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Candidate baseline data for ecosystem indicators in the Ross Sea region 

Part B: Discussion of the data 

Delegation of the USA 

Summary 

A Research and Monitoring Plan for the Ross Sea region MPA (RSRMPA) has been endorsed by 

the Scientific Committee (SC-CAMLR-XXXVI/20). The Plan identifies research questions that aim to 

facilitate assessment of the degree to which the RSRMPA achieves its objectives. The Plan also identifies 

a set of indicators that, when observed or quantified, provide baseline data for key species and 

characterize the status of the marine ecosystem in the Ross Sea region. These baselines provide 

benchmarks from which to assess change and evaluate the performance of the MPA. Here, and in an 

accompanying working paper (SC-CAMLR-XXXVII/11), we suggest candidate baseline data for seven 

indicator species listed in the Research and Monitoring Plan and endorsed by the Scientific Committee. 

These candidates include zone-specific estimates of the mean densities of Antarctic krill (Euphausia 

superba), crystal krill (E. crystallorophias) , and larval and juvenile Antarctic silverfish (Pleuragramma 

antarcticum) in the RSRMPA; zone-specific estimates of the numbers of nesting pairs of Adélie penguins 

(Pygoscelis adeliae) and adult emperor penguins (Aptenodytes forsteri); and region-wide estimates of 

the numbers of Weddell seals (Leptonychotes weddellii) and Type C killer whales (Orcinus orca). We 

invite Members to contribute additional baseline data if they exist. 

Introduction 

The Ross Sea region MPA (RSRMPA) entered into force on 1 December 2017 (CM 91-05, 

CCAMLR 2016). This MPA is the first established by CCAMLR subsequent to its agreement (codified in 

Conservation Measure 91-04, CCAMLR 2011) that, inter alia, a Research and Monitoring Plan (RMP) 

accompany all MPAs. The United States, New Zealand, and Italy, submitted a draft RMP to the Scientific 

Committee and Commission in October 2017 (SC-CAMLR- XXXVI/20). This draft was endorsed by the 

Scientific Committee but remains to be adopted by the Commission (CCAMLR 2017, paras 5.76-5.78 ).  

Conservation Measure 91-05 (CM 91-05) lays out three categories of objectives that should be 
met by the RSRMPA: representativeness, threat mitigation and scientific reference areas. A Research 
and Monitoring Plan for the RSRMPA should seek to encourage research that would address the 
following questions (CM 91-05, Annex C, paragraph 2; SC-CAMLR- XXXVI/20).  
 

(i) Representativeness – research and monitoring to assess whether the RSRMPA is protecting an 
adequate proportion of all benthic and pelagic environments in the Ross Sea region. 

(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 the RSRMPA are being effectively 
avoided or mitigated by the MPA, in locations where the risk of ecosystem impacts from 
harvesting activities may otherwise be high. 

(iii) Scientific reference areas – research and monitoring where the RSRMPA 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. 
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As additionally outlined in CM 91-05 (Annex C, paragraph 3) and noted in SC-CAMLR-XXXVI/20, research 
and monitoring undertaken in accordance with any Research and Monitoring Plan should also seek to 
address at least one of four questions. 

(i) Do the boundaries of the RSRMPA continue to adequately encompass the priority populations, 
features and areas (see the features listed in paragraph 1 of CM91-05/B, and reproduced in 
Appendix 1 SC-CAMLR- XXXVI/20) included pursuant of the MPA specific objectives? 

(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? 

(iv) Does the structure and function of the marine ecosystem differ between areas inside and 
outside the RSRMPA, or do the populations or subpopulations of marine organisms that occur 
or forage inside the RSRMPA differ from those that occur or forage outside this protected area? 

 Key indicators and their baseline data are useful both to evaluate whether the RSRMPA is 

achieving its objectives and to address the four research questions listed above. It may be helpful to 

have an agreed collection of baseline data, which describe the state of marine ecosystems in the Ross 

Sea region at some previous point in time. These baseline data may provide benchmarks to judge future 

changes in the ecosystem and the efficacy of the MPA. An agreed set of baseline data may also inform 

decisions regarding trends that population- and ecosystem-dynamics models should reproduce to be 

useful for management purposes. To assist with further development of the RMP for the RSRMPA, here 

we present a collection of data on key indicator species. We present these data as candidate baselines. 

A previous version of this document was considered at the Workshop on Spatial Management (WS-SM-

18/02); this document is revised based on comments provided by the Workshop. 

