
W
S-
M
PA

This paper is presented for consideration by CCAMLR and may contain unpublished data, analyses, and/or 
conclusions subject to change. Data in this paper shall not be cited or used for purposes other than the work 
of the CAMLR Commission, Scientific Committee or their subsidiary bodies without the permission of the 
originators and/or owners of the data.

Commission for the Conservation of Antarctic Marine Living Resources
Commission pour la conservation de la faune et la flore marines de l’Antarctique

Комиссия по cохранению морских живых pесурсов Антарктики
Comisión para la Conservación de los Recursos Vivos Marinos Antárticos

WS-RMP-17/07

12 April 2017

Original: English

A research and monitoring plan to accompany the Ross Sea region
marine protected area

Delegations of New Zealand and Italy



 

1 
 

  A Research and Monitoring Plan to accompany the Ross Sea region Marine Protected Area  Delegations of New Zealand and Italy   
SUMMARY 
 This document outlines a draft research and monitoring plan (RMP) for the Ross Sea region MPA, consistent with the requirements of CM 91-05. Under CM 91-04, the purposes of research and monitoring associated with marine spatial protection are to deliver scientific knowledge sufficient to allow the Scientific Committee to advise the Commission on: (i) the degree to which the specific objectives of the MPA are being achieved; (ii) the degree to which the MPA objectives are still relevant in different areas of the MPA; and (iii) what management actions may be required to improve the achievement of the objectives for this MPA.   CM 91-05 paragraph 14 requires that a research and monitoring plan be introduced to the Scientific Committee and Commission at the 2017 annual meetings, before the MPA comes into effect in November 2017. CM 91-05 Annex C identifies the ‘priority elements’ of that required research and monitoring plan. The present document proposes a structure and preliminary content for the full Ross Sea region MPA research and monitoring plan, for consideration at the special workshop in Rome in April 2017, and for subsequent development via the Scientific Committee and its working groups. It is our intention that, through this process, this document will be considered and iteratively modified as required reflecting constructive engagement from the full CCAMLR Membership, in time for a full Ross Sea region MPA research and monitoring plan to be adopted by the Commission in 2017.   This document is structured in accordance with the requirements specified in Annex C of CM 91-05. To avoid excessive length, and reflecting the process to date by which the MPA was considered, modified and endorsed by the Scientific Committee and agreed by the Commission, wherever possible this document refers to previously submitted CCAMLR documents and consensus Scientific Committee advice.  The research and monitoring plan is organized geographically as follows: (i) Ross Sea continental shelf; (ii) Ross Sea continental slope; (iii) Balleny Islands and vicinity; (iv) northern Ross Sea region and seamounts; (v) northwestern Ross Sea region. See Figure 1.   The main body of this document outlines the specific research that is of highest priority to address the specific objectives of the MPA in each of these geographic areas, consistent with the requirements of CM 91-05. Individual Members are encouraged to submit annexes describing in greater detail their own proposed research activities to support and implement this plan.    BACKGROUND  The requirement and general guidance for research and monitoring plans to accompany MPAs in the CAMLR Convention area is established in CM 91-04, paragraph 5, as follows:  

(i) This plan shall specify, to the extent necessary, the scientific research to be undertaken in the MPA, including, inter alia:  
(a) scientific research pursuant to the specific objectives of the MPA; 
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(b) other research consistent with the specific objectives of the MPA; and/or (c) monitoring of the degree to which the specific objectives of the MPA are being met  Consistent with this requirement, CM 91-05 paragraph 14 specifies that a Ross Sea region Marine Protected Area Research and Monitoring Plan (hereafter RMP) shall be introduced to the 2017 Scientific Committee and Commission meetings. CM 91-05 Annex C specifies the required format and identifies specific priority elements of this plan.   

 
 
 
 
1.  Format of this document 
 The content of this document follows closely the requirements outlined in CM 91-05 Annex C, addressing individual paragraphs of that annex in turn. Where text from CM 91-05/C is directly quoted in this document, it is italicised to distinguish CM text from the more detailed supporting material provided here.   The main body of this document in Section 5 is intended to identify necessary research and monitoring activities in association with the specific objectives of the MPA as required under CM 91-05, at a sufficiently broad scale that the content of this document may guide research and monitoring for at least 1-2 MPA science review periods (5-10 years) without requiring major revision.   

Figure 1.  The Ross Sea region Marine Protected Area, and geographic areas for the organisation of the research and monitoring plan as specified in CM 91-05 Annex C.  GPZ = ‘General Protection Zone’; SRZ = ‘Special Research Zone’; KRZ = ‘Krill Research Zone’.    
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More detailed research plans prepared and submitted by individual Members, for example describing particular planned or funded research programmes or individual voyage plans, can be annexed to this document and updated on a more frequent schedule as required, for example reflecting changing availability of research funding or the incorporation of new scientific results, without the need for Member-specific annexes to be agreed and adopted by CCAMLR.   The process by which CCAMLR considered, designed, and ultimately endorsed the designation of the Ross Sea region MPA spanned many years and required consideration of a large number of supporting scientific papers and documents. To avoid repetition, wherever possible this document will reference CCAMLR documents submitted to the Scientific Committee and its working groups, and will reference consensus advice of the Scientific Committee from this process. For ease of reference, these documents are cited in the text by their CCAMLR meeting document designation as they appear on the CCAMLR website, rather than by author and year as in standard scientific document citation. Full details appear in the reference list.   A background and summary of the chronology and process by which the Ross Sea region MPA was designed, considered, modified, and endorsed via the CCAMLR Scientific Committee appears in document SC-CAMLR-XXXIII/BG-23. Subsequent modifications via the Commission prior to adoption are described in the text of the CAMLR Commission reports in 2015 (CCAMLR XXXIV paragraph 8.107) and 2016 (CCAMLR XXXV paragraph 8.39).    Consistent with the process endorsed by CCAMLR and as required in CM 91-05, research specified in the RMP is tightly referenced to the specific objectives of the MPA and associated mapped priority features referenced in CM 91-05 Annex B. For ease of reference, throughout this document specific objectives are referred by Roman numerals as in the CM, but associated mapped priority features are designated by standard Arabic numerals corresponding to the MPA objective number, followed by letters designating the associated priority feature from CM 91-05 Annex B, in bold print and enclosed in parentheses.   To illustrate, throughout this document, (7c) refers to specific objective vii), priority feature c, i.e.   “to protect core foraging areas for land-based top predators or those that may experience direct trophic competition from fisheries: c -- Weddell seals”  Utilising this shorthand it is easier to draw links between research and the specific objective and priority feature it addresses, without excessive repetition. The mapped distributions associated with each feature, as appear in Figures 5-10 below, are reproduced from the summary in SC-CAMLR-XXXIII/BG-23, superimposed on an updated map of the adopted MPA boundaries. For ease of reference figures are numbered consistent with the MPA objectives that they correspond to – i.e. Figure 5 depicts priority features associated with objective v) – rather than simply being numbered sequentially. Note MPA objectives i), iii), and iv) are integrative in nature or apply generically across all locations, so are not prescriptive of where research may need to occur. These objectives are not depicted separately here; as a consequence there are no Figures 3-4).  
The rationale by which the specific objectives and priority features were initially chosen and mapped in space is summarised in Appendix A.    2.  Categories of MPA Objectives 
The specific objectives of the Ross Sea MPA are listed in CM 91-05 paragraph 3.  CM 91-05/C paragraph 2 states that these MPA objectives fall into three main categories: representativeness, threat 
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mitigation, and scientific reference areas. The nature of the objective strongly determines the nature of the research required to evaluate the effect and effectiveness of the MPA.  
(i) Representativeness – Research and monitoring to assess whether the MPA is protecting an adequate proportion of all benthic and pelagic environments in the Ross Sea region 

As reflected in the wording of objective iv), representative protection is designed to ensure that the MPA or system of MPAs includes a minimum adequate proportion of different environment types, in the absence of any other specific objective justifying protection of particular locations. As described initially in CCAMLR WS-MPA-11/25, a commitment to representative protection was operationalised in the MPA planning process by considering minimum protection targets applied to each environment class of a benthic and a pelagic bioregionalisation (i.e. environmental habitat classification). The methods and data by which these classifications were generated are described in CCAMLR WG-EMM-10/30.  
Representative protection is most relevant in data-poor areas where available scientific information may be inadequate to identify or locate particular features of priority for protection, for example as scientific reference areas, or to mitigate specific ecosystem threats from fishing (below). A commitment to representative protection ensures precautionary management even in the absence of location-specific ecological knowledge. Where knowledge is greater and specific threat-based objectives are identified, higher levels of protection may be warranted.  
To illustrate, the Ross Sea shelf is both data-rich and of known high ecological importance: the existence of multiple overlapping high-priority features for protection in this geographic area resulted in many Shelf bioregions being 100% protected within the MPA. In contrast, in largely data-poor parts of the north and northwest Ross Sea where no threat-based objectives were identified, the MPA was designed on to achieve representative protection only, and a correspondingly lower proportion of these areas are included in the MPA.  
For these reasons, research and monitoring to assess whether the MPA is providing representative protection will be most relevant in relatively data-poor areas outside the MPA or for habitats only partly included in the MPA. Research to map and interpret ecological patterns in space, and to understand the underlying functional drivers of these patterns, may reveal ecologically important contrasts that were not adequately captured in the bioregionalisations produced in CCAMLR WG-EMM-10/30, and may prompt consideration to modify MPA boundaries when the MPA is reviewed.  

