assg that deck space did not prohibit the
number of pots carried, the smaller vessels mautefd of R1.5 million after five years. For
the deckboat, the minimum CPUE was estimated at 3.8 tons/year, with a profit margin
(before tax) of approximately R1.5 million. The igpis where new vessels were purchased at
the beginning of the fishery were not feasible,hwiite deckboat FCO option being least
profitable and only breaking even in the third yeathere deck space was prohibiting, the
smaller vessels would be less profitable at R 408€80000. It is therefore recommended
that only wholly owned vessels adhering to the sddishing operation are considered for
the experimental fishery.

Comments from prospective fishers

Indications from prospective fishers are that thopus stock will probably only support a
seasonal fishery and will be supplemental to ofiséeries during their off-seasons. Fishers
in the southwestern Cape mainly target migratomgfish during summer. In winter they
target the already overexploited reef fish speaigd see the octopus resource as a welcome
supplement. In the Eastern Cape, fishermen wheetaguid and hake on handline might
consider moving to octopus during the off-seasanairfly winter). The most accessible
market will probably be Europe, to which local fsimen are already exporting squid

(pers.comm. M. Craig, Robberg Seafoods).

NOTE: If proven to be viable on a seasonal basis, tifgstholding in other fisheries should
be considered. If the octopus fishery only proviedble on a seasonal basis, consideration
should be given to allocating the participants tsgin other fisheries, where participants are
involved in other fishing activities. However, feerights should fall within the envisaged
TAC or effort for the other fishery, and not be rexallocations. This will be a means of
diverting effort away from over-subscribed fisherie
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Factors influencing commercial success

It is evident from the literature (Chapter 3) tbatopus fisheries can be successful on various
scales. Nonetheless, there are various factorsrifiaénce the revenue of octopus fisheries.
These include environmental, anthropogenic, andketaelated factors. For example,
upwelling was indicated as the key environmentatdiainfluencing the abundance of both
larvae and adult octopus in Senegal (Demarcq &d&2000). In Mexico, a red tide during
2001 forced octopus to move out of the fishing sreausing a revenue loss of over 1 million
USD (FIS Latino 2001). Furthermor®ctopus mimusandings in Chilewvere influenced by
both environmental factors such as ENSO eventaatitopogenic effects such as landslides
and cholera epidemics. The most prominent markate@ factors to impact an octopus
fishery were oversupply and stockpiling. This lea large price drops and strained
international relations between Morocco, the sugopland Japan, its largest importer of
octopus (Wyman & Chiba 2001 a, b). Octopus fislsedaee thus vulnerable to a range of

issues, and fluctuations in both catch and mar&etathd can be expected.

It is important that these risks be taken into aotavhen preparing a business plan for this
type of fishery. The economic constraints that wilive practical implications in the
establishment of an octopus fishery were identifisdollows:

 The vessel type must be chosen according to eceansmability (i.e. wholly

owned vessels only)

» Large capital outlay is required for fishing geadaperations.
Furthermore, the fluctuating nature of the marleis stock might well dictate a mixed quota
fishery to make this a feasible venture. This infation must be identified before the start of
the experimental fishery, so that these limitatioas be incorporated into the experimental
design. It will also direct the requirements foe tilshery, and serve as a guideline to assess
and compare the business plans of applicants. Uisiedss plan submitted by the prospective
fisher will differ from this study, but the finaradianalysis should be similar. A structure of a

proposed business plan for prospective fisherati;med in Appendix 1.
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CHAPTER 8

PHASE 0: STEP 4 - PROPOSED FISHERY MANAGEMENT PLAN AND
EXPERIMENTAL DESIGN FOR THE OCTOPUS POT FISHERY

PROPOSED FISHERY MANAGEMENT PLAN FOR THE OCTOPUS POT
FISHERY

The structure of this Fishery Management Plan (FK6Rpws international trends, and is
based on FMPs of other developing fisheries (An8861 Halmarick 1999) and fisheries

management literature (Cochrane 2002a, b; Die 2002)

DESCRIPTION OF RESOURCE

Octopus vulgarisis a fast-growing, short-lived mobile benthic cedppad species. The
subtidal resource of this species is virtually yleted in South Africa, and is therefore
considered to be a virgin stock. Intertidally, Satesice and recreational fisheries exploit the
resource at a low level. No information is avaiéabh the subtidal abundance of the resource,
but the biology and distribution in intertidal askallow subtidal areas has been well studied
(Smale & Buchan 1981; Smith 1999; Smith & Griffith@02; Oosthuizen & Smale 2003).