 

Candidate Baseline Data 

The RSRMPA lies within CCAMLR MPA Planning Domain 8. The RSRMPA is comprised of three 

zones: the Special Research Zone (SRZ), the Krill Research Zone (KRZ), and the General Protection Zone 

(GPZ). The GPZ is itself comprised of three subzones: GPZi, GPZii, and GPZiii (CM 91-05). 

SC-CAMLR-XXXVI/20 identified key indicators that describe ecosystem outcomes and services which 

could be used to track changes in the Ross Sea region and evaluate the efficacy of the RSRMPA. 

SC-CAMLR--XXXVI/20 further suggested that Members identify baseline data, computed for each zone of 

the RSRMPA and areas outside the MPA boundaries, for those indicators. The key indicators include 

(i) numbers of nesting pairs of Adélie and emperor penguins; 

(ii) numbers of Weddell seals and type C killer whales; 

(iii) biomasses of Antarctic krill, crystal krill, Antarctic silverfish, and Antarctic toothfish; and 

(iv) densities of benthic communities containing taxa that comprise vulnerable mare ecosystems.  

A wide variety of baseline data are available in the literature, and some of these data were used 

to develop the RSRMPA (SC-CAMLR-XXXVI/20). Documents supporting the development of the RSRMPA 

cite and compile much of the relevant existing baseline data (WG-EMM-10/11, WG-EMM-10/30, 

WS-MPA-17/03). The following sections will highlight candidate baseline data that are currently 

available in the literature for species listed in i-iii above, excluding toothfish. A baseline datum for 
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Antarctic toothfish could simply be the estimate of unexploited spawning stock biomass in the Ross Sea 

region taken from the most recent Fishery Report. 

Adélie and Emperor Penguins  

During the development of the RSRMPA, stakeholders and MPA planners collated existing data 

for both Adélie and emperor penguins and presented them to SC-CAMLR in papers such as WG-

EMM-10/11 and WG-EMM-10/30. These two papers relied on the work of Ainley et al. (2010) and 

Woehler (1993) to assess Adélie and emperor penguin colonies in the Ross Sea. Recently, pan-Antarctic 

penguin counts have been updated, collated, and made publicly accessible online. The Mapping 

Application for Penguin Populations and Projected Dynamics (MAPPPD) is an open access decision-

support tool that collates existing penguin count data for the three species of pygoscelids and emperor 

penguins. MAPPPD also provides model outcomes that estimate Adélie penguin counts in locations and 

at times when observations are missing (Humphries et al. 2017; http://www.penguinmap.com/). We 

aggregated counts of nesting pairs by zone within the RSRMPA. Figure 1 below presents the most recent 

Adélie penguin nest counts as recorded in MAPPPD for the Ross Sea region as well as model outcomes 

for the year 2016. Note that the model estimates are roughly twice as large as estimates derived solely 

from summing the most recent counts (all of which were not conducted during the same year). The 

Adélie penguin model underlying MAPPPD has not been thoroughly peer-reviewed, but the 

fundamentals of the population model are available in supplementary materials presented by 

Che-Castaldo et al. (2017). Sources for the most recent Adélie penguin counts are in Table 1. Table 2 

provides the model outcome for each colony in the year 2016. Both the most recent nest counts and the 

model outcomes for the year 2016 may be informative for discussions to determine an appropriate 

baseline for Adélie penguins. 

 

Figure 1. Adélie nest counts using data available in MAPPPD. The entirety of Planning Domain 8 is outlined. All zones are labelled 
as follows GPZ = General Protection Zone; SRZ = Special Research Zone; KRZ = Krill Research Zone; Open = areas outside the 
RSRMPA. Red dots indicate the location of penguin colonies. Numbers indicate sum of nest count per zone. 

  

http://www.penguinmap.com/
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Table 1. Adélie nest counts and data sources as described by MAPPPD (http://www.penguinmap.com) 

SITE NAME YEAR COUNT REFERENCE 

Arthurson Ridge 2012 14461 Lynch and LaRue (2014) 

Beaufort Island 2013 70468 Lyver, P. O., Adélie census data. dataset. 

Beaufort Island North 2013 989 Lyver, P. O., Adélie census data. dataset. 

Buckle Island 2010 277 Lynch and LaRue (2014) 

Cape Adare 2013 428516 Lyver, P. O., Adélie census data. dataset. 

