
Appendix S1. Supplementary Methods 

Community Social Vulnerability Index (CSVI) 

We calculated the Community Social Vulnerability Index (CSVI) for the seven communities that were 

major sites of sardine landings and correspond to regional sardine fleets in the MICE and Atlantis models. 

We found that all seven ports with substantial sardine landings had relatively high community social 

vulnerability, falling within the top one-third of all 880 coastal communities adjacent to the California 

Current (Fig. 3). This implies that these port communities may be vulnerable to substantial individual and 

community-level social stresses during downturns in sardine fishing. These seven communities had 

substantially higher vulnerability than some ports where other types of fishing are important (El Granada, 

Bodega Bay, Seattle, and Dana Point), but were not as socially vulnerable as others, including 

communities like Neah Bay, Washington. Note that in general smaller communities are often more 

vulnerable, and this effect has not been removed from the analyses (nor should it necessarily be removed). 

Two of the ports with high sardine landings, San Pedro and Terminal Island, are included in the much 

larger area of Los Angeles, and here the results must be understood as reflecting the vulnerability for the 

greater geographical unit of Los Angeles; future work could recalculate vulnerability for particular census 

blocks specific to San Pedro and Terminal Island. Overall the results suggest that sardine ports have 

relatively high social vulnerability, distinct from some larger cities (including Seattle) or the broader set 

of coastal communities (including those communities where commercial fishing is an important part of 

the socioeconomic milieu, as well as those where it is not).   

For the California Current, these characteristics of social vulnerability were developed using a factor 

analysis approach as applied to a broad set of community-level social data from the decadal US Census 

and the American Community Survey (ACS) as well as port-level landings data. The method follows the 

approach of Jacob et al. (2010) as further refined by Jepson and Colburn (2013) where variables are 

substituted or excluded as needed to allow for a single factor solution. The factor analysis included a 



minimum of two variables using the correlation matrix with a varimax rotation and, in the case of missing 

data, we substituted the mean. 

As applied to the California Current, factor scores were predicted using a least squares regression 

approach and represented the standard deviation from the mean, with a mean of zero.  If a factor remained 

a single solution, then it suggested that the factor measured a single latent construct (Jacob et al. 2012), 

which included, in our analysis, the seven aforementioned community characteristics.  Single factor 

solutions additionally had to present eigenvalues greater than or equal to 1, and factor loadings greater 

than 0.45, as well as an Armor’s theta reliability greater than 0.500 (Jepson and Colburn, 2013).    

We developed these metrics and then summed them to generate composite social vulnerability 

measures for 880 coastal communities adjacent to the California Current, but here we focus on seven 

communities that were major sites of sardine landings and correspond to regional sardine fleets in the 

MICE and Atlantis models.  Four of these communities are Westport Washington, Astoria Oregon, Moss 

Landing California, and Port Hueneme California. In addition, for the major sardine port of 

Ilwaco/Chinook (aggregated in PacFIN landings data) we were able to calculate social vulnerability for 

Ilwaco and Chinook separately. In contrast, for southern California, San Pedro and Terminal Island were 

disaggregated in landings records, but at present a social vulnerability metric is only available at the 

broader scale of Los Angeles, incorporating San Pedro, Terminal Island, and the city’s much larger 

metropolitan area.  

 

Network Analyses 

We analyzed the bibliographic network of the Ocean Modeling Forum’s Pacific Herring Working Group 

members before and after they joined the Working Group, to evaluate the impact of the OMF on 

connecting otherwise disparate networks of collaborators. Using citation data from Web of Science, we 

evaluated coauthorship connections among all Working Group members and their full coauthorship 



network as found on Web of Science. This resulted in 1,039 individual authors. We then added to the 

bibliographic data a publication that included all 20 Working Group members as coauthors (Punt et al. 

2018), and re-evaluated the bibliographic network (Figure S1). The network with the OMF paper included 

1,044 authors, an increase of three. However, the number of links in the network was increased by 203 

(from 5,894 to 6,097), and the total link strength was increased from 8,049 to 8,259.  

 

 

 

  



Figure S1. Bibliographic network map of the Ocean Modeling Forum Pacific Herring Working Group, 

including a publication arising from the working group (Punt et al., 2018). Each circle represents an 

individual; circle size indicates number of links (i.e., shared publications) and circles are colored by 

average year of publication for the individual. Distance between circles is relatedness, based upon 

publications: the more shared publications or co-authors, the closer are two circles – many common 

publications result in clusters. Lines represent shared publications. A total of 6,097 links exist in the 

network. Visualizations were created in VOSviewer version 1.6.4 with a minimum cluster size of 1 

individual, and no minimum citation number required for inclusion in the network. 
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