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SOME PRELIMINARY RESULTS FROM RESEARCH CONDUCTED 
IN THE ROSS SEA REGION 

 
Delegation of the USA 

 
 
INTRODUCTION 
 

The Ross Sea is among the most intensively investigated stretches of the Southern Ocean, 
including of biota in both the benthos and the water column, with results available from an 
extensive collection of peer-reviewed literature (summaries in Ainley et al. 2010, Smith et al. 
2006, 2014, 2016). This Ross Sea research continues today largely due to the Antarctic programs 
of CCAMLR Member States, including China, Italy, New Zealand, the Republic of Korea, and 
the United States. Because of the scientific and conservation values of the Ross Sea region 
(RSR), the Ross Sea region Marine Protected Area (RSRMPA) was established in 2016.  

 
We reviewed over 150 papers published since the establishment of the MPA. These papers, 

each of which include at least one U.S. author and incorporate data collected in the RSR by U.S. 
government-funded research, demonstrate a high level of international scientific collaboration in 
the RSR with participation of scientists from at least 20 Members of CCAMLR and at least 8 
additional non-Member nations. Although most papers do not specifically mention the 
RSRMPA, many present results that are relevant to the protected area and improve our 
understanding of climate and ecosystem processes therein, namely the “structure and function” 
that the RSRMPA was designed to protect. In short, the literature we reviewed characterizes how 
the ecosystem in the RSR, both its benthic and water-column aspects, has changed and 
establishes expectations about future change that might continue as a function of climate forcing 
and human activity, independent of the protections provided by the RSRMPA or the several 
Antarctic Specially Protected Areas that line its shores. We reviewed literature that characterizes 
“baselines” that began before establishment of the protected area, identifies habitats that are 
contained within the various zones and geographical areas of the RSRMPA, and indicates 
analytical issues that may need to be considered when evaluating whether the specific objectives 
of the MPA are being achieved. 

 
Our literature review was composed of several steps. First we cataloged all papers published 

in peer-reviewed journals since 2016 that have at least one U.S. author (note: this catalog has 
been submitted to the CCAMLR MPA Information Repository, CMIR, and represents the bulk 
of U.S. projects listed therein). These papers span a range of disciplines, including cryospheric 
science and physical oceanography, studies of the benthic communities, plankton and predator 
ecology, and research on indicator species, i.e., emperor and Adélie penguins, Weddell seals, 
killer whales, and toothfish. We then reviewed the contents of these papers to assess the status of 
ongoing research within the RSR and RSRMPA. While most of the papers did not specifically 
mention the RSRMPA and were not presenting results from studies specifically designed to 
evaluate the protected area, we determined that the research presented in the papers do contain 
results of relevance to the RSRMPA. We categorized the results of these papers as, for example, 
“results that characterize baseline conditions,” “results that are particularly relevant to the 
boundaries of the RSRMPA, its zones, and habitat or geographical areas in the RSR,” and 
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“results that indicate technical issues to take into consideration during future analyses” and also 
identified some possible predictions of how the RSR ecosystem might change, consistent with 
current patterns underway and projections of change. 

 
This review is not exhaustive; for example, we did not include papers that were not authored 

by at least one U.S. scientist. Colleagues might also have different expectations about how the 
marine ecosystem in the RSR may change in the future and reach different conclusions regarding 
how to categorize results from the large volume of literature relevant to the RSRMPA. We do 
not cite every paper, but a complete bibliography of the papers considered is included in this 
summary (and has been submitted to the CMIR). We encourage colleagues to use our summary 
as a springboard for their own reading, careful thought, and, if desired, re-analysis. Where 
applicable, our entries in the CMIR indicate the location of publicly available data. We believe 
that extensive work will be needed to review the RSRMPA in 2027, as required by CM 91-05, 
expect the relevant literature to be even more complex and voluminous by that time, and hope 
this summary will be useful in the future. 

