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Group Effort!



Effort measured in Days at Sea (DAS) on

Research expeditions focusing on Chondria:

❖ 2019: NOAA/ONMS Rainier Cruise: 8 (on accident)

❖ 2020: Oct FWS Imua re-supply Cruise: 1

❖ 2021: NOAA/ONMS Imua Cruise: 10

❖ PMND/Marine Debris Cruise: 1

❖ 2022: USFWS Survey: 2
❖ Midway NFWF Expedition: 14

❖ 2023: NOAA/ONMS Kahana II Cruise: 11

❖ 2024: NOAA/ONMS Sette Cruise: 7

Total: ~54 DAS
Combined efforts consist of 6+ months at sea and 5 years of additional research
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Ph ot o  by  N a‘ al eh u An th ony

A Living Hawaiian Culture

Tradit io nal Hawaiian accoun ts describe 
Papahānaumok uākea  as a sacred area from which 

life  first emerged and to which spirits return af ter 

death.

Ph ot o  by  M ark  Su lli van/N O AA

Endemic Sanctuary

Th e monu men t is ho me t o many species  found 

no where else on Ear th  and is a crit ically  impor tant 

nest ing groun d fo r gr een sea tu rt le s and breed ing 

groun d fo r Hawaiian mo nk seals.

Ph ot o  by  G reg  M cFal l/N OA A

Predator -Dominated Coral Reefs

Th e mo nument protects 3.5 million acres of coral 

reef where sharks and large fish like ul ua (t reval ly, 

pictu red here) still dominat e.

Ph ot o  by  D an  Cl ar k/U SFWS

Seabird Refuge

Th e m onu men t is ho me t o ove r 14  m illion seabirds 

r epresent ing 23 species. Th is includ es th e world's 

lar gest colon ies  of Laysan and black-foot ed 
albat ross. Pictu red abo ve is th e wor ld's oldest 

known bir d in th e wild – a Laysan albatross named 

Wisdom! Ba nded in 1956 when she was at least five 

years old, Wisdom may have ha tched more than 36 

chicks in her lifetime.

Ph ot o  by  N OA A/O ER

New Discoveries

The majority of the seafloor in the Northwestern 
Hawaii an Islands lies at de pths be low 10,000 feet 

(3,000 meters) . Using adva nced te chno logies like 

remotely operated vehicles, researchers are 

discov erin g hig h-den sity b iolog ica l comm un it ies and 

uniq ue species at th ese depth s.

Ph ot o  by  T an e Ca sser ley/N O AA

Traces of our Seafar ing Past

Archival r esearch indicat es th ere may  be as many 
as 67 shipwreck sites, the earliest of  which dates 

back to 1818, with in monument wate rs. There are 

also at least 503 aircraf t sites, many lost  duri ng the 

Ba ttle  of  Midwa y. Th ese sites  r epresent th e legacy 
of our na tion's marit ime he ritage in th is region, 

providing a windo w th rou gh which we can bett er 

un der stand  ou r seaf arin g past.
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These island, atolls, and waters are also considered to be a sacred realm, where the boundary between Ao, the world of light and the 

living, and Pō, the world of gods and spirits, can be found. It is a place where life originates and where ancestors return after death. 

Pō Ao





Size, Scale, Location
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United States Department of Commerce     //    National Oceanic and Atmospheric Administration     //     Great Lakes Environ mental Research LaboratoryOffice of National Marine Sanctuaries

Alien Algae in Papahānaumokuākea Marine National Monument (PMNM)* 

● NOAA staff and partners continue to monitor the spread of two algal species of concern in PMNM: 

1. Chondria tumulosa:  This alga forms large, thick mats and smothers sessile benthic organisms, 
including coral

2. Acanthophora spicifera: The most prevalent alien algae species in the Main Hawaiian Islands which 
was recently discovered at Midway Atoll (Kuaihelani) in 2022

*title is a link to more info

https://sanctuaries.noaa.gov/news/jul20/newly-named-nuisance-alga-chondria-tumulosa.html


Terminology & Assumptions



The “Re”-Discovery of the Nuisance Alga Chondria  

tumulosa at Manawai (Pearl and Hermes Atoll)

Photo: Taylor Williams



Excerpt from 2016 PIFSC Cruise Report



Photo credit: NOAA/PIFSC



Fig 4. Morphological features of Chondria tumulosa sp.nov.