Cape Anne 2013 522 Lyver, P. O., Adélie census data. dataset. 

Cape Barne 2011 0 Lynch and LaRue (2014) 

Cape Bird Middle 2013 4343 Lyver, P. O., Adélie census data. dataset. 

Cape Bird North 2013 45572 Lyver, P. O., Adélie census data. dataset. 

Cape Bird South 2013 16764 Lyver, P. O., Adélie census data. dataset. 

Cape Cornish (NE Buckle) 2005 401 Lyver, P. O., Adélie census data. dataset. 

Cape Cotter 2013 49198 Lyver, P. O., Adélie census data. dataset. 

Cape Crozier 2013 280787 Lyver, P. O., Adélie census data. dataset. 

Cape Davis 2005 559 Lyver, P. O., Adélie census data. dataset. 

Cape Hallett 2013 47169 Lyver, P. O., Adélie census data. dataset. 

Cape Jones 2013 41 Lyver, P. O., Adélie census data. dataset. 

Cape Phillips 2013 11235 Lyver, P. O., Adélie census data. dataset. 

Cape Royds 2013 2944 Lyver, P. O., Adélie census data. dataset. 

Cape Wheatstone 2013 2037 Lyver, P. O., Adélie census data. dataset. 

Chinstrap Islet 2005 3092 Lyver, P. O., Adélie census data. dataset. 

Conical Island (Aviation Islands) 1985 128 Lyver, P. O., Adélie census data. dataset. 

Coulman Middle 2013 9278 Lyver, P. O., Adélie census data. dataset. 

Coulman North 2013 2751 Lyver, P. O., Adélie census data. dataset. 

Coulman South 2013 24947 Lyver, P. O., Adélie census data. dataset. 

Dome Island (Aviation Islands) 1985 161 Lyver, P. O., Adélie census data. dataset. 

Downshire Cliffs 2013 35640 Lyver, P. O., Adélie census data. dataset. 

Duke of York Island 2013 8548 Lyver, P. O., Adélie census data. dataset. 

Edmonson Point 2013 2698 Lyver, P. O., Adélie census data. dataset. 

Fortenberry 2011 342 Lynch and LaRue (2014) 

Franklin Island East 2010 991 Lyver, P. O., Adélie census data. dataset. 

Franklin Island West 2011 41339 Lynch and LaRue (2014) 

Harald Bay 2012 21033 Lynch and LaRue (2014) 

Inexpressible Island 2013 36117 Lyver, P. O., Adélie census data. dataset. 

Mandible Cirque 2013 25122 Lyver, P. O., Adélie census data. dataset. 

Nella/Thalla Islands 2011 477 Lynch and LaRue (2014) 

Northern Foothills (Terra Nova Bay) 2013 13408 Lyver, P. O., Adélie census data. dataset. 

Possession Island 2013 177097 Lyver, P. O., Adélie census data. dataset. 

Sabrina Island 2005 4844 Lyver, P. O., Adélie census data. dataset. 

SE Promontory 2005 890 Lyver, P. O., Adélie census data. dataset. 

Sentry Rocks 2011 344 Lynch and LaRue (2014) 

Southwest Island (Aviation Islands) 1985 804 Lyver, P. O., Adélie census data. dataset. 

Sturge Island 2002 10 Ainley (2002) 

Sven Foyn Island 2013 44571 Lyver, P. O., Adélie census data. dataset. 

Unger Island (Unger Rock) 2011 305 Lynch and LaRue (2014) 

Wood Bay 2011 2292 Lynch and LaRue (2014) 

Young Island 2002 No count  Ainley (2002). 
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Table 2. Model estimated numbers of nests occupied by Adélie penguins during 2016 and made available through MAPPPD. 