GOAL
 To ensure biological, ecological and economic soabde development of the

octopus resource.

MANAGEMENT OBJECTIVES
» Biological objectives
» To establish biological characteristics of the édlstock and to sustain a
viable population for future exploitation.
* Economic objectives
» Economically efficient commercial production, thgbuexperimentation with
fishing gear, vessels and areas.
» Social objectives
0 The sustainable development of an experimentagfisto provide a possible
new commercial opportunity within the fishing secthat could provide

prospect for employment, human resource developamhtransformation.
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» Governance objectives
o0 Management according to the principles of the Psedd\New Fisheries Policy
(Chapter 2):

» Ecological Sustainable Development
* Precautionary Principle
* Responsible fishing
» Scientific integrity.

o Compliance targets achieved and monitored.

o Enforcement of regulatory measures.

EXPERIMENTAL DESIGN FOR THE OCTOPUS POT FISHERY
Duration of experiment
Permits should be allocated for four to five yeargnsure a solid scientific outcome and to

encourage investment and commitment from the patisgefishers.

Number of vessels/permits

The fishing area along the South African coastlwamivided into four regions, namely the
west, southwest, south and southeast coasts (Figlwlo possible operating ports were
identified in each region (Table 1), except on thest coast where the geographical
distribution of O. vulgarisis limited in the north. It is recommended thabtiicences be
issued per port to ensure replication and statilst@ability within an area. This translates to a

total of 14 licences along approximately 1500 knea#istline

Table 1. The number of proposed experimental permits fffeidint regions along the coast.

Coastal region Operating Ports No of
licenses
West Saldanha 2
Southwest Houtbay 2
Kleinmond/Hermanus 2
South Struisbaai 2
Mosselbay/Plettenberg Bay 2
Southeast Port Elizabeth 2
East London 2
Total 7 14
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South Africa

1. Saldanha
2. Cape Town/Houthay

3. Kleinmond/Hermanus

4. Struisbaai

5. Mosselbay/Plettenberghay
6. Port Elizabeth

West 7. East London

Southeast

\ Bank~
~~- Southern

Figure 1. The four regions along the South African coastlvich the proposed experimental

fishery will occur.

Vessel type

The economic feasibility study suggested that ladgekboats would be more profitable than
smaller chukkies with prohibiting deck space. Hoergvmost vessels operating out of
Struisbaai, Kleinmond, Hermanus, Houtbay and S#&ldaare chukkies. Traditional low-
income fishing communities inhabit these areasem@h a small amount of extra income will
result in economic input in the local area. Ithsrefore recommended that licenses be given
to both types of vessels. Using two vessel typesulshnot bias the results from the
experiment, as the CPUE will be assessed accotditige numbers of pots fished.

Gear type

As identified in Chapter 3, fishing gear will costsof pots on longlines. It is important to test
different pot types and sizes in order to deterntin@eeffects on catch rate and mean octopus
weight caught between seasons, areas and depthbidlogy of O. vulgaris suggests that
different sized octopus will be available to thehfry during different seasons on the
southwest and southeast coast of South Africa (8h889; Oosthuizen & Smale 2003). This
is supported by catch data from other experimdisiaéries, which showed that the catch rate
of a particular pot size varied with season (Wetadt al. 1991).
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The following pot types are suggested for use énetkperimental fishery:
» Half-tire pots, plugged at one end
* PVC single, plugged at one end or middle, diam&fesind 15 cm
 PVC double, plugged at one end or middle, diamHdeand 15 cm

* Or variations thereof.

Gear configuration
The economic feasibility study indicated that iclseaper to operate longer-lines with more
pots, than shorter lines with fewer pots. Therefohe suggested gear configuration is as
follows:

* Total line length of approximately 1050 m, with 1ja6ts per line

» Thirty of each pot type on each line

* One of each type, approximately 7 m apart, altetpaiong the line.

