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ABSTRACT

Marine Protected Areas (MPASs), the Ecosystem Apgrda Fisheries management
(EAF) and Integrated Coastal Management (ICM) hlasen identified as possible
alternatives to traditional linefish management soees, which have largely failed.
Monitoring and assessment of fish communities tomg-term basis is necessary, and
will provide a means to evaluate the effectivenessuch management measures.
Therefore, standardised protocols and optimal sagpinethods for long-term

monitoring (LTM) and assessment of coastal fish momities are essential.

This study aimed to identify suitable methods ardetbp a protocol for assessment

of inshore reef fish communities.

A suitable location for evaluation of proposed noelh was identified in the warm
temperate biogeographical region of South Africezcenpassing the well-established
Tsitsikamma Coastal National Park MPA and an adjacexploited area.
Chrysoblephus laticepgoman) was identified as an indicator speciegHerstudy, as

it has been well-studied and is well representetierarea.

Underwater visual census (UVC) and controlled fighivere identified as suitable
methods. UVC transects were found to be superiopdimt counts, in terms of
sampling efficiency, variability, bias and requirggimple size. An effort of two angler
hours per fishing station was shown to provide lkeatch variability, while at the
same time a representative catch and low overatlawd required time. The methods
were incorporated in a proposed sampling protaowd, evaluated. The methods were

able to detect known differences between proteatet exploited communities. It is



recommended that LTM within protected areas, faeden of natural change, be
focused on community-level indicators, while LTM exploited areas, aimed at

detection of anthropogenic change, be focused eaeaplevel indicators.

The proposed protocol with standardised methodsalldw for comparisons across a
network of LTM sites and provide the opportunity obroad-scale assessment of the

effects of environmental variables on reef fiskck#o

The protocol developed in this study has applicatioother biogeographical regions
in South Africa, and other parts of the world. $hif the focus of much marine
research, in South Africa and elsewhere, to LTMghhghts the relevance and

timeous nature of this study.
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Chapter 1

General Introduction

1.1 Fish stocks and fisheries management

Increases in human population size, dependency @rinen resources and
technological advancements in fishing gear havelltex$ in steady increases in
fishing pressure over the last century. Consequeati estimated 52% of world fish
stocks are fully exploited and 25% overexploiteddepleted (FAO 2006). As world
population and the demand for marine resource®aser, the problems of declining

fish stocks are only going to worsen (Caddy andfi@rs 1995).

In South Africa, increases in fishing effort aneéfiicient regulations have resulted in
a steady decline in fish stocks (Saeéeral 2003) and the collapse of most linefish
stocks (many of which are reef-associated), wite tommercial extinction of
Polysteganus undulosifseventyfour). Analysis of catch-per-unit-effo@RUE) data
from the linefishery showed that catches are lhas t10% of those reported at the
beginning of the twentieth centu(riffiths 2000), and in 2000, the linefishery was
declared to be in a state of crisis (Saeteal. 2003).

Fishing can affect biomass (Buxton and Smale 198@gk size structure (Roberts
and Polunin 1991, Buxton 1993a), growth rate (Box1®87, Russ 1991), genetic
diversity and population dynamics, at the speceal| and community structure,
species composition and biotic diversity at thesgstem level (Buxton and Smale
1989, Burger 1990). Buxton (1993c) suggests hangsif such species is analogous
to harvesting capital (standing stock), as oppoedharvesting interest (surplus
production) as in many of the pelagic fisheriese Efffect is greatest on reef species,
because of late attainment of sexual maturity, fomatural mortality and greater
longevity (Buxton 1993a). As a consequence, theyafected by lower levels of
fishing effort, are less resilient to such impagatl aecovery is slower than in species
with more r-selected life histories (Russ 1991)miReal of larger, more predatory
species is likely to affect biological interactipnsuch as predator-prey and
competition interactions and may allow entry of Hera less valuable species
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(Hoggarthet al. 2006), referred to as “fishing down the food dhgiPauly et al
1998). Although the effects of fishing on fish etave been well documented (e.g.
Russ 1991, Smitbt al. 1991, Buxton 1993a, 1993c, Caddy and Griffith835,9 evin
and Grimes 2002), monitoring of population dynamigsessential to provide an
understanding of the magnitude and implicationthese effects (Buxton 1993b).

Conventional management strategies, such as ckeseibns, daily bag and minimum
size limits, are “not practical to enforce” (Attwdb@and Bennett 1994) and, as a result,
have failed to sustain many reef-associated figkeswath 2005). This failure of
traditional management measures has brought aldmutneed for the use of
complementary management measures in conjunctitm twaditional bag and size
limits, and the need to manage marine resourcas 0 ecosystem perspective
(Cochraneet al 2004). Having realised that there may be few leiaddternatives
fisheries managers in numerous countries have dumenarine protected areas and
Ecosystem Based Management (EBM) for managementpeotdction of reef fish
stocks (Roberts and Polunin 1991, DeMartini 199 feyet al 1999, Russ 2002).

Marine protected areas (MPAs) have been advocatediimerous fisheries biologists
(inter alia Buxton 1993a, Attwood and Bennett 1995, Robert881%elleret al
2003, Hilbornet al 2004, Manret al 2006) as a complementary tool to traditional
management measures, and an important tool fqortitection of coastal and marine
resources, particularly invertebrates and reefcataal linefish species (Britat al
2001). MPAs can provide control or reference aregsinst which exploited areas
may be compared to assess the impacts of fishingratection on population
parameters (Griffiths and Wilke 2002, Hilboehal 2004). The numerous biological
benefits of MPAs may include decreased fishing adibyt (Russ 1991), facilitation of
recovery of depleted stocks (Begatral 2003), enhancement of stocks within the
MPA through direct protection (Bennett and Attwat@B1, Millar and Willis 1999),
spillover of adults to adjacent fished areas (Bénaed Attwood 1991, Zelleet al
2003), seeding of recruits into adjacent fishettiesugh larval dispersal (Tilney 1993,
Tilney et al 1996), increased biomass and size structure witie reserve (Buxton
1987, Buxton and Smale 1989, Russ 1991, RobertsPahchin 1991, Williset al
2000), increased reproductive capacity, insuragegnat recruitment or management

failure, prevention of bycatch and high-grading gmdtection of habitat (Gell and
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Roberts 2003). MPAs should not, however, be seeffaapanacea for fisheries
management problems”, but rather as a complememtargiternative measure to
traditional management tools, to be used as “oeme@ht in a broader package of
measures” (Hilbornet al 2004). Even after the establishment of an MPA,
conventional management measures should remailade i the adjacent exploited
areas (Russ 2002). This is particularly importantsituations where fishing effort

becomes concentrated at the edges of the MPA.

Integrated Coastal Management (ICM) has also bdencated as a complementary
measure to traditional fisheries management. ICMes to maximise social and
economic benefits, while focusing on optimal, rathban maximum, resource
utilisation (Smith 2005), through local knowledgedastakeholder participation in
decision-making. This is particularly important the management of fisheries where
resource use takes place at all socio-economitsiéve. subsistence, recreational and
commercial levels). In highly urbanised areas, IGhMay be complemented by
implementation of smaller-scale subsidiary managenpéans, which may include
codes of conduct for resource users and zonati@meafs for different resource uses.
For example, in Plettenberg Bay, South Africa, tevelopment of such a Bay
Management Plan (BMP) has been initiated, througlfalmoration with provincial
and local government, local non-governmental comdeEm organisations, resource
users and stakeholders from all socio-economicldevi® ultimately strive for

sustainable resource use, with optimal social @ed@mic benefits (Smith 2005).

The World Summit on Sustainable Development (WS8&W in Johannesburg in
2002 encouraged the ecosystem approach to fishmeaaagement to be implemented
by 2010 (Turrell 2004). The Ecosystem Approach ighé&ries (EAF) is a form of

fisheries governance framework, drawing from comeeal fisheries management
and EBM principles (FAO 2003, Garciet al. 2003). The basis of EAF is the
management of fishery resources with specific gdalgallow for the sustainable use
of resources and meet the needs of the users, wiaiataining the ecosystem
complexity, interactions and processes necessary ctinservation of proper

ecosystem functioning (Garciat al 2003). In South Africa, a dedicated EAF
Working Group oversees EAF progress and relategsséShannoat al 2006). Most

research programmes in South Africa have been abedwn a short-term basis, and
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such data cannot answer long-term ecological quest{Biggset al. 1999). Long-
Term Ecological Research (LTER) sites have theegi@en promoted to improve our
understanding of ecosystem function and strengtbealogical early warning
capabilities (van Jaarsveld and Biggs 2000).

MPAs, ICM and EAF can, therefore, provide possibtdutions to the failure of
conventional fisheries management. However, the@ mneed for an assessment tool
for collection and assessment of fishery-independata, to be used in conjunction
with, and to assess the effectiveness of, such gemment measures. Effective
management requires baseline information on importeshery species, which
requires, among other information, accurate esémaft population abundance and
natural temporal variability (Zeller and Russ 2008pwever, collection of data for
such assessments can be complicated, expensiv&tandaborious (Die 1997). This

is especially apparent in the South African linedisy.

1.2 Fishery assessments and monitoring

The complexity and multispecies nature of the Sdftican linefishery makes data
collection difficult and expensive. Management tlglo conventional management
measures and assessment through standard singlesspproduction models,
respectively, are therefore not suitable. Inforomaton the life-histories of many
South African linefish species was not availabléluacently, and for many species
is still unavailable (Saueat al. 2003). A major problem with multispecies fisherie
that of bycatch of non-target species (Caddy anch€zme 2001) or species for which
fishers or vessels hold no rights, which may caouigtia large proportion of the total
catch. A considerable volume of this bycatch, saiehich may be of commercial
value, is therefore not recorded or discarded a& 6&ttwood et al 1997).
Furthermore, the linefishery is characterised Ibygh number of users, including full-
time commercial components and shore-based, estuand boat-based recreational
components, making enforcement, management arettioh of catch and effort data
difficult (Saueret al. 1997). The high number of access points and & wpkrational

range of the fisheries further complicate theskstéSaueet al 2003).
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While it is widely understood that fishing has deteus effects on fish stocks, there
is often little data available on the pre-explodatlevels of most stocks (Baum and
Myers 2004). Assessment of fish stocks relativpristine levels requires knowledge
of the stocks in their unexploited state. In theeatze of this data, management must
be based on stock levels that are not pristine naaygtherefore be misleading (Myers
and Worm 2003). This has become known as the ‘ngsbaseline’ problem. The
magnitude of the problem increases as stocks bechmtber depleted, and
management is based on ever-decreasing estimagtteievels, referred to as the
‘shifting baseline syndrome’ (Pauly 1995, Baum amgers 2004). One of the main
arguments for MPAs is that they provide a pristwoatrol, against which exploited
areas can be compared (Attwoed al 1997, Gell and Roberts 2003). However,
without pre-exploitation catch and effodata, the level of catch that constitutes
pristine remains unknown (Bekt al 1987). Furthermore, in South Africa, the
establishment of reserves has often been deternfipgublitical or social pressures
rather than scientific knowledge of ecosystem dyinarar biological requirements of
target species. Therefore, there is often insefficmonitoring of populations in the
area before closure, providing little ‘before closudata for comparison with ‘after

closure’ data, for the assessment of reserve aféarss (Millar and Willis 1999).

Fishery-independent assessment of stocks in teteparaas is complicated by the
nature of the environment. Rough seas limit the memof sea-going days, and strong
surge, wave action and poor visibility make undeewaisual census (UVC) difficult
(Mannet al 2006). Low visibility also limits the size of théVC census area (Mann
1992). Temperature fluctuations and habitat hetmredy make it difficult to
standardise conditions across samples from diffeaemas or times, increasing the
likelihood of confounding factors when comparinguis (Mann 1992). In contrast,
conditions in tropical areas are less adverse andhble, simplifying data collection,
particularly UVC, and allowing more time in thelg€Ebeling and Hixon 1991).

Fishery assessments are further complicated bynthmerous sources of natural
variability. Annual variability in recruitment, spa&ing migration patterns and
mortality, and variability in abundance associateth density-dependent population
growth result in high levels of true population feral variability (Sale and Douglas
1984, Ault and Johnson 1998, Cowley and Gotz 208tch variability may be



Chapter 1 — General Introduction

reflected in estimates of stock abundance takem skert periods. Therefore, to

account for these problems, it is important thatlst are monitored over suitably
long periods (Cowley and G6tz 2007). This has retasd a move towards the use
of long-term monitoring, for the assessment of 8stcks and detection of changes in

abundance over time.

Long-term monitoring (LTM) programmes are essent@ marine conservation
planning and implementation (McKenna and Allen 20@ne of the main aims of
LTM is the conservation of biodiversity. Instabjlitaused by the loss of one or a few
species may result in the loss of further spedegyven the collapse of an ecosystem
(Bond 1989). Changes in measured variables thatatedor reflect possible species
extinction may be identified through LTM, so thamedial action can be taken in
time, to prevent further change (Underwood 199T)MLcan also be used to assess
the effectiveness of management measures setde lset al. 2000). Attwoodet

al. (1997) suggested that LTM is an essential paM®A management and should be
included in the management plan of all MPAs.

Extractive resource use, such as fishing, baiecttbn and shellfish harvesting, is
one of the greatest anthropogenic impacts on tlastab marine environment. In
addition, coastal construction, coastal mining,stalaindustry, introduction of exotic
species (Lombarcet al 2004), tourism and recreation, coastal shippitignate
change and associated changes in sea temperdwasgdrdet al 1990) are further
factors that affect the marine environment andirgadly, fish resources (Caddy and
Griffiths 1995). LTM of the inshore marine enviroam, its key communities and the
effects of anthropogenic and environmental factbes influence these communities
is, therefore, essential to ensure the persistandeconservation of these resources,

without complete prevention of extractive resourse.

Evidence of the effects of climate change on fisehas been well documented (e.g.
Tian et al. 2006, Herrick et al 2007), further highlighting the need for LTM
(Goodwin 2007). LTM can provide an understandindhoiv climate change affects
ecosystems and fisheries, and can provide managewtbran early warning system
for possible population decline (Goodwin 2007).n@te change is expected to affect

abundance, location, migratory patterns and proaiuatf fish stocks (Castro-Ortiz
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and Lluch-Belda 2007, Hannesson 2007), and willehaaplications for species
whose life cycles are associated with estuaries, tduexpected changes in rainfall,
salinities and temperatures (Meyneeital 2006). Different ecosystems and fisheries
will respond differently to climate change, suggestthat LTM is necessary in

different ecosystems and biogeographical regiotengvik and Sundby 2007).

The South African Government has recognised theevahd need for LTM. This has
resulted in the establishment of the South Afridanvironmental Observation
Network' (SAEON). The Elwandle Node of SAEON, established2006, will
witness the establishment of a network of coastéiIsites across the country, which
will require a standardised protocol for LTM andgessment of coastal fish resources,

to allow comparison across monitoring sites.

The problems in the South African linefishery, tineed for LTM and the
development of a network of LTM sites (SAEON) hight the need for the
development of a sampling protocol for LTM and asseent of reef fish
communities, incorporating standardised methodsfloaw for comparisons between
monitoring sites, and with other studies and prognes of a similar nature
(Sutherland 1996b, ICES 2006).

1.3 Aims and objectives

The overall aim of this study was to identify theshsuitable methods and develop a
sampling protocol to be used as a tool for momgprnd assessment of inshore reef
fish community structure. This was achieved by adsing the following objectives:
1. reviewing available methods and selecting thoséall@ for assessing reef
fish communities,
2. identifying an area suitable for assessment otssflemethods,
3. selecting optimal techniques, through practical eatson and statistical
comparison of UVC and CPUE techniques,
4. developing a proposed sampling protocol, and

5. evaluating the proposed protocol.

! http://www.saeon.ac.za
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It must be noted that this thesis concentratesammpke design, and the results are
examined with a view to the suitability of diffetemethods and evaluation of the

protocol. The layout of the thesis and focus oheatapter are given in Figure 1.1.

Chapter 1 Problem identification and highlighting of th¢
need for a standardised protocol for LTM

A4

A 4

Chapter 2 Review of fishery assessments methods and
identification of suitable methods

\ 4

Chapter 3 Identification of criteria for suitable study arga
and description of chosen sites

A 4

Chapter 4 Appraisal and field-testing of available
methods
A 4
Chapter 5 Development of sampling protocol,

incorporating methods defined in Chapter 4

A 4

Chapter 6 Implementation and evaluation of proposedql |
protocol
\ 4
Chapter 7 Discussion on development, effectiveness gnd

applications of proposed sampling protoco

Figure 1.1 Flow diagram of thesis layout and the steps weolin the development

of the sampling protocol for LTM and assessmenteef fish stocks. Each chapter
was based on results from the previous chaptdi® dotted arrow between Chapters
6 and 5 represents a feedback loop, through whislsiple changes in the proposed

sampling protocol can be made.
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Chapter 1 (General Introduction) outlines the statfifish stocks and problems with
fisheries, and fisheries management, in South Afrin this chapter, the difficulties
associated with multispecies and temperate reelsasgents are discussed. The lack
of a standardised sampling methodology and the feeddTM and development of a

suitable assessment tool are highlighted.

Chapter 2 (Review of Reef Fish Monitoring Methogs)vides a review of available
methods for monitoring reef fish communities, amtdsses the associated problems.

Chapter 3 (Study Area) outlines the criteria reegiifor a suitable study area and

includes a description of the two chosen sites.

Chapter 4 (Comparison of Underwater Visual Censod &ontrolled Fishing
Methods) provides an appraisal of available UVC &skling methods for sampling
temperate reef fish communities. Suitable methodsevthen chosen, tested in the

field and compared statistically.

Chapter 5 (Development of a Sampling Protocol) iipotates the most suitable
methods identified in Chapter 4, in the developnadra proposed sampling protocol.
The design process includes the determination ef shmpling approach and
methodology components, and defines the spatialt@mgoral scales of distribution

of sampling effort.

Chapter 6 (Implementation and Evaluation of Progd2etocol) includes a report on
the implementation and results of the protocol, andritical assessment of the

methodology.

Finally, Chapter 7 (General Discussion) discusheseffectiveness and suitability of
the sampling protocol, as well as the applicatiohthe protocol outside of the study

objectives. Recommendations for further researelabso provided.
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Chapter 2

Review of Reef Fish Monitoring Methods

Numerous methods are available for monitoring ismmunities. It is important that
the methods selected are appropriate to meet tleetoles of, and provide the data
required for, a LTM programme. Such data commontjude density or abundance,
size structure and species composition. Methodst evide the lowest possible
sampling variability, and be standardised to alloemparisons among different
studies, monitoring programmes or monitoring arefss required a review of
available methods, to identify those appropriate forM. Furthermore, for

monitoring and assessment of fish communities teefbective there are numerous
associated problems that must be identified andcowee. The aim of this chapter
was to review the suitability of available methdds and problems associated with,

reef fish monitoring and assessment.
2.1 Methods for monitoring fish communities

There are numerous methods used for assessingtdhes f fish stocks and
determining the effects of fishing on fish resostddowever, methods selected must
be suitable to answer specific questions and nieebbjectives of each study. It is
important to identify suitable methodspriori, as changing sampling methods after a
monitoring programme has been established nedagegassibility of comparison of
results from before and after the change (Sutherl®96b, ICES 2006).

Data for fisheries assessments can be collected fhe fishery (fishery-dependent
data) or through controlled research surveys (fisielependent data) (Samoilys and
Gribble 1997).

2.1.1 Fishery-dependent data

Fishery-dependent data can be collected by therfistand are therefore cheap and
can be collected for a long time-series (Peneewl 1999). Such surveys provide

information on catch, effort, gear types, fishingttprns and location of fishing

grounds, which are important for understandingitheacts of fishing on the stocks

10
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(Die 1997). Commercial fishery data can be obtaiinech commercial catch records
(Crawford and Crous 1982, Pennelyal 1999) or trawl surveys (Griffiths 2000).
However, such fishery-dependent data are limitetintes and areas where the fleet
fishes and effort is concentrated on specific §isbups (Pennegt al 1999) and areas
of higher density (Saville 1977), and are, thereftikely to be inaccurate (Die 1997).
Furthermore, catch data are based on that recdmgiethe industry and may be
inaccurate or untrustworthy (Die 1997). Recreafidisbery data can be collected
through roving creel surveys (Brouwetr al 1997, Cowleyet al. 2002), access point
surveys (Brouwer and Buxton 2002) and daily catards (Hanekonet al 1997,
Penneyet al. 1999). Roving creel surveys are suitable foremibn of shore-based
catch and effort data, but rely on reports of imdlial anglers (Brouweet al 1997).
Access point surveys, suitable for assessmentibbakcatches, are inexpensive and
allow measuring and accurate species identificatioat provide no record of
discarded catch (Brouwer and Buxton 2002). Catclscare inexpensive and can
provide large datasets, but are often inadequatefypleted and the accuracy of
species identification is unknown (Haneketnal 1997). Fishery-dependent data are
not available for protected areas, therefore priwvgrthe possibility of comparison
between protected and exploited areas (La Mesa&/andhi 1999). Due to the nature
of the fish processing onboard fishing vesselsghcatata is commonly pooled by
genus or family, or other groupings, such as treuging of species of the family
Sparidae into “redfishes” (Crawford and Crous 1988pking individual species

assessments difficult or impossible.

2.1.2 Fishery-independent data
Fishery-independent surveys are more accurateegndsentative, as they allow even
distribution of sampling effort over the study assaa whole (Die 1997), and are not

biased by false recordings.

Destructive sampling

Destructive sampling techniques, including ichthgles (Ackerman and Bellwood
2000, Willis 2001) and anaesthetics (Sasgal 1994), have been used in numerous
studies to determine species composition, partigulia coral reef environments.
Although such techniques are effective for assgssiyptic species, and provide

greater species and family counts than non-desteuchethods (Kulbicki 1998,

11
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Willis 2001), they are non-selective, vary widetyaffectiveness, provide inefficient
sampling of highly mobile species (Buxton 1987) aadnot be used where sampling
is to be repeated (Brock 1982, Buxton 1987), orsémsitive or protected areas
(Thresher and Gunn 1986). Trawling is also commaisksd in exploratory fishing to
provide estimates of stock size (Kulbicki and Wentl990, Swartzmaet al 1992,
Francis 1995), and can be included in the destreiampling methods, due to the
damage caused to the substrate. Trawl surveysxpemgive and time-consuming (in
terms of vessel and manpower), and trawling cabeatonducted over areas of reef
(Bodholt and Solli 1995). Due to high rates of mabty in the catch, trawl surveys are

unsuitable for use in protected areas.

Acoustic surveys

Acoustic surveys are commonly used to provide abnoe estimates for management
(Tsimenideset al. 1995, Bodholt and Solli 1995), to detect chanigeschool size
associated with exploitation (Azzat al 1995a, bReid et al 2000), or in resource
appraisal of virgin stocks (Saville 1977). Howevre method is most suitable for
offshore pelagic shoaling species and is unsuitisldemersal species, and provides

no information on species composition (Saville 977

Underwater visual census

Underwater visual census (UVC) techniques have hesedl for estimation of reef
fish abundance since the 1950s (Brock 1954). UV{Ddeeasingly cited as a means
by which to collect both qualitative and quantitatifishery-independent data on
density (Buxton 1987, De Girolamo and Mazzoldi 20Gecies diversity, species
richness, length-frequency distributions (Brock 298ennings and Polunin 1995,
Kulbicki 1998), population dynamics, ecology (Saly®il997), community structure
and behaviour (De Girolamo and Mazzoldi 2001). Hdvantages of this method
have led to its use in numerous coastal, MPA andksmonitoring programmes
(Samoilys 1997, Millar and Willis 1999, Barrett aBdxton 2002).

Kulbicki (1998) suggested that “UVC at present remmaby far the best method
available” for estimating density and biomass adfrisshes. The intimacy of direct
observation affords researchers the opportunitypd¢as on particular species, and to

assess habitat condition (e.g. siltation or andtemnage)in situ, whereas remote

12
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methods may not. UVC techniques are relatively pessive (Watson and Quinn
1997), can provide a rapid assessment of relatum@ance or density, and can be
extrapolated to obtain estimates of absolute amoeldSale and Douglas 1981).
UVC can provide estimated length-frequency distidns (Barrett and Buxton 2002),
and through the application of length-weight relaship models, can be used to
estimate biomass (Jennings and Polunin 1995, RodsAdcala 1996). UVC is
particularly suitable when a long time series ofads unavailable, and the non-
destructive nature of the method makes it suitédsleuse in LTM programmes, in

particular those in protected or sensitive areas.

Some authors (Brock 1954, Brock 1982, Andrew ang3itane 1987, Sale and Sharp
1983, Thresher and Gunn 1986, Kulbicki 1998) wasearchers that the validity of
results from numerous UVC-based studies may betigneble. Inherent bias and
sources of inaccuracy associated with UVC method$ude underestimation of
densities of cryptic (Kulbicki 1998, De GirolamodaMazzoldi 2001) and highly
abundant species (Richards and Schnute 1986), atwkdén- and within-observer
error (Watson and Quinn 1997). UVC is also limitadthe depth and bottom time
constraints of SCUBA (Samoilys 1997), and the thistion and behaviour of study
subjects may be affected by the presence of theradss(Cowley and Naesje 2004).
Therefore, Williset al (2000) suggested the use of a surface-tenderegnoote
sampling method in conjunction with UVC techniquagainst which results of UVC

may be compared or verified.