 
 

EXPECTATIONS ABOUT FUTURE CHANGE 
 
Evaluating the efficacy of the RSRMPA requires an assessment of the degree to which the 

RSR ecosystem has changed and is changing, and whether such changes are consistent with our 
expectations in regard to the relative roles of climate versus fishing. Thus, based on the results of 
research relevant to the RSRMPA, we attempted to outline changes that may occur. We 
acknowledge that the cumulative effects of interannual variability among various factors will 
contribute to long-term change in the biota, with our expectations related to the latter. 

 
We expect several trends in physical conditions driven by mid-latitude ocean warming and 

the Antarctic ozone hole to continue, though possibly more slowly than in the 1980s-90s. 
Physical changes should affect biota to varying degrees. These expectations are founded on 
improved understanding provided by the integration of in situ oceanographic and remotely 
sensed observations (e.g., Bronselear et al. 2018). Warming at mid latitudes, along with 
atmospheric energetics attributed to the ozone hole, have caused circumpolar winds to intensify 
over the past few decades (Thompson and Solomon 2002, Turner et al. 2009), and this trend is 
unlikely to reverse, though it has stabilized. We expect that strong, intensifying winds will have 
the following effects: 

 
1. maintenance of more expansive sea ice in the RSR than elsewhere in the Southern Ocean 

(see Stammerjohn et al. 2012, Parkinson 2019). At its maximum, sea ice in the RSR 
already extends to the Southern Boundary of the Antarctic Circumpolar Current and is 
unlikely to extend further; thus any interannual variation should be in the negative 
direction from the maximum (Parkinson 2019); 

2. continual increasing or at least high velocity of the Ross Sea Gyre (see Kwok et al. 2017), 
which contributes to the expanding sea ice;  

3. continual increasing of the length of the sea-ice season at a regional scale while 
decreasing the sea-ice season in coastal, latent heat polynyas (Stammerjohn et al. 2012); 



3 
 

4. latent-heat polynyas opening earlier and developing faster (Ross Sea, McMurdo Sound, 
Terra Nova Bay) during the transition from winter to spring while also increasing their 
areal extent (Arrigo et al. 2015); 

5. increase in the intrusion of Circumpolar Deep Water (CDW) into outer portions of cross-
shelf canyons (Dinniman et al. 2015), in part affecting the development of sensible heat 
polynyas along the shelf break (Ross Passage, Pennell Bank; Jacobs and Comiso 1989); 

6. continual decreasing of the surface salinity in the RSR owing to upstream ice shelf melt, 
though most recently it has returned to previous levels (Jacobs 2006; Castagno et al. 
2019); and 

7. increased input of iron into the marine environment, from wind-driven terrigenous input 
and upstream ice shelf melt, which would stimulate primary production (Arrigo et al. 
2015). 
 

Cumulatively, we expect the physical changes noted above will have effects on the overall 
ecology of the RSR, but the degree to which these changes are having or will have net effects on 
biota requires continued research. Broadly, we would expect large polynyas that open earlier and 
have increased iron input to increase primary production in the RSR (Arrigo et al. 2015). Though 
to-date increased production has had no effect on Adélie penguins (Dugger et al. 2014) and 
inconclusive effects on Weddell seals (Paterson et al. 2015), such production may most readily 
affect the filter-feeding benthic communities (Barry et al. 2003; Dayton et al. 2016). Open water 
in proximity to colonies has been important to these penguins and seals (Ainley et al. 2005; 
Dugger et al. 2014; LaRue et al. 2019) as their colonies are associated with polynyas (Santora et 
al. 2020; LaRue et al. 2021). Whether or not Adélie penguin and Weddell seal populations will 
continue to grow as they have been since around the year 2000 is unknown. 