(ii) Threat mitigation – Research and monitoring to assess the extent to which threats to the achievement of Article II.3 and the specific objectives of this MPA are being effectively avoided or mitigated by the MPA, in locations where the risk of ecosystem impacts from harvesting activities may otherwise be high. 
Objectives v) - x) define threat-based objectives, within specific reference to particular ecological features or populations judged to be a high priority for protection to prevent unacceptable ecosystem effects of fishing in key locations, as depicted in Figures 5-10.  Objective i) integrates all threat-based objectives v) – x), and is not depicted separately.  
The level of protection sought for each specific objective and priority feature for threat-based objectives is summarised in Table 1 and reflects the following considerations: 

- the relative ecological importance of that feature in the function of the wider regional ecosystem; 
- the size or precision with which the area is defined (with higher protection targets possible for smaller, well-defined areas); and 
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- the actual or potential threat to the achievement of Article II.3 that would be expected if fishing were to occur in the location of the mapped feature.   
The scientific rationale for the choice of priority features and associated protection targets was first described in CCAMLR WG-EMM-10/30 and further developed in CCAMLR WS-MPA-11/25. The nature and likelihood of ecological mechanisms whereby fishing in particular locations might be expected to threaten the achievement of Article II.3 is addressed in CCAMLR SC-IM-I/09; the types of threats relevant to each specific objective are summarised in Table 1 as follows:  

T1:  Direct impact by existing or potential toothfish fishery 
T2: Plausible direct trophic interaction with existing or potential toothfish fishery (localised trophic competition with toothfish predators, or predation release of toothfish prey) 
K1:  Direct impact by potential future krill fishery 
K2:  Plausible direct trophic interaction with future krill fishery (localised trophic competition with krill predators) 

The arguments for MPA designation to achieve threat-based objectives were judged by the Scientific Committee to constitute the best available science (SC-IM-I paragraph 2.31(i)); nonetheless many of these arguments were based on ecological first principles and logical expectations based on ecosystem effects observed elsewhere, rather than on direct observation of ecological processes in the Ross Sea region itself. For this reason, scientific research and monitoring to better understand the ecological roles of the priority features – and to examine and validate the proposed threat mechanisms by which fishing may be expected to impact on them – is a high priority under the RMP.  
Specific research questions to better understand potential ecosystem threats from fishing, and to critically examine the extent to which the MPA is necessary and/or sufficient to mitigate these threats, are identified within each geographic area (Section 5, below). Research of this nature will necessarily emphasize functional ecology and/or population biology of the particular ecosystem processes, features, or populations potentially threatened by fishing. Where new research reveals that the nature and/or spatial distribution of identified potential threats are different than was previously assumed, scheduled reviews of this research may prompt consideration to modify the MPA.  

(iii) Scientific reference areas – Research and monitoring where the MPA provides opportunities to examine Antarctic marine ecosystems where no or limited fishing has taken or is taking place, to understand, for example, the effects of fishing, environmental variability and climate change on Antarctic marine living resources 
Objectives ii) and xi) justify the designation of zones within the MPA for the specific purpose of doing scientific research: a Special Research Zone (SRZ) on the Ross Sea slope and a Krill Research Zone (KRZ) in the northwestern Ross Sea region (see Figures 1 and 2). The specific nature of required research to deliver the intended scientific benefits in these zones is discussed in sections 5.2.2 and 5.4, below, devoted to the Ross Sea slope (demersal environment) and northwest Ross Sea geographic areas, respectively.  
Objective ii) also justifies MPA designation to establish reference areas in portions of the MPA other than in these designated special zones (i.e. the GPZ), for monitoring natural variability and long-term change un-confounded by the effects of fishing. MPA designation as a scientific reference area is most relevant in locations where anthropogenic ecosystem impacts to date have been minimal, where existing science research programmes provide rich baseline data and/or long-term data series to inform ecological monitoring, and where repeat access to study locations is feasible to inform ongoing monitoring. For this reason, objective ii) is particularly applicable at present as a rationale for ongoing protection of the Ross Sea shelf, particularly in areas near permanent research 
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stations on the Victoria Land Coast, including existing ASPAs and ASMAs already managed under the Antarctic Treaty. If this RMP is successful, new research programmes in other less-studied locations within the GPZ (e.g. the Balleny Islands or eastern Ross Sea) may provide valuable reference areas in future.  
MPA designation as a scientific reference area requires the integration of several different kinds of research activities in the same location, namely:  

-  functional ecology, to understand the underlying environmental and ecological drivers of observed changes and to identify ecologically relevant indicators; followed by:  
- consistent time series monitoring of the identified drivers and indicators, to identify long-term change and distinguish between the effects of management interventions (e.g. fishing) vs. natural or stochastic climate variability vs. longer-term climate change.  This research in turn relies upon: 
- rich baseline environmental data and multi-disciplinary studies integrating physical oceanography, climate, sea ice, and marine biology. 

Objective iii) applies at all locations inside the MPA and is not prescriptive of the type of science required.   
 

 
Figure 2. Potential science outcomes offered by establishment of a scientific reference area on the Ross 
Sea slope (objective ii) MPA boundaries on the Ross Sea are designed to enable comparisons between the 
area of the lightly fished Special Research Zone (SRZ, in purple) and the fully developed fishing ground over 
Mawson and Iselin Banks (red).  Orange circles represent total historical toothfish removals (1998-2013).  
[updated from SC-CAMLR-IM-I/08] 
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Table 1: Specific MPA objectives and associated mapped features or populations of priority for protection within the MPA (spatial distributions are shown in Figures 5-10). The category of protection objective, including (for threat-based objectives) the nature of the likely potential threat from fishing, and the corresponding level of protection sought for each feature or population during the MPA planning process, are also shown for each priority feature or area. R = Representativeness; S = Scientific Reference Area; T1 = direct impact from existing or potential toothfish fisheries; T2 = plausible trophic interaction with existing or potential toothfish fisheries; K1 = direct impact from potential future krill fishery; K2 = plausible trophic interaction with future krill fishery.   Priority feature or area  

 Description and boundary of priority feature or area  Geographic area 
 Category of MPA objective 

  Protection sought 
Objective ii: scientific reference areas  ii) Special Research Zone (SRZ) slope S  special zone   Objective iv: representativeness of benthic and pelagic environments     N/A N/A Benthic bioregionalisation Pelagic bioregionalisation N/A N/A R R  Low (each bioregion)   Objective v : large-scale ecosystem processes/ areas  (5a) Ross Sea shelf front intersection with seasonal ice  slope K2  medium (5b) Polar Front north --  low (5c) Balleny Islands and proximity Balleny Is T1,T2,K1,K2  very high (5d) Ross Sea polynya Marginal Ice Zone shelf K2  medium (5e) Eastern Ross Sea multi-year ice slope K2  high   Objective vi: trophically dominant pelagic prey species  (6a) Antarctic krill core distribution slope K1  medium (6b) Crystal krill core distribution  shelf K1,K2  high (6c) Antarctic silverfish core distribution  shelf T2,K2  high   Objective vii: key top predator foraging distributions  (7a) Adélie penguin summer core foraging distribution shelf K2  high (7b) Emperor penguin summer core foraging distribution shelf K2  high (7c) Weddell seal summer core foraging distribution shelf T2  very high (7d) Type C killer whale core summer foraging distribution shelf T2  very high    Objective viii: coastal/localized areas of particular ecosystem importance  (8a) Southern Ross Sea shelf persistent winter polynya shelf T2,K2  high (8b) Coastal polynyas shelf T2,K2  very high (8c) Terra Nova Bay (including the TNB polynya) shelf T1,T2,K1,K2  very high (8d) Victoria coast – coastal buffer and platelet ice formation shelf T1,T2,K2  very high (8e) Pennell Bank polynya shelf T2,K2  high   Objective ix: D. mawsoni life cycle areas  (9a) Sub-adult toothfish settlement areas on the Ross Sea shelf shelf T1,T2  very high (9b) Dispersal trenches for maturing toothfish shelf T1,T2  very high (9c) Adult feeding areas on the Ross Sea continental slope slope T1  low (9*) Toothfish spawning/ life cycle north (+ others) N/A  (research priority)   Objective x: rare or vulnerable benthic habitats  (10a) Balleny Islands and adjacent seamounts Balleny Is T1  high (10b) Admiralty Seamount north T1  very high (10c) Cape Adare proximity continental slope slope T1  high (10d) Southeast Ross Sea continental slope slope T1  high (10e) Southern McMurdo Sound shelf T1  very high (10f) Scott Seamount north T1  very high       Objective xi: promote research of Antarctic krill  xi) Krill Research Zone (KRZ) northwest S  special zone 
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Figure 5.  Priority features for protection under objective v:  Large-scale ecosystem processes or features of particular ecosystem importance in association with fronts (blue) or ice dynamics (red).  The summer ice-free continental shelf front (5a) and the Ross Sea polynya Marginal Ice Zone (5d) are preferred summer foraging areas for pelagic top predators.  The Polar Front (5b) is targeted by flying seabirds.  The Balleny Islands (5c) are an ecosystem hotspot.  The eastern Ross Sea persistent pack ice zone (5e) is important for moulting seals and penguins.   [From CCAMLR WG-EMM-10/30, summarizing CCAMLR WG-EMM-10/11] 

Figure 6.  Priority features for protection under objective vi:  Core distributions of trophically dominant pelagic prey species supporting higher trophic level.   Antarctic krill (6a, yellow); crystal krill (6b, purple); and Antarctic silverfish (6c, turquoise).   [From CCAMLR WG-EMM-10/30, modified as described in CCAMLR WS-MPA-11/25]  
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Figure 7ab.  Priority features for protection under objective vii):  Core breeding (summer) foraging areas for Adélie penguins (7a, yellow); and for emperor penguins (7b, purple) including colony sizes and summer foraging tracks.  [From CCAMLR WG-EMM-10/30; colonies and tracking data from CCAMLR WG-EMM-10/11]  

Figure 7cd.  Priority features for protection under objective vii):  Core foraging areas for Weddell seals (7c, orange) during the summer breeding, lactation, and post-weaning recovery phase, including breeding colony locations and sizes; and for Type C killer whales (7d, green) during summer including at-sea sightings.  [From CCAMLR WG-EMM-10/30, modified as described in CCAMLR WS-MPA-11/25] 
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Figure 8.  Priority features for protection under objective viii):  Coastal or localised areas of particular ecological importance to the Ross Sea shelf ecosystem.  The Southern Ross sea persistent (winter) polynya (8a, red).  Shallow coastal polynyas (8b, red).  Terra Nova Bay including the TNB polynya (8c, turquoise).  The Victoria Coast buffer and platelet ice formation zone (8d, orange).  Pennel Bank polynya (8e, red).    [From CCAMLR WG-EMM-10/30, modified as described in CCAMLR WS-MPA-11/25] 

Figure 9.  Priority features for protection under objective ix):  D. mawsoni life cycle areas, following Hanchet et al. (2008), including:  sub-adult settlement areas on the Ross Sea shelf (9a, orange); dispersal trenches for maturing toothfish (9b, yellow); adult feeding areas on the Ross Sea slope (9c, green).  [From CCAMLR WG-EMM-10/30, modified as described in CCAMLR WS-MPA-11/25].  Note D. mawsoni spawning areas in the northern Ross Sea region (9*) are not a priority for inclusion within the MPA, but research to understand Antarctic toothfish spawning is identified as high priority under the Ross Sea region research and monitoring plan.   
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3.  Types of research questions to be addressed under the RMP  
CM 91-05/C paragraph 1 states that research and monitoring undertaken in accordance with the RMP should seek to address the following questions. The implications of each question are discussed in turn. Corresponding priority research questions or hypotheses relevant to specific objectives in each geographic area are identified in Section 5, below.  

