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OBJECTIVES OF THE CRUISE.

EN266 was the fourth of five process oriented cruises fielded by the U.S.-GLOBEC
program in 1995. Scientific efforts on. these cruises were focused on measurement of
vital physiological rates of target species on Georges Bank, primarily the calanoid
copepods Calanus finmarchicus and Pseudocalanus spp. Specific objectives
were:

(1) To measure growth rates, production, and egg laying rates of target
zooplankton species (E. Durbin, A. Durbin and J. Runge).

(2) To measure feeding rates on phytoplankton, nanozooplankton and
microzooplankton by target zooplankton species (D. Gifford and M.
Sieracki).

(3) To examine the distribution and abundance of target zooplankton species
on sub-bankwide scales using the Video Plankton Recorder {(C. Davis and
S. Gallager).

(4) To collect hydrographic data along a fransect (Hydroline A) between the
Bank crest and the southern flank of the Bank (R. Beardsley and R.
Limeburner).

The primary work mode on the cruise consisted of station-keeping. Station-keeping
activities consisted of experimental work to measure vital physiological rates in
conjunction with twice daily hydrocasts, MOCNESS, pump sampiing, and VPR tows.
Stations were located in on the bank crest (the "well mixed" station) and on the southern
flank (the "stratified" station).

Ancillary activities included collection of visible and UV light profiles by J. Van Keuren, a
postdoctoral investigator with the program, and studies of the effects of UV light on
planktonic protozoa by E. Martin, a University of Rhode Island graduate student.

Despite some unforeseen weather-from-hell at the end of the cruise, EN266 was an
unqualified success. All major scientific objectives were accomplished, thanks to R.V.
Endeavor’s capable and helpful captain and crew.

CRUISE NARRATIVE.

Background. A sea surface temperature map processed and analyzed from AVHRR
data by James Bisagni and associates at the National Marine Fisheries Service
Narragansett Laboratory showed 7-8°C water over most of the Bank, and a plume of
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colder 4-5°C water extending from the Scotian Shelf, across the Northeast Channel, and
onto the northeast peak of the Bank (Figure 1). Meterological data collected from
Endeavor’s environmental sensing system during EN266 are shown in Figures 2, 3, and

4..

Drifter Station 1. R.V. Endeavor departed Narragansett at 1115 hours on 26 April
1895, foliowing a short delay to repair a malfunctioning winch. Sailing conditions were
ideal, with clear, sunny skies and calm seas. We arrived at Drifter Station 1 on the
southern flank (41°20.07°'N; 66°55.52'W) at 0630 hours on 27 April, and deployed an
ARGOS drifter (Figure 5). Drifter Station 1 was occupied for 72 hours. The site was
chosen on the basis of larval fish distributions collected during prior GLOBEC larval fish
and broadscale survey cruises. A larval cod maximum was located at ~40° 50'N; 67°
20W on 10-12 April by GLOBEC's larval fish group. By the time a subsequent
broadscale survey cruise arrived in the area, that patch was no longer present, but
another larval cod maximum was |ocated, centered at ~41° 30°N; 66° 40'W on 20 April.
We chose to initiate Drifter Station 1 of EN266 midway between these two maxima,
reasoning that the drifter would move south and west along the ~90 m isobath.

Station keeping activities began with a CTD cast and ring-net tows to characterize the
water column and the zooplarkton assemblage, followed by rosette casts and diaphragm
pump deployments to collect water for experiments. A series of net tows with 150 um
and 333 um mesh nets were done to collect live zooplankton for experiments. Vital rates
measured were growth, feeding and egg-laying of target copepod species. CTD, optics,
and zooplankton pump deployments were done at approximately 1100 and 2100 each
day to collect data on hydrography and zooplankion distribution and abundance.
Hydrographic measurements included conductivity, salinity, fluorometry and
transmissometry. Discrete water samples were collected from each daytime CTD cast
for analysis of size-fractionated chlorophyli (total, <20 gum and <5 um) and
microplankton (i.e., phytopiankton and protozoa). Microplankton samples were collected
for analysis by automated epifluorescence microscopy and inverted microscopy in order
to describe the entire suite of micro- and nanoplankton prey potentially available to target
copepods. Discrete samples were collected from the first CTD cast at station for analysis
of major nutrients and particulate organic carbon. The MOCNESS was deployed once
at each station, usually during the second night of station-keeping. The VPR was
deployed for a 6-hour period once each day and night on station.

The first hydrocast showed the water column to be nearly isothermal, with some slight
surface warming. The weather remained warm and caim, and stratification continued to
develop during the time the station was occupied. The stratification was eroded by winds
just prior to our departure for Station 2, with the result that water column was again well
mixed on 30 April. However, the mean water temperature had increased by slightly more
than 0.1 °C. The drifter was entrained in the tidal ellipse, and showed a net southwest
movement during the time it was deployed (Figure 5). Upon completion of activities at
Drifter Station 1, the ARGOS drifter was left in place.
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Figure 1. AVHRR image of sea surface temperature on 23 April 1885. The 100 m
isobath is shown. Magenta areas on the northeast peak represent cold water from the
Scotian Shelf. The magenta streamer traversing the Bank from southeast to northwest
represents clouds.
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Figure 2. Sea surface temperature (recorded in welt 5 m below surfape) aqd ajr
temperature (shipboard RM Young system) during cruise. Lower (less variable) line is
SST.
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Figure 3. Short-wave and long wave radiation recorded by shipboard RM Young system.
Calibration data for Short-wave sensor was unavailable.



EN266 Cruise Report Page 6

Baromedtric Pressure

1020
1015

\
f
E
1

{
!
)
7

mbar
—
o
-
O
T
%l
7
d

1005 ° o
1000

i 995 1 1 1
116 118 120 122 124 126 128

Year Day (GMT)
Apparent Wind speed
50 n T T T T

T
Y

T

40

30

knts

20

0 I
116 118 120 122 124 126 128
Year Day (GMT)

Figure 4. Hourly averages of barometric pressure and apparent wind speed recorded by
shipboard RM Young system. .
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Figure 5. Drifter station locations and drifter tracks during EN266.
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Nets from pump casts and MOCNESS tows at this station were brown, clogged with
Coscinodiscus ceils. Hydroid colonies were abundant. Temora longicornis
appeared to be the dominant copepod species, followed by Pseudocalanus spp., and
Calanus finmarchicus. The most abundant Calanus stages were C3 and C4. Few
nauplii of any copepod species were observed. The VPR showed Calanus in the top
1 meter of the water column during both day and night. Net tows revealed that older life
history stages dominated this layer of Calanus. A few Pseudocalanus and Temora
were also present, but the layer was devoid of hydroids, .contained few large
phytoplankton cells, and had low chlorophyll levels. Hydroids and large phytoplankton
were present deeper in the water column. When observed under the microscope, the
hydroids appeared to stun the Calanus, leading us to suspect that the copepads were
confined to the shallow surface layer in order to avoid the hydroids. After the wind
increased on the third day at Station 1, the layer disappeared.

