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Executive Summary

Headline indicators are used in New Zealand to oreaand disseminate information on progress
towards sustainable management of the environmeeltiding human impacts on, and the state of,
the New Zealand ocean domain, defined here asréizecautside territorial waters but within the New
Zealand Exclusive Economic Zone (EEZ). Headlinedatrs form an important part of the 5-yearly
“State of the New Zealand Environment” reportingozdinated by the Ministry for the Environment.
Recent research (both funded by Ministry of Figteerand within the FRST Coasts & Oceans OBI)
provides an opportunity to improve the usefulnesstate of the environment indicators for the New
Zealand ocean. We describe and evaluate over 3fidzde indicators of theressure on the New
Zealand ocean, thgtate/impact of ocean ecosystems, and ttesponse of institutions, policy and
society to promote sustainability. From these odaudi indicators, we recommend that 16 indicators (4
pressure, 8 state, 5 response) be considered ifuntithe run up to 2012 state of the environment
reporting (see table below; grey panels are alrazbd as headline indicators in New Zealand).
Substantial but tractable research, and multi-agenput and evaluation, will be required to
determine which of the proposed new indicators beyseful, and to develop these for use.

Type I ndicator Description
Pressure | Total fishing removals Total landings by weight and category of maringdio
Commercial trawling footprint Area of seabed trawled in fishing year (trawl faatp).
Area Trawled Index, ATI Weighted average propartid BOMEC (Benthic —
optimised MEC) regions trawled in fishing year
Biomass Trawled Index, BTI Proportion of demerssth biomass in trawled areas,
combined by relative ecological importance
State / Stock Status Index, SSI Status of QMS stocks against management targets,
Impact combined by relative ecological importance
Threat status of marine species Ecological status of marine species (DOC clasgificd
Marine Trophic Index, MTI Average trophic level cdtches taken by bottom

trawling, based on research and commercial trawls
Oceanographic change observed by | Characteristic oceanographic modes of variabilégédal

satellites on satellite temperature, colour and altimetry

System-level Catch-Per-Unit-Effort Catch-Per-Unifel for all species taken by bottom
trawling, corrected for changes in effort

Demersal Fish Diversity, DDI Multi-index measuredifersity in demersal fish taken
by commercial bottom trawling

Feeding type ratios Relative change in functiomaligs (type of feeding)
taken by commercial trawling

Species distributions Change in spatial distributibfish species between
years

Response | Total area with some form of protectiq Proportion of the oceanic EEZ with some protection

Overfishing Index, OFI Proportion of QMS stocks weverfishing is currently
known to be occurring

State of Knowledge Index, SKI Assessment of stateowledge of status of stocks in
the QMS, combined by relative importance

Area Protected Index, API Weighted average propomif each ecologically distingt
(BOMEC) subregion protected from bottom trawling

Biomass Protected Index, BPI Weighted average ptigooof finfish (and potentially

squid) biomass in areas protected from fishing




1 Introduction

Indicators are used around the world to measuraleséminate information on progress towards the
sustainable management of human impacts on macosystems (OECD 1993, 1998; Garcia &
Staples 2000). As for other aspects of ecologigstiagnability “if you cannot measure it, it doeg no
count” (Hanson 2003). Headline indicators try tduee the multidimensional complexity of
measuring progress towards sustainability to & lehere they can be understood by policy makers,
the general public, and other stakeholders withratechnical background (Patterson 2002). As in
other nations such as Australia, Canada, USA aret&w/(Griffith 1997; Vandermeulen 1998; Ward
2000), New Zealand reports headline indicators'State of the Environment” reporting (MfE 2007).
In New Zealand, this reporting occurs every 5 yeaws the Ministry for the Environment is primarily
responsible. Headline indicators sacrifice speitjfior generality, and Rice & Rivard (2007) note
that they are designed for audit (“how are we d@ihgather than control (“what should we do in the
future?”). They aim to provide evidence of the efifeeness of current management practice, and
show whether there is a need for a change in poliais implementation. If action is required, more
specific indictors and analysis are needed to icdeisality and determine what the appropriate actio
should be (Rice 2000; Link 2005; Rice & Rivard 207

A huge number (>300) of marine ecosystem indicaoesin use or proposed around the world (Cury
et al. 2005; Rochet & Rice 2005; Rice 2003), withgensus that a suite of indicators is needed to
measure progress towards the sustainable managefriteatimpact of human activities on marine
ecosystems (Cury & Christensen 2005; Rice & Ro2B66). In this report we assess which indicators
are likely to be most feasible and useful as haadtidicators for assessing the sustainability of
human impacts on the New Zealand ocean. Althougthrofithe focus of this report is on fishing,
marine ecosystem indicators should also capturefteets of human actions such as ocean mining
and climate change. We define the New Zealand oagsdmeing the area outside the 12 nautical-mile
(29.3 km) territorial limit but inside the New Zeald Exclusive Economic Zone (EEZ) (Figure 1).
New Zealand has thé"$argest (EEZ) zone in the world, extended in 2068 4.4 m kn (oceanic

part 4.17 m krf) to 6.1 m kmi (UN 2008) (oceanic part 5.87 m Rm

Here, we are primarily concerned with ecologicati{er than economic or social) sustainability.
Ecological sustainability is taken to mean thatdtracture, function and resilience of ecosysteras a
maintained so that they continue to provide ecesyservices in the future under likely conditiofis o
environmental variability and change. Where digettipinging on ecological sustainability, we also
consider those economic and societal aspectsriadikaly to impact the ability of New Zealand to
maintain and improve marine ecological sustaingbiliowever, the legislative and policy context of
management of the New Zealand ocean is too conple& considered in detail here, with 25 Acts of
New Zealand parliament, 15 Government strategidsivaajor policies, and 34 international
multilateral agreements that relate to oceans n&nagt in New Zealand (Willis et al. 2002). We
note that an overarching government oceans padicéw Zealand is absent.

How should we select headline indicators for thevMealand ocean? International working groups
on indicators for the marine environment (e.g. Gur@hristensen 2005) recommend that we should
aim for a suite of indicators which are sensitivehanges in a variety of factors including: (1)
oceanographic and climate conditions; (2) low amdlie trophic levels (plankton, pelagic and
benthic invertebrates); (3) upper trophic leveilsh@és); (4) marine predators (seabirds, marine
mammals); (5) aggregate indicators working acragshic levels. The total number of marine
headline indicators needs to be no more than @t 0 or else uptake by policy makers and the
public is likely to be reduced. There is good caisss on the attributes desirable in indicatorae@a
used to assess the utility of indicators includécgaelevance, timeliness/cost of production, aacy
and precision, scientific validity, sensitivity spponsiveness, consensual basis, formal (legal)
foundation, specificity, and geographical scoper¢{da& Staples 2000; Rice & Rochet 2005). Here,
the evaluation of indicators is based on six datased by the New Zealand Ministry for the
Environment (Table 1, MfE 2007). In addition toisiting these criteria of course, any proposed
indicators would need to withstand scrutiny by Nésaland stakeholders before they could be
adopted into the New Zealand reporting framework.
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Figure 1. Study area: the New Zealand EEZ (before chang26808). Also shown is the bathymetry (depth
contours at 250 m, 1000 m and 3000 m), 12 nm ¢efaltlimit around the New Zealand mainland, Chatha
Rise, and Southern Plateau.

Table 1. Criteria for assessing indicators (based on MfE2200

Criteria Description

1 Nationally significant | Does the indicator givéarmation at the scale of the New Zealand
EEZ?

2 Relevant Is the indicator measuring somethinignpbrtance in terms of
assessing progress towards sustainability?

3 Credible Are the underlying data, methodology assumptions scientifically
robust? Does the indicator stand up to scientdiatiny as
unambiguously measuring progress towards sustéitgabi

4 Interpretable Will non-technical stakeholdersabée to interpret what the indicator
showing? Are historical data available to allow itgicator to be put
into a medium-term context?

5 Cost-effective Are the data required availabla timely fashion? Is it likely that datal
will continue to be collected in the medium to Idegm? How much
additional data/research is required to developrtieator?

6 Internationally Have similar indicators been used overseas sd\iatZealand

comparable

performance can be benchmarked against internhgaparience?




2 Candidateindicators

2.1 DPSIR framework

The Driver-Pressure-State-Impact-Response (DP$#R)dwork used in New Zealand for state of the
environment reporting (MfE 2007) groups indicatiorserms of whether they give information on
drivers of change (social, demographic, economic developshethepressure on the system exerted
by human activities, the presesdite of the environment including trends in the currsiate jmpacts
(effects on environmental or human health), or#sponse of management to promoting
sustainability (OECD 1993; Garcia & Staples 2000ENMO007). Here, we do not consider drivers
explicitly and group the other types of indicatermessure, state/impact, and response. We are less
concerned with why pressures have come, and moieeoeed with measuring their intensity and
effect. We combine state and impact because sepamatpacts from state requires causality to be
determined — we need to know what has caused @ehiarstate to determine if it is an impact of
human activity or part of natural variability — atis is outside the scope of the present report.

Pressures includater alia the individual and combined effects of fishingp@te variability and
change, pollution and extractive industries. Worttkyfishing has had profound impacts on marine
ecosystem state and function (Halpern et al. 2P@8Jy et al. 1998a; Jackson et al. 2001), and
pressure due to fishing in New Zealand is also.Higlthe New Zealand EEZ, more than 55% of cells
of size 25 krfishallower than 1600 m were contacted by bottomlilng between 1989—-2005 (Baird
et al. 2009). Many deep water fish species targeysztbmmercial fishing are thought to have had
their spawning biomass depleted by 30-80% sinceyangialised fishing started in the 1970s,
(Ministry of Fisheries 2009). Some threats to thetainability of New Zealand marine ecosystems
due to fishing have been mitigated by includindi8& and invertebrate species (as of 2008) in the
New Zealand Quota Management System (QMS), inctpudianagement of fishing capacity and
explicit limitation of fishing mortality for QMS sxies (Mace 2001; Aranda & Christensen 2009).
However, fishing at near Maximum Sustainable Y{@lEY) levels as is the target in New Zealand
does not necessarily protect overall ecosystera stadunction (ICES 2005), with potential for
chronic, cumulative degradation of the marine faab (Cury & Christensen 2005; Jennings et al.
2002; Jackson et al. 2001; Branch 2009), alsodtalb®system erosion or ecosystem overfishing
(Murawski 2000; Coll et al. 2008). As Duplisea &dBianguay (2006) state: “if we are to eventually
define community or ecosystem sustainability...il wibst likely come about through combining
various indicators of the fish community”. Indiced@re hence needed that can detect the effects of
fishing on ecosystem state and function over thg-term.

Environmental drivers can impact ecosystems asaat ks strongly as fishing (Mackinson et al. 2009;
Frank et al. 2007; Schiermeier 2004), and canyadrgistically with fishing (Winder & Schindler,
2004; Kirby et al. 2009). Oceanographic state aarchbility are likely to become increasingly
important drivers of marine ecosystem change in Mealand in the medium to long term as global
climate change continues (Willis et al. 2007; Poil2008). Effects may be manifested througer

alia warming of ocean waters affecting species biolmgg ecology (O’'Connor et al. 2007; Perry et al.
2005), regime shifts (large-scale and persisteahgés in ocean circulation and vertical water colum
structure, Mullan et al. 2001), increased likelilaif invasive species (Willis et al. 2007), incliegs
ocean acidification (Fabry et al. 2008; Cooley &nayg 2009), and effects across multiple trophic
levels due to timing of productivity (Sydeman & Bad 2009).

Sate / impact indicators for the marine ecosystem summarisenmtion on the health of organisms
which live in or otherwise depend on the marineirmment, interactions between organisms (both
predator-prey and indirect, such as interferencebmiaviour modification), interactions between
biota and the physical environment (including teeehdence of organisms on habitat), and the
overall viability of communities of organisms withihe physicochemical environment. Measuring
state of the marine environment also implies caersition of the time derivative of its present state
how are things changing? A single evaluation ofngitator of ecosystem health is far less valuable
than a time series of such measurements as thedates historical contextual information on the
indicator, including its variability, the currerdte and direction of change, whether this is
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accelerating, and whether cycles or oscillatioapgarent.

Response indicators track the extent to which institutionadlicy and societal actions act to promote
sustainable development. Indicators of institutictate have been used as part of a “Genuine
Progress Index” approach around the world to shmgness towards sustainability (Hanson 2003;
OECD 2003). Conceptually, the state and capaldfitye fishing industry, fishing management
system, and fisheries research/knowledge baseadarmental parts of the picture of how well New
Zealand is progressing towards sustainable managevhés ocean.