Underwater video assessment

Numerous studies have also made use of underwides for assessment of reef fish
populations, either in the form of stationary baitédeo cameras (Willis and Babcock
2000, Williset al 2000) or diver-based video transects (Alevizod Bnooks 1975,
Potts et al. 1987, Parkert al 1994). Technological advances have allowed the
estimation of abundance and assessment of commsinitgture through the use of
remotely operated vehicles (ROVs) (Adares al. 1995), manned submersibles
(Langton and Uzmann 1989) and remote underwatere@m(Willis et al. 2000).
However, these methods require expensive equiparahtrained operators, and are
not readily available, making them unsuitable fageuin LTM programmes,

particularly in developing countries, where finaséar LTM are likely to be limiting.
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Mark-recapture

Mark-recapture using hook-and-line fishing has beddely used to determine
movement patterns of selected fish species (Attwaod Bennett 1994, Brouwer
2002, Cowleyet al 2002, Griffiths and Wilke 2002, Zellet al. 2003), determine age
and growth parameters (Buxton and Allen 1989, Cpw2000), and estimate
abundance (Parker 1990, Cowley and Whitfield 2(Bérgstedtet al 2003) and
capture probabilities (Ricker 1975). However, thetmod has been little used to
estimate abundance of marine species, as certsumasions of tag-recapture cannot
realistically be satisfied (Thresher and Gunn 19Béller and Russ 2000). Mark-
recapture assumes that the population under stemhains closed and does not
experience recruitment, mortality, immigration onigration (Cowley and Whitfield
2001); assumptions which may be unrealistic foif festhes. Mark-recapture also
assumes that all individuals have equal catchgb{llthresher and Gunn 1986);
however, due to the nature of hook-and-line fishamgl hook size-selectivity, this
assumption is also unlikely to be met (Buxton arltrA 1989, DeMartini and Lau
1999). The possibility of incidental mortality assded with tagging and tag-induced
mortality make the technique less suitable for insearine reserves, particularly for
ongoing monitoring (Bell 1983, Willigt al. 2000). Tag loss is a further problem as
this may bias results. Furthermore, to estimatendhnce mark-recapture requires the
collection of large datasets.

Mark-resighting

An additional technique that has been used to samg#f fish populations is tag-
resighting, which makes use of conventional captarel tagging, but where
‘recaptures’ are made by underwater observatiotagfied individuals (Zeller and
Russ 1998, 2000, Chapman and Kramer 2000). Howasedhis method employs the
use of tagging, many of the problems associated mérk-recapture are applicable
also to mark-resighting. The method is also restidy the depth and bottom time
constraints of SCUBA.

Controlled fishing

CPUE fishing is commonly used in recreational aachimercial fishery assessments
to provide an index of abundance (Bannerot andiAd$t83), and is effective for use

in LTM (Millar and Willis 1999, Attwood 2003). CPUBEurveys provide an effective
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means for monitoring temporal variability, partiady for assessment of the effects of
fishing on fish populations, and assessment ofefifectiveness of marine reserves,
and have therefore been used in numerous suchapnoges (Bennett and Attwood

1993, Underwood 1991, Edgar and Barrett 1997, Zeltel Russ 1998, Millar and

Willis 1999, Cowleyet al. 2002).

Actual handling of the fish during research fishimgirveys allows accurate
measurement of length or weight (as opposed tonasbon thereof during UVC),
assessment of fish condition, recording of morphomeeasurements and collection
of DNA samples (finclips). Furthermore, the duratiand depth sampled are not
restricted by the constraints imposed by SCUBA, fsking can be conducted at
night, in conditions where it may be difficult taraple using other methods and under

conditions of poor visibility (Perrowt al. 1996).

As hook size is highly selective, fishing surveys auggested to provide skewed
estimates of length-frequency distributions (Peretval 1996), as fishing selects for
larger individuals (Williset al 2000). However, fishing can provide a good
representation of the length-frequency distributadrfishes available to the fishery
i.e. “fish of harvestable size” (Zeller and Rus9@D Fishing is also highly species
selective, dependent on bait type and size, andotaample strictly corallivorous or

herbivorous species that do not take baited hoBksr¢wet al. 1996). Descriptions

of species composition are therefore better suiiedVC.

As an index, CPUE assumes constant catchabilityai¥iduals (Arreguin-Sanchez
1996). Buxton and Allen (1989) caution researchivat line fishing fails the
assumption of equal catchability, as this may vaegording to the level of fishing
pressure or because of density-dependent compefitidood, particularly in areas of
high fish density (Millar and Willis 1999). CPUE npperms best as an index of
abundance when results are determined for singdeiesp (Richards and Schnute
1986). When captured, fish are subjected to steslspossible injury or incidental
mortality as a result of barotrauma injuries or dgmto the gills or viscera that may
be caused by complete hook ingestion (Wiisal 2000). However, hook-and-line
fishing is relatively inexpensive, requires simpieexpensive equipment and less

skilled personnel, and a large sample size canab#yeachieved. Importantly, the
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method allows comparisons with other studies wliisteng has been (or is being)
used exclusively (Perroet al 1996). The principal advantages and disadvantafyes

the different methods are summarised in Table 2.1.

Table 2.1 Summary of advantages and disadvantages of eatttoth

Method Advantages Disadvantages
Fishery-Dependent
Catch and effort data Inexpensive® Limited to times and areas of fishery?

Roving creel surveys

Access point surveys

Catch cards

Fishery-Independent

Ichthyocides/

anaesthetics

Trawling

Acoustic surveys

uvc

Underwater video/

submersibles

Mark-recapture

Mark-resighting

Controlled fishing

Long time series available®

Suitable for long areas of shoreline*
Allows accurate identification of species®
Allows measurement of fish lengths
Provide large sets of data®

Inexpensive

Increased detection of cryptic species®
Suitable for soft substrate benthic species
Depth not constrained by SCUBA
Provides rapid assessment of stock size
Non-destructive, suitable for MPAs™
Not size- or species-selective™

Depth may not be constrained by SCUBA
Can revisit data in controlled environment

Can provide estimate of total mortality
Can provide information on territoriality

Same advantages as mark-recapture

Not constrained by SCUBA limitations®
Allows exact measurement of lengths®

Catch for similar species pooled®

Reliant on angler reports*
Data unavailable for MPAs®

No record of discards’
Data unavailable for MPAs®

Inadequately completed®
Species identification problems®

Highly variable effectiveness®
Unsuitable for use in MPAs™

Unsuitable for reef areas or MPAs'2
Extensive damage to the environment™

Unsuitable for demersal species®

No information on species composition®

Constrained by SCUBA limitations™
Diver presence may affect fish behaviour'®

Requires expensive equipment
Lower species estimates than UVCY

Fails assumption of equal catchability®
Tag associated and incidental mortality™

Same disadvantages as mark-recapture
Constrained by SCUBA limitations

Size- and species-selective’®
Possibility of incidental mortality™®

1 — Die (1997), 2 — Saville (1977), 3 — Crawforadl @rous (1982), 4 — Brouwet al (1997),5 — La Mesa and Vacchi (1999), 6
— Penneyet al. (1999), 7 — Brouwer and Buxton (2002), 8 — Hameled al (1997),9 — Kulbicki (1998), 10 — Buxton (1987), 11
— Thresher and Gunn (1986), 12 — Bodholt and $895), 13 — Hixon and Tissot (2007), 14 — Samqih897), 15 — Watson
and Quinn (1997), 16 — Cowley and Naesje (2004); Téssieet al (2005), 18 — DeMartini and Lau (1999), 19 — \§iét al
(2000), 20 — Perrowt al (1996)
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2.2 Problems with reef fish monitoring and assessme

This section reviews problems associated with daection and analysis, for

monitoring and assessment.

Pseudoreplication

Pseudoreplication is defined as “the use of infgaestatistics to test for treatment
effects with data from experiments where eitheattreents are not replicated (though
samples may be) or replicates are not statisticdallependent” (Hurlbert 1984).

Pseudoreplication results in a lack of independeasfcerrors in each sample, and
consequently prohibits us from knowiagalpha, the probability of a type | error), in
which case interpretation may become subjectiverlfidut 1984). Pseudoreplication
may also lead to a decrease in statistical poweichnis the probability of detecting a
specified difference between treatments (¥osl 2000). In ecological experiments
pseudoreplication is commonly due to the spatiatrithution of samples not being
independent (Hurlbert 1984). Consequently samplag appear more similar than

they actually are, as a result of spatial autotaticen (McArdleet al 1990).

Lack of comparability

Assessments of biological resources between strehsaor time periods often lack
comparability (Williset al 2003). An example of such a study is providedblmkaet
al. (1994), in which the aim was to compare groupmrstties between Exuma Cays
Land and Sea Park (ECLSP), Bahamas and the Fldt&s National Marine
Sanctuary (FKNMS). Results showed significant défeces in density and length-
frequency distribution of species between the tweas However, sampling was
conducted by snorkelling during summer (May/JuneEGLSP, and on SCUBA
during winter (February) at FKNMS. The results lacknparability because sampling
was conducted at different times (seasons) and aviterent methods in each study
area. Therefore, it is disputable that the obsediffdrences were the result of the

different areas.

This may be of particular concern when comparisares made across an MPA

boundary, in which fishery-dependent data are ctdbtk from exploited areas, and
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compared with fishery-independent data from wittie MPA (Buxton 1987). The
results of such comparisons may be confounded btpr& such as (i) anglers in
exploited areas targeting fishing spots known tierohigher catch rates, and (ii)
differences in skill level between trained reseaadlglers and recreational anglers.
Examples of such comparison are given by Buxto®3a® and Cowlewt al (2002).
This lack of comparability suggests that compagsshould be restricted to data
collected by fishery-independent controlled fishiogly, from the protected and
exploited areas (Attwood 2003).

A further problem is lack of comparability betwestudy areas due to habitat type,
depth or topographic complexity (Willi®t al 2003). In such cases, causal
relationships drawn between fishing pressure andsitle or CPUE must be

interpreted with caution. Such problems are commaomparisons made between a
protected area, and an exploited area some distawey, in which habitat, area

history or larval supply may be considerably digigr (Russ 2002).

Insufficient sampling

Malone (2003) suggested that one of the greatedilgms in coastal monitoring
programmes, particularly in the southern hemisphisrendersampling. This results
in low statistical power, which increases the ptolig of a type Il error (i.e. not

detecting a difference between treatments wherffareice exists) (Cohen 1973).
Such an error may be costly in an environmentalitaong programme, as the effect
may only be detected once it is too late, or exélgnoostly, to rectify (Fairweather
1991). Furthermore, insufficient samples providerpeepresentation of community

structure.

Use of a single method

Accurate estimates are critical in ecological stedof reef fish density; however,
assessing the accuracy of a density estimate iglomated by an absence of a
standard with which results from different methads be verified (Thresher and
Gunn 1986). In the absence of such a standardjs@eof more than one method is
advantageous for two reasons. Comparison of thdtsesbtained from each method
allows verification of results obtained from thé@t methods, which in turn provides

insight into which methods may be more suitableg@#aty and King 2006).
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Variability

Although numerous studies have focused on spatitsééqms of abundance, there are
still a number of problems associated with the dp8on and interpretation of
temporal variation in reef fish communities (Thompsand Mapstone 2002). There
are also numerous sources of variability, which majude real change in abundance
(Thompson and Mapstone 2002), variation in theedfice between true and
estimated abundance (Stewart-Oagéml 1995), temporary, localised or small scale
shifts in the distribution of abundance of indivads, sampling error and variable
sightability or mobility when UVC methods are us€thompson and Mapstone
2002). These sources of variability must be comemieand eliminated wherever
possible before making inference about differenocepopulation abundance. LTM
programmes aimed at detecting natural temporal gghanust therefore minimise
sampling-associated variability, by incorporatinggthods that provide the lowest
variability (Lohr 1999, Williset al 2000).

In order to monitor fish stocks effectively, it mecessary to distinguish between
natural variability (i.e. change in abundance asg¢ed with environmental, climatic
or oceanographic change) and change as a resuhaniges in fishing pressure or
management regime (Garce al 2003). Natural variability can be distinguished
from that associated with fishing pressure, or geanin fishing pressure or
management regime over time, by comparison of lditiain abundance estimates
between exploited areas (subject to natural andinfisrelated variability) and
protected areas (subject to natural variabilityyhniTherefore, to detect fishing-
associated variability over time, sampling protscolust be suitable for monitoring

both protected and exploited areas.

The problems presented above have illustrated deel fior the development of a
standardised protocol for the purpose of assess(Baktigawa 1995, Colvocoresses
and Acosta 2007). The first step was to identifiyadle methods, appropriate to meet
the objectives of a LTM programme. As pointed outhe previous discussion, there
are numerous methods available for assessingadtedtfish stocks and the effects of
fishing on fish communities. However, it appearattVC and CPUE fishing are

most suitable and were, therefore, included foesssent in this study.
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Having selected suitable methods to be investigdtedlnext step was to identify a
general study area in which to conduct the studiys &lso had to be appropriate for
meeting the objectives of a LTM programme in th@aaiand allow for comparison of
available methods and testing of the proposed sagptotocol (Turpiest al 2000).

It was then necessary to compare different teclasiquithin each of the selected
methods, so that the optimal techniques could eetifled and included in the study.

It was also necessary to select an appropriateatai species.
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Chapter 3
Study Area

3.1 Identifying a suitable study area

The inshore marine environment of the South Africaastline is comprised of three
distinguishable biogeographical regions (Fig. 3dfjer Hockey and Buxton 1989).
The subtropical region extends from Mozambique he thorth-east, southwards
approximately to Port St Johns on the south-easstc@and is characterised by high
ichthyofaunal species richness, particularly of okiRhcific species (Turpiet al
2000). The cool temperate region, characterisedlduy species richness, and
particularly low endemic species richness (Tunpieal. 2000), extends from Cape
Point in the south, northwards to Namibia. The wdemperate region forms the
transition between these biogeographical regiond,ia characterised by increasing
species richness from west to east (Tumdieal 2000). Within this region, overall
species richness is intermediate of the subtromocal cool temperate regions, but
with particularly high richness of southern and tBoAifrican endemics (Turpiet al
2000), many of which are important to the recrewtiaand commercial line fisheries
(Buxton 1993b, Attwooet al 2002).

The widespread dissimilarities in oceanographiccgsses (Harris 1978) and
ecological components (Branch and Branch 1981) gntioese three biogeographical
regions suggest the need for the establishmentTdfl ksites within each region.
Furthermore, to maximise geographic representivitgnitoring sites should be
situated near the centre of each region (Tumgdieal 2000). Turpieet al (2000)
divided the South African coastline into 52 50-kett®ons, starting with section one
at the Namibia border on the west coast, and enality section 52 at the
Mozambique border on the east coast, and suggtstedonservation importance be
focused in the centre of the warm temperate redrecause of the high number of

endemics in the area. The centre of the regios valhin sections 26 and 27.

Monitoring, in which detection of natural temponariability is envisaged, must
include sites within protected and exploited ar¢éasallow comparison of exploited
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area fish communities with those in nearby protteteeas, to separate the effects of
natural and fishing associated temporal variabilitgerefore, the study area had to
include a large reef complex, exploited by receestl and commercial line fisheries,
which was in close proximity to a large, well-edistiied MPA. Furthermore these
areas had to be of similar depth, spatial exteatbjtht type and distance offshore, to
allow comparisons of fish abundance and commurityctire. The areas had to be
large enough to allow comparison of methods andeldgwment and testing of
sampling strategies. LTM study areas should bat@tlinear the centre of the MPA,

to minimise anthropogenic influences and allow rtammg of environmental change.

Within the warm temperate biogeographical region, asea was identified that
included a large well-established MPA, and an atjaexploited area for which there
has been discussion of an integrated coastal mar@ageplan, including a Bay
Management Plan, which may include the closurenofi@a to extractive resource
utilisation (Smith 2005).

The Tsitsikamma Coastal National Park (TNP) MPA$§F8.1) is situated in section
27 of the coastline, in the centre of the warm terafe biogeographical region (after
Turpieet al 2000), and is the largest, and oldest, ‘no-tAkEBA in South Africa, and

one of the largest single-unit ‘no-take’ MPAs iretivorld (SANParks 2007). The
MPA was proclaimed in 1964 (proclamation 324 in &wownent Gazette 936
December 1964 and National Parks Act of 1962), mmd protects 59 km (straight
line distance) of the coastline, from the GrootdRiin the east to the Groot River in
the west (Hanekorat al 1997), and seven percent of the rocky shoreliriteeowarm

temperate biogeographical region (Lombatdal 2004). The MPA extends 0.8 km
offshore between Groot River (west) and the BlonkrRiver mouth, east of which it
extends to 5 km offshore to a depth of approxinyal€l0 m (Tilneyet al. 1996),

between the Bloukrans River and the Groot Rivestjeaovering approximately
36 845 ha (Robinson and de Graaf 1994). The restf iommunities here are
suggested to have recovered from the effects afaetkte exploitation, and are
assumed to be in pristine condition (Attwoetdal. 1997). Due to its accessibility and
geographic position in the centre of the biogeolgicag region, and the pristine
condition of its fish stocks, the TNP was seleasdh suitable location in this region

for the establishment of a LTM study area for riégi communities. Furthermore,
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although there is a long-term shore-based fish taong programme in place in the
TNP (Cowleyet al 2002), there is currently no off-shore reef fistonitoring

programme, providing the opportunity for such agpaonme to be initiated.

South Africa O

Port St Johns

Cool

Temperate Subtropical

N
//////// N

////////
////////

Bloukrans | Cape Point
River 4 Warm Temperate
Groot River
West
Keurbooms
River Storms
Salt River River Groot River
|~ East
b
a
Plettenberg
Bay
Robberg . \
Peninsula 10 0 10 20 30 Kilometers A

Figure 3.1 General study region, showing protected (a) amioted (b) study areas.
The shaded section represents the TNP MPA. Th&dlabelled (a) and (b) show
the positions and extents of Figures 3.2 and &§pactively. The inset shows the
three biogeographical regions of the South Africarastline (after Hockey and
Buxton 1989). The dashed lines represent approrimabundaries between
biogeographical regions. The position of the gdnsinady area is indicated by the

hashed block in the inset.

Approximately 3 km to the west of the western barmgdof the TNP, is a large
expanse of contiguous nearshore shallow reef, dpeextractive resource use,
including boat- and shore-based angling and sbamfy. This reef complex with
boat launching facilities at Plettenberg Bay (PB)swhe exploited study area chosen
for the current study.

The protected and exploited study areas selectethariose enough proximity to be

influenced by the same environmental and oceanbgraphenomena, and for
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biogeographical and habitat changes not to inflaec@mparisons, but sufficiently
spatially separated to be independent of one an{ffitewart-Oateet al 1986). They
differed only in the level of fishing intensity.

3.2 Description of study area

The coastline in the study area is characteriseselgral headlands, with associated
bays (Martin and Flemming 1986), and is dominatgdsteeply shelving, exposed
cliffs (Tilney et al. 1996). The shoreline is rugged, consisting oésteocky ridges,
which extend into the subtidal (Hanekahal 1989), and is exposed to strong wave
action (Cowleyet al 2002).

The east and south-east coasts of South Africd@renated by the Agulhas Current,
a typical well-defined south-westerly western baanydcurrent. Inshore of this on the
east coast, water movement over the continentdf shenfluenced mainly by the
wind, while off the south coast the shelf is widend dominated by south-westerly
swell (Martin and Flemming 1986). Here, coastapped waves are the dominant
process influencing net water movement (Tileewl 1996).As a result there is often
an inshore counter current moving eastward aloagstiuth-east coast. There are two
distinct current patterns in the area. During winteater movement is predominantly
longshore barotropic oscillation, generated by tasapped waves (Tilnegt al
1996), associated with a lowering of the thermaclidownwelling) and, commonly,
increased visibility. During summer, water movemehtdominated by baroclinic
crossshore and longshore surface currents, assoeiath upwelling, decreases in sea
surface temperature and decreases in visibilitynéyi 1993). Sea temperatures in
winter remain relatively constant between 15 antl @8while those during summer
range between 9 and 25° C, with decreases assbomth easterly winds and

increases associated with long periods of westerngs (Hanekonet al 1989).

The counter current inshore, together with longslaift generated by wave action,
transports sediment and plankton in a predominamibyth-easterly direction
(Schumann 1987). This eastward movement of inshaeer, along with Ekman

veering associated with easterly winds, resultsien littoral movement along the
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south coast in an easterly direction (Martin aneihirhing 1986). As a consequence,
sand and sediment are transported eastward paftdbleerg Peninsula (Fig. 3.1)
towards a mud depocentre in the middle of Plettenl@ay. Inshore of this
depocentre are bands of sandy mud, muddy sandsdime and fine-medium sand; the
latter being texturally and compositionally indmgjuishable from adjacent beach
sands. This fine-medium sand is found along thesttioa from the Robberg
Peninsula eastwards to the eastern end of Natvaley beach, and is interspersed
by patches of course sand and rock from Keurbooiitsge to Nature’s Valley (Fig.
3.3) (Martin and Flemming 1986, Smith 2005).

The Tsitsikamma coastal shelf has a smooth sediswgfdce in the east, but towards
the west is dominated by a continuous bedrock der low-relief rock, partially
covered by unconsolidated sediments (Martin andnfieg 1986). Due to the
dominance of coastal trapped waves, there is patefior temporal change in the
spatial distribution of this unconsolidated sedimé&necdotal evidence for this was
provided by divers descending onto sand, on ateasrsby side scan sonar (SSS) to

be of rocky reef.

3.3 Sample site selection

Tsitsikamma

Suitable sites had to be identified within the potéd and exploited areas, in which
all sampling would take place. There is extensitexdture suggesting that isolated
reefs may not be representative of the respectudysarea (Ault and Johnson 1998),
and may receive little or highly variable recruittheTherefore, to be representative
of a large number of habitats (profile and deptiges) and to minimise the effects of
chance disturbance, the sampled area of reef stheubdntinuous with a greater reef
complex (Ault and Johnson 1998). Suitable studpsseere, therefore, identified on
large expanses of contiguous reef within the ptete€TNP) and exploited (PB)

areas.

Within the TNP, areas of contiguous reef were aflifi identified using bathymetry

and physiography data from SSS, captured by Schuetaal (1982) and Flemming
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et al (1983). This data was digitised by scanning A4dbepies, and then
georeferenced in ArcView 3.2 (Environmental SysteResearch Institute). The
bathymetry and physiography data were then convedaehape files using drawing
tools in ArcView. The SSS was of low resolution amds, therefore, used only to
determine the spatial extent of reef area withiohesite, rather than to provide
accurate mapping of the seafloor. Therefore, to idehtification of apparently

suitable sites, two additional methods were empmloye

Areas of potentially suitable depth and substrdétermined from the display on the
boat’'s echo-sounder, were viewed by a SeaVieweotemamera lens (SeaView
Video Technology, Inc.), which was lowered from theat to approximately 1 m
above the seafloor. Substrate type was determisedaad or rock, by the view
displayed on a small monitor on the boat, attadioethe lens by cable. Locations
appearing to have suitable rocky substrate wene élssessenh situ by divers using

SCUBA. Although the lowering of the camera lens #mel use of SCUBA restricted
the spatial extent that could be assessed at emelity, results from these dives
confirmed those obtained by the SSS data and tlose the vessel transects. The
Rheeders Reef complex, immediately to the easttof® River Mouth, was the

selected study site in the protected area (Fig. 3.2

Storms River Mouth

Rheeders Reef

>/j 2 0 2 Kilometers A

Figure 3.2 Map of the Rheeders Reef complex, showing resdisafgrey), and areas

of sand and gravel (white). Data based on SSS gutag (Schumanet al 1982,
Flemminget al 1983). The black dot shows the location of thmé&h site.
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This site is situated near the centre of the TN tar from the influences of edge
effects), in close proximity to the conservatiofiags, and offshore of an inaccessible
section of coastline characterised by steep chifigl has, therefore, probably not been
subject to fishing activities over the past 40 geawith the exception of some
research fishing (Buxton 1993a, Smith 2005).

Plettenberg Bay

For initial identification of a suitable study siéthin PB, low resolution bathymetry
and physiography data from SSS (Schumabral 1982, Flemminget al. 1983,
Martin and Flemming 1986) were once again scanmgd électronic form and
converted to shape files in ArcView. Additional tlemlata were provided by low
resolution mapping from vessel transects (Smithb208nd substrate was verified by

remote camera lens and observational SCUBA dives.

A suitable area of contiguous rocky reef was idettito the west of Nature’s Valley
(Fig. 3.3). The eastern edge of the reef was apmeately 35 km west of the study
area within the TNP and separated from the wesbenndary of the TNP by
approximately 3 km of open sand. The large areaeafshore reef of suitable depth
for SCUBA observations, and similar depth and peab the TNP, suggested that the
area was suitable for implementation of the progasempling protocol.

Groot River
West

Nature's
Valley
Salt River

Keurbooms
Village

Grootbank Reef

N
2 0 2 4 Kilometers A
(e ‘

Figure 3.3 Map of the Plettenberg Bay study area showingsa reef (grey) and

surrounding sand and gravel (white). Adapted froartv and Flemming (1986).
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Fishing pressure in PB is comprised of commerciatkd boat, recreational,
commercial and charter skiboat fishing, and reeweat shore-angling and
spearfishing (Smith 2005). Effort is considerabigher for the commercial deck
boats during winter. These boats target mainly Iswvalwater hake Nlerluccius
capensi} but also silver kob Argyrosomus inodorgsand geelbek Atractoscion
aequidenswhen their numbers are high. Smith (2005) shothatlbetween 2002 and
2004, the recreational, commercial and charteraslit#exerted an estimated total of
890 boat dayseyear or 3560 fisher dayseyearwith seasonal peaks from December
through January (summer holiday) and in April (Eadtoliday). The main target
species are silver kob, Garricki¢hia amig, geelbek and hake, while catch
composition is dominated by hake, carpen#amgyrozona argyrozona silver kob,
roman Chrysoblephus laticepsnd geelbek.
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Chapter 4
Comparison of Underwater Visual Census and
Controlled Fishing Methods

4.1 Introduction

In Chapter 2, UVC and controlled fishing were ideedd as the most suitable
methods for monitoring fish populations and commustructure change over time.
The next step was to refine each of these methodksei light of the research sites
identified. It was also necessary to identify aahle indicator species for use in the

study.

4.1.1 I dentification of suitable methods

Within UVC and controlled fishing there are numesdechniques, each with their
associated advantages and disadvantages, andilgvitidy different applications
(Colvocoresses and Acosta 2007). Numerous critefliaence the choice of method

and their suitability can only be determined byistaal comparison and evaluation.