Drifter Station 2. On 30 April, we moved to Drifter Station 2 on the Bank crest (Figure
5}, arriving at 0700 hours. A second ARGOS drifter was deployed at this station, which
was occupied for 72 hours. The drifter was entrained in the tidal ellipse, showing a net
southwest movement during the time the station was occupied (Figure 5). Station
keeping activities foliowed the same routine as at Station 1. Deteriorating weather The
drifter was retrieved at the end of activities at Drifter Station 2. High winds and seas
interrupted over-the-side work on 1-3 May. The drifter was retrieved at 2247 on 3 May.

The water column at this station was well mixed. Late stage Calanus (C5 and adult)
were the numerically dominant copepods. Temora sp. and Centropages hamatus
were abundant, with Centropages typicus and Pseudocalanus spp. also present.
Few nauplii of any species or early copepodid stages of Calanus were present.
Chaetognaths were common, and hydroids and diatoms were less abundant than at
Station 1.

Hydroiine A. Hydrographic Section A was occupied from 0950 to 1945 on 4 May.
The hydroline began on the Bank crest, (41° 9'N; 67° 47°'W) and ended in the slope
water (40° 31'N; 67° 17'W). A complete description of the hydroline is given in the
hydrographer’s report below.

Drifter Station 3. On 4 May we returned to the first ARGOS drifter on the southern
flank. in the four days since we had occupied the drifter station, the drifter had moved
approximately 25 miles west along the southern flank (Figure 5). The first CTD cast at
the reoccupied station revealed that some stratification had occurred during our absence.
The mixed layer deepened during the 24 hours we revisited the station. However, the final
CTD cast showed cooler surface temperatures. This was the only CTD cast at Stations
1 and 3 that showed any significant salinity structure. Once again, a surface layer of
Calanus was present. Copepodid stages 1, 2, and 3 were dominant and there were
some naupliar stages, but few C5s and adults. There were few hydroids. Our
impression was that this was not the water mass in which the drifter had been deployed.



EN266 Cruise Report Page 9

On 6 May deteriorating wind and sea conditions prevented further over-the-side work.
We rode out the storm comfortably untif 7 May, watching videos from Endeavor’s
dubious cinematic archives and reading a variety of trash from our personal libraries, but
were unable to return to work. EN266 returned to Narragansett one day early on 8 May,
arriving at 1430 hours. The cruise was successful despite its early termination. We were
able to accomplish our major abjectives, with the exception of one cross-Bank VPR
transect.

INDIVIDUAL SCIENCE REPORTS
|. HYDROGRAPHY
A. Hydrography: water column (Paul Robbins)

This report summarizes CTD operations and hydrography for GLOBEC process cruise
EN266. Unless otherwise noted, all times are specified in GMT and dates as year day.

1) Generat CTD operations

Conductivity, temperature, and pressure were measured with a University of Rhode Island
Neil Brown Mark Il CTD (S/N 1088). Chiorophyil fluorescence was measured with a
SeaTec flourometer, S/N 1178. Light transmission was measured with 25 cm path iength
SeaTec transmissometer, S/N 121D. The flourometer was also used for MOCNESS
tows which required removai from the rosette frame 3 times during the cruise. Data was
acquired using the General Oceanics Inc. CTD Data Acquisition Module version 5.2. The
CTD data stream was concurrently recorded to audio cassettes for archive/backup.
Water samples for shipboard salinity analysis were collected using General Oceanics 10
liter Go-flo sampling bottles. Shipboard salinity analysis was performed by Dave Nelson
on an Autosal model 8400A.

CTD casts were performed 4 times a day at stations foliowing drogued drifters. Two of
these casts were 'conventional’ CTD casts including water collection for shipboard salinity
analysis and biological experiments. The conventional casts were typically performed as
soon as a new drifter station was occupied and at 1300 and 2200 thereafter. The
lowering and raising rates of these casts were 30 m/min. The other two daily casts were
zooplankton pumping stations for Ted Durbin’s group conducted at about 0800 and
2100. A flexible hose was attached to the rosette frame in order to pump water from
depth to the surface for fiitering and plankton collection. CTD data were acquired during
these pumping stations but no bottles were tripped for shipboard salinity analysis. Winch
speeds for pumping stations were typicaily 20 m/min for the downcast and 4 m/min for
the upcast. The following CTD cast numbers were pump stations: 2, 6, 7, 9, 13, 15, 18,
20, 23, 38 and 40. Locations of CTD casts are shown in Figure 6.
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Figure 6. CTD cast locations on EN266.
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Drifter 1 was deployed near GLOBEC broad scale Station 20. CTD casts (numbers
1-13; Day 117 1100 to Day 120 0100) conducted following the drifter for the first three
days.were labeled Station 1. The initial casts at Station 1 revealed a water column with
uniform temperature and salinity indicating recent mixing to the bottom. The mean water
temperature had increased by about 0.7°C since the prior process cruise (EN264) with
no significant changes in salinity. The observed change in heat content would have
required a surface heat input of approximately 100 W/m? during the 23 days since last
occupation.

During the first three days of occupation significant temperature stratification was
observed. The stratification was not accompanied by significant salinity changes and is
therefore likely due to surface heat exchange, principally solar heating. The vertical
temperature difference the first day reached 0.6°C (cast 3) and a maximum of 0.9
degrees (cast 68) was observed on the second day. The stratification observed to form
over the three days of accupation at station 1 was completely eroded by winds just prior
to the ship’s departure for station 2. The water column was again uniformly mixed at cast
12. However, the mean water column temperature had increased by slightly more than
0.1 degrees compared to cast 3. Evolution of stratification at Drifter Station 1 is shown

in Figure 7.

Drifter 2 was deployed near the GLOBEC crest mooring. The accompanying CTD casts
(numbers 14-23; Day 120 1200 to Day 123 0100) were labeled Station 2. All of these
casts revealed a uniform water column. As at Station 1, compared to the prior
occupation, the mean temperature had increased while salinity remained roughly
constant. The temperature increase of 1.4 degrees is again consistent with a 100 W/m2
surface heat input since the EN264 occupation.