2.2 Pressurelndicators

2.2.1 Total tram effort

Habitat alteration is a core OECD environmentaldatbr (OECD 2003). The greatest habitat
alteration in the New Zealand ocean is likely tdolgdbottom trawling by commercial fishing vessels
which is known to be particularly destructive tar@benthic communities (United Nations 2006;
FAO 1995, 2003). Total area trawled was reportepbasof the New Zealand state of the
environment reporting in 2007 (MfE 2007). In a necepdate of 1 million records for trawl effort
based on Trawl Catch Effort Processing Returns HR)ESIince 1989 (Baird et al. 2009), each trawl
track has been converted to a polygon equivaletiied@stimated area swept by the fishing gear and
overlaid on 25 krhgrid-cells, giving a relative representation d thtal trawl effort (Figure 2).
TCEPR have been required to be used by large (328w Zealand fishing vessels to report the
location of all trawling effort since 1989, and Hgdalf (ca. 46%) of smaller vessels (<28 m) have
also used this method of reporting since the mD$9qBaird et al. 2009). Before this time, andthar
other smaller vessels (<28 m), the location of lirgns not known accurately as it was only repdrte
in terms of New Zealand Fishery Statistical Areaiging a start position. Since 2007/8, vesselsm28
in length are obliged to report the start locatbtrawls. Although this change is welcome, the fac
that vessels still do not need to give the locatiat the trawl finished means that the positioalbf
commercial bottom trawling in the New Zealand EEAot known, and fishing effort data remain
frustratingly incomplete. This issue predominamtifects territorial (coastal) waters with depth9&2
m as this is where most bottom trawling by smalégsels occurs, so that the data summarised by
Baird et al. (2009) are suitable for developingraticator of total trawl effort in the New Zealand
ocean domain.

Trawl effort can be reported either as number @f-gells visited each year (irrespective of the
number of times visited or the proportion of thelgrell trawled), “cumulative area trawled” (defohe
as the total area swept by trawls irrespective luétiver trawls overlay on previous trawls that year)
the annual “trawl footprint” (defined as the arédaeabed trawled at least once in a given yeardBai
et al. 2009). The seabed area trawled in mostagiid-is quite low (less than 1 knmawled in more
than 50% cells: Baird & Wood 2009), so measurirggrtimber of grid-cells visited would
overestimate the benthic modification due to tragiliNote that the effect of fishing disturbance on
benthic organisms and communities) depends onratibsype, frequency of trawl contact, gear type,
and the community affected, so that measuring tedfwlt indicates the degree of modification to the
benthic environment and organisms due to fishiatipar than thempact or consequence of this action
on benthic communities. The recovery of benthicsgstems after trawling is likely to take more than
a year (National Research Council 2002); once ea af seabed has been trawled in a given year,
more trawls in the same area are likely to causedbange. This means that the modification of
seafloor environment by trawling is likely to betee represented by the trawl footprint than the
cumulative area trawled. The trawl footprint basadlata in Baird et al. (2009) is likely to
underestimate pressure due to trawling for twoaesisFirst, the area of seabed with ecosystems
adversely affected by trawling will be greater thia@ trawl footprint because sediment
plumes/displaced material is likely to have impantiside the area actually swept by the trawl.
Second, the positions of about half of all travdsried out by vessels smaller than 28 m are not
recorded, reported or included in the analysisaifdBet al. (2009).
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Figure 2. a: Fishing trawl effort for the New Zealand EEZ (Ba@tal. 2009). In addition to commercial
trawling, research trawls have been repeatedlyethaut in two of the most intensively fished patshe New
Zealand oceanic EED: Chatham Rise trawl survey series (1992-2007 &8 O’Driscoll 2007)c:
Southern Plateau trawl survey series (1989-1993)-22005: Tuck et al. 2009).

2.2.2 AreaTrawled Index

Information on commercial trawl effort that is higiesolved spatially also allows us to summarise
habitat alteration divided by key ecosystem, an DEGre pressure indicator (OECD 2003). This is
important because impacts of trawling will vary emously depending on factors such as substrate
type and depth, and biological factors such asispgresent (National Research Council 2002). The
Benthic Optimised Marine Environment Classificati@OMEC, Leathwick et al. 2009) was
developed specifically to identify New Zealand ‘tagions” that can be considered to be ecologically
distinct (Figure 3). BOMEC was developed by comignilata on the benthic community (made up of
126 demersal fish species, and 7 groups of invextes: asteroids, bryozoa, foraminifera, octocorals
polychaetes, scleractinian corals, sponges), avidoemental data, including sediment type using
Generalised Dissimilarity Analysis (Leathwick et2009). BOMEC is restricted to sampling depths
(less than 3000 m, Leathwick et al. 2009), and ides/delineation of 15 bioregions at the scaldnef t
EEZ. The choice of 15 bioregions is essentiallyteaty, being chosen to provide a broad scale
classification of the EEZ, and does not imply aewel of statistical significance in differences
between regions (Leathwick et al. 2009).
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Figure 3. Benthic-optimised Marine Environment Classificatfon New Zealand (BOMEC, 15 groups;
courtesy of Leathwick et al. 2009).

The overall pressure on the bentho-demersal oceystem of New Zealand can be measured as the

Area Trawled Index (ATI), defined as the weightedrage of the proportion of each BOMEC
bioregion that is trawled in a given year (Equation

ot

Area Trawled Index (ATI) ATl =2 .
2.q
i=1

[1]

WhereA""® s the area of bioregidrtrawled in a given New Zealand fishing year whichs from
1 October to 30 September (henceforth “yeak’)s the total area of bioregionanda; is a weighting
factor that accounts for some bioregions being meomdogically important that others. Although a
case may be made for bioregions that support higioenass or diversity of demersal fish and/or
benthic invertebrates being more important ecokdtyichan those with less known secondary
production, the ecological basis for this is nothdeveloped as yet, and a default position infittse
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instance would be to assume that all bioregiongqually important ecologically and sgt1 for all
i

2.2.3 Biomass Trawled Index

Maps of the relative spatial abundance of 126 sgeaf demersal fish in the New Zealand EEZ have
been estimated by fitting a large database (ndari§00) catch records from research trawls to
environmental characteristics including depth, terafure, bottom currents, and primary productivity
using the multivariate method of Boosted Regressiees (Leathwick et al. 2006a,b). Because it is
based on trawl data, these predicted relative samoelmaps are restricted to areas shallower than
1950 m (Leathwick et al 2006b) and it is not knadwnvhat extent these species occur at deeper

depths.
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Figure 4. Example of predicted relative spatial distributtnfrblaék oreo doryAllocyttus niger) for New
Zealand EEZl(eathwick et al 2006a

An indicator of pressure due to fisheries trawlimgthe New Zealand demersal fish community could
be calculated as a weighted average of the propoofi biomass of each fish species that is in ea ar
which is trawled in a given year (Equation 2), edlthe “Biomass Trawled Index”, BTI.

[2]

Biomass Trawled Index (BTI) BTl == .
14

i=1



WhereB"'* is the predicted biomass of demersal fish spediea trawled area (Leathwick et al.
2006a) B; is the total predicted biomass of specjesd/ is a weighting factor that accounts for
some species being more ecologically importantdtiegrs. The relative ecological importance of
species is not well known. Research to investigdtether it is possible to assign a relative ecalalgi
importance to species is urgent and importantiaseeded to combine species-specific information
into aggregate ecological indicators, both herefandther indicators described below.

SettingF=1 would assume all species were equally impottattie overall functioning of the
ecosystem. This is unlikely to be appropriate asenabundant and productive species are likely to be
more important to the overall functioning of th@ggstem than less abundant and less productive
species. However lower total abundance combine bidlogical and life history characteristics
(such as lower productivity, later maturation, &ader offspring) are likely to imply lower resiliea.
Trophodynamic connectivity and the particular tagital characteristics of the food-web are also
likely to affect the relative ecological importanmespecies to maintaining the structure and famcti

of the food web. For example, it is well establgsiieat, in general, highly connected species are
disproportionately important to the resiliencelwd food-web than more peripherally connected
species (Albert et al. 2000; Dunne et al. 2002e SoMontoya 2001). In New Zealand, information
on species connectivity is only beginning to becavelable following recent diet (Dunn et al. 2009)
tracer (Nodder pers. com.), and food-web modeBinglies (Pinkerton 2008). In summary,
understanding the relative ecological importancésbies in the New Zealand EEZ is important but
poorly known at present. Here, we propose as aniimtmeasure to assume tjfavaries

monotonically with total secondary production afigen species, net of respiration. We suggest that
secondary productivities should b2 ot transformed to give greater importance taigsewith

higher biomass and productivity, while also recsg the importance of species diversity within the
fish assemblage (Figure 5).

It is then necessary to estimate total secondargymtion (i.e. the annual biomass increment in the
absence of natural and fishing mortality) for aksies of finfish in the New Zealand EEZ. Where
quantitative data is available (e.g. from stock ellag) this should be used. This includes about 6
species (hoki, hake, ling, oreos, orange roughythgon blue whiting). For the50 QMS species of
finfish with no stock models, we suggest that Tétédwable Catch (TAC) values from the latest
Ministry of Fisheries plenary report (Ministry ofskeries 2009) could be used to provide preliminary
“order-of-magnitude” estimates of secondary productUnder an MSY-management framework as
is used in New Zealand (Mace 2001), yield and eetsdary productivities of stocks are assumed to
be closely related. We note that there are imporeservations associated with this approach: (1)
some TAC values are based on poor knowledge ansbametimes little better than educated guesses;
(2) some TAC values are never reached indicatiagtttey may overestimate,actual biomass or
production of species; (3) there are political ar@hagement reasons why TACs might not correlated
with species’ secondary production; and (4) vasiaiin natural mortality between species will alter
the relationship between yield under MSY-based mament and secondary production. Given such
iIssues, alternative approaches to using TAC aexygor secondary production should be sought in
time for state of the environment reporting in 20Mi2vertheless, provided that TACs are chosen
carefully (for example, excluding near-zero TACsandstock rebuilding is taking place), TAC values
are likely to provide a summary of the best avddahformation of the relative productivities of sto
species within the QMS.

Given that TACs do not exist for non-QMS specieBl &uld be calculated only for QMS species.
Alternatively, and preferred since there are mamy-QMS species and these are likely to be

important for ecosystem function, alternative methoould be used to estimate secondary production
of non-QMS species. This requires two pieces afrimftion per species: biomass and productivity.
The best available data to allow biomass to beneséid for non-QMS species in oceanic waters are
the two scientific trawl surveys on the ChathameRiad Southern Plateau. For many non-coastal
species, these two surveys may encompass the tpajbtheir distributions (Figure 2), and could be
used to estimate order-of-magnitude biomass vasdkese surveys encompass the major distibutions
of most species outside the coastal waters (Figmemasses if catchabilities can be assumed.
Approximate productivities for these species cdgddestimated based on growth rates and other
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biological information such as length-weight measugnts available in the literature (e.g. Fishbase,
Froese & Pauly 2000). Again, such approaches wilijproximate. Because the non-QMS species
are generally lower in biomass and productivityntMS species, greater uncertainties in these data
may not undermine the utility of BTI as an indiqabé fishing pressure on the ecosystem. The
sensitivity of these assumptions and data on Bdukshbe tested before this indicator is used.

"% | Rank —TAC
N TAC0.5 TAC"0.25

—0—In(TAC)

Weighting factor

0 10 20 30 40 50
Species TAC rank

Figure 5. Weighting factors that could be used to combinerimiation on species according to their ecological
importance. Here, 57 fish and squid species canght New Zealand EEZ are ranked in order of theial
Allowable Catch (TAC) in the 07/08 fishing year {\NBtry of Fisheries 2009) and five alternative veigg
factors are shown: (1) inverse rank of TAG{£-r; wheren is the total number of species ané the rank of
theith species from largest to smallest TAC); (2): pmipnal to TAC; (3): proportional to the squaretrof
TAC; (4): proportional to the™root of TAC; (5): proportional to the natural lo§ TAC.

