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WHY SAN FRANCISCO?
• Heavily invaded & history of invasion

• Varied, saline to estuarine habitat

• Ample trade partners and patterns 

that influence vessel behavior

• Invasion strongly influenced by 

propagule pressure and disturbance

• High potential for secondary spread



NBIC

• https://nbic.si.edu/ 

• Jointly managed by SERC & USCG

• ~94% reporting compliance rate

• Coastwise:  ballast water does not transit 

beyond combined US & Canadian EEZs

• Overseas:  ballast water does transit beyond 

combined US & Canadian EEZs

• https://usatrade.census.gov/

• Provided by the US Census Bureau

• US import & export data

• States, Districts, & Ports

• HS codes (2,4, 6 digit), NAICS codes

USA TRADE ONLINE

DATA SOURCES
2006 – 2014



USA TRADE ONLINE

Nested data can be 

downloaded in a 

“sparse list format” 

that is tidy for analysis



THROUGHOUT SAN FRANCISCO BAY:
Arrivals remained steady while bal last water 

discharge increased annually

NBIC:

▪ 33,558 arrivals

▪ 55,584,402 m3

of ballast water
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SHIP TYPE MATTERS:
Bulkers and tankers discharged most ballast water

• ~50% of total arrivals from containerships 

• 87% of total ballast water from bulkers & tankers

• 91% of overseas ballast water from bulkers & tankers

https://asia.nikkei.com/Business/Markets/Commodities/China-s-coal-cuts-push-up-bulk-

carrier-rates
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OVERSEAS ARRIVALS OVERSEAS BALLAST WATER (m3)

Arrivals and ballast water discharge 
varied spatially by vessel type
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TEMPORAL INFLUENCES OF TRADE

Stockton: low salinity, bulker traffic

2006 Imports:

Portland Cement 

from China to US 

western states
(Port of Stockton 2006 Annual Report)

2014

2013

2014 Exports:

Coal to Mexico, etc.
(Port of Stockton 2014 Annual Report)



Richmond: high salinity, tanker traffic

https://www.slc.ca.gov/gis/motmap/

• 3 oil commodities accounted 

for 68% of exports

• 2/3 of ballast water was 

discharged by overseas tankers

• Introductions influenced by 

trade partner, ship type, 

infrastructure

SPATIAL INFLUENCES OF TRADE



• Propagule pressure

• Disturbance

• Habitat suitability

• Lag times

ECOLOGICAL INFLUENCES OF TRADE

Ruiz et al. 2011



TRADE IN SAN FRANCISCO BAY:
Nearly 4,500 6-digit commodities

• Top 11 commodities by tonnage accounted for 59% of total shipping exports

3 tanker exports: petroleum oils

8 bulker exports: waste products, petroleum coke, coal, rice 



Ballast water delivery increased with the 
top annual exports from bulkers and tankers



Ballast water delivery increased with the 
top annual exports from bulkers and tankers

𝑦 = −2,002.38 + 0.6212𝑥1 + 0.5324𝑥2

y = annual volume of overseas ballast water discharge (103 m3),
x1 = annual tonnage of exports transported by tankers (106 kg),
x2 = annual tonnage of exports transported by bulkers (106 kg)

𝐀𝐝𝐣𝐮𝐬𝐭𝐞𝐝 𝐑𝟐 = 𝟎. 𝟗𝟐



CONCLUSIONS

• Established trade patterns 
lead to repeat introductions 
from source locations

• Port specialization: specific 
ship types, concentrated bw
discharge & NIS introductions

• These relationships influence 
our interpretation of long-
term ballast water delivery & 
invasion records

Trade drives the spatial 

and temporal magnitude 

of ballast water delivery to 

San Francisco Bay



QUESTIONS?


