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Axial Volcano
Northern Caldera and Southern North Rift Zone
Extensometers and Tr'ansponder's Depluyed NeMO 2003

EM300 bathymetry. 35 meter grid cell size.
Mo ROV divetracks plotted due to poor nav quality. All dives took place at re-visited sites.



NeMO 2002 and 2003 CRUISE DATES

Cruise TN149 - Summer 2002
Leg I Explorer Ridge 6/29 2342 UTC (6/29 1642 PST) - 7/11 0800 UTC (7/11 0100 PST)
(CTD, ABE, EM300, rock coring)

Leg 2a NeMO 2002: 7/14 —7/23 2002

(Victoria to Victoria)
Area of Operations: Axial Volcano, Juan de Fuca Ridge

7/152300 UTC (7/15 1600 PST) - 7/20 2016 UTC (7/20 1316 PST)
ROPOS operations at Axial R657 — R662

7/22 ~2300 UTC (~1600PST)
Left NeMO site

7/23 moming (PST)
Exchange scientific crew in Victoria

Leg 2b Explorer Ridge 7/24 0100 UTC (7/23 1800 PST) - 8/1 2100 UTC (1400 PST)
ROPOS Operations

Leg 2b NeMO 2002 supplement: 8/2 — 8/52002
(Explorer Ridge to Axial Volcano to Victoria)
Area of Operations: Axial Volcano, Juan de Fuca Ridge

8/2 0000 UTC (8/1 1700 PST) - 8/2 1100 UTC (0400 PST)
Collecting EM300 data on transit from Explorer to Axial

8/2 1800 UTC (1100 PST) — 8/4 0930 UTC (0230 PST)
ROPOS operations at Axial dives R672 — R674

8/5 Arrive in Victoria

Cruise TN160 Summer 2003
NeMO 2003: 8/27 —9/8 2003

(Astoria to Victoria)
Area of Operations: Axial Volcano, Juan de Fuca Ridge

8/27 1615 UTC (8/27 1615 PST) —8/28 1700 UTC (1100 PST)
Transit Astoria to Axial Volcano and mapping of CoAxial Segment

8/281700 UTC (1100 PST) —9/7 1330 UTC (0630 PST)
ROPOS operations at Axial dives R672 — R674
NeMO Net equipment deployment and recoveries

9/7 1500 UTC (0800 PST) Depart Axial

9/8 1900 UTC (1200 PST) Arrive Victoria

9/9 0700 UTC (0000 PST) Depart Victoria

9/9 1600 UTC (0900 PST) Arrive Seattle fuel pier
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1.0 NeMO 2002 SCIENCE SUMMARY
Bob Embley, Chief Scientist

The NeMO 2002 expedition was shorter than in previous years, and so it was particularly intensive with as
much science as possible packed into each day on site. We made 9 ROPOS dives, with a total of 93 hours of
bottom time, and 84 samples collected. Between ROPOS dives we deployed or recovered 6 oceanographic
moorings, deployed or recovered 4 seafloor instrument packages, and conducted 5 CTD casts.

One of the main goals at Axial Volcano in 2002 was to install an upgraded NeMO Net system. NeMO Net is a
state-of-the-art communication system that links desktop computers on land to instruments on the seafloor. A
surface buoy is the heart of the system, which communicates with shore by satellite and to the seafloor via an
acoustic link. We have been incrementally developing the capabilities of NeMO Net over the last 3 years,
starting with one-way communication from a single camera, to this year's system which has two-way
communication with three independent instruments on the seafloor. The 3 instruments include two interactive
fluid samplers (called RAS's) and one bottom pressure recorder (BPR). The whole idea of NeMO Net is to be
able to get information from the seafloor in order to be able to know when a volcanic event is occurring at Axial
Volcano and then be able to respond to such an event immediately, without having to wait until a ship can get
out to the site.

During our dives with ROPOS we were also able to recover many instruments and experiments that had been
left last summer. These included a RAS sampler at Cloud vent that successfully took 1 fluid sample per week
for the year, many probes that had been continuously monitoring temperature at various vent sites, and bacteria
traps at some of the same vent sites. Particularly successful was an experiment (P.I. A. Metaxas) which offered
a variety of artificial and natural substrates in order to see which the larvae of vent animals might prefer. Vent
animals were found to colonize in some areas where none are observed on the seafloor, probably due to a lack
of appropriate substrate.

Another experiment new to NeMO 2002 uses special “chambers” that can simulate the high pressure that the
animals live under at the vents. The chambers provide a means to test hypothesis related to the extreme
environmental conditions the animals can tolerate. For example, some observations suggest that worms living
on the smoker chimneys can tolerate temperatures up to 176° F (80° C)! The “chamber” experiments with their
animals are designed to test this hypothesis.