(i)  Do the MPA boundaries continue to adequately encompass the priority populations, features, and areas included pursuant of the MPA objectives? 
MPA boundaries were designed to meet the specific objectives of the MPA by encompassing, in whole or in part, the mapped priority features summarised in Table 1 and depicted in Figures 5-10. In some instances the mapped distributions depicting these priority features are well known, but others are based on incomplete information or inferred from environmental proxies. The scientific basis upon which the mapped priority features were initially defined is described in CCAMLR WG-EMM-10/11 and CCAMLR WG-EMM-10/30; the means by which these were utilised in MPA planning is described in CCAMLR WS-MPA-11/25. A summary of the scientific rationale underlying the choice of priority features in each geographic area appears in this document as Appendix A.  
Research to improve or validate these mapped distributions is a high priority under the RMP. Where new research improves our collective understanding of the spatial distributions of the particular features or populations to be protected, these results should be utilised during the scheduled MPA reviews under CM 91-05/C paragraph 18 to evaluate to what extent the MPA is achieving its protection objectives, and to consider boundary adjustments that correspond to the updated distributions.  

Figure 10.  Priority features for protection under objective ix):   Areas supporting known rare or vulnerable benthic habitats. (10a):  Balleny Islands and vicinity seamounts; (10b):  Admiralty seamount; (10c):  Cape Adare proximity continental slope.  (10d):  Southeast Ross Sea continental slope; (10e):  Southern McMurdo Sound.  (10f):  Scott Seamount   [from CCAMLR WG-EMM-10/30]  
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It is possible that distributions of priority features or populations may change over time in response to climatic variation or long-term change. Understanding the effects of climate change on these distributions is a high priority. Where spatial patterns are seen to be changing, the scheduled MPA reviews provide a mechanism whereby MPA boundaries can be adjusted to accommodate these changes.  
(ii) What are the ecosystem roles of the identified habitats, processes, populations, life-history stages, or other priority features? 
(iii) How are the priority features potentially affected by fishing, climate change, environmental variability, or other impacts? 

Accurately interpreting or anticipating potential effects of fishing, and distinguishing the effects of fishing from those of other environmental drivers including climate change, requires knowledge of the ecological relationships between the feature or population to be protected and other components of the ecosystem. For example many of the threat-based protection objectives involve potential indirect effects of fishing via trophic interactions (Table 1 and Section 2, above). Characterising and quantifying likely mechanisms for trophic interaction requires detailed, spatially resolved understanding of: prey species abundance; predator population size and life cycle; behavioural aspects of predator-prey interactions; and niche partitioning between competing predator species, in order to anticipate the likely effect of trophic competition from fisheries and to correctly interpret observed changes in the context of other environmental drivers of change that may be operating concurrently. To understand and manage threat-based objectives requires dedicated research programmes investigating the functional ecology of multiple species simultaneously.  
Because the species in question are mobile and the Ross Sea environment is highly dynamic on a seasonal and inter-annual basis, knowledge of inter-species interactions will by necessity account for seasonal life cycle movements and non-uniform resource requirements (e.g. for prey) in time and space. This same approach was taken in the design of the MPA itself: e.g. objectives to protect top predator foraging areas (7a-7d) focused on those times and locations at which predators are thought to be most critically dependent on species potentially also targeted by fisheries (i.e. trophic competition). Protection also prioritises known ‘ecosystem hotspots’, i.e. locations of disproportionate importance that are preferentially utilised by mobile species either year-round or during particular life cycle stages. Research to better understand trophic processes occurring in key locations, and their importance at the wider ecosystem scale, is a high priority.  
Where priority features refer to dynamic but relatively predictable features, such as oceanographic fronts or predictable ice dynamics (i.e. objectives v) and viii)), these are designated as proxies for species that are dependent upon those features and that may be negatively affected by fishing (noting that oceanographic features themselves cannot be threatened by fishing). For example, objectives 5a), 5d) and 8b) are intended to protect pelagic top predators from localised competition with potential krill fisheries in a portion of their key foraging areas which correspond to these features. During the MPA planning process it was judged to be more efficient to define priority features with respect to ecosystem processes and/or key prey species (objective vi)) rather than seeking to map every mobile pelagic dependent species independently.  Where predator species are subject to additional spatial constraints on their foraging in key periods, e.g. because they are constrained to the vicinity of coastal breeding colonies, these species are mapped separately, and a higher level of protection is sought in key areas (i.e. objective vii)).  
Where new research suggests that the nature, likelihood, and/or spatial distribution(s) of potential threats from fishing identified in MPA objectives v) – x) are different from what is currently known, these results may provide grounds to modify the MPA arising from scheduled reviews of the CM under CM 91-05/C paragraph 18.  



 

13 
 

(iv) Does the structure and function of the marine ecosystem differ between areas inside the MPA and areas outside the MPA, or do the populations or subpopulations of marine organisms that occur or forage inside the MPA differ from those that occur or forage outside the MPA?  
Specific threat-based objectives v) – x) seek to anticipate and prevent ecosystem effects of fishing that may otherwise violate the requirements of Article II.3. For the MPA to be successful, these kinds of effects should not occur; accordingly, the MPA seeks to protect a high proportion of the area in which these kinds of effects are thought to be likely. In contrast, under objective ii) the MPA is deliberately designed to generate observable effects from toothfish fishing on the slope, by establishing a controlled comparison between areas with contrasting local exploitation rates as experimental treatments (i.e. in the SRZ vs in areas outside the MPA). Research designed to detect and characterise the ecological consequences of this deliberate contrast is a high priority. By doing this it may be possible to distinguish the effects of fishing from the simultaneous effects of climate variability and/or climate change. At the same time, toothfish fishing in the SRZ is also designed to maintain the continuity and integrity of the toothfish tagging programme, and to improve understanding of toothfish distribution and movement (CM 91-05/B paragraph 1(ii)). Where new research suggests that the achievement of these goals can be improved, the design or management of the SRZ may be amended following scheduled review of the MPA under CM 91-05/C paragraph 18.  
 
3.1  Supporting research not included in the RMP 
It is noted that there is an enormous body of existing Ross Sea science and priority research programmes that are not specifically included in the RMP. Research to answer the specific questions posed in CM 91-05/C paragraph 1 above will necessarily build upon and utilise baseline knowledge and supporting environmental science from disciplines not focused on the particular questions required for evaluation of the effect and effectiveness of the MPA, including e.g. climate, oceanography, and sea ice physics.  
The structure of this document is intended to identify in Section 5 the research questions of specific relevance to the review of the MPA. So that the RMP remains a manageable size, priority research and monitoring programmes to answer these questions, including in supporting fields of science not strictly focused on marine ecology and the effects and effectiveness of the Ross Sea region MPA, can be described in Member-specific Annexes.  
 
4.  Life history research for targeted populations 
CM 91-05/C paragraph 3 states that understanding the life histories of target species is important to achieve the aims of CCAMLR, including within and adjacent to areas affected by the MPA. Research to and monitoring to improve scientific understanding of target species in the area of the MPA… are therefore included in the Research and Monitoring Plan.   Research into toothfish spawning is a high priority and is included in the RMP consistent with CM 91-
05/C, despite much of this research occurring outside of the MPA boundaries.  The inclusion of toothfish life history research as a priority within the RMP reflects also the conclusions of the Scientific Committee in 2013, which rejected protection of toothfish spawning as a specific objective of the MPA, but agreed that further research to understand toothfish spawning is important (SC-IM-I paragraphs 2.31(vii), 2.32).  
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The life cycle of Antarctic toothfish includes portions of every geographic area in the Ross Sea region; consistent with this paragraph, research to better understand toothfish movements and life cycle is included within the geographic summaries in Section 5, including in areas outside the MPA and where toothfish do not appear among the mapped priority features associated with that geographic area. Should a new or exploratory krill fishery be initiated in the Ross Sea region in areas outside the MPA and/or in the Krill Research Zone (KRZ), the same will apply also to Antarctic krill.  
A detailed and comprehensive summary of toothfish research priorities was produced and supported by the CCAMLR Scientific Committee in 2014 (CCAMLR WG-FSA-14/60; SC-XXXIII paragraph 3.209). Toothfish surveys and other research activities proposed in that document remain important, in areas both inside and outside the MPA. As in CM 91-05 paragraph 6, implementation of these activities, consistent with the specific objectives of the MPA and following CM 24-01, will be considered and approved by the Scientific Committee.  
 
5.  Geographic organisation  
CM-91-05/C paragraph 5 states that the RMP will be organized geographically, as follows.  

 Ross Sea continental shelf; 
 Ross Sea continental slope; 
 Balleny Islands and vicinity; 
 northern Ross Sea region and seamounts; 
 northwestern Ross Sea region;  Geographic areas are shown in Figure 1, noting that hard boundaries between geographic areas are not defined, and ecological processes associated with these boundaries may be dynamic in space and time.   