EXPERIMENTAL APPROACH TO THE OCTOPUS POT FISHERY
To achieve the information required from this expental fishery, three parallel
experimental approaches are suggested:

* A rigid scientific fishery experiment, comprised of fishing with a specified
number of lines, according to a set paradigm. Wihlisallow for the determination
of:

Potential yield
Distribution

Catch rates

o O O o

Collection of biological information as identified Table 1 in Chapter 2, and
Table 2 in Chapter 3.
* An exploratory approach, where fishers are given the freedom to experiment
with gear configuration, soak times, depths, aetasThis will allow for:
o Optimisation of fishing techniques
o Assessment of octopus distribution beyond experiatemeas.
» Fishery-independent research including tagging experiments to determine
movement and distribution. This will allow for:

o0 The collection of growth, distribution and migratidata.
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1) Experimental fishing (Fishery-dependent research)
Aim
 To determine biomass, distribution and biology bé texploited section of the
population.

* To compare the effect of pot type, area, depthssadon on CPUE and mean mass.

Operation

Six lines (900 pots) should be used exclusively daperimental purposes. All six lines
should be fished simultaneously, but with threedirach at two different depths (e.g. 10 m
and 30 m). Pots should soak for seven days anethieved on the eighth day. This should be
repeated three times per month, weather-permittorgwo years (two seasonal cycles), after
which the data and experimental design should \ieead.

Data collection

Fishery observers should be onboard when experahlemes are set and retrieved. However,
practical implications might limit the number ofpis observed. They should collect CPUE
data and information on area (GPS position), deptitom profile and composition (e.g.
sand, shale in pots) where possible. They shosld @llect biological data on a subsample
(5%, or minimum of 20 individuals) of the catch.iFlshould occur on each vessel in each

area.

Statistical analysis

All data should be tested for normality and equalances and transformed if necessary. The
effect of pot type on CPUE and mean octopus madeaviested by a one-way ANOVA or
nonparametric Kruskal Wallis test, depending on dlaga. CPUE and mass will also be
compared between areas and depth by a two-way ANOBBlogical data should be
analysed using methods described in Smith (1999) @osthuizen and Smale (2003),
including the chi-square test for sex ratios angedr and nonlinear regressions for
morphometric data.
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2) Exploratory fishing (Fishery-dependent research)
This will be conducted in addition to the experitafishing.
Aim
* To allow fishers to use their fishing experiencel &mowledge to explore different
pot types and gear configurations.
* To explore different areas and bottom types.

* To explore processing, value-adding and markets.

Operation

The milestones set in the business plans subnfiftdighers with their applications should be
used to assess the progress of the fishery. Fisherdd adhere to these milestones to ensure
a timely start to both experimental and commeiftshing and compliance with the specified

fishing operations.

A specified maximum number of pots (x 1000) will bsed exclusively for commercial
fishing purposes. Fishers will be prohibited fromplbying commercial lines within one

nautical mile of experimental lines.

Data collection

All fishers should be required to complete a logbemd submit data on a monthly basis.
Information required will include CPUE, area, deptffort, total mass caught, processing,
export and financial data. All information receiveyg the Department will be considered

confidential.

Statistical analysis
This will be similar to that stated for the expeemtal fishery, depending on the data quality.

3) Fishery-independent research
Tagging experiments
Aim
» Toinvestigate the movement and distribution pagefO. vulgaris.

* To investigate growth in the field.
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Operation

License-holders should be required to tag and selegercentage of their catch.

Data collection
All tagged octopus recaptured should be weighedtlasid area of recapture recorded before

being released.

MANAGEMENT STRATEGY

The management strategy for the octopus fishefycathprise input controls based on effort
regulation. The application of standard stock assest models will not be attempted for the
octopus resource at this stage. Information redudwe management by quota is onerous with
the application of traditional predictive modeld being suitable for cephalopod assessment
(Lipinski et al. 1998; Jackson et al. 1997).

Suggested management measures and rationale
The management measures discussed below werefiggritom Chapter 2 and 3 as best
possible options for the octopus fishery. Each lagan and an alternative approach are

described.

Regulation 1:Restrictive licensing

Restriction of the number (14, with | per vesséBxperimental permits issued, together with
restrictions on vessel size (<25m) and engine cip#éc285 hp).

Rationale:Restrictive licensing is a precautionary measarprevent early overexploitation
and overcapacity in the fishing fleet (Caddy 19P@rry et al. 1999). Even when vessel
numbers are stable, it is important to include riggins to limit the growth of fishing
capacity due to increasingly large vessels witlgéwnranges and better fishing technology
(FAO 1995; Pope 2002).