2.2.4 Total fishing removals

Total fishing removal gives a clear indication loé pressure of fishing on the marine ecosystem
system and is a core OECD indicator (OECD 2003) tfi® New Zealand ocean domain, the most
appropriate indicator is likely to be total commalcatch by weight from fish caught both insidelan
outside the Quota Management System (MfE 2009aghCastories by fisheries sector are also
available (MfE 2009b), divided as: (1) middle-depgecies (hoki, hake, and ling); (2) deepwater
trawl species (orange roughy, oreos, deep waterddads); (3) cephalopods; (4) mackerels; (5)
small pelagics (southern blue whiting, pilchards] enullets); (6) sharks, rays and skates; (7) nearin
invertebrates except cephalopods (scampi, oystedsscallops); (8) highly migratory species (tunas,
swordfish, and ray’s bream); (9) species caughiditom line species. Catch data disaggregated by
group, or preferably species, can also be usednergte aggregated indicator of the level of rertsova
such as the Marine Trophic Index (Section 2.3.12).

2.25 Fishery bycatch and discards

Although often used synonymously, bycatch refetthéomortality of non-target species by fishing,
while discards are material not retained on baadaliding offal from target and non-target species.
Bycatch and discard rates (as a proportion of trtadh) have been used in parallel with
measurements of the landings of target speciesdasators of the pressure on the marine ecosystem
due to fishing (e.g. FAO 1995, 2003; Zhang et @02, Pitcher et al. 2008). An indicator based on
bycatch is especially relevant to measuring theqane on ecosystems due to fishing in regions where
controlling gear type is an important part of mangdhe ecosystem impacts of the fishery, for
example in European waters (European Union Comnirefes Policy 2002). Although New
Zealand relies more on the QMS than gear type twagm fisheries mortality, the proportion of
bycatch to landed catch is still relevant herengsaicts on non-QMS species are poorly recorded (if a
all) in New Zealand and fishing may have imporiamtlications for the ecological viability of these
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species. As all catches (QMS and non-QMS) specgeemeluded in the total fishing removals data
used presently in New Zealand state of the enviemimeporting (Section 2.2.4), an indicator
showing the catch of non-QMS vs QMS species isctffely an indicator of the ability of the Zealand
management system to adequately manage fisherigalityo This is hence sesponse indicator and

is discussed in Section 2.4.3.

The rationale behind assuming improved sustairtglilie to lower discards rather than lower bycatch
is less clear. In New Zealand, retaining caughenmtonboard may actually lead to greater impacts
of fishing on the ecosystem than discarding sonadldnycatch at sea, as retention would prevent
scavengers feeding on discarded material. For ebeaiting major food of lingGenypter us blacodes)

on the Chatham Rise (New Zealand) was recentlyddare heads and tails of jack mackerel
(Trachurus spp), which were considered to have been discdrgedmmercial fishing vessels (Dunn
et al. 2009). Although discarding will change fomdb structure, it is not clear that the effect \w#l
more adverse than retaining all material, and waataonsider an indicator based on discards to be
useful at this time.

2.2.6 Fisheries Pressure Index

Net primary productivity (NPP) is the amount of angc matter produced by the growth of
phytoplankton after accounting for their respiratidlPP is fundamental to the functioning of marine
ecosystems as it represents the energy enterirgatgeof marine food webs and sets the carrying
capacity of marine ecosystems (e.g. Ware & Thom2005; Murphy et al. 2001) and imposes a
fundamental upper limit on fisheries removals. Phaportion of total NPP needed to support fisheries
removals can be estimated as the Fisheries Prdsslane (FPI), Equation 3 (Knight & Jiang 2009).

3 1-TL
>
Fisheries Pressure Index (FPI) FPl =2 [3]
NPP

Where, W is the wet-weight to carbon factor for fisheriaadings (often taken as c. 0.1 gC gVW¥ur
fish and squid, Vinogradov 1953)js the mean net transfer efficiency between trophrels (see
below),Y; is the wet-weight catch of specigs the year of interest (QWW' and TL is the trophic
level of species, and NPP is the annual net primary productivi®@ {). There are species in the
catch. A FPI>1 suggests that there is not enouighapy production to support fisheries removals.
The difference between FPI and 1 represents theistned primary production available to support
marine predators such as seabirds and marine mammal

Two problems arise with implementing FPI. Firsthaal primary productivity rates are imperfectly
known, and second, FPI is very sensitive to chaimgee net transfer efficiency parameterThe

high spatial and temporal variability of NPP metrat ship-based sampling cannot adequately
observe carrying capacity at basin scales, anthadsremotely-sensed data from Earth-observing
satellite sensors are typically used to estimate.NWany alternative NPP models are available (e.qg.,
Antoine & Morel, 1996a,b; Behrenfeld & FalkowskB97a, b; Westberry et al. 2008), and there are
significant quantitative differences (>factor ofttween these methods (Campbell et al. 2002).
Estimating NPP from satellite data in the New ZedIBEZ is challenging because high-nitrate low
chlorophyll (HNLC) conditions exist in New Zealasdbantarctic waters off South Island (Boyd et al.
1999; Murphy et al. 2001) and satellite methods$gper least well in this type of water (Campbell et
al. 2002; Carr et al. 2006). Variations betweerd¢heading approaches to estimating NPP from
satellite data in the New Zealand EEZ are of tleioof £20% (Pinkerton 2009), and it is not yet
known whether these estimates bracket the truee(&chwarz et al. 2008).

More importantly probably, FPI is also very sensitio changes ia. The value of is often taken as
10% (Pauly & Christensen 1995; Knight & Jiang 20@Rijt values between 2-27% have been
reported (Jarre-Teichmann et al. 1998; Christe@sBauly 1993; Wolff 1994; Wolff et al. 1996;
Pauly & Christensen 1995). For New Zealand offslieggons, Bradford-Grieve et al. (2003) gave an
average value of of 23% from a trophic model of the Southern Platead data in Pinkerton (2008)
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leads to an estimate off 9% for the Chatham Ris€he mean trophic level of the New Zealand
offshore catch is around 4.2 and that a changégtween only 9% and 11% would change the
required primary production by +42% and -27% respely. In fact,e is known much more poorly
than this, so that uncertainties in FPI limit isefulness.

The uncertainty irg, and questions about its theoretical basis, aisit the utility of the “L-index”
(Libralato et al. 2008), which aims to measuregbtential ecosystem consequences of the loss of
secondary production due to fishing. A meta-analg$iecological models representing 51 exploited
ecosystems allowed Libralato et al. (2008) to dethe relationship between the L-index and the
probability of an ecosystem being sustainably fisltéowever, in contrast with comments in Libralato
et al. (2008), this report argues that becauserih®ary productivity that was ultimately requirex t
support fishery removals is not measured direttly,L-index is also likely to be sensitivegicand
consequently the usefulness of the L-index isVikkelbe compromised.

2.2.7 Fishing in Balance Indicator

The Fishing in Balance Indicator (FIB) (Pauly et2000; Christensen 2000) is similar to FPI but has
much lower sensitivity to uncertaintiesdaiby measuring the change in the proportion of pryma
production needed to support fisheries removaddivel to a reference year. Higher values of FIB
hence imply greater pressure on the ecosystemiskiBBen defined as Equation 4 (e.g. Christensen
2000), but in fact this is an approximation to és¢éimate of primary production needed to sustain
fisheries because a number of different specidgfatent trophic levels are involved and their
requirements in terms of primary productivity dd scale according to the mean trophic level. A
more rigorous but more data intensive definitiofrt# is Equation 5.

eI DY (y)
i=1

Fishing in Balance (FIB) FIB =log, -
£ D ¥ (vo)
i=1 _

[4]

> vy o]

Corrected Fishing in Balance (cFIB) cFIB(y) =log,, = 5]

Zn:BNI Wa(yo)ua-ﬂi(yo)]
i=1

Wherey is the year of interest arydis a reference year (usually assumed to be thiecdtihe time
series for which data exists), MTI is the meanhiopevel of the catch (see also Section 2.3.11&), a
other symbols are as Equation 3. Historical tinreeseof fisheries catches (for QMS species at Jeast
are available for the New Zealand EEZ (Sectiord2.2nd reasonable estimates of trophic levels for
New Zealand fish are available (Appendix 1), sadping the FIB indicator for the New Zealand
ocean is likely to be feasible. Because the FlBcetdr is based on changes from a reference year, i
is not sensitive ta. Between 1990 and 2008 the New Zealand FIB chahgbteen approximately -
0.14 and 0.17 (data not shown). A range bétween 9 and 23% would lead to changes in Fighbf
about 0.01.

2.3 State/lmpact indicators

2.3.1 Large-scaleindicators of climate state

The state of the New Zealand climate has impog#atts on marine ecosystems, and many

indicators of climate (and oceanographic) statinefNew Zealand EEZ have been brought together to

inform fisheries management (Dunn et al. 2007; Heral. 2008). Key climate indicators of potential

relevance for monitoring pressure on the marinsystem include Kidson regimes (Kidson 2000),

Trenberth pressure indices (Trenberth 1976), aadbtuthern Oscillation Index (SOI). The SOl is the
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normalized mean sea surface pressure differeneeebatTahiti and Darwin (Australia) and is related
to the strength of the trade winds in the Soutlitgmisphere tropical Pacific (Mullan 1995). SOl s a
indicator of El Nifio-La Nifia oscillation, is coreged with rainfall, wind and temperature in New
Zealand, and may be linked to recruitment streingdome demersal fish species (Dunn et al. 2007).
Kidson regimes (Kidson 2000) relate to the occureenf 12 different characteristic types of weather
pattern over New Zealand. Trenberth indices (TrahtE976) are the difference in mean sea level
pressure between pairs of New Zealand weatheossatirom which time series of zonal and
meridional winds can be estimated, starting in 1%78hould be possible to combine these climate
indices into a single, multivariate climate indmatwith which to assess change in climate state fo
state of the environment reporting.

2.3.2 Insitu monitoring of oceanographic state

Long time series of oceanic observations in the Mewaland are sparse, but notably include the
expendable bathythermograph series across the hieSe@a(Sutton et al. 2005), monitoring of SST at
8 mainland New Zealand coastal sites some from 1®nétwork of sub-surface drifters (Argo:
Roemmich & Gilson 2009), and bimonthly monitorinfgpaean acidity along a transect off the Otago
shelf (Kim Currie, pers. com.). These, and othegitin data potentially applicable for monitoringth
state of New Zealand ocean will be summarised irkwader the New Zealand Biodiversity Marine
Environmental Monitoring Programme (MEMP, Livingsta009). At present however, we cannot
assess the potential utility of these data foestthe environment reporting.

2.3.3 Satellite ocean observations

Earth-observing satellite measurements includesagface temperature (SST, Uddstrom & Oien
1999), ocean colour (OC, Murphy et al. 2001; Pittkkeet al. 2005), and sea-surface height (SSH,
Laing et al. 1998). Relatively long time seriesohsistent information are now available from many
of these remote observations: >36 years for SST34®resent), >12 years for OC (1997—present),
and >17 years for SSH (1992—present). Statistedirtiques such as rotated empirical orthogonality
function analysis (EOF) and principal componentgehaecome standard methods for the extraction of
characteristic spatio-temporal patterns from sirob-series of meteorological and oceanographic
measurements (Preisendorfer 1988; Emery & Thom88i)L EOF analysis of satellite OC data over
the north-east New Zealand shelf (Richardson é0fl2; Kennan & Pinkerton 2008) has been
completed, and the analysis is being extendedet&EZ-scale (Kennan, pers. com.). As has been
carried out elsewhere (e.g. Polovina & Howell 20@®mbined and/or separate EOF analyses of these
satellite datasets should be used to provide aanoggaphic baseline against which to develop an
index of oceanographic change in the New Zealand BREd also potentially acting as an indicator of
climate-driven regime shift (Brierley & Kingsford29).

2.3.4 Phytoplankton and primary production

As noted in Section 2.3.3, more than 12 years (3p@&&ent) of satellite measurements of ocean
colour are available and are routinely used tarest chlorophyll concentratiooh(-a) as a proxy for
phytoplankton biomass in the New Zealand EEZ (Myrghal. 2001), with some validation
(Pinkerton et al. 2005¢hl-a sets a fundamental limit on the carrying capaaitgcean ecosystems.
Reporting overall trends ichl-a in the New Zealand EEZ, and summarising changésein
characteristic spatial and temporal patternshbf are likely be useful indicators of the state & th
foundation of the oceanic food web. As noted inti8a2.2.6, methods to estimate net primary
productivity (NPP) in the New Zealand EEZ are afalié, but there are considerable differences
between methods, and none has yet been validatedndst promising candidate NPP model
(Behrenfeld & Falkowski 1997b), has been used testigate variability and trends in NPP over the
New Zealand EEZ (Pinkerton 2007), and this approaaih succeed the usedbfi-a as a proxy for
ecosystem carrying capacity in the future.