Pressure measurements were made in two different ways for two different purposes. Bottom pressure recorders
(BPRs) record continuously over a year and look for sudden deflation events that signal the onset of a volcanic
eruption or intrusion. But these instruments have a long-term drift rate so they are not good at measuring
volcanic inflation, which occurs at a gradual rate over long periods of time. To try to measure the inflation
signal we are using another pressure sensor that ROPOS can carry to seafloor benchmarks. With this
instrument we can determine the relative depths of the benchmarks and determine if the ones inside the caldera
are being uplifted relative to the one located outside the caldera. We repeat these measurements annually to
look for changes.

We know relatively little about how submarine volcanoes work, as compared to more accessible volcanoes on

land, but with long-term seafloor observatories like NeMO we are making dramatic progress in our
understanding.
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1.1  NeMO 2002 PARTICIPATING ORGANIZATIONS

NOAA Pacific Marine Environmental Lab (PMEL)
Oregon State University (OSU)

University of Washington (UW)

Western Washington University (WWU)
Washington State University (WSU)

University of Victoria (UVic)

University of Quebec at Montreal (UQAM)

University of Toronto (UT)

Dalhousie University (DU)

University of Manitoba (UM)

Canadian Scientific Submersible Facility (CSSF)

1.2 NeMO 2002 SCIENTIFIC PERSONNEL

Scientist Affiliation Participation

Robert Embley NOAA PMEL Vents Program Geologist/Chief Scientist
Bill Chadwick OSU /NOAA Vents Program Geologist

Dave Butterfield UW /NOAA Vents Program Chemistry

Anna Metaxas Dalhousie University Biology

Richard Leveille University of Quebec Geochemistry

Craig Moyer Western Washington University Microbiology

Joe Resing UW /NOAA Vents Program Chemistry

Ray Lee Washington State University Biology

Susan Merle OSU / NOAA Vents Program Data Manager/Outreach/Navigation
Leigh Evans OSU / NOAA Vents Program Gas Chemistry
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2.0 NeMO 2002 DISCIPLINE SUMMARIES
2.1 GEOLOGY

2.1.1 NeMO 2002 PMEL Geology Summary
Bill Chadwick and Bob Embley

The NeMO 2002 cruise spent only about a week at Axial, since most of the 2002 dives were made at Explorer
Ridge. The NeMO fieldwork was actually divided up into 2 parts, at the beginning and end of the ROPOS leg
on the Thompson (with dives at Explorer Ridge in between). We continued our monitoring efforts to measure
inflation and deflation of the volcano using bottom pressure recorders (BPRs) and repeat pressure
measurements made at seafloor benchmarks with ROPOS. We recovered a BPR that had been deployed at
Axial since 2000, and we deployed a new one, equipped with an acoustic modem so that it can transmit data
back to shore through the NeMO Net buoy. Having realtime BPR data allows us to make more informed
decisions about event responses, since they can detect sudden deflations of the caldera due to volcanic eruptions
or intrusions. We used a precision pressure sensor on the ROPOS vehicle for a second year to make pressure
measurements at 5 benchmarks inside and outside the caldera. The benchmarks are located at: the caldera
center, Magnesia vent, Marker 33 vent, Bag City vent, and the Southern Pillow Mound (10 km from the caldera
center). The pressure sensor can measure the relative depths between benchmarks, so by making annual
measurements at these benchmarks and assuming that the outer-most benchmark is stable, we will be able to see
if caldera is moving up or down relative to the outermost one. The third prong of our instrumental monitoring
effort is our prototype extensometer array deployed on Axial's north rift zone. At the end of the ROPOS leg, we
recovered 5 extensometer instruments from Axial’s north rift zone that had been deployed for the last 2-3 years
(one of the five instruments was deployed in 1999, and the other 4 were deployed in 2000), but found that only
two of the five had worked properly during the deployment, so this was very disappointing. All five
instruments were brought back to PMEL for evaluation. Internally recording temperature probes were
recovered and deployed at several high temperature and diffuse vents in our continuing effort to monitor the
thermal output of Axial volcano. (See section 4.0 for details)

2.2 CHEMISTRY

2.2.1 NeMO 2002 PMEL Fluid Chemistry Program

David Butterfield
Summary
. recovered RAS deployed in 2001 at Cloud vent.
. successfully installed two interactive samplers!
. took one suction water sample each at Cloud, marker 33, Vixen, and Village
. deployed hot interactive sampler at Virgin Mound vent
. deployed warm interactive sampler at Dave’s vent
. deployed NeMO Net buoy

