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2.  Title of Project          
 
Detecting movements of juvenile Opakapaka (Pristipomoides filamentosus) with  Hydro-acoustic surveys 
and sonic tracking.  FDRP GRANT 657788 
 
 
3.  Fishery Targeted:  Bottomfish 

 
 
4. Award received:               $56,232.00 
 
 Actual amount spent:      All spent - Less than $180.00 remains         
 
 
5.  Project Objectives:            
 
To use a combination of hydro-acoustic surveys and acoustic tracking to record the movements of 
juvenile snapper within, and moving out of, the Kaneohe nursery grounds.  Fish tagged with transmitters 
were to include wild caught snappers and cultured snappers. The cultured fish were being released to the 
nursery grounds as part of a state funded HIMB project.   Acoustic receivers were to be deployed in the 
nursery grounds and on the deeper adjacent slope that was thought to be the adolescent habitat the 
juvenile snappers move to.  Thermographs and flow meter would be part of the listening arrays to record 
environmental data.   
 
 
6.  Describe how the objectives were met.   
 
A total of nine hydro-acoustic surveys using the 38 Khz along with other frequencies were conducted.  
Fifty-nine juvenile snappers were released to the nursery grounds with sonic tags surgically implanted.  
Thirty-six of the fish were wild fish caught and released in 2007 from the Kaneohe nursery grounds and 
the remaining 23 were cultured snappers released in 2006.  Each year the release site was monitored for a 
2-3 month period to record the movement of the fish.  The expanded receiver array used in 2007 
depended on acoustic releases to recover the gear and these devises were successful for 6 out of 10 
moorings deployed.  The thermographs and current meter that were recovered as part of this receiver 
array were successfully downloaded.  The attached report inventories the data collected during this study 
but is not a full analysis. 
 
 



7.  Discuss differences between work anticipated in your proposal and work that was actually 
completed.  

 
The only difference between the intended work and the actual was our plan was to tag equal numbers of 
wild and culture juvenile snapper and release them at the same time to look for behavioral differences.  
Unfortunately the HIMB cultures failed eliminating our source of cultured fish.  The report includes the 
tag data we got on cultured fish the year prior when we conducted a pilot study.  The money not spent on 
tags was used to upgrade the acoustic release systems and the flow meter to current meter.  This was done 
because the original release systems we proposed to buy did poorly in the pilot project and our hope was 
to spend more money on higher-end gear to ensure the recovery of the deep slope receivers.  Even with 
this we only got 6 of the 10 receivers back.  Otherwise the hydro-acoustic data, snapper movement data 
and environmental data were successfully collected.  
 
 
8. Discuss differences between expected and actual costs.  
 
The work was completed using the full amount of the funds.  The differences in the planned versus actual 
costs were associated with using the money we planned to buy tags for the cultured snappers to upgrade 
the acoustic releases and current meter.     

 
9. List all publications, posters, brochures, and other informational material published with 

project funding.  Submit copies of publications to JIMAR 
 
A separate data report submitted to JIMAR 
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Summary 
 
 A combination of hydro-acoustic surveys and sonic tracking studies were 
conducted to study the ontogenic movement patterns of juvenile pink snapper in relation 
to their nursery grounds.  A total of nine hydro-acoustic surveys using the 38 Khz along 
with other frequencies were conducted.  Differences in sea surface conditions between 
surveys introduced too much variability to confidently determine population level 
movements of fish on or off the nursery grounds.  A total of 59 juvenile snappers were 
released to the nursery grounds with sonic tags surgically implanted.  Thirty-six of the 
fish were wild fish caught and released in 2007 from the Kaneohe nursery grounds and 
the remaining 23 were cultured snappers released in 2005-06.  Each year the release site 
was monitored for a 2-3 month period to record the movement of the fish.  In 2007 the 
receiver array was expanded beyond the nursery grounds to include the adjacent slope 
outside Kaneohe Bay where the juveniles were thought to move to when they grow to 
adolescence.  As part of this receiver array thermographs were deployed to collect 
temperature information on the nursery grounds and the adjacent slope.  This report 
details the nature of the data collected during this study but is not a full analysis. 
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Management context 
 