SITE NAME LOWER CI MEAN UPPER CI 
Arthurson Ridge 3894 30095.3 59945 

Beaufort Island 33778 93844 153194 

Beaufort Island North 485 1338.5 2194 

Buckle Island 53 520.6 1049 

Cape Adare 205652 566126.2 944310 

Cape Anne 245 696.7 1156 

Cape Barne 0 17.1 40 

Cape Bird Middle 2086 5925.9 9740 

Cape Bird North 21753 61759.1 102246 

Cape Bird South 8532 22808.8 37637 

Cape Cornish (NE Buckle) 60 689.8 1407 

Cape Cotter 22737 65123.7 105832 

Cape Crozier 139244 379530.5 629308 

Cape Davis 71 960.1 2012 

Cape Hallett 23083 63095.3 103361 

Cape Jones 17 55.2 89 

Cape Phillips 5475 15162.7 25013 

Cape Royds 1419 3953.6 6576 

Cape Wheatstone 949 2724.7 4417 

Chinstrap Islet 538 5359.3 11448 

Conical Island (Aviation Islands) 0 520.5 1153 

Coulman Middle 4103 12377.1 20019 

Coulman North 1412 3683.2 6163 

Coulman South 12975 33216.5 55234 

Dome Island (Aviation Islands) 0 700.8 1572 

Downshire Cliffs 18362 46660.8 79192 

Duke of York Island 3956 11259.1 18154 

Edmonson Point 1245 3643.8 6021 

Fortenberry 87 715.5 1412 

Franklin Island East 340 1506.4 2851 

Franklin Island West 12599 97395.1 184971 

Harald Bay 5930 44395.8 87195 

Inexpressible Island 15988 49391.7 80500 

Mandible Cirque 11052 33402.3 53929 

Nella/Thalla Islands 76 711.9 1435 

Northern Foothills (Terra Nova Bay) 6680 18164 29928 

Possession Island 75726 233031 381095 

Sabrina Island 642 8539 18140 

SE Promontory 0 1543.9 3068 

Sentry Rocks 59 517.1 985 

Southwest Island (Aviation Islands) 0 3262.5 7837 

Sturge Island 0 29.5 65 

Sven Foyn Island 22052 58838.1 98827 

Unger Island (Unger Rock) 50 466.9 931 

Wood Bay 596 4246.8 8500 

Young Island missing missing missing 

 

Circumpolar counts of emperor penguins are available through MAPPPD 

(http://www.penguinmap.com/) and the “biology data catalog” of Quantarctica 

(http://quantarctica.npolar.no/data-catalog/). The emperor penguin counts provided through MAPPPD 

reflect updated counts presented in Kooyman and Ponganis (2016), and those in Quantarctica are 

http://www.penguinmap.com/
http://quantarctica.npolar.no/data-catalog/
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documented in Fretwell et al. (2012). Figure 2 below illustrates the emperor penguin counts from both 

data sources. The counts differ in GPZi, where the more recent data provided through MAPPPD indicate 

more emperor penguins. Table 3 lists the known emperor penguin colonies and the counts for each as 

they appear in MAPPPD and Quantarctica. Perhaps the most recent emperor penguin counts presented 

in MAPPPD could be accepted as baseline data. 

 

 

Figure 2. Emperor penguin counts using data available in MAPPPD and Quantarctica. The entirety of Planning Domain 8 is 
outlined. All zones are labelled as follows GPZ = General Protection Zone; SRZ = Special Research Zone; KRZ = Krill Research 
Zone; Open = areas outside the RSRMPA. Red dots indicate the location of penguin colonies. Numbers indicate sum of adult 
penguins per zone. 

 

Table 3. Emperor penguin colony counts. The data presented in MAPPPD are from Kooyman and Ponganis (2016). The data 
presented in Quantarctica are from Fretwell et al. (2012).  

SITE NAME 

COUNT IN 

MAPPPD 

YEAR 

MAPPD  

COUNT IN 

QUANTARCTICA 

YEAR 

QUANTARCTICA 

Beaufort Island 812 2012 1641 2009 

Cape Colbeck, 

Edward VII Peninsula 

21385 2012 11438 2009 

Cape Crozier 1189 2012 303 2009 

Cape Roget 6270 2012 9505 2009 

Cape Washington 17096 2012 11808 2009 

Coulman Island 25428 2012 25298 2009 

Davis Bay 1745 2009 1745 2009 

Franklin Island 7073 2012 7561 2009 

 

Weddell Seals and Type C Killer Whales 

The most current estimates of the abundance of Weddell seals in the Ross Sea region were 

presented by WG-EMM-10/11 and WG-EMM-10/30. Both of these papers cite the work of Stirling (1969) 

and Ainley (1985) to arrive at an estimate of roughly 30,000-50,000 Weddell seals foraging in the shelf 

region of the Ross Sea. WG-EMM-10/11 and Stirling (1969) indicate that more than 10,000 Weddell 
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seals haul out in the Ross Sea region while WG-EMM-10/30 estimates that roughly 20,000-30,000 

Weddell seals haul out in the region. Quantarctica and Marine Mammals Exploring the Oceans Pole to 