Regulation 2: Gear limitation
Gear will be limited to a specific type, i.e. pftmbaited, with no hooks) on longlines, and

will also be restricted to a maximum number of 2pé0licence.
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Rationale This gear type is highly selective for the targpécies, and there is no bycatch.
The pots simply present a hiding place for octous] any other animals in the pot at the
time of retrieval will be able to escape. The lo$gyear presents negligible effects on the
environment, as no ghost-fishing can occur, pat$viathin two weeks and lines disintegrate
within a few months; indeed, lost gear will enhancepus habitat. This type of fishing gear
fulfils the requirements for ideal fishing gear established by the Code of Conduct for
Responsible Fisheries (FAO 1995)

Regulation 3: Size limit

A minimum size limit of 200g.

Rationale Size limits should be imposed as a precautiomaeasure based on biological
data.O.

vulgarisfemales can store sperm until they are matureQ(2a®00 g), and once spawned are
protected from fishing due to their brooding bebavi Males mature at approximately 190g
in the proposed fishing area (Smith 1999; Oosthu&eSmale 2003), so it is recommended
that a minimum size limit of at least 200 g betse¢nsure male maturation. However, if the
fishery were to expand, size restriction shoulddbtermined on a regional level, since the
climatic conditions along the coast differ (temper®estern and Eastern Cape, and warm
subtropical KwaZulu-Natal) and therefore influergr®wth and size at maturifemale &
Buchan 1981; Oosthuizen & Smale 2003).

Regulation 4:Refugia (area closures)
No fishing will be allowed in existing marine proted areas.

Rationale O. vulgarishas a larval stage that is planktonic for up to twonths. Significant
movement can occur during this period (Roberts & \@Gen Berg in press), ensuring
dispersion of larvae and seeding of other areasa Atosures should be implemented as a
precautionary conservation measure against unagrt@tall 2002). MPAs along the South
African coast include the Tsitsikamma National P#gsloutheast coast) and De Hoop
(southwest coast) plus several smaller reserveagalbhe west and southwest coast.
Historically, few MPAs exited from Tsitsikamma tomla the east, however, the Minister of
Environmental Affairs and Tourism recently declaradre reserves in this area. Existing

MPAs should thus suffice as a closed area managestrategy for the octopus fishery.

173



CHAPTER 8: FMP AND EXPERIMENTAL DESIGN

PERFORMANCE INDICATORS TO MEASURE ACHIEVEMENT OF QECTIVES

Performance indicators and target/limit referencengs for the biological and economic

objectives are given in Table 2. Similar indicatared reference points have been used in

other invertebrate fisheries (Gorfine et al. 2001).

Table 2. Possible biological and economic performance sidics and target/limit reference

points to be used in the octopus pot fishery.

Criteria to be Management Performance *Limit
measured objective indicator reference point
Biological  Sustainability of Productive Annual catch Annual
octopus stocks capacity /CPUE catch/CPUE at
sustained into 70% of first 3
future with low years catch
risk

- Size classes Minimum size

Economic Economic Commercial Fishery profit ~ Fishery profit at
efficiency productionto be « Netincome 70% of first 3
economically per fisher years profit
efficient « Net tonnage
exported
Catching Commercial Commercial N/A
efficiency production to be  catch per unit
economically effort (CPUE)
efficient

*Note: These are suggestions only, and should be anadyskddjusted as the fishery
proceeds.

Biological: A time-series of catch is necessary to achiegebtblogical reference point.
Economic Economic benchmarks must be set according to thatHisher’'s business plan
and the economic projections made by managememingeadc feasibility study). The
economic achievements by the fishery in terms aomne/profitability per fisher and

sales/tonnage exported must be compared to these.
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ADMINISTRATION PROCESS
Code of Conduct agreement
This should be a signed contract agreement betweerDepartment and the prospective
fisher and should include the following:
* Permit conditions
» Code of conduct for experimental fishers stipulatiaquirements such as:
Adherence to experimental design
Accurate collection and reporting of data
Observer assistance
Willingness to attend workshops

Presentation of business plans

o O O O o O

Disciplinary procedures, amongst others.

Notification
Permit-holders will be notified in writing and thugh personal communication regarding any
changes in the management regulations and/or peomditions.

Penalties
Strict penalties will be applied to fishers whaiggress any permit condition or management
regulation. These will range from fines for theslegrious incidents to the loss of permits for

serious offences.