 
We also expect the toothfish fishery to continue operating in the RSR, and, independent of 

the RSRMPA, the fishery’s access to fish will be determined by CCAMLR conservation 
measures and trends in sea-ice extent, duration, and thickness. The fishery has been changing the 
size and/or age structure of the population, and these changes may even be reflected within the 
General Protection Zone (GPZ), where commercial fishing has been prohibited since 2009 
(although toothfish surveys do continue in the GPZ). For example, large fish have decreased in 
scientific catches taken from McMurdo Sound (Ainley et al. 2013, 2017), and those fish still 
present in the Sound have retreated from shallow depths (Parker et al. 2016). This spatial  shift 
could also be the result of predation pressure from increasing numbers of Weddell seals in 
McMurdo Sound, beginning in the early 2000s (Ainley et al. 2015, 2020) and concomitant with 
increases in the abundance of emperor and Adélie penguins in the southern Ross Sea (Lyver et 
al. 2014; Kooyman and Ponganis, 2016; Schmidt and Ballard, 2019). One hypothesis is that a 
reduction in the abundance of large toothfish, which being neutrally buoyant can occur high in 
the water column, has significantly increased availability of energy-dense silverfish to these 
other predators (Lyver et al. 2014; Ainley et al. 2017, 2020). Having more silverfish in the diet 
leads to enhanced breeding success and post-fledging survival of indicator species like Adélie 
penguins (Ainley et al. 2018). 

 
Expectations regarding the middle of the food web, particularly about Antarctic krill, crystal 

krill, and silverfish, are not well developed. Although the habitat characteristics of these species 
have been quantified (Davis et al. 2017), monitoring of these species is inadequate. What has 
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been done suggests minimal change at the regional scale, at least in regard to Antarctic krill and 
climate during recent decades along the Ross Sea margin (Yang et al. 2021). While it is 
recognized that penguins and seals can be proxies for prey availability, it is challenging to 
deduce the direct links between indicator species trends and food web changes without additional 
experiments or krill and silverfish monitoring. 

 
 

PRELIMINARY RESULTS 
 
Since the RSRMPA’s adoption in 2016, an extensive scientific literature associated with the 

RSR has been published in peer-reviewed journals. This literature include studies on the physical 
oceanography and climatology of the Ross Sea, ecological papers on penguins, whales, seals and 
fishes, and research on Antarctic benthos and pelagic fauna. These papers and their extensive 
array of results and discoveries across the RSR extend the bountiful, existing RSR literature and 
provide a scientific baseline for all future studies relevant to how and why the RSR ecosystem is 
changing. Not only do these studies shape our understanding of “baseline conditions'' in the 
RSR, but they will facilitate future evaluations of the effectiveness of the RSRMPA. As climate 
change and other anthropogenic effects continue to affect Southern Ocean ecosystems, these 
papers along with continuing research and monitoring across the RSR will allow for a 
comprehensive assessment of the MPA over time. Our literature review presents a condensed 
version of preliminary results relevant to the protected area, and identifies several baselines 
present in the Ross Sea since 2016. 

 
Physical Papers 
 
Multiple studies on the oceanography and climatology of the Ross Sea contribute to our 

understanding of its physical characteristics. Many of these studies include time series that began 
decades ago (ex: Castagno et al. 2019), beginning with observations made from the USNS 
Eltanin in the 1960s. With the addition of satellites and various sensors, studies on water, air, ice 
and ocean-current dynamics have improved our understanding of how oceanography influences 
the biota (initially summarized by Jacobs 2006). Recent research has reported on the effects of 
local climatology and katabatic winds, enhanced knowledge of sea-ice dynamics, and 
investigated the physical properties of coastal polynyas and their impact on global ocean currents 
due to their production of dense, bottom water. Collectively, this research also improves 
understanding of controls on ecosystem-wide productivity, such as from the input of iron and 
dissolved trace metals and how these seawater constituents affect phytoplankton and algal 
blooms (Arrigo et al. 2015). Changing environmental conditions and sea-ice trends impact 
phytoplankton at the base of the food web, triggering bottom-up trophic responses affecting 
higher trophic levels (e.g., Li et al. 2016; Kaufman et al. 2017). 