Within each geographic area, specific MPA objectives relevant within that area are identified, and mapped priority features associated with each specific objective (and used to inform the MPA planning process) are reproduced from CM 91-05, Annex B. Note that MPA objectives i) and iii) are integrative in nature and apply generically across all locations, so are not identified separately in association with particular research activities within geographic areas.  
The scientific rationale for the choice and definition of particular specific objectives and priority features was proposed initially in CCAMLR WG-EMM-10/30, drawing on ecological data summarised in CCAMLR WG-EMM-10/11.  For ease of reference a summary of the rationale for priority features within each geographic area is attached to this document in Appendix A. The process by which the choice and delineation of these specific objectives and priority features was further developed and ultimately endorsed by the Scientific Committee is described is SC-CAMLR-XXXIII/BG-23.   
Within each geographic area, examples of priority research questions consistent with CM 91-05/C paragraph 1 (Section 3, above) are identified, with reference to the specific objective and priority feature that the question addresses. It is intended that when individual Members describe their own planned activities in Member-specific annexes to this document, individual research projects will reference these priority questions. Note however that research programmes seeking to address these questions will by necessity draw upon a large body of supporting research in disciplines not explicitly required under CM-95-01/C. To illustrate, threat-based MPA objectives by nature focus on ecology to understand potential impacts on marine living resources, but to address these questions effectively, it is necessary to integrate across other disciplines, e.g. physical oceanography, climate, sea ice physics, organismal physiology, and population biology. Hence the research questions listed below are not 
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intended to be exhaustive, and each question contains within it the rationale for a wide variety of supporting research projects.  
 5.1  Ross Sea continental shelf   The Scientific Committee agreed in 2013 that MPA objectives on the Ross Sea shelf were well supported by the best available science (SC-IM-I paragraph 2.31(i)). A substantial body of scientific research in this area is summarised in CCAMLR WG-EMM-10/11.   5.1.1 Ross Sea shelf: Western Ross Sea/ Victoria Land Coast  The Western Ross Sea/ Victoria Land Coast area is of particular interest for the RMP. Recognising that different types of research are possible in the context of the long scientific history in this area and with facilitated access via terrestrial bases, specific objectives and priority features in the Western Ross Sea/ Victoria Land Coast are listed separately from priority features in less accessible areas of the Ross Sea shelf. Priority features associated with the specific objectives of the MPA in this area are shown in Figures 7, 8, and 10, as follows:  (7a): Adélie penguin core foraging (7b): Emperor penguin core foraging (7c): Weddell seal core foraging (7d): Type C killer whale core foraging (8b): Coastal polynyas (8c): Terra Nova Bay (including the TNB polynya) (8d): Victoria Land coastal buffer and platelet ice formation (10e): Southern McMurdo Sound  Priority research questions in this geographic area, consistent with the requirements of CM 91-05/C paragraph 1 include the following.   i. How are krill and silverfish predators (7a, 7b) and toothfish predators (7c,7d) potentially 

affected by changes in the absolute or relative abundance of their prey in key locations, which 
may arise from (e.g.) fisheries impacts, trophic interactions with other predators, climate 
change, and/or stochastic variation in the physical environment including sea ice and 
oceanography?  

ii. (7a, 7b) What environmental changes may account for observed decadal-scale changes in the 
populations of krill and silverfish predators, and what population signals (e.g. abundance, 
reproductive success) provide useful monitoring indicators of long-term environmental 
change?  

iii. How do seasonal and ontogenetic movements of toothfish (9a) and of mobile toothfish 
predators (7c, 7d) affect their population structure and connectivity both within and external 
to the Ross Sea region? Is there evidence of local specialisation or site fidelity among toothfish 
predators?  

iv. (7c, 7d, 9a, 9b) How does seasonal and ontogenetic distribution of Antarctic toothfish, 
including vertical distribution in the water column, affect toothfish availability to capture by 
top predators and by fisheries?  

v. To what extent are widespread or mobile prey and predator populations dependent on key 
coastal habitats such as polynyas (8b, 8c) and platelet ice (8d) for part of their life cycle? Do 
potentially competing top predators partition their access to prey in key locations? How is this 
affected by changing ice conditions?  
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vi. (8b, 8c, 10e) How is the diversity and resilience of benthic communities affected by local 
environmental conditions in key locations, and how are these expected to be affected by 
climate change?  

vii. How is the ecological role of toothfish in the coastal margins different to that in offshore areas 
as indexed by their diet, total food intake, size structure, and availability as prey (9a, 9b, 10e). 
Is there evidence of locally distinct toothfish sub-populations? (8c, 10e)  

viii. What factors are necessary for successful silverfish spawning?  What is the spatial distribution 
of spawning and nursery areas? (6c, 8c) 

5.1.2 Ross Sea shelf – offshore areas  Priority features associated with the specific objectives of the MPA in offshore areas of the Ross Sea shelf are shown in Figures 5, 6, 8, and 9, as follows:    (5d): Ross Sea polynya Marginal Ice Zone (6b): Crystal krill core area (6c): Antarctic silverfish core area (8a): Southern Ross Sea shelf persistent winter polynya (8e): Pennell Bank polynya (9a): sub-adult toothfish settlement  (9b): toothfish dispersal trenches  Priority research questions in this geographic area, consistent with the requirements of CM 91-05/C paragraph 1 include the following.   i. How are the distribution and abundance of key Ross Sea mesopelagic prey species (6b, 6c) a 
function of predictable oceanographic or sea ice features, stochastic variability, and/or 
exposure to predators?  

ii. What factors are responsible for patterns of enhanced trophic productivity at retreating 
marginal ice edges (5d) and polynyas (8a, 8e) and what are the likely effects of climate change 
on these features and their productivity?  

iii. (9a, 9b) To what extent are localised sub-adult toothfish habitats on the Ross Sea shelf 
important in the life cycle of toothfish at a regional scale?  

iv. To what extent are potential toothfish predators (7c, 7d) locally dependent on toothfish in the 
eastern Ross Sea (e.g. Cape Colbeck, Bay of Whales)? Do top predators over-winter in the Ross 
Sea polynya? (8a)  

v. (9a) How variable is toothfish recruitment, and what environmental or ecological factors affect 
toothfish recruitment variability?  

vi. Are areas under the Ross Ice Shelf important for toothfish and silverfish, e.g. for dispersal or 
protection from mammalian predators (6c, 9a, 9b, 10e). 

 5.2 Ross Sea continental slope  Specific protection objectives and the nature of the corresponding priority science questions on the Ross Sea slope are addressed separately for pelagic vs. demersal/benthic environments.   5.2.1. Ross Sea slope – pelagic environment  
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Priority features associated with the specific objectives of the MPA in pelagic environments of the Ross Sea slope are shown in Figures 5 and 6, as follows:  (5a): Ross Sea shelf front (5e): Eastern Ross Sea persistent pack ice (6a): Antarctic krill core area  Priority research questions in this geographic area, consistent with the requirements of CM 91-05/C paragraph 1 include the following.   i. (5a, 6a) What factors drive the spatio-temporal distribution, abundance, and swarm 
composition of mesopelagic species including Antarctic krill? To what extent do these patterns 
affect – or reflect the top-down effects of – niche differentiation by pelagic top predators?  

ii. (5a, 6a) To what extent are pelagic top predators dependent on localised and/or predictable 
hotspots of krill abundance, and krill swarm composition, and how might they be affected by 
local competition with fisheries, especially within the foraging range of terrestrial krill predator 
breeding colonies (7a, 7b)?  

iii.  (5e) What are the life cycle movements and spatial habitat/foraging requirements of 
crabeater seals and emperor penguins in the far eastern Ross Sea region, and how might these 
be affected by fishing and climate change?  

iv. Do Antarctic toothfish have an ecological role in the pelagic slope environment (9c)? 
v. How will climate change affect the ecosystem function of key areas through modification of 

the physical environment, including sea ice and oceanography? (5a)  
5.2.2 Ross Sea slope -- demersal and benthic environments  Priority features associated with the specific objectives of the MPA in demersal and benthic environments of the Ross Sea slope are shown in Figures 2, 9, and 10 as follows:    (obj. ii): Scientific reference area: contrasting local exploitation rates of toothfish (9c): Adult toothfish core feeding area (10): Cape Adare slope benthic features (10d): Southeastern continental slope benthic habitats 
 Priority research questions in this geographic area, consistent with the requirements of CM 91-05/C paragraph 1 include the following.   i. (9*, 9c) How and how often to toothfish undertake long-distance movements between the 

Ross Sea slope and other geographical areas, including the Ross Sea shelf, the northern Ross 
Sea region, and the Amundsen Sea region to the east? Is there evidence of predictable cyclical 
movements and/or site fidelity?  

ii. (obj. ii) How do spatially non-uniform fishing effort patterns and non-uniform tagging rates 
affect bias in the toothfish stock assessment? What are the effects of toothfish movement on 
stock assessment bias?  

iii. (9c), obj ii) How does toothfish predation affect the composition, abundance, and ecology of 
the demersal fish community at different toothfish densities? To what extent will contrasting 
local toothfish exploitation rates result in changes in toothfish diet, toothfish prey abundance, 
and/or prey species bycatch rates? 

iv.  (9c), obj ii) Does changing toothfish density and/or associated changes in prey availability on 
a local scale affect toothfish growth rates or other biological parameters? 
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v. (9c), obj ii) Will contrasting local exploitation rates for toothfish generate observable 
differences in the size or age composition of toothfish at the local scale?  

vi. (9*, 9c) Does toothfish spawning occur on the Ross Sea slope? 
vii. Can the effects of fishing be detected in benthic invertebrate abundance or distribution among 

the slope areas with contrasting fishing effort (9c, 10d)? 
 5.3 Balleny Islands and vicinity  Priority features associated with the specific objectives of the MPA in the Balleny Islands area are shown in Figures 5 and 10, as follows:    (5c): Balleny Islands coastal and pelagic processes (10a): Balleny Islands and seamounts benthic habitats   Priority research questions in this geographic area, consistent with the requirements of CM 91-05/C 
paragraph 1 include the following.   i. (5c, 10a) To what extent are the local biota dependent on habitats or oceanographic 

conditions occurring only at the Balleny Islands within the limits of their geographic ranges? 
What are the likely effects of climate change? 

ii. (5c) What pelagic prey are targeted by mobile top predators in the vicinity of the Balleny 
Islands, and to what extent are wider regional populations (e.g. East Australian humpback 
whales) dependent on resources in this area?  

iii.  (5c) What historical and climate factors are responsible for the presence (and potential rapid 
expansion) of an extreme geographically isolated population of chinstrap penguins at the 
Balleny Islands?  

iv. (10a) Are there endemic or regionally anomalous benthic communities associated with the 
unique geological setting and geographical position of the Balleny Islands?  

v. (5c, 6c, 9*) Do the Balleny Islands serve as important nursery areas of Antarctic toothfish or 
Antarctic silverfish? Are the Antarctic toothfish found in near the Balleny Islands part of the 
Ross Sea Antarctic toothfish stock? 

