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20 July – 12 August 2003

Chief Scientist:
Jeff Napp
NOAA/NMFS/AFSC
7600 Sand Point Way, NE
Seattle, WA  98115-0070
206-526-4148
E-mail:  jeff.napp@NOAA.gov

Port of Departure: Seward, Alaska
Port of Return: Seward, Alaska

Cruise Goals / Scientific Purpose

The GLOBEC Northeast Pacific program seeks to understand the relationship between climate variability and the
success of marine fish, bird and mammal populations.  In the coastal Gulf of Alaska, the program focuses on the
mechanisms by which climate and weather can influence the physical - chemical structure of the coastal zone, how
this, in turn, affects the coastal planktonic food web, and how food web variations influence distribution and
recruitment success of pink salmon.  Process cruises were conducted twice in 2003.  On each cruise, the aim was to
visit four sites representing a diversity of physical - chemical conditions in the coastal Gulf of Alaska.  At each of
these core sites, rates of phytoplankton growth, zooplankton grazing and zooplankton egg production were mea-
sured, as well as aspects of phytoplankton and zooplankton community structure.

On this second 2003 process cruise, we focused on post-spring phytoplankton bloom conditions, the responses of the
zooplankton community to changes in the phytoplankton community, the conditions leading to mesoscale variability in
planktonic distribution and biological rates, and the distribution of specific prey taken by juvenile salmon after they
leave Prince William Sound.  Research on salmon prey and the food webs that produce them were investigated during
coordinated operations with other GLOBEC supported investigators/ships (R/V Pandalus and NOAA Ship R/V Miller
Freeman).  Mesoscale physical processes were concurrently mapped by GLOBEC supported research aboard the R/V
Wecoma.  Comparison with data collected during 2001 and spring 2003 process cruises will be important for testing
hypotheses about planktonic processes, as well as understanding the effects of interannual variability.

Cruise Objectives

1. Determine phytoplankton growth and 14C production rates;
2. Determine rates of microzooplankton herbivory;
3. Determine rates of grazing on phyto- and microzooplankton by selected copepod taxa;
4. Determine grazing rates and distribution of larvaceans and pteropods;
5. Measure rates of egg production by copepods Calanus, Pseudocalanus, Metridia and other Copepoda;
6. Assess vertical distribution of temperature, salinity, light, nutrients, chlorophyll and microzooplankton at core

process stations;
7. Conduct net tows (QuadNet, MOCNESS, closing Ring net, Tucker) for distribution and abundance of zooplank-

ton at core process stations;
8. Coordinate and communicate with R/V Wecoma for study of mesoscale physical features and related chloro-

phyll/zooplankton gradients (using the measurements listed above);
9. Coordinate and communicate with R/V Pandalus and NOAA Ship R/V Miller Freeman to study distribution of

juvenile salmon prey.

Summaries of each of the GLOBEC projects may be found at the web site:  http://globec.coas.oregonstate/edu/
groups/nep/projs.html.
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Table 1.  GLOBEC Cruise Participants

Suzanne Strom (Project co-PI) Microzooplankton grazing., WWU, stroms@cc.wwu.edu
Erin Macri 14C productivity, WWU
Kerri Fredrickson Microzooplankton grazing, WWU
Franchesca Perez Chlorophyll/nutrients, WWU
Nicole Moore Microzooplankton grazing, WWU
Jesse Swanko Microzooplankton grazing, WWU
Riki Sato Larvacean grazing, LUMCON
Adriana Hashinaga Larvacean grazing, LUMCON
Colleen Harpold Grazing/egg production., AFSC
Cheryl Williams Grazing/egg production, AFSC

AFSC = Alaska Fisheries Science Center (NOAA); LUMCON = Louisiana Universities Marine Consortium; WWU =
Western Washington University.

Summary of Cruise

See Appendix 1 (Event Log).

Daily Cruise Summary (Narrative)

20 July (Sunday).  Departed Seward 0900 hrs for a spot in Resurrection Bay to test the ship’s communications
systems.  We learned that the ship’s InMarSat system was not working and that the Iridium system was not config-
ured for data transfer.  We returned to the dock to drop off the Lead Marine Technician and steamed to GAK10 with
short stops along the way to do CTDs at RB2.5, GAK1 and GAK2.

