EN437 Cruise Report

Updated 7/6/07
Voyage #437 of R/V Endeavor was the second of two cruises organized to serve complementary scientific objectives of two different projects.  The two projects are:

Alexandrium population biology in the Gulf of Maine – Woods Hole Center for Oceans and Human Health – NSF/NIEHS

Objectives: 

Sample genetic variability of Alexandrium subpopulations throughout the Gulf of Maine.

Measure changes in relative abundance of Alexandrium genotypes in space and time.

GOMTOX: Dynamics of Alexandrium fundyense distributions in the Gulf of Maine: an observational and modeling study of nearshore and offshore shellfish toxicity, vertical toxin flux, and bloom dynamics in a complex shelf sea – NOAA ECOHAB

Objectives: 

Investigate A. fundyense bloom dynamics and the pathways that link this organism to toxicity in nearshore and offshore shellfish.

Investigate the vertical structure of A. fundyense blooms, vertical toxin flux, and linkage to toxicity in offshore shellfish.

Objectives common to both projects include:

Assess hydrodynamic and hydrographic context for interpretation of Alexandrium spp. measurements.

Incorporate field observations into a suite of numerical models for hindcasting and forecasting applications.
The domain of interest spans the continental shelf south of Cape Cod to the Bay of Fundy including Georges Bank.  

Results

EN437 began with a re-occupation of our southern New England Shelf and Georges Bank surveys (Figure 1).  Surface live counts indicate that cell concentrations on Georges Bank have dropped somewhat since EN435 (Figure 2), although there are several stations with thousands of cells per liter and a peak concentration near 10,000 cells per liter.  The bank-wide pattern has also changed, insofar as the central crest of the bank is now a local minimum in 
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	Figure 2.  Alexandrium concentration (cells l-1) from surface live counts on EN437.
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	Figure 2.  Alexandrium concentration (cells l-1) from surface  live counts on EN435.
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	Figure 3. Alexandrium concentration 
(cells l-1) from surface  live counts on high vertical resolution stations at the end of EN437.


concentration.  Cell concentrations on the southern New England shelf have risen from near zero during EN435 to several hundred cells per liter during EN437. 
At the end of the cruise, the central section of Georges Bank and selected stations along the Southern Flank were reoccupied at high vertical resolution (ca. 2m resolution in the upper 40m).  Results suggest that cells continue to be absent from the Crest and present in significant numbers (up to ca. 2000 cells l-1) along the Southern Flank (Figure 3).
The EN437 coastal Gulf of Maine survey revealed absence of A. fundyense from the waters east of Cape Cod, and Massachusetts Bay (Figure 1).  Tens of cells per liter were present at a few stations in the western Gulf of Maine, with hundreds of cells per liter in the coastal waters of mid-coast Maine. Significant concentrations are evident in offshore waters, coinciding with an offshore turning of the Maine Coastal Current that is visible in satellite imagery (Figure 4).  Cell counts along the Maine coast hit a peak of 2268 cells per liter offshore off Frenchman’s Bay before decreasing again from Cape Split to Cutler.  The bloom is intensifying in the Bay of Fundy, with peak concentrations of 2814 cells l-1 on the Nova Scotia side.  
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	Figure 4.  Contours of A. fundyense concentration overlayed on MODIS SST (left) and chlorophyll (right) for June 30.
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	Figure 5.  A. fundyense concentrations observed in May 1998, May 2007, June 1998, and June 1999.  Data and figure courtesy of Dave Townsend.


Overall this regional pattern in the Gulf of Maine and Bay of Fundy is fairly similar to what has been observed in the past this time of year.  This is somewhat of a surprise, given the near absence of A. fundyense in the coastal Gulf of Maine during mid- to late May (Figure 1).  A key question is how did the system “catch up” to “normal” conditions given such a late start?  This question is even more puzzling in light of the severe blooms that took place in 2005 (Anderson et al., 2005) and 2006.    See the EN435 cruise report for additional discussion of the potential causes of this dramatic interannual variability.
It is illustrative to compare the structure of the Georges Bank bloom observed on EN435 and EN437 with data from broadscale surveys during the Globec years (Figure 5, data courtesy of Dave Townsend).  In May 1998, surface cell counts based on Lugol-preserved samples were as high as 4000 cells l-1 along the periphery of the bank.  Abundances were much lower in June 1998 (Lugols, maximum concentration 615 cells l-1) and June 1999 (antibody probe, maximum concentration 115 cells l-1).

