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Cruise Report ‑ IOS 2002-40 ‑ VECTOR
11-25 November 2002

Objectives: 

Dense aggregations of plankton and fish often occur in localized regions where ocean currents interact with steeply-sloping bottom topography. These aggregation sites are ecologically important 'hot spots' for prey-predator trophic interactions, and are also zones of very strong acoustic backscatter. This project examines the biological and physical oceanographic mechanisms responsible for forming, maintaining and dispersing these aggregations, using a 'model' site (the sill region of Knight Inlet) that has relatively 2 dimensional, and well-understood, patterns of time-varying cross-isobath currents. This cruise is a follow-on to a similar Knight Inlet survey (IOS2001-39) carried out 12-26 Nov 2001. In the 2001 survey,  we found a km-scale aggregation of euphausiids and fish along the tidal-upstream rim of the sill. This was embedded in a broader (10-20 km scale) minimum of euphausiid abundance, probably the result of repeated and intense fish predation on the transient tidal aggregation at the sill. 

Sampling activities included:

· Repeated along-inlet acoustic surveys with a 3 frequency echosounder (38, 120 and 200 kHz) to describe vertical and horizontal distributions of 'zooplankton' and 'fish', and their tidal cycle and day-night variability. These echosounder surveys were the main mapping tool, and were done at nested spatial scales ranging from full inlet to km-scale repeat transects across the sill at varying stages of the tidal cycle.

· Zooplankton net tows (BIONESS instrumented multiple net, and bongo net) to provide classification and calibration of the acoustic backscatter data, and information on zooplankton size and species composition.

· Current meter (ADCP), moored near the sill, to provide time series of current speed and direction, and of acoustic backscatter  in the 30-80m depth stratum.

· Moored upward-looking echosounder ('WASP') to provide time series of acoustic backscatter near the sill

· A new underwater high-resolution digital camera (ZOOVIS), used to image small-spatial scale zooplankton abundance and orientation.

· Seabird 911 CTD/transmissometer/fluorometer to describe along-inlet distribution of water properties and density stratification

· Ship-mounted 1200 kHz ADCP, to provide additional information on speed and direction of near-surface currents along the survey track

· Strut-mounted multibeam echosounders (450kHz RESON, 100 kHz prototype) to provide detailed bathymetruc maps and 3D images of zooplankton and fish patch structure

· Optical Plankton Counter (OPC), mounted on the BIONESS or in a separate frame, and used to provide high-resolution profiles of vertical distribution of small-to-medium sized zooplankton.

Scientific Party:

Dave Mackas (chief scientist, IOS; co-PI) 

Doug Yelland (IOS)

Darren Tuele (IOS)

Mark Trevorrow (DREA, co-PI)

Mark Benfield (Louisiana State University, co-PI)

Maia Tsurumi (UBC/IOS postdoc)

Rob Campbell (UVic)

Sean Keenan (LSU)

Results: 

· Confirmed that both large zooplankton (euphausiids, amphipods) and ‘fish’ (prawns, dogfish, herring, others) form aggregations against the ‘upstream’ side of bathymetric slopes. . We obtained good time series of how this aggregation is modulated by day-night and ebb-flood tidal cycles As the scattering layer is advected toward the sill by tidal currents, it gradually intensifies, and appears to move downward relative to the along-inlet flow streamlines. Some evidence that benthic boundary layer turbulence (extending to about 25 m above the seabed) may provide an important cue causing the euphausiids to swim downward into more slowly moving (but increasingly strongly sheared) near-bottom water

· Trevorrow obtained 3-dimensional visualization of patch structure (of either  zooplankton or fish) by combining along line coverage from the high resolution 3 frequency downward-looking echosounder (the 3 ping) with the cross-line coverage from RESON 450 kHz multibeam. This is a first-time demonstration that multibeams can be used for this purpose.
· RESON also gave a high quality bathymetric map of the Knight Inlet sill region
· Good correlation between BIONESS catch and backscatter intensity on high-frequency (120 & 200 kHz) echosounder return. The echosounder is a reliable mapping tool when scattering layer is subsurface. When SL is in the near-surface layer, backscatter intensity is affected by ship’s lights. This is probably more due to orientation change of the targets than to avoidance of the ship.