 
One area of particular importance for continued research and monitoring is the Ross Sea 

Polynya, which has the highest primary production across all Antarctic waters (Gerringa et al. 
2019, 2020). The RSR, especially waters overlying the Ross Sea continental shelf, experiences 
elevated spring and summer phytoplankton blooms as sea ice decreases and availability of light 
increases. These blooms play an important role in the marine carbon cycle. The seasonal 
phytoplankton bloom and the phytoplankton species assemblages in the RSR are dependent on 
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nutrient availability. Dissolved nutrients, changes in temperature, and ice coverage could affect 
these assemblages (Smith et al. 2017; Ryan-Keogh et al. 2017; Smith and Kaufman, 2018; Smith 
et al. 2021). A better understanding about nutrient availability is required to accurately determine 
which nutrients limit sea-ice primary productivity and, therefore, affect the structure of the 
sympagic microbial community (Fripiat et al. 2017). Across the Southern Ocean, primary 
production is predominantly limited by iron and other dissolved metal availabilities (Alderkamp 
et al. 2019; Chen et al. 2021; Dinniman et al. 2020; Kaufman et al. 2018; Ryan-Keogh & Smith, 
2021; Salomon et al. 2020; Schine et al. 2021; Smith, 2021; Tison et al. 2020). While the Ross 
Sea is a high productivity region compared to other Antarctic coastal regions, phytoplankton 
assemblages in the Ross Sea exhibit considerable spatiotemporal variability (Kaufman et al. 
2018). The Ross Sea is projected to have reduced sea ice, a main source of dissolved iron, and 
longer periods of open water by 2100 (Salomon et al. 2020). Primary productivity in the 
Southern Ocean and the Ross Sea play a vital role in regulating global uptake of atmospheric 
carbon dioxide, and research on iron availability in the Ross Sea shows iron to be a limiting 
factor for  primary productivity in this region (Arrigo et al. 2015; Tagliabue and Arrigo 2016; 
Oldham et al. 2021). Availability of dissolved iron therefore influences the impact of this carbon 
sink. Continued monitoring and research of iron uptake and availability in the Ross Sea is vital 
for our understanding of the Earth’s changing climate and the impacts on the RSR ecosystem. 

 
While extensive research on physical properties across the Ross Sea has been conducted for 

decades, continued monitoring of physical properties under the effects of climate change will be 
crucial for evaluating the efficacy of the RSRMPA. Moving forward, the use of climate models 
that incorporate the relationship between seasonal winds, sea-ice cover and sea-ice extent will 
improve predictions of sea-ice cover and extent across the Ross Sea region (Holland et al. 2017; 
Bronselear et al. 2018). Continued studies on sea-ice thickness and extent are recommended 
(Schlosser et al. 2018). As climate change and anthropogenic activities continue to affect 
Southern Ocean ecosystems, increased monitoring and scientific research on the physical 
properties of the RSR are warranted, some of which will continue to be greatly aided by 
deployed sensors and imagery from satellites. Our literature review on physical studies 
conducted in the RSR indicates that documenting the physical properties and continuing detailed 
characterization of baselines is necessary for the successful long-term monitoring of the 
ecosystem and the RSRMPA. 

 
Ecological Papers 
 
Relatively new research, built on decades-long foundation of older research, has provided 