Drifters
A total of 18 drifters were deployed during the survey (Figure 6; Appendix A, Table 3; Appendix D)
.  Drifters released at the Cape Ann line all took a south-southeasterly course down past the eastern shore of Cape Cod.  The outermost three drifters on the Isle au Haut line appear to have been entrained into the offshore-flowing segment of the MCC, whereas the inshore drifters all tracked to the southwest.  Only a short record is available for the Bay of Fundy drifters thus far, so very little subtidal trend is evident.
Coring

The finding of a large bloom of A. fundyense on Georges Bank raised the question as to whether or not there are cysts present in that area.  Knowing that A. fundyense cysts are most abundant in fine-grained sediments, an inquiry was made to a knowledgeable fisherman (Richard Taylor) about where fine-grained sediments may be found on the bank.  He suggested several locations near where the 60m isobath turns south from the northern flank, so some of those areas were cored (Appendix A, Table 4; see Appendix E for the accompanying Knudsen sounder records).  Samples were generally comprised of sand, both coarse and fin-grained.  Initial results suggest the presence of A. fundyense cysts at low numbers.

. 
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	Figure 6.  Trajectories of drifters released on EN437.


Appendix A: Measurements made on EN437
Underway measurements

a. Acoustic Doppler Current Profiler

b. Meteorological sensors

Core hydrographic measurements
a. CTD (pressure, temperature, salinity, oxygen, fluorescence, beam attenuation, PAR)


b. Alexandrium cell counts: 1, 10, 20, 30, 40, 50m plus 250/near bottom


c. Nutrients: standard depths plus 100, 150, 200, 250m

	Bottle #
	Depth
	Live
	Micro

sats
	Whole Cell
	SHA
	qPCR
	Nuts/Chl/

Humics
	Pseuds
	total

	1
	1
	
	
	2
	2
	2
	1.0
	0.5
	7.5

 SUM(b3,b4) 

 SUM(b3,b4) 

 SUM(b3,b6) \# "0.00" 

	2
	1
	10
	
	
	
	
	
	
	10

	3
	1
	
	10
	
	
	
	
	
	10

	4
	10
	
	
	2
	2
	2
	1.0
	0.5
	7.5

	5
	20
	
	
	2
	2
	2
	1.0
	0.5
	7.5

	6
	30
	
	
	2
	2
	2
	1.0
	0.5
	7.5

	7
	40
	
	
	2
	2
	2
	1.0
	0.5
	7.5

	8
	50
	
	
	2
	2
	2
	1.0
	0.5
	7.5

	9
	100
	
	
	
	
	
	1.0
	
	1.0

	10
	150
	
	
	
	
	
	1.0
	
	1.0

	11
	200
	
	
	
	
	
	1.0
	
	1.0

	12
	250 / near bottom
	
	
	8?
	
	
	1.0
	
	9.0

	Table 1. Water budget


Af water- one 6 hole-manifold loaded twice

6L/depth combined/split x 6 depths=6 WC tubes&12 filters/station

Pseuds – 100-500 ml whole water onto 0.65um Duropore? Frozen in Dewar; manifold 2; 6 filters/station
Microsats – a 10L sample will be concentrated and kept live for culturing and microsatellite analysis of Alexandrium populations.  Samples for microsatellites will be collected at: Bay of Fundy, Casco Bay, Mass Bay, Stellwagen Bank, Nantucket Shoals, and Georges Bank.  Additional opportunistic samples may be taken in areas of high Alexandrium abundance.

Real-time qPCR – possibly on cruise 2.

Toxin size fractionation – Turner

Pump profiles approximately once per day, located in patches identified by surface live counts.  Samples at five depths to coincide as closely as possible with hydrographic sampling and sediment trap measurements. Pump deployments are summarized in Table 2.

	
	Date
	Time 

(local)
	Latitude
	Longitude
	Station
	Live Count

	1
	Jun 23
	1430
	40 43.7
	67 56.7
	31a GB S Flank
	2016

	2
	Jun 24
	2000
	41 02.3
	66 54.4
	51a GB S Flank
	952

	3
	Jun 26
	0330
	41 34.1
	66 41.1
	66a GB S Flank 
	2674

	4
	Jun 28
	1930
	43 40.0
	69 51.3
	108a Casco Bay
	0 sfc / 98 20m

	5
	Jun 30
	1030
	44 04.1
	68 11.8
	139a Mt Desert
	490

	6
	Jul 2
	0543
	44 55.4
	66 45.1
	The Wolves
	686

	7
	Jul 4
	0641
	40 43.5
	67 56.7
	GB S Flank
	238

	8
	Jul 5
	0649
	41 08.9
	70 28.0
	Marthas Vineyard
	Not done


Drifters


a. surface drifters: Cape Ann line (3), Isle Au Haut line (6)