In the final analysis, this leg was a great success for the chemistry/NeMONet project. The interactive sampler
deployed last year had a cable failure that prevented any acoustic communication after the first 6 days.
However, the RAS continued to function and collected nearly a full set of samples (only two bottles out of 45
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failed to fill). Unfortunately, there was an undetermined problem (probably blockage or misalignment in the
valve) that resulted in addition of rinse acid to the samples. The sampler had to be disassembled quickly on
deck after recovery in order to get at the samples, so we could not fully diagnose the problem. Addition of acid
will complicate the interpretation of the time series results, and we can’t determine the extent of the problem
until we analyze the samples fully on shore. There were no apparent problems with the sample containers (no
failed bags or valves) or plumbing (no loose connectors or broken lines). The pH sensor used on the 2001-2002
deployment (s/n 10) still showed a response after one year in the water. The pH response was stable, but not
linear. Prospects are good for a pH record for most of the year if the valve problem did not affect the sensor
channel.

The osmosampler at Cloud was recovered at the very last hour of the cruise on August 3. This will be an
important addition to the time series data provided by the NemoNet sampler from July 2001 to July 2002.

The temperature at Cloud vent dropped by slightly more than one degree over the year, from 9.5C (PMEL
MTR) in July 2001 to 8.4C (Moyer MTR) in July 2002. Flow appeared to be less than the previous year, but
the temperature within the hole at N6 was still uniform as before. Long strands of probable sulfide-oxidizing
bacteria cover most surfaces at the vent. Tube worms had colonized the titanium intake nozzle to the RAS over
the one year deployment, and the worms reached an estimated size of 2-4 cm in length.

Because of the large number of tasks that had to be completed during the time available at Axial Volcano, we
did not use the fluid sampler on ROPOS. Water sampling during the Nemo leg 2a was limited to one suction
sample at Cloud and one suction sample at marker 33. The temperature probe on the suction sampler was
working, and we measured 5.6 to 5.8 degrees on the intake and 5.2-5.4 on the outlet at Cloud (these have to be
adjusted by adding the ambient temperature since the probes are thermocouples referenced to ambient water at
about 2.3C). The maximum temperature registered on the suction sampler probe at marker 33 was
approximately 21C (adjust to 23C). Excess seawater was entrained during the water sampling, so our intake
temperature was 10-19C (adjust to 12-21C) while the outlet temperature was 7.5C (adjust to 9.8C). The
adjusted outlet temperature should be used for calculating ratios to heat based on the water sample analysis. On
the final dive of leg 2b, we collected a suction sample for water 1 meter from Vixen hot vent (30C inlet, 20C
outlet) and one 20 m from Castle vent, where the maximum temperature registered by the suction sampler was
21C. This is the first year since 1998 that we have not completed a thorough time series sampling for chemistry
of the vent sites in ASHES and the SE caldera, but we are collecting year-long time series at selected vents.

The decision to deploy the 2002-2003 NeMO-Net interactive samplers at ASHES was reached after a careful
look at both Cloud and Castle vents. The terrain around the single vent at Castle was too steep to allow
placement of the sampler package within the 20-foot reach of the temperature probe and intake lines. It was
estimated that we would need 35 feet on these lines to reach the vent from the probable resting place of the
bottom package. Although the scientific aspects of monitoring this part of the caldera were attractive (unique
flow stability at Cloud and location on the eruptive line), the logistical complications were strongly against it.

We had one long dive at ASHES, with 26 tasks listed. Placing the interactive samplers in the vent field was put
near the end of the list in order keep the samplers out of the way and safe while other instruments and samples
were recovered. The hot sampler was installed at Virgin Mound vent, which required moving the package near
the vent, removing the tripod with temperature probe and intake nozzle, adjusting the placement of the package
several times, and finally adjusting the tripod and the second temperature probe, which was placed with the tip
in the flow of hot fluid near the base of the anhydrite mound. The hot fluid effluent mixed with seawater was
filling the titanium fluid collector. The installation of the hot sampler went well, but the tripod setup was
ulnerable to fall over during collapse of the anhydrite chimney or during an exceptionally strong current event.
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While moving the low-temperature sampler toward the vent field from its drop site, the starboard arm
malfunctioned and knocked the color camera out of alignment, with the result that the camera could only see
down over the edge of the biobox. After this incident, it was determined that the dive could proceed with
limited functionality. Ballast was removed from the low-T sampler package and it was moved into the vent
field. The starboard arm/manipulator continued to malfunction with sudden rapid swings left and right. With
the limited visibility from the camera (down only) and the unreliable arm, it was too dangerous to try to remove
the intake lines from the sampler frame and impracticable to try to install in the selected vent. The last
operation of the dive was to recover Paul Johnson’s temperature monitor off of the cement box at Crack vent.
The flow meter could not be installed with the arm malfunction. It was decided to terminate the dive, repair the
arm and camera, and dive again to finish the job.