insight into both Antarctic marine ecosystems in general and the RSR ecosystem specifically, 
and have also improved our understanding of the population dynamics, physiologies, and life 
histories of many Antarctic species. For example, researchers successfully deployed long-term, 
continuously recording passive-acoustic sensors near the Balleny Islands and in the Terra Nova 
Bay polynya to assess physical and biological trends in the region (Sukyoung et al. 2021). These 
sensors successfully detected physical dynamics such as changes in sea ice and katabatic winds, 
and coupled this information with spatial and temporal trends in the presence and abundance of a 
variety of marine mammals, confirming a relationship between these trends and sea-ice 
dynamics. Other studies have relied on innovations in tools and methodologies to test the 
efficacy of the RSRMPA in respect to fishing and toothfish populations. For example, Ashford et 
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al. (2021) suggested a potential spillover of toothfish from the RSRMPA into areas outside of the 
MPA. However this effect could be compromised if some of the hypothesized dispersal 
pathways and areas key to toothfish life cycle remain vulnerable to fishing (e.g., Iselin Bank, as 
well as the Pacific-Antarctic Ridge and Amundsen Sea, respectively) (Ashford et al. 2021). 
Remote sensing technology, simultaneous with on-the-ground research, has also played a large 
role in improving our understanding of population dynamics for Antarctic seal and penguin 
species. For example, Very High Resolution (VHR) satellites, coupled with crowdsourcing and 
citizen science, have been used successfully to analyze Weddell seal populations in the RSR. 
(LaRue et al. 2019a; LaRue et al. 2019b; LaRue et al. 2021). The application of new tools to 
study species within the boundaries of the RSRMPA facilitates management that may be 
adaptive and responsive to the combined effects of climate change and fisheries operating within 
and along the boundary of the RSRMPA. 

 
Fish and Krill 
 
There continues to be debate over the potential ecological and population level effects of the 

Antarctic toothfish fishery in the Ross Sea, including debate about the presence of large toothfish 
in McMurdo Sound. Ainley et al. (2013, 2016) detected a decrease in the abundance of large 
Antarctic toothfish in McMurdo Sound, with the remnant standing stock occupying deeper 
waters than in previous decades, as a result of both the fishery and recovering populations of 
Weddell Seals (Ainley et al. 2020). Ainley et al. (2017, also Lyver et al. 2014) further proposed 
that the dramatic growth in penguin populations in the southern Ross Sea since about the year 
2000 could be the result of an increase in Antarctic silverfish and decreased competition among 
mesopredators, owing fewer competing toothfish in the water column. Indeed, Parker et al. 
(2016) show that large, old toothfish can now only be reliably caught in McMurdo Sound at 
depths greater than 500 m, whereas in the 1970-1990s large toothfish could be caught with high 
catch per unit effort (CPUE) at depths of 300 m or less (Ainley et al. 2020). Parker et al. (2019) 
contend that large toothfish from McMurdo Sound may mix with the wider Ross Sea toothfish 
population to only a limited extent. Ashford et al. (2017) built on these arguments, noting that 
transport pathways may also contribute to the variation observed in toothfish presence; Ainley et 
al. (2020) point out the depression in toothfish prevalence where predatory seals congregate. All 
authors agree on the need for continued monitoring using a spatially stratified, standardized 
approach (Ainley et al. 2016, Parker et al. 2016, Ashford et al. 2017). This is in agreement with 
others (e.g., Abrams et al. 2016) who also emphasized the need for a comprehensive ecosystem 
monitoring program to ensure precautionary management for toothfish, including using Weddell 
seals as an indicator species for ecosystem management (Ainley et al. 2020) and testing the 
efficacy of the RSRMPA (Parker et al. 2019). Further, while fisheries may drive changes in Ross 
Sea fish productivity, climate change presents an immense challenge in assessing future changes 
and compounds risks to Antarctic toothfish (Caccavo et al. 2021). 

