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Abstract 
 
Connectivity, which refers to the movement of species across space and time, of Antarctic krill and 
Antarctic toothfish remains largely unknown and yet is critically important to ensure precautionary spatial 
management, including the design of potential marine protected areas (MPAs). Currently we are 
performing a series of Lagrangian particle modeling experiments towards answering research questions 
related to where toothfish and krill live during different life history stages, migration pathways used 
during spawning, and connectivity of populations across the Southern Ocean. Here we share preliminary 
results from our first set of krill experiments and next steps for this research project. We welcome 
feedback and collaboration on this ongoing work.  
 
Introduction 
 
Many data gaps remain in our understanding of the life history of Antarctic toothfish (Dissostichus 
mawsoni) and Antarctic krill (Euphausia superba), including around life history connectivity (Hanchet, 
Rickard et al. 2008, Hanchet, Dunn et al. 2015, Conroy, Reiss et al. 2020). Connectivity refers to the 
movement of species across space and time, including migration pathways, foraging regions, and 
dispersal corridors. In the context of marine protected areas (MPAs), understanding how a species moves 
through its life history can inform designing that ensures protection of the species (Balbar and Metaxas 
2019) and can also reveal spillover effects, e.g., if fish protected in the boundaries of the MPA are the 
source for outside areas open to fishing (Roberts, Bohnsack et al. 2001). Understanding connectivity can 
also help inform fisheries management, including more spatially explicit management.   
 
Currently we are investigating the following research questions: What parts of the Southern Ocean do 
toothfish and krill occupy during different life history stages? What migration pathways do toothfish use 
in their spawning migration? Are Ross Sea toothfish populations connected to toothfish populations in the 
East Antarctic, Weddell Sea and Amundsen Sea? Are krill populations in the western Antarctic Peninsula 
connected to krill populations in other regions of the Southern Ocean? Is the Ross Sea region MPA 
meeting its conservation goals towards conserving toothfish? Based on toothfish and krill life history 
connections, what additional regions might be included in a network of Southern Ocean MPAs?  
 
This work builds on previous Lagrangian modeling completed in the Ross Sea, which revealed toothfish 
connectivity (Ashford, Dinniman et al. 2012) and potential spillover effects of the Ross Sea MPA 
(Ashford, Dinniman et al. 2022); and Lagrangian modeling for krill (Piñones, Hofmann et al. 2013, 
Thorpe, Tarling et al. 2019). This work could also inform the design and development of further MPAs. 
An example is the Amundsen Sea, which we predict has connectivity to Ross Sea toothfish. This work 
will also provide a stronger scientific basis for future MPAs (e.g., the Antarctic Peninsula, which we 
hypothesize is an important source population for krill at a circumpolar scale (Thorpe, Murphy et al. 
2007)). It will also contribute to ongoing scientific efforts to inform a representative system of Southern 
Ocean MPAs (Brooks, Chown et al. 2020).  
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ASOC wants to bring this ongoing work to the attention of SC-CAMLR. Here, we introduce the research 
and methods and share preliminary results on Antarctic krill. This work is very much in progress, with 
additional krill modeling ongoing and toothfish modeling soon to commence.  
 
Methods 
 
To complete this work, we are running two sets of Lagrangian particle models using the Southern Ocean 
specific Regional Ocean Modeling System (Shchepetkin and McWilliams 2005, Dinniman, St-Laurent et 
al. 2020).  
 
The first is focused on krill and the second is focused on toothfish. We have begun running the 
Lagrangian model experiment for krill (with toothfish to follow) according to the following parameters: 
we release the krill as eggs in November through March, (with a release every two weeks). Following the 
literature, we code them according to life history. They descend for the first ~5 days. If they hit the 
bottom, they “die” and are removed from the model. The surviving embryos then hatch and ascend 
through the water column advancing through early larval stages from nauplius to metanauplius to 
calyptopus. Once the larvae reach the furcilia stage at ~ 63 days, they begin diel vertical migration (DVM, 
from 150 depth up to the surface) predicated by light.  
 
We have modeled this at the circumpolar scale, with a gridded release over the entire Antarctic 
continental shelf and all areas up to ~100km past the shelf break. The simulation was for four years, and 
we used a repeating cycle of atmospheric re-analysis forcing for the year 2010. We have run this model in 
two experimental forms: one with adding krill behavior in association with sea ice (krill are advected with 
the sea ice velocity instead of ocean velocity at certain stages) and one without. Preliminary results for 
this part of the work are provided below.  
 
Preliminary Results 
 
The figures below show preliminary results from our model. All figures show modeled krill movement 
(from egg release and through larval period) without sea ice advection (left) and with sea ice advection 
(right). With sea ice advection, the krill pathways in some areas (especially the subpolar Ross and 
Weddell gyres) are more spatially variable (Figure 1). Note that in an area where sea ice is created and 
advected off the continental shelf (e.g. the Ross Sea in Figure 3), the krill pathways can be less 
constrained to stay on the continental shelf.  A similar effect was found by Behrens et al. (2021) when 
adding sea ice advection to a regional study of toothfish eggs.  This effect could be very important for 
krill connectivity.  
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Figure 1. Circumpolar scale particle modeling of Antarctic krill modeling behavior without sea ice 
advection (left) and with sea ice advection (right).  
 

 
Figure 2. Particle modeling of Antarctic krill modeling behavior without sea ice advection (left) and with 
sea ice advection (right) regionally focused on the Antarctic Peninsula.  
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Figure 3. Particle modeling of Antarctic krill modeling behavior without sea ice advection (left) and with 
sea ice advection (right) regionally focused on the Ross Sea and Amundsen Sea.  
 
 
Next steps 
 
Next steps of the work will be to test connectivity between spawning grounds and nursery grounds. To do 
this we assess how many particles released from hypothesized spawning grounds (e.g., over deep waters 
along the continental slope) end up in destination boxes of hypothesized nursery grounds in the Gerlache 
Strait, western Antarctic Peninsula shelf, Marguerite Trough, Bellingshausen Sea, Scotia Sea, and 
Weddell Sea. We will run this with atmospheric forcing for 2016-2020. Finally, we intend to run a similar 
model, but with significantly higher spatial resolution, specifically for the Antarctic Peninsula region. Our 
second experiment, to be completed in late 2022, will be focused on Antarctic toothfish to test toothfish 
connectivity at a circumpolar scale. The parameters of these experiments are currently under 
development. We welcome feedback and collaboration on this ongoing work.  
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