The repairs on the sub took about 12 hours, and were finished at 3:30 am, but the wind was up to nearly 25
knots. The dive was postponed, and the weather got progressively worse and did not improve over the last two
days of our time at Axial Volcano. With no prospects of weather good enough to dive, we had to install the
NeMO-Net buoy and leave the site to make the personnel transfer at Victoria.

The Nemonet buoy system was fully functional, with the BPR and both sampler systems working. At 6pm local
time on 7/22/02, we sent the command to the hot sampler to take a water sample. It went through the entire
procedure (rinse, sample and sensor, pH 4 and 7, reverse sw and acid backflush). The temperature T1 in the
fluid collector registered 61.6 (which is reasonable for the height above the vent). T2 was reading 03.2, which
is probably 203.2, but there is no way to be certain since the hundreds digit does not get processed. It will be
important to get a ground truth temperature measurement in the fluid collector and in the vent orifice before the
sampler is recovered.

Fortunately for the NemoNet project, we were able to return to Axial after working at Explorer ridge, and
complete one remarkable dive in close proximity to the NemoNet buoy/mooring. With the buoy less than 200
m away from the ship, ROPOS dove in the ASHES field and successfully installed a stabilizing weight around
the tripod (which had tipped over about one week after we left it) at Virgin Mound, move the second sampler
into position at a diffuse vent and successfully install it, then install Paul Johnson’s flow meter/temperature
probe on top of the cemented box at Crack vent. The dive was then curtailed because of the difficulty and
danger of continuing to work in the vent field. Keith Shepherd and the entire ROPOS group truly saved the day
with their technical excellence and confidence to dive under very complicated circumstances.

We now have the first multi-node, deep-sea, interactive network of experiments in place for the 2002 version of
NemoNet.

The chemistry team consisted of Kevin Roe, working primarily on keeping the Beast under control and
analyzing H2S, NH3, dissolved oxygen; Bill Martin, working primarily on RAS setup and analyzing pH,
alkalinity and dissolved silica; Brooke Silver, analyzing methane and hydrogen by gas chromatography; Leigh
Evans, taking care of gas-tight samplers, gas pistons, and extraction of gases for helium and other analysis.
Sheryl Bolton of the Univ. of Washington handled all of the microbiology work on fluid and particle samples
from the Beast, as well as working on solid samples.

We had an excellent team of PMEL engineers, who dealt with many things including the NemoNet interactive
samplers. Thanks to Chris Meinig (co-P.I. on WCNURC-funded NemoNet project), Scott Stalin, Jon
Bumgardner, and John Shanley for their contributions before and during the cruise.

The support of Ray Highsmith and the West Coast and Polar Regions Undersea Research Center has kept the
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NemoNet project going.

NeMO 2002 Hydrothermal Fluid and Particle Sampler Log July 14-Aug. 5 2002

T1 pH
Dive |sampler ventsite note Tmax |Tavg stdev |T2 Avg shipboard
Temp. constant inside hole, add 2.3 to suction thermocouple.
Suction sample for temperature at the hole (Mkr-N6).
suction |Cloud- |Temperature was 5.6 degrees in the hole and steady Note Moyer
R659 [(s3) N6 (temperature is from the alien). Start 1807 End 1811. 8.1 7.7 0.1 MTR 8.48C 6.89
Turning pump on to initiate suction sample on lowest speed. |see
suction Marker |Water sample at highest temp spot (T=7.5 on T2). Start 0415 Alien
R661 [(s1) 33 End 0420. log 6.18
GTB 6 port and GTB 12 stbd. Samples were not good (see | no
R662 gastights|Virgin | Leigh Evans write-up). data

2.2.2 NeMO 2002 PMEL Helium Group

Leigh Evans

The lack of a fluid sampler dive at Axial limited the sampling capabilities to one dive with the least favorable
sampling method, i.e. titanium tubes hanging precariously from the shirtsleeve of ROPOS' 7-function arm. The
quality of each of the 2 samples is questionable at best. On the last dive, R674 two gastight bottles were

attempted at Vixen vent. The gases will be extracted as soon as they are delivered to Newport.

[gas] P P 300 cc |cal % front
Dive sampler lvent |ccSTP/g (CM1) (cm2) cal Vol [T lab |weight cm2/cm1 front end lvolume [sum end
bad sampling
Virgin technique; off the 7
R662 gté port Mound [0.118 6.52 134.4 110 221 172.6  |20.6 0.014 0.104 0.118 [11.7% function sleeve.
Virgin shipboard GC says that
R662 gt12 stbd Mound |1.523 6.1 124.8 1024 22.4 103.5 20.5 0.022 1.502 1.523 1.4% this is mostly air