· In locations with high SL intensity, ZOOVIS is very successful at obtaining images of euphausiids. Orientation of the euphausiids appears to be undisturbed by the ZOOVIS –most animals are ~horizontal and unflexed, few are in bent-abdomen ‘escape’ posture 

· The zooplankton predators (‘fish’) that aggregate around the Knight sill appear to be a mix of invertebrates (Pandalus spp.) and vertebrates (dogfish, herring, others). These mid-level predator aggregations in turn attract dolphins and occasionally seabirds.

Problems and delays:

During first few days of the survey, numerous internal and external electronic problems with ZOOVIS and BIONESS: 

· 220V electrical supply on VECTOR (1 220V live, 1 neutral, 1 ground) was difficult to match to ZOOVIS demand (2 out-of-phase 110V live, 1 ground). Took several hours of ship-board rewiring by VECTOR engineers and base electrician, plus may have contributed to failure of one of the ZOOVIS internal power supplies. During next major VECTOR refit, should consider providing a full range of electrical supply types to the lab and aft deck. Problems resolved by 13 Nov.

· ZOOVIS also had internal electronic glitches, mostly re communications between the numerous internal sensors, internal computers and surface computers. These problems were probably ‘shipping disease’ – connections that got deformed or loosened during the transit from Louisiana to BC. Problems partly resolved by 15 Nov, fully resolved by 19 Nov. Our thanks to Port McNeil CCG staff (Graham Lee, North Island Telecom) for expediting shipment of spare parts.
· BIONESS had a major mechanical and electronic makeover immediately before the cruise – added new net-drop detection system and converted on-board CTD from old Guildline to new SBE25. As delivered, there were problems with supply voltage for flowmeter, and communication-cross-talk between the separate CTD and net&flow count data channels. Problems partly resolved by 16 Nov, fully resolved by 19 Nov
· RESON data acquisition software did not live up to the hardware capability – much more along-track detail could have been acquired (However, given that this was a first attempt, this system was an outstanding success story)
· A few minor delays due to weather – needed to repeat 3 stations because weather conditions and wire angles were poor on the initial attempt

· Towed OPC collided with bottom in shallower water near mouth of Knight Inlet. Two causes: 1) tow depth was not sufficiently ‘conservative’ and 2) rapid decrease in ship speed as we headed into a strong tidal current over the outer sill. No damage to instrument, damage to tow frame was quickly repaired by VECTOR crew (our thanks to seaman Brad Forster for the repair work)

· Trawl winch as fitted was not suitable for trawling because it lacked a swing-open  block on the level-wind. Replaced 12 Nov before we sailed. Otter trawl also required some net repair. No delays, thanks to knotwork by seaman Jeff MacDonald. 

· WASP battery pack failed prior to deployment due to shorting across internal plastic foam insulation sheets. In one sense, we were lucky the failure happened so quickly, as D. Tuele was able to assemble a replacement battery pack from on-board spares. Delay about 2 hours.

· Signal-line terminator splice on the CTD/BIONESS cable was too short and insufficiently reinforced; internal insulation failed on 18 Nov (probably due to flexing of the cable just below the end of the armor) and splice had to be re-done onboard.

Successes:

· Despite the initial teething problems, this was an extremely successful cruise. All sampling systems collected the data that we needed from them; some performed far beyond our best expectations (see Results above). 

· Lots of praise from the scientific party to the VECTOR staff (Capt Glen Ormiston, Bosun Rob White, and the rest of the crew) for willing cooperation, good communication and interest in the science work, helpful suggestions for how we could do things more easily, and overall a very pleasant shipboard working environment (we’ll be back!).

· Unlike much of the other high-tech gear, the CTD kit (SBE911 + parts and calibration gear) worked first time and all the time. Thanks to D. Anderson for excellent pre-cruise preparations.

· Moored instruments (ADCP and WASP) were recovered in early December by Darren Tuele and Dario Stucchi during a later VECTOR cruise. Their willingness to do this work during their cruise gave us a considerably longer data record.