21 July (Monday).  We commenced a 4-day cycle of process studies at GAK10, conducting daytime and nighttime
sampling and experimental  activities (dilution, grazing, and egg production).  During our time there, we also ventured
both offshore (GAK11 – GAK13) and inshore (GAK7 – GAK9) to characterize copepod and microplankton communi-
ties, nutrient and chlorophyll levels, and phytoplankton growth rates/nutrient limitation.

23 July (Wednesday).  In the afternoon, we conducted a special study of internal waves and the chlorophyll max at
GAK9 as part of an NSF REU project.

24 July (Thursday).  In the early morning hours, we ended operations to return to Seward for repairs to the InMarSat
antenna.  A marine electrician met the ship in the afternoon and attempted to fix the system by replacing the antenna
controller unit.  Unfortunately, this was unsuccessful, and we departed Seward that evening for operations in Prince
William Sound.

25 July (Friday).  We arrived at station PWS-2 in the early morning and began our cycle of sampling and experimental
activities.  During our four days there, we not only accomplished all base activities, but also had time to examine
nutrient conditions in an arm of the fjord significantly affected by freshwater runoff (Port Nellie Juan), probe a “deep”
hole in Prince William Sound for overwintering Neocalanus using the MOCNESS and TAPS, and examine fine-
structure associated with the subsurface fluorescence maximum.

28 July (Monday).  We departed Knight Island Passage in the early morning to begin a study of the connection
between outflow from Prince William Sound and the Alaska Coastal Current (ACC).  For this study, we occupied
transect stations in 5 locations between Prince William Sound and the Seward Line.  The 5 locations were:  Seal
Island, Hogan Bay, Montague Strait, Prince William Sound Southwest, Cape Fairfield, and the Seward Line.  Along
each transect, three or four exploratory CTDs were done to establish the location of the ACC (or strongest gradient in
Prince William Sound) and then the chosen stations were revisited and sampled for chlorophyll, nutrients, mi-
croplankton community, and mesozooplankton.  A microplankton growth assay experiment was also conducted at
each location.
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29 July (Tuesday). This special study was concluded midday on the 29th, after which we terminated operations again
and returned to Seward for another attempt at fixing the InMarSat antenna.  This attempt was also unsuccessful as
the parts sent were either faulty or incomplete.  The Seward Marine Facility was able to configure the Iridium phone
to access data on a server.  During the inport we met with the scientific party from the R/V Miller Freeman and
planned our joint studies.  We returned to the inner shelf (ACC) and began a juvenile salmon ACC front study with
scientists aboard the R/V Miller  Freeman.  Over the course of 2 days, we sampled for prey, hydrographic properties
and conducted microplankton growth assays at 3 inshore, 3 midshelf and 2 frontal stations.  Stations were aligned on
an east-west, onshore-offshore gradient.  Scientists aboard the R/V Miller  Freeman sampled hydrographic properties
and juvenile salmon abundance.

2 August (Saturday).  The morning was spent setting up experiments in the ACC along the Seward Line.  After this, we
again terminated operations and steamed to Seward for another attempt at fixing the InMarSat antenna and to seek
medical treatment for an injured crew member.  This attempt to fix the antenna was successful and we left in the early
evening, (with a replacement crew member), to rendezvous with the R/V Pandalus and plan joint operations.  The
meeting was held in Mary’s Cove.  We then resumed our measurements and experiments at the core midshelf stations
(GAK4 and GAK5).  During this time, we also ventured from that location to map chlorophyll, nutrients, and hydro-
graphic properties at other mid-shelf stations (GAK3 to GAK6).

5 August (Tuesday).   We met the R/V Pandalus and began surveying the mid- and inner-shelf together over the next two
days.  The suite of measurements was similar to those done with the R/V Miller Freeman.

7 August (Thursday).  On the third day, we both ventured west, off the Seward Line to work in an area where the ACC
turned south (away from the coast), and then west.  We called this area the “western front” and continued our joint
measurements of juvenile salmon and the food webs that support them.  The R/V Pandalus had to break off after only
one half day as it had to return to port the next day.  We continued sampling in a triangle pattern to resolve currents and
hydrographic properties in this area.  The area was outside of the fine-scale surveys conducted to date by the R/V
Wecoma.

8 August (Friday).  After completing this study, we steamed to Hinchinbrook Entrance to repeat our previous ACC
transect, but with additional stations to better resolve the contributions of the ACC and Prince William Sound to
conditions along the Seward Line.