b. drogued drifters: Bay of Fundy (9)


c. totals for two cruises: 18 Rachels, 18 Grahams

Other measurements


a. Mussel bags: Casco, Cobscook, Blue Hill, Frenchman’s – Darcy Couture

b. AVHRR, SeaWiFS, MODIS false-color imagery – Andy Thomas


c. GoMOOS moorings


d. NOAA coastal tide gauges

e. NMFS quarterly survey – March-April CTD data
	ID
	Mon
	Day
	Year
	GMT

(hhmm)
	Lon (ddmm)
	Lat

(ddmm)
	Drogue

depth(m)
	Drift

Cards
	Water

depth(m)

	
	
	
	
	
	
	
	
	
	

	76201
	6
	28
	2007
	0101
	7033.00
	4241.40
	1
	E
	60

	76202
	6
	28
	2007
	0210
	7024.60
	4241.40
	1
	H
	46

	76203
	6
	28
	2007
	0240
	7015.20
	4241.30
	1
	C
	94

	76381
	6
	29
	2007
	2304
	6831.90
	4401.80
	1
	A
	55

	76382
	6
	29
	2007
	2343
	6829.74
	4359.24
	1
	B
	70

	76383
	6
	30
	2007
	0038
	6824.57
	4353.58
	1
	G
	115

	76384
	6
	30
	2007
	0142
	6819.37
	4346.61
	1
	I
	150

	76385
	6
	30
	2007
	0236
	6815.46
	4341.93
	1
	F
	187

	76386
	6
	30
	2007
	0330
	6810.72
	4336.48
	1
	D
	190

	76461
	7
	2
	2007
	1111
	6645.10
	4455.20
	15
	J
	71

	76462
	7
	2
	2007
	0830
	6640.92
	4453.50
	15
	
	105

	76463
	7
	2
	2007
	0740
	6636.73
	4451.15
	15
	
	125

	76464
	7
	2
	2007
	0642
	6632.85
	4448.30
	15
	
	124

	76465
	7
	2
	2007
	0547
	6627.93
	4445.47
	15
	
	166

	76466
	7
	2
	2007
	0452
	6623.81
	4442.53
	15
	
	158

	76467
	7
	2
	2007
	0401
	6620.27
	4440.14
	15
	
	130

	76468
	7
	2
	2007
	0313
	6616.14
	4437.11
	15
	
	157

	76469
	7
	2
	2007
	0220
	6611.20
	4434.79
	15
	
	120

	75999
	7
	4
	2007
	1155
	6757.77
	4042.57
	1
	
	80

	Table 3: Summary of drifter releases.  For more information see http://nefsc.noaa.gov/drifter.


	Core #
	Time (GMT)
	Latitude
	Longitude
	Station
	Comment

	1
	1632
	41 59.4
	67 03.0
	60 (GB27)
	Good sample

	2
	1655
	41 59.4
	67 03.0
	60 (GB27)
	Good sample

	3
	1734
	41 57.5
	67 05.9
	Taylor – 3mi W
	Good sample

	4
	1753
	41 57.4
	67 06.0
	Taylor – 3mi W
	misfire

	5
	1803
	41 57.4
	67 06.1
	Taylor – 3 mi W
	misfire

	6
	1816
	41 57.3
	67 06.2
	Taylor – 3 mi W
	Good sample

	Table 4: Coring stations during EN437.


Appendix B: Hydrographic maps
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	Figure B1: CTD (red dots) and underway (red crosses) station locations.  Bold numerals indicate identifiers for the sections displayed below.
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	Figure B2: Coastal GOM survey maps at 5m depth.  Left: temperature, salinity, and density; right: fluorescence, oxygen, and light transmission.
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	Figure B3: Coastal GOM survey maps at 10m depth.  Left: temperature, salinity, and density; right: fluorescence, oxygen, and light transmission.