D.L. Mackas, chief scientist

30 Dec 2002

Event log:

6 Nov – Trevorrow arrives at IOS, VECTOR returns from moorings cruise with Juhasz, CTD/BIONESS and trawl winches in place, Strut davit bases loaded by crew

7 Nov – Benfield, Keenan arrive at IOS. Yelland collects BIONESS gear in lab.

8 Nov –Benfield equipment arrives at IOS. 

9-10 Nov – Mark B & Chris work on camera assembly & testing, Mark T works on acoustics setup. Electrical short inside pressure case of ZOOVIS, but MB able to replace the defective chip

11 Nov - (Remembrance Day) Trevorrow, Mackas and Campbell calibrate 3-ping sounder dockside; load BIONESS spares and electronics. Benfield & Keenan complete setup of ZOOVIS, ZOOVIS winch moved down to VECTOR

12 Nov –Remaining OcEcol lab gear  & most LSU gear loaded in AM, lab & deck setup in PM. Various minor delays cause deferment of  sailing until Wed AM (also very gusty wind): 

· chief engineer wants to install proper 220V electrical outlets for LSU fish & winch, rather than hard-wiring into wall panel. Will not be completed until Wed AM

· winch counter pickup wheel on center-line trawl winch is wrong one, should be a snatch block to allow attachment of trawl door warps. Negotiation between Rob White and Phil Lobb; decide to replace winch Wed AM

13 Nov – Trawl winch replaced 0630. LSU electric winch power avail ~ 0730. All science hands on board by 0830. 

· 0900- 220V power to ZOOVIS fish is wrong version (220V+neutral instead of 2 x 110V). May have fried ZOOVIS internal power supply? CCG electrician returns to ship. Need a different supply source; delay while rewire to a junction box near galley.

· 1100 – initial rewire completed, but still ground faults. Call in added help from ROPOS etc.

· 1500 – ground faults eliminated, Needed to provide a ground rather than a neutral wire?? Still problems communicating with LSU fish, but power is OK. Leave wharf. 

· Sampling:

Saanich Inlet tests:

Time-PST
Event
Lat
Long
Activity

1400
#01
48 39.1
123 30.6
BIONESS test, Saanich Inlet, no nets

1420
#02
48 39.1
123 30.6
OPC test, Saanich Inlet

1453
#03
48 39.2
123 30.49
CTD test, Saanich Inlet

Results of test dips: BIONESS not receiving net drop and flow info. SOUP picking up high count rates at some tow angles. CTD OK. Leave inlet, steam to GEO1 off Nanaimo for Rob’s station

GEO1 – Strait of Georgia:

Time-PST
Event
Lat
Long
Activity

2237
#04
49 14.59
123 44.47
OPC tow

2337
#05
49 15.16
123 45.02
net 400->0 m (no trip) 

0007/14
#06
49 15.08
123 44.88
net 300-200 (no trip) (gave up after this, wire angles too large)

14 Nov- reach Seymour Narrows ~0715 in time to catch slack tide.  Reach mouth of Knight in early afternoon. Lots of fish over broad entry sill. Further into inlet, strong zoopl. SL showing on 100 & 200 kHz sounders @ ~95-105 m depth, roughly Village Island to Lady Island, 126  32 to 126 28, then weakened gradually until we turn S into Chatham Channel. 

Mark B and Sean have completed diagnosis of ZOOVIS problems, think there is a fault in the onboard computer output connector. Phoned order to Baton Rouge for replacement single board computer– to be sent by FedEx to CCG office in Port McNeil.

1530-1700: “Patch” test for  RESON echo sounder in north part of Chatham Channel. Steam reciprocal NNW-SSE lines, ~1 km long, ~50-100m separation. On completion, anchor overnight off Minstrel Island. Mark T spends remainder of evening calculating roll, pitch and yaw corrections for the transducer head. Yaw correction is large (~10 deg), probably because of excess pull on aft cable stay of strut. Trevorrow has marked the stay cable where it crosses the deck rail, so that the present setting can be reproduced.

15 Nov: leave anchorage ~0700 , steam to intended mooring site at W face of sill. Variable weather: showers, cold, wind light to 20 kts. 

Mooring and outer inlet CTDs/bongos:

Time-PST
Event #
Lat
Long
Activity

825
07
50 40.315
126 01.898
ADCP mooring, 169 m

845
-


Attempted WASP deployment, defered due to shorted WASP battery pack

1014
08
50 42.85
125 42.0
KN09, CTD 320m

1038
09
50 43.1
125 41.8
KN09, 0-100m bongo

1135
10
50 41.5
125 50.3
K8, 0-100m bongo

1210
11
50 41.64
125 50.14
K8, CTD

1304
12
50 40.71
125 55.49
K1, CTD 430m

1336
13
50 40.7
125 55.6
K1, 0-100m bongo

1404
14
50 40.7
125 58.1
KN05, 0-100m bongo

1426
15
50 40.73
125 58.12
KN05 CTD 166m

1530
16
50 40.362
126 01.712
WASP repaired, moored at z=162.3m

1553
17
50 40.72
126 01.30
KN04 CTD 130m

1606
18
50 40.68
126 01.21
KN04  0-100m bongo

1632
19
50 40.14
126 03.98
KN03 0-100m bongo

1648
20
50 40.15
126 03.84
KN03 CTD 173 m

1713
21
50 39.99
126 06.08
CTD 172m

1731
22
50 39.89
126 05.95
0-100m bongo

1826
23
50 39.4
126 12.7
KN02 0-100m bongo

1840
24


Bad CTD cast

1902
25
50 39.30
126 12.59.
KN02 CTD 180m (shallow, can’t find bottom on pinger, large wire angle)

1955
26
50 38.30
126 20.92
KN01 CTD 191 m

2010
27
50 38.35
126 21.04
KN01 0-100m bongo

2100
28
50 38.13
126 21.04
2LE 0-100m bongo

2110
29
50 39.09
126 29.77
2LE CTD 175 m

Wind rises to storm force in evening, large wire angles on last 4 stns. High euphausiid catch KN02 and KN01 (especially KN01). Steam to overnight anchorage at Port McNeil.

16 Nov: Day: drop off Tuele @ 0700. Return to Knight for long up-inlet acoustics survey, with Benfields ADCP and Campbell’s OPC also deployed. 

Acoustics line/OPC tow: Full length of inlet, starting at 2LE at 0930. Again dense fish over shallows north and west of Village Island, then zooplankton at west end of transect. Additional zoopl aggregations near mouths of tributary inlets and channels – try to explore up these later in week?

Pass sill ~1300, shortly after slackHW. Very sparse SL on west (former upstream) side of sill, but moderately dense on east side of sill for several km. On east summit of sill, a thin (~2-5 m thick) SL right on bottom.

Up-inlet from Glendale Cove, character of acoustics backscatter changes – 38kHz becomes much stronger than 120 & 200 kHz. Strong 38 kHz persists slightly past Glacier Bay, then dark

Night: 

inner inlet CTDs/bongos:

Time-PST
Event #
Lat
Long
Activity

1820
30
51 02.53
125 33.76 
KN12 CTD 216m

1845
31
51 02.52
125 33.97
KN12 0-100m bongo

1920
32
50 58.56
125 33.50
KN11  0-100m bongo

1937
33
50 58.40
125 33.57
KN11 CTD 317 m

2027
34
50 54.58
125 32.57
KN10 CTD 394 m

2048
35
50 54.44
125 32.77
KN10 0-100m bongo

2127
36
50 52.29
125 38.65
KN08 0-100m bongo

2149
37
50 52.27
125 38.66
KN08 CTD 489 m

2245
38
50 48.19
125 37.59
KN07 CTD 512 m

2300
39
50 48.09
125 37.69
KN07 0-100m bongo

2341
40
50 45.41
125 40.86
KN06 CTD 516 m

0006/17
41
50 45.30
125 40.73
KN06 0-100m bongo

0033
42
50 45.45
125 40.64
KN06 0-500m bongo

17 Nov. All day - Repeat acoustic lines across sill through tidal cycle, 3 ping, RESON, OPC. Waypoints:

KN03

50 40.14
126 03.96

KN04

50 40.70
126 01.18

KN05 

50 40.72
125 58.0


Euphs and ‘fish’ accumulate against whichever is ‘upstream’ side of sill. RESON can see krill and fish, also the 3D structure of the near surface turbulence. Evening – anchor in Hoeya Sd – calibration of 3ping system. Good day for all. 

18 Nov Attempt ZOOVIS and BIONESS profiles near sill to compare with echosounder, but miscellaneous hardware & dataline problems. BIONESS will not read net drop line when CTD line is active. ZOOVIS on and off. Bad day to make up for the previous good day?  

Time-PST
Event #
Lat
Long
Activity

0830
43


Failed ZOOVIS profile

1041-1600



Various acoustics lines near sill while awaiting BIONESS & ZOOVIS repairs

1300
44


Failed BIONESS tow

1326
45


Failed BIONESS tow


46


Failed ZOOVIS

1820-1930
Not logged as event


ZOOVIS near-surface work, near sill

19 Nov: Sampling in outer basin of Knight, near and to east of outer sill region. 0800 Send zodiac to Port McNeil. 

Time-PST
Event #
Lat
Long
Activity

0800
Send zodiac w/ Keenan to Port McNeil to pickup Benfield’s computer spare (thanks for assistance to CCG Graham Lee, North Island telecom office)

0826-1102
47
Acoustics (3 ping & RESON) + OPC lines 126 26 to 126 33.