2.3.5 Middletrophic level indicators

Middle trophic level organisms in the New Zealamean include pelagic crustaceans like copepods,

shrimps and prawns, gelatinous zooplankton (jedlyfsalps), larval and juvenile fish

(ichthyoplankton), cephalopods (squid and octopars)l, small pelagic fishes, especially more than 21
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species of myctophids (McClatchie et al. 2005; @Euwll et al. 2009a; Hall et al. 2008). The keyerol
of these middle-trophic level species in oceanapols well known (e.g. Banse 1995; Marine
Zooplankton Colloquium 2, 2001; Smetacek et al.42308nd they form the basis of the diet of many
commercially-important New Zealand fish speciesripet al. 2009). These species are likely to be
affected both by fishing reducing top-down predationtrol, and by climate-driven changes in lower
trophic food-web components (Frank et al. 2007hRidson 2008).

Few data exist for middle trophic level organismshe New Zealand ocean and we cannot as yet
monitor their state. New Zealand acquired a CowotiisuPlankton Recorder (CPR) in 2008 and this has
been deployed twice to date as a start of a timessef zooplankton monitoring over the Chatham
Rise. In other parts of the world, long time-senémeasurements of the zooplankton community by
the Continuous Plankton Recorder (CPR) has denaiadtregime shifts (Beaugrand et al. 2002;
Aebischer et al. 1990), and been recommended affetive way of monitoring the state of pelagic
ecosystems (Beaugrand 2005). In due course théseaad provide an indicator of change in the
zooplankton community in the New Zealand oceaneRet is also underway to investigate whether
multifrequency acoustic backscatter data taken fregearch vessels during the annual surveys of fish
on the Chatham Rise and Southern Plateau (Figuwrarlpe used to derive indices of abundance of
mesopelagic fish in these regions (O’Driscoll e&l09b), but results are not available at present.

2.3.6 Fish stocks; absolute biomass

The proportion by which the biomasses of predafishes have been reduced by fishing is a clear
indicator of the state of the marine ecosystemin@icator showing the total estimated biomass of
fish in the New Zealand EEZ would be a valuabledatbr of the state of the system, but the efficacy
of this may be limited by availability of informati. Quantitative estimates of the spawning stock
biomass only exist for a small number of the mogiartant New Zealand species (Ministry of
Fisheries 2009). Stocks assessed using quantitatidels include: hokiMacruronus

novaezelandiae), hake Merluccius australis), ling (Genypterus blacodes), oreo @llocyttus niger,
Neocyttus rhomboidalis, Pseudocyttus maculatus), southern blue whitingMicromesistius australis)

and (to some extent) orange roughipplostethus atlanticus). Together, these species make up almost
half (46%) of the total allowable catch of finfishthe New Zealand EEZ (Ministry of Fisheries

2009), and may make up the majority of the demdigabiomass in some regions (e.g. 75% over the
Chatham Rise, Pinkerton 2008). Quantitative st@slessments are attempted for these species each
year and significant effort has been made to débermmeir catch histories since industrialisedifigh
began. Consequently, the absolute change in biotinaskas occurred since fishing began for key
selected species of fish could be reported to atdiof ecosystem state.

2.3.7 Fish stocks vs management targets

An indicator that summarises current stock stagersg management targets will be useful, as this
would take into account the significance of a giveduction in biomass against the particular
characteristics of a species. Each of the spedtbgwthe New Zealand QMS system is divided into
between 1 and 10 stocks for management purposes628 stocks in the New Zealand QMS in 2009
(Ministry of Fisheries 2009). As noted previousBe€tion 2.1), fish stocks in the New Zealand QMS
are managed according to a version of maximum isadtie yield (Mace 2001, New Zealand
Fisheries Act 1992), which, from early 2009, hasrbenplemented according to the Ministry of
Fisheries Harvest Strategy Standard (HSS, Minisitifyisheries 2008). The HSS are augmented by
additional conservation measures as required emci-by-stock basis. The HSS promises to deliver
welcome clarity to reporting stock levels again agement targets. It comprises a target stock level
(Brarger) for each stock and two lower stock leveBg{ andBy..q) Which indicate levels of over-
depletion and require different management acton.example, for hoki, one of New Zealand’s
biggest fisherieBus=25%By, Biargea=35-50%By, Bsi=20%By, andBy,=10%B,. However, to date, the
status of only a small minority of species havenbegported according to HSS target or reference
levels (22 from 629: Ministry of Fisheries 2009)twmore added “each time they are reviewed, as
time allows”. In the meantime, stock status of calymall subset of QMS stocks (15-21% of stocks:
Ministry of Fisheries website) are reported as ‘N@aabove target levels”, “Depleted (overfished)”
or “Collapsed”. A point-based system is propose e score the state of fish stocks relative to
management targets (Table 2), and these can beirednio give the Stock Status Index as Equation
14



6.

Table 2. Scoring table for reporting state of fish stockaiagt reference points.

Stock Status (SS) Description Current stock level
No target or reference pointsTarget and reference
exist; no quantitative stock | points exist; quantitative
assessment stock assessmeént

1 Above target levels Probably near or above | B>Biggu
target levels

0.75 Overfished Brarge™ B>Bot

0.5 Depleted (overfished)

0.25 Severely overfished Bit>B>Bpard

0 Collapsed Collapsed B<Brard

1 Only 22 stocks from a total of 629 were reportethis way in 2009, but together these make up d&8te total

TAC of finfish in the New Zealand EEZ (Ministry ofdheries 2009).

n

(5 Css)
Stock Status Index (SSI) SS== [6]

35

WhereSS is the stock status score of stadkom Table 2, and is relative ecological importance of
stocki (as Equation 2). Thé"4oot of TAC could be used as a preliminary proowy/ as suggested in
Section 2.2.3.

2.3.8 System Catch-per-Unit-Effort

Catch-per-unit-effort (CPUE) is commonly used irtigeste whether fishing is making fish harder to
catch which may reflect changes in total abundgéHdborn & Walters 2003). CPUE is an imperfect
indicator of fish abundance for many reasons comgkwith fish and fishers behaviours (Harley et al.
2001; Clark 2006) but is nevertheless still widebed in New Zealand and elsewhere in fisheries
management (Ministry of Fisheries 2009; Hilborn &Nlérs 2003) and a multi-species CPUE index
has been suggested as a useful indicator of ecalagiate (Fulton et al. 2005). Grouping all fish
species caught by a reasonably consistent metlotibio trawling) in a given sub-area would allow a
“system-level” CPUE (sCPUE) to be calculated far Mew Zealand EEZ (Equation 7).

n .
S
System-level CPUE in regign SCPUE; =—i:|1D [7]
j

WhereY is the catch of speciésn regionj in a given year, anb) is the area trawled in the same
region and year. Only commercial species (thoseently in the QMS) would be included in this
indicator because catches of other species anelally recorded (Gilbert et al. 2000). The sCPUE
index could be standardised in the normal way ise@PUE investigations, to account for variations
in (for example) gear-type and the spatial and@®adistribution of fishing effort between years,
(e.g. Campbell 2004). It remains to be seen to wkiant it is possible to correct SCPUE calculated
this way for major changes in fishing practice thate occurred in the New Zealand EEZ since 1989,
such as the introduction of twin trawls or chanigethe mesh type commonly used in trawling. It is
also not known at present whether normalisatiosGRUE could compensate for changes not
connected with the state of the marine environnfengxample, due to changes in fishing effort in
response to changing market demand.

Alternatively, sSCPUE could be calculated and statidad for small subareas separately and
combined into an EEZ mean index according to amast of their relative ecological importance
(Equation 8). The most appropriate spatial resmfutor this calculation may be the 120 New Zealand
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Fishery Statistical Areas that span the New Zealdad because this is the spatial resolution at wvhic
the location of commercial catches are reportedhidttiy of Fisheries 2009). Alternatively, a higher
number of subregions based on BOMEC (Leathwick. &(99) could be used, provided that catch
locations could be allocated spatially using, fearaple, tow positions derived from TCEPR records
as has been done previously (Baird, pers. com.).

m
>y, scPUE, )
System-level CPUE SCPUE =12 [8]

m

D

=

Where there arm subareas angis a weighting factor that accounts for some sedgbeing more
ecologically important than others. The relativelegical importance of subareas is not known and
settingy=1 would assume all subareas were equally importiaistsuggested here that as this index
specifically measures the state of the demerdakfisnmunity, subareas which support higher
biomasses of fish should be accorded greater impoetthan others, and an appropriate weighting
factor could be given by Equation 9.

n j
Subarea weighting factor Y, = z [TACi 025 B%J [9]

i=1

WhereTAC; is the maximum constant yield of spedigl; is the relative biomass of specidn

subareg (Leathwick et al. 2006a, b, is the total predicted biomass of specifiseathwick et al.
2006a, b), and is the number of species for which TAC valuesaualable (from Ministry of

Fisheries 2009). This is equivalent to assigning@oiogical importance to each subarea weighted by
a function of the fraction of total production adrdersal finfish species in the QMS it supports. The
quarter power transform on TAC was suggested iti®e2.2.1. Again, the ability of this approach to
standardise SCPUE for changes in gear type, fighiactice, or the distribution of effort due to fetr
factors should to be investigated.

2.3.9 Relative Price Index

It has been suggested that changes in the priseaddod could provide information on the statehef t
marine ecosystem (Pinnegar et al. 2002, 2006)tikgisvidence elsewhere in the world suggests that
the average market price of a species will increasié becomes scarce (OECD 1997; Sumaila 1998).
Generally, large high trophic level species commiaigtier prices at market than do small low trophic
level fishes (Pinnegar et al. 2003). As fishingd®to impact large, high trophic level species more
than smaller, low trophic level fishes, the Log &t Price Index (LRPI) has been proposed which is
equal to the slope of the regression line of lagep(in NZ$ kg' for example) against trophic level of
the fish or shellfish species (Pinnegar et al. 200@reasing scarcity of higher trophic level spsc

due to fishing may be expected to increase théaie pelative to lower trophic level species (aslesat
first) and increase the LRPI (Pinnegar et al. 20B®wever, it is known that price differs markedly
between fish species reflecting supply and/or dédgity of the product, irrespective of their
abundance or ecological state. A preliminary anglgsNew Zealand 2009 deemed values (the
Government determined value of QMS species forayo@nagement purposes) and trophic levels
from 175 New Zealand stocks of finfish only shoveedery weak relationship ¢R0.058, data not
shown) which does not support the utility of thidéx. A re-analysis using market, rather than
deemed, values of seafood may be useful, but isidered low priority.

2.3.10 Ecosystem variability

Increasing variability, greater asymmetry in pdsations in ecosystem properties, or slower recovery
from perturbations (“reddening” of the power speut) are possible consequences of exploitation
(Brock & Carpenter 2006). These approaches maybfilto indicate chronic erosion of ecosystem
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resilience, and increasing potential for abrupt pexsistent ecosystem change (Carpenter & Brock
2006; Guttal & Jayaprakash 2008; van Nes & Schef®®7). Changes to variance can occur in many
aspects of ecosystem state, but is most likelyetmbst strongly manifested close (in an ecological
sense) to where the perturbation occurs, espeanaligh stocks themselves (Hsieh et al. 2006). In
New Zealand, the longest time series’ of ecosygtaperties are the abundances of major
commercial fish stocks and the recruitment yeasschirength (YCS). Dunn et al. (2007) collated
YCS and biomass indices for 56 New Zealand fisltiggederived from stock assessment models and
three series of research trawl surveys (Hauraki, @latham Rise, Southern Plateau). The lengths of
these time series ranged from 5 to 31 years (19X8)2 but most are relatively short (<20 years).
Indices of climate state were also assembled fselperiods (see Sections 2.3.1-2.3.4). The fdcus o
the analysis by Dunn et al. (2007) was to idergifgsible linkages between climate and YCS. It may
be useful to use these data to investigate whettarges in the characteristics of variability are
present in these assembled time series of YCS,dssnand climate.