Underwater visual census techniques

Numerous UVC techniques have been described fasuseng reef fish populations
(Thresher and Gunn 1986). However, most ecologstatliies involving UVC,
particularly those conducting comparative asseswneh reef fish communities
inside and outside MPAs (Roberts and Polunin 198&ye made use of transect
counts (Brock 1954, Brock 1982, Buxton 1993b, LasWand Vacchi 1999), point
counts (Thresher and Gunn 1986, Miller and Ambr2@@0) or rapid visual census
counts (Jones and Thompson 1978, Borteheal 1989) made by divers using
SCUBA (Kulbicki 1998), with transect counts beinget most commonly used
(Thresher and Gunn 1986, Sale 1991) (Table 4.1).

Strip transects involve a diver traversing a predeined distance and recording

individuals within a specified path width (Threskard Gunn 1986). Line transects
(or distance sampling, Thresher and Gunn 1986grifom strip transects, only in
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that the diver records the estimated distance feomentral transect line to each
individual, as opposed to recording individuals hivit a specified strip width
(Thresher and Gunn 1986). Belt transects diffey atightly from strip transects, in
that two parallel transect lines are laid along ghbstrate, forming a passage, within
which observed fish are recorded, but without thigective estimation of strip width
(Barrett and Buxton 2002). Use of the strip trabhseethod excludes time consuming
setting of transect lines or the consequent eftieieof on fish behaviour, and allows
comparison with results obtained during previousQJ¥%tudies in the study area
(Buxton and Smale 1989, Burger 1990).

Table 4.1 Selected studies making use of transect and pounit UVC techniques.

Instantaneous Interval

Strip Line Area Point Counts
Reference Transects Transects Counts (Point)
Brock (1954) X
Brock (1982) X
Kimmel (1985) X
Bohnsack and Bannerot (1986) X
Bortone et al. (1986) X
Clarke (1986) X
Sanderson and Solonsky (1986)
Thresher and Gunn (1986)
Bortone et al. (1989)
Buckley and Heuckel (1989)
Cole et al. (1990)
Samoilys and Squire (1994)

X X X X X X

Jennings and Polunin (1995) X
Rakitin and Kramer (1996)

Russ and Alcala (1996)

Cheal and Thompson (1997)
Kulbicki and Sarramegna (1999)
La Mesa and Vacchi (1999)
Cole et al. (2000)

Willis et al. (2000)

Zeller and Russ (2000)
Pet-Soede et al. (2001) X
Barrett and Buxton (2002)
Zeller et al. (2003) X

Baron et al. (2004) X X
G6tz (2005) X

Smith (2005) X

X X X X X X X X

x
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Point counts can be divided into two types; ingtaabus area point counts, in which
the diver records all subjects within a specifiadius in as short a time as possible
(Bohnsack and Bannerot 1986) and interval counts/hiich the diver records all
subjects passing through the census area in afispettime (Bortoneet al. 1986).
Density estimates made using the latter method largely dependent on the
swimming speed of the subjects, which may varydrdpetween sampling sites or
seasons and among species. Results from this mathdterefore likely to be highly
variable (Thresher and Gunn 1986). The use of mtaste@ous area point counts
minimises these problems and allows for comparisith results from other studies
conducted in the area (Buxton and Smale 1989, S20ii).

The rapid visual census, and variations thereo§ hlo been used estimate
abundance of reef fishes. However, this method e the diver recording all
subjects observed, while swimming along a randoth foa a predetermined duration
(Bortoneet al 1989), providing no information on the area caesi) making density
estimates from such studies questionable.

From the above discussion, it appears that stupstcts and instantaneous area point
counts are most suitable for monitoring. Thesengles are both commonly used
and provide useful estimates of density, diveraitg length frequency distributions
of reef fishes (Watson and Quinn 1997). Point ceware particularly suitable for
small or heterogenous habitats and artificial regfewing comparison between large
and small reefs (Bortonet al 1989), and have been shown to provide higherigens
estimates and precision than transect counts (lareend Gunn 1986, Watson and
Quinn 1997). Transects are suitable for assessirgg lexpanses of contiguous reef
(Sale 1991) and species with non-random distribytichich may be common among
reef fishes (Kulbicki and Sarramegna 1999). Thepony and “standardised
protocol” of transects allow comparison betweerediy sites and species, and over
time (Bortone et al 1989). Transects are preferred by numerous author
guantitatively assessing fish assemblages (Bro&2,1BeMartini and Roberts 1982,
Kimmel 1985, Sanderson and Solonsky 1986, Bor&trad 1989).

The implementation of multiple UVC techniques ig feasible in LTM programmes,

where financial and time constraints limit sampleesor in the high energy marine
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environment off the South African south coast, veha#ays at sea are limiting and low
visibility conditions common. It is recommended ttheffort should rather be

concentrated on a single technique.

Controlled fishing

Although numerous studies have made use of CPWih§sthe duration and number
of anglers used per fishing station in differentdsts have been inconsistent; for
example 15 — 60 minutes with one angler (Zeller Rods 1998), 30 minutes with
two anglers (Smith 2005) and 60 — 75 minutes Witike¢ anglers (Haggarty and King
2006). Furthermore, numerous studies fail to makerence to the number of anglers
used (Williset al 2000), providing no information on absolute effarhis lack of
standardised optimal fishing station effort hasitieth comparability of results
(Haggarty and King 2006), thus highlighting the chdler a standardised fishing
station effort to allow comparison between studfegyling, to provide CPUHata, is
commonly only conducted for a short duration; hogrevassessments aimed at
determining the effort required to provide the Istveampling associated variability

would require considerably longer duration.

For a given number of fishing stations, greateoréfivould provide a greater absolute
catch, and consequently more representative specegposition and community
structure. However, the maximum effort per fishgtgtion is governed by financial,
time and manpower constraints. Excessive effortldvoesult in increased financial or
manpower requirements, and/or a decrease in théerpof stations that could be
feasibly sampled per unit time (i.e. per day oldfieip). For the same reason, there is
a further trade-off between station effort and tfieimum number of fishing stations
required for statistical strength. Fishing stati@t®ould, therefore, be of sufficient
effort to provide reasonable estimates of abundamzk representation of size and
species composition, but without excessive costraqgdired time, and at the same

time provide minimum within site variability

4.1.2 Indicator species
Indicator species should be selected on the bhatstheir relationship between the
indicator variable (e.g. mean length) and the pafh status is understood (Ves

al. 2000). Indicator species should be of publicrede (i.e. keystone species), or of
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commercial or economic value (e.g. targeted bglaetiy) (Keough and Quinn 1991).
Highly mobile or uncommon species are not suitadandicators, as variability in
estimates of such species is likely to be high €@r&979). Indicator species should

also be well-represented in the samples.

Chrysoblephus laticep@oman) is a small to medium sized sparid, endgmi8outh
Africa, with a maximum fork length of 512 mm, aneight of approximately 4.2 kg
(Mann 2000). It is an important fishery speciesgeéted by spear-, recreational,
charter-boat and commercial fishers. Due to itsquaicolouration, the species is
easily identifiable even by the non-specialist. Roninas been targeted in the South
African line fishery since about 1898 (Crawford a@bus 1982). Within the chosen
exploited study area (PB) roman is targeted bfisdiery sectors (Smith 2005).

Furthermore, roman has been the subject of mudares, with focus on its biology
(Buxton 1987, van der Elst 1993), life-history (Borx 1987, 1989, 1993a), feeding
(Buxton 1984), abundance (Buxton and Allen 1989%tBun 1993b) and movement
patterns (Buxton and Allen 1989, Griffiths and V&ilR002, Kerwatlet al. 2007), and

the effects of fishing on its life-history paranmst¢Buxton and Smale 1989, Goétz

2005). Roman was therefore deemed suitable adarator species for this study.

4.1.3 Measures of variability

In order to use variability to monitor populatiohange, it must be accurately and
precisely measured. Suitable measures of varialitibuld, therefore, be independent
of the mean population estimate and sample sizkpaise the data with the highest
resolution (McArdleet al. 1990). Numerous measures are available for estigha
variability, including the range (Rosner 2000), 9%5%nfidence intervals, standard
deviation (Rosner 2000), f/Dmin (Stewart-Oatenet al 1995), the standard
deviation of the natural logarithms of successiepyation estimates (SD[Ix{])
(Connell and Sousa 1983), and the coefficient aatian (CV) (e.g. Haldane 1955).

Although such a wide range of measures is availdrieestimating variability, all
have biases and many are unsuitable for comparisbngroups with different
arithmetic means. Range is highly sensitive toiexgl(Rosner 2000). Hurlbert (1984)

suggested that 95% confidence intervals providedleading representation of
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variability, and that standard deviation (SD) pd®d a better estimate. However, due
to the nature of its calculation, SD is dependantiee mean (Rosner 2000), and is
therefore not suitable for comparing variabilitytwseen groups with different means.
DmaxDnmin Is calculated by dividing the largest populatigtireate by the smallest,

and provides an estimate of variability in resuttased on this ratio, but provides no

information on the estimates between these vaaresijs badly biased by outliers.

The two most commonly used measures, SRJlh&and CV, are independent of the
mean and are therefore suitable for comparisonseaet groups having different
mean values, such as those from transect and poimits, protected and exploited

areas or fishing stations of varying effort (Stet@atenet al 1995, Lohr 1999).

SDI[In(x;)]

SDI[In(x)] is the most widely used measure of variabilfMcArdle et al 1990), and is
calculated as the SD of the natural logarithmsuatsssive population estimateg.(
Although independent of the mean, estimates ofabdiiy using this measure are
affected by spatial variability, and tend to ovéreate true temporal population
variability (Stewart-Oateet al 1995). Where counts or population estimates delu

zero values, SD[IX)] is undefined (natural log of zero = undefined).

Coefficient of variation (CV)

CV is unaffected by zero counts, and therefore dumsrequire transformation of
data. CV is slightly biased when sample size is.|&¥owever, Haldane (1955)
provided a correction for this bias (GMwvhich takes into account sample size.

CV is suitable for comparing samples with differanthmetic means as it accounts
for the higher variability that is expected withgaeater mean, and is therefore
unaffected by the mean (Rosner 2000). For the saason, CV was suitable for
comparing variability associated with fishing stats of variable effort, in which

mean catch numbers are expected to vary in relatieffort (Rosner 2000).
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4.1.4 Aims
The aim of this chapter was to identify the optimmethods for inclusion in the design
of a sampling protocol for LTM. This was achieved b
1. comparing point and transect count UVC technigueserms of efficiency,
variability, bias and required sample size, and
2. determining the optimal angler effort, in terms efficiency, overall catch,

overall CPUE, overall time required and variability

4.2 Methods and materials

4.2.1 Study area

Data for the calculations were obtained from UVQ@ms and controlled fishing in
the protected and exploited areas described int€h8p(Figs 3.2 and 3.3). Depths at
both sites ranged from 18 to 25 m, and substrategeimined during preliminary
SCUBA dives and from the display on the boat's esbionder) were of similar
profile, rugosity and habitat type. Data were atedi seasonally from winter 2005 to
summer 2006/2007.

4.2.2 Allocation of sampling sites

Sampling fixed sites, as opposed to random sitéisiweach area, reduces overall
variability (Stewart-Oateret al 1995) by excluding spatial variability otherwise
introduced by sampling a different set of sites eath occasion (Thompson and
Mapstone 2002). Therefore, to exclude the effecpattial variability, fishing stations

were conducted at the same site within each strety @ult and Johnson 1998).

4.2.3 General methods

Diving and controlled fishing were conducted fron6 an ski-boat, anchored on a
fixed locality in each study area. The sites weayeated using a Garmin GPS12
handheld GPS, with an estimated position error ah.5When anchoring, wind,
current and swell directions were taken into actosm that the boat was positioned
over the same spot on each occasion.
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Underwater visual census

Diver training

Before entering the field, it was important thag tfbserver was trained in fish length
estimation, to minimise within-observer error (Sdg® 1997, Thompson and
Mapstone 1997, Kulbicki 1998). Therefore, priorthe initiation of UVC sampling
for this experiment, the author (the sole obsefeerthis experiment), underwent
diver training. This involved underwater estimatiointhe lengths of model fish, cut
from high density polyethylene, ranging in lengthnh 2 to 65 cm (TL). From an
opaque bag, a second diver (positioned three te fetres from the observer)
produced a single model fish of random length, Whi@s held stationary for 2 to 3
seconds at a position to either side or above ¢bhersl diver, or moved through the
water in a “mock swimming” motion, during which @mhe observer would estimate
its length, to the nearest cm (TL). Once the lemgth 50 model fish had been
estimated, these lengths were compared to actuajthe using a paired t-test
(Samoilys 1997). This process was repeated urdretlivas no significant difference
between estimated and actual lengths of the matel f

Strip transect counts

Once at the dive site, the anchor was deployed. dwers descended on SCUBA,
following the anchor rope to the substrate. Oncdhenbottom, the divers swam a
distance of 5 m from the anchor in a random dioegtbefore beginning the count.
This five-metre section acted as a buffer to awdfdcts of diver presence and anchor
deployment on fish behaviour. From this point dieee swam in a straight line at a
swimming speed of approximately 8 memitCheal and Thompson 1997), recording
all individuals observed in a strip of six to teretnes wide (according to visibility).
Lengths of all roman (the indicator species) obsénwere estimated and assigned to
length classes of 5 cm increments (Matral 2006), and recorded on Perspex slates.
La Mesa and Vacchi (1999) suggested a swimmingdspéesmemin’; however,
bottom time was restricted by depth and De Girolamoé Mazzoldi (2001) suggested
that an increased swimming speed improved resbligireed for epibenthic species,
such as those investigated during the current steidpes that passed the diver from
behind were not recorded, to avoid the possiboitycounting the same individuals

more than once (Froesch&eal. 2006).
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The strip width was limited to a minimum of threedaa maximum of five metres on
either side of the diver depending on the visipiliMann et al 2006), which is

commonly between 3 and 5 m in the two study ar8asith 2005). Dives in which

visibility was less than 3 m were aborted (Broclb49Ebeling and Hixon 1991).

Diver two followed diver one, releasing a gradudted from a dive reel, and alerted
diver one once a distance of 50 m had been trav€kdapstone and Ayling 1993, La
Mesa and Vacchi 1999, Zeller and Russ 2000). \ligibwas estimated at the end of
each transect by recording the maximum distancebsérvable substrate along the
graduated line. The area censused by each replxagecalculated using twice the
visibility as strip width, multiplied by the trangelength (50 m). The duration of each

transect was approximately six minutes.

Point counts

For the purpose of comparison, the point count oeetiollowed that described by
Smith (2005). Point counts involved two observessag@nding slowly together. Diver
two remained on the substrate at the shot linelewhver one swam to a point 10 m
from diver two. This point acted as the centre lod point count census area. A
distance of 10 m allowed a 5 m buffer and a maxinpoimt count radius of 5 m.
Diver one rapidly scanned an area of 3 to 5 m mdilepending on visibility) and
recorded numbers of all species observed on a &edipe slate in as short a time as
possible (Barrett and Buxton 2002). Once agaimtlenof all roman observed were
estimated and assigned to length classes of 5 crantents. Diver one then returned
along the line and again swam 10 m from diver two in the opposite direction,
where the counting process was repeated. Diverrepeated this until four areas
(constituting four replicates) had been censuséd,88° 90° and 270° from the
direction of the initial swim. Visibility was recded for each replicate, following the
same procedures as described for the transectcolihe area censused on each
replicate was calculated using the formula for dhea of circle, using the estimated

visibility as the radius. Each point count reple&tok approximately four minutes.
Limiting data to those dives in which transect @woiht counts were both conducted

allowed direct comparison of the two techniquesurRoansect and four point count

replicates were conducted on each dive. For eanBusetechnique, all replicates
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conducted per dive were pooled, so that each diwstituted a single sample. All

counts were made by a single observer to avoiddeivobserver error.

Controlled fishing

Within each area, the vessel was anchored on tine §€PS co-ordinates. Angling
was conducted for up to five hours (10 angler hppes station at each site, to allow
comparison of the variability obtained for varyifighing effort. Two anglers, fishing
simultaneously, used a standardised hook-and-lioefiguration to avoid bias
introduced by the use of different tackle. Thisliied a single barbless 4/0 VMC
sport circle hook, baited with pilchar&drdinops saggxand chokka squidLbligo
vulgaris reynaudj and a 170 g sinker on each line. Circle hooksewesed to
decrease the incidence of gut-hooking (Zimmermah Bochonek 2002, Cooke and
Suski 2004) and post-release mortality (Faltermad &raves 2002, Princet al
2007), and barbs were removed to avoid unnecegsgary (Parsont al 2003) and
facilitate hook-removal (Schaeffer and Hoffman 20@nce at the surface, fish were
brought onboard the vessel in a PVC fish sling,igoed with a measuring tape.
Swim bladders of fish exhibiting signs of barotraurwere deflated by careful
insertion of a 15-gauge hypodermic needle undaraée sthrough the body wall at a
position where the swim bladder adheres to the bt wall (Buxton 1990,
Bruesewitzet al. 1993, Keniryet al 1996, Collinset al 1999). The hook was
removed and the fish was measured to the neardlsnetie, fork length (FL) and

total length (TL), before being released.

It is suggested that the severity of the injuryswess inflicted on a captured fish is a
function of the duration that the fish spends at fwessure, i.e. in shallow water or
on the surface (Smith 2005). Therefore all fish ev@rocessed (deflated, hook
removed and measured) and returned to the watas iittle time and with as little
handling stress as possible, to maximise the clsaoiceurvival. Processing time for
all fish was kept below 30 seconds. To avoid betawasgler variability, all fishing
for this experiment was conducted by the same tagleas. All diving and fishing
was restricted to daylight hours (08:00 to 17:@)rtinimise effects of crepuscular

activity.
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4.2.4 Data analysis

Underwater visual census

Density and species density were calculated asuh#er of individuals and species,
respectively, observed per 106.rbata were then adjusted for effort, by calculgtin
the mean number of individuals and species recopeéedeplicate by each technique,
by converting each count to standardised point tand transect census areas. These
census areas were calculated using a point comsusearea radius and half transect
strip width of 3 m (based on 3 m visibility). Thisovided a point count census area
of 28 nfand a transect area of 306.ata were also adjusted for time by calculating
the mean number of individuals recorded by eacku®technique per hour, based on
average census durations of six minutes per traasecfour minutes per point count.
All comparisons were made using the non-param@fiicoxon Matched Pairs (Rank
Sum) Test, as the assumptions of normality of ihistion (Chi-square test) and
homogeneity of variance were not met (Hartley F-naad Levene’s test). All

analyses were run in Statistica 7.1 (StatSoft).Inc.

Variability was measured using CV and SDKji(of density estimates (fishe100%))
and compared between transect and point countietesmine which UVC technique
provided the lowest sampling-associated variabil¥fariability in estimates of
species density (speciess10F)mnumber of fish per replicate, number of spepies

replicate and number of fish per hour of censuevedso compared.

Sample size required was calculated as the sanmgdersquired to detect a 10%
change in the mean estimate, at a significancermnt of 0.05 (Bausell and Li 2002),
with a power of 80% (Fairweather 1991, Peterman Bih@onigle 1992, Rosner
2000, Lenth 2001).Required sample size was detednihy power analysis,
according to the equation provided by Kapaelial (2005) for a one sample, two-
tailed test, which takes the form:

n{d(zl_a,z +ZM)T’

/Ja_/Jo

where n is the number of samples required, is the standard deviation of the

estimatesz ., is the Z value corresponding to the significanggegon (@) of 0.05
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for a two-tailed test (obtained from statisticddles, Rosner 2000) with- 1 degrees
of freedom,z; is the Z value that corresponds to a power of (Bl8ained from
statistical tables, Rosner 2000), amd— uo is the difference between the means
required to be detected (Kapaétaal 2005).

Controlled fishing

To determine fishing station effort that providete tlowest variability in CPUE,
fishing results from each station were divided ip&siods of one angler hour (i.e. two
anglers fishing simultaneously for 30 minutes).dbafrom each consecutive angler
hour within each day was added cumulatively to eestimates of abundance for
stations of effort ranging from one to 10 angleutso CPUE was calculated by
dividing the overall catch for cumulative angleun® at each station, by the number

of angler hours exerted, to provide an index ofralamce based on fisheangler hbur

Measures of variability

Variability between counts made by transects andtounts, in which counts were
based on census areas of different sizes, was cethpsing SD[In§)] and CV.
Based on the previous discussion, CV and SR)lngvere also chosen to measure
catch variability for comparison of fishing statieffort. However, as CV is slightly
biased, CV adjusted (CV’, Haldane 1955) was alsmlus

SDI[In(x)] is calculated as the standard deviation (SDjhef natural logarithms of
successive population estimateg (Connell and Sousa 1983). CV is calculated by
dividing the SD of a set of population estimategh®/mean, and takes the form:

cv =[sp{x )}/,

where SD = standard deviation of successive populationmeds, x, = population

estimate or sample number and X= mean population estimate (McArdét al

1990). CV is calculated in the same way as CV, but takes agtount sample size,

cv'= [1+4_1njx(ST‘)j,

where CV' = CV adjusted for bias according to Haldane (19%d) = standard

and takes the form:

deviation, x = mean population estimate, ameé sample size (Haldane 1955).
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Comparison of length-frequency distributions

Length-frequency distributions of roman were comeparbetween UVC and
controlled fishing. Lengths for each size classnested during point and transect
counts were pooled, and those measured duringatieatrfishing were assigned to

the same length classes of five cm increments.

4.3 Results

4.3.1 Diver training
During diver training, the second set of 50 estedalengths correlated well with
actual lengths fr= 0.987, p < 0.01) (Fig. 4.1).
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Figure 4.1 Estimated versus actual lengths (cm TL) of mdidél for diver training.

4.3.2 Underwater visual census

For this experiment, 44 dives were conducted; 3thénprotected area and 11 in the
exploited area. Both transect counts and point isowere conducted during 22 of the
dives in the protected area and nine in the exgiadtrea, allowing direct comparison
of variabilities. A total of 3729 fishes represegti20 species were recorded during
the point counts, and 7913 fishes representing g&ties during transect counts.

Species observed using each technique are preseraggendix .
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Efficiency

Results of the Wilcoxon Matched Pairs Test (Tabl2) 4howed that densities
(fishe100 n¥’) recorded during point counts were significantigher than those
recorded during transect counts, in the protecpa®.001) and exploited (p<0.01)
areas. Similarly, species densities (species*1®) were significantly higher for
point counts than transect counts, for the prote¢pe0.001) and exploited (p<0.01)

areas.

Numbers of individuals recorded per replicate (aplicates per dive pooled),
adjusted for point count radius and half transegp svidth of 3 m, were significantly
lower for point counts than transect counts, in phatected (p<0.001) and exploited
(p<0.01) areas. Similarly, numbers of species aiper replicate were significantly
lower for point counts than transect counts, in phatected (p<0.001) and exploited
areas (p<0.01). When adjusted for census durati@nnumbers of fish recorded per
hour of transect census were significantly highantthose recorded per hour of point
count census, for the protected (p<0.001) and éeplsites (p<0.01).

Table 4.2 Results of comparisons of density (fishe100°)mspecies density
(species*100 i), fish per replicate, species per replicate ast fier hour (+SD),

from transect and point counts

Protected Exploited
Transect Point p Transect Point p
Density 11.41 (259) 35.07 (16.87) 0.001 10.13 (3.15) 36.13 (13.11) 0.01
Species density 1.43  (0.24) 7.16 (2.27)  0.001 2.06 (0.43) 1121 (5.24) 0.01
Fish/replicate 34.24  (7.76) 9.92 (4.77)  0.001 30.39 (9.44) 1021 (3.71) 0.01
Species/replicate  4.28  (0.73) 2.02 (0.64)  0.001 6.18 (1.28) 3.17 (1.48) 0.01
Fish/hour 342.4 (77.64) 148.75 (71.54) 0.001 303.9 (94.42) 153.2 (55.58) 0.01

Variability

For density, species density, fish per replicgpecgs per replicate and fish per hour,
variability (in terms of CV and SDI[Ii(]), was higher for point counts than for
transect counts conducted on the same dives, fiir the protected and exploited
areas (Figs 4.2 and 4.3).
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Figure 4.2 Variability (CV) for density (D; fishe100 if), species density (SD;
species*100 i), fish per replicate (F/R), species per repli¢&#R) and fish per hour
(F/H), in the TNP (a) and PB (b). Grey bars repnegmint counts and black bars

transect counts.
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Figure 4.3 Variability (SD[In(x)]) for density (D; fish»100 i), species density (SD;
species+100 i), fish per replicate (F/R), species per replid®#R) and fish per hour
(F/H), in the TNP (a) and PB (b). Grey bars repmegmint counts and black bars

transect counts.

Point counts required less time per replicate stap transects, but covered a smaller
census area under all visibility conditions enceuwed during this experiment (Fig.
4.4). Therefore, strip transects probably provideranrepresentative estimates of
community structure. Furthermore, when adjustedtiime required per replicate,
transects covered a greater area per unit time ploaxt counts, allowing a greater

overall area to be sampled in a given time.
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Figure 4.4 Area (nf) censused by strip transects (dashed line) andt pounts (solid
line) under varying visibility (m).

Results of the power analysis showed that the sasipk required to detect a 10%
change in the mean UVC count, with a statisticalgroof 80% (or 0.8), was 28 for
point counts, and 11 for transects, at the 5% lef/significance.

4.3.3 Controlled fishing

A total of 583 fishes and 18 species were captur@®8 angler hours in the protected
area (2.80 fisheangler hol); while 201 fishes and 11 species were capturetDih
angler hours in the exploited area (1.93 fisheandieur'). For the two areas
combined, a total of 21 species were captured, widihnt species common to both

areas. Species that were captured are listed ireAgp II.

Sampling efficiency

As expected, mean catch (per station) increased stéttion effort, for roman and for
all species combined, in the protected and expladieas (Fig. 4.5). The magnitude
of the increase was not linear and decreased tasnsédfort increased, particularly for
roman. Roman catch approached asymptotic at a Istation effort in the exploited
area than the protected area. Conversely, the roeamlative CPUE(fisheangler
hour) decreased with increased effort, for romashfan all species combined, in both
areas (Fig. 4.6). The rate of decrease in CPUE intheased effort was rapid for
roman in both areas, but was more gradual for @dicies combined. Despite an
increase from one to two angler hours, CPUE ofsplcies in the exploited area

showed a gradual overall decrease with increaded.ef
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Figure 4.5 Mean catch (fish per station) versus fishingistaeffort (angler hours),
for the protected (a) and exploited (b) areas. $bkd line represents all species
combined and the dashed line represents roman oatghStandard deviations were
omitted to aid clarity of presentation. (n = 8 &ach effort).
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Figure 4.6 Mean cumulative CPUHfish-angler hou)) versus fishing station effort
(angler hours), for the protected (a) and explod@ezhs (b). The solid line represents
CPUE of all species combined and the dashed lipeesents roman CPUE. Standard
deviations were omitted to aid clarity of preseotat(n = 8 for each effort).

