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OBJECTIVE

'jThe objective of this research was to develop an
automated system to monitor microplankton respiration via
analysis of ETS activity. This system would facilitate the
processing of the large number of seawater samples that are
characteristically taken on ocean survey cruises. Further-
more, it would permit the construction of maps of plankton

metabolisn..

SUMMARY OF THE OPERATING SYSTEM

The purpose of the present automated ETS design is to
standardize the timing and performance of all the manipula-
tions and transfers in the chemical phase of the enzyme
assay. Other than the thermostat, the machine has no
feedback system. However, steps have been taken to minimize
the effect of small variations in pumping rates, sample
volumes, or turbidities on machine operation. The machine can
be modified easily to accommodate improvements in the eniyme
assay.

The device is designed for computer interface in a manner
similar to the nutrient AutoanalyzerR array. It has a potentio-
metric output, 0-1 V linear with 0-1 Absorbance from the
spectrophotometer. The startingswitch can flag the Data
Acquisition System (DAS), in which case the DAS clock takes
readings every 15 seconds from one minute to four minutes
thirty seconds.i The enzyme reaction in the spectrophotometer

cell is zero order and linear during the time of observation.

|




A linear regression on the slope of the recdrder trace yields
the rate of reaction. The device does not free the analyst

of all hand manipulations. The cell free homogenate must be
prepared by hanad and injected into the mixing chamber. Fifteen
seconds after starting, a pair‘of syringe pumps (driven by another
palir reversed and subject to pressure and vacuum) adds the two
reagent mixtures (Fig. 1). Thé reagents are preheated, mixed
for 15 seconds in the mixing chamber with the homogenate, and
then drawn into tﬁe temperature controlled flow cell where

the mixture is held for recording. Later the excess is removed
from the mixing chamber and the mixing chamber and flow cell
are rinsed with distilled water. All of the systems return

to their base state quickly and are ready again for immediate

use without lag. One complete cycle takes five minutes.

DESCRIPTION OF THE INSTRUMENT

Syringe pumps

To dispense measured quantities of reagent, a simple
punp (Fig. 2) was built from 2 cc glass syringes and a self-
refilling valve. Each pump was made by coupling the plungers
of two syringes to each other by a bar-bell shaped connecting

rod. Each bead on the end of the connecting rod was coupled 1

tightly to the plunger by a piece of latex tubing to make a

pair of semi-universal joints that were strong enough to pull

the syringe during the refilling process. The barrels of the
two syringes werc mounted so that the axis of all the parts

fell on a vertical line and the amount of travel between the
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Fig. 1. Schematic diagram NC
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of the automated ETS
system. The black
flow lines indicate
the path of the rea-
gents from their
reservoirs in the VACUUM PRESSURE
ice bath through the

syringe pumps and the preheating
coils to the mixing chamber and on
to the spectrophotometer cell. The
stippled flow lines indicate the paths of the cooling water from

the Lauda water bath through the spectrophotometer cell (jacket)

around the mixing chamber and preheating coils and back to the Lauda
water bath. The normal functioning of each of the four solenoid valves
is indicated by NO (normally open): NC indicates the normally closed
path. The proportioning pump was a Technicon Autocanalyzer pump and ths
spectrophotometer was a Bausch and Lomb Spectronic 88.

'LAUDA WATER BATH
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Fig. 2. Syringe pump (frontal view) for delivering precise reagent
vc?lumes to the mixing chamber. The driving syringe is ' connected
via a solenoid valve (V3 in Fig. 1) to a pressure-vacuum system.

The upper part of the pumping syringe is maintained in an ice
bath during use.
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coupled plungers corresponded to the desireh delivery volume.
The self-refilling valve was mounted on the top syringe. The
bottom syringe was connected to a valve (V3) that connected
either to a vacuum of 390 mm Hg or to a pressure of 528 mm Hg.
To deliver the volume of reagent it was necessary only to switch
to pressure for a long enough time to push the plungers to the
end of the syringe barrel and then to switch to vacuum for refil-
ling. Special care was taken to insure that the close fitting
parts were clean and properly matched. Otherwise, the syringe
pumps would not operate smoothly. To preserve reagents, the re-
agent reservoirs and pumps were packed in ice.
Pre-heating reagent delivery system

The delivery lines from the syringe pumps to the mixing
chamber (Fig. 1) were warmed to the temperature of the enzyme
reaction. Those lines were size 22 TW Teflon tubing. They
travelled through flexible tubular insulation with the 3.2 mm
ID Tygon circulator tubing. In addition, each line included a
jacketed glass coil which held more than one measured volume of
the reagent. The various connections were made by sleeving dif-
ferent sizes of tubing. The reagent delivery lines were ter-
minated by 21 gauge hypodermic needles clamped in place over
the mixing chamber so that their effluent streams were directed
into the bottom of the chamber (Fig.l).