10 August (Sunday). The transect ended in the early morning hours along the Seward Line.  We then concluded the
cruise by repeatedly surveying the mid-shelf region to examine the diel periodicity in the fluorescence maximum that was
noted during our previous occupation.

11 August (Monday).  Operations were concluded around noon, and we returned to Seward to offload and prepare the
ship for the LTOP cruise.

Acknowledgements

We thank Captain Bill Rook and the crew of the R.V. Alpha Helix for their hard work and helpful attitude during the
cruise.  We also thank Pam Blusk for filling in at First Mate, and Kevin Marlow and Rawlins Apperson for exercising
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ACCOMPLISHMENTS AND PRELIMINARY RESULTS:

Microplankton rate processes and water column sampling (Strom, Macri, Fredrickson, Perez, Moore, Swanko)

A major goal of the microplankton effort on this cruise was to contrast conditions in the surface (50% incident
irradiance) layer with conditions in the chlorophyll maximum layer.  A well-developed chlorophyll maximum layer was
observed at all stations except, at times, stations within the ACC.  To this end, we conducted 11 sets of paired
reduced dilution experiments (22 total, one with near-surface water, and one with water from the chlorophyll maximum
layer in each case) during the cruise, at both core stations, and during the cross-frontal study with the NOAA Ship
R/V Miller Freeman.  These experiments yielded rates of phytoplankton growth and microzooplankton grazing, as
well as estimates of the degree of phytoplankton nutrient limitation by nitrate, phosphate, and ammonium.  These and
all other experiments (below) employed chlorophyll size fractionation so that differences in the response of <5 Fm, 5
to 20 Fm, and >20 Fm phytoplankton to experimental treatments could be measured.  In addition, four full dilution
experiments were conducted to examine microzooplankton grazing functional responses.  A newly developed assay
for phytoplankton growth rate and nutrient limitation assessment was employed with great success during this
cruise.  We were able to conduct 32 growth assay experiments, including at all Seward Line stations, during transects
from Prince William Sound to the Seward Line, and during cross-frontal studies with the NOAA Ship R/V Miller
Freeman and the R/V Pandalus.  This allowed us to see how phytoplankton growth and the degree of nutrient
limitation varied spatially across mesoscale physical features in the study area.

As a counterpart to studies of phytoplankton nutrient limitation, we conducted photosynthesis-irradiance (P vs I)
experiments to evaluate the extent of light limitation of phytoplankton photosynthesis rates.  As for the reduced
dilution experiments, P vs I studies were paired, using water from the chlorophyll maximum layer and from the near-
surface layer to contrast the production responses of the two communities.  The photosynthesis response of
phytoplankton in 2 size fractions (<20 Fm, >20 Fm) was determined.  A total of 20 P vs I experiments were conducted.
Twice at each of the four core process stations, we also measured the relationship between synthesis of new
chlorophyll and uptake of 14

C 
by phytoplankton at both target depths.  This will allow determination of a

carbon:chlorophyll ratio for comparison of results from dilution experiments and growth assays (phytoplankton
response measured in units of chlorophyll) and results from P vs I experiments (phytoplankton response measured in
units of carbon).

Finally, this group had primary responsibility for hydrographic work and water column sampling for core environmen-
tal parameters (chlorophyll and microplankton standing stocks, nutrient concentrations [with C. Mordy at PMEL]).
With marine technician, Dan Mahalak, we conducted nearly 300 CTD casts for determination of hydrographic
properties and frontal locations.  We conducted FlowCAM analysis of samples from the chlorophyll maximum layer
during some CTD transects, as well.  More focused studies of the position, magnitude, diel cycling patterns, and
fluorescence yield of the chlorophyll maximum layer were conducted at GAK9 and GAK5 on the Seward Line, and at
PWS2 in Prince William Sound.

Preliminary results:

1. The outer shelf phytoplankton community was not the same as it had been in July of 2001.  While still exhibiting
low total chlorophyll levels and dominance by <5 Fm phytoplankton, there was little Synechococcus present and
both phytoplankton growth and microzooplankton grazing rates were low.  Over the GAK7 to GAK13 transect,
nutrient limitation was evident only at the two outermost stations, and the extent of limitation was slight.

