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Text S1: 

Regional Ocean Modeling System (ROMS) is a free-surface, terrain following, 

primitive equations ocean model on an Arakawa C grid (Shchepetkin & McWilliams 2005). The 

physical model consists of nested grids.  

ROMS Windward Coast (outer grid):  For the windward coast of Oʻahu (Fig. 1c), a 1 

km grid horizontal resolution grid spanning 54 x 26 km, encompassing 1,404 km2, was 

developed with 20 vertical layers of ocean current velocities. The output of this model was saved 

as a snapshot every hour. Open ocean boundary conditions were obtained from the 4 km 

Hawaiian Islands ROMS model (nest 1; Matthews et al. 2012). The 4 km Hawaiian Islands 

ROMS regional model is run on a daily basis and incorporates assimilation of available real-time 

data including satellite derived sea surface height, sea surface temperature, and surface currents, 

along with data from Argo floats, gliders, and high frequency radar. Atmospheric forcing was 

provided by the Weather Research and Forecasting (WRF) Model (Michalakes et al. 2001). 

Bottom topography was supplied by the Hawai‘i Mapping Research Group of the Hawai’i 

Institute of Geophysics and Planetology at the University of Hawai’i.  

ROMS Kāne‘ohe Bay (inner grid):  For Kāneʻohe Bay, a 100 m resolution grid 

spanning 14 by 6.9 km with 12 vertical layers was nested in ROMS windward coast model and 

forced by winds, tides, and stream discharge. The output of this model was saved as a snapshot 

every 30 minutes. The windward coast model was used to supply boundary conditions and the 

tidal forcing for the Kāneʻohe bay model. Atmospheric forcing for the ROMS model was 

provided by a local configuration of the WRF Model (Zhou & Chen 2014), tidal forcing from the 

TPXO tidal model (Egbert et al. 1994), and stream input for Heʻeia, Waiheʻe, Waiāhole, and 

Waikāne Streams from U.S. Geological Survey stream gauge data (accessed from 
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<https://waterdata.usgs.gov/nwis/inventory/?site_no=ID> where ID is: 16275000 for He‘eia; 

16294100 for Waiāhole; 16284200 for Waihe‘e; and 16294900 for Waikāne). Topography was 

created from the 4 m gridded bathymetry of Kāneʻohe Bay made available through NOAA (data 

source: NOAA R/V AHI Reason 8191ER multibeam, U.S. Army Corps of Engineers 2002 and 

2007 LIDAR, Hawaii Mapping Group Main Hawaiian Islands Multibeam Data Synthesis) and 

applied with minor smoothing to average the data onto the 100 m grid spacing.  

Model configuration:  As the particle tracking model used in this study required fixed 

depth levels, model outputs were re-gridded to have 41 fixed depth levels using an objective 

analysis with weighted decorrelation scales. The 41 vertical levels were at 0.5-m intervals from 

the surface to 10 m, at 1-m intervals from 10 m to 20 m, at 5-m from 20 m to 30 m, at 10-m from 

30 m to 50 m and at 25-m from 50 m to 200 m. Models were interpolated to an Arakawa A grid 

from the original Arakawa C grid used in ROMS, producing values of all variables at the center 

of each grid cell. The ROMS model used stretched vertical coordinates, these were converted to 

fixed coordinates for use within the Connectivity Modeling System (CMS). A coordinate 

rotation was performed on each grid in order to satisfy the orthogonality requirement, x = E, y = 

N, of the CMS. The x and y position of each point on each grid was first converted to a distance 

from a 0 point (the lower left corner of the windward coast grid) and then scaled to equivalent 

longitude and latitude. The 3 hour windward coast output was linearly interpolated to 30 min to 

match the Kāneʻohe Bay model output. 