Mixing chamber

The mixing chamber served two functions. The first was
to start eacl. assay by holding all of the components together
and mixing them (a small Teflon paddle turned at 120 xpm).
The chamber was temperature controlled by copper tubing

wrapped about it and insulated (Fig. 3). Water was passad
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through that tubing at incubation temperature. The second
function of the chamber was to insure the separation of
individual assays from each other and from the deionized
water used to wash the reaction vessels in between. This
more than anything else governed‘the design of this part of
the device.

The chamber was constructed from a 89 mm piece of 25.4 mm
Teflon roundstock with a 15.9 mm diameter hole drilled 76.2 mm
along its axis leaving the bottom pointed like the drill. At
that point there was a 2.4 mm hole that met another of the
same diameter that was drilled in from the side of the chamber.
This hole was connected to an aspirator through a normally
closed (NC) solenoid valve kV4). When this valve was opened
the chamber was quickly sucked dry from the bottom. The
Teflon allowed little of the mixture to cling to it. A hole
large enough for a 21 gauge hypodermic needle opened into
the chamber halfway up the conical bottom (Fig. 3). The
size and position of this hole were important. It had to be
above the drain so that no traces of the old reaction mix-
ture could be trapped in it but near enough to the bottom so
that most of the reaction mixture could be drawn into the
flow cell. The opening had to be as small as possible to
minimize the contact between the solution entering the cham-
ber and the rinse water that remained (flow-cell line).

The open top of the mixing chamber did not allow the aspira-
tor to evacuate the flow-cell line and it remainedfilled
with distilled water. Near the top of the mixing chamber

was a 3.2 mm overflow that drained any excess reaction mixture.

The line between the mixing chamber and the flow cell was
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made of 22TW Teflon.

The flow-cell was a glass spectrophotometer cuvette
(Fig. 4) called a special Smith-Kline cell by its manufac-
turer, Hellma Cells. It fitted into & common rectangular
cell holder énd had an unmasked iightpath 10mm long and 3 mm
in diameter. From either end of the lightpath a small bore
tube ascended creating the flow path. There was also a
water jacket around the sides and bottom of the lightpath
that ended in two nipples near the top of the cell. The
effluent side of the flow cell was connected to the normally
closed (NC) side of a valve (Vy) that was normally open (NO)
to the air so that the pump tubing on the Technicon Auto-
analyser pump I that was connected to the third opening on
the valve will draw air and the tubing will not becomne
evacuated between assay. This design prevented irregular
£flow and provided a beneficial time lag before the solution
began to move at 4.50 ml/min. When the valve switched from
air to the incubation cell, the pump pulled liquid from the
mixing chamber through the flow-cell to the waste container.
Temperature control

To maintain incubation temperature throughout the various
parts of the machine, water was circulated through an insulatzd
loop by a Brinkmann-Lauda X/2~R constant temperature circu-
lator. The water flowed first around the incubation cell,
then around the mixing chamber, around the glass coils, and
finally along the transmission lines. The circulator was

set at the maximum pumping rate but the flow rate was limited

by the size of the incubation cell jacket.
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Reaction

Mixture Cooling
Waste * I water

E : H Light
J \t = { path

Light SRR Coolin
—— | ral s g
path = Jacket
Cooling ST 4
Jacket ———

SIDE VIEW FRONT VIEW

Hellma special Smith- Kline
Jjacketed flow cell #/76-2-167
with special gptical glass(0S)
and with I0mm optical path
length. The lower 2/3 of the
cell is masked black. —

4. This jacketed flow cell was installed in the spectro-
photomeater.
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Kinsing

After cach assay it was necessary to clean the mixing
chanbier, incubation cell, and the connecting tube so that
these parts did not become stained and so that the conditions
proceading cach assoy wercldentical.  For that purspose,

reservoir of delonized water was kept in an ice biath with

the reagant solutiops and was puipad to the misxing chamber

ct
[eh)

in ths similar manner as were the reagents, excopt that th
Technlicon pump was usad, A valve (V3) was provided so that
the puvrp's flow was dirccted back to the reservoir when
washing was not neadad and the pathway to the mixing chamber
was ciosz=d (NC) . To wash the system the mixing chamber was
first cvacunted by ovening valve Vg and then rinsed with

doionized water by opening valve Vy- The proportioning

influent flow of {the rinse wateor at §,80

ml/min. and the of Tlvont flow to 4.50 ml/min.  The imbalance

in the Zlow rates was noceossory to maintain sufficient liqguid

e et e from entoering the flow

large undesirable cx-cursions in the absorbancae.  Afto

3

wardads

5

both valv.es, Vi and V,, were closed and the mixing chambar
was evacuated and thic systen was ready for the next mrasure-
nment.