2. Very high rates of phytoplankton growth and microzooplankton grazing were measured in the mid-shelf region
(GAK4 to GAK5).  There was no evidence of nutrient limitation of growth rates in either the chlorophyll
maximum layer or in near-surface waters, even though the degree of temperature stratification was large.
Relative rates of growth and grazing measured over 3 consecutive days in the GAK5 chlorophyll maximum
layer indicated that the balance between microzooplankton grazing and phytoplankton growth, the latter
perhaps dictated by light availability, determined the evolution of phytoplankton biomass levels from one day
to the next.  We returned to the GAK5 area at the very end of the cruise to obtain more information on this day-
to-day cycling through further experimental work and repeated day vs. night CTD transects of the mid-shelf
region.
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3. The ACC was the only region to have any substantial fraction of the chlorophyll biomass as large cells (primarily
mixed species of chain diatoms).  However, the largest gradients in phytoplankton physiology, as indicated by
growth assay results, were not across ACC offshore frontal gradients (e.g. at Cape Fairfield, on the Seward Line,
or in the Western Front region), but rather along an east-west gradient from east of Montague Strait to the
Western Front region.  Phytoplankton grew rapidly with little evidence of nutrient limitation in eastern waters.
The contribution of large phytoplankton to total chlorophyll increased progressively as we worked to the west.
Growth rates decreased progressively from east to west; in the Seward Line region of the ACC growth rates were
low to moderate and responded strongly to added macronutrients, while in the Western Front region growth
rates were very low and phytoplankton were unresponsive to nutrient enrichments.

4. The Prince William Sound phytoplankton community was dominated by small (<5 Fm) phytoplankton, both in
near-surface and in chlorophyll-maximum waters.  As observed in July 2001, this appeared to be an intensely
regenerative community, showing a growth rate response only to added ammonium.

Mesozooplankton Standing Stock and Rate Processes (Napp, Harpold and Williams )

Three major activities were conducted:

1) Shipboard incubation experiments for copepod egg production, egg viability, and diet;
2) Night time assessments of zooplankton standing stock;
3) Daytime assessments of salmon prey availability.

For the shipboard incubation experiments, females of the target species (Calanus spp., Pseudocalanus spp. and
Metridia spp.) were used when available.  In addition to the plankton net tows (MOCNESS and QuadNet) taken at
the central station within each shelf regime, zooplankton samples were collected on two transects along the axis of
the ACC and one triangle sampling pattern encompassing the western front of the ACC west of the Seward Line.  We
also collected bioacoustic profiles of zooplankton abundance and size distribution on almost all of the CTD casts
taken for hydrography (N > 280).

Activities/Preliminary Results

• Egg production and grazing experiments were conducted in all core regions using the available species.
Pseudocalanus females seemed to be much more abundant than in the summer of 2001 and were used at each
and every station.  Calanus and Metridia females were much less abundant and were used whenever possible.
Egg production by Calanus and Metridia seemed low in Prince William Sound and was moderate in the ACC.
Higher proportions of Calanus and Metridia females were actively laying eggs on the shelf than in PWS.  We
completed over 40 egg production and 11 grazing experiments.

• The abundance of pteropods (Limacina) appeared to be too low to estimate grazing rates from gut fluorescence
and gut passage time.  Only at one mid-shelf station were there enough animals to attempt the gut fluorescence
measurements.

• Species-specific Pseudocalanus egg production experiments were conducted at each location during the
transects.  Species composition and total egg production will be used to help characterize stations and the
percent contribution by Prince William Sound water in the ACC transects.  Sample analysis will take place on
shore.

• Eggs from all three genera hatched in the viability experiments (12 experiments in all).  Viability rates will be
calculated after the preserved samples are returned to our laboratory.

• Approximately 100 samples were collected to determine the carbon and nitrogen weights of the target species
used in the grazing and egg production experiments.

• Three to four nighttime zooplankton collections were taken at each core station using the NEP GOA GLOBEC
protocol (MOCNESS 0.500 mm and QuadNet 0.150 mm mesh) to determine the concentration and depth distribu-
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tion of GLOBEC target species.  In addition, tows were taken on transects between regions to look at gradients
and fronts (on a coarse scale).  Approximately 14 pairs of night QuadNet/MOCNESS samples were taken at the
core stations.  Another 12 pairs were taken as part of the ACC Transects.