A. View of Chondria overgrowing the coral reef at Pearl and Hermes Atoll (PHA) at 12 m depth,

Papahānaumokuākea Marine National Monument, Hawai‘i, USA. Scale bar = 30 cm. B. Close view

of Chondria tumulosa at PHA. Scale bar = 10 cm. C. Macroscopic view of the edge of a mat of Chondria

tumulosa, illustrating the intertwined and mat-like growth of the alga, and the color variations from

yellowish to purple. Scale bar = 2 cm. D. Close up view of several main axes that were separated from

the upper surface of a mat, illustrating the numerous secondary and tertiary branches from the main

axis. Scale bar = 5 mm. E. Close up view of several main axes that were separated from the lower

surface of a mat, illustrating the darker color and slender haptera (arrow) used for attachment of the mat

to the substratum. Scale bar = 5 mm. F. A branch apex, focused internally to illustrate the apical

depression, or pit. Scale bar = 50 μm. G. A branch tip, focused to illustrate trichoblasts emerging from

the pit. Scale bar = 50 μm. H. Cross section of Chondria tumulosa stained with ruthenium red,

demonstrating the typical rhodomelacean structure, with a central axial cell (a) surrounded by five

pericentral cells (p). Cell wall thickenings are indicated in some cells (arrows) outside of this central

structure. Scale bar = 50 μm. I. Surface view of cortical cells in the epidermal layer. Scale bar = 50 μm.

J. Tetrasporangia developing towards the apices of secondary and tertiary axes. Scale bar = 200 μm. K.

Close-up of a tetrahedrally divided tetrasporangium, stained with aniline blue. Scale bar = 100 μm.

https://doi.org/10.1371/journal.pone.0234358.g004

https://doi.org/10.1371/journal.pone.0234358.g004


Manawai 
(Pearl and Hermes Atoll)

Chondria tumulosa cover from in

water surveys conducted by trained

scientists on SCUBA & snorkel.

Present since at least 2015

Maps produced in ArcGIS Pro (on 4m bathymetry USGS base 

maps) by Chelsie Counsel, PhD. 



Kuaihelani
(Midway Atoll)

Chondria tumulosa cover from in

water surveys conducted by

trained scientists on SCUBA &

snorkel.

Present since at least 2021

Maps produced in ArcGIS Pro (on 4m bathymetry USGS base 

maps) by Chelsie Counsel, PhD. 



Hōlanikū
(Kure Atoll)

Chondria tumulosa cover from in

water surveys conducted by

trained scientists on SCUBA &

snorkel.

Present since at least 2023

Maps produced in ArcGIS Pro (on 4m bathymetry USGS base 

maps) by Chelsie Counsel, PhD. 
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Figs 3–5.:

Chondria tumulosa in 

situ at Manawai. 

Scale bars = 3 cm.

Figs 3, 4.

Chondria tumulosa

displaying mat-forming 

morphology.

Fig. 5. 

Close-up view of 

intertwined thalli.

https://doi.org/10.1080/00318884.2023.2284074

Fig. 6. 

Proportion of Chondria tumulosa tetrasporophytic to vegetative 

thalli by site across Manawai 

(NTOTAL = 372 samples, 74–75 thalli per site).

https://doi.org/10.1080/00318884.2023.2284074


Phase Shifts



Photo credit: Heather Spalding





Photo credit: Brian Hauk







Photo credit: Taylor Williams



Photo credit: Taylor Williams



C. tumulosa mat becoming unattached from top of 
reef



Reef with mat removed from the top



Close-up of previous picture, showing attached algal  fragments and dead reef



https://doi.org/10.1111/jpy.13369

(a) Dislodged Chondria tumulosa

rafting, (b) drifting along the lagoon

floor, (c) accumulated at the foot of

sandy slopes, (d, e) drone images

collected on July 7, 2021, and (f) the

satellite image of the study site

(acquisition date, Sept. 5, 2021).