2.3.11 Fish-based trophodynamic indicators

Reducing the abundance of fish species by comntengidoitation can affect overall marine trophic
structure in diverse and unpredictable ways (Ctigt.2005; Fulton et al. 2005). In extreme cases,
fishing can cause readjustment of the food-webuthingts effect on trophic relationships and inceeas
the likelihood of trophic cascades (Pace et al91@&asini 2008; Daskalov 2007). There are also
potential non-trophic indirect effects where chantgepiscivore abundance affect the behaviour of
other species (Preisser et al. 2005). Ecologichtators based on network analysis of food-webs
tended to require more data and be more sensitivadertainty in these data than simpler indices
based on biomasses of particular types of specgsept (Fulton et al. 2005). Trophodynamic
indicators are here grouped into the following et (1) mean trophic level of the catch (MTI,
Section 2.3.12); (2) species-based indicators (&@e2t3.13); (3) functional group-based indicators
(Section 2.3.15); (4) size-based indicators (Sa@i®.16). There are many more data-intensive
approaches to testing for change in emergent piiepaf marine ecosystems, including the trophic
spectra of catches (Gascuel et al. 2005), testshi@mmges in diet or trophic position of particdlah
species, or emergent ecosystem properties suckieabéad, Ascendency, Capacity, Finn's cycling
index (Fulton et al. 2005, Shannon et al. 2009hermodynamic indicators such as exergy and
emergy (Jgrgenson 2006). These methods cannotiibedoaut using data and ecosystem models
currently available in New Zealand. Progress towaleleloping ecosystem models under the FRST
Coasts and Oceans OBI may enable model-based odia# ecosystem structure be used in the
future.

2.3.12 Marine Trophic Index

The Marine Trophic Index (MTI) is the mean troptagel of fisheries landings (Pauly & Watson
2005; Equation 10) and was recently recommendeddemnwith commercial catch data by the United
Nations Biodiversity Convention as a widely-applittaand cost-effective indicator for monitoring
progress towards reducing biodiversity loss in madcosystems (CBD 2004).

Marine Trophic Index (MTI) MTI =22 [10]

WhereY; is the total landings of species (or stock or grofispecies) in a given yearTL; is the
trophic level ofi, andn is the number of species. A gradual decline iphiolevel of c. 0.2 since
industrialised fishing began has been observedamynfinfish fisheries around the world (Pauly et al
1998a; Christensen et al. 2003), ascribed to fiskeargeting high trophic level species and moving
on to lower trophic level species as these largeisp are depleted, a change called “fishing ddwen t
food web”. Essington et al. (2006) noted that ‘firghthrough the food web”, where higher trophic
level fish landings are maintained, but catch efdotrophic level species increases over time.
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Historical time series of fisheries catches arelabie for the New Zealand EEZ (Section 2.2.4), and
reasonable estimates of trophic levels for New a&isdifish are available (Appendix 1) so this cowdd b
carried out fairly straightforwardly. Indeed, MTdrfthe New Zealand region based on FAO returns is
currently available online (Sea Around Us, 2009siBg MTI on commercial catch returns, as is
almost exclusively done internationally, means Mill vary with changes in which species are
targeted by fisheries between years, how mucheo€ditich is reported, the quality of identificatimin
species, and for other reasons not necessarilgiagswt with effects of fishing (Caddy et al. 1998;
Pauly et al. 1998b; Tuck et al. 2009). It seemsibémtherefore to calculate MTI based on finfish
landings taken only by one type of fishing, withtbm trawling being the predominant fishing
method in the New Zealand ocean. This would autmailit exclude low trophic level species (<3.25)
as recommended by Pauly & Watson (2005) to redigse Bhe quality of identification of species
and the quality of catch reporting will prevent Mol New Zealand being valid earlier than a certain
date, perhaps 1989 when reporting requirementafge bottom trawling vessels was improved.

In addition to commercial data, two series of rede#rawl surveys have been carried out (Chatham
Rise, Southern Plateau) and could be used to diishery-independent MTI (Tuck et al. 2009). MTI
derived from commercial trawl data and the two aesie surveys together can provide an “envelope”
of changes in the Mean Trophic Index (Figure 6)sTombined index includes the advantages of
using commercial trawl landings data to provide plate coverage of the EEZ for all years, coupled
with the consistency of the research survey datthfotwo main offshore fishing areas of New
Zealand. Differences between MTI trends in resettasils and commercial trawl data is likely to
reflect changes in fishing behaviour and trawlifighgear between 1990 and 2008. Preliminary data
(Figure 6) are consistent with results from otheaa of the world showing that changes in MTI based
on commercial catch data tend to underestimat@sponding changes in the ecosystem (Pauly &
Watson 2005; Pinnegar et al. 2002; Christensen)1998
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Figure 6. Marine Trophic Index (MTI) for bottom trawling itné New Zealand oceanic EEZ. (a) All commercial
trawl catch data taken outside territorial limh) Research trawl data from the Chatham Rise tsawley (Tuck

et al. 2009); (c) Research trawl data from the Beutt Plateau trawl survey (Tuck et al. 2009). Térevelope”

of MTI data is shown vertically hatched.

2.3.13 Diversity in fish communities

A number of diversity measures have been applididliccommunities. Fishing affects the relative
abundances of species in communities becausefefalites in biology and ecological life-histories
between species. Population sizes of longer-livetllater-maturing species will tend to be depleted
more by a given fishing mortality than smaller téasyrowing and more fecund species which have
higher intrinsic rates of population increase. Figla mixed assemblage will hence tend to lead to a
change in diversity of species over time, measaheinatively or jointly by how many species are
present (richness) and how similar their abundaace$evenness/dominance). Very many measures
are available to measure diversity, giving différemphasis to richness versus evenness/dominance
(Greenstreet & Rogers 2006). For example, fishamgly causes large-scale extirpation so measures
of total richness are likely to be less sensithantmeasures of evenness to the effects of fishing.
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Different measures of ecosystem evenness respeoitdisty to fishing, increasing, reducing or being
unaffected depending on the initial characteristicthe ecosystem. A community initially dominated
by k-selected species would be expected to becoone aven and show increasing diversity metrics
due to fishing, whereas diversity metrics may bgeeked to decrease after fishing if the ecosystem
were originally dominated by r-selected specieKTet al. (2009) calculated 8 diversity metrics
based on data from the New Zealand Chatham Ris&anthern Plateau series of trawl surveys
(Figure 2): Hill's N1 and N2 indices, total specieshness, Margalef's D, Pielou’s evenness index,
Shannon-Wiener index, and the mean and variantaxohomic distinctness. Overall, there was quite
good correspondence between changes to diversityifiéd by the different metrics, with diversity
tending to increase over time for both surveyss@gant with initial dominance by larger, slower
growing species (Tuck et al. 2009). Here we defirgeDemersal fish Diversity Index (DDI) as how
many of the 8 diversity metrics significantly chadgn the same direction minus the number that
significantly changed in the opposite directiond anggest that this provides a reasonable inditatio
of change for each subarea (Gilbert et al. 200@)cks could be combined across the 12—-20 subareas
used by Tuck et al. (2009) by averaging, assunimrgekample) that each area is equally ecologically
important. This approach could also be appliedbtormercial catches taken by bottom trawling in
subareas visited frequently, though the analysigldvthen be limited to species within the QMS as
only catches of these species are reported. Alsmges in the quality of identification of speaiegr
time would need to be corrected for by groupingcigse as was carried out by Tuck et al. (2009).
Grouping catches spatially would be needed to atdow spatial changes in fishing effort between
years, and standardisation using New Zealand sabanay be appropriate.

Abundance Biomass Comparison curves (ABC: Warwi#6] Yemane et al. 2005) have been used
to indicate disturbance by examining differencetharelationship between cumulative biomass and
species ranked by abundance. Applying this metbadgearch trawl survey data from two New
Zealand regions (Chatham Rise, Southern Plateasihatgpromising (Tuck et al. 2009), mainly
because numbers and weights of only a small nuofisgecies of fish (generally only QMS species)
were recorded concurrently (Tuck, pers. com.). Qarnt reporting of numbers and weights of fish in
the catch by species is not carried out from cororakfishing vessels at all. Given the lack of
suitable data at present it is unlikely that thisttmod will have much power to show changes at the
scale of the EEZ.

It would be useful to obtain information on the alance and distribution of benthic invertebrates at
the scale of the New Zealand EEZ using commerishirfg. This would provide data that could be
used to produce an index of benthic biodiversityntitor changes in benthic communities over time.
At present, reporting of invertebrate bycatch imogercial fisheries is of very variable quality, and
generally extremely rudimentary, so that our apilit observe change in this part of the ecosystem i
exteremely limited.

2.3.14 Spatial distributions of fish species

Disturbance by, amongst other factors, fishing eimdate change can cause changes to the
geographic distribution of fish species. The petaga area of a research survey in which most
(typically 90%) of the population occurs has besadias an ecosystem indicator (e.g. Fisher & Frank
2004). Tuck et al. (2009) showed that statisticsifynificant changes to the range of a number of
QMS species were evident in research trawl suregy ftom the Chatham Rise and Southern Plateau,
with both increasing and decreasing ranges deteStailar analysis based on commercial catch data
is likely to be feasible, and may provide information changes to the geographic range of species.
These changes in spatial ranges of QMS specied toeh be combined into a single indicator on the
state of the New Zealand marine ecosystem, for pigry simply counting the number of QMS
species showing a statistically significant decedagange over time (Gilbert et al. 2000).

2.3.15 Functional group-based fisheriesindicators

Changes to the relative abundance of differenttfanal groups in an ecosystem can be used to
investigate whether the food-web is changing owee {(Fulton et al. 2005; Methratta & Link 2007;
Shannon et al. 2009). Functional groups can bedbase&arious descriptors of ecological niche, such
as position in the water column (e.g. pelagic, dsalebenthic), trophic guild / feeding type (e.g.
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piscivore, pelagic invertebrate feeder, benthidéegscavenger), taxonomy (e.g. elasmobranch,
gadoid, macrourid), or a combination of multipl®kegical and life-history traits (Methratta & Link
2007) which can be combined to suggest high orrlsilience (Tuck et al. 2009). A simple and
commonly used index is the proportion of piscivardish to all fish caught. As piscivorous fish tend
to be disproportionately impacted by fishing (Cadd@aribaldi 2000), their relative abundance in
fish assemblages is a measure of ecosystem siglyidg a number of functional group-based
methods to data from the time series of reseasshidron the Chatham Rise and Southern Plateau,
Tuck et al. (2009) found that the piscivorous taftéish catch ratio was a promising indicator of
change in the fish community over time. The vieatthiscivorous fish are likely to be impacted by
fishing more severely than invertebrate feederslfi@® Garibaldi 2000) appears to be supported by
the available data for these two important aredsest Zealand. The demersal to total fish catclorati
was less promising, with few significant trends rotie identified. This is maybe not surprising as
the presence of differential impacts of fishingdmmersal relative to pelagic fish species is nedrcl
With improved data becoming available on feedingrabteristics of many New Zealand fish species
and the development of a preliminary guild struet{at least in one geographic area: Dunn et al.
2009), a more sophisticated functional group-basedysis could be repeated based on feeding
characteristics or ecological-niche assemblagdoAspecies-based methods (Section 2.3.13), this
approach could potentially be applied to commerc@dthes using data available at present. The
analysis is likely to require data to be stratifigdthe method of fishing (bottom trawling only
perhaps), by area to account for spatial changgshimg effort between years, and by species (majo
middle-depths QMS species only). In addition, iiksly that species will need to be grouped to
account for changes in the quality of identificatf species over time (as Tuck et al 2009).

2.3.16 Sze-based fisheriesindicators

Size is a key structuring factor in marine ecosystéHildrew et al. 2007), and size-based analyasss h
been shown to be useful in indicating the degreehich fishing has perturbed the system (Jennings
& Dulvy 2005; Shin et al. 2005). Fishing changes $ize distribution of fish in mixed assemblage by
many mechanisms: (1) fisheries targeting higheuerddrge fish species; (2) less escapement ofrlarge
individuals compared to smaller individuals dugéar characteristics; (3) fishing reducing the
average age and size of fish of a given speciesusecof increased total mortality; (4) greater
reduction of stock size of species with larger maxn size because of lower intrinsic rates of
population increase. Applying 10 size-based metdatata from the New Zealand Chatham Rise and
Southern Plateau trawl surveys gave an inconsipietutre of change (Tuck et al. 2009) and this
approach does not seem as promising for the NevaZegituation as species-based approaches.
Also, it is unlikely that size-based indicators ktblobe extended for use with commercial catch dega,

a statistically representative number of fish nieeble measured for the application of this method,
and this is not systematically carried out at pnese

2.3.17 Evolutionary change in fished species

The potential for fishing to cause rapid, evolutipnchange in fish species is now well established
(Stokes & Law 2000; Stockwell et al. 2003; Swaiale007). Identifying fishing-induced changes in
fish, such as maturation occurring at lower agsiz#, is recommended as part of an effective, long-
term fisheries management process (Kuparinen &IM&007). Monitoring fishing induced
evolutionary change in New Zealand fisheries isliiko be feasible only for well-monitored species
as this requires large numbers of physiologicalsueaments over extended periods (Kuparinen &
Merila 2007). It is recommended here that the agsime series information on the physiological
characteristics of well studied New Zealand tagpefcies such as hoki, hake, ling, oreos, orange
roughy, and southern blue whiting be examined ¢erain whether these can be used to detect
fishing-induced evolutionary change in these spgedianay also be possible to carry out similar
monitoring for inshore species such as snagpagr(s auratus). In particular, changes to growth
rates, age or size at maturity should probablynlbestigated first.