2.2.3 NeMO 2002 Analysis of Methane and Hydrogen Concentration

Brooke Silvers, for Dr. Marv Lilley

Samples from the NOAA/PMEL RAS sampler were analyzed for methane and hydrogen concentration
using gas chromatography. Averages of about 33 micromolar in hydrogen and 250 nanomolar in
methane were obtained. Microbial activity during the storage of the samples at the sea floor may have
changed these numbers from their values when collected. There is an upward trend to the methane
concentration as age of the sample decreases. A suction sample gave values of 56 and 431 nM
respectively for H, and CH,.
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2.3 MICROBIOLOGY

2.3.1 Microbial Sampling for Molecular Microbial Ecology Analyses
Craig L. Moyer and Leslie S. Chao

We primarily used our dual approach of suction sampling and microbial growth chambers (aka bact-traps) for
our microbial sampling effort. A “slurp-gun” suction device was be used in combination with a rotating rosette
of sample bottles to vacuum and capture free-living microbial mats from the surface of various hydrothermal
vent habitats. Slurp-gun samples were successfully obtained from the (1) Marker #33 Vent, (2) Fe-HydeVent,
(3) Fe-City Vent, and (4) the Village Vent area approx 20 meters west of Castle Vent. The sample acquired
from the Fe-City Vent was extremely rich in neutrophilic iron-oxidizers and was used further for enrichment
culture in an attempt to isolate a pure culture of these iron-oxidizers from the Axial Volcano region (Emerson
and Moyer, 2002). In general, once microbial “slurp samples” were collected, each was independently
processed and preserved using a variety of protocols. The majority of these samples were preserved for
molecular biological analyses by placing in 50ml centrifuge tubes and quick-freezing in liquid nitrogen and
storing in either an ultrafreezer or on dry ice until return to the laboratory. These samples will be used for the
direct extraction of nucleic acids and/or phospholipids. A series of sub-samples were also either cryo-preserved
(again using liquid nitrogen quick-freezing) with 40% glycerol, or stored briefly at 4°C then inoculated directly
into enrichment media. Another series of sub-samples were fixed with 2.5% EM grade glutaraldehyde for
examination with SEM and epifluorescence microscopy. We also fortuitously collected sub-samples recovered
from larval array L that was deployed at ROPOS Vent, these sub-samples included bag creatures and white
filamentous sulfur oxidizers, and were processed similar to the other slurp samples.

We also continued with our time-series sampling strategy with the deployment and recovery of “bact-traps”
using a network of 8-micron glass wool strands as a substrate for microbial growth. Our traps were constructed
using a cluster of three 3"-high cylinders (aka cells) of 4"0.d. plexiglass tubing, surrounded top and bottom by a
202-micron nylon mesh (Nytex) to exclude macrofauna and meiofauna grazing. These have been heat-tested to
withstand boiling water (at 1 atm., i.e., 100°C) and we estimate that there is approximately 3 to 5 square meters
of surface area available for microbial colonization in each trap. Upon recovery, inside a biobox to prevent
winnowing and cross-contamination, individual bact-trap cells were aseptically opened and biomass-laden glass
wool was transferred to sterile zip-lock bags. These bags were then fast frozen at -80°C in an ultrafreezer,
transferred back to the laboratory on dry ice, then stored again in an ultrafreezer until further processing. Traps
were once again successfully recovered from Cloud, Marker N6 after a short-term 18 day deployment and from
Ashes, Gollum Vent and Marker #33 Vent after long-term (~1 year) deployments this year. Unfortunately our
primary goal of a short-term deployment in the Ashes area, was once more elusive due to logistical constraints.
The current method of choice for assessing the community structure and diversity has been coined terminal-
restriction fragment length polymorphism or T-RFLP. Please see the progress report section for a recent
abstract submitted to AGU (Moyer and Engebretson, 2002) on the current state of our growth chamber analyses
using the T-RFLP method.

Finally, we have also attempting to ask an additional question this year concerning the nature the microbial
endosymbiont(s) found inside Ridgeia piscesae. Basically, we are using a modified version of the T-RFLP
method to attempt to detect other possible inhabitants of the trophosome structure in addition to the previously
described endosymbiont (Feldman et al., 1997). So far, we have successfully detected the previously described
endosymbiont and further experimentation is currently underway to attempt to detect other putative co-
occurring microbial populations from these trophosome extractions.
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Progress Report, AGU abstract, 2002:
Colonization by pioneer populations of e-Proteobacteria and community succession at mid-ocean ridge
hydrothermal vents as determined by T-RFLP analysis