Mean contribution of each consecutive angler hauoterall roman catch at each
station is presented in Figure 4.7. In the prott@ea (TNP), the catch decreased
rapidly from a maximum after one angler hour. la &xploited area (PB), there was a
gradual decrease in mean contribution per anglar baotil three angler hours, after
which there was a sharp decline to five angler fiowith approximately 60% of the
roman catch for each station being captured witenfirst three angler hours, and the

remaining approximately 40% being captured in thigsequent seven angler hours.
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Figure 4.7. Mean roman contribution (% of overall roman capehn station) for each

consecutive angler hour, in the TNP (solid lined @B (dashed line). Standard

deviations were omitted to aid clarity of preseotat(n = 8 for each effort).

Variability

Variability associated with fishing stations of yeag effort are displayed in Figure
4.8. Variability (CV and SD[In)]) for the TNP, as well as the two areas combined,
decreased gradually with increased effort (Fig).4@verall, variability in PB also
decreased with increased effort, but showed a difecpease from one to two angler

hours, after which the decrease was gradual.

06 o . 065 <
=iy
I‘~'
1
05t ., 055Ff
> X
c
O oat 5 045 |
n
\
03} . . 0.35
a T T
02 e 025 . .
0 2 4 6 8 10 0 2 4 6 8 10
Effort (angler hours) Effort (angler hours)

Figure 4.8 Variability associated with fishing stations odrying effort, measured
using CV (a) and SD[Ix()] (b). Data are for summer and winter combined, the
TNP (solid line), PB (dashed line) and the TNP Bidcombined (dotted line).

Variability estimated by CV and CV’ provided neaentical results. The results of

CV’' were therefore excluded. Variability associateith varying fishing effort,

measured in terms of CV and SD}y)], was compared between summer and winter
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for the TNP and PB (Fig. 4.9). In the TNP, variapi(CV and SD[Ink)]) in summer
decreased gradually with increased effort, and aseasiderably higher than in winter.
Variability (CV and SDI[Ink)]) decreased sharply in winter in the TNP, frorme da
four angler hours, after which it showed little nge. In PB, variability (CV and
SDI[In(x)]) was higher for the first two angler hours inntgr, after which values
decreased to below summer values. Summer variakilath measures) was lowest
after two angler hours, after which it increaseadgially with effort. Winter
variability in PB decreased sharply with increasédrt, to minima after seven hours.
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Figure 4.9 Comparison of seasonal variability associatedh wérying fishing effort
(angler hours), measured as CV in the TNP (a) @db}, and as SD[Ix()] in the
TNP (c) and PB (d). The solid line represents wiated the dashed line summer.

Comparison of length-frequency distributions

Length-frequency distributions of roman obtainedimy UVC (point and transect

data pooled) were evenly distributed across lemtpisses. However, larger length
classes were disproportionately represented bjighing data, with length classes up

to 15 cm not represented at all (Fig. 4.10).
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Figure 4.1Q Length-frequency distributions for roman, estiethtduring UVC
(hatched bars, n = 1011) and measured during dedriishing (solid bars, n = 377).

4.4 Discussion

4.4.1 Underwater visual census

Density estimates were significantly higher forrmiaiounts than transect counts. This
agrees with results obtained by Bortoeeal (1989). Buxton (1987) found that
transects underestimated density. The result islylildue to the effect of diver
presence on fish behaviour during point countsyhich the diver remains stationary,
allowing curious species to approach (Kulbicki 1p98hresher and Gunn (1986) and
Samoilys and Carlos (1995) found no significantfedénces in density estimates
between point counts and strip transects. Howekenn, point count census area size
was not limited by visibility, which was greaterath 15 m throughout their studies.
The effect of diver presence is likely to decreagth distance from the diver,

therefore, being greater when the point count aismaller.

Transects covered a larger census area per repltban point counts, and the
numbers of individuals and species recorded pdicedp were significantly higher
for transect counts than point counts. Transe@stherefore, likely to provide more
representative estimates of community structurathBumore, when adjusted for
census duration, the numbers of fish recorded pér af time were significantly
higher for transect counts. This is consistent wéhults obtained by Bortoret al
(1989). Transects during this study took approxetyasix minutes per replicate, and

point counts approximately four minutes. Althougbirp counts covered a smaller
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area, the disproportionate time required per pomint replicate may be due to
difficulties associated with recording an incregsimumber of individuals as fishes are
constantly attracted to the stationary diver, al§ asethe time required to distinguish
between fishes already present and those entdéréngensus area after the census has
started. Furthermore, the diver must rotate toaietl individuals in the census area,
and if done for each species, may be time consumigagicularly in areas where fish

density and species richness are high.

Transect counts provided lower variability in esites of density than point counts
(fishe100 m?). This is contrary to results obtained by Watsad uinn (1997) and
Thresher and Gunn (1986), who found that point touymovided lower variability
than transects. This discrepancy in results magugeto a smaller census area during
the current study. Miller and Ambrose (2000) fouhdt transects provided more
accurate estimates of density in the intertidaleztiman quadrats, as quadrats were
more likely to fall entirely within or between pats. This is analogous to point
counts, which are likely to provide lower withintesivariability, due to more
homogenous habitat within each census area, &ialesurate estimates overall than
transects, which are more likely to cross differeabitat types. Variability was also
lower for species density (speciess108)rmumber of fish per replicate, number of
species per replicate and fish per hour from tretsshan those from point counts.

Bias may be caused by the effect of diver presenceg point counts. Furthermore,
fishes entering or leaving the census area durmigtgounts may not always be
detected, as some part of the census area is alvetiysd the observer. This is not the
case with transect counts. Bias may be introducettansect counts by the non-
random movement of fishes, i.e. net movement tosvardaway from the observer
(Watsonet al 1995). Potential inaccuracy is introduced in $et and point counts,
by subjective estimation of strip width and poiouant radius, respectively. However,
the problem is exaggerated in point counts, aglibtance estimated (i.e. point count
radius), and consequently any error in distancemasion, is squared in the
calculation of the area of a circle (Greenwood )99®is is not the case with the
calculation of the area of a rectangle, which carshown by a simple example. An
error in strip width estimation of 20% (e.g. a saat width of 5 m censused on either

side of the diver, erroneously estimated to be 4wl) result in a 20% decrease in
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the area thought to be censused by the transent,ashich relates to a 25% increase
in that density estimate. However, a similar efroestimation of point count radius
results in a 36% decrease in the area censuseaelyoint count, and a consequent
56% inflation of the density estimate. Areas estedaduring point counts are,
therefore, likely to be less accurate, suggestiray tlensity estimates provided by

point counts may incur more bias than those frandects.

Power analysis showed that a sample size of 2& poimts was required to detect a
10% change in the mean count, while just 11 trarssoples would be required. This

further highlights the greater efficiency of traclseounts over point counts.

Although point counts provided higher density esti®@s, which are suggested to be
more accurate (Colvocoresses and Acosta 2007) sfnsects provided lower

variability (Figs 4.2 and 4.3), while at the sanme a higher number of individuals

and species per replicate. Because the study fdauber on relative density and

representivity than absolute abundance, transeete more suitable and, therefore,
are recommended for LTM.

4.4.2 Controlled fishing

LTM programmes commonly aim to detect inter-anntla#nge, in which case data
collected in summer and winter may be pooled. Tioeee optimal fishing station
effort was based on data from the two seasons cwdbilThe decreases in variability
(CV and SDIIng)]) with increased effort, for the TNP and areambmed, suggested
that a greater effort would be most suitable (Bi§). However, the magnitude of the
decreases in most cases was low, suggesting thaettreased variability may not be
worth the increased time and cost. Furthermore, ERBcreased with increased
effort (Fig. 4.6). Therefore, a reduced effort @ation would provide a greater
overall CPUE, but a reduced overall catch (Fig).45 order to maximise overall
catch and CPUE for a given overall effort, a largember of fishing stations of
reduced effort would be necessary, and would peuigreater overall catch and thus
a more representative sample of the community. dditimn, the contribution of
roman catch for consecutive angler hours in the BN PB decreased rapidly with
increased effort (Fig. 4.7). In PB, approximatel§9® of the total roman catch for

each station was captured within the first threglem hours, suggesting that
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controlled fishing for roman (as an indicator spsgiwould be most efficient if based
on stations of three angler hours or less. Fromgsstical point of view, reduced
fishing station effort would allow for a more fléeé sampling protocol. For example,
fishing stations could be conducted between divesliging days, without limiting

the number of dives possible on a given day. Logféort, for a given sample size,
would also decrease the overall time required tmplete all stations, possibly

decreasing temporal variability within the results.

Variability in PB decreased sharply with increastbrt from one to two angler
hours, after which further decreases associatdu inireased effort were only slight.
CV decreased by 37% from one angler hour to tworéquired a further five angler
hours for a further 15% decrease, to reach a mimn&imilarly, SD[Ink)] decreased
by 43% from one to two angler hours, but requirecdditional three angler hours to
reach its minimum, a further decrease of only 14494.(4.9). This suggested that an
increase in effort from one to two angler hours, pi@vide considerably lower
variability, would be worth the decrease in CPUHI ancreased time and cost
required, but that further decreases in variabiitgre insufficient to merit further
increase in angler effort. Two angler hours wasetoee deemed the most optimal

effort.

The seasonal differences in variability, found attbthe TNP and PB, suggested that

a seasonal sampling protocol was necessary.

The protocol adopted for this experiment made disesngle site in each study area,
and is thus subject to pseudoreplication. Howetldg approach was selected to
address specific aims. Sampling the same site tegiigawithin each study area, as
opposed to sampling different sites on each ocnagxcluded spatial variability and
provided direct comparisons of transect and poounts, and fishing stations of
varying effort, in which variability was attributlb almost exclusively to each
technique. A larger number of sites (i.e. repeatithtampling at numerous sites) would
have increased statistical power. However, the reatf the experiment and the
absolute duration (in hours) of fishing at eacle gier day, the overall dive time
required for all sampling at the two sites andliimited number of available seagoing

days in the temperate marine environment in whighstudy was conducted, limited
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the number of sites to just two. Ultimately, theuks provide a complement to the
theoretical comparisons of the two UVC techniquakwing identification of the
more suitable technique, for use in this study .aFeathermore, in the absence of
available literature on the optimal effort to beedrd at each fishing station, the
results have provided an indication of a suitabigler effort. Further work is,

however, necessary with an increased number of lgagrgites.

Calculations for optimal fishing station effort veebased solely on CPUE estimates at
each site; however, it is recommended that furtmealyses be done to determine
fishing station effort that provides suitably lovariability in estimates of diversity,

and representation of community structure.

4.4.3 Comparison of length-frequency distributions

As a result of hook-size selectivity (Perr@t al 1996,DeMartini and Lau 1999),
smaller size classes were under-represented byodedt fishing when compared
with UVC. UVC provided a length-frequency distrilmrt representative of length
classes across the range of roman sizes and isfdhe suitable for assessments of
population size structure. Controlled fishing diet nprovide a representative
illustration of the size structure of the populati@nd is, therefore, not suitable as a
health index for a species or ecosystem. Howebher leéngth-frequency distribution
provided by controlled fishing is representativetbé population available to the
fishery (Zeller and Russ 2000) and is suitableafggessments of the effects of fishing

on population size structure.

4.4.4 Conclusions

Although there are numerous methods availablemtbst commonly used methods to
provide density or abundance estimates of tempeeatiefish populations are UVC
(Brock 1954, Thresher and Gunn 1986, Wikt al 2000) and controlled CPUE
fishing (Bannerot and Austin 1983, Richards andnbtd 1986, Millar and Willis
1999, Bennett and Attwood 1993). Haggarty and K{@@06) found that estimates
from UVC compared well with those from CPUiEhing. Although the two methods
provided inconsistent length-frequency distribusiphoth estimates were suitable for
their respective applications. Therefore, basedtlmn strengths of UVC (direct

observation, non-selectivity and greater specipsegentivity), and controlled CPUE
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fishing (measured lengths, unconstrained by depthettom time, low cost), it is

recommended that both methods should be includad.iiM sampling protocol.

Transect counts were superior to point counts,eirm$ of sampling efficiency,
variability, bias and required sample size. In t®mh controlled fishing, the optimal
fishing station effort (for offshore angling in drjied and protected areas) was two
angler hours, providing low variability while atetlsame time low overall cost and

time required for sampling.
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Chapter 5

Development of a Sampling Protocol

5.1 Introduction

The overall aim of this thesis was to develop aarg protocol that is suitable for
LTM and assessment of temperate reef fish comnasnifihe sampling protocol,
therefore, had to be designed to:

1. detect natural temporal change in population abocelaand community
structure, to allow detection of change in protéctreas that may be
associated with climate change or anthropogeniaentes,

2. detect change in the exploited area that may beceded with fishing
pressure, or changes in fishing pressure or managemegime, and

3. detect differences between protected and explaiteds.

The first objective required a protocol that coakbkess parameters at the community
level, such as species richness, species compusiliwersity, evenness, species

dominance and community similarities and dissintiks.

The second and third objectives required samplingt tallowed for statistical
comparison of species-level indicators, such asnnueEmsities, mean CPUE, mean
lengths and length-frequency distributions. The w$eabundance indicators to
investigate the effects of fishing is commantér alia Bennett and Griffiths 1986,
Burger 1990, Bennett and Attwood 1993, Buxton 19%akitin and Kramer 1996,
Willis et al 2000, Brouwer and Buxton 2002). However, dueh®e multispecies
nature of reef fish communities and the fact th#eknt groups of species may be
sampled best with different methods (Lincoln-Smili®89), it was not possible to
compare all the above-mentioned parameters folyesfgecies. One or more suitable

indicator species therefore had to be identified.

All three objectives required the use of methoag frovided the minimum possible
sampling-associated variability and bias. Theseewdentified in Chapter 4. In
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addition, the problems associated with statistipawer, variability, error and
pseudoreplication (Cohen 1973, Hurlbert 1984, Stewatenet al 1986, Forbes
1990, Peterman 1990, Fairweather 1991, Faiithl. 1991) had to be considered, in
order to provide a sampling protocol that is staiadly powerful, free of sampling

error and pseudoreplication, and minimises vaiitgtaind bias.

The aim of this chapter was, therefore, to deteensuoitable parameters, such as
sample size, census area size, spatial and temgxteht of sampling, and spatial
allocation of sample units, to develop a standeadlisampling protocol that
minimised the above-mentioned issues, but alsoidere available time, manpower
and financial resources. In order to achieve tis,design of the sampling protocol
had to consider each component separately, ompébgtstep basis (Fig. 5.1).

The first step was to identify a suitable studyaarafter which the species- and
community-level indicators to be measured had todéeermined. Once these had
been selected, the sampling approach, samplingasethd scale components could
be considered. Once the components within these thections had been determined,

suitable methods were identified for data analysis.
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Figure 5.1 Steps in the development of the proposed sampliotpcol. Solid arrows
illustrate the direct order in which components eveonsidered, while the dashed
arrows represent the order in which the differemttions of protocol design were

considered.
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5.2 Development of a protocol

5.2.1 Identification of suitable study areas
Before the sampling protocol could be designedjitalsle monitoring site had to be

identified. This was achieved in Chapter 3.

5.2.2 Selection of indicators

Ecosystem based management (EBM) is increasinghgwecological indicators to
aid management, as they can be used to assessrthatcstatus or condition of a
stock or ecosystem, simplify complex biological omhation to allow ease of
communication and detection of trends, and morprogress towards management
and ecological goals (Pajak 2000). However, thecehof which indicator variables
or species to measure is not a simple one (KeondlQaiinn 1991, Degnbol and Jarre
2004).

A suitable indicator is one that is easier, cheapenore accurate to measure, or that
shows an earlier response to an impact (e.g. eeqieuat area becoming open to
exploitation) or changes in environmental varial{eg. increase in sea temperatures)
(Vos et al. 2000). Indicators should also convey as muchrin&tion as possible with
regards to the effects of anthropogenic impacts emdronmental change on the
health of the reef community (Green 1979, Hodgse®9). Pajak (2000) provided a
good synthesis of possible indicators.

Species-level indicators

Chrysoblephus laticegsoman) was selected as an indicator speciessrsthdy, as it
is targeted by commercial, recreational and chdmbet fisheries, it is well-
represented in UVC counts and catches in the amed,the species has been well
studied (Chapter 4). The indicator variables sebtbd¢d study roman included mean
density from UVC, mean CPUE, mean length and lefirgtijuency distribution in the
protected (TNP) and exploited (PB) study areas.
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Community-level indicators

Community-level indicators used to detect tempatalnges associated with climate
change should be able to detect changes in comynwtiticture and species
composition. Species richness is important, for ng¥a, climate change and
associated increases in sea temperatures are fikedgult in a southerly extension of
the geographical distribution of more tropical gpecSuch evidence already exists as
recent recordings of tropical species, such askbtiged butterflyfish Chaetodon
dolosu$ and whitespotted butterflyfisfChaetodon klein)ifrom PB, more than 500
km out of their previously described distributionednges (Heemstra 1986).
Furthermore, Green (1979) makes reference to numestudies that have found

species richness to be a better indicator of biokdghange than diversity indices.

It is important that the relationship between tidi¢ator and environmental change or
anthropogenic impact be understood, to show caysaktween predictor and
dependent variables (Vast al 2000). Washington (1984) and Keough and Quinn
(1991) suggested that many diversity measures havgological meaning and that in
many cases, there may be little reason to measweesiy, other than for political or
social reasons. There is no reason to expect sioredhip between measures of
diversity and community stability (Keough and Quit®91) or environmental quality
(Green 1979) and, in communities where species nate competitively equal,
disturbance may even increase diversity. Furtheemadue to the nature of diversity
calculations, information is lost, by way of a retlan in resolution (Green 1979).
Although diversity indices are criticised by numeso authors (Green 1979,
Washington 1984, Keough and Quinn 1991), such mesasare commonly used in
ecological studies and monitoring programmes. Desjis dubious suitability,
diversity was included as an index in the currettdyg, but only to allow for
comparison with results of similar studies. Divgrsneasures were not included to
compare communities from the protected and exmlogidy areas, but rather to
detect changes in the community structure withicheatudy area over time.
Furthermore, Warwick and Clarke (1991) suggesteat timultivariate analysis
(MVA), such as non-metric multidimensional scaliiMDS), is superior to univariate
measures, such as diversity. Such analyses areseosdive to change, and therefore
provide an earlier response to environmental chaauge were therefore chosen as the

indicators in this study to detect community change
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5.2.3 Seasonality
In order to account for seasonal trends associatitdoceanographic conduction, the

protocol included both summer and winter sampliagquls.

5.2.4 Sample site allocation

There were three options for allocation of UVC disthing sites within each study
area, each season. These were: a) sample thesaxaetsites for UVC and fishing, b)
select UVC and fishing sites randomly or c) excladg site that was already sampled
by either method in that season. Diving and fishimg same sites in each study area
would allow direct comparison of results from thveot methods, e.g. community
structure, diversity, species richness, density @R4E. However, there is a lack of
information on the effect of a baited hook on fishaviour (Millar and Willis 1999).
Thompson and Mapstone (2002) found that there wasffact of diver presence on
fish behaviour up to three days after a dive. Tptedndom sampling would allow
some sites to be sampled by both methods (witlpaissibility of diver or baited hook
effects) but without removing the spatial variagiliesulting from sampling different
sites with different methods, and preventing dimanhparison of UVC and controlled
fishing results. Therefore, it was decided notite aites that had been fished in that
sampling season (or vice versa) due to possiblecsffof baited hooks on fishes
observed, or of diver presence on the behavioufishf around a baited hook.
Furthermore, it was decided that a single site dawt be sampled by the same
method in consecutive seasons, to avoid the pdisgilof pseudoreplication or
temporal autocorrelation. However, sampling a @rgifle in consecutive seasons with
alternate methods was considered because it wasnadsthat the effect of diver
presence and baited hooks would be negligible aftermonths (Thompson and
Mapstone 2002).

5.2.5 Sampling strategy

Ecological studies focusing on LTM and detection tefnporal variability are
commonly based on one of two sampling strategieedFsampling sites (e.qg. fishing
stations or UVC sites) may be revisited during eamhsecutive sampling phase, or a
new subset of sites may be randomly allocated @ @zcasion (Thompson and
Mapstone 2002).
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Reuvisiting fixed sites

Revisiting the same set of sites on each occadlowsafor the exclusion of spatial

variability (or change in spatial variability assted with sampling a different set of
sites each season) (Greenwood 1996, Thompson apstdfe 2002), thus increasing

the statistical power of the experiment to deteotgoral change (Vaast al. 2000).

However, it is possible that chosen sites may eateipresentative of the greater study
area, suggesting that extrapolation of resultsh® éntire study area should be
interpreted with caution (Nowlis and Friedlandei02p) Chance disturbance, which
may occur at one or a humber of fixed sites, maylten erroneously high estimates
of spatial or temporal variability, further suggegtthat revisiting fixed sites is less

suitable than random reallocation (Hurlbert 1984).

Further bias may be incurred with a revisiting t&tgg, as a result of trampling effects
(Vos et al 2000). Such bias may include anchor damage, atimelcapture-related

mortality or habituation of subject individuals dover presence. Evidence to suggest
an effect of diver presence or baited hooks on liishaviour in subsequent samples

has been shown by Thompson and Mapstone (2002).

Furthermore, when revisiting fixed sites, the samgpke is limited to the number of
sites, whereas with random reallocation, the oVeahple size increases with every
sampling season or visit. This provides an increpsiumber of records (e.g. UVC
counts at a greater number of depths), ultimategngthening analyses on the effects

of such variables on fish numbers.

Stratified random sampling with reallocation

Although overall variability may be decreased wathevisiting approach, due to the
exclusion of spatial variability, and because thethnds employed during this study
(a single UVC count or fishing station) were likety cause little trampling effect, a
stratified random approach with reallocation oésieach season was preferred for a

number of reasons:

1. It was decided that each site would not be sampyelaoth methods in a given

season. Therefore, if the same fixed sites wensited each season, it would
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mean that all dive sites and fishing sites would geemanently spatially
exclusive and consequently non-comparable. Thezeftny randomly
reallocating new sites each season (without replacé within season — to
avoid pseudoreplication), all UVC sites and fishgtgtions would be sampled
without the effect of a baited hook or diver preseron UVC or fishing
results, respectively, while still allowing compamm of fishing and diving
results.

. GPS accuracy and variable water depth would malacaton of bottom
waypoints (such as the starting point of a fixegpdransect) from the surface
difficult (G6tz 2005). Similarly, one cannot be suhat the exact location has
been sampled on each occasion while fishing.

. Furthermore, the high-energy nature of the sea itond on the South
African south coast negates the possibility ofisgtbermanent sampling lines
or marker buoys, particularly for detection by ds/enderwater. Coupled with
this, relatively low gradient contiguous reef (swashthat in both study areas)
excludes the possibility of using physical landnsatic locate such waypoints,
and having to locate these points while underwateuld waste available
bottom/nitrogen time during dives, which is alreailely to be limiting,
particularly in poor visibility.

. Random reallocation allows the use of certain siatil analyses based on
random sample allocation (Ves$ al.2000).

. Reallocation of sites decreases the possibilitgedécting non-representative
or poorly representative sites, although reall@ratmay (in some seasons)
provide less representative sites by chance éfas 2000).

. Reallocation avoids the effects of chance disturbaat one or a number of

fixed sites (Ault and Johnson 1998). Furthermol#noagh by chance, a site
suffering disturbance may be selected in futuresees, if the disturbance is
apparent or obvious, or at least known about, usi sites may be excluded
from those available, prior to selection. A permanghange or disturbance at
a fixed site would mean that that site would nogkem be useful for
comparison and all data collected up to that pemld be of little value.

. Random reallocation of samples in successive phakdess for the spatial

spreading and dilution of any trampling effect apture related mortality.
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5.2.6 Sample stratification

Stratification refers to the spatial or temporabdivision of sampling, according to
different habitat types, such as by substrate typdepth, as well as different time
periods, such as time of day, tidal cycle or seg&ws et al 2000). Stratification
allows more definitive identification of the facsoassociated with, and the causes
underlying, environmental change and variabilityogVet al 2000). Because
variability within each stratum is likely to be lewthan in the study area as a whole,
stratification over heterogenous habitat generadsults in lower overall variability
and, consequently, more precise estimates (Greéf)18urthermore, stratification
provides results specific to each stratum, suckhaflow low profile reef, and allows

for extrapolation over all strata sampled (Green92.ohr 1999).

Stratification provides more precise variabilitytiegtes specific to each stratum,
which ultimately provides more insight into caugattors affecting abundance and
biomass (Lohr 1999). Failure to stratify over highleterogenous “treatments” will
result in excessive variability in results, whichaynbe difficult or impossible to

distinguish from temporal variability.

Because detection of differences in species andraonity level parameters, caused
by fishing in the exploited area, was one of thgdives of the sampling protocol,
and because the benefits of protection have bedindaeumented in the literature
(Buxton and Smale 1989, Garcia-Rubies and Zabaf#0,18ennett and Attwood
1991, Russ and Alcala 1996, Willes al 2000, Parsonst al 2003), stratification

over protection status was most important.

Depth has been shown to be a major factor affettieglistribution of fish abundance
(Thresher 1983, Roberts and Ormond 1987, McCormi@f4, Friedlandeet al

2003) and sizes (G6tz 2005). UVC dives and fistsitagions were therefore stratified
over depth, which was classed as a categoricahblari(from the mapping data in

ArcView), but measured as a continuous variable.

Reef profile, or vertical relief, has also beenwshoto be a major predictor of
abundance (Carpentet al. 1981, Grigg 1994, Friedlander and Parrish 1998nén
and Rajasuriya 1998, Almany 2004, Gratwicke andiggppe2005a). Samples were,
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therefore, also stratified over reef profile, whiglas calculated using the slope

function in ArcView, and defined as either highlaw.