Reviewing and amendment

Situations within fisheries change through time @&nd important for management plans to
accommodate these changes. It is thus necessargview management strategies and
measures periodically, so as to be able to reaanhtbprovide for these changes within the
fishery (Die 2002). Changes in biological stockrothe socio-economic status of the fishery
might occur, necessitating a review of the managerp&an. The management plan itself
should provide guidance on the review process atrdtegy, and should include
recommendations on large reviews as well as srhalhges such as urgently needed short-

term measures (Die 2002).
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Monitoring and compliance
This will be enforced by MCM and should be thorowgid comprehensive, but flexible.
Control measures to be implemented before, dunmbadter the fishing operation are listed
below (Bergh & Davies 2002).
Before fishing:
* Departure sites limited to specified harbours only.
» Vessel inspections to ensure compliance with réguls e.g. vessel size, engine
power, gear type and number.
While fishing:
* Logbooks to be filled in, with strict penalties erded for incomplete data or late
submission.
* Observer programmes to be used for implementingraorus monitoring and data
collection.
* Vessel Monitoring Systems to track the real-timeveroent of vessels, in order to
prevent fishing in restricted areas and to valideported data on fishing areas.
During landing:
» Landing sites limited to specified harbours only.

* Vessel inspections to collect logbook data and toowcatch composition and mass.
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MANAGEMENT CONSIDERATIONS FOR OTHER OCTOPUS EXPLAATION IN
SOUTH AFRICA
Recreational fisheries:Octopus vulgaris, O. cyanea, A. schultzei

Recreational fishers may collect octopus for corgion or bait, as per Department (MCM)
recreational bag limits. Since it is illegal tolgelcreational catches, no octopus sales should

result from this sector.

Subsistence / small-scale commercial fisherie®ctopus vulgaris, O. cyanea, Afrodoctopus.
schultzei

Subsistence fishers operate in the intertidal ardy. Subsistence fishers should be allowed
to collect daily bag limits for own use, but not feale. However, a number of small-scale
commercial permits could be allocated to coastahroanities. Catches could be sold to
individuals, restaurants, fish shops and procesfactpries. Management options for the
exploitation of octopus by this sector were ideatifoy Cockcroft et al. (2002). They include
effort control, closed areas, bag limits and harfiseing method restrictions. Furthermore,
recording catches are important in monitoring \aliy within these fisheries. The
development and management of the subsistencasstiould follow the recommendations
made by Harris et al. (2002). In addition, commymtucation in terms of basic biology,
ecology and conservation is essential in creatusjodianship over the resource. This was
also identified as a key factor necessary in coniesnnvolved in co-management in South
Africa (Hauck & Sowman 2001)

Commercial bycatch: Octopus magnificus

Closer monitoring and assessmentfmagnificusbycatch is needed, as no programme is
currently in place to collect distribution and datdata for this species. The Department
should institute enforced bycatch reporting on bgéwo-referenced catch data and regular
biological collection through observers. This imf@tion is essential and could indicate

whether a directed fishery would be plausible. Triteraction with crustacean fisheries is

known but the direct economic impact cannot be rdateed. Exploitation of these stocks

could possibly benefit both crustacean and octdiphsries (Boyle 1997).
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SYNTHESIS

The work presented here is a theoretical approachnt experimental fishery and FMP
design. It provides a basis for the implementatidrthe fishery; however, the practical
realisation of such implementation will have finegcinstitutional and time costs that were
not accounted for here. Nevertheless, this studgsdoutline important factors to be
considered in the development and management obdtopus fishery, as well as octopus
exploitation in general, in South Africa. Furthemmpit should be subject to scrutiny from

both management (MCM) and stakeholder bodies.
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CHAPTER 9

SYNTHESIS AND RECOMMENDATION

DEVELOPMENT OF NEW FISHERIES IN SOUTH AFRICA - THE WAY
FORWARD

A new policy was formulated in this study for tharsdardised and sustainable development
of new fisheries in South Africa. A holistic appobato the development and management of
a new fishery was presented. The policy providesteg-by-step operational protocol for
fisheries development based on principles of prgmau responsible fishing and
sustainability (FAO 1995, 1996). Implementatiortlué protocol was demonstrated using the
octopus fishery as a case study and aspects sublasas biology, population structures,
economic assessment, experimental design and maeagemeasures were included.
Furthermore, this study provided essential basefifmation required before the octopus
fishery could proceed. The development framework designed to be versatile and can be

applied to any type of fishery development in SoAffifica.