1130
48
50 38.0
126 26.0
BIONESS tow (Lady Island)

1354-1416
49
50 38.1
126 29.2
Midwater otter trawl Village Island

1426-1455
50
50 38.1
126 29.2
Repeat otter trawl, reciprocal course

1530-1910
51
50 38.34
126 22.0
ZOOVIS, Lady Island vicinity

1923
52
50 38.41
126 21.2
0-30 m oblique bongo tow, near ZOOVIS profiles

Zooplankton SL much weaker than on 14-15 Nov. Intense fish schools still present near Village Island as bottom begins to shoal. Also many propoise.

~1000. Hit bottom with towed  OPC package at western end of acoustics line- OPC depth increased as we were pulling it in prob because ship’s speed decreased as we entered the stronger flood tide flow in the shallow channel, but OPC was still in the slower water. Frame damaged but instruments OK.

Results of BIONESS tow near Lady Island. Moderate SL at 60-75 m is mostly amphipods – few if any euphausiids. Near surface SL at 20-30 m contained only copepods and very small hyperids.

Results of midwater otter trawls in area with fish schools. Zero catch in first haul, second caught one herring ~13cm (20 months old?). Nothing in gut. May have vomited during capture? Or maybe was not feeding?

Results of ZOOVIS & oblique bongo near Lady Island. SL has greatly intensified since noon BIONESS (now in strong ebb tide). Best results to date, many euphausiids imaged. Often stern view, not lateral – are animals diving as they sense the turbulence of the towed frame?? Oblique bongo tow in same area – 0-25-0 m – large catch, mostly euphausiids, some amphipods and decapods. One jar to Benfield, one for us.

Anchor @ Minstrel Island overnight

20 Nov.- acoustics line from NW of Chatham Channel mouth (KN01) to east of sill (KN05), then repeat EW lines across sill. Dense aggregation on S side of inlet just as we leave Chatham Channel at very late stage of ebb tide. W side of sill aggregation intensifies during flood. Excellent BIONESS tow through max of this in early afternoon, catches up to ~500ml per 60 m3, about 90% euphs.. ZOOVIS work in late afternoon & early evening. Less CPUE than previous day

Time-PST
Event #
Lat
Long
Activity

0700-1040

Acoustics.

1050-1120
Not logged


ZOOVIS  near KN04

1256-1333
53
50 40
126 00
BIONESS along west slope of sill, dense SL

1437-1818
54


ZOOVIS. East slope of sill

1908
55
50 40.77
125 59.41
“Esill” CTD 77 m

1919
56
50 40.64
125 59.04
“Esill” 0-85 m bongo

Anchor at Hoeya Sd overnight

21 Nov. Morning- acoustics lines criss-crossing sill to look for fish aggregation, followed by otter trawl along W slope of sill. 

Mid-day- RESON bathymetric survey of sill

Late afternoon- otter trawl in area of fish aggregation on SE rim of sill

Time-PST
Event #
Lat
Long
Activity

0700-0820

Acoustics.

0845-0927
57
50 41.1
126 00.8
Otter trawl along W slope of sill

1028-1540
58


RESON bathymetric survey of sill, between ~110 m isobathss

1628-1645
59
50 40.4
125 59.8
Otter trawl @ SE crest of sill

1845-2210
60
50 40.5
126 02
ZOOVIS near KN04

Results of morning otter trawl: thin catch (2 ratfish plus ~15 Pandalus), krill & fish aggregation hasn’t formed up yet this early in morning

Results of Trevorrow’s RESON grid across sill.  Got excellent coverage & results. Good helmsmanship helped a lot with this. 

Results of dusk otter trawl: Through flood tide (late morning), 3ping showed fish and krill aggregation building along W slope of sill. Mid-late afternoon, fish aggregation shifted over to E side of sill during ebb tide, then concentrated at SE corner and moved up onto sill crest. However, late afternoon otter trawl at SE corner. Was a bad idea – went through a fish school but caught none. Did catch a large haul of orange coral from the sill crest, along with various benthic inverts. 