	[image: image13.png]Latiude (degh)

Latiude (degh)

Latiude (degh)

a5

a3

a5

a3

a5

a3

RAV Endeavor EN437 Survey 2 CTD, depth 20m

Temperature
&
“
B
@
Mt 477
s ces M3 55
noom e e @
Salinity
&
“
B
@
Mines1 3443
s cee M2 7164
noom e e @
Sigmat
&
“
B
@
o Mins24 2302
s cee M5 599
noom e e @

Longitude (degW)

106

52

27

25

23

21

Bf

17

255

253

En

24

247

245

243




	[image: image14.png]Latiude (degh)

Latiude (degh)

Latiude (degh)

a5

a3

as

a5

a3

a5

a3

RAV Endeavor EN437 Survey 2 CTD, depth 20m

Fluorescence (ug/L)
&
“
B
@
M 11753
1
&
“
B
@
Minsg 0737
s ces M 01
noom e e @
Transmition (%)
&
“
&
B
@ .
Minesr 2604
s coe Mt 308
noom e e @

Longitude (degW)

o

s

n





	Figure B4: Coastal GOM survey maps at 20m depth.  Left: temperature, salinity, and density; right: fluorescence, oxygen, and light transmission.
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	Figure B5: Coastal GOM survey maps at 50m depth.  Left: temperature, salinity, and density; right: fluorescence, oxygen, and light transmission.
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	Figure B6: Georges Bank / Southern New England survey maps at 5m depth.  Left: temperature, salinity, and density; right: fluorescence, oxygen, and light transmission.
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	Figure B7: Georges Bank / Southern New England survey maps at 10m depth.  Left: temperature, salinity, and density; right: fluorescence, oxygen, and light transmission.
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	Figure B8: Georges Bank / Southern New England survey maps at 20m depth.  Left: temperature, salinity, and density; right: fluorescence, oxygen, and light transmission.
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	Figure B9: Georges Bank / Southern New England survey maps at 40m depth.  Left: temperature, salinity, and density; right: fluorescence, oxygen, and light transmission.


Appendix C: Vertical sections.
	Section 1 not occupied on EN437

	Figure C1. Temperature, salinity, and density from section 1: 0-200m (left) and 0-50m (right).
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	Figure C2. Temperature, salinity, and density from section 2: 0-200m (left) and 0-50m (right).
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	Figure C3. Temperature, salinity, and density from section 3: 0-200m (left) and 0-50m (right).


	Section 4 not occupied on EN437

	Figure C4. Temperature, salinity, and density from section 4: 0-200m (left) and 0-50m (right).
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	Figure C5. Temperature, salinity, and density from section 5: 0-200m (left) and 0-50m (right).
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	Figure C6. Temperature, salinity, and density from section 6: 0-200m (left) and 0-50m (right).
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	Figure C7. Temperature, salinity, and density from section 7: 0-200m (left) and 0-50m (right).
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	Figure C8. Temperature, salinity, and density from section 8: 0-200m (left) and 0-50m (right).
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	Figure C9. Temperature, salinity, and density from section 9: 0-200m (left) and 0-50m (right).


	[image: image39.png]Depth (m)

Depth (m)

Depth (m)

50

100

150

200

50

100

150

200

100

150

200

124

R/V Endeavor EN437 CTD Section 10

Temperature
2 29

Min=5.453
Max=12.3446
Salinity
124 iz 2 2 iz
Min=31.1192
Max=34.1814

Sigmat

Min=23513
Max=26.7393

10 20 30 40 50 60 70 80
Distance (km)




	[image: image40.png]R/V Endeavor EN437 CTD Section 10

Temperature
2 29

Depth (m)

Salinity
2 iz

30

Depth (m)

40 Min=31.1192
Iviax=32.8285

50

Sigmat

Depth (m)

0 10 20 30 40 50 60 70 80
Distance (km)





	Figure C10. Temperature, salinity, and density from section 10: 0-200m (left) and 0-50m (right).
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	Figure C11. Temperature, salinity, and density from section 11: 0-200m (left) and 0-50m (right).


	[image: image43.png]Depth (m)

Depth (m)

Depth (m)

50

100

150

200

50

100

150

200

50

100

150

200

140

R/V Endeavor EN437 CTD Section 12

Temperature
5 %

Min=43432
Max=13.2534

Salinity
15 5 s

Min=31.6554
Max=34.2041

140

o ———

Sigmat
s s

Min=24.2603
Max=26.7833

10 20 30 40 50 60 70 80
Distance (km)




	[image: image44.png]R/V Endeavor EN437 CTD Section 12

Temperature
w s i 5 % 155 154

Depth (m)

Salinity
5 s

Depth (m)

Min=31.6554
Max=33.0077

Sigmat

Depth (m)

0 10 20 30 40 50 60 70 80
Distance (km)





	Figure C12. Temperature, salinity, and density from section 12: 0-200m (left) and 0-50m (right).
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	Figure C13. Temperature, salinity, and density from section 13: 0-200m (left) and 0-50m (right).
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	Figure C14. Temperature, salinity, and density from section 14: 0-200m (left) and 0-50m (right).
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	Figure C15. Temperature, salinity, and density from section 15: 0-200m (left) and 0-50m (right).
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	Figure C16. Temperature, salinity, and density from section 16: 0-200m (left) and 0-50m (right).
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	Figure C17. Temperature, salinity, and density from section 17: 0-200m (left) and 0-50m (right).