Recently advocated precautionary approaches toerfesh management instilled the
importance of conservation of stocks to ensureréutise (FAO 1995; Caddy 1999, 2000).
Nevertheless, even with the best of intentions, yndeveloping fisheries still follow the
boom and bust route. For example, the orange rotighgry off Namibia collapsed (within
six years of implementation) despite the early gedtton of controlled fishery development,
stakeholder input and support, a precautionaryngfiee approach, risk analysis and novel
management ideas (Boyer et al. 2001). This expegienfishery development highlights the
importance of gaining enough biological knowledge anposing a precautionary approach
in implementing a new fishery. The policy and pomiodeveloped here should become a
standardized management tool, not only in SouthicAfrbut could be used by fishery
managers throughout Africa. Many countries, paldidy in Africa, lack capacity in the

fisheries management sector and can benefit frarin gredefined management tools.

The need for change in fisheries management, Hotvally and in South Africa, has paved
the way for implementing new sustainable fishinggtices. Institutional structures now need
to be put into place to achieve this. By adoptimg ogperational protocol and providing
resources for practical implementation, Marine afbastal Management (Dept.
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Environmental Affairs and Tourism, South Africa)ositd realise the goal of sustainable
development of marine resources. In order to réaokiernment objectives of long-term,
socio—economic benefits through sustainable utibmaof marine resources, policy on
experimental fishing needs to be steadfast. Goventmust also commit to human resource
development, through skills transfer and capaciiding, before the commercial fishery
commences. These efforts must, however, be apaliatl levels of the South African fishery
sector, from large industrial fishing companiesstsistence fishers, if Government is to

demonstrate a commitment to co-management of megsairces.
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APPENDIX 1: BUSINESS PLAN OUTLAY FOR PROSPECTIVE FI SHERS

BUSINESS PLAN

The business plan examines the environmental ambedc implications of undertaking the
proposed fishing venture. It should confirm that fhroposal has commercial potential and
that the applicant is in a position to undertake ¥lnture. It must detail how the applicant
intends to go about the business of developindishery resources in question. The greater
the detail provided by the applicant, the moreatitely the proposal can be assessed and the
more easily the risks can be assessed. The buspi@ssshould include the following

information:

e Summary: This should be a synopsis of the contents ofpla® and reiterate the
main points of the proposal.

» Operational Plan: This should provide a description of the ventuneJuding the
physical or equipment requirements and additiongdpert structures needed. It
should include detail on:

o Estimated annual catch, including details of hoesthestimates were made.
o Proposed initial harvesting strategy, includingoinfiation on fishing gear and
equipment.

Quiality control and food safety measures

Output markets, including potential processing distribution

Proposed landing ports and reasons for using them

o O O O

Proposed area of operation defined by latitudes landitudes or other

parameters (e.g. depth.)

* Environmental impact: Applicants should specify the potential impatany, of the
fishing venture on the environment, e.g. the seafleeefs and water quality. Impacts
and mitigating measures should be described amndisgnce of impacts noted.

* Benefits to State or community Direct employments benefits and flow-on, better

utilization of resource, increased exports etc.




* Market research and analysis The objective of market research is to estalilisi a
market exists for the proposed venture. It shoanldude a summary of Strengths,
Weaknesses, Opportunities and Threats (SWOT) daalf/the markets.

o Locality of markets: local and/or international

o Distribution methods: it should include assumptionsich support market
projections

o Sales forecast: This must indicate the projectdessand revenue expected
over the first three to five years.

* Milestones: Realistic milestones should be included in the plarey will allow for
objective assessment of the monitoring of the wentiMilestones should include
major events and a time schedule for them: e.ghadiile for purchasing and setting
up gear, commencement of fishing, reaching a taegadl of revenue. Applicants
must realise that they will be judged against thedlestones, and performance will

influence the continuation of their permits.

* Risk analysis: This should include the identified risks, occurrenikely-hood,
impact and contingency plans. Risk factors carustelthe collapse of the stock, bad
weather, market failures and a bad fishing season.

* Financial documentation: Financial statements for the new venture are ptiojes
based on operating and market assumptions. It dhciude the following:
o Start-up projections,
Profit and loss statement
Cash flow.