After the survey of Hydrographic Line-A (discussed beiow) we returned to the site of the
first drifter (casts 36-41; Day 125 0130 to Day 126 0200). The reoccupation of the
lagrangian drifter station was designated Station 3. The first reoccupation cast (36)
showed that some stratification had occurred during our absence (delta-T = 0.55). The
mixed layer deepened during most of the 24 hours of occupation. The final cast (41)
revealed cooler surface temperatures. Cast 41 was the only cast at Stations 1 and 3
which showed any significant salinity structure. Surface salinity dropped by 0.01 psu with
a step up to formerly observed salinity at the base of the mixed layer. T-S plots for
Stations 1, 2, and 3 are shown in Figures 8 and 9.

3) Hydrographic Line A.

Hydrographic Section A (casts 24-35) on the southern edge of Georges Bank was
occupied on May 4 (Day 124) from 0950 to 1945. Countours of salinity, temperature,
fluorescence, and transmission are shown in Figures 10 and 11. The first three stations
(closest to the crest) revealed a water column uniform in temperature and safinity. Both
temperature and salinity decreased away from the crest. Station A-4 {cast 27) showed
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Drifter #1: Sea Surface temperature
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Figure 7. Evolution of stratification at drifter station 1. Upper panel shows temperature
recorded by ARGOS drifter (solid line) and 1 dbar temperature for each ctd cast at
stations 1 and 3. Lower panel is contours of temperature in upper 20 meters of water
column observed by the ctd. X’s along lower portion of plot indicate time of ctd casts.
No ctd casts were performed at this site between year day 120 and 124. Temperature
contours in this region are simple linear interpolation between last cast at station 1 and
first cast at station 3.
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T-S plots for CTD casts at Stations 1 & 3: Endeavor 266
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Figure 8. Temperature-Salinity diagram for ctd casts at stations 1 and 3 following ARGOS
drifter 1. Numbers indicate cast number. Small open circles locate the surface T-S
values for each station and x's indicate bottom T-S. Casts with erroneous negative
salinity anomalies are truncated above anomaly.
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T-S plots for CTD casts at Station 2: Endeavor 266
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Figure 8. Temperature-Salinity diagram for ctd casts at station 2 following ARGOS drifter
2. Numbers indicate cast number. Small open circles locate the surface T-S values for
each station and x’s indicate bottom T-S.
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Figure 10. Contours of temperature and salinity along Hydrographic line A.
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slight stratification with a fresh cold lens in the top 5 meters (deita-T = .06, delta-s
~=08). This surface lens of cold fresh water deepened to about 40 meters at the

following station and persisted until Station A-7 (Cast 30). At Station A-8 ( Cast 31) warm '
salty slope water was evident in the deepest 20 m of the water column. The shelf-break
front was captured dramatically in casts A-8 through A-10. Across 8 nautical miles the
surface temperature rose by 5.0°C and salinity increased by 2.8 psu. The shelf-break

] front was also distinctly visible on the ships’s radar as a line of strong radar returns. On
the shoreward (Georges Bark) side of the front the radar return from surface waves was
significantly lower then the radar return of waves in the slope water. The final two

stations of the transect (Casts 34 and 35) showed a reversal in the temperature gradient,

with temperature decreasing with depth. In comparison to previous process cruises
£ (EN262 and EN264) the shelf break front was much tighter and located further
L shoreward. This could be a response to the strong north-easterly winds experienced just
prior to the commencement of the hydrographic survey.

Fluorescence along line A was relatively low at Station A-1 (below 2.8V). Between
Stations A-2 and A-6 there was a subsurface maximum (peak vaiue > 3.2V) centered at
about 30 meters. This feature extended across the boundary from the well mixed crest
water into the fresh cold water lens described above. A relative minimum in fluorescence
was observed from casts A-7 to A-9. This region was roughly coincident with the water
just inshore of the shelf-break front. Values of fluorescence increased across the
shelf-break front with the largest values observed at Station A-11 (cast 34) where the
peak value at 20 m exceeded 3.8 V. Station A-11 was the first station clearly seaward
of the sheif-break front.

;- Light transmission tended to increase away from the crest except for the bottom of cast
29 where very low values were observed. There is no corresponding feature in
fluorescence at cast 29 suggesting the feature may be due to suspension of inorganic
material. Transmission in the region of the shelf-break front appeared to vary inversely
with fluorescence indicating that the variations in transmission are due to the presence
of phytoplankton.

5) Calibration

Salinity samples were collected at every station in order to provide a reference for CTD
calibration. The CTD {S/N 1088) was determined (after removing clearly erroneous
bottles) to be 0.028 psu (CTD read slightly saitier) with no significant trend over the
course of the cruise (Figure 12).

6) Technical probiems

A large number of casts (3,5,6,8,9,12, 14,16, 18,19,20,21,22,23,25,28,39,37,38 and 41)
revealed regions (from 2 to 50 m thick) of negative salinity anomalies (0.01 to 0.05 psu)
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Bottle salinity minus CTD salinity
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(Figures 13A and 13B). Many of these negative salinity anomalies occurred at stations
where the temperature structure suggested a uniformly mixed region of the water column.
Additionally, the negative anomalies in salinity were not coincident with any apparent

~ anomalies in temperature, fluorescence, or transmission indicating that the problem was

not associated with the A/D conversion within the CTD or the subsequent decoding
within the deck unit.

After Cast 21 we decided to exchange the CTD (S/N 1088) with the backup CTD (S/N
1295N) in order to determine if problem was associated with a fauity conductivity cell in
CTD 1088. Casts 22 and 23 were performed with CTD 1295N. The negative salinity
anomaly features observed using CTD 1088 were also observed using CTD 1295N.
Additionally, fluorescence on casts 22 and 23 was about 1 voit higher than previous
station 2 casts and the transmissometer reading was fixed at 4.5 V. Because of the
apparent problems with fluorescence and transmission and the continuation of the
negative salinity anomalies, we decided to exchange the CTD’s again and return to using
S/N 1088. Marine Technician Dave Nelson examined CTD 1088 afterward with a digital
multimeter and discovered that the A/D channei for transmission was pegged at 4.5 V.