https://doi.org/10.1111/jpy.13369
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Source: http://www.davegranlund.com/cartoons/

Where did it come from?



https://doi.org/10.1126/science.aao1498

https://doi.org/10.1126/science.aao1498


https://doi.org/10.3391/ai.2018.13.1.01

https://doi.org/10.3391/ai.2018.13.1.01


https://doi.org/10.1016/j.marpolbul.2021.113261

https://doi.org/10.1016/j.marpolbul.2021.113261


Photo credits: Kim Fuller



Figure 2. Total number of
successfully settled particles
released from Manawai. Islands are
represented as blue dots with
tetraspores shown above in black
and fragments below in gray. Arrow
width and associated numbers
correspond to the number of
successful settlements from
Manawai to the settlement location
of interest. The red box in the inset
map in the top right corner shows
the location of the study region with
respect to the remainder of the
Hawaiian Archipelago.
https://doi.org/10.3391/ai.2024.19.3.135377

https://doi.org/10.3391/ai.2024.19.3.135377.figure2
https://doi.org/10.3391/ai.2024.19.3.135377


Japan, Johnston, Palmyra & Line Islands, Galápagos??

Fumo et al. in prep

Fig 1 Modeled source locations for the C. tumulosa outbreak at Manawai. From December 30, 2015 to January 1, 2000, 100 particles per day originating at Manawai (Pearl and Hermes Atoll) were traced 

backward until settling in a source location. Hexagonal polygons were the regions designated as source areas in the Connectiv ity Modeling System. Each hexagon is colored by the number of landings in that 

settlement polygon with colorless locations receiving zero throughout the modeled period. All landings throughout are shown i n panel A. The regions of highest likelihood are Japan (B), the central Pacific islands 

of Johnston Atoll, Palmyra Atoll, and the Line Islands (C), and the eastern Pacific islands of Clipperton and the Galápagos archipelago (D). The legend in panel A applies to all panels.

?

Manawai
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United States Department of Commerce     //    National Oceanic and Atmospheric Administration     //     Great Lakes Environ mental Research Laboratory

BMPs & Management Research
● NOAA is working with other Co-Trustee agencies to develop best management practices for permitted 

activities which compliment existing pre-access vessel biosecurity requirements for entry and work within 

the Monument.
○ Lethality trials have informed BMPs to mitigate risk from anthropogenic activities

○ NOAA is collaborating with several Universities and Phycologist to make science informed decisions

○ No known predators



Current Recommendations Per BMP020

1. Remove all fragments via a visual inspection in daylight of all dive 
gear

2. Soak gear/equipment in 6% commercial-grade bleach for 10 
minutes followed by a freshwater rinse 

3. Fully dry dive gear/equipment/boats for 14-30 days before use in a 
different island or atoll depending on usage. 

NOTE: Particular caution should be paid to dive gear containing mesh, 
such as goody bags, or Velcro that easily catch and retain algal 
fragments.

https://www.papahanaumokuakea.gov/permit/bmp/020_nuisance_algae.pdf


Finding the Source/EDRR = eDNA Tools
Nichols PK, Fraiola KMS, Sherwood AR, Hauk BB, Lopes Jr. KH, Davis CA, Fumo JT, Counsell CWW, Williams TM, Spalding HL, 
and Marko PB. (in review) Navigating uncertainty in environmental DNA detection of a nuisance marine macroalga. PLoS ONE. 

https://www.hawaii.edu/news/2022/09/25/early-algae-species-detection-system/



Management Options-Control Strategies

doi: 10.7717/peerj.5332

https://doi.org/10.7717/peerj.5332
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Thank You

QUESTIONS?

Brian.hauk@noaa.gov

https://sanctuaries.noaa.gov/news/sep23/nuisance-alga-new-locations.html

https://sanctuaries.noaa.gov/news/sep23/nuisance-alga-new-locations.html
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