From the preliminary sampling to compare methotisyas evident that variability
was lower in winter than in summer. It was, therefmecessary to stratify sampling
over season, to provide seasonal estimates of abuoad consequently lowering

overall variability.

Although substrate has been shown to affect fishndance (Guidetti 2000,
Gratwicke and Speight 2005a), samples were ndifschover substrate, as the study
focused on reef-associated species.

Time of day has also been shown to affect fish dbhooe (Colton and Alevizon
1981). However, due to typical South African weathied sea conditions (e.g. strong
wind and rough seas), time at sea is often limildwerefore, it was impractical to
stratify strictly over time of day. Time of day wteerefore treated as a random effect.

Similarly, temperature and visibility were trea@sirandom effects.

5.2.7 Samplesize

Green (1979) suggests that the best sample sthe isrgest. However, in any LTM
programme there is a trade-off between the miningample size required for
statistical strength, and the maximum number ofasthat can be conducted within

the financial, time and manpower constraints ofgregramme.

There is also a trade-off between the number op$esrand the size of each sampling
area. In this case, it is better to have more sesnpt smaller size than fewer large
samples, to sample a given total area, particulaHgn sampling a population with
non-random distribution (Green 1979, Sutherland6b39

Increased sample size is beneficial in that madissical analyses are more robust in
the event of violations of assumptions if they based on data with a greater sample
size, as a result of a greater number of error edegiof freedom (Green 1979).

Furthermore, the central limit theorem suggests #sasample size increases, the

distribution of estimates tends towards the norgRalsner 2000).
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It is also important that the sample size is sidfit to provide statistical power

necessary to detect changes in population estiroatgsecific magnitude, at a certain
level of significance. Statistical power is the lapiof the experiment to detect a

predetermined level of change (Ves$ al 2000), and is inversely related to the
probability of making a type Il error (i.e. failing detect a change or impact when
such a change or impact has occurred) (Keough andn@991). The power of an

experiment is dependent on the significance legelise. alpha), the sample size, the
effect level to detect and the natural variabiiitythe population (Keough and Quinn
1991). Calculations to determine the sample sigeired, to obtain a predetermined
level of power, are provided in the literature (eGreenwood 1996, Lohr 1999,

Bausell and Li 2002, Kapadét al 2005).

A power analysis was conducted to determine thepkagize required by point count
and transect count UVC techniques (Chapter 4)eterchine which method was more
efficient. Results of this power analysis showeal thl transect count samples were
required to detect a change of 10% in the meanlpbpn estimate, with a power of
80%. Twelve samples per study area would have geovthree samples per stratum
(stratified over depth and profile), per study ariea 24 samples per season overall.
However, a sample size of 30 is suggested to h&tabte minimum, as thestatistic
with a sample size of 30 or greater is suggestappwoach that of the normal (Lohr
1999). Therefore, it was decided to increase thebar of samples to 32 (i.e. four per
stratum or 16 per area), for increased statissitahgth. A sample size of 32 was also

selected for the controlled fishing.

It was decided that two transects would be condudteing each dive (each counted
by a different diver), to increase the overall asampled without having to increase
sample size. Furthermore, having two divers cogntn a dive reduced between
diver error (i.e. the subjectivity in abundancamates was not restricted to that of a
single observer, but rather of two observers, foeeereducing diver associated
error). This can also reduce time required per dfitene becomes limiting, as each
diver can sample one of the transects, allowingtiie transects to be completed
concurrently, which would reduce bottom time, aliogvmore dives to be conducted

in a given time, if necessary.
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5.2.8 Fishing techniques

Optimal fishing station effort was investigatedGhapter 4. This study showed that
two angler hours per station provided low variapiith low required time and cost.

Two angler hours per station was therefore seleatedhe sampling effort for the

proposed LTM sampling protocol.

Because of uncertainties regarding the area fiblyesl baited hook and the behaviour
of fishes in the presence of one or more baiteck$oib remains unclear whether the
absolute ‘effort’ applied by a single angler fishifor two hours, or two anglers for
one hour, or even four anglers for 30 minutes igaédMillar and Willis 1999).
However, in the absence of evidence suggestinge threght not exert equal effort it
was assumed that exerted effort would remain cahstéh a change in the number
of anglers, provided the overall number of angleurs was kept constant. Therefore,
although the optimum fishing station effort of tangler hours was calculated based
on two anglers (i.e. absolute duration of one hatln@ distribution of effort chosen
for the proposed LTM protocol (although still twagher hours) was four anglers
fishing for 30 minutes. This was based on the fhat four anglers fishing for 30
minutes would require significantly less time tonguete the required 16 fishing
stations than that for two anglers to complete &é-loour stations. This decrease in
time required to sample each station, and thusveeall time required to sample all
fishing stations, without decreasing the efforteath station, could have the added

benefit of decreasing the temporal variability witeach sampling phase.

In South Africa, the Occupational Health and Saf&ty (Act No. 85 of 1993) states
that scientific diving (including research divingr tUVC) requires a minimum of four
appropriately trained personnel (see Appendix Ib) be present during dive
operations. This suggests that there would be amim of four researchers available
on any field trip. Fishing stations making use ofiff anglers for 30 minutes would
therefore be a more efficient use of resources tivaranglers for one hour, provided

the same four individuals could be used for divamgl fishing.
Circle hooks were used in the sampling to deternoipémal fishing station effort.

Although they are expensive, there is extensivardiure that advocates the use of

circle hooks in release fisheriemtér alia Princeet al. 2002, Skomakt al 2002,
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Anon. 2003). The benefits of circle hooks includereased post-release survival
(Princeet al 2007), increased occurrence of ‘jaw-hooking’ (Eahan and Graves
2002), decreased incidence of gut or throat hooKifigimerman and Bochonek
2002) and decreased hook-related bleeding or infjppmeieret al. 2003), with no
associated decrease in catch rates (Cooke and 306K). However, Cooke and
Suski (2004) warn that circle hooks may not be gop&o straight shank “J” hooks
for all species, and recommend the use of circlekbanly for species for which
there is scientific evidence of their benefit. Thabould be determined prior to

implementation of LTM, for all target species.

Barbs should be removed to decrease time and igssypciated with hook-removal
(Schaeffer and Hoffman 2002) and the point of tbhekhshould not be offset, as this
has been shown to increase the incidence of deekirtgp (Princeet al. 2002). The

use of barbless circle hooks with no offset poiraswtherefore, included in the

proposed protocol.

The hook size selected for this study was 4/0h&swas shown by Gotz (2005) to be
the most suitable for roman, the indicator specié® use of inconsistent hook sizes
in different areas would prevent comparison betwaerh areas. However, it may be
necessary to determine experimentally an optimabkhgize for each LTM
programme, as this is likely to vary with area odicator species. Alternatively, it
may be better to use a range of hook sizes, inojudooks of size suitable for a wide

range of species and areas.

Pilchard and squid were used in conjunction dupngliminary sampling. However,
Gotz (2005) found no significant differences inatabetween pilchard and squid
baits. During implementation and assessment optbposed protocol, bait would be
restricted to pilchard, as this was found to beatle for roman in the Goukamma
MPA (Go6tz 2005). Pilchard is likely to be suitalibe most warm temperate reef areas
in South Africa, due to the high contribution ofman and other sparids with similar
feeding biology, throughout this region (Gotz 208spith 2005, Manret al 2006).
However, it is recommended that the suitabilityddferent bait types be tested for
each LTM study area.
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5.2.9 Selection of UVC technique

The sampling efficiencies (in terms of number shfobserved per replicate and unit
time, and number of species observed per replicatg)ability, bias and required
sample size of point count and transect count U¥€hiiiques were investigated in
Chapter 4. Transects were found to be superiooitat gounts in all aspects, and were

therefore chosen as the preferred technique foprikgosed LTM protocol.

5.2.10 Minimum visibility

Counts during preliminary sampling were restricteddives during which visibility
(estimated as the horizontal distance along theséet line from where the shot line
anchor first became visible) was at least 3 m. Hawmevisibility was regularly
observed to be spatially variable, even withinwdlial transect counts. A minimum
of 3 m was therefore insufficient, as there wer&lpes where visibility decreased
below this, encroaching on the census area. It thasefore, decided that minimum
visibility should be greater than 3 m to allow fmatchy areas of lower visibility, to
prevent the census area from being encroached pomg preliminary sampling in
the protected area, 94% of dives during which coumere made (n = 33) had
visibility of 4 m, suggesting a loss of only 6% pbssible samples if minimum
visibility to allow sampling was increased to 4 ngmpared to a loss of 19% of
otherwise suitable conditions if minimum visibilityas restricted to 5 m (estimated
on only 81% of dives) (Fig. 5.2).
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Figure 5.2 Cumulative percent frequencies for visibility (mes) during 33
preliminary sampling dives in the TNP, during theripd June 2005 to December
2006.
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Therefore, for LTM it was suggested that sampliegéstricted to dives during which

visibility is at least 4 m, to allow at least 1 rhvasibility outside of the census area,
for two reasons: 1) so that areas of patchy vigjbdo not encroach on the census
area, and 2) so that fishes entering the censasfeme the sides of the transect can
be detected and recognised as such, and excluatecctrunts (Froeschlet al 2006).

5.2.11 Census area size

Watson and Quinn (1997) suggested that for UVhtimaber of sample sites and the
size of each site for estimating abundance areimpbrtant, and rather that the

estimation of variance is a function only of theéatcarea sampled, suggesting that
variability is a reflection of the heterogeneitytbe total sampled area, as if it were a
single unit. However, where fishes are not randodiggributed (as with many reef

fishes), census area size and sample size argacthiat must be considered.

When sampling a species with non-random spatidtiloligion, a small census area
should provide lower variability and may, therefotee more suitable to allow
detection of temporal variability (Green 1979, Aaitd Johnson 1998). However, the
census area must be large enough to be representétihe habitat, abundance and
distribution of target populations, and to avoid taany zero counts (Zeller and Russ
1998), i.e. UVC counts should be high enough toneaningful, to allow variability
to be attributed to a cause rather than chancééB8and 1996a, b).

Although a wide range of transect census area diors has been used, a transect
length of 50 m appears to be the most commonly tsedeef fishes (Jones 1988,
Grigg 1994, Samoilys 1997, Ohman and Rajasuriya88,18arrett and Buxton 2002,
Froeschkeet al 2006). Zeller and Russ (2000) suggested 50 mfibile (as opposed
to cryptic) species. La Mesa and Vacchi (1999) usédm x 5 m transects for
estimating abundance dpinephelusand Diplodus species. Samoilys and Carlos
(1995) and Mapstone and Ayling (1993) proposed 50%m for fish greater than 11
cm FL. Transects of 50 m were used to compare dcanand point count UVC

techniques in this study (Chapter 4) and providgtsfctory counts for most species.

It was also important to select a suitable transadth, as this has been shown to

affect the precision and accuracy of UVC countdléZeind Russ 2000), and the use
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of variable strip width (variable distance courpsgvents comparisons of variability
with other studies (Manet al 2006). A wider strip would provide a larger cemsu
area and a resultant higher number of observatidosiever, subject detectability
decreases with increased strip width, particulanlypoor visibility (Thresher and
Gunn 1986). The maximum strip was governed by predant visibility, which, in
the current study area, is commonly no more them Zherefore, a strip width of 3 m

on either side of the diver was chosen, providitigaasect census area of 50 m x 6 m.

5.2.12 Measures of topographic complexity

Numerous measures of topographic complexity haea lnsedifter alia Risk 1972,
Underwood and Chapman 1989, McCormick 1994). Howevrgconsistency in
measures has prevented comparison between sttidieshighlighting the need for a
standardised method. This would allow differentras® employ similar or exact
methods to allow comparison between studies anavall single user to compare two
areas with different ranges of topographic compyear different complexity maxima

and minima.

The most commonly used measure of topographic aaxiiplis the chain link
method (Luckhurst and Luckhurst 1978, Sale and [Esud984, Connell and
Kingsford 1998, Friedlander and Parrish 1998, Fexret al. 2001, Almany 2004),
described by Risk (1972), in which the ratio of tmum length to linear distance is
calculated by measuring the actual length of claguired to cover a given linear
distance over the reef. However, the method is mastmonly used for small surface
areas, such as quadrats, and is therefore notokuitar determining topographic
complexity of the census area covered by a 50 nsé@ (Bell and Galzin 1984). A
chain of sufficient length to measure the actualteor distance of a 50 m transect
would be unmanageable for divers underwater. Furtbee, the method is time-
consuming and would increase required dive timeKRB72).

Two measures of topographic complexity were progodaring this study. The
profile of each UVC site would be calculated asshm of squares of the differences
between consecutive depth readings (McCormick 198K¢n by divers at 10 m
intervals along the 110 m spanning the two 50 mseats and the two 5 m buffer

sections between the shot line and the start di eansus area. Due to the nature of
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the calculation, this method is able to distinguisiween a level seafloor and one
that deviates from level, providing information the angle of slope, but is unable to
distinguish between a sloping seafloor with everfase and a level seafloor with

uneven surface. This concept is illustrated sinmplyigure 5.3.

The solid line represents a sloping seafloor withegen surface (seafloor A), while
the dashed line represents a level (i.e. no ngtestwverall) seafloor with uneven
surface (seafloor B) and the dotted line represantisvel seafloor of even surface

(seafloor C).
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Figure 5.3 Schematic representation of seafloor A (slopinighweven surface)
represented by the solid line, seafloor B (levethwineven surface) represented by
the dashed line, and seafloor C (level with everfiase) represented by the dotted

line.

Differences between consecutive depth readings vadoellated asin-ny, i, — ny, g
—np and n — rng. Values were calculated as -5, -5, -5 and -5 éafleor A, -5, 5, -5
and 5 for seafloor B, and 0, 0, 0 and O for seaflooTherefore, profile, calculated
according to McCormick (1994), provided values 60,1100 and 0, for seafloors A,
B and C, respectively, illustrating how the mettoaoh distinguish between seafloors
of different slope (seafloors A and C), but notwetn a sloping even seafloor (A)
and a level uneven seafloor (B). The chain link hrodt (described by Risk 1972)

would also not have been able to distinguish betveeafloors A and B.
This suggested that a second measure of topographiplexity would be necessary,

referred to in this study as rugosity. The SD @& tlepth readings recorded along the

110 m transect lines would provide no informatiam the spatial arrangements of
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depths, i.e. depth readings relative to adjaceratdings (McCormick 1994).

Therefore, rugosity was calculated as the abseotitee of the SD (as opposed to sum
of squares) of the differences between consecutdh readings. This is based on
the fact that an even seafloor of any slope woubdide a lower rugosity value than a
level uneven seafloor, and that the magnitude efzanness would be reflected in the

calculated value. This can again be illustratedgiihe example in Figure 5.3.

Rugosity was calculated, using the SD of the diffiees between consecutive depth
readings, as 0, 5.77 and O for seafloors A, B andeSpectively, illustrating the
ability of this method to distinguish between seaft of variable surface evenness,

thus providing a suitable measure of rugosity, @sosed to seafloor slope.

Although there are other more complicated and esipenmethods available to
calculate or estimate profile, such as those dasdrby Brocket al (2004) and

Kuffner et al. (2007), dive time during the current study wasited, and the method
for calculating profile (McCormick 1994) and thatwetloped for calculating rugosity

would provide simple, yet suitable, time efficiastimates.

5.2.13 Size of sample site cell

It was important that each sample be sufficienthatmlly segregated to avoid
pseudoreplication or spatial autocorrelation anat #ach sample site be selected
randomly. The two study areas had to be divided umits, or cells, of equal size,
within which a single sample would be conductedctEeell constituted a possible
sample site. Cells had to be large enough to ertkatesampling could be conducted
within its boundaries, to avoid pseudoreplicatiorspatial autocorrelation (McArdle
et al 1990). At the same time the cells had to be seratlugh to provide minimal
within-cell spatial variability (i.e. minimum hahit heterogeneity), and to maximise

the number of cells available within the overalidst area.

Minimum cell size for diving was governed by thedéh of the census area, GPS
error and displacement of the shot line anchor dié@loyment (which was governed
by current strength and water depth, but determindske no greater than 10 m). The
census area required a length of 55 m (50 m trarsgaen buffer area). GPS error for

the Garmin GPS 60 was determined as approximatety(&6tz 2005). Therefore, a
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minimum total distance of at least 70 m (10 + 55)was required from the centre of
the cell to its boundary, for diving, in the evenftall displacements being linear in the

same direction.

Minimum cell size for fishing was governed by GR®e(5 m), displacement of the
anchor after deployment (also assumed to be ndegréwan 10 m) and the length of
anchor rope deployed, which is influenced by depiimd strength, current strength
and swell size. However, the angle between the anobpe and the sea surface
during preliminary sampling was never less thardd§rees, and thus the maximum
horizontal displacement of the boat from the anghusition was never greater than
the maximum water depth of approximately 35 m (Rgtiras’'s Theorem). Therefore,
for fishing stations, a minimum distance of 50 m+(&0 + 35) from the centre of the
cell to the boundary was required if all displacatsehappened in the same linear

direction.

Furthermore, Kerwattet al (2007) found the linear extent of roman (the emos
indicator species) home range to be no more th@mni,0suggesting a minimum cell
size for sampling of 100 m x 100 m. Cell size wasréfore set at 150 m x 150 m,

based on the requirements for diving.

5.2.14 Temporal and spatial extent of sampling

Variability in results will be affected by the teomal and spatial extent of sampling.
Therefore, when designing monitoring experimentsjsi important that suitable
spatial and temporal extents (and scales) are nhwseneet the objectives of the
study (McArdleet al 1990).

Sampling at a single site on a number of occaswsitisprovide an estimate of
temporal variability, which is spatially pseudorepted. Similarly, sampling at a
number of sites, but on only one occasion, willvisie an estimate of spatial
variability that is temporally pseudoreplicated gi8art-Oatenet al 1986). It is,
therefore, important that the spatial and tempexaénts of samples are sufficient to
provide representative results (McAraieal 1990).
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Temporal scale

Sampling, to detect changes in a mean estimate)dhe conducted frequently over
an extended period. Estimates made infrequentlyoeer a short term may
erroneously indicate changes in the mean estimalen estimates are simply
fluctuating around a constant mean (Underwood 19€Ignversely, it is also
important that samples are sufficiently temporadigparated to avoid temporal
autocorrelation; a factor of particular considemtiwvhen sampling involves revisiting
fixed sites (McArdlest al 1990).

Diurnal, daily, monthly, seasonal and annual terapeariability each result from
different sources and it may, therefore, be seasibl focus on only one or two
temporal scales in which the project has investéglést (Stewart-Oatest al. 1995).

A suitable temporal unit of measurement for LTMreéf fishes is suggested to be the
generation time of the species of interest (Conaetl Sousa 1983, McArdlet al
1990). Therefore, in monitoring programmes aimeddetiecting annual temporal
change, specifically in species with a single ahrspawning season, a suitable
temporal scale would be annual. However, from titerdture and preliminary
sampling it appeared necessary to stratify sampulirey season to provide variability

estimates for winter and summer (see section 5.2.3)

Spatial scale

The spatial scale of sampling should be relatedth® range of movement of
individuals of the study species (Stewart-Oag¢ral 1995). Studies by Buxton and
Allen (1989), Kerwathet al. (2007) and Griffiths and Wilke (2002), focusing the
movement patterns of roman, found maximum movemeh&km and 4 km, and a
modal displacement of 6 km, respectively, sugggstimt a study area of linear
length between 2 km and 6 km would be suitablenfonitoring of this species, and
probably other reef-associated species as well.

The maximum extent of the study area, however, lshioel kept as small as possible,
to minimise spatial variability. Therefore the maxm extent is limited by the
maximum spatial variability that can be allowed, ilewhthe minimum extent is
governed by that which allows sufficient indepertdesamples and which is

representative of the overall region or study area.
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The spatial extent had to allow sufficient cells fature seasons and years, and
additional cells that may be necessary in the esegand covering areas of rock, as a
result of longshore drift (Schumann 1987). Evidefmethis was provided by the
difference in substrate type determined by SSSy@®emnet al 1982, Martin and
Flemming 1986) and observation dives made duriegcthrent study. Approximately
30% of the cells in the TNP appearing from the 88t to be reef were shown to be
covered by sand during observation SCUBA divesrdfoee, assuming an extra 30%
of cells were required each season for cells cavbsesand, and a further 30% for
cells that are too deep or inaccessible, a totapproximately 52 cells per study area
per season (i.e. 104) per year would be requirbd.spatial extent of each study area,
therefore, had to be large enough to encompassxarmia of approximately 104
cells.

5.2.15 Replication

Replication increases precision by reducing theeat$f of random variability in

estimates and supplies an error term (i.e. a viditiabstimate), which can be used to
determine whether differences are significant aor (turlbert 1984). However, the
cost of replication is usually excessive. Theref®EM studies must be designed in
such a way that the experiment has the power g8tati and diagnostic) to detect
change and meet the objectives, within the givemetiand financial constraints
(Hurlbert 1984).

5.2.16 Data analysis
Data analysis methods were only selected onceamplgg approach, methodology

and scale components had been determined or sklecte

Species-level analysis

UVC counts commonly produce highly variable resg@&amoilys and Carlos 2000,
Mann et al 2006) and are, therefore, unlikely to meet theuasgtions of
homogeneity of variance required for parametritistias. Comparisons of abundance
(observed density and CPUE) between protected aplbited areas should, in this
case, be compared using non-parametric Mann-Whlthests.
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A stock density index was chosen as an indicat@opiulation status (ICES 2006), to
show the effect of fishing on the sizes of indivatBucaptured. The index is calculated
as the ratio of individuals of fork length (FL) gter than a certain specified length to
the total number of individuals captured within leatudy area (Rochet and Trenkel
2003). A specified FL of 270 mm was selected as ithithe FL that corresponds
approximately to the minimum legal size (300 mm T&) roman (Buxton 1993a).

Length-frequency distributions were also chosenillisstrate differences in size

structure.

Generalised linear models (GLM) were chosen totifleand separate the effects of
selected environmental variables (continuous antkgecaical) on UVC counts,

controlled fishing catch and size of individualspaed, in the two study areas.
Because GLMs exclude the covariate effects of offmerasured) factors and provide
results based on what is predicted to be the effeetch factor independently, they
provide the ability to link observed trends to aufactors, and therefore provide
stronger diagnostic power (Vost al 2000). GLMs were, therefore, suitable to
determine which variables should be recorded oritod in the LTM programme.

Count data, such as that obtained from diving sigend controlled fishing, may
include frequent zero counts (Seagt al 2005). GLMs apply linear regression
techniques to nonlinear data with heterogenousnees (Williset al 2000), and are

suitable for such analyses.

Community analysis

For comparison of diversity from UVC counts and @Pfishing, diversity indices
selected were Margalef’'s (1958) overall diversibgdex €), the Shannon-Wiener
(Shannon 1949) diversity indek’() and Pielou’s (1966) evennes. (Margalef'sd is

a measure of the number of species present relatitree total number of individuals
in that sample. The Shannon-Wiener diversity intikes into account the relative
proportions of each species, and Pieldusa measure of how evenly the individuals
are distributed among the different species. Algiowiversity measures have
received much criticism, the chosen methods apgearest suitable (Washington
1984). Non-parametric MVA was, therefore, also @modor analysis of fish
community data from UVC and controlled fishing seys. Such analyses would

determine whether MVA was suitable for LTM withimet protected area or within the
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exploited area (in which the protected area wogldaa a control, against which the

exploited area would be compared).

5.3 Proposed protocol

Based on the above review and preliminary investaga(Chapter 4) the following
protocol was developed for monitoring of temperegef fish communities in the

warm temperate biogeographical region:

1. The protected and exploited study areas were itkxhin Chapter 3.

2. Roman was selected as an indicator species dine tievel of information on
the species, particularly the effects of fishing its life-history parameters
(Chapter 4).

3. It was decided that sample sites should not beddared fished in the same
season, or sampled by the same method in conse@gasons.

4. Preliminary results showed that sampling was necgss summer and winter
(Chapter 4).

5. Samples would be randomly reallocated during eadsan, i.e. no fixed site
sampling.

6. Samples were to be stratified evenly over protacstatus, depth, profile
(calculated in ArcView) and season.

7. Sample size was set at 16 UVC and 16 fishing sta@émnples per study area,
per season, determined by power analysis.

8. Fishing was set at two angler hours per statioth fiur anglers fishing for 30
minutes, using barbless 4/0 circle hooks baitet wilchard.

9. Transect counts were selected in favour of poinint® based on variability
and efficiency.

10. Minimum visibility for UVC was set at 4 m, below wdh dives would be
aborted.

11.The transect census area size was set at 3¢80m x 6 m).

12.Profile and rugosity would be measured as the stisgwares and SD of the

differences between consecutive depth readingsectsely.
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13.The size of each sample site cell was set at 158 460 m, based on
minimum requirements of UVC counts.

14.The temporal extent was not limited, as the prognanwas designed for
LTM, but sampling was to be conducted seasonaltg Jpatial extent of each
study area was large enough to encompass appretyned4 sample cell
sites, extending no more than 3 km along the simarel

15. Treatments could not be replicated due to the sifdlee sampling objectives.

16.GLMs and non-parametric Mann-Whitney U tests wemdected for
comparison of species abundance, and stock demgibs, length-frequency
histograms and GLMs were selected for comparisohssize structure.
Diversity, species richness and MVA were selected domparisons of
community structure.

The next step was to test the protocol during prielary sampling in the field, in

order to determine the logistical and financialsibdity and efficiency of its design,
and to identify any possible fatal flaws or shonags.
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Chapter 6

Implementation and Evaluation of Proposed Protocol

6.1 Introduction

Greenwood (1996) highlighted the importance of ipriglary sampling, to assess a
proposed sampling protocol and determine potergrablems, before full-scale
implementation. Preliminary sampling can also bedu® determine the sample size
required for certain predetermined statistical powad whether stratification is

necessary (Green 1979).