Because the exchange of CTD’s did not solve the problem of negative salinity anomalies,
it is likely that CTD 1088 was functioning normally and that some other cause was behind
the observed anomalies. The MOCNESS and VPR data showed large concentrations of

* gelatinous plankton and marine snow in the water column throughout the cruise. It is

possible that some of this biological material is fouling the conductivity cell for short
periods during the downcast, thereby altering the observed conductivity. Indeed, most
of the observed anomalies can be correiated with instances of large flucrescence peaks
at the same locations.

CTD cable connections at the termination caused intermittent but recurrent problems
during the later portion of the cruise. The CTD is connected to the center conducting
cable of the hydrowire via 4 single pin Mecca connectors. Routine operation required
these connections to be disconnected several times each day in order to use the
hydrowire for optics casts, pump casts and net tows. Two of the single wire cables
broke during the cruise and were repaired. Subsequently, there were intermittent
problems with open circuits on the CTD power connection. Unwrapping the connections
and simply checking the physical connections of ail the Mecca connectors typically
provided a short term remedy for this problem. On May 8, Dave Nelson rewired all the
connections between the deck unit and the CTD. However, no CTD casts were
performed after this date.
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Figure 13A. CTD salinity data {1 dbar averages) comparing down and up cast at
selected stations illustrating possibly erroneous negative salinity anomalies. Downcast

is heavy line while upcast is light line.
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anomalies appear well correlated with regions of high fluorescence.
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B. Hydrography: Biology and Chemistry (Dian Gifford, Mike Sieracki, Scott
Gallager and Phil Alatalo).

1. Size fréctionated chlorophyll (Dian Gifford and Mike Sieracki). Samples

were collected for analysis of chlorophyil and phaeopigment from alt daytime CTD casts
at each drifter station. Three size fractions were collected: total, <20 um, and <& um.

Water was coliected in teflon-lined Go-flo bottles, and drained through silicone tubing into
opaque bottles. Size fractionation was done by gently pouring a subsample from each
collecting bottie through either a 20 um or a 5 um mesh. 50-ml samples were collected
on GF/F glass fiber filters, transferred directly into 5 mi of 90% acetone, extracted in the
freezer, in the dark for 24 hours, and analyzed by fluorometry using a Turner Designs
Modei-10 fluorometer. Ali samples were run in triplicate.

Large cells dominated the phytoplankton at the beginning of drifter Station 1, with 80%
of the chlorophyil >20 um, 3% 5-20 um, and 17% <5 um. A subsurface chlorophyil
maximum developed with the onset of stratification. The maximum contained an
increasing proportion of smaller ceils, reflected by 47% of the chlorophyil >20 um, 18%
5-20 um, and 35% <5 um. In contrast, 60% of the chlorophyil at the surface layer was
>20 um, 40% 5-20 ym, and 0% <5 um.

2. Nutrients and POC (Dian Gifford). Samples were collected from the first
daytime CTD cast at each drifter station for onshore analysis of nutrients and particulate
organic carbon. Water for nutrient analysis was filtered through GF/F glass fiber filters
into precleaned 100-ml plastic bottles. The deionized water stored in the bottles was
discarded, the bottles were rinsed twice with filtered sample, then filled to 3/4 level with
sample, closed, and stored frozen pending analysis in the home laboratory. 100-ml of
water for POC analysis was filtered through precombusted GF/F glass fiber fiters. The
filters were frozen pending analysis in the home laboratory.

3. Nano- and Microzooplankton.

a. Microscopy (Dian Gifford and Mike Sieracki). Sampies were collected
from every daytime CTD cast at both drifter stations. Sampies for analysis of
microzooplankton (20-200 um) were collected by draining water from the Go-flo bottles
directly into 250 mi botties containing 25 mi of acid Lugol's preservative, for a finai
concentration of 10% (vol/vol) acid Lugols. These samples will be processed ashore
using an inverted microscope. Samples for analysis of nanozooplankton (2-20 um) were
collected by draining water from the Go-flo bottles directly into collecting bottles. The
water was preserved with 3% glutaraldehyde, stained with a combination of DAPI and
proflavine, and filttered onto 0.8 um Nuclepore filters. The filters were mounted on
microscope slides and frozen for later analysis by image-enhanced epifluorescence
microscopy at the home laboratory.
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b. Video analysis (Scott Gallager, Linda Davis, and Phil Alatalo). One
of the objectives of the GLOBEC Georges Bank program is to characterize the potential
prey field of cod larvae with respect to abundancs, size, and motility of potential prey.

-We hypothesize that newly-hatched cod larvae will feed on soft-bodied protozoans and
that feeding success will relate to size, density, and motility patterns of prey. Experiments
to measure ingestion of protozoa by cod larvae were done on the two prior process
cruises, EN262 and EN264. Samples were collected on EN266 as part of an on-going
survey of the seasonal changes in the prey field throughout the water column on

George’s Bank.

Surface water samples were collected with a tethered 1-1 beaker, while near-bottom and
1-m subsurface samples were collected using Go-flo bottles deployed on the CTD.
Tissue culture flasks were filled gently with 200 ml of sample and placed in an incubator
at 5°C. The fiiming apparatus consisted of a B/W high-resolution Pulnix camera fitted with
a Nikor 50 mm macrolens which was mounted on a frame opposite a fiber-optic ring
iluminator. The frame was suspended on bungee-cord inside the 5°C incubator, thereby
reducing the ship’s vibrations and keeping the sample cool during filming. Although a
far-red filter apparatus is normally used in conjunction with the illuminator, lighting
limitations prevented its use on this cruise. Each sample was placed on a flask holder
on the frame such that the field of view was 15 mm. Samples were recorded for 12
minutes on SVHS format using a Panasonic AG1960 video recorder. Microzooplankton
abundance and prey motility patterns are to be analyzed onshore using Motion Analysis
EV software. Post-cruise processing will yield particle size distribution and motility spectra
associated with each particle. Results will be compared with species composition and
abundance in the microzooplankton fraction preserved in acid Lugol’s solution by Dian
Gifford and Mike Sieracki.

Preliminary results indicate a general decline in both number and size of
microzooplankton compared to earlier cruises. While very few microzooplankton were
observed at Stations 1 and 2, Station 3 showed a dramatic increase in numbers of very
small as well as medium to large microzooplankton. Differences between samples at
various depths were minimal. Results were compared to macroplankion observations
from pumps and the Video Plankton Recorder (VPR).