	Section 18 not occupied on EN437

	Figure C18. Temperature, salinity, and density from section 18: 0-200m (left) and 0-50m (right).
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	Figure C19. Temperature, salinity, and density from section 19: 0-200m (left) and 0-50m (right).
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	Figure C20. Temperature, salinity, and density from section 20: 0-200m (left) and 0-50m (right).
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	Figure C21. Temperature, salinity, and density from section 21: 0-200m (left) and 0-50m (right).
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	Figure C22. Temperature, salinity, and density from section 22: 0-200m (left) and 0-50m (right).
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	Figure C23. Temperature, salinity, and density from section 23: 0-200m (left) and 0-50m (right).
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	Figure C24. Temperature, salinity, and density from section 24: 0-200m (left) and 0-50m (right).

	[image: image67.png]Depth (m)

Depth (m)

Depth (m)

50

100

150

200 +

50

100

150

200

50

100

150

200

R/V Endeavor EN437 CTD Section 25

Temperature
2

Min=5.0331
Max=12.3568

Salinity
o

Min=32.3438
Max=34.2933

Sigmat
= = o = i

Min=24,4753
Max=26.7071

20 40 60 80 100
Distance (km)




	[image: image68.png]R/V Endeavor EN437 CTD Section 25

Temperature
2

Depth (m)

Salinity
o

Depth (m)

Sigmat
=

Depth (m)

40 60 80 100
Distance (km)





	Figure C25. Temperature, salinity, and density from section 25: 0-200m (left) and 0-50m (right).
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	Figure C26. Temperature, salinity, and density from section 26: 0-200m (left) and 0-50m (right).
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	Figure C27. Temperature, salinity, and density from section 27: 0-200m (left) and 0-50m (right).
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	Figure C28. Temperature, salinity, and density from section 28: 0-200m (left) and 0-50m (right).
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	Figure C29. Temperature, salinity, and density from the 2nd occupation of section 21: 0-200m (left) and 0-50m (right).
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	Figure C30. Temperature, salinity, and density from the 2nd occupation of section 20: 0-200m (left) and 0-50m (right).
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	Figure C31. Temperature, salinity, and density from the 2nd occupation of section 25: 0-200m (left) and 0-50m (right).
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	Figure C32. Temperature, salinity, and density from the 2nd occupation of section 26: 0-200m (left) and 0-50m (right).


Appendix D: Satellite imagery 
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Appendix E: Coring operations – June 25, 2007

Underway Knudsen soundings on the way to the coring stations (between stations 59 and 60) are shown in Figures 1-3.  The bottom seems to have changed character between 1524 GMT and 1534 GMT (Figures 2, 3), with broader returns on both the high frequency and low frequency traces.  Snapshots of the Knudsen screens at the times of each of the corer touchdowns are shown in Figures 4-10.  Misfires were caused by mechanical issues and did not appear to be correlated with bottom composition.  Samples consisted of mainly sand, both coarse- and fine-grained.
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	Figure 1. Knudsen screen capture underway between stations 59 and 60.
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	Figure 2. Knudsen screen capture underway between stations 59 and 60.
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	Figure 3. Knudsen screen capture underway between stations 59 and 60.
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	Figure 4. Knudsen screen capture at the time of deployment of core #1.
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	Figure 5. Knudsen screen capture at the time of deployment of core #2.
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	Figure 6. Knudsen screen capture at the time of deployment of core #3.
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	Figure 7. Knudsen screen capture at the time of deployment of core #4.
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	Figure 8. Knudsen screen capture at the time of deployment of core #5.
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	Figure 9. Knudsen screen capture at the time of deployment of core #6.
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� � HYPERLINK "http://www.whoi.edu/science/cohh/whcohh/projects/habs1_abstract.htm" ��http://www.whoi.edu/science/cohh/whcohh/projects/habs1_abstract.htm�





� Also see � HYPERLINK "http://nefsc.noaa.gov/drifter" ��http://nefsc.noaa.gov/drifter� 
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