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Region Aquatic 
NIS spp

Reference

Hawaii 473 Godwin and Bolick, in 
prep (2017)

Continental 
US

450 Ruiz et al., 2014

San Francisco
Bay

216 Hayden et al. 2009

New Zealand 206 Hayden et al. 2009

Australia 160 Hewitt et al., 2004

Europe 546 Gollasch, 2006

How many aquatic non-indigenous species (NIS) are 
currently established in Hawaii?



Established Alien and Cryptogenic Marine and Estuarine 
species of the Hawaiian Archipelago 1998-2016

Taxon Alien Cryptogenic Alien Cryptogenic
Fungi 3 0 0 0

Protozoans 5 0 0 0
Sponges 14 28 4 11

Cnidarians 24 30 2 0
Ctenophores 1 0 0 0
Nematodes 2 0 0 0

Rotifera 0 5 0 0
Platyhelminthes 12 3 0 0

Annelida 24 32 9 2
Molluscs 32 26 0 0

Arthropods-crustaceans 61 8 5 0
Arthropods-insects 39 4 0 0

Pycnogonida 12 0 0 0
Phoronida 1 0 0 0

Bryozoan & Kamptozoan 23 0 3 1
Echinoderms 1 1 0 0

Tunicates 31 1 14 1
Fish 18 0 3 0

Red Algae 13 0 1 0
Green Algae 2 3 0 0
Brown Algae 2 0 0 0

Flowering plants 12 0 1 0
Totals 332 141 42 15

MHI NWHI
Davidson et al, 2014

Godwin & Bolick, in prep
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		The Alien and Cryptogenic Marine and Estuarine species of the Hawaiian Archipelago (Carlton and Eldredge 2009, 2015)

				MHI				NWHI

		Taxon		Alien		Cryptogenic		Alien		Cryptogenic

		Fungi		3		0		0		0

		Protozoans		5		0		0		0

		Sponges		14		28		4		11

		Cnidarians		24		30		2		0

		Ctenophores		1		0		0		0

		Nematodes		2		0		0		0

		Rotifera		0		5		0		0

		Platyhelminthes		12		3		0		0
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		Molluscs		32		26		0		0

		Arthropods-crustaceans		61		8		5		0

		Arthropods-insects		39		4		0		0

		Pycnogonida		12		0		0		0

		Phoronida		1		0		0		0

		Bryozoan & Kamptozoan		23		0		3		1

		Echinoderms		1		1		0		0

		Tunicates		31		1		14		1

		Fish		18		0		3		0

		Red Algae		13		0		1		0

		Green Algae		2		3		0		0

		Brown Algae		2		0		0		0

		Flowering plants		12		0		1		0

		Totals		332		141		42		15
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Vessel Biofouling Unmanaged Ballast Water Discharge

78% of marine algae & inverts established in Hawaii arrived via 
inadvertent introduction through vessel traffic (Davidson et al., 2014)



HI Ballast Water and Biofouling Program

Detection Mitigation

Proactive Reactive

Prevention

• Risk 
assessments

• Outreach & 
education

Pre-Border
• Monitoring
• Rapid 

response
• Inventory/ 

cataloging

Border
• Monitoring
• Control

Post-Border
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Ballast Water and Hull Fouling Program

• HAR §13-76 “Non-indigenous Aquatic 
Species”

− Vessel-specific Ballast Water 
Management Plan

− Retain all ballast water on board 
or treated, freshwater, or mid-
ocean

− Submit Ballast Water Reporting 
form to DLNR 24 hours prior



Where are vessels arriving?

n = 1061
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Where are vessels departing from?

1061 arrivals
121 locations



Where are vessels departing from?
Most common out-of-state regions

n = 666 (85% of arrivals)

(Godwin & Eldredge, 2001; 
Davidson et al., 2014)



Where are vessels departing from?
In-state departures

Interisland

Same port

Intraisland

Voluntary



n = 277 (26% of arrivals)

Where are vessels departing from?
In-state departures



Interisland

Same port

Intraisland

Interisland Transit



Interisland Transit

Arrivals

Departures

n = 207 (20% of arrivals)



Interisland Transit

Arrivals

Departures

n = 207 (20% of arrivals)
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Where are vessels deballasting?

115 instances
62 unique vessels

(Godwin & Eldredge, 2001)
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Initial Risk Assessment (Pre-border documentation)

49.5%

30.3%

15.1%

5.8%
2.2%

• Non-compliant = 48.2%
• Reporting requirements

Exempt

CompliantNon-compliant

Form not 
submitted

Inside 24 
hours

Incomplete

84%4%



BW Source Metric Tonnes Percent Instances Compliance
Same origin 26847 75.9 2

No provisionsIntraisland 1115 3.2 1
Interisland 567 1.6 1
Oregon 6800 19.2 3 Safety exemption
Offshore Molokai 25 0.1 1 Route exemption
Total 35354 8.1 8

Unmanaged Ballast Water

(Brown et al., 2017)

Hawai`i 2017



Rainier, OR

Barber’s Point, O`ahu

• Unmanned barge

• Flag: US

• Safety exemption –

design limit

• 7 voyages to Barber’s 

Point in 2017

• 3 deballasted

Potentially Risky Ballast Water 2017

Treatment systems (Brown et al., 2017)