Large diatoms ware fairly abundant on the Southern Fiank (Station 1), though reduced
in numbers from the bloom conditions observed in March and early April. Few medium
to large protozoans were observed. Very small plankton, possibly phytoplankton,
dominated the assemblage. VPR images showed large (~2cm) marine snow particles
and abundant hydroid colonies in the water column. The well-mixed region on the crest
of the Bank (Station 2) showed even fewer microplankton than on the Southern Flank.
Large diatoms were present atong with small to medium-sized protozoans exhibiting very
little motion. This region was characterized by smali amounts of marine snow, large and
abundant hydroid colonies, and a "bloom" of cerianthid larvae.
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Following a storm on May 3, Station 3 on the Southern Flank was characterized by a
significant increase in abundance of all sizes of microplankton. Microscopic examination
showed Phaeocystis colonies, Coscinodiscus sp., and polychaete larvae, in addition
to numerous ciliate protozoans. Following the hydroline transect, sampling showed an
increase in medium to large protozoans at Station .3. Copepod naupli were aiso
recorded for the first time. In contrast, VPR images showed a dramatic reduction of
marine snow and hydroids together with an abundance of younger stage copepods and
some pteropods. An intrusion of a different water mass may expiain the sudden change
in both macro- and microzooplankton composition. Sampling along Hydroline A at the
shelfwater break showed large concentrations of small microplankton, particularly at 115
meters depth. A few large protozoans were observed in the 1-meter subsurface sample.

C. Hydrography: Optics (Jeff Van Keuren).

The overall objective of my work is to characterize the ultra-violet (UV) and visible light
regimes encountered by organisms living on Georges Bank throughout the critical early
development period of the key cod and haddock larvae, and the copepod Calanus
finmarchicus. My primary objective on EN266 was to extend the time series of GLOBEC
Process cruise continuous surface measurements and underwater profiles of downwelling
irradiance data (ultra-violet, PAR). Ultimately, the light data will be integrated with ADCP
data on zooplankton abundance and biomass, and zooplankton distributions in refation
to the light field will be examined.

During this 13-day cruise, light profiles of four narrow band UV channels (308nm, 320nm,
340nm, 380nm) as well as broad-band PAR (400-700nm) were taken at the three time-
series stations visited (Stations 1-3) as well as at GLOBEC mooring site “ST-1" and
hydroline station "A-11". Strong winds and high seas associated with the three gale-force
storms which occurred during this cruise prevented optical casts at additional sites
elsewhere across the Bank. Surface irradiance values for each of these five wavebands
were also continuously logged throughout the cruise using masthead-mounted deck

“sensors. These daytime surface irradiance measurements were complimented by broad-

band twilight/nocturnal light records generated by a logging PMT-based system as well
as observations of existing cloud conditions. No underway analyses of these data were
possible due to weather conditions. The UV component of this work is being done in
conjunction with Dr. Albert Hanson, University of Rhode isiand.

I Zooplankton Abundance, Physiological Condition, and Growth Rates (E.
Durbin, A. Durbin, R. Campbell, J. Gibson, and G. Teegarden)

Objectives:

(1) To determine the abundance and stage composition of the target
zooplankton species (Calanus finmarchicus and Pseudocalanus
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spp.) at the proposed drifter locations on Georges Bank and at several off-
bank stations.

(2) To determine the size (length, carbon, and nitrogen) and condition
(condition factor and RNA/DNA ratio) of Calanus finmarchicus over
different regions of the bank.

(3) To correlate growth and development rates of Calanus finmarchicus
copepodite stages and egg production rates of adult females with
RNA/DNA ratios in ship board incubations, and compare these resuits with
the RNA/DNA ratios of field collected copepods to estimate growth rate in .
the field.

(4) Todetermine if growth and development rates of Calanus finmarchicus
copepodite stages are food limited on Georges Bank.

Zooplankton were coliected twice each day at the drifter locations. A zooplankton pump
equipped with 50 um mesh nets, that quantitatively retains all of the nauplii of the target
copepod species, was used as our primary sampling tool, and sampled the following
depth intervals: bottom-40m, 40-15m, and 15m-surface. In addition, a 1 m* MOCNESS
equipped with 150 um mesh nets, and towed over the same depth intervals as the pump,
was used once at the beginning of each drifter site to sample the larger zooplankton and
rarer species that might not be quantitatively sampled by the pump. A MOCNESS tow
was also taken in the slope water at the end of the hydro line and sampled from the
bottom-100m, 100-40m, 40-15m, and 15m-surface.

At Station 1, the site of the first drifter deployment located on the southern flank, the nets
from the pump casts and MOCNESS tow were brown. The nets were clogged with
phytoplankton and there were large numbers of hydroid colonies. The dominant copepod
appeared to be Temora longicornis, followed by Pseudocalanus spp., and
Calanus finmarchicus. The most abundant Calanus stages were C3 and C4 and
there were few nauplii of any species present. For the first two days at this station there
was very little wind and the seas were quite calm. The VPR group reported cbserving
Calanus in the top 1 meter both day and night, so we took a net tow at 1 meter and
found that almost all the copepods were Calanus, dominated by older stages. A few
Pseudocalanus and Temora were aiso present but no hydroids and fittte of the
Coscinodiscus prevalent at lower depths. On the third day, when the wind picked up
this layer disappeared.

At the second drifter station (Station 2, on the crest), the numerically dominant copepaods
were late stage Calanus (C5 and adult), Temora and Centropages hamatus were
abundant, and Centropages typicus and Pseudocalanus spp. were also present.
There were very few younger stages of Calanus; and almost no naupliar stages of any
species present. Chaetognaths were common, while hydroids and diatoms were less
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abundant than at Station 1.

Four days after we left the first drifter we returned to it (Station 3) and found that it had
moved 25 miles west along the southern flank. There was layer of Calanus (mainly
younger stages) at the surface. Cafanus copepodite stages 1, 2, and 3 were dominant,
there were some naupliar stages, but very few C5s and adults. Also, there were very few
hydroids. This did not appear to be the same water mass in which the drifter was
originally deployed, where Temora was the dominant copepod and C3 and G4 were the
most abundant Calanus stages.

We found very low zooplankton biomass in the MOCNESS tow taken in the slope water
at the end of the hydro line (Station 12a). There were a few Calanus stage C5 in the
surface and bottom samples, but most of the copepods were other slope water species.
At the drifter stations, as well as at several other locations on and off the bank, Calanus
finmarchicus N6 through adult were routinely collected with live net hauls (150 and
335 um) for size (length, carbon, and nitrogen) and condition (condition factor and
RNA/DNA ratio) measurements. Copepods, under anesthetic (MS222), were sorted from
the net haul using a dissecting microscope, their images recorded with a video system
for later length measurements, and then placed in either a tin boat and dried over
desiccant for carbon and nitrogen analysis or put into cryotubes and frozen in liquid
nitrogen for RNA/DNA determinations.