• A Tracor Acoustic Profiling System (TAPS) was mounted on the CTD and used during each hydrographic cast.
This will provide estimates of the size distribution and numbers of mesozooplankton in each core area as well as
the transects and allow us to compare and contrast the mesozooplankton communities with more spatial and
temporal resolution than provided by the MOCNESS and QuadNet.  The data will be analyzed back on shore.

• The concentration of potential salmon prey was assessed at the core stations (Tucker neuston tows) and at
special stations in coordinated work with the NOAA Ship R/V Miller Freeman and the R/V Pandalus (Tucker
neuston and MOCNESS surface layer tow).  In general, preferred prey items from two of the past three years
(larvaceans and pteropods) did not appear to be very abundant.  Pteropods were found in high concentrations
at only one mid-shelf station.  Neustonic copepods (Epilabidocera) were common, but much less abundant
than other copepods in the same collections.  At some inshore stations, gelatinous zooplankton (ctenophores)
dominated the neuston.  Absolute concentrations of potential prey items should be available by late spring of
2004.

Cruise report from LUMCON Research Component (R. Sato and A. Hashinaga)

We conducted vertical tows using a closing ring net above and below the thermocline to determine the abundance
and the vertical distribution of appendicularians along the Seward line (GAK1 - GAK13) and in Prince William Sound
(PWS2).  Oikopleura labradoriensis, our target appendicularian species, was observed at almost all the stations, but
its abundance was very low.  A smaller species, Fritillaria borealis, however, was very abundant at outer shelf
stations.  The inshore species, O. dioica, was found in PWS and inner shelf stations.

O. labradoriensis was not abundant enough to conduct experiments.  Moreover, captured animals were seriously
damaged and never rebuilt houses in the incubation bottles.  Therefore, we could not conduct experiments with this
species.  We tried incubation of eggs (or mature individuals) of F. borealis to trace their growth at four GAK stations.
In addition, O. dioica were incubated and their clearance rates, house renewal rates and fecal pellet production rates
were measured at 6 inner shelf stations.

Mesozooplankton grazing experiments were conducted at stations GAK1, GAK5, GAK10 and in PWS.  These
experiments measure the grazing rate of the whole mesozooplankton community on phytoplankton (three size
fractions).  During this cruise, Neocalanus spp. were not always present.  The intent of these experiments was to
compare grazing rates of the non-Neocalanus component of the mesozooplankton community under conditions of
Neocalanus presence (spring cruise) and absence (this cruise).

Individuals of O. labradoriensis were sorted from live ring net samples and frozen in liquid nitrogen for later measure-
ment of dry weight, which will be used to estimate their carbon biomass at each station.  Neocalanus were also
collected for determination of dry weight and body lipid content.

Water samples were collected for flow cytometric analysis of picoplankton and DON analysis from 5 - 6 depths at
several GAK stations.

We also worked with Jeff Napp’s group in conducting QuadNet, MOCNESS net and Tucker trawl sampling.
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APPENDIX I

HX275 EVENT LOG
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EVENT LOG CONTENTS

Column Label Description
Event# Unique identifier for each line of event log
Instrument (Instr) LiveNet:  0.75 m diameter ring net with 0.200-mm mesh for

collecting animals for experiments;
CTD:  Conductivity Temperature Depth profile collected with
Seabird SBE with 5 liter Niskins, fluorescence;
MOC:  1m2 MOCNESS with 0.505-mm mesh;
QuadNet:  Quad053_150 - 4 net frame, each 0.25-m diameter for
quantitative zooplankton sampling; 2 nets with 0.053-mm
mesh and 2 nets with 0.150-mm mesh;
Ring Net:  Puget Sound Style closing net; 0.75m diam.; 0.100-mm
mesh;
Tucker Trawl:  Surface Tow; 1m2 mouth; 0.333 mm mesh.

Cast Sequence # for a particular instrument
Station (Sta) Sequence # for cruise stations
Station Standard (Sta std) GLOBEC NEP station name
Day Local time basis
Month (Mos) Local time basis
Time Local time
Latitude (Lat) Decimal degrees; north is positive
Longitude (Long) Decimal degrees; east is positive
Water Depth Depth of bottom
Cast Depth Maximum depth of deployment
Station Alternative Region Sampling Region

IS: Inner Shelf
OS: Outer Shelf
MS: Middle Shelf
PWS: Prince William Sound
Front: Frontal Stations

Scientific Investigator (SI) / Comments
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