Lahaina

5/04/17 5/05/17

Bora Bora, 
French Polynesia

Honolulu

Kona

5/06/17 5/07/17 5/08/17 5/10/17

Risky Ballast Water 2017
• Passenger

• Flag: Bahamas

• Route exemption

• BW source interisland



Oahu acts as a NIS hub

n = 1061



Plankton Concentrations & Ballast Check 2



• November through December 2017
• Honolulu Harbor (B) - blue
• Kewalo Basin (C) - red
• Rainbow Harbor (A) - green
• Ma`alaea Harbor (D) - purple

Study Sites



Zooplankton Concentrations
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How many samples exceeded discharge 
standards?

8 8 1n =
Total 17/17

> 10 viable organisms/m3

Category Limit for Discharge 
Viable, size > 50 μm < 10 organisms/m3

Viable, size 10-50 μm < 10 organisms/ml 

Vibrio Cholerae < 1 Colony Forming Units/100ml 

Escherichia Coli < 250 Colony Forming Units/100ml 

Intestinal Enterococci < 100 Colony Forming Units/100ml 

USCG/IMO BW Discharge Standards
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Overlapping Jurisdictions on In-Water Cleaning

Hawaii Department of 
Health (DOH)

Clean Water Branch

Hawaii Department of 
Transportation (DOT)

Harbors Division

Hawaii Department of Land and 
Natural Resources (DLNR)
Division of Aquatic Resources

HRS Ch. 342D HRS 266-1 HRS 187A-32
HAR Ch. 11-54





Overlapping jurisdictions regading IWC

High level coordination need be 
taken between DOH, DOT, DLNR, 
and maritime industry

Develop safe and practicable conditions for in-
water microfouling/slime-layer management 
conditions  and review risks

Participate in ACT IWCC Testing Project

High level coordination need be 
taken among regional, national, and 
international gov agencies

Develop biofouling management regs



Recognizes the importance of shipping 
industry to Hawaii’s economy

Recognizes efforts to adopt voluntary 
biofouling management BMPs and 
reducing toxic paint use

Develop Biofouling Regulations,  
launch with phase-in period 
beginning December 2019

Hawaii is tropical island provides 
tropical testing ground for ACT IWCC
Project



• UPDATE 4/30/18: HCR 130 (Vessel In-water 
Cleaning Resolution) OFFICIALLY ADOPTED BY 
HAWAII STATE LEGISLATURE!

• https://www.capitol.hawaii.gov/measure_indiv.aspx?billtype=HCR&billnumber=130&year=2018



Harbor & Reef Monitoring Project

Artificial Reef Monitoring Structures (ARMS)
• Launch May 2018, 6-9 months
• Commercial Harbors
• Reefs near harbor mouth

Harbor Reef Surveys for Alien species



Heavy-lift vessel and dry-dock inspection



SCUBA Biofouling inspections



SCUBA Biofouling inspections



Areas of Focus

1. Collaboration with vessel operators, shipping agents, 
governmental and other agencies

2. Further research and collecting more data

3. Focus management efforts and allocate resources

AIS  Current Regulations  Hawai`i 2017 Shipping   Compliance  Pilot Study   Significance



2017 Data Findings Implications Action Items

Honolulu, Barber’s Point, and Hilo 
received the highest volume of 
vessels arrivals and ballast water

These harbors are a hub for 
NIS

• Risk assessments
• Harbor monitoring project

48% of vessels were non-compliant 
with reporting requirements

“Enforcement” should focus 
on reporting requirements

• Correspondence for late/incomplete forms
• Correspond for no form submission
• Database (CA?)

11% of vessels deballasted

These are high risk vessels

• Corresponding with risky vessel 
operators, agents, and government 
agencies

• Shipboard inspections
• Interisland ballast water amendment

8% of ballast water discharged was 
unmanaged

85% of out-of-state arrivals came 
from the North Pacific (NIS source)

20% of vessels transited interisland 

Phytoplankton concentration was 
highest in Rainbow Harbor, then 
Honolulu Harbor, and last Kewalo

Vessel traffic could be 
related, but different 
environmental conditions

• Collaborate with military
• Investigate other harbors
• Native/nonnative status

All samples exceeded discharge 
standards of zooplankton

Vessels ballasting this water 
should manage/treat it, but 
there are caveats

• Investigate other harbors
• Native/nonnative status

Lots to do for biofouling and IWC Increase capacity to 
streamline efficiency

• Collaborate with stakeholders
• Further research
• Build Capacity

Collaboration
Further research
Focus



Funding Sources and 
Acknowledgements



Mahalo for listening!  Questions welcome.

Contact Jules Kuo - Ballast Water & Biofouling Coordinator (DLNR, DAR c/o 
PCSU)

Email: Julie.c.kuo@Hawaii.gov
Website: http://dlnr.hawaii.gov/ais/ballastwaterbiofouling/

mailto:Julie.c.kuo@Hawaii.gov
http://dlnr.hawaii.gov/ais/ballastwaterbiofouling/


Contact
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