Pole (MEOP, http://www.meop.net) now provide easy, public access to tracking data on Weddell seals 

(Roquet et al. 2013, Treasure et al. 2017) that were collected and made freely available by the 

International MEOP Consortium and some national Antarctic programs. The tracking data available from 

Quantarctica and MEOP illustrate that Weddell seals tagged along the Vitoria Land coast and McMurdo 

Sound remained within GPZi (Figure 3). Note that all the tracking data available from MEOP are from 

seals tagged in or near McMurdo Sound. It is possible that Weddell seals living elsewhere in the Ross Sea 

region travel more broadly, and WG-EMM-10/11 showed tracks of Weddell seals foraging over the 

continental slope (see their Figure 36). Weddell seals typically dive to 100-350 m to catch fish (Davis et 

al. 1999, Casaux et al. 2006, Ainley and Siniff 2009) and forage at depths up to 741 m (Testa 1994, 

Casaux et al. 2006). However, as illustrated by the tracks displayed in Figure 3, most study animals 

foraged over the continental shelf. Therefore, it might be reasonable to assign the estimate of 30,000-

50,000 Weddell seals to GPZi. It is unknown how many Weddell seals may forage over the continental 

slope and in the SRZ. 

 

Figure 3. Tracks of Weddell seal from data available through Quantarctica and MEOP. The entirety of Planning Domain 8 is 
outlined. All zones are labelled as follows GPZ = General Protection Zone; SRZ = Special Research Zone; KRZ = Krill Research 
Zone; Open = areas outside the RSRMPA. 

 WG-EMM-10/11 presented a survey of the existing literature on killer whales in the Ross Sea 

region. It noted that Ainley (2010) presented an estimate of “perhaps as many as 3,000 killer whales” 

(attributed to T. Branch) which is about 400 individuals fewer than the population estimate for the Ross 

Sea during the 1970s and 1980s (Ainley 1985). The ratio of Type C killer whales to Type B killer whales is 

estimated to be 50:1 (Ainley et al. 2009, WG-EMM-10/11), thus roughly 98% of killer whales in the Ross 

Sea region are Type C killer whales. Starting with the estimate of 3,000 killer whales in the Ross Sea 

region (WG-EMM- 10/11) translates to approximately 2940 Type C killer whales. WG-EMM-10/11 

http://www.meop.net/
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further states that Type C killer whales are mainly found on the continental shelf and banks. It is likely 

then that the 2940 Type C killer whales are spread between the GPZi and the SRZ. Within McMurdo 

Sound there are approximately 73 resident Type C killer whales and 397 individuals which visit the 

Sound irregularly (Pitman et al. 2018). It may be reasonable to adopt a region-wide estimate of 2940 

Type C killer whales as well as the more localized estimates from McMurdo Sound as baselines for these 

whales. 

Antarctic krill, crystal krill, Antarctic silverfish  

WG-EMM-10/30 and WG-EMM-10/11 collated studies of Antarctic krill (Euphausia superba) and 

noted that in the Ross Sea region krill are concentrated along the continental slope (Sala et al. 2002, 

Azzali et al. 2006, WG-EMM-08/35). Krill are also associated with areas of high productivity north of 74oS 

in the eastern Ross Sea (Ackley et al. 2003). WG-EMM-10/30 and WG-EMM-10/11 used the findings 

from the studies listed in the preceding two sentences plus output from an unpublished model 

(attributed to M. Pinkerton at NIWA) to identify regions of importance to Antarctic krill. Since this work 

was presented to CCAMLR, krill abundance data have become more accessible. KRILLBASE 

(https://www.bas.ac.uk/project/krillbase/)contains relevant data from 12,880 scientific net samples, 

collected between 1926 and 2016 by scientists from ten countries; these data are readily publicly 

available (Atkinson et al. 2017). The data are also included in the biology data catalog of Quantarctica. 

KRILLBASE provides an estimate of the standardized number of individual krill caught per m2 for 189 net 

tows conducted in the Ross Sea region. The net tows were averaged across each zone to provide an 

estimate of krill density in each zone (Figure 4). Additionally, Davis et al. (2017) illustrated the 

distribution of Antarctic krill in the western Ross Sea using data from 1989-2000. Davis et al. (2017) 

digitized maps from existing published papers (Azzali and Kalinowski 2000, Sala et al. 2002, Azzali et al. 