Balance sheet

o O O o

Break-even analysis




APPENDIX 2: GUIDELINES TO ASSESSMENT PROCEDURES IN NEW
FISHERIES

ASSESSMENT TOOLS
These guidelines are based on assessment procedecs Western Australian developing
fisheries (Halmarick 1999). These do not form anmlisputable/obligatory basis for
assessment but can be used as tools to assise idethision making process and (where
relevant) can be adapted to suit local needs. Atmyistem could be developed where each
section and accompanying details can be rated oimpartance scale, ensuring equality
within assessments.
» Overall application package
o Completeness in terms of
» Fees, forms and business plan.
o Extent of completeness.
= Extensive, satisfactory, unsatisfactory.
All anticipated/potential effects listed below wile assessed in terms of pros and cons
over short and longer terms, to determine the ffette
» Anticipated/potential biological effects
o Potential impact on target stocks, related stookisheabitats.
* Anticipated/potential economic effects
o Anticipated financial profile.
= Extent of growth, market factors, dependence dfifgsron stock status.
o Potential development impact.
= Within local region, provincial, national level.
o Feasibility of business plan.
= Complexity, ease of administration, likelihood atsess.
* Anticipated/potential political and social effects
o0 Extent of interaction or impact on other fisherieslustries and stakeholders
* Anticipated/potential administrative / regulatory effects
0 Administrative requirements
= Start-up, intra-annual and annual needs
o0 Monitoring requirements

= Compliance needs (minimal or intensive)




= Enforcement needs (occasional or ongoing)

Further issues, which could be included:
» Commitment of the fisher to the development process
* Commitment and willingness to transform, includikigowledge and skills transfer

and capacity building (with commencement of the cwrcial fishery).




APPENDIX 3: AGE ASSESSMENT IN O. VULGARIS
Table A. The increment counts, mass, sex and maturity $tag=chO. vulgarisspecimen.

e=eggs, i=immature, j=juvenile, m=mature, m1-m3=umag, s=spent, U=upper beak, L=

lower beak.
Specimen
number Counts Mean SD ™ Sex Maturity
Intertidal Juvenile/immature
144 133 139 143 138.3 5.0 120 f i
134(V) 115 110 115 113.3 2.9 292 f i
(L) 115 115 115 115.0 0.0
136 189 200 190 193.0 6.1 223 f i
189 110 99 103 104.0 5.6 245 f i
59 120 110 110 113.3 5.8 1150 f i
21 98 93 103 98.0 5.0 839 f i
116 102 106 103 103.7 2.1 501 f i
1 71 85 80 78.7 7.1 355 f i
27 93 93 92 92.7 0.6 422 f i
45 79 ed 79 78.3 1.2 457 f i
17 120 124 129 124.3 45 566 f i
286 74 81 77 77.3 3.5 72.04 f j
140 125 117 117 119.7 4.6 142 f i
150 104 110 105 106.3 3.2 169 f i
129(V) 115 119 113 115.7 3.1 154 f i
(L) 108 119 113 113.3 55
132 76 74 66 72.0 5.3 132 f i
156(V) 119 135 129 127.7 8.1 145 f i
(L) 120 129 123 124.0 4.6
158 116 118 115 116.3 15 156 f i
159 110 111 110 110.3 0.6 224 f i
120 100 110 103 104.3 5.1 167 f j
121 90 90 91 90.3 0.6 164 f i
126 66 69 67 67.3 15 167 f i
2 94 99 95 96.0 2.6 103 f i
122 70 77 69 72.0 4.4 195 m [
124 70 66 68 68.0 2.0 176 m [
125 52 61 58 57.0 4.6 113 m [
139 100 105 107 104.0 3.6 127 m ]
142 67 75 82 74.7 7.5 18 m i
190 75 73 76 74.7 1.5 111 m j
Intertidal Maturing
163 150 150 150 150.0 0.0 967 f m3
172 245 240 238 241.0 3.6 1320 f m3
174 175 170 168 171.0 3.6 1430 f m3
175 150 152 154 152.0 2.0 1003 f ml
180 170 158 173 167.0 7.9 2620 f ml
182 180 189 180 183.0 5.2 952 f m2
183 135 133 138 135.3 2.5 1110 f m2
194 136 149 134 139.7 8.1 830 f ml
199 350 355 350 351.7 2.9 1410 f m2
197 165 165 169 166.3 2.3 1800 f ml
196 195 199 214 202.7 10.0 1710 f m2