 
Several species at middle trophic levels are important to Southern Ocean food webs, with 

research in the Antarctic Peninsula region showing, at least in some respects, how sea-ice cover 
and persistence in response to climate change might affect one of these species, Antarctic krill. 
In the Ross Sea (which is considered to be one of the few sea-ice refugia should climate change 
continue its current trajectory), Antarctic krill, crystal krill, and Antarctic silverfish are the three 
key mid-trophic level species connecting primary production to the upper trophic levels. Davis et 
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al. (2017) suggest that these species occupy different habitats determined by environmental 
conditions, with the habitat of Antarctic krill being distinct from that of crystal krill and 
silverfish. Antarctic krill concentrate along the shelf break, in a habitat characterized by 
relatively great bottom depth (>1000 m) and warm temperature (1-1.25°C), owing to upwelling 
of circumpolar deep water (CDW). The portion of this habitat along the western shelf break was 
also determined to be particularly important in the results of a particle tracking study (Pinones et 
al. 2016); the boundary of the RSRMPA’s General Protection Zone (GPZ) bisects this important 
habitat. Crystal krill and Antarctic silverfish occur over the shelf, and are associated with sea ice, 
with specific spawning areas identified at least in Terra Nova Bay and the Bay of Whales, where 
efforts were made in search of eggs and larvae, and common characteristics of the habitat are 
coastal proximity and relatively cold temperature (-1.75 to -2°C). Those are temperatures, along 
with frazil ice, that emerge from beneath ice shelves. Predicted further warming (post-2050 in 
the Ross Sea) and other climate change related effects could affect these key species significantly 
(Davis et al. 2017). Additionally, the contribution of Antarctic krill to Southern Ocean carbon 
cycling should be considered in future studies and monitoring due to their extraordinarily high 
biomass in the Southern Ocean (D’Sa et al. 2021). Larval silverfish, which hatched much later in 
the season, were also found in the eastern Ross Sea (Bay of Whales), with Brooks et al. (2018) 
suggesting the presence of a geographically separate population or westward connectivity from 
the Amundsen Sea. Larval silverfish have also been detected in McMurdo Sound. 

 
Recent studies in the Ross Sea provide new insights into Southern Ocean fishes. For 

example, Eastman et al. (2020) emphasized that the pelagic biotope of Notothenioid fishes is 
habitat for just a few species, including the Antarctic toothfish and Antarctic silverfish due to 
their capacity for neutral buoyancy. Their high lipid content and occupation of the water-column 
biotope make these two fishes disproportionately important to upper trophic level predators. 
Further, Antarctic toothfish occupation of the water-column biotope may not be constant, but 
perhaps dependent on the availability of lipid-rich Antarctic silverfish as prey (Eastman et al. 
2020). Comprehensive studies on global drivers for change in the Southern Ocean (e.g., Morley 
et al. 2020) also indicate that changes in temperature, sea ice, and salinity will have direct effects 
on fish species across the Ross Sea region. 

 
Penguins and Petrels 
 
The RSR is a crucial breeding and foraging habitat for Antarctic seabirds. Known prior to 

establishment of the RSRMPA, about 30% of the world population of Antarctic petrels foraged 
along the eastern Ross Sea slope (van Franeker et al. 1999; Ballard et al. 2012). Recent research 
suggests that there may be a significant number of breeding colonies in Victoria Land, on the 
western side of the Ross Sea, as well as Marie Byrd Land on the eastern side (Schwaller et al. 
2018). Their current population status is unknown. On the other hand, around the year 2000, 
several penguin populations began to increase, including Adélie penguins breeding at Cape 
Crozier, Cape Bird, and Beaufort Island (Ainley et al. 2018), and emperor penguins breeding at 
Cape Crozier and Beaufort Island (Kooyman & Ponganis, 2017; Schmidt & Ballard 2020).  

 
A recent study indicates that emperor penguin colonies exhibit large annual variations in 

breeding population size, with chick abundance and survivorship being linked to fast ice 
persistence and local weather conditions (Kooyman and Ponganis, 2017; Schmidt and Ballard, 
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2019). The GPZ fully contains important foraging habitats for emperor penguins during the 
chick-rearing season (Kooyman et al. 2018, 2020), including multiple marginal ice zones and 
polynyas that support thriving biological hotspots and primary production (Saenz et al. 2020) 
plus two complete and part of a third “Areas of Ecological Significance” (AESs) for air-
breathing predators (Hindell et al. 2020). Data indicate that non-breeding (post-moult) emperor 
penguins forage widely throughout the eastern RSR, with some foraging occurring within the 
GPZ and Special Research Zone (SRZ) and some foraging occurring outside the RSRMPA, with 
possible differences in diet among these areas (Goetz et al. 2018). 

