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Introduction and Rationale  

Several stakeholders of the Ocean Protection Plan have identified habitat protection and classification of the 

Musquash Estuary Marine Protected Area as a priority. In 2011 the Canadian Science Advisory Secretariat outlined a 

framework for monitoring the Musquash MPA (CSAS, 2011). The document outlined several monitoring strategies for 

safeguarding of habitat through maintaining water and sediment quality including sampling to support hydrodynamic and 

sediment models and spatial mapping of temperature, salinity and nutrients.  

A thorough acoustic survey of the Musquash MPA was performed by UNB in 2001 (Byrne et al., 2002, Byrne et al., 

2003) using multi-beam sonar for deeper areas of the basin and side scan sonar for much of the intertidal zone. In addition, 

currents at the entrance to the MPA were characterized using ADCP’s. Using this methodology the authors were able to 

identify the truncation of intertidal mud flat channels and estimate intertidal sediment distribution. New technology is in 

place that would augment and improve on the initial survey performed almost 20 years ago and obtain additional baseline 

data in accordance with 2011 Musquash CSAS. Fisheries and Oceans Canada is in possession of an Autonomous 

Underwater Vehicle (https://www.ysi.com/ecomapper) equipped with high frequency (450kHz) side scan sonar, high 

resolution downward facing camera with light source, sonde with specific conductance/dissolved oxygen/turbidity sensors 

and a Doppler Velocity Logger for current direction/velocity. A survey of the entire Musquash basin using this technology 

would be useful for monitoring changes in sediment distribution first characterized by Byrne et al (2002), more precise 

mapping of sediment type, underwater photography, water quality measurements (turbidity, salinity, dissolved oxygen) 

for habitat classification, and currents for possible modelling of circulation patterns.  

Pilot Study 2019 

The degree of backscatter received by a sonar system is in part determined by the reflectivity of the substrate 

being interrogated (Blondel, 2009). Theoretically, rock and sand would reflect more sound than silt and clay. In the fall of 

2019, OPP-Baseline performed a pilot study using the AUV at Black Beach and found the high frequency side scan sonar 

was capable of differentiating between cobble  and sand, confirmed through ground truthing at the site. Presumably, the 

irregular shape of the cobble presents an impenetrable surface that faces the line of interrogation of sonar, resulting in a 

strong reflection back to the sonar and high amounts of localized backscatter (Figure 1). In contrast, the comparatively 

homogenous nature of sand at the beach presents as a uniform albeit lightly coloured backscatter image, while the silt/clay 

below the LWL presents as a much lighter image, indicating low backscatter as would be expected of a soft substrate. The 

sonar was very effective at identifying the abrupt transition between medium grained sand and silt/clay at the LWL. 

 

Figure 1. Side scan sonar imagery of southernmost region of Black Beach. The nadir represents the blind spot directly below the sonar transducers. 

The decreasing width is the result of decreasing water depth when the AUV surveyed from the surface. Depth is approximately 7m at left and 2.5m 

at right.   

We deployed two divers to ground truth this abrupt transition and found distinct differences in sediment grain 

size within 5 meters (Figure 2). Byrne et al (2002) reported they were able to differentiate between hard bottom (rock 

and coarse sand) and mud bottom using a 200 kHz side scan sonar. The ability of the newest technology to identify rock 

vs sand vs silt/clay compared to the 2001 survey is likely attributable to the higher sonar frequency of new technology 

and the ability of the instrument to simultaneously predict the speed of sound using real-time conductance 

measurements. Real-time corrections to the speed of sound through conductance measurements reduce or eliminate 

the corruption of side scan sonar data caused by oceanographic fronts noted in the 2001 survey.  



 

  

Figure 2. Side scan sonar layer of Black Beach survey showing the dive locations across the distinct change in 

backscatter, suggestive of changing sediment type. 

 

 

Figure 3. Sediment grain size from samples obtained from stations 3-6. Stations one and two were lost due to technical difficulties. Mean grain size 

(SD) for stations 3, 4, 5 and 6 were 356 (292), 66 (64), 57 (64) and 40 (52) um respectively. 