Terminal-restriction fragment length polymorphism (T-RFLP) patterns were used to track populations of
bacteria occurring within multiple bacterial growth chambers (BGCs) deployed at eight diffuse-flow
(Tmax=78°C) hydrothermal vent orifices located within the caldera of Axial Volcano, Juan de Fuca Ridge. For
comparison, two distal diffuse vents located at the Magic Mountain area on the Explorer Ridge were also
examined. Over a five-year sampling period in conjunction with the NeMO (New Millennium Observatory)
program, 52 BGCs were recovered after either a short-term (days) or long-term (annual) deployment. Upon
recovery, genomic DNA was extracted and amplified using bacterial-specific PCR primers to generate 5'
fluorescently-labeled amplicons of small subunit rRNA genes (i.e., SSU rDNAs). These PCR amplicons were
digested with multiple tetrameric restriction endonucleases and the respective community diversity and
succession patterns were characterized. The average number of populations (a measure of species richness)
within the community that developed in short-term deployed BGCs was significantly lower than those detected
in long-term deployed BGCs. All short-term BGC communities were dominated by primary colonizers or
pioneer populations indicative of e-Proteobacteria, of which, specific phylogenetic groups were recognized at
vent sites throughout the five-year sampling period. The long-term BGCs showed evidence of successional
events by an increased occurrence of numerous other populations accompanying the pioneer populations of e-
Proteobacteria. The discovery that all primary colonizing populations were most similar to known lineages of
e-Proteobacteria detected from hydrothermal vents located worldwide provides further evidence that a few
cosmopolitan populations are capable of acting as the primary microbial successors of newly-formed
hydrothermal vent systems.

References:
Emerson, D. and C. L. Moyer. 2002. Neutrophilic Fe-oxidizing bacteria are abundant at the Loihi Seamount hydrothermal vents and play
a major role in Fe-oxide deposition. Appl. Environ. Microbiol. 68:3085-3093.

Feldman, R. A., Black, M. B., Cary, C. S., Lutz, R. A. and R. C. Vrijenhoek. 1997. Molecular phylogenetics of bacterial endosymbionts
and their vestimentiferan hosts. Mol. Marine Biol. Biotechnol. 6:268-277.

Moyer, C. L., and J. J. Engebretson. 2002. Colonization by pioneer populations of €-Proteobacteria and community succession at
mid-ocean ridge hydrothermal vents as determined by T-RFLP analysis. Abstr. Fall Mtg. Eos. Trans. AGU 83:F1472.

Moyer Lab Microbiology Sample List — NeMO 2002

Slurp-Gun Samples

Sample# Dive# Bottle(s)# Site Notes
1. R661 Btl5 & 6 Mkr33 Near Bac-traps
2. R622 Btl6 & 7 Fe-Hyde
3. R674 BtlJ2 & J3 Fe-City Lots of Fe-oxidizers here!
4 R674 Btl J4 Village Vent ~20m west of Castle vent

Bacteria Traps

Sample# Dive# Trap(s)# Site Notes
1. R659 Deploy 65 & 66  Cloud: N6 Weighted, ~1m tag lines
2. R661 Recover 61 & 62 Mkr33 Long-term from last year
3 R662 Recover 63 & 64  Ashes: Gollum Long-term from last year
4. R662 Deploy 67 & 68  Ashes: Gollum (Intended for short-term)
5. R674 Recover 65 & 66  Cloud: N6 Short-term @ 18 days

‘WaDaRs and Hobos
Item# Dive# Action Site Notes
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1. R659 Deploy Cloud: N6 WabDaRs #340 & #1051

2. R659 Recover Cloud: N6 Three hour, high-rate record!

3. R659 Recover Castle Hobo #128

4. R661 Recover Vixen Hobos #152 & #153

5. R662 Recover Virgin Hobos #126 & #130
Osmo-Samplers
Sample# Dive# Action Site Notes

1. R674 Recover Cloud: N6 “Red” Osmo-sampler
Flange/Chimney Chunks
Sample# Dive# Type Site Notes

1. R674 chimney Castle Two pieces fast-frozen with three 50ml tubes F.F.

Microbial Samples Taken from Larval Arrays

Sample# Dive# Array Site Notes

1. R662 Larval Array L Ashes: ROPOS  Bag Creatures and white filamentous sulfur-oxidizers
Microbial Samples collected from Macrofauna
Sample# Dive# Type Site Notes

1. R661 Tubeworms Casper  Trophosomes, n=3

2.3.2 Hydrothermal Fluid Microbiology
Sheryl Bolton

Diffuse fluids can be used as a window into the subsurface biosphere and information gained from their study
allows inferences to be made about the nature of the subsurface habitat and the associated microbial
community. The study of hydrothermal fluid microbiology at Axial over the last four years has been focused on
examining the spatial and temporal changes in the microbial community associated with diffuse fluids using
molecular, culture and microscopic techniques.