2.3.18 Top predators

Top predators can be used in two ways as indicafdiee state of marine ecosystems. First, an OECD
core indicator is the overall ecological threatigtaof species in the ecosystem, often an emphasis

20



placed on top predators (OECD 2003). Consistetht this approach, the ecological status of marine
species divided as marine fish, marine invertebrate@rine mammals, macroalgae and seabirds is
currently reported in the New Zealand state ofetimeironment reporting (MfE 2007). New Zealand
resident and endemic species are assessed usireaadiassification system developed by the New
Zealand Department of Conservation (DoC): Townsatral. (2008); Molloy et al. (2002);
Hitchmough et al. (2007). This system has 8 theatggories: (1) nationally critical; (2) nationally
endangered; (3) nationally vulnerable; (4) declinifb) recovering; (6) relict; (7) naturally
uncommon; (8) not threatened. These DoC threagores are broadly analogous to those of the
International Union for Conservation of Nature &fatural Resources (IUCN) criteria and data
(IUCN 2009), which is used to assess the statussiting, migrant and vagrant species in New
Zealand.

Second, particular ecological aspects of seleatedgpor species can be used to indicate changes in
ecosystems. For example, top predators are widgl in monitoring the ecosystem effects of fishing
krill in the Southern Ocean (Reid et al. 2005; Gabke 2006), with information on the breeding of
penguins, albatross, petrels, and seals collestedmarised and considered in management annually
(CEMP 2004; Agnew 1997). Monitoring top predatcss'aellweathers” of ecosystem health is also
increasingly used elsewhere (Boyd et al. 2006;&ir1002) as they are recognised as potentially
useful downstream integrators of change in themsagtosystem, exploit marine resources at similar
spatial and temporal scales to humans, and rebahepublic interest. However, given that predators
respond in complex ways to many factors simultasgpascertaining the appropriate management
response to change of a predator-based indicathiffisult (Boyd et al. 2006). Multispecies

indicators, and/or indicators based on multipleapepulations can be used to create a composite
predator index that can improve generality, bu¢aesh cost is often prohibitive (Boyd et al. 2006).
Some comments on the utility of predators for mmnnig the state of the New Zealand ocean are
given below for seabirds (Section 2.3.19), seatst{Sn 2.3.20), and cetaceans (Section 2.3.21).

2.3.19 Seabirds

The New Zealand region is especially rich in sehtzika. Of the 360 species of birds that obtaimll
nearly all of their food at sea (hereafter, “sedddiy recognised globally, 86 breed in the New Zedla
region and 38 are endemic (Te Ara 2009). We natethiis definition of seabird excludes shore
feeding birds such as plovers, herons, dottereipestc. that may be impacted by changes in New
Zealand coastal ecosystems but are less likelg @fflected by changes in the New Zealand ocean.
Taylor (2000) lists 18 major threats to seabirdseding in the New Zealand EEZ. Many of these
threats are not connected to the state of the ca@aronment, including effects of introduced
mammal or avian predation, lost of nesting halgitat human disturbance. However, at least 7 threats
given by Taylor (2000) are potentially indicativieapects of the health of the marine ecosystem and
general sustainability of human activities, inchglinteractions between fisheries and seabirdisg(eit
by direct bycatch or through reduction in food &adaility), marine pollution, and global
environmental change. In this way, seabirds caveheable integrators of the state of the marine
environment (Montevecchi & Myers 1996; Croxall 2D06cological status of New Zealand seabirds
are assessed by IUCN (IUCN 2009) and by DoC (Hitmingih et al. 2007), with generally good
agreement between the threat status by the twootkethVhere they differ, the seabird threat status
based on DoC analysis is preferred over the “retdilformation of IUCN as the fact that it is reed
more regularly (every 3 years) and is based ombleital knowledge is judged to offset the loss of
international intercomparability (Townsend et &02; MfE 2007).

In addition to reporting the overall threat stabfidNew Zealand seabirds in terms of number of geci
in various threat categories, particular seabietigs or parameters could be used for more specific
ecological monitoring, though this is not done i&sent. Of particular interest for producing an
seabird indicator with a more specific ecologicalaming relevant to showing the state of the New
Zealand marine ecosystem would be methods to nrahiostatus of adults, juveniles or breeding
success of fish-foraging species that return refyula colonies to breed, and for which historidata
and some ecological understanding exists to hédppret the data (Einoder 2009). It is beyond the
scope of this paper to recommend such seabirdespeciparameters for monitoring, but this may be a
useful area for further investigation.
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2.3.20 Seals

Three seals species are resident in New ZealaadNélw Zealand sea lioRlfocar ctos hookeri), New
Zealand fur sealAfctocephalus forsteri), and the Southern elephant séairpounga leonine). The

threat status of these are included in New Zeassag: of the environment reporting (Hitchmough et
al. 2007; MfE 2007). Information on the breedingeess (e.g. annual pup production), total
population size and/or breeding range of the Nealatel sea lion and New Zealand fur seal could be
used as contrasting indicators of the sustainglafihuman activities in the marine environment.
Before human colonisation, the New Zealand seadiwhfur seal were distributed along the coasts of
New Zealand main islands but were severely redircadmber and range by commercial sealing
during the late 1700s and early 1800s (Worthy 1@%54;1998). Despite being protected for over 100
years, the breeding range of the New Zealand seadnlis not recovered and almost all pups are born
on the subantarctic Auckland and Campbell Isla(@ales & Fletcher 1999; Chilvers et al. 2007).
The New Zealand sea lion is classified as vulner@CN 2009) and declining (Hitchmough et al.
2007), with pup production falling by about 50%c&r1998 (Chilvers et al. 2007; Meynier 2009).
Interactions between the New Zealand sea lion guoitidisheries are well documented, and may be at
least partially responsible for this continued dexlthough this is disputed (Cawthorn et al. 1985;
Meynier 2009; Gales 1995; Smith & Baird 2007; Wilkon et al. 2003). In contrast, although
population numbers of New Zealand fur seals arevatitknown, this species is now considered non-
threatened and numbers are thought to be incre@Baypr et al. 1995), with recolonisation of
breeding sites around the coast of New ZealandnSelaind (Bradshaw et al. 2000; Lalas & Murphy
1998). Fur seals also interact with various fiskerthrough bycatctsmith & Baird 2009 and

possibly competition for fish. There may be effemftfishing on local colonies, but fishing is
seemingly having little overall effect on populatistatus (Mattlin 1998). Southern elephant seals ar
classified adNationally Critical Hitchmough et al. 2007), with less than 300 anintigisg in the New
Zealand EEZ, and breeding confined to subantaisitiods(Taylor & Taylor 1989). Little further
infomation on their interactions with fishing ohet human activities in the New Zealand region is
available.

For specific information on aspects of the ecolafyitatus of the New Zealand sea lion or the New
Zealand fur seal, such as breeding extent or popolarends, to be used as an ecological indicators
would be necessary to understand how the indexelaied to human activity or overall ecological
state. This is unlikely to be available in the slowreven medium term, but may be developed in the
future.

2.3.21 Cetaceans

The New Zealand Department of Conservation (Do€tidly 26 species of cetaceans as resident in
New Zealand waters, of which 5 are endangered liBhitaigh et al. 2007), and the status of these are
included in New Zealand state of the environmeporéng (MfE 2007). Whereas time series of
abundances are potentially estimable for some jptipnk of large whales in New Zealand waters
(e.g. Southern Right whales: Patenaude 2003),litdeyis known about most smaller species of
cetaceans, with no assessment possible for 14espeecause of lack of data, including 8 species of
beaked whale that are of conservation concernnatienally (Hitchmough et al. 2007). The cryptic
nature and paucity of data on cetaceans makesdhagrally unsuitable for use as ecosystem
indicators.

24 Responselndicators

Response indicators measure institutional propgasil capability for furthering sustainability of
marine ecosystems, (OECD 2003) and are an impguetahof a suite of indicators for measuring
national progress towards sustainability. Importspects of response include the current stateeof t
scientific knowledge base needed to manage humpacdts, the resourcing available to develop
underpinning and applied knowledge, and an evalnatf what actions and systems are in place (or
lacking) to promote sustainability.
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24.1 Marine areaswith some form of protection

Areas with legal protection considered here arshaife areas only; here we only consider areas with
protection that are not adjacent to the coastlfrtheNorth or South Islands. Offshore marine
protection have been established in three phasd€90, an area of 7280 kmround the Kermadec
Islands was protected, and in 1997 a further 498bakound the Auckland Islands was protected. In
November 2007 17 Benthic Protection Areas (BPAhwitotal area of about 1.2 m kmere closed

to bottom fishing methods, namely bottom trawlimgl @redging, in perpetuity [Fisheries (Benthic
Protection Areas) Regulations 2007]. The BPAs ateclosed to other forms of fishing such as ,
midwater trawling or bottom longlining. Areas unademplete protection from fishing are about 0.2%
of the oceanic EEZ, and those within the BPA al23%b of the oceanic EEZ. The “comprehensive-
adequate-representative” method is often usedrisider to what extent a protected area offers
conservation value, and this approach can be nealdifi estimate how much of the New Zealand
marine ecosystem is afforded protection by the B&#stother spatial protection. There are two
possible approaches to this.

First, from an ecosystem perspective, calculatg@tbportions of each characteristic ecosystem which
is protected. Spatial maps where communities adigted to be ecologically distinct are available
from a number of New Zealand classification schemamely the Marine Environment Classification
(MEC, Snelder et al. 2004, 2006)), the Demersdi Elassification (DFC, Leathwick et al 2006a, b),
and the Benthic Optimised MEC (BOMEC, Leathwiclaket2009; Baird et al. 2009). The MEC
covers the whole New Zealand EEZ, whereas the otfteclassication schemes only cover part of it.
Of the area within the BPAs, 75% is deeper thar0Xfi5and not covered by the DFC, and 52% is
deeper than 3000 m and not covered by BOMEC. sdhction we are concerned with measuring
response, that is, human activities that promote sustaimalhnagement of the marine ecosystem.
Specifically in terms of measuring the effectivenetspatial protection from fishing to mitigate
adverse effects of this activity on the marine gstean. As the BPAs only offer protection to benthic
ecosystems from bottom trawling and dredging wepaig concerned with measuring their value in
areas where bottom trawling and dredging can tékeepthat is, in depths less than 1950 m. This
means that any of the three classification schdM&C, DFC, BOMEC) can be used to produce an
Area Protected Index (API) as Equation 11.

n Aprotected
Z a EIAclasification
Area Protected Index APl = - [11]

>a

i=1

Where for any of the classification schemes (AR APlprc, APlgopec), AP s the area of
subregiori with protected status from some method of fishi&="""" is the total area of
classification (MEC, DFC, BOMEC) subregiothat is able to be fished by that method, and a
weighting factor that accounts for some subregimiag more ecologically important that others. As
in Section 2.2.1, in the absence of informatioddtermine variations in ecological importance
between large subregions, the default is to assbatesubregions are equally important to ecosystem
health and set;=1 for alli. Note that only the area of the classificationregton that is vulnerable to
the given fishing method should be used in the denator because we are using this indicator to
measure how much protection is being afforded byhtlhman action of affording spatial protection
from fishing. Protection is only relevant to ardlaat are able to be fished. For example, for bottom
trawling, A®®=1" is the area of the subregibthat is shallower than 1950 m rather than thd tota
area of subregion

Here, we suggest using this method only for thetragiensive fishing method in the New Zealand

EEZ, namely, bottom trawling. The three API indarat(APlec, APlbrc, APlsomec) have varying

validity and usefulness. The MEC is a “bottom-tp-tolassification and identifies bioregions that

differ either in water-column properties, or bentproperties, or both (Snelder et al. 2004, 2086,

APIlyec theoretically contains information on the protentbffered to the marine ecosystem from
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bottom trawling. However, in regions where MEC daps with the BOMEC and DFC (i.e. depths
less than 1950 m), the MEC is known to offer muobrpr separation of regions that are distinct in
terms of their demersal fish than the DFC (Shagd.2007), and poorer separation of regions tret a
distinct in terms of their demersal fish and benthivertebrate assemblages than BOMEC (Leathwick
et al. 2009). To a large extent, BOMEC encompaasd®xtends DFC by adding 8 classes of benthic
invertebrates to the 126 species of demersal ffishtbiwick et al. 2009). This means that we
recommend using API based on BOMEC only.