Experiments were conducted on board ship to determine the relationships between
RNA/DNA ratio and growth, and RNA/DNA ratio and development rate of Calanus
finmarchicus copepodites, and whether growth and/or development rate were food
limited. These experiments will be used to estimate growth and development rates from
the RNA/DNA ratios of the field collected copepods. Copepodites of a specific stage
were sorted (unanesthetized) from a live net tow under a dissecting microscope (st. 1:
C3, C4, C5; st. 2; C4, C5; st. 3: C1, C2, C3, C4), incubated in 81 polycarbonate bottles
filed with ambient surface water or ambient water enriched with phytoplankton cultures
(Tetraseimis sp. and Heterocapsa triquetra) and placed in a water bath
(temperature controlled with circulating surface water). Measurements were taken for
initial size and condition, and final measurements of size and condition (noting any
molting that had occurred) were made after a two day incubation.

We found differences in moiting rate over a two day incubation between stations, as well
as between stages of development, and between ambient and enriched treatments (Table
1). At station 1, molting rates were low and similar for all stages in the ambient
treatment (8 to 12%), while molting rates for stage C4 were slightly enhanced on the
enriched diet (17 vs 8%). At Station 2, molting rates for C4 were higher than those found
at Station 1 (ambient: Station 2, 31% vs Station 1, 8%) and did not appear to be
significantly enhanced on the enriched diet (ambient, 31% vs enriched, 36%). However,
molting rates for C5 were still low and were enhanced on the enriched diet (15 vs 0%).
At Station 3, molting rates were very high for the younger stages (C1, 81%; C2, 49%; C3,
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35%). There was a decrease in molting rate found with increased stage of development,
and this was also observed at Station 2, but not Station 1. In addition, molting rates were
reduced for stages C3 and C4 in the enriched treatment compared with the ambient
treatment (C2, 61 vs 37%; C3, 42 vs 28%). This was an interesting resuit that had not
been observed on previous cruises; and data from RNA/DNA, carbon, and nitrogen
analysis should shed further light on these findings. These results suggest that: 1)
development rates of specific stages of Calanus were not constant at different locations
on the bank, 2) the degree to which food limitation of development rate was important
varied between stations as well as between stages at a given location, and 3) there were
stage specific differences in development rate at a given iocation. A comparison of these
results with carbon and nitrogen specific growth rates as well as RNA/DNA ratios should
be interesting.

Table 1. Calanus finmarchicus. Percentage of copepodites of d|fferent stages
moiting during 2 day ship board incubations at the drifter locations.

Station Stage Treatment 9% Moiting
01 C3 ambient 10
C4 ambient 8
enriched 17
C5 ambient 12
02 Cc4 ambient 31
enriched 356
C5 ambient 0
enriched 15
03 C1 ambient 81
C2 ambient 61
enriched 37
C3 ambient 42
enriched 28

C4 ambient 13
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In summary, we were able to meet most of our cbjectives despite the significant amount
of time lost due to weather. We will be able to obtain good estimates of zooplankton
abundance, physiological condition, and growth rates at the drifter locations. However,
our geographic coverage on the bank and at several off-bank stations is lacking; most
notably the northeast peak region, Georges Basin, and the Great South Channel.

lil. Egg production of dominant copepod species on Georges Bank (Stéphane
Plourde and Jeffrey A. Runge).

Objectives:

(1) To measure egg production rates of dominant. copepod species on
Georges Bank.

(2) To test the hypothesis that copepod population egg production (eggs m-2
d-1), determined by specific egg laying (eggs f-1 d-1) and abundance of
females (f m-2), varies through time and between regions of the Bank.

(3) To establish a predictive relationship between Calanus finmarchicus
egg production rates (eggs f-1 d-1) and reproductive index (state of gonad
maturity).

(4) To measure egg viability of C. finmarchicus .

Calanus finmarchicus. Egg laying rates and viability were measured on 3 consecutive
days at Station 1 (Southern Flank) and Station 2 (Bank Crest), and during a 1-day return
to the Southern Flank (Station 3). Station 1 was chosen based on the spatial distribution
of cod larvae determined during a cruise prior to ours. Additionally, experiments were
done at Hydro Line Station 6 (Southern Flank) in water depth comparable to Station 1.
Females were abundant at all sites. The methods are described ed at length in preceding
cruise reports. in brief, females were collected with a 333-pm mesh size plankton net
gently towed from c.a. 5-10 m of the bottom to the surface. Catches were diluted in
filtered sea water, 40 healthy females were sorted quickly and then incubated individually
in 50-mi dishes filled with filtered seawater for 24 h. Incubations were done at ambient

surface temperature, which was ~6-7"C. Eggs were counted and removed every 8 h and
kept at 10 C. The prosome length of females used in experiments was measured
once/station to determine the relationship between clutch size and body size. To measure
egg viability, we incubated 200 eggs until hatching. About 300 eggs were stained with
Trypan Blue solution to color dead eggs. Both batches of eggs were composed of
randomly picked eggs laid by ali females. All nauplii and eggs were preserved at the end
of the experiments.
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In order to establish the relationship between egg production rate and reproductive index,
we sorted 30-40 females from the same catches that females used in experiments come
from. The animals were preserved immediately in 4% formalin. Their gonad development
state, based on size, pigmentation and the distribution of cocytes in the genital tract, will
be determined later in the laboratory. ‘ ‘

Twenty-four C. finmarchicus females were picked at each of Stations 1, 2 and 3 to
measure body size and carbon content. Prosome length was measured, females were
rinsed in fresh water and then placed individuaily in pre-weighed CHN boats. Samples
were kept in dessicant pending analysis in the home laboratory. Body carbon content
data will be used to calculate weight specific egg production rates (% body carbon Tdh
in order to normalize differences in egg laying rates between stations and cruises.

Other species. We did egg laying experiments with other abundant copepod species. Egg
production measurements with Pseudocalanus spp. (relatively abundant in Southern
Flank waters but low at the Bank Crest) were made at Stations 1, 3 and hydroline station
8. Temora longicornis females were very abundant at all stations except Station 3,
which allowed us to do a total of 5 experiments. Finally, we did 2 experiments with both
Centropages typicus and C. hamatus, which were restricted primarily to the Bank
Crest (Station 2). Females were incubated for 24 hat ~6-7 C in 45-mi culture flasks filled
with ambient sea water collected from the chlorophyll maximum using Ge-flo bottles on
the CTD-rosette. The water was fiitered through a 73 um mesh {0 remove any ggs.
Eggs and females were preserved in flasks at end of experiments for later enumeration
and measurements.