The primary objectives of the 2002 NeMO cruise were to continue the time-series studies of vents that have
been sampled over the last four years using semi-quantitative culture enrichments (MPNs, Most-Probable
Number technique) to monitor the presence of hyperthermophiles and thermophiles, microscopic techniques,
and DNA/RNA extractions to look at microbial diversity and gene expression. Additional objectives included
the recovery and collection of samples from the RAS sampler that was deployed at Cloud N6 last year,
inoculation of diffuse fluids into growth media selecting for nitrogen fixers (media devoid of any nitrogen other
than N, gas) and high and low salt tolerant microbes.

Fluid and filtered samples have been acquired for the last four years using the hot fluid sampler. The constraints
of time and amount of work to be done this year did not allow for a hot fluid sampler dive so the objective of
continuing the time-series experiments was not fulfilled. Fluid samples were taken from two of the six time-
series vents (Marshmallow, Marker 33, Bag City, Nascent, Gollum and Cloud N6) using the suction sampler,
but because this is a different quality of sample some of the results are not comparable to those of previous
years. Because of possible dilution by entrainment of seawater during suction sampling the Most-Probable
Number results as well as those of microscopic techniques may not be reliable. DNA and RNA extractions from
these samples are still useful as the microbial seawater component can be subtracted out and because this is a
purely qualitative analysis.

Due to a valve problem with the RAS sampler at Cloud N6 during the last year all but the first five samples
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were acidified. Culturing was done from a non-acidified and an acidified bag, neither of which produced any
growth suggesting that, even without the addition of the acid, there may be an issue of decreased survivability
over long periods of time in the enclosed sample bag. Filters intended for FISH (Fluorescence In-Situ
Hybridization) studies from this long-term deployment may also be useless as the strong concentration of acid
likely damaged any microbes captured on their surfaces. A communication problem with the RAS also did not
allow the addition of the cell preservatives that would permit the filters to be used for DNA studies. Filters for
DNA extraction as well as cell preservatives were again placed on the low temperature RAS sampler deployed
for the next year at “Dave’s vent”.

Some potential positive enrichments in thermophilic nitrogen fixer and high/low salt media were obtained from
the two suction samples at Marker 33 and Cloud N6 as well as from two additional sites that were not part of
the time series study. Microscopic confirmation of growth will be done after the cruise and those cultures that
grew can then be isolated and their DNA partially sequenced to determine if there are any new organisms.
While not all of the objectives of this cruise were accomplished the samples that were successfully obtained
may still provide us with new insights into the microbial populations in the subsurface biosphere at Axial
Seamount.

NeMO 2002 Hydrothermal Fluid Microbiology Samples

date |dive # log sample # description culture DNA RNA FISH |counts
10:22

am R659 |R659-SS-J3-0002 Cloud N6 suction sample (5.6 deg) * * * *
10:22

am N/A N/A RAS year-long deployment at Cloud N6 * * *
10:22

am R661 |R661-SS-J1-0011 Marker 33 suction sample (24.3 deg) * * * *
10:22

am R661 |R661-MTR-4128-77? Tubeworms and limpets off MTR 4128 at Casper *

10:22

am R674 |R674-SS-J4-0004 Diffuse at Vixen about 1m from smoker (Tmax=30) * * * * *
10:22

am R674 R674-SS-J5-0010 Suction sample at Village (Tmax=21) * * * * *

2.3.3 Geothermally Driven Photosynthesis and Bacterial Heavy Metal Resistance at

Hydrothermal Vents
Julius Csotonyi

My research at Axial Volcano on the Vents 2002 cruise covers two areas of microbiology: geothermally driven
photosynthesis and bacterial heavy metal resistance at hydrothermal vents, a subset of my PhD program that
investigates microbiology of extreme environments. This research also represents a continuation of similar
studies performed by the lab of Dr. V. Yurkov (University of Manitoba) at hydrothermal vents. When it was
realized that hot hydrothermal fluids emit near infrared blackbody radiation at wavelengths commonly utilized
by anoxygenic phototrophic bacteria, a search was mounted for microbes that photosynthesize by geothermal
radiation alone, the only source of radiation available at deep-sea hydrothermal vents. Because of the
remarkable overlap beween the wavelength range of available energy and energy used by phototrophic bacteria
(between 700 and 1100 nm), it has even been suggested that photosynthesis first evolved at hydrothermal vents.
Therefore the search for deep-sea phototrophs has huge evolutionary implications. While obligately
photosynthetic bacteria have not yet been recovered from deep-sea hydrothermal vent environments,
photoheterotrophic bacteria, which can rely on either phototrophy or heterotrophy, were first discovered by V.
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Yurkov and J.T. Beatty on the Juan de Fuca Ridge in 1998. These bacteria represent a recently discovered
group of phototrophic microbes that can use light energy aerobically, unlike the anaerobic conditions required
for photosynthesis by conventional purple and green bacteria or heliobacteria. At Vents 2002, I continued the
search for photoheterotrophs, and more excitingly, for obligate phototrophs in organic-rich environments and
habitats close to hot venting fluids, respectively. This involved inoculation of samples onto anaerobically
incubated selective media for purple and green bacteria and aerobically grown rich organic medium for the
aerobic anoxygenic phototrophs. Enumeration, isolation and characterization of interesting strains will follow
in the laboratory. Axial Volcano has never been investigated for phototrophic microbes before.