 5.4. Northern Ross Sea region and seamounts  Priority features associated with the specific objectives of the MPA in the northern Ross Sea and seamounts are shown in Figure 7.   (4a): Northern Ross Sea region benthic bioregions (9*): Antarctic toothfish spawning  (10b): Admiralty Seamount (10f): Scott Island and seamounts  Priority research questions in this geographic area, consistent with the requirements of CM 91-05/C paragraph 1 include the following.   i. (9*) What are the timing, frequency and residence duration of toothfish spawning migrations 
to the northern Ross Sea region? Are these effects sex-specific? Is there evidence of spawning 
site fidelity?  
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ii. (9*) To what extent do current stock assessment model assumptions about toothfish spawning 
movements affect stock assessment bias?  

iii. (9*) What is the spawning behaviour of Antarctic toothfish? To what extent might toothfish 
spawning performance be affected by: localised changes in toothfish density at spawning sites, 
changes in toothfish sex ratio, disruption by fishing activity during the spawning period, or 
exposure to top predators?  

iv. (9*) How might climate change affect toothfish spawning and/or toothfish egg and larval 
advection?  

v. (obj. iii): What environmental factors determine the distribution and abundance of benthic 
community diversity in northern seamounts, and how might this be affected by climate 
change?  

vi. (9*, obj. iii) Are benthic habitats in the Northern Ross Sea region important to the spawning 
success of Antarctic toothfish?  

vii. (10b,10f) Are there endemic or regionally endemic benthic communities associated with the 
unique environmental setting and geographical positions of Scott and Admiralty seamounts 
and other northern seamounts?  

viii. (9*) What is the distribution stock structure of Antarctic toothfish in north-eastern seamount 
areas and further north into the South Pacific (north of 60° South latitude)? 
 

5.5 Northwestern Ross Sea  The area of the Western Ross Sea is included in the MPA with specific reference to objective xi), to promote research of Antarctic krill, with designation of the Krill Research Zone (KRZ). Priority research 
questions in this geographic area include the following.   i. (obj. xi) What factors drive the spatio-temporal distribution, abundance, and swarm 

composition of Antarctic krill in this area?  
ii. (obj. xi) To what extent are pelagic top predators dependent on localised and/or predictable 

hotspots of krill abundance in this area and krill swarm composition, and how might they be 
affected by local competition with fisheries?  

iii. (9*) What are the relative distributions of Patagonian and Antarctic toothfish in the 
northwestern Ross Sea region? How are their niches partitioned? How will their relative 
distributions change with a reduction in spawning stock biomass of Antarctic toothfish and/or 
Patagonian toothfish? 

iv. (obj. iv) Does the portion of the northwestern Ross Sea region within the GPZ include a 
representative portion of benthic habitats in this area? 

 6. Contributions of individual members to development and implementation of the RMP 
CM 91-05/C paragraphs 6 and 7 encourage Members collaborate to achieve the RMP by collectively delivering the type of research described in Table 2 of that document.  
The RMP should not specify which CCAMLR Member is expected to carry out particular research activities. Due to potential future changes in available research funding, no Member can guarantee which research and monitoring activities identified collectively as a priority within the RMP will be undertaken by them. However commitment by all CCAMLR Members to pursue common research objectives under the auspices of an agreed Ross Sea region MPA research and monitoring plan, and to 
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share the results of that research within CCAMLR, will encourage research collaboration and shared long-term planning between the research programmes of different Member countries with an interest in the Ross Sea region. The existence and collective international endorsement of the RMP may also help individual science programmes to secure resources to contribute to these common objectives.   Because actual delivery of research programmes to achieve these ends is dependent upon the actions of individual Members and subject to unknown availability of research funding, CM 91-05/C Table 2 is not reproduced in the body of the RMP. Instead, individual Members, or collaborating groups of Members, may submit Annexes to the RMP that identify their planned research activities in as much detail as is practical. These Member-specific submissions may then be annexed to the RMP, and could be updated regularly by the submitting Members reflecting progress on their own research programmes or changed availability of resources to support the research.  All CCAMLR members and other nations are encouraged, as far as possible, to engage and collaborate in research and monitoring in the Ross Sea region MPA. Other research that is consistent with the objectives of the MPA, but not explicitly required under CM 91-05, is also encouraged.   Member-specific annexes should describe plans for particular research programmes, with links to priority research questions identified in this plan, in as much detail as is practical, including the time, place, and frequency of the planned research, hypotheses to be tested, methods to be employed, and links or collaborations with other Member programmes.  CCAMLR SC-CAMLR-IM-I-BG/03-Rev1 provides examples of the kind of research that may be considered for inclusion in Member-specific annexes.     7. Review and update of the Ross Sea region RMP 
CM 91-05 paragraph 15 states that unless otherwise agreed by the Commission, every five years 
Members shall submit to the Secretariat for review by the Scientific Committee, a report on their 
activities conducted according to, or related to [this plan], including any preliminary results. These 
reports shall be compiled by the Secretariat and provided to the Scientific Committee no later than 6 
months in advance of its annual meeting in 2022 and every five years thereafter.  
It is likely that these scheduled reviews will require dedicated workshops. The resourcing of the science 
reviews is a matter for further discussion via the Scientific Committee.  
In accordance with requirements for the 5-year science reviews, it will be necessary that procedures 
be developed whereby research results and data collected in association with the RMP are 
communicated to and/or shared with the CCAMLR Membership in a timely manner, to ensure 
transparency and facilitate engagement from the full CCAMLR Membership. CM 91-05 paragraph 16 
requires that data submitted to CCAMLR shall be made available to Members under normal rules and 
procedures of data access.  
If data collected under the RMP is to be shared via this mechanism, it will be necessary to develop new 
procedures to guide this process, including timeframes within which individual researchers are granted 
exclusive access to their data to allow for publication. Furthermore, it would then be necessary to 
develop capacity within the CCAMLR Secretariat to receive and archive data collected under the RMP, 
noting that these data will span a much wider range of types and formats than fisheries catch data, for 
which submission requirements are more easily standardised.  
For many data types, especially for large oceanographic or climatic data, it may be more efficient to 
require that the data be submitted to other existing internationally accessible repositories (e.g. in 
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association with SOOS or SCAR) rather than replicating this existing capacity within the CCAMLR 
Secretariat.  
For any data that is submitted to and stored by CCAMLR, it will also be necessary to formulate new 
rules of data access and Member notifications, as currently exists for fisheries data.  
These issues are raised in order to initiate productive discussions among Members at the special 
workshop in Rome and subsequently via the Scientific Committee and its working groups, noting that 
these issues are complex and will likely require discussion at multiple CCAMLR meetings. A realistic 
expectation may be that formal RMP data sharing and access procedures are in place by the time of 
the first 5-year review of the science collected under the RMP. These issues should be discussed by 
the Scientific Committee.  
CM 91-05 paragraphs 17 and 18 specifies that, arising from every second scheduled science review, 
the Scientific Committee will undertake a review of CM 91-05 itself, i.e. utilising information collected 
under the RMP to evaluate the design and effectiveness of the MPA to achieve its objectives, and 
where necessary to recommend changes to the MPA. The organisation and resourcing of these reviews 
is a matter that will require advice from the Scientific Committee.  
The science review and conservation measure review schedule and the period of designation for the 
MPA and the SRZ is illustrated in Figure 11.  

 
 
 
 
  