C. finmarchicus egg production rates ranged from ~46 eggs f' d* and 55 eggs f’
d’. The single experiment done at Hydroline Station 6 showed a markedly lower egg
laying rate (11 eggs ' d™'), explained by the lower spawning frequency (0.25 compared
to 0.70 to 0.90 at other stations). Female prosome length at Station 1 was ~2.800 mm
and females laid >60 eggs clutch™'. Spawning frequency was typically 0.70. At Station
2, 90% of females laid eggs with a slightly smaller clutch size (~ 55 eggs clutch™),
determined by the smaller females body size (~2.680 mm prosome length). Females at
Hydroline Station 6 were the same size as those at Station 1, but were less mature (more
females bearing spermatophore, large oil sac, early states of gonad maturation). General
observations suggest that these females have recently been recruited into the population.

Egg production rates for other species were not analyzed during the cruise, but some
observations have been made. Fewer than 10% of Pseudocalanus spp. females were
observed carried egg sacs. Most C. typicus, C. hamatus and T. longicornis
females showed developed gonads, suggesting that they were laying eggs at high rates.
Only at Hydroline Station 6 did 7. /fongicdrnis females fail to exhibit highly developed
gonads.
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IV. Ingestion of phytoplankton, nanozooplankton and microzooplankton by
Calanus finmarchicus (Dian Gifford and Mike Sieracki).

The objective of our research is to define the diet of Calanus finmarchicus, with
particular attention to ingestion of nano- and microzooplankton. Specifically, we (1)
measure ingestion rates of all available copepodid stages of C. finmarchicus in
controlled experiments and (2) characterize the potential prey field of C. finmarchicus
by measuring the vertical distributions of size fractionated chiorophyll a, nanozooplankton
and microzooplankton.

At the stratified site on the southern flank, approximately 50% of the chiorophyll was <5
um, 75% was <20 pm, and 29% was >20 um. Preliminary analysis of epifluorescence
samples confirmed that the phytoplankton was dominated by cells <20 um in size,
including prymnesiophytes, cryptophytes, and small diatoms. Phototrophic dinofiagellates
were not abundant, although Ceratium spp. were present. The nano- and
microzooplankton were dominated by small flagellates, with relatively high numerical
abundances of heterotrophic dinoflageilates (up to 300/mi), mixotrophic ciliates including
Laboea strobila and Tontonia spp., and Mesodinium rubra. At the mixed station
on the bank crest, 45% of the chiorophyli was <5 um, 88% was <20 um, and 12% was
>20 um. Microscopic analysis revealed that the phytoplankton at this station was
dominated by chain colonies of Pseudonitzschia spp., cyanobacteria, and
cryptophytes. Heterotrophic dinoflagellates and ciliates dominated the microzooplankton.

During EN2686, we performed our 40th feeding experiment with Calanus finmarchicus
on Georges Bank. We measured clearance and ingestion rates of copepodid stages C4,
CS5, and aduit females at three drifter stations, Stations 1 and 3, located on the southern
flank, and Station 2, located on the bank crest.

Experiments done on the southern flank, where the water column had begun to stratify,
measured ingestion rates of C. finmarchicus on prey assemblages collected from the
middle of the mixed layer and from the chiorophyli maximum below the mixed layer.
Experiments done on the bank crest, where the water column was well mixed, measured
ingestion rates of C. finmarchicus on prey assemblages collected from the middie of
the water column at approxirmately 15m. Preliminary examinaticn of the chlorophyll data
indicates that the copepods’ grazing activity on chlorophyll at both drifter stations was
low, but where present, was focused on particles >5 um, particularly particles 5-20 um
in size. Microscopic analysis of nano- and microplankton samples at our home
laboratories wilt reveal the extent to which feeding was concentrated on heterotrophic
food items.
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V. Video Plankton Recorder Sampling of micro-mesoscale plankton distributions
(Cabeli Davis, Phil Alatalo, and Andy Girard).

The goal of the VPR sampling during the process cruises is to measure the micro-
finescale distributions of Calanus and Pseudocalanus together with other piankton
and seston in relation to physical properties of the water column over micro-fine scales
(microns to a few kilometers). Comparative day/night sampling of these variables will
provide insights into the verticat migration behavior of the plankton. These data will help
us understand the physical and biological mechanisms controlling patch formation in
plankton, and will provide insights into the role of vernal stratification in concentrating
these organisms, which serve as food for larval fish (eg. cod and haddock).

The sampling design involved slowly towyoing the VPR in a 2 km square grid centered
on the drifter. In this way, both the finescale vertical and horizontal distributions of
plankton, seston, and hydrography in the vicinity of the drifter could be determined. The
VPR (Davis et al, 1992ab) was configured with two cameras set at two different
magnifications and viewing concentric volumes. The high magnification camera had a
field of view of 5.8w x 4.8h mm and the low magnification camera had a field of view of
37w x 27h mm. The video from the underwater unit was transmitted to the ship via fiber
optic cable and was recorded on board the ship using broadcast quality SONY
BETACAM SP Recorders and 90 tapes (Modef 55). The video also was fed intc and
image processor and SUN workstation to extract in-focus subimages and store them to
disk. The VPR also contained a MOCNESS sensor package which included SeaBird
temperature and conductivity sensors, a pressure sensor, a SeaTech fluorometer and
transmissometer, an angle indicator, and a flowmeter. These ancillary data were
recorded to computer hard disk on shipboard 2 times per second.

in general, the cruise was successfui in terms of basic VPR sampling requirements, but,
due to bad weather, we were not able to conduct a cross-bank towyo transect, as we
had in the previous three cruises. Nonetheless, thirteen good VPR tows were mads in
the local vicinity of the drifters at each station (Figure 13), six at the south flank site
(Station 1), four at the mixed area site (Station 2), and three at the return to the south
flank site (Station 3). The VPR instrumentation worked perfectly throughout the cruise.
The strobe bulb burned out once and had to be replaced. The wire jumped sheaves on
two occasions, once at the crane boom and once on the traction head, due to rolling
seas. Fifty two 1.5-hour video tapes were used representing 16.2 million individual video
fields. Half of the video (i.e. from the low magnification camera) was processed in real
time and thousands of images of plankton were recorded on disk and wili be analyzed
in the faboratory.