 
Results from research published since 2016 indicate that evaluating the efficacy of the 

RSRMPA will require careful thought. Adélie and emperor penguin abundances should continue 
to be monitored regularly and throughout the RSR to adequately characterize the frequent and 
variable colony-specific responses to change (Kooyman and Ponganis, 2017; Santora et al. 
2020). Additionally, due to individual- and colony-specific variations in foraging ranges, the 
tracks from a few individual penguins may not be representative of habitat use by individuals 
from understudied colonies (Santora et al. 2020), and foraging range continues to be investigated 
at a number of RSR colonies. 

 
Seals 
 
Although one of many pinniped species in the region, Weddell seals are the most studied seal 

species of the RSR as they are year-long residents of the Ross Sea. Similar to the previously 
mentioned penguins that breed on Ross Island, the abundance of Weddell seals in Erebus Bay, 
McMurdo Sound, began to increase in about the year 2000 (Ainley et al. 2020), prior to the 
establishment of the RSRMPA, and continues increasing to this day. Long-term data on Weddell 
seals in Erebus Bay continue to inform our understanding of this population (Patterson et al. 
2018; Macdonald et al. 2020), while new discoveries are still being made. For example, Cziko et 
al. (2020) reported the first recording of ultrasonic vocalizations in this species. Much of the 
focus on the Weddell seal is due to the fact that it is an excellent model organism for studying 
the food web in the RSR ecosystem. Weddell seals have been used to investigate the physiology 
of large mammals (Kooyman et al. 2020), and to collect oceanographic and atmospheric data that 
relate to RSR ecology by using satellite tags (Piñones et al. 2019). Weddell seals seem to be 
noticeably affected by climate change, as environmental changes can affect seal reproductive 
success (Beltran et al. 2020) and pup survival (Rotella et al. 2016). The potential climate-related 
effects on seal populations may be compounded by the effects of fisheries if toothfish removals 
reduce prey availability for seals (Salas et al. 2017) and subsequently reduce seal body mass 
(Beltran et al. 2017). The seals’ diet includes a significant proportion of both Antarctic toothfish 
and silverfish, the interaction being a prime example of “intraguild predation” (Ainley et al. 
2020). 

 
Whales 
 
Antarctic minke and type-C killer whales (also known as Ross Sea killer whales) occur 

within the RSR, and are most commonly observed in the southwestern Ross Sea (Ainley et al. 
2017; Ainley et al. 2020; Lauriano et al. 2020). There are a few population clusters of type-C 
killer whales in the southwestern Ross Sea (Pitman et al. 2018; Lauriano et al. 2020), and, 
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although their prevalence (apparent abundance) was decreasing along the outer Ross Island 
coast, it seems unlikely that their population size had been changing prior to establishment of the 
RSRMPA (Ainley et al. 2017, Pitman et al. 2018). The RSRMPA GPZ fully encompasses 
several regionally known coastal feeding areas of type-C killer whales (e.g., Lauriano et al. 
2020). 

 
The movements of Antarctic minke whale and type-C killer whale populations are linked to 

sea-ice cover (Ainley et al. 2017), with coastal observations of whales generally increasing as sea 
ice retreats in the southern Ross Sea. Minke whales, feeding on krill and to a lesser extent 
silverfish, move between dense prey patches to forage, remaining in a patch to feed for several 
days at a time (Ainley et al. 2020), while type-C killer whales feed on various fish species 
including toothfish and silverfish (Lauriano et al. 2020). Even in small numbers, Antarctic minke 
whales measurably affect penguin foraging due to competition for prey (Ainley et al. 2017; 
Ainley et al. 2020), which should be considered when evaluating future population trends.  