As a second possible approach, one could calctiatproportion of all known species abundance that
are protected from fishing. The predicted biomassidution of 126 demersal fish species (DFC:
Leathwick et al. 2006a, b), combined with distribos of squid could be used to generate a Biomass
Protected Index (BPI) as Equation 12.

n _protected
Z(ﬁi E%J
Biomass Protected Index BP| == '

[12]
B

i=1

WhereB" ™™ is the predicted biomass of spedi@sa location that is protectef, is the total
predicted biomass of specie$, is a weighting factor that accounts for some ssebiing more
ecologically important that others. As in Sectio®.2/3 could be set equal to TAE” for QMS

species and to produce an equivalent measure afidaiy production for non-QMS species based on
catch rates from trawl surveys, assumed catchabiliand biological parameters from scientific
literature. Extending this approach to include ggxeof squid would be feasible since it is likdhat
distributions of commercially-exploited New Zealacgphalopods could be estimated based on
commercial catch data following methods of Leattwatal. (2006a, b). In the case of squid, no
protection is offered by the BPAs as squid arendkam the water column. Including benthic
invertebrates in this approach is not feasibldiatttime because of the lack of information onrthei
biomass or distribution in the EEZ. Note that BRIyoconsiders known distributions of species and if
there were considerable unknown biomasses of spézig. large biomasses of demersal fish deeper
than 1950 m, or substantial unfished squid popara)i, BPI would underestimate the protection value
of the current spatial protection. This is not thloto be the case but further research on thigiss
would be useful in the medium-long term.

Note that APdomec and BPI should not be combined as they measudafoantally different things;
API measures the proportion of BOMEC subregionsgated and BPI measures the proportion of
known demersal fish (and potentially squid) biomarsgected. Improved approaches to evaluate the
protection value of BPASs is required in the the medlong term, and this includes further
development and validation of ecological classtf@maschemes such as DFC and BOMEC.

2.4.2 Sate of knowledge on fish stocks

The quality of information and state of knowledgetbe status of fish stocks relative to management
targets is an important measure of institutionabpess towards the sustainable use of marine
resources, and has previously been proposed flusioo in New Zealand state of the environment
reporting in 2000 (ME18, Gilbert et al. 2000). THarvest Strategy Standard (Ministry of Fisheries
2008) will potentially improve the clarity and tigparency of reporting stock levels against
management targets, although only 22 stocks frootedof 629 were reported in this way in 2009
(Ministry of Fisheries 2009), and others will bedad “as time allows” (Ministry of Fisheries 2008).
simple indicator of progress on the state of s@amerpinning the fisheries management system in
New Zealand would be to assign a value descrilfingytiality of information on its current state to
each stock in the QMS, and average this acrossaglks in proportion to their ecological importance
A simple point-based system is proposed to sca éetrel of knowledge of stocks (Table 3), and these
can be combined to give the State of KnowledgexXradeEquation 13.
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Table 3. Scoring table for reporting state of fish stockaiagt reference points.

State of Description

K nowledge about

stock status (SK)

1 Quantitative estimate of stock level against gjps@rget level.
New fishery, never before fished.

0.5 Qualitative assessment. Plenary uses termélilidedy” or “believed to be”

0 Stock status not known. Plenary contains text liklo estimates of stock
abundance are available”, “Biomass estimates dravailable”, “Estimates o
yield are not available”, “Fishing mortality is nikatown”

> (5 =)

State of Knowledge Index == [13]

WhereSK; is the knowledge status score of stoflom Table 3, ang is relative ecological

importance of stock We propose to s@=1 for all stocks as an interim measure. Alterredyiythe

4" root of TAC could be used as a preliminary prooy# as suggested in Section 2.2.3 but here
applied on a stock-by-stock rather than a spegiespbcies basis. As before, TAC is merely
suggested an interim proxy for stock secondaryymtidn in a given fishing year, and where
guantitative information of secondary productiomvsilable (for example, from a stock assessment),
this should be used instead of TAC. The point-b&€dapproach is recognised as being an imperfect
measure, and the development of more formal assessiof the state of knowledge about the status
of each stock relative to management targets woelldbelcome, for example building on the
probability categories given in the 2009 MinistfyFasheries plenary based on IPCC (2007).

2.4.3 Proportion of landings from stocks not in the QMS

The proportion of total fisheries landings from tew Zealand ocean (not coastal) domain that are
from species which are not included in the New ZedlQMS would give an indication of the degree
to which the New Zealand quota system is being tseegulate New Zealand fisheries (see also
Section 2.2.5). It is reasonable to assume tha¢ isenuch weaker control of fishing mortality of
species not included in the QMS compared to thosleded in the QMS where catch is limited by an
annual TAC limit. We note that this indicator isnfliar to a previously proposed indicator (ME31,
Gilbert et al. 2000). At present, catches of non®)3pecies are not systematically recorded, with the
only observation likely to be on an ad hoc basi$isheries observers. Consequently, although
important, there is not likely to be a way to proéwa useful indicator for this issue. It is recomned
that data should start to be collected systemétioalthe catch of non-QMS species as a matter of
urgency.

2.4.4 Ongoing overfishing

For a small number of fish stocks in the New Zeadl@MS (76 out of 629), the current level of
fishing is compared to that which is assessed wubtinable under the MSY-based New Zealand
Harvest Strategy Standard (Ministry of Fisherie@&®009). A proportion of the stocks evaluated in
this way are found to currently being fished ag\&el that is likely to lead to over-depletion irth
future. This information gives a direct indicatiohthe propensity of the management system to
further sustainable usage of the marine ecosystathcould be formalised into an ongoing
overfishing indicator. The information on the diffat stocks should be combined in terms of the
ecological importance of the stocks rather tharpkirthe number of stocks, as all stocks are not
equal. A point-based system is proposed to scertetkel of fishing of stocks relative to management
targets (

Table4), and these can be combined to give an OngoingfiSkimg Index as Equation 14.
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Table 4. Scoring table for reporting state of fish stockaiagt reference points. Hef€y, e IS the current
fishing mortality on a given stock, afg, . iS the target fishing mortality, which may be ffehing mortality
that leads td®ysy (or variant) in the medium to long-term.

Overfishing Status (OF) Description Current fishing level
1 No overfishing Fcurrent<Ftarget
0.5 Unknown Not known
0 OVGrfiShing Feourrent™Frarget
n
(5 [OF,)
Ongoing Overfishing Index (OFI) OFl =& [14]

n

>4

WhereOF; is the overfishing status score of sto¢kom

Table4, andg is relative ecological importance of stackhe 4" root of TAC on a stock-by-stock

basis could be used as a preliminary proxyFowith better information on secondary production
where available from quantitative stock assessmeaatsuggested in Sections 2.2.3 and 2.4.2.

245 Oceansresearch activity

Better understanding and monitoring of the New @edlmarine ecosystem is likely to indicate
progress towards sustainability. It is beyond ttwps of this paper to develop specific indicatdrs o
this socio-economic aspect of progress towardamaiility, but some suggestions are given to start
the discussion. Improved scientific knowledge & New Zealand marine environment is likely to
lead to more sustainable human impacts on mariogystems. Whereas it is possible to fish
sustainably with very low research cost, thiskellf to be feasible only for low yields, and notlat
MSY-like level specified by Ministry of Fisherie2@09). Increases in scientific knowledge could be
measured as the number of research papers focussihg New Zealand marine ecosystem (in the
broadest context) published in each year. Howehier approach would omit the very considerable
commissioned research effort that leads to “greydture” reports rather than peer-reviewed
publications. An alternative method used overse#s imeasure how much is spent on oceans-related
research each year (Hanson 2003), either as atiamidadjusted value or as a proportion of fishery
earnings (McKoy 2006). Such an index is likely tvé high international comparability as similar
statistics are produced by other OECD countries.

2.4.6 Cross-agency co-operation

Because of the statutory complexity of managemgeatean resources in New Zealand (Willis et al.
2002), and the diversity of stakeholder interegtsater cross-agency engagement between
stakeholder groups is likely to lead to improvestainability of human interactions with marine
ecosystems. It is hence likely to be useful and@piate to develop and report socio-economic
and/or institutional indicators of cross-agencyagement between groups including
governmental/statutory management bodies, thenfisinidustry, fisheries research providers, iwi,
non-governmental conservation organisations, amdNgw Zealand public. For example, the amount
of research or routine scientific observation emrout from fishing industry vessels could be used
show collaboration between the fishing industry seskarch organisations. The development of data
resources for establishing resilience and changasirine ecosystems could be measured by
measuring the duration of fisheries time-series@aout by relatively repeatable methods. Theee ar
also examples of New Zealand fishing companiesntatily choosing to lower catches below
allowed levels (Griffith 2008) and this could beagtified and used as evidence of a commitment to
sustainability by the New Zealand fishing industrile commitment of New Zealand fishing
companies to sustainability could be measured &y éngagement with the Marine Stewardship
Council (MSC). For example, the proportion of Neaakand landings which are of species with MSC
accreditation could be a useful indicator of pregreowards sustainability of New Zealand marine
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ecosystems.
3 Results and discussion

From the presentation of this large number of adatei indicators, it is clear that no single indicat
suffices — a suite of indicators is required. Ferthore, the most appropriate indicators are very
context dependent, being affected by which dataeadable, the requirements of the stakeholders,
and the characteristics of the ecosystem.

3.1.1 Evaluation of candidate indicators

The indicators proposed in Section 2 are evaluatd@dble 5. A simple scoring system for each of the
six MfE criteria (Table 1) was used, with 1=low,rRedium and 3=high fulfilment of the criterion.
Scores were totalled to give an overall score,rassyall criteria are of equal importance. Suggeste
indicators were then ranked. This method followétER: Rochet (2005), although many studies (e.g.
Rochet & Rice 2005; Piet et al. 2008) noted thtdkfficult to obtain an objective or unequivocal
result using this approach. Detailed justificatidmatings did not help improve consistency between
different scorers. This result should hence beidensd to be a preliminary suggestion of the most
promising indicators to consider, with substaritisgéragency input within New Zealand needed
before any indicator is deemed suitable.

Four pressure indicators, eight state indicatodsfieve response indicators are suggested as bleéng t
most promising for reporting in 2012 (Table 6). Mokthese new indicators will require research
before 2012 if they are to be used in the 2012 stithe environment reporting. All will, or course
require close scrutiny by New Zealand stakeholt@rsalidity and usefulness before adoption.

3.1.2 Changesin indicatorswarranting action

It is a valid concern that many of the indicatarggested here lack specificity: they do not allow
stakeholders to disentangle, for example, chargtsetmarine ecosystem due to fishing from effects
of climate change or changes in recruitment fronadbased effects, or a combination of many causal
factors. In other words, impacts cannot be easipasated from changes in state. However, | argue
that first it is important to determine what chaesistics of the marine ecosystem are important and
can be monitored. Then, if we see an adverse charnbis suite of indicators, action to understand
the change and determine what (if anything) wedmato mitigate, remedy or manage the change is
warranted. As a policy of precautionary resourag iiss wise to seek to understand change in any
and all indicators selected, but a number of factoay suggest more urgent investigation is
warranted. First, what is the direction of change®iterion for selecting indicators is that charige
given direction is clearly identified as desirabteundesirable, with undesirable changes warranting
more urgent attention. Second, what is the mageitidhe change, with “rapid” change likely to be
more important? Theoretical assessment of thefgignce of the rate of change is likely to be not
possible, so an historical perspective, basedtoneaseries of information, will generally be nedde
Third, are the fluctuations slowing down or accafieig? Consistent, adverse changes over a number
of years, especially where the changes are gd#tiggr each year, are of more concern than a
fluctuating indicator. Again, time series are impait because they give some indication of the adegre
of variation between years. These three aspectbegnalified for most indicators recommended here
for further consideration (Table 6). Fourth, andendifficult, is the indicator approaching a refece
point? The reference point may have ecological ingaffior example, a threshold), but will more
often be a management limit. In summarising thalte®f the SCOR/IOC Working Group on
guantitative ecosystem indicators for fisheries aggment, Cury & Christensen (2005) conclude that
indicators only show if the ecosystem is strondfgcted so that all unfavourable changes to
indicators should be treated as significant, eteeférence points are lacking. Finally, if many
variables together show unfavourable changes¢tmsistency provides evidence that more
significant underlying change is occurring and \&ats more urgent action. This action may involve
investigation to see if we can we find any othdéoimation outside the set of indicators that can
elucidate the underlying causes and suggest apat®pnanagement action.