There is a need for a fishery independent means to address stock monitoring of 
bottom fish.   One of the approaches being undertaken by the Pacific Island Fisheries 
Science Center is developing hydro-acoustic techniques to assess and monitor 
recruitment of the juvenile pink snapper (Pristipomoides filamentosus) or the 
“Opakapaka” as it recruits to its nursery ground.  The goal is to use the nursery grounds 
as a “gateway” habitat to provide an index for stock monitoring.  To do this the multi-
frequency acoustic signals of the juvenile pink snappers would need to be validated with 
plans to establish a standardized multi-seasonal acoustic transect grid across the 
snapper’s nursery habitat.  A primary concern will be the ability to account for changes 
associated with fish movements and migration in and out of the habitat.  Deepwater 
snappers form loose schooling aggregates that may be hard to quantify.  The nursery 
habitat of the pink snapper is found between 70 and 100 m on flat sand/mud bottoms near 
embayments and the adults congregate in deeper water around rock piles and high 
vertical relief (Parrish 1989).  The inherently patchy nature of these fish means that 
hydro-acoustic assessments will be most successful at locations where the fish are known 
to aggregate.  An intuitive approach is to use a fixed transect method to monitor the 
known aggregation sites.  However, recruitment of fish into the nursery grounds and the 
migration out to adult habitat will be an inherent complication to the periodic assessment. 
Seasonal size frequency data from fishing has shown the juvenile snappers recruit to the 
nursery ground in October-November (~8 cm) and move out to adult habitat in May-
August (~18 cm) (Moffitt & Parrish 1996).  It is also unknown how much the movement 
of juveniles occurs within the nursery grounds and to what degree this introduces 
variability to the assessment.  More variability potentially could be introduced from 
planned releases of cultured snappers to the wild nursery habitat.  The Hawaii Institute of 
Marine Biology (HIMB) has been successful in rearing pink snappers to juvenile size.  
The few releases that have been made in the past add approximately 300 fish to the 
nursery grounds per release.  

To use the Kaneohe and other nursery grounds as a possible means to monitor 
stock recruitment will require some insight as to the recruitment, migration out and 
movement within the nursery grounds.  This project serves as a post release ecology 
study that follows movement of cultured and wild caught juvenile snappers when 
released to the nursery grounds.   

 
Objectives  
 
1)  Hydro-acoustic assessment of juvenile snappers; Determine the ability of standardized 
hydro-acoustic transects to detect changes in fish abundance associated with release of 
large numbers of cultured snappers on the nursery grounds. 
 a) Is a large school of fish evident upon release? 

b) Does the variability in hydro-acoustic data change in the weeks after the 
cultured fish are introduced?  

 
2) Sonic tracking of snappers. What is the activity and residence time of cultured fish in 
the nursery grounds? 



a) Do they leave the nursery grounds immediately? 
b) Do diurnal movement patterns emerge as have been identified for wild juvenile                 
snappers? 

        c) Do they stay beyond 2 months when the wild cohort has moved on? 
  
3) Does the hydro-acoustic transect data correspond to patterns recorded by the sonic 
receivers? 
 a) Are there within nursery grounds movement of cultured fish? 

b) Do hydro-acoustic “fish counts” decline as the cultured fish leave the nursery 
grounds?   
 

4) Are snappers with transmitters showing up at passive acoustic arrays outside the 
nursery grounds? 
 a) Are they found at the rock piles where some adolescent fish have been found? 
 b) Are they found at the adult grounds?  
 c) What is the time interval from the nursery grounds to adult habitat? 
  
 
Methods 
 
Hydro-acoustic surveys 

A fixed hydro-acoustic transect grid over the nursery grounds was established to 
conduct periodic active acoustic surveys using a SIMRAD split beam hydro-acoustic 
system operating at 38, 120 and 200 kHz frequencies (Fig 1).  At first, weekly surveys 
were attempted but bad weather impacted the quality of the data to a degree that it was 
not useful for comparisons.  Surveys were subsequently made periodically as the weather 
permitted (Table 1).  Some of the surveys were conducted at the time the fish were 
released in an attempt to “follow” the snapper’s acoustic reflection to the bottom. 

 
Sonic tagging    

The intent for the fish release in 2007 was to tag and deploy both cultured and 
wild fish to evaluate differences in their movements on the nursery grounds.  
Unfortunately the cultures being raised at HIMB failed early in the rearing process 
eliminating our ability to deploy cultured fish.  Thirty seven wild fish were caught and 
brought to the surface alive from the Kaneohe nursery grounds (Table 2).  These fish we 
placed in bay cages at the HIMB and allowed to recover from effects of barotraumas and 
acclimate to ambient surface pressure for two weeks.  During the procedure the fish were 
subjected to an anesthetic bath where their fork length was measured and a 1 cm incision 
was made in the abdominal cavity to insert a Vemco V9 transmitter (Fig 2).  Of the 60 
fish tagged in the three year period only one died from the surgery.  Once revived the fish 
were held in the bay cages for an additional 3 to 6 days for observation of fitness and 
verification of tag retention before the fish were deployed to the nursery grounds.  A 
receiver array (N=10 receivers)(Fig. 3) was deployed to monitor the Kaneohe nursery 
grounds and adjacent deeper habitats where the fish might move as they transitioned to 
adolescence  (Fig 4).  Detection range of the receivers was evaluated by lowering a sonic 
tag (the same model used in the fish) to bottom depth on a fishing line at various 



distances from the receivers to appraise the area monitored.   The passive array also 
included temperature recorders to characterize the thermal environment.  The fish were 
deployed using a release bucket to ensure the fish were deposited on the nursery grounds.  
The array was left in place to monitor the movement of the fish and record the next 3 
months.  This time frame was selected based on prior data that documented the shift in 
the size structure suggesting the maturing year class of juveniles were moving off the 
grounds (Moffitt & Parrish 1996). 
 Since the cultured fish were unavailable to tag and simultaneously release with 
the wild fish the money originally slated to by tags for these fish were used to upgrade 
the release systems.  The proposal originally identified a $1000 unit for use but pilot tests 
with the system were not favorable so more expensive releases were purchased.  In 
addition an acoustic current meter (Fig 5) was purchased to assist with environmental 
monitoring.    