Figure 11.  A timeline for the science review, conservation measure review, and period of designation of the Ross Sea region Marine Protected Area, with paragraph numbers as specified in CM 91-05.   
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Appendix A: Rationale for selection of specific objectives and associated priority features within 
geographic regions.  
The scientific rationale for the selection and delineation of specific protection objectives and associated priority features for inclusion within the MPA is summarized below for specific objectives within each geographic area. As summarized in SC-CAMLR-XXXIII/BG-23, these were proposed initially in CCAMLR WG-EMM-10/30 drawing heavily upon scientific data compiled in CCAMLR WG-EMM-10/11. The means by which they were utilized in the systematic conservation planning process is described in CCAMLR WS-MPA-11/25; the specific rationale for threat-based objectives is outlined in CCAMLR SC-CAMLR-IM-1/09. What follows in appendix A is an abbreviated summary of material first presented in CCAMLR WG-EMM-10/11 and -10/30, except where new science presented to CCAMLR since 2010 has substantially improved our understanding. Research to test or expand upon the information presented in the summaries, or in the chronology of papers summarized in SC-CAMLR-XXXIII/BG-23, is a high priority under the RMP.    A.1 Ross Sea shelf -- offshore  The ecology of the Ross Sea shelf is highly productive and unique at the scale of the whole Southern Ocean, supporting abundant top predators. In contrast to Antarctic krill-dominated Antarctic food webs elsewhere, the most trophically important mesopelagic prey species over the shelf are Antarctic silverfish Pleuragramma antarcticum (6c), and to a lesser extent crystal krill Euphausia crystallorophias (6b).   The distributions of silverfish (6c) and crystal krill (6b) utilized in MPA planning are imperfectly understood. Spatially there is a clear transition between ‘Ross Sea’ mesopelagic fauna over the shelf – i.e. silverfish, icefish, and crystal krill -- vs ‘Oceanic’ fauna -- consisting of jellyfish, myctophids, deepsea smelt, and squid -- from the slope edge northward (CCAMLR WG-EMM-08/35; CCAMLR SG-ASAM-09/5; Taki et al. 2008). However the underlying environmental drivers of this key contrast are only poorly understood. The variable spatial overlap between the two krill species is related to ice cover and perhaps reflects krill age structure (Azzali et al. 2006). Analysis of acoustic data indicative of mesopelagic species distributions to better understand the environmental drivers of these patterns – and potential effects of climate change or variability on likely future patterns – is a high priority.   On the Ross Sea shelf top predators of these mesopelagic prey species concentrate their foraging along the marginal ice zone of the Ross Sea polynya in spring and early summer (5d). Pelagic predators appear to resist foraging in the central and south-east portion of the Ross Sea polynya area because of reduced prey abundance associated with blooms of the phytoplankton Phaeocystis Antarctica relative to areas dominated instead by diatom production, where the food web is more supportive of trophic assimilation to higher trophic levels (Smith et al. 2007). Understanding the environmental drivers of observed patterns of Phaeocystis vs diatom production is a high priority.   The winter ice-free portion of the Ross Sea polynya (8a) is characterized by high phytoplankton biomass, driven by the increased availability of irradiance for growth. The immediate vicinity of the Ross Sea ice shelf edge seems to have elevated productivity at higher trophic levels, and is a known summer hotspot for top predators such as Type C killer whales. The extent to which the persistent winter polynya may be utilized by over-wintering top predators is unknown. A transient polynya on Pennell Bank (8e) appears also to be of elevated ecological importance.   Deeper areas of the southern Ross Sea shelf are important habitats for sub-adult toothfish (9a, 9b); an annual stratified longline surveys in these locations since 2012 now provides an important fishery-independent time-series of toothfish recruitment strength (CCAMLR WG-SAM-16/14) and important data about the ecological role of toothfish. Protecting this area inside the MPA ensures that survey catch rate data are not confounded by localized effects of commercial fishing in the same location; 
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continuation of this survey, and completion of toothfish surveys in other key locations both inside and outside the MPA (CCAMLR WG-FSA-14/60) is a high priority.    A.2 Ross Sea shelf: Western Ross Sea/ Victoria Coast  The Western Ross Sea/ Victoria Coast supports very high populations of colony-based top predators, including some species for which the potential threat of localized direct trophic competition with fisheries was judged to be a strong rationale for protection of key foraging areas (7a – 7d). Coastal polynyas (8b) and other key locations (8c, 8d, 10e) constitute spatially localized (and temporally transient) ecosystem hotspots where trophic processes are of disproportionate importance for mobile populations; protecting these locations may help to prevent or mitigate potential effects of fishing at the scale of the larger ecosystem.   Several CCAMLR Members have permanent bases in the Western Ross Sea which have supported climate and marine science programmes over many decades, including long-term time-series monitoring via CEMP. The existence of these programmes and facilitated logistical access via the permanent research bases makes this area particularly important for the use of the MPA as a scientific reference area under objective ii). Terra Nova Bay is a known ecosystem hotspot for colony-based top predators and as a known spawning ground for Antarctic silverfish (Vacchi et al. 2004). McMurdo Sound is a key ecosystem hotspot for toothfish predators (7c, 7d), and new research suggests that toothfish in this location may constitute a semi-distinct local sub-population with their own growth characteristics (Parker et al. 2016). Ongoing research to understand the extent and nature of interactions between toothfish and their predators in these locations is a high priority.    A.3 Ross Sea slope – pelagic environment  The Ross Sea Shelf Front in combination with early summer marginal ice (5a) forms a zone of elevated productivity on the Ross Sea slope, possibly fueled by a supply of micronutrients (e.g. iron) associated with shelf break upwelling (e.g. Sweeney 2003). Similar processes are described also in the western Antarctic Peninsula (Smith et al, 2008) where production and survivorship of krill is enhanced at the overlap of dynamic ice edges with the shelf-break (Siegel & Loeb 1995, Loeb et al 1997). Elevated densities of Antarctic krill along the Ross Sea shelf front (Azzali & Kalinowski 2000, Sala et al. 2002, Azzali et al. 2006, CCAMLR WG-EMM-08/35) attract abundant krill predators including Adélie penguins (Ainley et al. 1985), crab-eater seals (Gilbert & Erikson 1977) and minke whales (Ichii et al. 1998; Karnovsky et al. 2007). This effect is likely to be of particular importance where the shelf front passes in close proximity to coastal predator colonies: e.g. ~ 50% of the Ross Sea Adélie penguin population are at colonies on the northern Victoria Coast between Cape Adare to the Possession Islands, and Adélie penguins are known to forage on Antarctic krill at the shelf front.   Elevated E. superba densities are also thought to also extend slightly southward over the Ross Sea Shelf in the western Ross Sea and northwest to the Balleny Islands (6a). The MPA on the slope was designed to protect a portion of the core distribution for Antarctic krill including key foraging areas for those predators constrained to terrestrial colonies with access to the slope near Cape Adare (7a, 7b), while ensuring that much of the core krill distribution remained outside the MPA to allow rational use and valuable data collection in areas exposed to different levels of fishing intensity. The krill distribution depicted in (6a) is not well defined and should be improved within the first MPA review period.   Spatio-temporal niche partitioning between different pelagic top predators is likely along the length of the pelagic transition zone (5a, 5e, 6a), as a function of pelagic habitat contrasts and dynamic ice behaviour affecting prey availability (including krill abundance, size, and swarm composition -- and possibly other pelagic prey including silverfish and myctophids). Targeted research to better 
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understand pelagic predator requirements is a high priority to understand the potential localized effects of fishing and or/climate change this in ecologically important area. Passive acoustic detection of cetacean distributions, and active acoustic surveys of the mesopelagic prey layer concurrent with monitoring foraging behaviour of colony-based predators in the same location, are a high priority to understand these relationships and map potential hotspots of particular ecosystem importance.    In the eastern Ross Sea, large stable multi-year ice platforms (5e) are utilised for moulting by Adélie and emperor penguins (CCAMLR WG-EMM-06/29), and for pupping and moulting by crabeater seals (Ainley 1985) and Ross seals (Stewart et al. 2007). The CCAMLR Scientific Committee agreed that designation of the MPA in this location was appropriate to protect pelagic predators (SC-IM-I paragraph 2.31(iii)). Dietary and spatial foraging requirements for predators during these critical periods, with potential implications for the likely effects of fishing or climate change in these areas, are largely unknown.   
A.4 Ross Sea slope -- demersal and benthic environments  The MPA on the Ross Sea slope is designated to establish a Special Research Zone (SRZ) to study the ecosystem effects of fishing and climate change within the core adult feeding grounds for Antarctic toothfish, and to protect vulnerable benthic habitats on that portion of the slope included in the General Protection Zone (10c, 10d).  
Detailed background information relevant to the design and implementation of the SRZ is included in CCAMLR SC-IM-1/BG-02 and CCAMLR SC-CAMLR-XXXIV/BG-31. Catch rates in the SRZ are designed to manipulate local exploitation rates of Antarctic toothfish between otherwise comparable demersal habitats along the Ross Sea slope, effectively creating an ecosystem-scale experiment to study the ecosystem effects of fishing at different local intensities. The increased toothfish tagging rate in the SRZ is designed to offset the effect of the decreased local exploitation rate, to eliminate stock assessment bias that may otherwise arise from non-uniform exploitation patterns in space relative to the underlying population (SC-IM-I paragraph 2.31(ii, iv, v)). Spatially explicit modelling (e.g. Mormede et al 2017) and research to understand toothfish movements (e.g. CCAMLR WG-FSA-16/57) are high priorities to deliver these objectives. Catch limits and tagging rates in the SRZ should be adjusted as required following review of the MPA, so that the toothfish tagging programme provides a constant and reliable index of abundance to inform stock assessment.  
It is likely that reduced toothfish biomass on the Ross Sea slope will result in increased abundance of toothfish prey, primarily rattails and icefish (Pinkerton & Bradford-Grieve, 2014). Unless confounded by toothfish mixing between areas, the nature and magnitude of this effect may be detectable by comparing toothfish prey abundances in the SRZ vs. slope areas outside the MPA (Mormede et al. 2014). Detailed monitoring of toothfish prey abundance and ecology using data collected from fishing vessels (e.g. bycatch rates; toothfish stomach sampling (CCAMLR WG-FSA-12/52); acoustic detection of rattails (CCAMLR WG-FSA-14/62)) should be initiated in these areas and maintained as the MPA comes into effect.  
 A.5 Balleny Islands  Complex oceanographic conditions in the area around the Balleny Islands are highly productive, 
supporting relatively abundant krill (Timonin 1987, Voronina & Maslennikov 1993; Voronina 1995, 
Azzali & Kalinowski 2000), and possibly silverfish based on acoustic signatures (but unconfirmed by 
physical sampling). A recurrent deep-water polynya (Martin et al. 1992, Arrigo & Van Dijken 2003) as 
well as transient polynyas formed down-wind or down-current of the islands enhance local 
productivity and provide access to prey resources for top predators. 
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The Balleny Islands are favoured habitat for numerous cetaceans, in particular for East Australian 
humpback whales which appear to annually migrate almost exclusively to this area within the Ross 
Sea region. That this humpback whale population is growing rapidly (c.f. +14% per year) relative to 
Pacific humpback whales which migrate the Amundsen Sea and are growing only slowly if at all; 
Constantine et al. 2014) suggests that the Balleny Islands may constitute an important ecological 
hotspot for pelagic top predators at the scale of the whole Western Pacific sector of the Southern 
Ocean. These islands also support breeding or transient populations of at least four species of seal 
and ten species of seabirds (Bradford-Grieve & Fenwick 2002), including Adélie penguins and 
chinstrap penguins, for which the Balleny Islands colonies are an extreme distributional anomaly 
(Macdonald et al 2002). An apparent rapid increase in chinstrap penguin numbers may provide a 
sensitive climate change indicator, but direct observations for research in this location have been 
extremely limited.   
Benthic environments (10a) in the vicinity of the Balleny Islands are largely unexplored. The steep 
volcanic topography of the islands and associated seamounts provide complex, highly variable 
benthic habitats in in a geographically isolated location with high water-column productivity. 
Connectivity between benthic populations of the Balleny Islands and those of the northern 
seamounts and the Antarcic continental slope and shelf is unknown but is of key interest for 
assessing source-sink dynamics of colonisation, both historically and in response to future 
environmental change.  
 