Calanus and Pseudocalanus were observed to be the dominant copepods at all sites
on the bank. During the first tow (VPR 1 - day tow) (Figure 14), at Station 1 on the south
flank, we found Calanus in the thin, warm, surface (< 5.0 m) layer. This layer resulted
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Figure 13. Location of VPR tows during EN266.
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April 27, 1995 1505 - 1857 (EDT) VPR 1
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Figure 14. VPR 1.




L

EN266 Cruise Report Page 34

from a vernal warming event due to caim winds and seas; salinity was uniform throughout
the water column. The surface layer also had lower fluorescence and beam attenuation,
and the water appeared quite "clear" on the video. Colonies of hydroid polyps, which are
usually characteristic of the well mixed area, were found throughout the water.column.
in large numbers, but the colonies appeared fragmented and not in good heaith. Very
large clumps of marine snow were found in the lower half of the water column, consisting
of diatoms and old hydroid colonies. Both fluorescence and beam attenuation were
higher in the lower portion of the water column, coinciding with the dense layer of marine
snow. The corresponding night tow (VPR 2) (Figure 15) was made in flat calm seas and
revealed a similar hydrographic properties to the day tow. Calanus was still contained
in the warm upper layer, but, unlike the day tow, there were many predatory forms
present in this layer as well, including fish larvae, chaetognaths, ctenophores, and
gammarid amphipods. Other vairables were distributed the same as during the day tow.
Slight horizontal gradients in all variables were observed during most tows. VPR tows 3
(day) (Figure 16) and 4 (night) (Figure 17) were repeats of tows 1 and 2 and showed
similar distributions. Tows 5 (day) (Figure 18) and 6 (night) (Figure 19), still at Station
1, were made during windy conditions and the warm layer had mixed down to 10-20 m
by tow 5 and the water column was completely mixed by tow 6. The Calanus
distributions mirrored that of temperature, i.e. by tow 5 the Calanus were restricted to
10-20 m and by tow 6 were distributed uniformly through the water column.

In the mixed area (Station 2), the water was warmer (6.7-6.8 °C) and saitier (33.01-33.04
psu) than at Station 1 (after mixing, temperature: 5.43-5.52 °C, salinity: 32.61-32.85 psu).
The water column appeared to develop slight stratification during the day (eg. 0.1 °C for
VPR 7 & 9) (Figures 20 and 22), but was well mixed at night (VPR 8 & 10) (Figures 21
and 23). We observed many larvae, which we believe to be cerianthids, distributed
throughout the water column with perhaps greater concentration near the surface. Large,
apparently heaithy, hydroid colonies were also present in large numbers, throughout the
water column as were diatoms (Chaetoceros socialis, Coscinodiscus) and the
dinoflageliate (Ceratium) sp. Pseudocalanus were also observed. The night tows
revealed higher concentrations of amphipods, medusae, and copepods at the surface.
The storm between VPR 8 & 9 had apparently little effect on the plankton composition.
Surprisingly little marine snow was present at this station.

Upon return to the stratified site (Station 3) (Figures 24-26), we found a warm surface
layer (< 5 m) containing smaller copepods, younger life stages of Calanus. As before
(Station 1), fluorescence and beam attenuation were very low in this layer and were
highest near the bottom. There was little other than copepods in the shallow surface
layer. The marine snow was smaller than before and appeared primarily as vertical
strands (1 cm). Hydroids were about 1/4 of their former concentration at this site.
Ninety percent of the observed plankton were copepods. Strong winds caused the
shallow mixed layer to deepen to 10-15 m by tow 13.
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April 28, 1995 0026 — 0338 (EDT) VPR 2
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Figure 15. VPR 2.
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April 28, 1995 1414 — 1807 (EDT) VPR 3
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Figure 16. VPR 3.
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April 29, 1995 0011 - 0328 (EDT) VPR 4
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Figure 17. VPR 4,




EN266 Cruise Report Page 38

April 29, 1995 1436 — 1727 (EDT) VPR 5
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Figure 18. VPR 5.
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April 30, 1995 0055 - 0402 (EDT) VPR 6
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April 30, 1995 1449 — 1812 (EDT) VPR 7
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Figure 20,




ENZ266 Cruise Report

May 1, 1995 0022 - 0347 (EDT) VPR 8
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Figure 21. VPR 8.
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May 2, 1995 1425 - 1537 (EDT) VPR 9
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Figure 22. VPR 9.
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May 2-3, 1995 2317 — 0035 (EDT) VPR 10

Temperature Fluorescence

Towyo Path

Figure 23. VPR 10.
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Figure 24. VPR 11.




EN266 Cruise Report

May 5, 1995 1418 - 1604 (EDT) VPR 12

Temperature Fluorescence

Salinity Attenuation

Density

25544
0

Time (h)

Figure 25,




ENZ266 Cruise Report
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VI.  Solar Ultra-Violet (UV) Radiation and Planktonic Protozoan Survival (Elena
Martin, Dian Gifford, Jeff Van Keuren, Al Hanson)

- During EN266 three 2-day UV-exclusion incubation experiments were performed to

determine the effects of ambient UV radiation on planktonic protozoa as part of my Ph.D.
dissertation research. For the experiments, whole water samples were taken using Go-flo
bottles from Stations 1, 2, and 3 (CTD casts 1, 17 and 36, respectively). Within each
experiment 1-liter samples containing in situ protozoan and phytoplankton communities
were incubated in UV transparent polyethylene bags suspended in flowing seawater
under three conditions: Full sunlight; -UVB (280-320nm) mylar filtered sunlight; and UV
(280-380nm) polycarbonate filtered sunlight. initial (day 0) and final (day 2) samples were
collected for microzooplankton enumeration (preserved in acid Lugols), chlorophyli
concentration and nutrients. Epiflourescence slides were also made for microfiagellate
enumeration. Microzooplankton samples will be analyzed onshore.

In addition to the UV survival experiments a bag toxicity experiment was performed to
determine if the bags themselves effected micro-zooplankton survival. Filtered water from
Station 1 was exposed to UV in polyethylene bags and polycarbonate bottles for three
days. Whole water from Station 2 was then added and incubated for 2 more days under
-UV conditions. Microzooplankton, chiorophyll and nutrients were sampled at the end of
the experiment. Microzooplankton survival will be compared between treatments by
enumeration onshore.

UV fight profiles were collected using the PUV-500 light meter at 1200 h every day to
characterized UV light attenuation with in the water column, while shipboard incident UV
was monitored ali day using a PUV-510 light meter.
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APPENDIX 1.

EN266 EVENT LOG
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