 
 
Data obtained 
 

This report is an inventory of data collected and is not intended to provide 
complete answers to all the questions listed in the project objectives.  
 
Hydro-acoustics surveys 
 The acoustic reflection from the hydro-acoustic surveys was plotted on the survey 
grid (Fig 6).  Near bottom signals consistent with the target strength of juvenile pink 
snapper were seen and there were differences in the numbers seen between surveys.  
However an informal comparison of the surveys shows no obvious pattern in fish and 
there is still a need to conduct in-situ target strength measurements to verify these are 
pink snapper.   
 
 
Table 1. List of hydroacoustic surveys conducted on the Kaneohe nursery grounds 
Date No. transects Frequencies kHz 
June 06 2007 2 200,   120,   38   
June 11 2007 3 200,   120,   38 
July 19 2007 2 38  
October 10 2007 2 38  
 
Sonic tracking  

Because in 2005 and 2006 it was not possible to monitor the adjacent rock piles or 
adult grounds periodic visits to those sites using a boat mounted receiver were conducted 
and signals of multiple tags were confirmed.  Some of these tags were thought to been 
lost from the fish and were now sitting on the bottom as no movement of the tag was 
evident on successive revisits to the site.  In 2007 receivers were deployed both in the 
nursery grounds and known nearby adolescent habitat. Figure 4 shows the locations 
where the receivers were deployed and indicates those that were not recovered 
presumably because the release mechanism did not function.   

 



  
Table 2.  Fish tagged and receivers deployed off Kaneohe. 
Year Number and 

type of fish 
tagged 

Mean 
range FL 

Acclimation 
period 

Number of 
receivers 
80m  150m 

Deployment 
duration 

2005 3 cultured 24-26 6 days 1 2 months 
2006 20 cultured 20-24.3 3 days 2 2 months 
2007  37 wild 14-30 6 days 2            8 3 months 
 
 
Of the six receivers recovered all downloaded and fish tags were detected at each location 
(Fig 7-9).   The data have yet to be analyzed although records of any detected tag ID 
numbers not deployed in this study were provide to other researchers supporting their  
studies on shark movements.  Several Oahu sharks were detected as well as one great 
white shark from the Farallons.   
 
Environmental monitoring  

Temperature profiles from the nursery grounds show variation consistent with 
tidal pumping (Fig 10-11) versus the deeper sites where temperature is more constant.  
The current meter was also successfully recovered and downloaded but vectors have yet 
to be calculated.   
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Figure 1 - PIFSC vessel Kumu with multi-frequency transducer array mounted including 
38, 120 and 200 Khz.   

 



 

 

 

Figure 2 – Size of Vemco V9 transmitter.   



 
 
 

 
 
Figure 3 – Top-VemcoVR2 acoustic receiver attached to its mooring, acoustic release 
and ground tackle recovery system. Bottom- Vemco VR2 attached to ORE acoustic 
release mooring for deep slope deployments. 



  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 4 - GIS image of the windward Oahu juvenile nursery grounds and adjacent 
habitat. Blue track line is the standardized transect in the center of the snapper nursery 
grounds where the fish releases are conducted. Black triangle are locations where 
receivers were deployed and those that failed to surface when recalled are labeled as 
“lost.”  
 



 
 
 
 
 
 
Figure 5. Acoustic current meter deployed for environmental monitoring.



 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 6.  Top- hydro-acoustic composite of transect on nursery grounds. Bottom screen 
capture of fish sign on bottom.  



 
Receiver #9 
 

 
Receiver # 7 
 
 
 
 
Figure 7.  Receiver plots for mooring numbers 9 and 7.



 
Receiver # 10 
 
 

 
Receiver #8 
 
 
 
 
Figure 8.  Receiver plots for moorings numbers 10 and 8.



 
Receiver #1 
 

 
Receiver #2 
 
 
Figure 9.  Receiver plots for mooring numbers 1 and 2. 
 
 
 
 



 
Northern-most deeper contour 137 m 
 
 
 

 
North slope of nursery grounds 137 m 
 

 
Central nursery grounds 76 m 
Figure 10. Temperature records for the northern slope and central portion of the nursery 
grounds 



 
 

 
Southern slope of nursery grounds 137m. 
 
 
 

 
Southern-most extent of the array 137 m 
 
 
 
 
 
 
 
 
 
 
Figure 11.  Temperature records from the slope to the south of the nursery grounds. 