4 Futurework
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4.1.1 Relative ecological importance of species and stocks

A recurring theme in this work has been that a weithf estimating the relative ecological importance
of fish species is required to combine speciesiip@aformation into aggregate headline indicators
While secondary production scaled by a quarter poway be an appropriate interim measure,
information on the types of ecosystem in the Newl@ed oceanic EEZ (e.g. whether wasp-waisted or
not, Rice 1995; Cury et al. 2000), and ecologiotds of species within these ecosystems are needed
to appropriately estimate ecological importancehSassessment needs to be conducted at both the
species and stock level, and ideally include nonS x4 well as QMS species. This is a considerable
task, but progress is being made under FRST fupdgdcts (e.g. Coasts and Oceans OBI), and
commissioned research (e.g. Ministry of Fishefiiasn et al. 2009, Tuck et al. 2009).

4.1.2 Validation and relative ecological importance of bio-regions

Validation and consideration of the relative ecatabimportance of bioregions identified by various
bioregionalisation or marine environmental classifion schemes for the New Zealand region is
required. Three environmental marine classificationemes are available for the New Zealand EEZ:
MEC, BOMEC and the demersal fish community clasatfon. These have different aims,
methodologies, cover different proportions of treaNZealand oceanic EEZ and suggest different
bioregions. These require substantial further mebet® validate. It may be appropriate to consaler
bioregions from a given classification as equaiiportant ecologically, but from different
perspectives, some regions are certainly much mauertant than others. For example, the
proportions of total commercial catches taken fdifferent bioregions are very uneven. Also, total
primary productivity, average depth, and the prtporof total area protected vary considerably
between bioregions, and this could be used to wéigh data are used to provide aggregate headline
indicators. Again, research is ongoing on thesgesdut results are not available at present.

41.3 Better fisheriesinformation should be collected

The ability of New Zealand to assess and reporesaspects of the sustainability of its oceanic
ecosystems is limited by the quality of the avdédadbformation. As noted by Mace (2004): “The
single most valuable tool for assessing the switirdividual stocks, biological communities, and
habitats has proven to be consistent time seridatafon catches, relative abundance, size
distributions, and other biological and physicdbimation. Unfortunately, few such time series
exist.” Mace (2004) may have been focussing orefigiindependent data (such as research trawl
surveys), but ensuring better data from observersommercial fishing vessels is also important.
Improved data collected would enable improved naoimig of the state of the New Zealand marine
environment, in particular:

« All catches should be traceable to the locatiooagiture. At present, landing returns must be
retrospectively assigned to the location of fishimgequirement that increases error in data.
This could be helped by a requirement for largesekss(>28 m) to estimate and report catches
(wet weight) of more species than just the top Bach tow on TCEPR (Trawl Catch Effort
Processing Returns);

* Vessels less than 28 m completing the Trawl CafétrtHReturn (TCER) should be required
to give a start and an end position for a tow,eathan just the start position. The current lack
of an end position leads to uncertainty in meagwihere catches were taken;

e Catches of non-QMS finfish species should be regominor fish species may have an
important functional role in New Zealand ecosysteos the fact that catches of non-QMS
species are poorly or not reported at all, fundaainlimits our ability to monitor changes in
these species;

« Length of major finish species should be measuvatirrely to allow changes in size
composition in the community to be investigated;

* Catches of benthic invertebrates should be repdayatbmmercial fishers using bottom
trawls. Training in identification and provision ioentification guides for benthic
invertebrates are likely to be needed to improeeqimality of this information to a useful
standard. Such information, even at a rudimentaugy. genus, family) level, is needed to
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provide a method of identifying and monitoring letegm change in benthic ecosystems.

4.1.4 Clearer and more transparent reporting on stock status of QMS speciesis needed

The way in which the status of QMS stocks is reggbih the annual Ministry of Fisheries plenary is
inconsistent (Ministry of Fisheries 2009). A moansistent method of reporting the estimate of the
status of each stock, the sustainability of thesgmelevel of fishing on each stock, and the lefel
uncertainty in these assessments would faciliggerting this information for State of the
Environment and other purposes.
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Table 5. Evaluation of proposed oceans indicators for thes Mealand offshore EEZ. Criteria are from MfE (2D07Type” is Pressure (P), State/Impact (S/I), Rese (R). Each
criteria is ranked as 1=low, 2=medium, 3=high. @llescore is the sum of scores for the six criteasuming all criteria are equally important. G¥erank is given according to
type. Indices discussed in the text but with nardtef indicator given are not included. These idelihe use of aspects of the biology/ecology afviddal predator species, work

currently underway by the New Zealand Marine Envinent Monitoring Programme (MEMP), and indicatafsrmss-agency co-operation.

Type I ndicator National | Relevant| Credible | Interpret-| Cost- Internat. | Overall Rank
signif. able effective signif. score

P Total fishing removals 3 3 3 3 3 3 18 P1
Commercial trawled footprint 3 3 3 3 3 2 17 P2
Area Trawled Index, ATI (based on BOMEC) 3 2 3 2 3 1 14 P3
Biomass Trawled Index, BTI 3 3 2 2 2 1 13 P4
Corrected Fishing in Balance Index, cFIB 3 2 2 1 2 2 12 P5
Fisheries Pressure Index, FPI 3 2 1 1 2 2 11 P6

S Status of fish stocks vs management targets, SSI 3 2 3 3 3 17 S1
Mean Trophic Index, MTI (research & commercial) 2 3 2 3 3 3 16 S2
Satellite ocean observation (change in EOFSs) 3 3 3 2 2 1 14 S3=
Surface chlorophyll-a concentratiashl-a 3 1 2 2 3 3 14 S3=
System-level CPUE, sCPUE 3 3 2 2 2 2 14 S3=
Threat status of species (DoC threat classification 3 2 3 1 3 2 14 S3=
Demersal fish diversity, DDI (research & commerial 3 3 2 2 2 1 13 S7=
Species distributions (commercial catch) 3 3 2 2 2 1 13 S7=
Feeding type ratios (commercial catch) 3 2 2 2 2 2 13 S7=
Demersal fish biomass 2 3 1 3 2 1 12 S10=
Threat status of species (IUCN “red list") 2 1 2 1 3 3 12 S10=
Net primary production, NPP 3 2 1 2 2 1 11 S125
Mesopelagic acoustic backscatter 1 3 2 3 1 1 11 =S12
Abundance Biomass Curves (commercial catch) 3 2 2 1 2 1 11 S12=
Climate state (IPO, SOI, Kidson, Trenberth) 3 1 2 1 2 1 10 S15=
Zooplankton assemblage, CPR 1 2 3 2 1 1 10 S15
Relative Price Index 3 2 1 1 1 1 9 17

R Ongoing overfishing, OFI 3 3 3 3 2 2 16 R1
Total area with some form of protection 3 1 3 2 3 3 15 R2
State of knowledge (stock status), SKI 3 3 2 2 2 2 14 R3
Area Protected Index, API 3 3 1 1 3 1 12 R4=
Biomass Protected Index, BPI 3 3 1 1 3 1 12 R45
Oceans research activity 2 1 2 2 1 3 11 R6
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Table 6. Suggested promising candidate indicators for sththe New Zealand oceans for reporting in 2012r&h state of the environment indicators (MfE 208 shown in
grey. P=pressure, S/l=state/impact, R=response

Type | Indicator Current | Key work required
indicator
P Total fishing removals Y Update current indicator
Commercial trawled footprint Y Update and modify current indicator
Area Trawled Index, ATl (BOMEC) N Determine relaiimportance of BOMEC regions or assume equallyoiamt
Biomass Trawled Index, BTI N Determine relative legical importance of QMS and non-QMS fish species
S/ Status of fish stocks, SSI Y Determine relative ecological importance of QMk#
Threat status of species (DoC threat classificatior] Y Update current indicator
MTI (research & commercial) N Validate trophic lé&vef major fish species
Satellite ocean observation (EOF chahge) N EOF characterisation of New Zealand EEZ (saéathl-a could be used in interim)
System-level CPUE N Determine subareas and thlative ecological importance
Demersal Fish Diversity, DDI (commercial catch) N etBrmine subareas; correct for changes in spatéasification quality over time
Feeding type ratios (commercial catch) N Deterniimetional groups; correct for spatial changes
Species distributions (commercial catch) N Detemspecies to analyse; develop method for commedaial
R Ongoing overfishing, OFI Y Determine relative ecological importance of QMSkievaluated for overfishing
Total area with some form of protection Y Update current indicator
State of knowledge (stock status), SKI N Deternnglative ecological importance of QMS stocks
Area Protected Index, API N Validate and deternn@lative importance of BOMEC regions
Biomass Protected Index, BPI N Biomass of finfigieger than DFC lower limit (1950 m); distributiohsguid biomass in EEZ

1 Only one indicator of large-scale change in theanographic state of the New Zealand EEZ is probappropriate, and we suggest that changes in deastic EOFs of temperature, ocean

colour and sea-surface height from satellite olzg@ms is likely to be a more useful indicator tlsémple changes in surface chlorophyll-a conceioimgthl-a) from ocean colour satellite sensors.
However, if the required research to determineB®& oceanographic index cannot be carried out taikhe before in 2012hl-a could be used instead.
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Appendix 1: Trophic levels of New Zealand marine biota

Trophic levels for marine biota (Lindeman 1942) esenmonly estimated in three ways: (1) stable
isotope analysis; (2) stomach contents analysjgp(®l web models.

Method 1: The most direct method is to analyse samples athadrom a number of individual
specimens of an organisation for the relative caitjpm of the two stable isotopes of nitrogen.
Nitrogen naturally occurs adN and™N in proportions of about 99.6:0.4. The relativeiatiances of
these isotopes are typically expressedl sepresenting differences from a given standarhits of
parts per thousand (%.). When organic matter istecely phytoplankton growth there is typically
enrichment in the heavier isotog@N) relative to the inorganic nitrogen source. Oiganatter is

then progressively enriched N by about 3.4 %tends every time matter is consumed (Post 2002).
Nitrogen isotopes from different food sources ameservatively, so that values&fN in the tissues

of an organism relative to those in a referenceamgm show the degree of trophic separation (DeNiro
& Epstein, 1981; Minagawa & Wada, 1984; Wada el1881; Vander Zanden & Rasmussen, 2001),
Equation Al.

O"N; - "N
Trophic level TL, =( ! 2z o J+TLrer [A1]

Whered™N is the fraction of heavy nitrogen isotope in spsi(5'°N;) or the reference species
(8"N,&) and TL is the trophic level of specie€TL;) or the reference species (I). Herbivores or
grazers (Tkg=2, €.9. small zooplankton) are often used asdfegence because the isotopic
composition of such species tends to be more sthaiethose of primary producers. Lipids are
typically extracted from fish muscle before anadyas differential lipid concentrations between
species can skew estimates of trophic level (Rét@, 2007). This approach has been carried out fo
more than 22 key species of New Zealand fish (Btiigl. 2006), and more are under analysis at the
time of writing.

Method 2: Analysis of stomach contents of fish can be usezktimate the proportions of various prey
items in their diet. Trophic level of the fish pegdr is then calculated as the weighted averagjeeof
trophic level of the prey organisms plus one. Tbghic level of prey organisms are often taken from
the scientific literature under the assumption thattrophic level of a given organism is
phenotypically constrained and hence the sameierdive of the type ecosystem it occurs in.
Agreements in trophic level between gut contentssiable isotopes are usually good (e 048,
p=0.0001, Stergiou & Karpouzi 2002). Stomach caistemalysis of many New Zealand fish species
are available (e.g. Clark 1985; Clark et al. 1988secchgt al. 1988; Dunn et al. 2009) but have not
yet been used to estimate trophic levels.

Method 3: Finally, mass balance trophic models, where flofvsrganic matter between organisms are
balanced across the whole food-web can be usestitoage trophic levels (Christensen & Pauly
1992). In the absence of comprehensive experimeraburements of trophic level of New Zealand
fishes, estimates have been obtained using d&tiahbase (Froese & Pauly 2000) by assuming that
species in the New Zealand EEZ have the same trégVel as that species has in other marine
ecosystems elsewhere in the world (e.g. Tuck &X08l9; Knight & Jiang 2009).

42