Results of early evening upper-watercolumn ZOOVIS sampling: Started testing effect of whether deck lights were on or off. Effect is very quick, so probably initially an orientation change rather than a vertical displacement of ~10m. Scattering weakens when lights on (but see next nights results)

22 Nov. Morning: steam up inlet pre-light to arrive Glacier Bay (stn KN08) for 0800. First really sunny day of the cruise. Great scenery. Acoustics line mid inlet KN08-KN10, looking for max SL density of whatever scatters at 38 kHz stronger than at 120 and 200. ZOOVIS and BIONESS sampling in this scattering layer to find out what is causing strong scatter at 38kHx, weak at 120 and 200.. 

Afternoon: Return to sill area for ZOOVIS work, relatively early ebbing tideMoved over to mid channel on west (downstream) side of sill and did extended experiments on effect of ship’s lighting on euph orientation and SL apparent intensity.

Time-PST
Event #
Lat
Long
Activity

0755-0900
61
Acoustics KN08-KN10.

0928-1100
62
50 52.9
125 35.3
ZOOVIS profiles

1207-1244
63
50 53
125 35
BIONESS tow

1420-1540
Not logged


Acoustics returning to sill

1550- 1712
Not logged


ZOOVIS east of sill

1900-2130
64
50 41.2
126 01.1
ZOOVIS near KN04, lights on-off experiments

Results of Glacier Bay ZOOVIS and BIONESS: Nothing much on ZOOVIS. BIONESS tow shows siphonophores, large tomopterids, and chaetognaths in 38kHz SL, tomopterids, glass shrimp, and large copepods below.

Results of afternoon (east-of-sill) ZOOVIS:  By the time we are fully set up, SL is lifting up above the main channel of the sill. Zoops still aggregating at shallower margins of the sill, but work at NE margin in strong wind, ebbing tide is very difficult to keep cable off leg of Aframe, got only a few pictures.

Results of evening ZOOVIS/acoustics work: very strong reaction by near-surface SL to Aframe lights, but reaction is of opposite sign than previous night (SL intensifies when lights are on). Not clear yet what is going on, need detailed comparison of time series between acoutics and camera.

23 Nov: morning: steam westfrom sill area to find an extensive moderately intense SL.  BIONESS calibration tow near Shewell Island. Returned to sill for fish sampling on flooding tide. Good mid-day trawl along west face of sill. Afternoon – ZOOVIS on west face of sill until driven off by difficulty holding station in strong outflow winds. Moved to lee of Hoeya Head ~1500. Wind gradually dying down, ferry along w rim of sill from N to S. Got extremely high euphs/image (up to 13 so far). End at dusk. Begin steam home.

Enroute, repeat CTD stns @ KN02 and KN01 to get deep water coverage we missed on the first stormy night. Work completed ~1740. 

Time-PST
Event #
Lat
Long
Activity

0829-0907
65
50 38.5
126 15.6
BIONESS tow

1220-1254
Not logged
50 41.5
126 00.8
mid-day repeat of Wsill otter trawl

1400-1600
66


ZOOVIS, west slope of sill then N into lee of Hoeya Head

1702
67
50 39.25
126 12.62
KN02 CTD, 243 m

1746
68
50 38.27
126 21.10
KN01 CTD 182 m

Results of Shewell Island BIONESS tow - Got 6 SL samples of moderate intensity, mostly euphs. Looks like excellent overall correlation with 120 & 200 kHz 3ping output 

Results of mid-day west-sill otter trawl. At last a good catch of ‘fish’ Catch is dominated by prawns (450+) and dogfish (15), also 2 ratfish, 1 cod, 1 sole, two small bottom fish. Prawns may be responsible for the on-bottom cloud of 38 kHz targets??

Results of ZOOVIS profiles: difficult to work on sill slope in late afternoon because of strong tide and wind causing large wire angles and pushing ZOOVIS cable against Aframe leg. But when we could get images, the success rate was outstanding - very high non-zero-target image rate in very dense acoustic SL. Max count per image is 14 krill in 4 liter image volume. 

25 Nov: Repeat Rob Campbell’s GEO1 stn in Str of Georgia  (net tows on 14 Nov were unsuccessful because of large wind & wire angles)

Time-PST
Event #
Lat
Long
Activity

1000
69
49 15.0
123 44.9
Ring net 400-300m

1030
70
49 15.0
123 44.9
Ring net 300-200m

1100
71
49 15.0
123 44.9
Ring net 200-100m

1702
72
49 15.0
123 44.9
Ring net 100-0m

1746
73
49 15.0
123 44.9
CTD 182 m
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