A.6 Northern Ross Sea region and seamounts  The Pacific-Antarctic Ridge (PAR) lies on the boundary of the Polar Front separating different oceanic water masses as well as on the boundary between tectonic plates. It is an overlap zone for fish at both the northern and southern extremes of their distributions, as well as an area of significant endemism for benthic and demersal species. A portion of the PAR was included in the GPZ of the MPA to ensure representative protection of benthic bioregions that do not occur elsewhere in the MPA (SC-IM-1 paragraph 2.33). Other geographically isolated seamounts south of the PAR (10b, 10f) are also included in the MPA, recognizing rare and/or vulnerable habitats observed there (Barry et al. 2003, Bowden et al. 2010)  Antarctic toothfish spawn on ridges and seamounts in the northern Ross Sea region (9*), where ocean currents associated with the Ross Gyre are thought to transport eggs and larvae back to the continental margin to the east of the Ross Sea (Hanchet et al. 2008; CCAMLR WG-FSA-12/48). Toothfish do not spawn every year (Parker & Grimes 2010), requiring time to regain condition after migrating to spawn in what is most likely a food-poor environment in the north. At least a portion of the spawning stock migrates back to the continental slope after spawning, presumably to regain condition in preferred feeding areas (Hanchet et al. 2008; Fenaughty et al. 2008). In 2013 the Scientific Committee rejected protection of toothfish spawning as a specific objective of the MPA, but agreed that research to understand toothfish spawning is important (SC-IM-I paragraphs 2.31(vii), 2.32). Research into toothfish spawning is a high priority and is included in the RMP consistent with CM 91-05/C, despite much of this research occurring outside of the MPA boundaries.   Recent research offers new insights into toothfish spawning: a winter survey in 2016 confirmed the timing and location of toothfish spawning on northern seamounts and observed the first ever fertilized toothfish eggs (CCAMLR WG-FSA-16/37) and recent surveys expand our understanding of toothfish distribution in the northeast Ross Sea region (CCAMLR WG-SAM-15/32) with potential population connectivity with the Amundsen Sea region (CCAMLR WG-SAM-14/26) and to the north of the CCAMLR area. Dedicated research to study toothfish spawning and life cycle movements remains a high priority both within and outside of the MPA.  
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  A.7 Northwest Ross Sea region   The area of the Western Ross Sea is included in the MPA with specific reference to objective xi), to promote research of Antarctic krill, with designation of the Krill Research Zone (KRZ). Current knowledge of krill in this area is poor. CCAMLR WG-EMM-16/49 summarises relevant background in this area.   Priority research under objective xi) will occur everywhere within the KRZ (see Figure 1). Opportunistic and/ or dedicated acoustic surveys, perhaps utilizing calibrated acoustic sounders deployed on toothfish fishing vessels before or after the commercial fishing season, are one means of rapidly acquiring necessary data to inform the design of subsequent research in this zone. As in CM 91-05 paragraph 8(1), defining priority hypotheses for this zone, and the design and implementation of research programmes to address them, is a high priority in advance of the first scheduled science review of the Ross Sea region MPA.    REFERENCES   CCAMLR Documents  CCAMLR SC-CAMLR-IM-I/08.  Delegations of the USA and New Zealand. (2013). Science supporting the joint New Zealand–United States proposal for the establishment of a marine protected area in the Ross Sea Region. CCAMLR SC-CAMLR-IM-I/08.  CCAMLR SC-CAMLR-IM-I/09.  Delegations of New Zealand and the USA. (2013a). Analysis of potential threats from fishing to the objectives of a proposed Ross Sea region MPA. CCAMLR SC-CAMLR-IM-I/09.  CCAMLR SC-CAMLR-IM-I-BG/03-Rev1.  Delegations of New Zealand and the USA. (2013b). A draft plan for research and monitoring in the Ross Sea region, in association with spatial marine protection. CCAMLR SC-CAMLR-IM-I-BG/03-Rev1.  CCAMLR SC-CAMLR-IM-I-BG/02.   Delegation of New Zealand. (2013). Review of the toothfish fishery in SSRU 881K from 1997–98 to 2011–12 and opportunities for fisheries research. CCAMLR SC-CAMLR-IM-I-BG/02.  CCAMLR SC-CAMLR-XXXIII/BG/23. Delegations of New Zealand and the USA (2014).  Chronology of previously submitted scientific documents, and updated maps and analyses supporting MPA planning in the Ross Sea region.  CCAMLR SC-CAMLR-XXXIII/BG/23  CCAMLR SC-CAMLR-XXXIV/BG/31. Parker, S., Hoyle, S., Hanchet, S., Currey, R.J.C. (2015). Sea ice characterisation of the proposed Ross Sea region Marine Protected Area Special Research Zone.   CCAMLR SC-CAMLR-XXXIV/BG/31. 7 p.  CCAMLR SG-ASAM-09/5.  O'Driscoll, R.L., G.J. Macaulay, S. Gauthier, M. Pinkerton, S. Hanchet. 2009. Preliminary acoustic results from the New Zealand IPY-CAML survey of the Ross Sea region in February-March 2008. CCAMLR SG-ASAM-09/5  CCAMLR WG-EMM-06/29.  Ainley, D.G.V. Toniolo, G. Ballard, K. Barton, J. Eastman, B. Karl, S. Focardi, G.Kooyman, P. Lyver, S. Olmastroni, B. S. Stewart, J. W. Testa, P. Wilson. 2006. Managing 



 

27 
 

Ecosystem Uncertainty: Critical Habitat and Dietary Overlap of Top-Predators in the Ross Sea. CCAMLR WG-EMM-06/29  CCAMLR WG-EMM-08/35.  Murase, H., Yasuma, H., Matsukura, R., Takao, Y., Taki, K., Hayashi, T., Yabuki, T., Tamura, T., Konishi, K., Matsuoka, K., Miyashita, K., Nishiwaki, S. & Naganobu, M. (2008). Distribution patterns and biomasses of Antarctic krill (Euphausia superba) and ice krill (E. crystallorophias) with note on distribution of Antarctic minke whales (Balaenoptera bonaerensis) in the Ross Sea in 2005. CCAMLR WG-EMM-08/35.  CCAMLR WG-EMM-10/11.  Ainley, D.G. ; Ballard, G. ;Weller, J. (2010)  Ross Sea biodiversity, Part I:  validation of the 2007 CCAMLR Bioregionalization Workshop results towards including the Ross Sea in a representative network of marine protected areas in the Southern Ocean.  CCAMLR WG-EMM-10/11   CCAMLR WG-EMM-10/30.  Sharp, B.R.; Parker, S.J.; Pinkerton, M.H. (lead authors); also B.B. Breen, V. Cummings, A. Dunn, S.M. Grant, S.M. Hanchet, H.J.R. Keys, S.J. Lockhart, P.O’B. Lyver, R.L. O’Driscoll, M.J.M. Williams, P.R. Wilson. (2010). Bioregionalisation and Spatial Ecosystem Processes in the Ross Sea Region. CCAMLR WG-EMM-10/30.  CCAMLR WG-EMM-16/49.  Klein, E.S. & Watters, G.M. (2016).  A brief review of information relevant to the establishment of a Krill Research Zone within the proposed Ross Sea Region Marine Protected Area.  CCAMLR WG-EMM-16/49.  CCAMLR WG-FSA-12/48.  Dunn, A.; Rickard, G.J.; Hanchet, S.M.; Parker, S.J. (2012). Models of larvae dispersion of Antarctic toothfish (Dissostichus mawsoni). CCAMLR WG-FSA-12/48.  CCAMLR WG-FSA-12/52.  Stevens, D.W.; Dunn, M.R.; Pinkerton, M.H.; Forman, J.S. (2012). Diet of Antarctic toothfish (D. mawsoni) from the Ross Sea region, Antarctica. CCAMLR WG-FSA-12/52.  CCAMLR WG-FSA-14/60.  Delegations of New Zealand, Norway and the United Kingdom. (2014). Medium-term research plan for the Ross Sea toothfish fishery. CCAMLR WG-FSA-14/60. 27 p.  CCAMLR WG-FSA-14/62.  Ladroit, Y.; O’Driscoll, R.L.; Mormede, S. (2014). Using acoustic echo counting to estimate grenadier abundance in the Ross Sea (SSRU88.1I). CCAMLR WG-FSA-14/62. 25 p.  CCAMLR WG-FSA-15/32. Parker, S.J., Currey, R.J.C., Söffker, M., Darby, C., Godo, O., Petrov A. (2015). Results of the 2015 multi-Member longline survey for toothfish in the northern Ross Sea region (Subarea 88.2 SSRUs A–B) and proposal for 2016 operations. CCAMLR WG-FSA-15/32. CCAMLR, Hobart, Australia. 19 p.  CCAMLR WG-FSA-16/37.  Stevens, D., Di Blasi D., Parker S. (2016). Results of the first winter longline survey to the northern Ross Sea region to investigate toothfish reproductive life history. CCAMLR WG-FSA-16/37. CCAMLR, Hobart, Australia. 23 p.  CCAMLR WG-FSA-16/57.  Jones, C.D., Parker, S.J., Dunn, A., Di Blasi, D., Stevens, D. (2016). Pop-off Satellite Tagging in the Ross Sea Region in 2016. WG-FSA-16/57. CCAMLR, Hobart, Australia. 7 p.  CCAMLR WG-SAM-14/26.  Parker, S.J.; Hanchet, S.M.; Horn, P.L. (2014). Stock structure of Antarctic toothfish in Statistical Area 88 and implications for assessment and management. CCAMLR WG-SAM-14/26. CCAMLR, Hobart, Australia. 17 p.  