2006) and provided binned estimates of Antarctic krill density at 404 points in the western Ross Sea. 

While Davis et al. (2017) provide more point estimates of krill density in the Ross Sea than are available 

through KRILLBASE, the points cluster in a smaller portion of the Ross Sea region. More than half these 

points fall within the western half of GPZi (Figure 4). It is worth noting that because Davis et al (2017) 

provided binned data, the means presented here may not reflect the full range of the data. It might be 

useful to adopt both the regional baseline suggested from data in KRILLBASE, and the more localized 

baseline in the western Ross Sea. 

 

https://www.bas.ac.uk/project/krillbase/
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Figure 4. Estimates of krill density in each MPA zone as calculated using the data available from KRILLBASE and Davis et al. 
(2017).  

 Spatial data describing the distribution of crystal krill (Euphausia crystallorophias) have not been 

as conveniently collated as those for Antarctic krill. WG-EMM-10/30 and WG-EMM-10/11 synthesized 

the existing data to highlight areas important to crystal krill (see Area 9 in Figure 3a from WG-EMM-

10/30 and Figure 26 from WG-EMM-10/11). Some of the source data for this work was presented by 

Taki et al. (2008) and Murase et al. (2013) in their estimates of crystal krill density across the Ross Sea. 

However, it was not possible to digitize or recreate the crystal krill density data contained in these 

publications. It would be helpful if the spatial files describing crystal krill distribution were made readily 

available. WG-EMM 10/30 and WG-EMM-10/11 also used data presented by Ackley et al. (2003) to 

identify areas important to crystal krill. It was possible to recreate the spatial data describing the density 

of crystal krill shown in Figure 7 of Ackley at al. (2003). However, only 16 of the data points presented 

fell within Planning Domain 8 (Figure 5). Additionally, the data were binned such that the largest bin was 

simply recorded as > 7. We assigned a value of 8 individuals/m2 to these points and averaged them, but 

it is unclear if this average is an over or under estimate. Davis et al. (2017) also analyzed data describing 

crystal krill caught in the Ross Sea region between 1988-2000 (Azzali and Kalinowski 2000, Sala et al. 

2002, Azzali et al. 2006, Guglielmo et al. 2009) and provided density estimates at 331 points in the 

Western Ross Sea (Figure 5). The estimates from Davis et al. seem to provide a useful baseline for crystal 

krill. It is worth noting that because Davis et al (2017) provided binned data, the means presented here 

may not reflect the full range of the data. If spatial files from Taki et al (2008) and/or Murase et al. 

(2013) become available, it may also be appropriate to include those data in the baseline for this 

species. 
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Figure 5. Estimated densities of crystal krill in each MPA zone based on data recreated from Ackley et al. (2003) and from Davis 
et al. (2017) 

Spatial data charaterizing the distribution of Antarctic silverfish (Pleuragramma antarcticum) 

throughout the Ross Sea are challenging to find. Observations by O’Driscoll, which were subsequently 

published (O'Driscoll et al. 2011), were used to inform the location of the polygon covering areas of 

importance to Antarctic silverfish WG-EMM-10/30. We have requested the data from O’Driscoll. Brooks 

et al. (2018) reported estimates of larval and juvenile silverfish density collected at 19 sampling stations 

using two different mesh size nets. In Figure 6 we present the overall mean of larval and juvenile 

silverfish density, calculated from the data reported by Brooks et al. (2018) and averaged across both 

nets. These data augmented the samples provided in La Mesa et al. (2010) and identified an eastern 

concentration of larval and juvenile silverfish near the Bay of Whales. We have also requested data from 

La Mesa. Davis et al. (2017) collated larval and juvenile silverfish densities from the literature (Guglielmo 

et al. 1998, Vacchi et al. 1999, Granata et al. 2000, La Mesa et al. 2010) and presented 396 point 

estimates of larval and juvenile silverfish density in the Ross Sea. Although the work by Davis et al. 

(2017) was restricted to the western Ross Sea, it seems to be the most spatially comprehensive 

description of Antarctic silverfish distribution currently available. It is worth noting that because Davis et 

al. (2017) provided binned data, the means presented here may not reflect the full range of the data. It 

may be appropriate to include the Davis et al. (2017) and the Brooks et al. (2018) estimates of larval and 

juvenile silverfish density as baseline data for this species. If spatial data files from O'Driscoll et al. (2011) 

and La Mesa (2010) become available, it may also be appropriate to include those estimates as part of 

the baseline. 
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Figure 6. Estimates of the density of larval and juvenile Antarctic silverfish in each MPA zone derived from data made available 
by Davis et al. (2017) and Brooks et al 2018. 