To compare simulated ROMS output to observed water movement, current meters were 

deployed for 3-4 months in Kāneʻohe Bay and along the adjacent shelf at three different sites 

(Fig. S1a). A spectral comparison was conducted to depict differences in simulated ROMS 

output and observational data (Fig. S1b). 
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Exploration of Modeling Vertical Migration:  Simulations were run to explore the 

effect of Ontogenetic Vertical Migration (OVM) life history characteristics on settlement success 

using the Vertical Migration Module from the Individual Based Model (IBM) component of 

CMS. The virtual A. triostegus larvae were released at a depth of 3 m and then set to be neutrally 

buoyant (with horizontal turbulent velocity added in) for the first 20 days under the assumption 

that these early larvae lack complex sensory and mobility structures (Randall 1961). For the next 

20 days, larvae were moved to a depth of 50 m, the average depth that larvae may occupy in the 

pelagic (range 0-90 m) based on MOCNESS tows (Irisson et al. 2010). For the last 25 days of the 

simulated pelagic larval duration, the larvae were moved back to a depth of 3 m as reef fish 

larvae tend to move to shallow reef flats and tide pool areas where they transform into juveniles 

(Randall 1961). If the target depth (3 m or 50 m) could not be obtained because of virtual larvae 

being in a shallow environment, their existing depth would be maintained and larvae continued 

to move horizontally. With these OVM simulations we found that many of the particles became 

stranded in the shallow areas of Kāne‘ohe Bay; therefore, we did not include OVM in our final 

set of model simulations. Larvae were set to be neutrally buoyant and passively advected 

throughout each model simulation. An example of the particle movement through time for a 

model simulation is presented in Fig. S2.  

Literature Cited: 
Egbert GD, Bennett AF, Foreman MG (1994) TOPEX/POSEIDON tides estimated using a 

global inverse model. J Geophys Res 99:24821-24852 
Irisson JO, Paris CB, Guigand C, Planes S (2010) Vertical distribution and ontogenetic 

"migration" in coral reef fish larvae. Limnol Oceanogr 55(2):909-919 
Matthews D, Powell BS, Janeković I (2012) Analysis of four-dimensional variational state 

estimation of the Hawaiian waters. J Geophy Res: Oceans 117:C03013 
Michalakes J, Chen SH, Dudhia J, Hart L, Klemp JB, Middlecoff J, Skamarock W (2001) 

Development of a next-generation regional weather research and forecast model. In:  
Zieflhofer W, Kreitz N (eds) Developments in teracomputing. World Scientific, Singapore, p 
269-276  



Supplement to Counsell et al. (2022) – Mar Ecol Prog Ser 684:117–132 – https://doi.org/10.3354/meps13971 
 

 4 

Randall JE (1961) A contribution to the biology of the convict surgeonfish of the Hawaiian 
Islands, Acanthurus triostegus sandvicensis. Pac Sci 15:215-272 

Shchepetkin AF, McWilliams JC (2005) The regional oceanic modeling system (ROMS): A 
split-explicit, free-surface, topography-following-coordinate oceanic model. Ocean Model 
9:347-404 

Zhou C, Chen Y (2014) Assimilation of GPS RO refractivity data and its impact on simulations 
of trade wind inversion and a winter cold front. Nat Sci 6:605-614 

 
 
 
 
 

 

Fig. S1. (A) Oʻahu windward coast 1 km grid used in Regional Ocean Modeling System 

(ROMS) with 1 m Kāneʻohe Bay grid inset (outlined in blue). Instrument deployment sites are 

labeled B (Nortek Aquadopp deployed at 2 m on the northeast side of a patch reef from 3 April 

2015 to 16 July 2015), C (Sontek ADP deployed at 9 m on site characterized by pavement with 

coral from 25 March 2015 to 21 July 2015), and D (Sontek ADP deployed at 9 m on site 

characterized by pavement with coral from 4 May 2015 to 28 July 2015). Northwest, Offshore, 

and Southeast model domain boundaries are labeled 1, 2, and 3, respectively. (B) Current ellipse 

comparison between ADP measurements (blue) and windward coast ROMS model (red) at sites 

C and D.  
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Fig. S2. Snapshots of movement through time for virtual larvae released on 2015-09-13 with a 

55 day pelagic larval duration. Each red dot represents the location of a simulated reef fish larva. 

Gray shows the windward coastline of O‘ahu, including Kāne‘ohe Bay. 
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