 

28 
 

CCAMLR WG-SAM-16/14. CCAMLR, Hobart, Australia. 33 p. Dunn, A., Jones, C., Mormede, S., Parker, S. (2016). Results of the fifth Ross Sea shelf survey to monitor abundance of sub-adult Antarctic toothfish in the southern Ross Sea, February 2016, and notification for continuation in 2017. WG-SAM-16/14. CCAMLR, Hobart, Australia. 33 p.   CCAMLR WS-MPA-11/25.  Sharp, B.R.; Watters, G. (2011). Marine Protected Area planning by New Zealand and the United States in the Ross Sea region. CCAMLR WS-MPA-11/25.   Published documents  Ainley, D.G. (1985). The biomass of birds and mammals in the Ross Sea, Antarctica. Pp. 498-515 in Antarctic Nutrient Cycles and Food Webs (W. R. Siegfried et al., eds.). Hamburg: Springer-Verlag.  Ainley, D.G., O’Conner, E.F. & Boekelheide, R.J. (1984). The marine ecology of birds in the Ross Sea, Antarctica. Ornithological Monographs, 32: 97 p.  Arrigo, K.R., van Dijken, G.L., 2004. Annual changes in sea ice, chlorophyll a, and primary production in the Ross Sea, Antarctica. Deep-Sea Research II 51, 117-138.  Azzali, M.; Leonori, I.; De Felice, A.; Russo, A. 2006. Spatial-temporal relationships between two euphausiid species in the Ross Sea. Chemistry and Ecology (Suppl.) 22: 219-233.  Barry, J.P., J. Grebmeier, J. Smith, R.B. Dunbar. 2003. Bathymetric versus oceanographic control of benthic megafaunal patterns in the Ross Sea, Antarctica. Antarc. Res. Ser. 78: 327-354.  Bowden. D.A., S. Schiaparelli, M.R. Clark, & G.J. Rickard (2011).  A lost world? Archaic crinoid-dominated assemblages on an Antarctic seamount.  Deep Sea Research Part II:  58:  119-127.    Bradford-Grieve, J. & Fenwick, G. (2002) A review of the current knowledge describing the biodiversity of the Balleny Islands. New Zealand Ministry of Fisheries unpublished report.  Constantine, R., D. Steel, J. Allen, M. Anderson, O. Andrews, C.S. Baker, P. Beeman, D. Burns, J‑B. Charrassin, S. Childerhouse, M. Double, P. Ensor, T. Franklin, W. Franklin, N. Gales, C. Garrigue, N. Gibbs, P. Harrison, N. Hauser, A. Hutsel, C. Jenner, M‑N. Jenner, G. Kaufman, A. Macie, D. Mattila, C. Olavarría, A. Oosterman, D. Paton, M. Poole, J. Robbins, N. Schmitt, P. Stevick, A. Tagarino, K. Thompson, J. Ward (2014) Remote Antarctic feeding ground important for east Australian humpback whales. Marine Biology, 161: 1087-1093.   Fenaughty J. M, Eastman, J.E., Sidell, B.D. (2008). Biological implications of low condition factor “ax handle” specimens of the Antarctic Toothfish, Dissostichus mawsoni, from the Ross Sea. Antarctic Science 20 (6), 537–551 (2008).  Gilbert, J.R. & Erickson. A.W. 1977. Distribution and abundance of seals in the pack ice of the Pacific sector of Southern Ocean. In G.A. Llano (Ed) Adaptations within Antarctic ecosystems, Smithsonian Institution, 703-748 pp.  Hanchet, S.M., Rickard, G.J., Fenaughty, J.M., Dunn, A.; Williams, M.J. (2008). A hypothetical life cycle for Antarctic toothfish Dissostichus mawsoni in Antarctic waters of CCAMLR Statistical Area 68. CCAMLR Science 15: 35–54.  Ichii, T. 1990. Distribution of Antarctic krill concentrations exploited by Japanes krill trawlers and minke whales. Proceedings of the NIPR Symposium on polar Biology, 3, 36-56.  



 

29 
 

 Karnovsky et al. 2007 The impact and importance of production in polynyas to top-trophic predators: three case studies. In: Polynyas: Windows to the World’s Oceans (W.O. Smith, Jr. & D.G. Barber, eds.), Elsevier, Amsterdam,  Loeb V, Siegel V, Holm-Hansen O, Hewitt R, Fraser W, Trivelpiece W, Trivelpiece S (1997) Effects of sea ice extent and krill on salp dominance on the Antarctic food web. Nature 387:987- 900  Macdonald, J.A., K.J. Barton & P. Metcalf.  (2002).  Chinstrap penguins (Pygoscelis antarctica) nesting on Sabrina Islet, Balleny Islands, Antarctica.  Polar Biology 25:  442-447.    Martin S. K. Steffen, J. Comiso, D. Cavalieri, M.R. Drinkwater, & B. Holt (1992). Microwave remote sensing of polynyas. In: Carsey, F.D. (ed.) Microwave remote sensing of sea ice. American Geophysical Union, Washington, D.C. (Geophysical Monograph 68), pp. 303-311.   Mormede, S.; Pinkerton, M.H.; Dunn, A.; Hanchet, S.M.; Parker, S.J. (2014). Development of a spatially-explicit minimum realistic model for Antarctic toothfish (Dissostichus mawsoni) and its main prey (Macrouridae and Channichthyidae) in the Ross Sea. WG-EMM-14/51. (http://cs.fish.govt.nz/forums/thread/9946.aspx)  Mormede, S.; Dunn, A.; Parker, S.; Hanchet, S. (2017). Using spatial population models to investigate the potential effects of the Ross Sea region Marine Protected Area on the Antarctic toothfish population Fisheries Research 190: 164-174.   Parker, S.J. & Grimes, P.J. (2010). Length and age at spawning of Antarctic toothfish Dissostichus mawsoni in the Ross Sea. CCAMLR Science, 17: 53-73.     Parker, S.J., Mormede, S., DeVries, A., Hanchet, S.M., Eisert, R. (2016). Have toothfish returned to McMurdo Sound, Antarctica? Antarctic Science, 28 (1): 29–34. doi: 10.1017/S0954102015000450.  Pinkerton, M. H. & Bradford-Grieve, J. M. Characterizing foodweb structure to identify potential ecosystem effects of fishing in the Ross Sea, Antarctica. ICES Journal of Marine Science 71, 1542-1553, doi:10.1093/icesjms/fst230 (2014).  Sala, A.; Azzali, M.; Russo, A. 2002. Krill of the Ross Sea: distribution, abundance and demography of Euphausia superba and Euphausia crystallorophias during the Italian Antarctic Expedition (January-February 2000). Scientia Marina 66(2): 123-133.   Siegel V, Loeb V (1995) Recruitment of Antarctic krill Euphausia superba and possible causes for its variability.Mar Ecol Prog Ser 123:45-56  Smith, R.C., D.G. Martinson, S.E. Stammerjohn, R.A. Iannuzzi, & K Ireson. 2008. Bellingshasuen and western Antarctic Peninsula region: Pigment biomass and sea-ice spatial/temporal distributions and interannual variability. Deep-Sea Research II, 55, 1949-1963, doi: 10.1016/j.dsr2.2008.04.027.  Smith, W.O., D.G. Ainley & R. Cattaneo-Vietti. 2007. Trophic interactions within the Ross Sea continental shelf ecosystem. Phil. Trans. R. Soc. B. 362, 95–111  Stewart, B.S., SCAR Expert Group on Seals, J.L. Bengtson, M. Bester, A.S. Blix, H. Bornemann P. Boveng, M.F., Cameron, E. Nordoy, J. Laake, J. Ploetz, D.B. Siniff, C. Southwell (2007). .A summary of status of knowledge of the biology, distribution, and abundance of the Ross Seal, Ommatophoca 



 

30 
 

rossii. Working Paper “Current Status of the Ross Seal (Ommatophoca rossii): A Specially Protected Species under Annex II”, XXX Antarctic Treaty Consultative Meeting, New Dehli, 30 April to May 2007, New Dehli, India.  Sweeney, C. 2003. The annual cycle of surface CO2 and O2 in the Ross Sea: A model for gas exchange on the continental shelves of Antarctica, In: Biogeochemistry of the Ross Sea, edited by G. R. D. a. R. B. Dunbar, AGU, Washington DC.  Taki,K.,Yabuki,T.,Noiri,Y.,Hayashi,T.,Naganobu,M. (2008). Horizontal and vertical distribution and demography of euphausiids in the Ross Sea and its adjacent waters in 2004/05. Polar Biology 31, 1343–1356.  Timonin, V.P. 1987. Distribution pattern and age composition of larval Euphausia superba Dana in the Pacific and Indian Ocean sectors of the Antarctic Ocean. Biologo-Okeanografisheskie Issledovaniya Tikhookeanskogo Sektora Antarktiki 119-135.  Vacchi, M. La Mesa, M. Dalù, J. MacDonald, 2004. Early life stages of the Antarctic silverfish, Pleuragramma antarcticum Boulenger, 1902 in Terra Nova Bay (Ross Sea, Antarctica). Antarctic Science, 16 (3): 299-305  Voronina, N.M. 1995. Euphausiid larvae in the southern part of the Pacific sector of Antarctic in February to March, 1992. Oceanology 35 (5): 725-732. [English language edition 1996.]  Voronina, N.M.; Maslennikov, V.V. 1993. Plankton as an indicator of water transport in the Antarctic. Okeanologiya 33(5): 717-720.    