The aim of this chapter was to assess the effessseand suitability of the proposed
sampling protocol. This was achieved by addressiagollowing objectives:

1. implementing the proposed sampling protocol in gmetected (TNP) and
exploited (PB) study areas,

2. determining whether the methods and analyses emglayere able to detect
spatial differences between protected and explatady areas, known from
previous studies to exist (Burger 1990, Smith 2005)

3. determining whether the protocol was suitable féiMLin the protected area
(to detect natural change) and identifying suitaldenmunity-level indicators,

4. determining whether the protocol was suitable foMLin the exploited area
(using the protected area as a control) and idemgjfsuitable species-level
indicators,

5. determining what environmental variables shouldneasured,

6. determining whether habitat stratification is neeeyg, and

7. determining whether sample size is sufficient tovate the desired precision.

6.2 Methods and materials

6.2.1 Site identification and mapping
Side scan sonar data, a remote underwater camesaaled observation dives on

SCUBA were used to provide a comprehensive mapepthdand substrate type.
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These assessments were used to identify suitaivplisg sites within the two study
areas, and to define the lateral, offshore andoiresskxtents of each study area, which
were governed by the extent of reef area, depth lavat accessibility inshore,
respectively.

The chosen sampling sites, within each of the mwhplexes identified, were
topographically surveyed by means of vessel traaseenducted with a handheld
GPS and the boat’s echo-sounder. This providedhdmpd substrate data for a series
of GPS coordinates, taken while the boat followeidlat grid (lines approximately 20
m apart). Survey speed was maintained at approglynad kmeh' to reduce GPS
error (GOtz 2005). The depth and physiography degege imported into ArcView to
display the mapping points spatially. A study goeéygon was created to encompass
each study area. The spline tension method in &patialyst 2.0a (Environmental
Systems Research Institute) was used to interpdigiéh data within each polygon,

from which continuous seafloor maps were create@éch study area (Fig. 6.1).

The protected study area (TNP) encompassed a Z8rka of reef. During the study
period, visibility in the protected study area radgoetween 4 and 10 meters and
temperature ranged between 19° C and 21° C. Théoiteg study area (PB)
encompassed a 3.2 krarea of reef. Visibility in the exploited area ihgr the study
ranged between 8 and 10 m and water temperatuneebet19° C and 24° C. Reef
profile and complexity were similar in the two syudreas, and depths ranged

between three and 36 m in both study areas.

6.2.2 Stratification and randomised sample site allocation

A grid with cells of 150 m x 150 m was overlaid orihe study area polygon. Each
cell constituted a possible sample site. Each rod @lumn was numbered so that
each cell had a unique bi-coordinate number. Samplas stratified over profile
(calculated as slope in ArcView for each grid calf)d depth (determined from the
continuous seafloor), which were categorised as dowigh profile and shallow or
deep, respectively, thereby providing four stratéghww each study area. Each bi-
coordinate cell number was then numbered with atipesinteger, and cells were
chosen using a random number generator so thateldl had an equal chance of

being selected and that no subjectivity was plamedell site selection (Greenwood
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1996). Four diving and four fishing cells were ramdy assigned to each stratum,
within each study area. Extra cells were subse@yadted to each stratum, for use
in the event that one or more of the four celleatch stratum could not be sampled,
for reasons such as being too close inshore tooapbrwith the boat (i.e. in the
surfzone), depths in excess of safe diving limitsubstrate appearing as sand on the
echo-sounder. GPS coordinates for the centre d&f sample cell were obtained from
the grid in ArcView and entered as waypoints intdhandheld GPS. Sites were
sampled in a random order but such that each siratas represented only once in
every four consecutive samples of each methodfigkling and diving was conducted

from a 6 m skiboat.

6.2.3 Underwater visual census

Underwater visual census sites were located usiaghéandheld GPS. When the boat
was on position, the depth and substrate were rdated using the boat’s echo-
sounder and, if suitable for diving, a shot linesvegeployed. The shot line consisted
of a 5 kg anchor attached to a 15 mm diameter nidpe of variable length (adjusted
according to depth) and a surface marker buoy. Gde was not anchored. Two
divers descended the shot line together, and anite dottom attached a dive reel to
the shot line anchor, then swam away from the anch@nsects were conducted
approximately parallel to the coastline to avoiccessive depth ranges on each
transect. Counting commenced once the divers haeda distance of 5 m from the
anchor. This five-metre section acted as a buffereffects of shot line deployment
and diver presence on fish behaviour. One divernsvedead in a straight line,
recording on a Perspex slate all fishes observédma six-metre wide strip (i.e. 3 m
on either side of the diver). Only fishes inside #ix-metre strip and in front of the
diver were recorded. Fishes that passed the digar behind were not counted, as it
could not be determined whether these individuadsl lalready been recorded
(Froeschkeet al 2006). The second diver reeled out 50 m of treinkee and once
diver one had traversed 50 m (i.e. 55 m from thet $lhe anchor) sampling was
terminated. While returning along the transect,lidie@er one recorded depths every
10 m with a dive computer (SCUBAPRO UWATEC Xtendét) each point, habitat
was recorded as rock or sand. Visibility was estatias the distance from which the
shot line anchor first became visible. A seconadezt was then conducted in the

same way as the first, but in the opposite direcfrom the shot line, with diver two
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recording and diver one reeling out line. Againttiegnd habitat were recorded every
10 m, giving a total of 12 depth recordings, fromiat profile, rugosity and substrate
type were calculated. Each dive took approximatélyninutes to complete.

6.2.4 Controlled fishing

Fishing sites were located using the handheld GRSwdhen on position, depth and
substrate were determined using the boat’s echodsoulf depth and substrate were
suitable, the anchor was deployed. Fishing comnteocdy once wind and current

drift had resulted in the boat reaching a statipmansition, and it was certain that the
anchor was not dragging. In the event of the andmagging it was lifted and an

attempt was made to re-anchor on the centre ofsme cell and, if this was

unsuccessful, the fishing station was moved toniasd randomly chosen cell within

that stratum.

Four anglers each used a standardised hook-anda:dinfguration (as described in
Chapter 4), baited with pilchard. A total effort oo angler-hours was exerted at

each of the sixteen stations within each study @reafour anglers for 30 minutes).

6.2.5 Data analysis

Abundance

Mean density of fish from UVC counts (expressedfisis per 100 rf) and mean
CPUE (fish per angler hour) from fishing stationgrev compared between the
protected and exploited areas to determine if thenme significant differences. F-tests
for UVC and fishing data showed that variances frii two study areas, for all
species, were not equal. Density and CPUE data therefore compared using non-

parametric Mann-Whitney U tests.

Diversity and species richness
Margalef's (19584 is calculated as:

_(s-9
I log(N)’

whered is Margalef's overall diversity indexS is the number of species in the sample

andN is the number of individuals in the sample.
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Shannon’s (1941’ is calculated as:
H'=-> p(ogp),

whereH’ is the Shannon-Wiener diversity index gmds the proportion of the total
count of each sample represented byithspecies (Shannon 1949). Pielou's (1956)
is calculated as:

H

" Ins’

where J is Pielou’s evenness${’ is the Shannon-Wiener diversity index (Shannon
1949)andSis the total number of species (Pielou 1966). leslizvere calculated in
PRIMER 6.1.6 (Plymouth Marine Laboratories).

Diversity indices were compared using the non-patamMann-Whitney U test, as a
prior F-test had shown inequality of variances le&mwthe two study areas, for all
three diversity measures. Analyses were run irnsitz 7.1.

Two measures of species richness were used in c¢mops between protected and
exploited areas; the overall total number of specieserved in all UVC counts and
captured in all fishing stations, and the mean nremd$ species observed per count

and captured per fishing station.

Size and age structure

A stock density index was used to assess the sffafcfishing on population size

structure (ICES 2006). This was calculated as dhie of individuals greater than 270

mm FL to the total catch. This was calculated far indicator species (roman) and all
species combined. Due to characteristically greltegths, all shark species were
excluded from this analysis. Migratory species wads® excluded. Length-frequency
distributions were compared between protected aptbiked areas to further assess
the effects of fishing on population size structudge-frequency distributions and

average age were also compared between proteaeskploited areas.
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Community analysis

Fish community data from UVC and controlled fishisigveys were analysed using
non-parametric MVA run in PRIMER 6.1.6. Count datare root-root transformed
and catch data were root transformed, before ag&ray-Curtis similarity matrices
for density and CPUErespectively, using the Resemblance function in MER
(Bray and Curtis 1957). Such transformation wasuireq to account for high
variabilities associated with the count or catcladéw very abundant species (Clarke
and Warwick 1994). Cluster dendograms were producgidg a group average
hierarchical sorting strategy according to Cormé®71). Density and CPUE results
for the 32 diving and fishing stations, respectiy@ere compared using analysis of
similarities (ANOSIM), to test for differences irommunity structure between the
protected and exploited areas. Non-metric multighsional scaling analysis (MDS)
was applied to aid illustration of results. The $IER (similarity percentage
breakdown) analysis was conducted to determinewfpecies contributed most to
the observed clustering (Clarke and Warwick 1993gpminance curves (ranked

species abundance curves) were plotted to rankespicorder of importance.

Generalised liner models

Generalised linear models (GLMs) were used to ifleanhd separate the effects of
selected environmental variables on observed derGRUE and size of individuals
captured, in the two study areas, and to determihieh environmental variables
required recording. Before each GLM was perfornfddiike’s Information Criterion
(AIC, Akaike 1973) was used to determine which corabon of measured variables
provided the best fit to the data (Johnson and @dh2004). The AIC combines a
negative log-likelihood, which measures the lackraidel fit to the observed data,
and a bias correction factor, which increases ametion of the number of model

parameters and takes the form:

AIC = -2In|L(g,|y)|+2p,

wherep is the number of free parameters ah@p|y) is the likelihood of model

parameters given the datéJohnson and Omland 2004).
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Vos et al (2000) suggested that only variables that proaidearly warning system
or help to identify causes of environmental chaslgeuld be measured, rather than
what they referred to atatakleptomania“for an unspecified better understanding of
the system”. Furthermore, Crawley (1993) suggesitece should be fewer than n/3
factors in a GLM (where n is sample size). Themfqrior to performing GLM
calculations, all continuous variables recordedmiusampling were entered into a
correlation matrix to determine whether there weserelations between any of the
measured variables, in which case one of the ‘réduot variables in each correlation

could be excluded, in order to simplify the mod&tgwley 1993).

For LTM, it is important to run GLMs on main effecfvariables) and on secondary
interactions between main effects. In this studyMS were run on the main effects
to determine which variables should be measured Té. Between effects were less
important, but were run anyway (separately to nediacts) to provide an indication
of whether the sampling strategy was suitable. Bee&LMs based on small sample
sizes are compromised by statistical over-fittirfigew too many factors are modelled,
only those between effects that included protecstaitus were included in the GLMs
(the effect of protection status was of greatesti$). Furthermore, it was known that
the study areas were of similar rugosity, profitel alepth ranges, and temperature
and visibility ranges were narrow. All GLM analysgere run in Statistica 7.1.

For the UVC data (based on the number of indivisluatbserved per dive), the
response codes were count variables. Thereforedigtgbution of the data were
assumed to be Poisson, for which the commonly lis&dfunction is the log-link
(McCullagh and Nelder 1995):

n=logu,
wherenis the linear predictor angl is the population mean. To model the effects of

the measured variables on UVC data, factors wetaded in a GLM of the form:

log(Count) = 3, + 5,(Depth) + £, (Temperatue) + B,(Rugosity + 3,(Profile)
+ 3,(Substratg+ g, (Visibility) + 3, (TimeOfDay + 4,(Statug + £’

where thes values were the estimated coefficients (McCullagt Nelder 1995).
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Time of day and protection status were treated imsdf effects, while depth,

temperature, rugosity, profile, substrate and iulisjbwere treated as random effects.
Time of day was determined by dividing the day ittwee three-hour sessions,
morning (08:00 — 11:00), midday (11:00 — 14:00) aftdrnoon (14:00 — 17:00), and
recorded as the session in which the dive (or riusteof) was conducted (Smith
2005). Protection status referred to protected (TofFexploited (PB) areas. Depth for
each UVC count was recorded as the depth at thelisleo and temperature as the
average recorded by the dive computer every 30 nsiscahroughout the dive.

Rugosity and profile were calculated as the SD taedsum of squares (McCormick
1994), respectively, of the differences betweenseountive depth readings, recorded
every 10 m along the transect line (Chapter 5).s8ate was calculated as the
percentage of depth readings taken over rock, @®smal to sand or rock/sand.
Visibility (in metres) was estimated as the hori@bmlistance along the transect line,
from where the shot line anchor first became vesilBLMs for UVC data were only

run for the four most abundant species, and altispecombined.

For catch data, response codes were again courgbles, and the distribution
assumed to be Poisson, with a log-link function @Qditagh and Nelder 1995). To
model the effect of the variables on catch, factwese included in a GLM of the

form:

log(Catch = 3, + 3,(Depth + £, (TimeOfDay+ £, (Statug+ £,

where thes values were the estimated coefficients (McCullag Nelder 1995). For
the fish length data the response codes were eantsvariables. The distribution of
the data was therefore assumed to be normal. Timenoaly used link function for

the normal distribution is the identity link (McCQagh and Nelder 1995):

n=H,
wherenis the linear predictor ang is the population mean. To model the effects of

the measured variables on fish lengths, factorg weluded in a GLM of the form:
Forklength= £, + ,(Depth) + 3,(TimeOfDay + A3, (Statug + £,
where the values were the estimated coefficients (McCullagtl Nelder 1995).
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Time of day and protection status were again tceatefixed effects, and determined
in the same way as for the UVC data. Depth wadddeas a random effect, and
measured using the boat’s echo-sounder. Effortn@asncluded as a factor, as equal
effort (two angler hours) was exerted at eachatatisLMs for the fishing data were

only run for the indicator species (roman) anddibspecies combined.

Power analysis

Power analyses were conducted on the UVC and fjsttata from each study area, to
determine the sample size required to detect ageham mean count and catch, of
magnitude equal to the differences in mean estsria@énveen protected and exploited
sites. The required precision level selected waatdg.8 and the significance criterion
at 0.05 (Bausell and Li 2002). Required sample gias calculated for a one-tailed

two sample test, using the equation presented pa#iaet al. (2005):

. 202(21_0,,2 + 21_,,])2
- 2
A

wheren is the number of samples required per grasfpjs the variance pooled
between the two groups (protected and exploitad), is the Z value corresponding
to the significance criterioru) of 0.05 for a one-tailed test (obtained fromisteatal
tables, Rosner 2000) witmy(+ n, — 2) degrees of freedom,; is the Z value that
corresponds to a power of 0.8 (obtained from diedistables, Rosner 2000), add
is the difference between the mean values of tloegnoups (Kapadiat al. 2005).

6.3 Results and discussion

6.3.1 I mplementation and assessment of protocol

The sampling protocol proposed in Chapter 5 wasessfully implemented in the
two study areas. A total of 16 dives and 16 fish&tations were conducted within
each study area between December 2006 and Jan@@ry Sea conditions allowed
all sampling to be conducted within six days inteacea. The spatial distributions of

these samples within each area are illustratedgur€ 6.1.
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Figure 6.1 Continuous seafloors extrapolated from depth datgained during
mapping, showing the spatial distribution of diviees (represented by flags) and

fishing stations (represented by anchors) in tleeegted (a) and exploited (b) study
areas.

6.3.2 Between areas comparison
Underwater visual census

During the 32 dives, a total of 3 209 individualere recorded, representing 34
species and 11 families (Table 6.1).
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Table 6.1 Mean densities (+ SD) of fish species recordednduUVC counts,
expressed as fishe100mSpecies with a * showed significant differencesiensity

between protected and exploited areas (Mann-Whith&ast).

FAMILY/Species Common name Protected (TNP) Exploited (PB) p-value
DASYATIDAE

Dasyatis chrysonata Blue stingray 0.042 + 0.114 0.104 + 0.201 0.522
ARIIDAE

Galeichthys feliceps White seacatfish 0.021

SERRANIDAE

Acanthistius sebastoides Koester 0.063 + 0.181
Epinephelus marginatus Yellowbelly rockcod 0.021

SPARIDAE

Cymatoceps nasutus Black musselcracker 0.021

Diplodus sargus capensis* Blacktail 2354 + 2927 7.604 = 5747 0.002
Pachymetopon aeneum Blue hottentot 4875 + 5.470 4938 + 5.736 0.880
Pachymetopon grande Bronze bream 0.042 + 0.114

Rhabdosargus holubi Cape stumpnose 0.250 + 0.375 0.542 + 0.851 0.611
Argyrozona argyrozona Carpenter 0.021 0.021

Chrysoblephus cristiceps Dageraad 0229 + 0.675 0.167 + 0.211 0.327
Porcostoma dentata Dane 0.021 0.021

Boopsoidea inornata Fransmadam 3438 + 2247 8.188 + 7.046 0.076
Gymnocrotaphus curvidens Janbruin 0417 + 0.49% 0.667 + 0951 0.720
Petrus rupestris Red steenbras 0.146 + 0.210 0.271 + 0.408 0.692
Chrysoblephus gibbiceps* Red stumpnose 0.021 0.604 + 0.990 0.005
Chrysoblephus laticeps Roman 2292 + 1.229 1854 + 1355 0.624
Lithognathus mormyrus Sand steenbras 0.563 + 2.250

Cheimerius nufar Santer 0.333 + 0.609
Spondyliosoma emarginatum* Steentjie 0542 + 1.067 4396 + 6.138 0.048
Sarpa salpa Strepie 4479 + 12273 2125 + 8324 0.955
Rhabdosargus globiceps White stumpnose 0250 + 0.775

Diplodus cervinus hottentotus Zebra 0.229 + 0.338 0.458 + 0.515 0.274
PARASCORPIDIDAE

Parascorpis typus Jutjaw 0.104 + 0.160 0.083 + 0.192 0.611
SCIAENIDAE

Umbrina canarienses Baardman 0.021

CHAETODONTIDAE

Chaetodon dolosus Blackedged butterflyfish 0.021

Chaetodon marleyi Doublesash butterflyfish 0.042 + 0.114 0.271 + 0.408 0.175
OPLEGNATHIDAE

Oplegnathus conwayi Cape knifejaw 0333 + 0571 0.333 + 0.558 0.851
CARANGIDAE

Trachurus trachurus Maasbanker 0.042 =+ 0.167

CHEILODACTYLIDAE

Chirodactylus grandis Bank steenbras 0.021

Cheilodactylus pixi Barred fingerfin 2438 + 2362 1646 + 1.285 0.720
Cheilodactylus fasciatus Redfingers 0.167 + 0.298 0229 + 0.675 0.611
Chirodactylus brachydactylus Twotone fingerfin 4625 + 3.218 3.833 + 4.000 0.309
TRIAKIDAE

Triakis megalopterus Spotted gullyshark 0.021
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The family Sparidae dominated, with 56% (n = 19gnbfspecies observed and 78%
(n = 2 514) of all individuals observed. Sparidstcbuted 80% of species and 79%
(n = 2 350) of individuals to the 10 most abundapécies.Boopsoidea inornata
(fransmadam) was the most abundant species, wih (b7= 558) of all individuals
observed. Mann-Whitney U tests showed that obseteedities oDiplodus sargus
capensis(blacktail), Chrysoblephus gibbicep§ed stumpnose) an8pondyliosoma
emarginatunisteentjie) were significantly higher in the expdoi area, but showed no
significant differences in observed densities foy ather species. Observed densities
(fishe100 m?) from the protected and exploited sites are djsan Table 6.1.

GLM analysis showed that fransmadam counts wenaifgigntly higher within the
exploited area than the protected area (Fig. 6.2a).

Wald X2(1)=22.331, p<0.001 Wald X2(1)=42.569, p<0.001
28 . . 30 ;
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120} C
105 |
E
3 9of
(]
75 |
60 |

Protected Exploited

Protection Status

Figure 6.2 Results of GLM analysis of the effect of proteatistatus on mean UVC

count (x SD) of fransmadam (@), blacktail (b) afidpecies combined (c).

This result was consistent with that obtained bytBn and Smale (1989) in the TNP
and the nearby exploited reefs of PB, and by G&@9%) in the Goukamma MPA and
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the adjacent fished reefs, but was contrary to diadined by Smith (2005) in the
TNP and PB. This discrepancy with the results fi&mith (2005) may be a result of
Smith using point counts, as opposed to transagattsaused in the current study and
by Buxton and Smale (1989). Counts of blacktailevaliso significantly higher in the
exploited area than the protected area (Fig. 6&2b3sult also found by Smith (2005)
in the same area. Counts of all species combined G2c) were also significantly
higher in the exploited area. This is contraryasults obtained by most studies, when
comparing protected and exploited areas using U¥@. (McCormick and Choat
1987, Polunin and Roberts 1993, Froesckkeal 2006). However, this may be
explained by the high proportions of smaller, gafisr species in the exploited area,
including fransmadam, blacktaiRachymetopon aeneufblue hottentot), steentjie
and Sarpa salpa(strepie), where such species may be allowed tbfgnate in the
absence of larger, predatory species (evidenceliarh is supported by results from

the controlled fishing).

Protection status had no significant effect on nordansity (p=0.624 Mann-Whitney
U, p=0.124 GLM). This is likely due to similar nuers of roman within each area,
but gives no consideration to the mean sizes avithgials. Although not significantly
different between protected and exploited areasptiserved density of roman in the
current study (2.29 + 1.23 fish«100%nwas comparable to densities observed by
Buxton and Smale (1989) (2.30 + 1.6 fish«108)rand Burger (1990) (2.10 + 1.03
fishe100 ) for the protected area. Similarly, observed dgnef roman in the
exploited area (1.85 + 1.35 fishe100%nwas comparable to that obtained by Burger
(1990) (1.64 + 0.75 fishe100 ). Results were, however, substantially lower than
estimates of density provided by Smith (2005) fa protected (4.26 + 0.03 fishe100
m?) and exploited areas (2.79 + 0.13 fishe108)niThis is likely a result of the
attraction effect of diver presence on the abuneafdishes during a stationary point
count (Kulbicki 1998), as used by Smith (2005).

Controlled fishing

During the 32 fishing stations, a total of 384 induals were captured, representing
22 species and 10 families. As with the UVC dataarttlae was the most speciose
and abundant family, with 55% (n = 12) and 87% (833), respectively. Sparids

represented the top five most abundant species) wiman contributing an
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overwhelming 57% (n = 220) to the overall catch.UEP(expressed as fisheangler

hour) from the protected and exploited sites are djgaldn Table 6.2.

Table 6.2 Mean CPUE (fisheangler hotr+ SD) of all fishes captured in the
protected and exploited study areas. Species witlsllowed significant differences

in CPUE between protected and exploited areas (Méhitney U test).

FAMILY/Species Common name Protected (TNP) Exploited (PB) V;Le
CARCHARHINIDAE

Carcharhinus brachyurus Copper shark 0.031 0.188 + 0.403 0.356
TRIAKIDAE

Mustelus mustelus Smooth-hound shark 0469 + 1522

SPHYRNIDAE

Sphyrna mokarran Hammerhead 0.031

TRIGLIDAE

Chelidonichthys kumu Bluefin gurnard 0.031

SERRANIDAE

Epinephelus lanceolatus Brindle bass 0.031

Acanthistius sebastoides Koester 0.094 + 0.272

POMATOMIDAE

Pomatomus saltatrix Elf 0.031 0.031

HAEMULIDAE

Pomadasys olivaceus Piggy 0.063 + 0.171 0.031 0.763
SPARIDAE

Diplodus sargus capensis Blacktail 0.031 0.031

Pachymetopon aeneum Blue hottentot 0.063 + 0.171
Rhabdosargus holubi Cape stumpnose 0.031

Argyrozona argyrozona Carpenter 0.031

Chrysoblephus cristiceps Dageraad 0.875 + 2.070 0.094 + 0.202 0.638
Boopsoidea inornata Fransmadam 0.281 + 0.446 0531 + 0.645 0.207
Petrus rupestris Red steenbras 0.063 + 0.171 0.031 0.763
Pagellus bellottii natalensis Red tjor-tjor 0.031

Chrysoblephus laticeps Roman 4219 + 3.683 2.656 + 1.805 0.291
Cheimerius nufar Santer 0563 + 0.854
Spondyliosoma emarginatum* Steentjie 0.031 + 0.125 0.719 <+ 1354 0.013
Sarpa salpa Strepie 0.125 + 0.500
SCIAENIDAE

Atractoscion aequidens Geelbek 0500 + 1.111

CARANGIDAE

Trachurus trachurus Maasbanker 0.063 + 0.250

Mann-Whitney U tests showed that catch of steemips significantly higher in the
exploited area, but showed no significant diffeena catch for any other species.
Although not significantly different, fransmadamtaain the exploited area was
almost twice that in the protected area. Gotz (2066nd that fransmadam CPUE

was significantly higher at sites outside of theuamma MPA. The mean protected
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area CPUE of roman in the current study (4.22 #83Ji8heangletshour’) was
comparable with that obtained by Smith (2005) (4:68.64), although the exploited
area CPUEN the current study (2.66 + 1.80), was approxityateice that found by
Smith (2005) (1.31 + 2.56). This is likely a resaft sampling in the current study
being restricted to summer, while that of SmithO®0was collected in both summer

and winter.

Results of the GLM analyses of protection statusn@an catch and mean fork length
showed the opposite trend to the UVC results. Medch of roman (Fig. 6.3a) and all

species combined (Fig. 6.3b) were significantlyhieigin the protected area.

Wald X2(1)=13.190, p=0.003 Wald X2(1)=10.820, p=0.001
10 a 16 b
14
= 87 =
(&) (&)
3 T 127
(@) 6l (@)
10 1
4 r gt
Protected Exploited Protected Exploited
Protection Status Protection Status

Figure 6.3 Results of GLM analyses of the effect of protaetstatus on mean catch

(= SD) of roman (a) and all species combined (b).