127 75 83 83 80.3 4.6 192 m m
3 103 103 102 102.7 0.6 293 m m
58 99 90 95 94.7 4.5 468 m m
66 102 111 112 108.3 55 221 m m
26 75 79 76 76.7 2.1 664 m m
53 116 106 116 112.7 5.8 934 m m
181 160 165 155 160.0 5.0 1440 m m
195 195 199 214 202.7 10.0 1580 m m
Subtidal Mature
191(V) 208 189 199 198.7 9.5 629 f ml
(L) 203 204 203 203.3 0.6
203 350 340 344 344.7 5.0 896 f S
210 190 185 189 188.0 2.6 1660 f m
212 155 145 150 150.0 5.0 1340 f m
213 207 197 210 204.7 6.8 1600 f m
216 268 260 273 267.0 6.6 2320 f e
218 250 240 245 245.0 5.0 2790 f m
205(V) 159 155 159 157.7 2.3 1549.7 f e
(L) 166 166 163 165.0 1.7
8 165 166 173 168.0 4.4 1660 f m
185 197 190 193 193.3 35 1380 m m
76 100 110 105 105.0 5.0 434 m m
280 116 128 126 123.3 6.4 178.09 m m




APPENDIX 4: MARKET RELATED INFORMATION ON OCTOPUS T RADING.

Table B. Prospective fishers and companies interviewegleleically, the import, export or
local supply of octopus is indicated.

Category Deal in Octopus Import Export Local Location
Prospective Fisher  Will export directly PE
Prospective Fisher  Will sell to exporter
Prospective Fisher  Will export directly

Struisbaai
Plettenberg Bay

Producer/Export Co Very little n n y  Plettenberg Bay
Import/Export Co Yes y y n Cape Town
Import/Export Co Yes y y y Cape Town

Producer/Import Co Yes - y n Cape Town

Wholesaler No - - - Cape Town

Producer/Import Co No Reply - - - Cape Town
Import/Export Co Yes n y n Cape Town

Producer/Import Co No Reply - - - Cape Town
Import/Export Co Yes y y y Cape Town

Retailer Yes n y Cape Town
Wholesale/Import Co Used to n y Pretoria




APPENDICES 5-8: Detailed costing of fishing operationsThese are available from the

author, on request.

APPENDIX 5:
Option 1a. FCO, deckboat and gear purchased at beginninglodry, Fishing operation 1
1b. UEV, pre-owned deckboat used, gear purchasedgatriorg of fishery, Fishing

operation 1.

APPENDIX 6:

Option 2a. FCO, chukkie and gear purchased at beginningsbéfy, Fishing operation 1.
b. UEV, pre-owned chukkie used, gear purchased anbieg of fishery, Fishing

operation 1.

APPENDIX 7:

Option 3a. FCO, deckboat and gear purchased at beginnirighariy, Fishing operation 2.
b. UEV, pre-owned deckboat used, gear purchasedgmrbeg of fishery, Fishing

operation 2.

APPENDIX 8:

Option 4a. FCO, chukkie and gear purchased at beginningsbé&fiy, Fishing operation 2.
b. UEC, pre-owned chukkie used, gear purchased ahtiag of fishery, Fishing

operation 2.




APPENDICES 9-12: Cash flow statements for the firstwo years and a break-even

analysis of the most feasible scenarioshese are available from the author, on request.

APPENDIX 9:
Option 3a. FCO, deckboat and gear purchased at beginninghariy, Fishing operation 2.

APPENDIX 10:
Option 3b. UEV, pre-owned deckboat used, gear purchaseégaiing of fishery, Fishing
operation 2.

APPENDIX 11.:
Option 4a. FCO, chukkie and gear purchased at beginningsbéfy, Fishing operation 2.

APPENDIX 11a:
Option 4a. Limited deckspace, FCO, chukkie and gear purchasdzbginning of fishery,
Fishing operation 2.

APPENDIX 12:
Option 4b. UEC, pre-owned chukkie used, gear purchased atiag of fishery, Fishing

operation 2.

APPENDIX 12a:
Option 4b. Limited deckspacd)EC, pre-owned chukkie used, gear purchased ahhiegj

of fishery, Fishing operation 2.