 

 



 

Advancements and Additions for 2020 

The need to ground truth sonar data with some form of visual interrogation has been noted previously 

(Vandermuelen, 2014). Given our interest in identifying differences in sediment type with variation in sonar backscatter 

(i.e. more dense substrate would increase backscatter), we chose to use divers for obtaining sediment samples that 

could be analyzed  for grain size. While divers allow the highest locational accuracy for sediment sampling with the least 

impact on the MPA, it is a time consuming and energy intense method. For this reason we upgraded the AUV with a 

downward facing camera capable of high frequency geo-referenced imagery (adjustable up to 4 Hz). Although turbidity 

within the MPA can be high, we expect that imagery will be an efficient method of ground truthing some of the 

sediment transitions. An additional benefit will be identification of vegetation types and their relationship to sonar 

backscatter.  

The integrated sonde on the AUV allows for spatial mapping of temperature, dissolved oxygen and turbidity 

over a short period of time. Continuous spatial sampling of these variables in a short window of time has not been 

possible before now. Data of this nature would be an effective step toward the monitoring objectives set forth in the 

Musquash CSAS and would provide useful data for future siting of point measurements for monitoring within the MPA 

(Cooper, 2020).  

 

Methodology for 2020 

Application for Approval  

In early April of 2020 we sent a proposal to the Musquash Advisory Committee (see correspondence with Erica Stuart, 

DFO) for surveying the intertidal and subtidal areas of zone 3 and zone 2 of the Musquash MPA with the AUV for the 

following purposes; 

1. Provide continuous geo-referenced high frequency side scan sonar imagery from intertidal and subtidal zones of 

the MPA for comparison with sonar data obtained 20 years ago and to refine habitat classification using enhanced 

imagery (sonar and camera) for sediment type identification and vegetation type 

2. Obtain spatial measurements for dissolved oxygen, salinity and turbidity to enhance habitat classification and 

inform future siting for point source measurements. 

3. Spatially characterize intertidal currents within the MPA for informing computer modelling of circulation 

patterns within the MPA 

We are hopeful that the combined sonar and camera imagery will eliminate or minimize the need for causing impact to 

the MPA caused by sediment sampling. For this reason, we did not include sediment sampling in the application. If the 

camera imagery is insufficient for ground truthing sediment transitions identified in the sonar imagery, an amendment 

can be made to the application requesting sediment sampling at specific coordinates.  

Survey Coordinates  

Coordinates for the survey missions are based on Electronic Navigation Charts obtained from Canadian Hydrographic 

Services and are electronically programmed into the AUV prior to arrival onsite. To optimize positional accuracy, mission 

lengths are generally composed of a lawn-mower type pattern of up to 1500m long transects (current dependent) 

spaced 55m apart. Survey limits will generally be within 50m of the high water mark of zone 3 and zone 2 up to Five 

Fathom Hole. 

 



 

Instrument configuration 

Depth – The ideal depth for sonar survey is 3-7m above bottom (Sneddon, 2018). We have demonstrated excellent sonar 

resolution between 2.5 and 7 meters of depth, with the main limitation being increasing width of the nadir (Figure 1) 

with increased distance of the AUV from the bottom. To optimize sonar detail while minimizing lost imagery due to the 

width of the nadir, the Musquash survey will take place at a height from bottom of 3m and a sonar range of 30m.  

AUV Deployment; 

Most deployments will take place from the DFO vessel Nora Mairi (a 20’ ridged hull inflatable) or the Seawolf coming 

from Dipper Harbour or Saint Andrews Biological Station. For surveys within the Musquash basin and with low 

probability of southerly weather, deployments will ideally take place from an aluminum skiff with small outboard motor, 

deployed from the wharf at five fathom hole.   

Mission Details; 

After deployment from the vessel, the AUV will proceed to the starting waypoint and to dive to the pre-defined depth. 

The side scan sonar automatically turns on when the AUV reaches the appropriate depth and location and proceeds 

along the transect at a speed of 2.5 knots. At the end of the transect the AUV returns to the surface where it’s GPS-

based position is identified while turning and preparing to dive for another transect approximately 55m to one side of 

the previous transect. During this time DFO personnel will monitor the location of the AUV, ensuring it surfaces at the 

appropriate waypoints. 