Gotz (2005) suggested there were two community stypepresented in the
Goukamma study area, one dominated by fransmadatside the protection of the
MPA), and a second dominated by roman (within theAY] and that each species
was found to dominate in the absence of the ofhathermore, that the two species
share similar diets, including crustaceans, echanod, polychaete worms and
molluscs (van der Elst 1993, Heemstra and Heer2604d), suggests the two species
may be in competition, with fransmadam density deleat on that of roman.
Fransmadam are also common prey items for largeatgpory species, such Bstrus
rupestris(red steenbras) (van der Elst 1993, Heemstra asunidtra 2004), shown to
be significantly more abundant within the TNP thanPB (Burger 1990), and
Atractoscion aequidenggeelbek), Mustelus mustelugsmooth-hound shark) and

Carcharhinus brachyurugopper shark) (van der Elst 1993, Heemstra andrnidta
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2004), which were commonly captured in greater nenslwithin the protected area
than the exploited area (personal observation,study). The fact that fransmadam
density was significantly higher in the exploitega and roman catch was higher in
the protected area suggests that there may be @amengnity type dominated by

roman in the protected area, and another dominatefdansmadam in the exploited

(due to low roman density), similar to that foung ®6tz (2005) in the Goukamma
MPA.

Further evidence for the effect of fishing on conmityistructure in the exploited area
was provided by comparison of stock size struct@eM analysis showed that the
fork lengths of roman (Fig. 6.4a) were significgritigher within the protected area
than the exploited area. Roman lengths were quitaparable to those obtained
during previous studies. Mean roman length (FLhimithe protected area during the
current study was 331 mm, compared to 313 mm (Sg&006, TNP) and 302 mm

(Gotz 2005, Goukamma MPA), while mean length ingkploited area was 283 mm,
compared to 263 mm (Smith 2005) and 279 mm (G6G5R0Fork lengths of all

species combined (Fig. 6.4b) were also signifigaigher within the protected area.

Wald X2(1)=48.386, p<0.001 Wald X2(1)=110.73, p<0.001
r . 360 T
30 | g 1 b
3 E 30}
E a0} E
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S 300t S
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x X 270 F
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L 280 g
240
260 .
Protected Exploited Protected Exploited
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Figure 6.4 Results of GLM analyses of the effect of protctstatus on mean fork
length (£ SD) of roman (a) and all species combifigd

Results of comparison of stock density ratios betwprotected and exploited areas

are presented in Table 6.3. The ratios for romash ah species combined were
considerably higher within the protected area tin@nexploited area.
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Table 6.3 Stock density ratios for fork lengths from fisgistations in the protected

and exploited areas, for roman and all species swdl(numbers in brackets refer to

sample size).
Protected Exploited
Roman 0.86 (131) 0.57 (84)
All Species 0.79 (183) 0.41 (157)

T-tests also showed that mean lengths of roman.(040 and all species combined
(p<0.001) were significantly higher in the protettearea. Length-frequency
distributions further illustrated the greater sizeshe protected area, for roman (Fig.
6.5a) and for all species combined (Fig. 6.5b)tHarmore, average roman age was
higher in the protected area (10.4+3.46 years) ftin@nexploited area (8.0+ 1.71
years), as was the proportion of older roman (Fdc), suggesting that total

mortality is considerably higher in the exploitaéa as a result of exploitation.
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Figure 6.5 Length-frequency distributions of roman (a, n ¥52 and all species
combined (b, n = 340), and age-frequency distrdrutsf roman (c) captured in the

protected (solid bars) and exploited areas (greg)ba
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There were no significant differences between tlueegted and exploited areas, for
diversity (Table 6.4) or species richness (Tabl) 6or UVC or fishing data. This

highlights the dubious suitability of these measute detect differences between
areas, when differences in community structure leen detected by other methods.

Table 6.4 Results of Mann-Whithey U test comparisons ofedsity indices
(Margalef's d, Pielou’'sJ and Shannon’$1’) between the protected and exploited

areas, for UVC and fishing data. Values presentegaalues.

Margalef's d Pielou's J Shannon's H'
uvC 0.147 0.346 0.258
Fishing 0.057 0.227 0.054

Table 6.5 Total number of species observed during all UMilirds and fishing
stations, and mean number of species (x SD) pentcand fishing station, in the
protected and exploited study areas. P-valuesane the Mann-Whitney U test.

TNP PB p
UVC Total 27 28
Fishing Total 17 14
UVC Mean 10+ 3.01 11.75 £+ 3.64 0.148
Fishing Mean 2.75+£1.48 3.56 £0.89 0.183

Multivariate analysis

Comparisons between the protected and exploitexkavere made using multivariate
analyses, to determine the suitability of this rodtfor analysis of long-term data, for
the protected and exploited areas. Although UVEsséxhibited similar community
structures within each study area, results from ¢hester dendogram were not
conclusive. Spatial relationships between proteatsdl exploited sites were therefore
illustrated by MDS, which separated the protectend aexploited dive site
communities to some extent (Fig. 6.6). As with theC data, the cluster dendogram
did not show a clear difference in communities feetw protected and exploited area
fishing stations. Spatial relationships were agdélustrated by MDS (Fig. 6.7).
Groups of protected and exploited communities wksenguishable.
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2D Stress: 0.23

Figure 6.6 MDS plot for UVC data showing the spatial relasbips between sites.
Triangles (encompassed by the solid ellipse) remtesites in the protected area and
circles (encompassed by the dashed ellipse) ragretes in the exploited area.

2D Stress: 0.16

Figure 6.7 MDS plot showing the spatial relationship betwéelea fishing stations.
Triangles (encompassed by the solid ellipse) remtesites in the protected area and
circles (encompassed by the dashed ellipse) ragretes in the exploited area.

There was a significant difference in the commasitbbserved during UVC, between
sites in protected and exploited areas (ANOSIM, @.G1). Results of the SIMPER

analysis on UVC data showed that roman contributéd% to similarity among

protected area UVC counts, but only 9.9% amongaetqul area counts (Table 6.6).
Steentjie,Pachymetopon aeneu(blue hottentot) and blacktail contributed most to
the dissimilarity between protected and exploitealigs (Table 6.7). There was also a
significant difference between communities captuatdsites in the protected and
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exploited areas (ANOSIM, p < 0.01). Results of I®IPER analysis on fishing data,
showing the contribution of each species to ovesaiilarity between and among
sites, are presented in Table 6.8. The averagédasityiwas 33.3% for the protected
group and 46.1% for the exploited group. Roman rdmutied the most to between
group similarity for both the protected and exmditsites; however, the percentage
contribution was substantially higher within theofected group (84.7%) than the
exploited group (54.1%). SIMPER analysis of catcitad showed that roman
contributed most to the between-group dissimilarifpllowed by steentjie,
fransmadam,Cheimerius nufar(santer) andChrysoblephus cristicepgdageraad)
(Table 6.9).

Table 6.6 Results of SIMPER analysis of UVC data, showiagrage similarity and
percent contribution of each species to overalilanity for protected and exploited

groups. Cumulative cut-off to exclude species Wathi contributions was 90%.

Protected
Average

Count (number Average Similarity Cumulative%
Species per dive) Similarity SD % Contribution Contribution
Twotone fingerfin 1.83 11.11 4.53 18.71 18.71
Roman 1.58 10.25 4.62 17.25 35.96
Fransmadam 1.65 9.72 2.2 16.36 52.32
Blue hottentot 1.54 6.87 1.26 11.56 63.88
Barred fingerfin 1.37 6.74 1.43 11.34 75.22
Blacktail 1.28 6.01 1.24 10.11 85.33
Janbruin 0.67 1.97 0.64 3.32 88.65
Steentjie 0.62 1.61 0.54 2.7 91.35

Average similarity: 59.41
Exploited
Average

Count (number Average Similarity Cumulative%
Species per dive) Similarity SD % Contribution Contribution
Blacktail 2.05 10.26 3.91 17.24 17.24
Fransmadam 2.04 9.8 4.09 16.46 33.7
Barred fingerfin 1.42 7.55 3.77 12.68 46.38
Blue hottentot 1.61 6.4 1.57 10.75 57.13
Roman 1.33 5.86 1.59 9.85 66.98
Twotone fingerfin 1.46 5.09 1.25 8.55 75.53
Steentjie 1.29 3.68 0.84 6.18 81.71
Red stumpnose 0.76 2.09 0.74 351 85.22
Janbruin 0.78 1.97 0.76 3.3 88.53
Zebra 0.69 1.7 0.63 2.85 91.38

Average similarity: 59.51
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Table 6.7 SIMPER results for percent contribution of eagieges to overall
dissimilarity between groups, for the UVC data. Qilamtive cut-off to exclude

species with low contributions was 90%.

Protected Exploited
Average Average
Count Count Cumulative

(number (number Average Dissimilarity % %
Species per dive) per dive) Dissimilarity SD Contribution  Contribution
Steentjie 0.62 1.29 3.41 1.25 7.97 7.97
Blue hottentot 1.54 1.61 3 11 7.02 14.99
Blacktail 1.28 2.05 2.89 1.28 6.75 21.74
Twotone fingerfin 1.83 1.46 2.6 0.96 6.07 27.81
Red stumpnose 0.06 0.76 2.24 1.16 5.24 33.05
Janbruin 0.67 0.78 2.16 1.14 5.04 38.09
Fransmadam 1.65 2.04 2.07 1.15 4.83 42.92
Zebra 0.48 0.69 2.05 1.06 4.78 47.69
Cape stumpnose 0.49 0.58 2.01 1.06 4.7 52.39
Barred fingerfin 1.37 1.42 1.88 1.07 4.4 56.79
Cape knifejaw 0.46 0.51 1.83 1.01 4.28 61.07
Strepie 0.4 0.27 1.68 0.5 3.93 64.99
Red steenbras 0.39 0.45 1.67 0.96 3.9 68.89
Dageraad 0.24 0.45 1.62 0.92 3.79 72.69
Roman 1.58 1.33 1.5 0.78 351 76.19
Doublesash butterflyfish 0.13 0.45 1.43 0.82 3.34 79.54
Redfinger 0.34 0.24 1.41 0.78 33 82.84
Santer 0 0.41 1.15 0.66 2.68 85.52
Jutjaw 0.31 0.2 1.14 0.77 2.65 88.18
Blue stingray 0.13 0.26 1 0.64 2.33 90.5

Average dissimilarity = 42.82

Table 6.8 Results of SIMPER analysis of fishing data, shhgvaverage similarity
and percent contribution to overall similarity ook species for protected and
exploited groups. Cumulative cut-off to exclude gpe with low contributions was
90%.

Protected
Average
Catch (fish per Average Similarity Cumulative%
Species station) Similarity SD % Contribution Contribution
Roman 2.48 28.24 1.11 84.73 84.73
Fransmadam 0.45 2.33 0.37 6.98 91.7
Average similarity: 33.34
Exploited
Average
Catch (fish per Average Similarity Cumulative%
Species station) Similarity SD % Contribution Contribution
Roman 2.07 26.84 1.53 58.13 58.13
Fransmadam 0.78 7.17 0.75 15.53 73.66
Steentjie 0.8 5.95 0.63 12.89 86.55
Santer 0.7 4.75 0.52 10.28 96.83
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Table 6.9 SIMPER results for percent contribution of eagieges to overall
dissimilarity between groups, for fishing data. Guative cut-off to exclude species

with low contributions was 90%.

Protected Exploited
Average Average
Catch (fish Catch (fish Average Dissimilarity Cumulative%
Species per station) per station)  Dissimilarity SD % Contribution Contribution
Roman 2.48 2.07 15.38 1.15 23.25 23.25
Steentjie 0.06 0.8 7.73 0.88 11.69 34.94
Fransmadam 0.45 0.78 7.11 1.06 10.75 45.69
Santer 0 0.7 6.89 0.82 10.42 56.1
Dageraad 0.61 0.19 5.76 0.67 8.71 64.82
Geelbek 0.47 0 3.72 0.53 5.63 70.44
Smooth-hound 0.32 0 3.53 0.34 5.34 75.79
Copper shark 0.06 0.3 3.19 0.55 4.83 80.62
Piggy 0.13 0.06 1.57 0.45 2.37 82.99
Red steenbras 0.13 0.06 1.53 0.43 2.32 85.31
Koester 0.15 0 1.2 0.37 1.82 87.13
Strepie 0 0.13 1.17 0.25 1.77 88.9
Elf 0.06 0.06 1.11 0.36 1.68 90.57

Average dissimilarity = 66.14

Roman was the seventh most abundant species in tbd@ts in both areas, but
provided a greater contribution to counts in thetgeted area (6.9%) than the
exploited area (5.8%) (Fig. 6.8).
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Figure 6.8 Cumulative frequency dominance plot for the seweost dominant

species observed in the protected area (triangled)exploited area (circles) UVC
counts.
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Roman provided the greatest catch contribution othbstudy areas, but the
contribution in the protected area (8.4%) was atersibly higher than in the
exploited area (5.3%) (Fig. 6.9).
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Figure 6.9 Cumulative frequency dominance plot for the faamd five most
dominant species captured in the protected arendtes) and the exploited areas

(circles), respectively.

6.3.3 Indicators and analyses for protected areas

The above results illustrate the ability of the noels and techniques used in the
proposed sampling protocol to detect differences/déen the protected and exploited
study areas, suggesting that the methods woulditebe for detecting the long-term
effects of fishing on a reef fish community. Thetfthat the GLM analyses showed
significantly higher counts of fransmadam, bladksaid all species combined, within
the exploited areas, and that Mann-Whitney U te$iswed significantly higher
counts for blacktail, red stumpnose and steengie higher catches of steentjie
within the exploited area than the protected aseggests that the effects of fishing
are not limited to simple decreases in density sigd-frequency distribution, but
include larger, community-level change (Russ 199hese are adequately reflected
using the sampling methodology.

MDS analysis of community structure and ANOSIM skdwwo distinguishable
communities, protected and exploited, for UVC aisthihg data. For UVC counts,
roman contributed approximately 17% and 10% to witkite similarity in the

protected and exploited areas, respectively (Tahk), but less than 4% to

100



Chapter 6 — Implementation and Evaluation of PraubBrotocol

dissimilarity between exploited and protected ar@able 6.7). In contrast, roman
contributed approximately 87% and 58%, respectivadywithin site similarity in
fishing data from the protected and exploited aidable 6.8), and contributed the
most (approximately 23%) to dissimilarity betweée protected and exploited areas
(Table 6.9). Therefore, MVA was able to detectafifinces in community structure
between areas and is, therefore, suitable for tie¢etemporal change in community
structure within the protected area (that may $soaated with natural change) and
the exploited area (that may be associated withraband fishing-associated change)
over time. MVA should, therefore, provide good esmntation of change in
community structure from annual samples within estclaly area, taken over the long
term (Cowley and Gotz 2007).

6.3.4 I ndicators and analyses for exploited areas

Although MVA was able to detect differences (anérétiore also change), the
methods provided no insight into the status of #@mmunities, or causal
relationships between fishing pressure in the etqoarea and observed differences
in community structure. Therefore, for LTM in thepoited area, for which the
protected area would act as a control, it wouldobtter to assess the status of the
exploited area community using indices at the gse@@vel, based on one or more
indicator species, rather than the community leveices such as diversity or species
richness, and MVA.

Roman was the most dominant species in the catdboih areas. GLM analysis
showed significantly higher catches and length®ofan and all species combined, in
the protected area. Stock density ratios provideslilts consistent with the GLM
analyses. It is, therefore, suggested that romddEChean length and stock density
ratio be used as indicators of ichthyofaunal comitguhealth, for LTM of the
exploited area, compared with the protected arddnoAgh Mann-Whitney U test
comparison and GLM analysis showed no significafier@nce in observed density
between study areas, such a difference was shov@miih (2005). Small sample size
may be the reason that a similar result was nadiodd in the current study. It is
therefore suggested that observed density of raatsanbe used as an indicator in the
warm temperate biogeographical region, for LTM lué £xploited area stocks using

the protected area as a control. Additional indicgtsuch as densities and catch of
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fransmadam and blacktail, as well as densitieseti#fcsed invertebrate prey species,
may provide supplementary data on change in contyshiucture as a result of

fishing pressure or climate change (Pajak 2000).

6.3.5 Environmental variables

The effects of environmental variables were testgdg GLM analysis, to determine
which environmental variables should be measurednglusampling for LTM.
Regression analysis showed that there was a stromglation between profile and
rugosity (p<0.001,%0.962, Fig. 6.10).
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Figure 6.1Q Relationship between rugosity and profile£10.9259, p<0.01).

This was to be expected as profile and rugositysmes, although involving different
formulas, were calculated based on the same spih recordings. It was assumed
that the actual architectural complexity was makely to be of significance than
slope (Hixon and Beets 1989, Kellison and Sedb&f98), as most species under
study are reef associated and use the reef complexirefuge. This was based on
the fact that numerous authors have tested thetefté rugosity on fish abundance or
density (Risk 1972, Luckhurst and Luckhurst 1978&rp@nteret al 1981, Grigg
1994, Connell and Kingsford 1998, Friedlan@¢ral. 2003, Gratwicke and Speight
2005a), and a significant positive correlation kesw rugosity and fish density is
commonly found (Gratwicke and Speight 2005b). Imtcast, little work has been
done on the effect of census area slope or gradierdensity, and it is the actual
refuges, provided by substrate unevenness, thataight by the fish (Almany 2004).
Furthermore, Belkt al (1987) and Jenkins and Wheatley (1998) suggehbtedthe
presence of structure may be of greater importasca predictor of fish abundance

than the type of structure or habitat charactesst\s profile measured the overall
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‘slope’ of the census area, while rugosity measuhedcomplexity of the substrate
(Chapter 5), rugosity was assumed to be a betéeligior than profile, and in order to

decrease complexity of the GLM for the diving dgafile was removed as a factor.

However, there is considerable ambiguity in theréiture, in terms of definitions of
terms relating to habitat complexity. For exampieCormick (1994) used vertical
relief, topography, substratum topography and &chire interchangeably, Ohman
and Rajasuriya (1998) used structural complexityfage topography and rugosity
interchangeably, and Ferreigaal. (2001) anKuffner et al (2007) used topographic
complexity and rugosity interchangeably. Furthemnpomany studies have used
varying methods to measure habitat complexity, @ithg comparisons between
studies (Gratwicke and Speight 2005a). Howevemuwaserous authors have found
significant effects of habitat complexity on fiskersities (Luckhurst and Luckhurst
1978, Grigg 1994, Friedlander and Parrish 1998 dfainderet al 2003, Almany
2004), such a measure should still be included @sedictor variable in a LTM
programme, in addition to rugosity (calculated adow to the method described in
Chapter 5). Polunin and Roberts (1993) and Grasvarkd Speight (2005b) suggested
subjective estimation of habitat complexity, asadegorical variable. Manet al
(2006) classed “profile” subjectively as high owloSmith (2005) initially proposed
three profile categories, low, medium and high, latuced these to two categories
before GLM analysis, by combining medium and higthegories. It is, therefore,
suggested that profile be estimated subjectivelgndueach dive as low or high,
according to the criteria defined by Smith (200%9.with rugosity, profile cannot not
be measured during fishing stations, or include@iiM analyses for fishing data for
LTM.

Results of GLM analyses run on the main and betveftacts for each species are
summarised in Appendix IV. These analyses idewtifee number of significant

between effects (i.e. effects between parameféngre are two possible explanations
for the occurrence of these between effects: ljetlaee true interactions between
variables, highlighting the need to stratify samgland include these variables in the
GLM analyses, or 2) the between effects are ndt bea rather a result of the small

sample sizes and the high number of variables deduResults of the GLM analyses

of main effects on count, catch and length datasamemarised in Table 6.10.
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Table 6.10 Results of GLMs run on count, catch and lengttad®alues are p-
values. Downward arrows represent negative coroastand upward arrows positive
correlations. Factors excluded for a species dutivegpreceding AIC best subsets
analysis are indicated by X, (prot = protected,l expxploited, ns = not significant).

Protection
Time of day status Depth Temperature Visibility = Rugosity  Substrate
uvc
All Species <0.001 <0.001 <0.001 0.006 <0.001 <0.001 <0.001
low midday high expl. ! ) ) 7 1
Fransmadam 0.030 <0.001 <0.001 0.113 X <0.001 <0.001
low midday high expl. ! ns ) 1
Blacktail <0.001 <0.001 <0.001 <0.001 0.001 <0.001 0.100
high
afternoon high expl. ! ) 1 ) ns
Twotone X X <0.001 0.011 0.016 <0.001 <0.001
Fingerfin ! ! ! 1 1
Roman 0.092 0.124 0.013 X X X X
ns ns i
Catch
All Species 0.034 0.001 X
high midday high prot.
Roman X <0.001 0.004
high prot. !
Lengths
All Species X <0.001 0.047
high prot. 1
Roman <0.001 <0.001 X
high high prot.
afternoon
Time of day

For all species combined (Fig. 6.11a) and for fmaaxdam (Fig. 6.11b), UVC counts
were significantly lower during midday dives thamridg morning or afternoon dives.

A similar trend was found with blacktail, but fdri$ species counts were significantly
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higher during afternoon dives than morning or middaves (Fig. 6.11c). Time of day
was excluded as a factor during the AIC best ssbaetlysis for twotone fingerfin,

and had no significant effect on counts of roman.

Wald X2(2)=65.869, p<0.001 Wald X?(2)=7.0274, p=0.030
110 e 18 |
a | b
100 1 16 |
= ol —
= S 14t
o o
O 8t O
12
70 |
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60 |
8 . .
Morning Midday Afternoon Morning Midday Afternoon
Time of Day Time of Day
Wald X2(2)=48.884, p<0.001
20+ c
16
<
3
O 12
8 -

Morning Midday Afternoon
Time of Day

Figure 6.11 Results of GLM analysis of time of day on mean@¥ount (£ SD) of

all species combined (a), fransmadam (b) and kdadks).

Time of day also had a significant effect on théclcaof all species combined.
However, this followed the opposite trend to thathe UVC counts, with a peak in
catch at midday fishing stations (Fig. 6.12a). Ehesas also a significant effect of
time of day on mean fork length of roman capturéd.(6.12b), with significantly
larger fish being caught in the afternoon. Timealay was excluded as a factor in the
AIC analyses for catch of roman and length of p@es. These results suggest that
to provide greatest UVC count and controlled fighoatch, sampling dives should be
concentrated during morning and afternoon sessanthat fishing be conducted in
the midday session. This study was only conducted a two-month period. It may,
therefore, be necessary to further test the effettine of day over a longer period.
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Wald X2(2)=6.7700, p=0.030 Wald X2(2)=20.797, p<0.001
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Figure 6.12 Results of GLM analysis of time of day on meatclkazx SD) of all

species (a) and mean fork length (z SD) of roman (b

Depth

GLM analyses showed that mean UVC counts of fransma blacktail, twotone
fingerfin and all species combined were negativelyelated with depth. Go6tz (2005)
also found densities of blacktail and twotone firfigeto be negatively correlated with
depth, in the Goukamma MPA. Depth was the onlyoiatttat had a significant effect
on roman density; however, contrary to the othecis investigated, roman density
was positively correlated with depth. This ressltonsistent with Smith (2005), who
observed significantly higher densities of romandeeper UVC counts in the TNP.
Roman catch, however, was negatively correlatetl dépth. This is consistent with
results obtained by Gotz (2005) in the Goukamma MR#Ahook size selected for the
larger individuals, the observed results may besalt of competitive exclusion of the
smaller roman individuals by the larger, from sbakr, more productive areas that
may support greater densities of invertebrate gpgcies. However, Buxton (1987)
and Heemstra and Heemstra (2004) suggested tharijevoman are more common
in shallower reefs, with adults more abundant @ dieeper reefs. The discrepancy in
findings suggests the need for further assessmiemieo effects of depth on the

abundance of roman, and other species.

Sea temperature

Counts of all species combined, and of blacktagrevpositively correlated with
bottom temperature. G6tz (2005) also found a pasitiorrelation between blacktail
density and temperature in the Goukamma MPA. Coahtsvotone fingerfin were
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negatively correlated with temperature. This mayabeesult of predator avoidance
behaviour or competition in conditions favouringegter densities of most other
species. Temperature had no effect on mean coundrtismadam and was excluded
in the AIC analysis for roman. Temperature wasreobrded during fishing stations,

as the PB study area is approximately 35 km froenrnibarest thermoscript, and as it
was likely that surface temperatures were diffetenbottom temperatures, it was
decided that temperature measured at the surfage pravide spurious results.

However, as it was determined that temperatureahsignificant effect on the counts
of certain species, it is suggested that temperadiso be measured during fishing

stations in a LTM programme.

Visibility

Blacktail counts were positively correlated withsibility. This is consistent with
results obtained by Go6tz (2005) in the Goukamma MPHs is likely due to their
colouration, making them more difficult to detegarticularly at the sand/reef
interface, where suspended sediment may adver$egt aisibility. Counts of all
species combined were also positively correlatetth wisibility. Counts of twotone
fingerfin were negatively correlated with visibylitThis may be a result of predator
avoidance behaviour under increased visibility comas. Visibility was excluded
during the AIC analyses of fransmadam and romanwis temperature, visibility
could not be recorded remotely during fishing, #refe was no reason to assume that
visibility on the surface reflected that near thébstrate. However, as the GLM
analyses showed significant effects of visibility oounts of certain species, it is
suggested for LTM that visibility, or turbidity, beeasured during fishing stations.

Rugosity

Mean counts of all species combined, fransmadam kdacktail were positively
correlated with rugosity. Smith (2005) also fourdiets of fransmadam and blacktail
to be positively correlated with rugosity, in th&lR. Twotone fingerfin counts were
also positively correlated with rugosity, whichimsagreement with results from Goétz
(2005), in the Goukamma MPA. Rugosity was excluidetie AIC analysis of roman.
However, Smith (2005) found a positive correlatibatween roman count and
rugosity in the TNP. Rugosity should, therefore nbeasured in a LTM programme.

Rugosity cannot be measured during fishing stations
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Substrate

Mean count of all species combined, fransmadam twvwtone fingerfin were
positively correlated with substrate (i.e. % roaker). Substrate, however, had no
effect on the mean count of blacktail and was ed@tuduring the AIC analysis for
roman. It is well documented in the literature thagher densities (reef species in
general) are recorded over hard substrate tharbyeand or sand/rock substrates
(e.g. Andersoret al 1981, Guidetti 2000, Gratwicke and Speight 2005alpstrate,
as measured in this study as the percentage ofdiags representing rock, should
therefore be included in the GLM analyses for LTiMawever, as with rugosity and

profile, substrate cannot be measured remotely.