The Southern Ocean continuous plankton recorder (CPR) program was established in 1991 and 

records data related to biodiversity and distribution of plankton in the Southern Ocean. Currently only 

two cruises appear to be logged in the Ross Sea region (https://data.aad.gov.au/aadc/cpr/index.cfm), 

and thus few data are available for this region. The whole Southern Ocean dataset includes records for 

Antarctic krill, crystal krill and Antarctic silverfish. However, of these three-indicator species, cruises in 

the Ross Sea provide samples only of Antarctic krill. As more cruises in the Ross Sea region are added to 

the database, CPR data may prove to be a valuable reference for the status of Southern Ocean plankton 

communities. 

Conclusions 

Before or at the time the RSRMPA entered into force, the Ross Sea region was home to millions 
of Adélie penguins; tens of thousands of emperor penguins and Weddell seals; thousands of Type C 
killer whales; and notable concentrations of Antarctic krill, crystal krill, and Antarctic silverfish (Table 4). 
From our review of the literature, the data presented here appear to be the most recent region-wide 
and zone-specific estimates of abundance or biomass for each species. Identifying and adopting baseline 
data for key indicators is an important step in building an effective research and monitoring plan and 
establishing trends that population- and ecosystem-dynamics models should reproduce to be useful for 
providing management advice. We welcome contributions of additional spatial data that characterize 
the abundance or biomass of the indicator species listed here or of other species that Members feel are 
relevant to the Research and Monitoring Plan for the RSRMPA. We encourage Members to discuss and 
adopt baseline data that could be used to asses the efficacy of the MPA in terms of its impact on species 
biomass or abundance. We have entered all the data presented here into a geographic information 
system, and will submit this repository to the Secretariat so that it is available to all Members 
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Table 4. All candidate baseline data presented. * Indicates data solely for McMurdo Sound ** Indicates data solely for the western Ross Sea. Sources for all data were 
described in the main text of the paper 

MPA 

zone or 

other area 

Count of 

nesting 

pairs of 

Adélie 

penguins 

Model 

estimate 

of nesting 

pairs of 

Adélie 

penguins 

Count of 

adult 

emperor 

penguins 

Number 

Weddell 

seals 

Number 

of Type C 

killer 

whales 

Number 

of 

Antarctic 

krill/m2  

Antarctic 

krill** 

g/m2 

Crystal 

krill** 

g/m2 

Number 

of 

Antarctic 

silverfish*

*/1000m3 

Number 

of 

Antarctic 

silverfish/ 

1000m3 

SRZ 0 0 0   0 30.59 0.27 8.62  

KRZ 36,587 78,975 1,745   5.47     

GPZi 1,396,925 1,909,032 79,253 30,000-

50,000 

73 

residents 

and 397 

visitors* 

20.21 25.8 9.79 689.84 43.375 

GPZii 0 0 0   0     

GPZiii 0 0 0   0 2.64    

Outside 

RSRMPA 

0 0 0   0.955 46.78 0.39 0.59  

Region 

wide 

1,433,512 1,988,007 80,998  2,940      

Sources Most 

recent 

counts in 

MAPPPD 

(www.pen

guinmap.c

om); 

Humphries 

et al. 2017 

Model 

estimates 

from 

MAPPPD 

(www.pen

guinmap.c

om); 

Humphries 

et al. 2017 

Kooyman 

and 

Ponganis 

2016 

WG-

EMM-

10/11; 

WG-

EMM-

10/30; 

Ainley 

1985; 

Stirling 

1969 

Pitman et 

al. 2018; 

WG-

EMM-

10/11; 

Ainley et 

al. 2009 

Krillbase 

(www.bas.

ac.uk/proj

ect/krillbas

e/); 

Atkinson 

et al. 2017 

Davis et 

al. 2017 

Davis et 

al. 2017 

Davis et 

al. 2017 

Brooks et 

al. 2018 

 

 

http://www.penguinmap.com/
http://www.penguinmap.com/
http://www.penguinmap.com/
https://www.bas.ac.uk/project/krillbase/
https://www.bas.ac.uk/project/krillbase/
https://www.bas.ac.uk/project/krillbase/
https://www.bas.ac.uk/project/krillbase/
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