The second aspect of my research at Axial Volcano in 2002 focuses on interactions of bacteria with heavy
metals. Heavy elements such as tellurium are toxic to microbes at very low concentrations, but are often
enriched in fluids and sediments at hydrothermal vents. Bacteria living near hydrothermal vents may therefore
experience strong selection pressure to deal with heavy element toxicity. Mechanisms of detoxification include
effux pumping and reduction of elements to less toxic oxidation states. The implications of this research to
biotechnology are enormous because bacteria resistant to heavy metals may be employed in bioremediation of
terrestrial heavy metal pollution or in mining trace elements. My approach involved enrichment culturing for
bacteria resistant to oxyanions of several metalloids and transition metals. Isolation and characterization of
interesting strains will follow in the laboratory. In order to determine whether interesting phototrophic or heavy
metal resistant strains are truly restricted to the vent environment, I investigated the vertical distribution of
bacteria by inoculating relevant media with water collected from CTD casts over the vent field. An interesting
link between the phototrophic and heavy metal facets of my research is that the aerobic anoxygenic phototrophs
as a whole are highly resistant to heavy metals and therefore pose a very promising group to investigate at
hydrothermal vents from both an evolutionary and a biotechnological perspective.
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2.4.1 NeMO 2002 Macrobiology Studies of Gastropod Ecology and Larval Dynamics
Amanda Bates and Tunnicliffe lab, Noreen Kelly, Anna Metaxas

Gastropod Ecology

Lab work over the past year has revealed differences in the distribution of the three dominant gastropods at
vents: the limpet Lepetodrilus fucensis, the glob snail Depressigyra globulus and the provannid snail Provanna
variabilis. Adult limpets and glob snails are abundant in high flow areas, whereas the provannid snail and
juveniles of both limpets and glob snails are abundant in low flow areas. This year’s sampling and on-ship
experiments were designed to increase our understanding of these distributional patterns.

Experiments at 1atm showed that the limpet and the provannid snail avoid temperatures above 14°C, while the
glob snail does not avoid temperatures up to 21°C. None of the three gastropods avoided sulfide levels up to
3mmol. These data indicate that temperature and sulfide do not determine the observed gastropod distribution.
Future work will attempt in-situ experiments to test other hypotheses.

Morphological evidence suggests that the limpet suspension feeds, grazes and gains nutrition from bacteria
which live on its gill. In laboratory experiments, limpets from high flow have long and thin gills with dense
populations of bacteria. Limpets from low flow areas have short and thick gills and sparse bacterial populations.
These characters indicate that high flow animals may depend more on gill bacteria for nutrition than low flow
animals. Samples were collected to determine whether high and low flow limpets use different feeding
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strategies. A transplant study was conducted at Hell vent to determine whether bacterial density and gill shape
change when limpets are moved from high to lower flow. This study will be completed next year.

Larval Dynamics

We continue to collect data that will help us understand and quantify patterns in larval availability and
recruitment. In 2001, a number of passive larval traps were deployed at Cloud, Virgin and ROPOS vents for 7
to 10 days. In 2002, we retrieved 4 larval traps that were capped (i.e. not collecting samples), but not recovered
in 2001. Previous trap deployments indicated that the larval assemblage consists mainly of gastropods, and to a
lesser extend of polychaetes, and larval supply is great (10s of thousands of individuals supplied > d™"). There
are no pronounced differences in larval supply among vents or between years, suggesting a homogeneous larval
pool across Axial Seamount.

In 2001, arrays of settlement plates were deployed at several different vents (Cloud, ROPOS, Gollum, Virgin
and Virgin Daughter) to quantify patterns in larval recruitment and explore the factors that may influence such
patterns. These arrays consisted of plates of two different substrates (pieces of basalt and scour pads) and for
each substrate type, two levels of accessibility by grazers (high and low). In 2002, 4 larval settlement arrays
were recovered, two from Cloud vent (one near venting and the other ~8 m away), one from ROPOS vent and
one from Virgin Mound. Preliminary observations indicate extensive recruitment by gastropods and to a lesser
degree by polychaetes. Unlike larval supply, recruitment appears to be spatially variable. For example, more
larvae recruited to the array placed near flow at Cloud than to the one 8 m away. Also, there were fewer
recruits at the hotter Virgin vent than the cooler ROPOS vent. Further examination of the settlement plates will
reveal possible effects of grazing, a