6.3.6 Stratification

The two study areas are spatially distinct andediiifi fishing intensity. Furthermore,
the protected area would act as a control, agarhgth the exploited area would be
monitored, to detect changes in fishing intensitthin the exploited area over the

long term. It is, therefore, necessary that samipdestratified over protection status.

GLM analyses showed that depth had a significalieiceion observed numbers and
catch of certain species, and that depth shoulihtleded in the GLM analysis.
Samples were stratified over depth, which was t¢aled in ArcView for each sample
site, as shallow (10 — 20 m) or deep (20 — 30 rhgs€ depths were consistent with
depths measured during each of the 16 UVC andshénfy stations at both sites (total
n = 64). It is therefore suggested that samplingukhbe stratified over depth, as
determined in ArcView from the mapping data.

Conversely, profile (calculated for each dive usihg method explained in Chapter
5) at numerous sites did not resemble the categofibigh and low profile (or slope)
in each grid cell, as determined using the slopetfan in ArcView. Therefore, in the
absence of alternative measures for remotely estigh@rofile, it is recommended

that samples should not be stratified over profikecalculated in ArcView.

6.3.7 Power analysis
Power analyses run to calculate the UVC and cdattdishing sample sizes required

to detect changes in the mean (equal to the diféte® between protected and
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exploited means), showed that for UVC data, 54 $esnpere required per study
area, while for CPUE fishing, 33 samples were neuper study area. The sampling
protocol designed in Chapter 5 proposed a sampke @i 16 per study area per
season, i.e. 32 samples per study area per yearefbhe, for controlled fishing, the
proposed sample size of 32 would be sufficient. ey, for UVC, the power
analysis indicated a required sample size of 5¢gesting that the proposed sample
size of 16 should be increased to 27 per study@@eaeason. The higher sample size
is required to overcome the higher variability e tUVC count data (CV = 0.66),
compared with that from controlled fishing (CV =46). This higher variability
associated with UVC counts is likely a result o thiver encountering large schools
of fish, such as strepie (which exceeded 100 iddiais on two occasions during this
study), on some UVC counts and not others. Thislgkely in catch data, as most of

these shoaling fishes are probably too small fptura by the hook size used.

6.4 Conclusions

The protocol designed in Chapter 5 is suitabld_fo¥ in the protected and exploited

study areas. There were no logistical or finangrablems with its implementation.

The sample size of 16 per study area per seassuffisient for CPUE fishing but
insufficient for UVC. An increase in sample size2io UVC counts per study area per
season would, therefore, be necessary for fullesicaplementation of the protocol in

this area.

GLM analyses showed that it was necessary andathsito measure and include in
the analyses, time of day, protection status, déha continuous variable recorded
during each sample), sea temperature, visibilitgosity (as a continuous variable,
calculated as described in Chapter 5), profilea@sategorical variable, subjectively
estimated as high or low by the diver during eadliCUcount) and substrate (as
described in Chapter 5). The effects of depth amgbsity on abundance further
highlight the importance of ensuring that habitaaracteristics, in study areas to be

compared, are in fact comparable.
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It was also determined that samples should beifscatover depth, but that

stratification over profile is not recommended. tAsre were two distinct study areas,
protected and exploited, where the protected amaddiact as a control against which
the exploited area would be compared, it was atsessary to stratify over protection

status.

The methods used were able to detect differencegeba protected and exploited
study areas with sufficient statistical robustndssvas shown that community-level
indicators were suitable for LTM within the protedt area for detection of
community change that may result from environmeal@nge, but that species-level
indicators (roman mean density, mean CPUE, meagtHeand stock density ratio)
should be used for LTM in the exploited area, ttedepotential changes (decreases

or increases) in fishing pressure, using the ptetearea as a control.

110



Chapter 7 — General Discussion

Chapter 7

General Discussion

An ecosystem-based approach to fisheries managdrasiteen adopted in numerous
fishing states, including South Africa, in an atprto better manage fish stocks, and
understand the complexities of ecosystems (Shaehah 2006). This has brought
about the need for identification and establishnoédng-term ecological monitoring
sites (van Jaarsveld and Biggs 2000) to betterrgtated the effects of fishing on fish
communities. However, there is no standardised Baghprotocol or methodology
available for such assessments of offshore linefigitks in South Africa. The
multifaceted and multispecies nature of the linefty makes stock assessment
procedures and management difficult, and the ‘migdraseline’ problem makes
identification of pristine stock levels difficultThe nature of the temperate
environment complicates the collection of ecologitata, which is exacerbated by
variability in abundance and recruitment of fisbckts. Furthermore, previous studies
focusing on assessment of fish stocks have incumacherous problems. Low
statistical power (as a result of insufficient séing), pseudoreplication and spatial
autocorrelation and have resulted in bias in resdlhe use of inconsistent or non-
standardised methods has limited comparability gm@sults from different areas
and studies, while the use of a single method prtsveerification of results. True
variability in population abundance has been masketemporary or localised shifts
in abundance, variable mobility and sightability different species and sampling
error. This study addressed these problems by owve, implementing and

evaluating a protocol for monitoring temperate ifesdgf communities.

Figure 7.1 illustrates the framework followed i tthievelopment of the recommended

sampling protocol, and which can also be adapted Té protocols elsewhere.
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1. Define achievable objectives
LTM / Rapid assessment
Identify target population

Step 1:

2. Methods E
Review options  Step2 N
Select most .
suitable .
(Variability, cost, 3. Study Area E
efficienc Biogeographic |

Y region | Step3_ .. ,E

Protected area !

Exploited area .

4. Indicator Species |
well-represented | Step4 R
Well-studied !
Commercial value !

5. Sample Approach !

Allocation of sites | Step5 o

Stratification :

6. Methods Sample size
Fishing !
Effort (angler L §E‘?P_§ __________________________________________ >
hours) X
Hook type (circle) ‘
Hook size 7. Scale _ E
Bait type Sample cell size | Step7 o
Spatial scale |

UVC Temporal scale E
Transect/Point Renlication E
Census area size !
Measurables !
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Alternative methods 8. Dgtpaeﬁigg l?g‘; | Step8 >E
Community level E
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Implementaton | Step9 R
Testing :
Modification !

CONSENSUS OF FINAL
MONITORING PROTOCOL

________________

Figure 7.1 Flow diagram of the recommended steps involveddesigning a

sampling protocol for offshore reef fish.

The first step is to clearly define the objectivasthe monitoring programme (or

assessment) and identify the target population(spmmunity(ies). This may include
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LTM or a rapid assessment, and may or may not declcomparisons across MPA
boundaries. The objectives must be realisticallji@@able. The second step is to
review available methods and broadly identify tampling methods most suitable for
monitoring the target communities and meeting tbgdives of the programme.
UVC and controlled fishing were identified as shieamethods in this study, and
appear to be most suitable for monitoring studies the warm temperate
biogeographical region. Assessment of alternativeadditional methods may be

necessary or desirable in other areas.

The third step is to identify an area suitabletfa objectives of the LTM programme.
LTM programmes may wish to target the centre ofi@gydéographical region for
representivity of species (Turpiet al 2000), or a transition zone between
biogeographical regions to detect shifts in spédesributions. Where monitoring
aims to separate natural from anthropogenic chaange detect the effects of fishing,
it is necessary to sample in protected and exgl@teas. The fourth step is to identify
suitable indicator species. Suitable species shbelavell-represented in the chosen
study area(s), well-studied and of commercial areational value (Keough and
Quinn 1991).

The fifth step involves the determination of themgéing approach. This includes
sample site allocation (revisiting or random readiion) and determination of
required sample size (power analysis). Furtherm@Gigyl analysis of results from

preliminary sampling may be necessary to determinether the habitat is such that
stratification is necessary. This study recommeraaglom reallocation of sites (to
allow for more representative sampling) and thaita should not be sampled by

different methods in a single season or by the saetbod in consecutive seasons.

The sixth step includes refining of the chosen e@sh Two angler hours was deemed
most suitable for controlled fishing stations imstbtudy area, but this may need to be
determined for each study area. Similarly, therogtihook size and bait type may
need to be determined for each area. Due to comgrscientific evidence the use of
circle hooks is recommended. However, the suitgtli circle hooks may need to be
determined for the selected indicator species (Eatd Suski 2004). Optimal hook

size may also need to be determined for each spddmoks should be barbless and
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have no offset point (Prinagt al 2002).Strip transects were found to be superior to
point counts in this study, particularly in the fenate conditions of the general study
region. This may, however, need to be determinedatioer areas, particularly where
predominant visibility is greater than in the walemperate biogeographical region. It
is also necessary to determine a suitable cengassae, as this has been shown to
affect estimates of abundance, species richnessvandbility (e.g. Cheal and
Thompson 1997).

Step seven includes determining the scale at wéaohpling is to be conducted. This
includes the spatial and temporal extents of samgpknd the frequency with which
sampling is to be conducted. Furthermore, it isessary to determine whether the
scale of the proposed sampling and the availaldeurees allow replication of

treatments.

Step eight should include determining what datdyaea will be used to interpret the
data collected. It is recommended that for momiprof an exploited area, aimed at
detecting changes relative to a protected aregyriigramme should focus on a suite
of species-level indicators, including mean dengityean CPUE, mean lengths and
length-frequency distributions. Monitoring of refesh stocks in a protected area to
detect change in the community over time, which rbayassociated with climate
change or environmental change, should focus omuamty-level analyses, such as
MDS and ANOSIM, and community-level indicators, lsuas diversity, species
richness and species relative abundance. It ismemnded, for UVC samples, that
time of day and profile be recorded as categoriaators, and that visibility, sea
temperature, rugosity and substrate be recordedoatnuous factors for GLM
analyses of the effects of environmental factorsabandance. Furthermore, it is
recommended that samples should be stratified praection status and depth (as
categorical factors), but it is not recommendedsti@tify over profile. For CPUE
samples, time of day and sea temperature shoulddmrded as with UVC, and if
possible, visibility or turbidity should also be aseired. However, it is not possible to
remotely measure or estimate profile, rugosity abss$rate, and these cannot,
therefore, be recorded for inclusion in the GLM lgsaes of CPUE data. CPUE

samples should also be stratified over depth aatkgtion status.

114



Chapter 7 — General Discussion

The final step (step nine) is to assemble the corapis determined in the previous
steps into a proposed protocol and implement tbhepol in the chosen study areas.
This preliminary sampling will allow flaws in theaspling design to be detected,
provide data for power analysis to determine remlisample size, and determine
whether stratification is necessary. The samplirgggeol proposed in this study was
tested in the field and found to be suitable to tnitsethree objectives: (i) LTM of a
protected site to detect natural change (associatdd environmental and climate
change), (i) LTM of an exploited site to detectural and fishing-associated change,
and (iii) comparison of protected and exploitecesi{to distinguish natural from

fishing-associated change).

The protocol designed in this study is highly raletvin South Africa, at a time when
LTM is becoming the focus of much ecological, arditigsularly marine and coastal,
research (Shannagt al. 2006). Although the protocol was designed to e tool

to be used in LTM programmes aimed at assessingftéets of fishing on fish stocks
and for detection of natural change, it has numesalditional applications (Fig. 7.2).

Sampling
Protocol
Applications Other Areas
Rapid assessments Assessment of
Stock status environmental effects
ElAs (Broad scale survey)
Fishery assessment
(Mortality estimates) Cool temperate and
subtropical
biogeographical
Assessment of MPAs regions
Effect of size
Duration of closure
Other ecosystems
Standardised methods Estuaries
Enclosed bays
Benchmark values Global application
(Mortality) (Temperate reefs)

Figure 7.2 Applications of the protocol and the frameworkeleped in this study.
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The sampling protocol is suitable for rapid assesgmof the status of fish stocks,
and can be used to determine whether legislativeegtion is required, or for
environmental impact assessments (EIAs). Cowdeyal (2002) discussed the
importance of elucidating the role of the differdiPAs in South Africa in the
management of linefisiThe protocol is suitable for assessing the effeckss of
new or well-established MPAs, through ‘before-afteor ‘inside-outside’
comparisons, respectively. The standardised metbggavill allow for comparison
of results from different areas and studies, paldity of study areas from a network
of LTM nodes or LTER sites. The use of a standadligrotocol can provide a series
of results and bench mark values (such as CPUEnoindicator species) from
different areas, to assess the regional statusmdividual species. The use of the
standardised methods on a long-term basis candeage-frequency distributions
and mortality estimates for indicator species ahesite, allowing for comparison
between areas, and assessment of the effectivefeaanagement measures. The
standardised protocol can also be used in diffesezéd MPAs to evaluate their

effectiveness.

Measurement of a suite of environmental variahles)g consistent techniques, from
a wide range of areas will provide strong evideotethe relationships (or lack
thereof) between environmental and biological \des. Such an analysis may, itself,
be used for a broad-scale assessment of relatmmdbetween fish stocks and

environmental variables.

Although developed and tested in the warm tempebatgeographical region of

South Africa, the framework may have applicatiorother biogeographical regions.
Adaptation of necessary components (e.g. indicgtecies, hook size and minimum
visibility for UVC) will also allow the use of thprotocol in the cool temperate and
subtropical biogeographical regions. Similarly, gtdéions may allow for the protocol

to be used for monitoring programmes or assessnemtiher ecosystem types, such
as estuaries or enclosed bays. The framework nsayhalve application in temperate

and other reef areas, in other parts of the world.

Long-term biotic change is likely to manifest ifsel two ways: (i) reduction in

abundance or biomass across the range of a biag@tgal region, detectable more
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easily in the centre of the region, or (ii) contr@a or expansion of a species’
distributional range, detectable more easily attthesition between biogeographical
regions. The need to monitor these changes hasrbabsed in South Africa, by the
establishment of the South African Environmentak@isation Network (SAEON).
The Elwandle (coastal) Node of SAEON has been ntadd@ undertake LTM in
South Africa’s coastal zone, through the establetimof a network of LTM sites.
This protocol is suitable for use in such monitgrirHowever, studies on reef
ecosystems have commonly focused narrowly on eitheerichthyofaunal, coral or
invertebrate communities (Hodgson 1999). Therefiires recommended that, for a
holistic view of the reef ecosystem and a fullyeefive monitoring programme,
monitoring extend beyond ichthyofaunal assessmeatsnclude marine mammals

and invertebrates, in the intertidal and subtidales.

Furthermore, underwater video cameras have beeressfally implemented in a
number of studiedir{ter alia Pottset al 1987,Langton and Uzmann 1989, Parlatr

al. 1994, Adamset al 1995, Williset al 2000,Parsonst al 2004), and may provide
a useful complementary method for the assessmerdgebffish assemblages, or for
verification of results obtained from UVC or CPUiBHing. However, such methods
would require further in-field assessment, and reitstudies should aim to develop

the optimal methodology for this technique.

Fishing pressure has had serious detrimental effent linefish species in South
Africa, and changes in the management regime aessary to efficiently manage
and protect the stocks. LTM has been identified ageans for determining the effects
of fishing on fish stocks and to assess the effengss of current management, as

well as changes therein.

It is important to understand that LTER and mormigy even with the optimal
sampling protocol in place, cannot decrease fislpirggsure, or act as a tool for the
recovery of fish stocks, and that management meassuch as minimum size and
daily bag limits, should remain in place, and whewcessary, complementary
management and conservation measures should bdopgeseand implemented.
Furthermore, it is important that (in addition t@ER and monitoring) effective

mechanisms are implemented and actions initiatethfo establishment of integrated
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coastal management plans, in which resource uses amed regulations are clearly

defined and through which resources can be man@dellenna and Allen 2005).

The sampling protocol designed in this study igadlé for rapid and long-term
assessments of reef fish communities, and assetsmwiemanagement measures, in
South Africa and elsewhere, and can assist witlogical assessments of coastal and
near-shore marine biodiversity, which are essefdrahe protection and preservation
of biodiversity and the persistence of the resaime which many South Africans
depend.
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APPENDIX |

Table Al: Species observed during point counts in the TN RB, for preliminary

diving for comparison of point and transect counts.

Family Species Common Name TNP PB
HAEMULIDAE Pomadasys olivaceus Piggy 2
SPARIDAE Boopsoidea inornata Fransmadam 828 395
Chrysoblephus cristiceps Dageraad 6
Chrysoblephus gibbiceps Red stumpnose 1 26
Chrysoblephus laticeps Roman 341 86
Cymatoceps nasutus Black musselcracker 1
Cheimerius nufar Santer 7
Diplodus cervinus hottentotus Zebra 15 26
Diplodus sargus capensis Blacktail 31 61
Gymnocrotaphus curvidens Janbruin 19 17
Pachymetopon aeneum Blue hottentot 947 69
Pagellus bellottii natalensis Red tjor-tjor 1 35
Pachymetopon grande Bronze bream 7 12
Petrus rupestris Red steenbras 16 21
Rhabdosargus globiceps White stumpnose 27
Rhabdosargus holubi Cape stumpnose 27 58
Sparodon durbanensis White musselcracker 1 6
Spondyliosoma emarginatum Steentjie 169 192
OPLEGNATHIDAE Oplegnathus conwayi Cape knifejaw 21 19
CHEILODACTYLIDAE Chirodactylus brachydactylus Twotone fingerfin 211 28
Table A2: Species observed during transect counts in the and PB.
Family Species Common Name TNP PB
SPARIDAE Boopsoidea inornata Fransmadam 1367 487
CHEILODACTYLIDAE Chirodactylus brachydactylus Twotone fingerfin 934 192
Chrysoblephus cristiceps Dageraad 9
Chrysoblephus gibbiceps Red stumpnose 4 37
Chrysoblephus laticeps Roman 670 140
Cymatoceps nasutus Black musselcracker 1
Cheimerius nufar Santer 14
Diplodus cervinus hottentotus Zebra 22 33
Diplodus sargus capensis Blacktail 72 162
Gymnocrotaphus curvidens Janbruin 68 45
LUTJANIDAE Lutjanus argentimaculatus River snapper 2
Lithognathus mormyrus Sand steenbras 28 1
OPLEGNATHIDAE Oplegnathus conwayi Cape knifejaw 60 39
Pachymetopon aeneum Blue hottentot 2222 258
Pagellus bellottii natalensis Red tjor-tjor 71 12
Pachymetopon grande Bronze bream 8 12
Pomadasys olivaceus Piggy 1
Petrus rupestris Red steenbras 26 26
Rhabdosargus globiceps White stumpnose 18
Rhabdosargus holubi Cape stumpnose 75 53
Sparodon durbanensis White musselcracker 16
Spondyliosoma emarginatum Steentjie 355 370
CARANGIDAE Trachurus trachurus Maasbanker 2
SCIAENIDAE Umbrina canariensis Baardman 1
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determine optimal fishing station effort.

Table A3: Species captured during preliminary samplindiem TNP and PB, to

Family Species Common Name TNP PB
ARIIDAE Galeichthys feliceps White seacatfish 2
SERRANIDAE Acanthistius sebastoides Koester 1
POMATOMIDAE Pomatomus saltatrix EIf 16
HAEMULIDAE Pomadasys olivaceus Piggy 5 1
SPARIDAE Boopsoidea inornata Fransmadam 79 12
Chrysoblephus cristiceps Dageraad 1
Chrysoblephus gibbiceps Red stumpnose 3
Chrysoblephus laticeps Roman 377 79
Cymatoceps nasutus Black musselcracker
Cheimerius nufar Santer 1
Diplodus sargus capensis Blacktail 4
Pachymetopon aeneum Blue hottentot 7 14
Pagellus bellottii natalensis Red tjor-tjor 26
Pachymetopon grande Bronze bream 3
Petrus rupestris Red steenbras 9 9
Polysteganus undulosis Seventy-four 1
Rhabdosargus globiceps White stumpnose 2
Spondyliosoma emarginatum Steentjie 41 72
SCIAENIDAE Atractoscion aequidens Geelbek
Argyrosomus inodorus Silver kob
CARANGIDAE Trachurus trachurus Maasbanker
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APPENDIX IlI

GOVERNMENT GAZETTE, 11 JANUARY 2002 No. 22991

GOVERNMENT NOTICES

DEPARTMENT OF LABOUR

OCCUPATIONAL HEALTH AND SAFETY ACT, 1993 (ACT NO. 85 OF 1993)

DIVING REGULATIONS, 2001

ANNEXURE D
MINIMUM PERSONNEL REQUIREMENTS

SCUBA AIR

1 x Diver
1 x Line Attendant
1 x Standby Diver

1 x Diving Supervisor
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APPENDIX IV

Results of the GLM analyses run for main effectd between effects (separately) on

count, catch and length data are presented in §&zld¢o A12.

Table A4: Results of the GLM analysis for UVC counts of sflecies combined. No
initial parameters were discarded during the priecedIC best subsets analysis.
Significance level is denoted by * (p<0.05), ** (@81) or ns (not significant) (df =
degrees of freedom).

Main Effects df Wald (X°) p
Intercept 1 119.472 <0.001 **
Time of day 2 65.869 <0.001 **
Protection status 1 41.699 <0.001 **
Temperature 1 7.525 0.006 **
Visibility 1 27.362 <0.001 **
Depth 1 74.628 <0.001 **
Rugosity 1 386.995 <0.001 **
% Rock 1 126.444 <0.001 **
Between Effects

Time of day*Protection status 2 62.689 <0.001 **
Protection status*Temperature 1 14.891 <0.001 **
Protection status*Visibility 1 25.236 <0.001 **
Protection status*Depth 1 13.825 <0.001 **
Protection status*Rugosity 1 0.250 0.617 ns
Protection status*% Rock 1 44.902 <0.001 **

Table A5 Results of the GLM analysis for UVC counts ofrfsenadam. Visibility
was discarded during the preceding AIC best sulmedtysis. Significance level is
denoted by * (p<0.05), ** (p<0.01) or ns (not sifjrant).

Main Effects df Wald (X%) P
Intercept 1 0.433 0.511 ns
Time of day 2 7.027 0.030 *
Protection status 1 22.331 <0.001 **
Temperature 1 2.515 0.113 ns
Depth 1 43.068 <0.001 **
Rugosity 1 75.802 <0.001 **
% Rock 1 26.204 <0.001 **
Between Effects

Time of day*Protection status 2 34.943 <0.001 **
Protection status*Temperature 1 1.510 0.219 ns
Protection status*Depth 1 2.422 0.120 ns
Protection status*Rugosity 1 8.142 0.004 **
Protection status*% Rock 1 38.263 <0.001 **
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Table A6: Results of the GLM analysis for UVC counts of diiil. No initial
parameters were discarded during the preceding AESt subsets analysis.

Significance level is denoted by * (p<0.05), ** @81) or ns (not significant).

Main Effects df Wald (X?) p
Intercept 1 33.391 <0.001 **
Time of day 2 48.884 <0.001 **
Protection status 1 42.569 <0.001 **
Temperature 1 15.217 <0.001 **
Visibility 1 10.305 0.001 =**
Depth 1 21.124 <0.001 **
Rugosity 1 20.864 <0.001 **
% Rock 1 2.701 0.100 ns
Between Effects

Time of day*Protection status 2 1.305 0.521 ns
Protection status*Temperature 1 26.203 <0.001 **
Protection status*Visibility 1 20.826 <0.001 **
Protection status*Depth 1 1.620 0.203 ns
Protection status*Rugosity 1 4.738 0.030 *
Protection status*% Rock 1 6.807 0.009 **

Table A7: Results of the GLM analysis for UVC counts of taie fingerfin. Time of
day and protection status were discarded in theegieg AIC best subsets analysis.
There were, therefore, no between effects withgatain status. Significance level is
denoted by * (p<0.05), ** (p<0.01) or ns (not sifycant).

Main Effects df Wald (X) p
Intercept 1 30.247 <0.001 **
Temperature 1 6.481 0.011 *
Visibility 1 5.801 0.016 *
Depth 1 72.446 <0.001 **
Rugosity 1 99.235 <0.001 **
% Rock 1 28.160 <0.001 **

Table A8. Results of the GLM analysis for UVC counts of mm Temperature,
visibility, rugosity and percent rock cover wereckxed from the model in the
preceding AIC best subsets model. Significancellevelenoted by * (p<0.05), **
(p<0.01) or ns (not significant).

Main Effects df Wald (X?) p
Intercept 1 13.722 <0.001 **
Time of day 2 4.772 0.092 ns
Protection status 1 2.365 0.124 ns
Depth 1 6.189 0.013 *
Between Effects

Time of day*Protection status 2 13.117 0.001 **
Protection status*Depth 1 1.059 0.303 ns
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Table A9: Results of the GLM analysis of catch data forsgkcies combined. Depth
was discarded as a factor during the precedingl®§t subsets analysis. Significance

level is denoted by * (p<0.05), ** (p<0.01) or meof significant).

Main Effects df Wald (X?) p

Intercept 1 2098.926 <0.001 **
Time of day 2 6.770 0.034 *
Protection status 1 10.820 0.001 **

Between Effects
Time of day*Protection status 2 11.061 0.004  **

Table A10 Results of the GLM analysis of catch data for aamTime of day was
discarded as a factor during the preceding AIC Besbisets analysis. Significance

level is denoted by * (p<0.05), ** (p<0.01) or mof significant).

Main Effects df Wald (X?) P

Intercept 1 144.465 <0.001 **
Protection status 1 13.190 <0.001 **
Depth 1 8.403 0.004  **

Between Effects
Protection status*Depth 1 1.044 0.307 ns

Table A1l Results of the GLM analysis of length data fdr sdecies combined
(excluding sharks and migratory species). Time ay avas discarded during the
preceding AIC best subsets analysis. Significaseellis denoted by * (p<0.05), **
(p<0.01) or ns (not significant).

Main Effects df Wald (X%) p
Intercept 1 421.6256 <0.001 **
Protection status 1 110.7326 <0.001 **
Depth 1 3.9461 0.047 *

Between Effects
Protection status*Depth 1 2.0050 0.157 ns

Table Al12 Results of the GLM analysis of length data fomem. Depth was
discarded as a factor during the preceding AIC Besisets analysis. Significance
level is denoted by * (p<0.05), ** (p<0.01) or mof significant).

Main Effects df Wald (X?) P

Intercept 1 8171.446 <0.001 **
Time of Day 2 20.797 <0.001 **
Protection status 1 48.386 <0.001 **

Between Effects
Time of Day*Protection status 2 12.770 0.002  **
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