To maximize productivity and minimize travel to and within the site, survey days will be planned to utilize as much 

battery power as possible (~7 hours) while staying within the limits for intertidal surveying defined by tide height and 

time (Table 1, Fig 4 and 5). A preliminary schedule for surveys requiring   tide height of 7m and higher is outlined in 

Microsoft Calendar title “O’Laughlin, Casey – Baseline Fieldwork”.  

 

 

Table 1. Mission duration and depth which define mission timing with respect to tide. Missions with Tide timing = L can 

be performed at any time in the tide cycle. Missions with “H” should be performed as close to peak tide as possible.   

Mission No. Duration Minimum Depth Required Tide Height Tide timing*

1 2hr 55min .8m at bell, 9m elswhere Any L

2 2hr 48min 0m Any M-H

3 2hr 21min 3.5m Any L

4 2hr 15min 1m Any M-H

5 2hr 55min -0.5 Any M

6 1hr 34min 1.9 Any M

7 2hr 16min -3 just S of ledges 7m H

8 2hr 59min -1 6m H

9 1hr 59min -1.1 6m H

10 2hr 42min -1.1 6m H

11 2hr 57min -3.3 mud 7m+ H

12 3hr 21min -3.3 mud 7m+ H

13 2hr 16min -2.1 mud 7m H

14 2hr 2min -3.3 mud 7m+ H

15 1hr 52min -3.2 7m+ H

16 2hr 2min -3.3 mud 7m+ H

17 1hr 34min -2.1 mud 7m H

*L = Low tide or above

M = Mid tide

Total Survey Time:  41hr H = High Tide +/-1hr



 

Figure 4. Times associated with acceptable working High Tide (West Dipper Harbour Station) for the month of July, 2020. 

 

Figure 4. Times associated with acceptable working High Tide (West Dipper Harbour Station) for the month of August, 

2020. 

 

 

 

 

 



Emergency Recovery; 

Although the AUV functions with the use of an object avoidance sensor to minimize the possibility of subsurface 

collisions, it is possible for the AUV to get stuck below the surface. The AUV houses an acoustic pinger (38kHz). In the 

event the event the AUV fails to surface at any of its predetermined waypoints, the following procedures will be 

implemented;  

1. The monitoring team will use the on-board acoustic receiver to triangulate the position of the AUV.  

2. If the AUV has not resurfaced after 30 minutes (the pre-determined time the AUV uses to dislodge itself), the 

team will deploy two divers at the calculated position of the AUV, locate the AUV with the acoustic receiver and 

manually return the AUV to the vessel. 

In the event contact with the AUV is lost when the AUV is near surface, an iridium antenna with cloud based tracking 

software can be used to identify the precise location of the AUV on the surface (the AUV is positively buoyant). Using 

these technologies we are able to locate a lost instrument without unnecessary searching within the MPA.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 

Survey Maps 

 

       

Figure 1. Geo-referenced nautical chart of the Musquash MPA obtained from CHS (left). The geo-referenced nautical 

chart is used as a basemap in the AUV software “Vectormap” for generating surveys for the area (right). Numbers 1-17 

correspond to individual missions saved on the AUV control computer’s hard drive. The blue and yellow dots represent 

waypoints that define the AUV’s resurfacing and dive coordinates to avoid obstacles (i.e. land) or obtain a GPS 

coordinate for post drift correction processing.  

 



 

Figure 2. Survey transects and waypoints for missions 1 and 3 identified in Figure 1. Maximum currents at the mouth of 

the estuary (<1.5 knots; Susan Haigh, personal communication April 21, 2020) are within the limits of current of the AUV 

(2 knots).   

 

Figure 3. Survey transects and waypoints for missions 2, 4 and 6 identified in Figure 1. 

 



 

Figure 4. Survey transects and waypoints for missions 5, 7 and 9 identified in Figure 1. 

 

 

 

 

Figure 5. Survey transects and waypoints for missions 8 and 10 identified in Figure 1. 

 



 

Figure 6. Survey transects and waypoints for missions 11 and 12 identified in Figure 1. 

 

 

Figure 7. Survey transects and waypoints for missions 13 identified in Figure 1. 



 

Figure 8. Survey transects and waypoints for missions 14 and 15 identified in Figure 1. 

 

Figure 9. Survey transects and waypoints for missions 16 and 17 identified in Figure 1. 

   

 

 

 

 

 

 



AUV Settings 
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