 
Antarctic Benthos and Undersea Fauna 
 
With increased research, and aid from technological advancements, Ross Sea scientists have 

continued to document the population dynamics of benthic fauna (Bowser et al. 2019; 
Chakrabarty et al. 2021; Dayton et al. 2019; Kim et al. 2021; Lenihan et al. 2018; Palmer et al. 
2021; Wing et al. 2018), an avenue of research that began decades ago. This has revealed 
decadal patterns of community change, led to continued discovery of new species, and resulted 
in better understanding of the relationship between physical aspects of habitat and benthic 
communities on the Ross Sea shelf. New population surveys on undersea fauna in the Ross Sea 
have led to the identification of over 1,000 organisms (Chakrabarty et al. 2021), including corals, 
fishes, sea stars, spiders, and sponges (Kim et al. 2019; Moran et al. 2018; Szuta et al. 2018). 
High resolution undersea images from the Ross Ice Shelf show a diverse community of life that 
was largely unknown and may reveal new ecological insight (Chakrabarty et al. 2021). 

 
Understanding how benthic communities will respond to changes in their physical habitats, 

i.e. sea ice cover, intrusion of water masses with different temperature signatures, linked with 
climate change will be useful to inform management decisions relating to the RSRMPA. Indeed, 
CCAMLR designates some benthic communities, as indicated by the presence of specific 
species, as vulnerable marine ecosystems (VMEs) and generally prohibits longline fishing at 
depths shallower than 550 m. Warming temperatures can have lethal effects on benthic species 
that have low thermal tolerances, and can also increase competition from non-native species 
(Brasier et al. 2021). Long-term monitoring should continue, as it will be necessary to detect and 
prepare for changes in benthic populations that are attributed to climate change and yet to be 
identified (Bowser et al. 2019; Brasier et al. 2021; Dayton et al. 2019; Palmer et al. 2021). The 
diverse set of studies included in this literature review can provide a useful inventory of benthic 
fauna that can be monitored to examine any potential changes through the years. 

 
 

ONGOING RESEARCH 
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There are currently 18 active, U.S.-funded grants supporting research taking place partially 
or fully in the RSR: 16 funded by the U.S. National Science Foundation (NSF) and two funded 
by the U.S. National Aeronautics and Space Administration (NASA). All of these directly or 
indirectly relate to the RSRMPA. Additionally, there are six recently expired NSF grants that, as 
of yet, may not have reported or published outcomes. The active grants span three general 
disciplines: physical science, primary productivity, and animal ecology or biology. The physical 
science research mainly focuses on changing physical conditions in response to a variable 
climate. Specifically, the research includes meteorology and atmosphere-ocean general 
circulation models, variability in sea ice and ice sheets, the Ross Gyre’s exchange with the 
Antarctic Circumpolar Current (ACC), and processes controlling dissolved iron and carbon 
sequestration in the Ross Sea. Two active grants are being used to investigate the highly 
biologically productive Ross Sea polynyas and model the impacts of climate change. The animal 
ecology and biology studies constitute the majority of active grants. These grants are being used 
to investigate the following: Adélie and emperor penguin ecology, especially as it relates to 
changing sea ice and environmental conditions, Adélie and emperor penguin foraging relative to 
spatial variation in the preyscape, environmental and social factors affecting pup survivorship of 
Weddell seals, the microbial community in parts of the Ross Sea, and changes in benthic marine 
invertebrates related to past and present environmental variability. One NASA grant in particular 
is specifically related to the RSRMPA. This grant, to Principal Investigator Dr. Grant Ballard, is 
entitled “Opening the Black Box - Integrating Winter Ecology into the Management of the RSR 
Marine Protected Area”, and the funded research aims to fill in considerable knowledge gaps 
related to the foraging patterns of RSR Adélie penguins over the winter months. 
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