The Flow of reagents througheut the machine
was conirollad Ly four solenoid valvch\.?- and by th: purping
rates. oo valves woeore controlled by a stepping switeh that

clone? eache of tweniy connections seguentially for cgual

)

tine: intervals.  9his awitching cireuit (Fige 5) was soel Zov ]

hubbles to the flow cell caused

e e i e e
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wore adjusted so that an integral number of intervals would
activate the pumps and valves {for the required time. At the
end of twenty steps (5 minutes) the switch returned to the
initial position and remained in Ehat position until it was
recactivated. Modifying the enzyme assay could be accomplished
by rewiring the switch. The switch had alternate sets of con-
tacts that enabled valves to be independent of each other even
though they shared some switch positions.

Tha spectrophotometer was a Bausch and Lomb Spectronic 88
with a single cell compartment that had been slightly modified
by insulation and by cutting a pivot pin so the door could be
opened without moving the cell. The circulator and reaction
flow linss entered the compartment through a hole in the top
of the instrument. The external signal output used was 0-1 V
lingcar with 0-1 Absorbance units. The signal was displayed on
a meter on the front of the spectrophotormeter as well as on a
Hewlett Packard 7100A chart recorder with a 0-1 V range.

ETS ACTIVITY MEASUREMENT

The rate of INT reduction in the flow cell was measurad
by the absorbtion of the rcaction mixture at 490 nwm as de-
scribed in Kenner and Ahmaed (1975a). The rcaction was monitored
for 3 min. after the reaction mixture was introduced into the
flow ccll. The slope of the trace on the chart recorvder was
the rcaction rate (or activity) in units of absorbance per

minute. A blank was made up and measuvred in the sawe manner

as an assay excopl that homogenization buffer was substituted
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for homogenate in the reactiorn nixture. The average of several
blanks was subtracted from the assay to obtain the rate of the
enzynatically catalysed INT reduction.
CALCULATIONS OF ACTIVITY

To calculate the ETS activity it was necessary to account
for the volume of seawater sampled, the volume of tho homo-
genate, the volume of the reaction mixture, and the absorbance
of the INT equivalent of one microliter of 0, (Kenner and Aumed,
1975) . The following equation was used for calculating ETS
activity measured by the automated method. The ETS activity
is in units of ul 0,h™ 127,

60 x § x H x (A=B)
ETS = f xV x 1.42

H is the volume of the uncentrifuged homogenate in milliliters
less thz volum= of the inert glass filter particles (0.1 ml).
A is the change in absorbance of the 10 mm light path per -
minute (slopz2 of the line on the recorder), B is the slope

of the control assay, V is the seawater volume (liters) that
was filtered, 60 is the number of minutes per hour, S is the
volumne of the reaction mixture (2.5 ml), f is the volume of
hoirogenate injected into the mixing chamber (0.5 ml), and

1.42 is the absorbance eguivalent of one microliter of 0

2

(Kenner and Ahmed, 1975).
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Temperature correction

The in situ temperatures of the seawater samples vary
with depth and surface location. "o report the LTS activity
at in situ temperature it was necessary to use a calculated
correction because it was unfcasible to readjust the incuba-
tion temperature for evecy sauple. To this end the Arrhenius

ecuation was employed (Packard, King, and Devol, 1975). The

- ezuation employed was:

. ETS:n situ = ETSincubation ©%P 15800 . 1 - 1
s R rlinc Tin situ

whare R is the gas constant (1.987 cal mole’ldeg”l) and 15800
is the activation ensrgy in cal mole™1 (Packard, King, and

Dewvol, 1975). Both the incubation (T.

inc) and in situ temper-

atures (T, sity) vere expressed as absolute temperatures.

OPERATING INSTRUCTIONS

Introduction

The automated ETS assay system is a laboratory built,
kinetic enzyme-analysis system dedicated to measurcments
of the respiratory electron transport system in cell free
homogenates. The system resembles other kinetic enzyme-
analysis systems marketed by Bausch and Lomb, Beckman, etc.
By making certain adjustments it may be possible to assay
other enzymes. However, the automated ETS assay system was
designed and built with the single dedicated purpose in
mind of making ET5 measurements.

The time and effort involved in sckting up and running
the system, as well as the reagents nccessary for priming
the system, make it economical to use only when approximately

10 or more samnlas are to bo run in o day.
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Reagente

All reagents are preparced as in Kenner and Ahined (1975a)
for ph?toplankton assays or Owens and King (1975) for zoo-
plankton assays. Additional grinding buffer is needed for
dilution for zooplankton samples. Needed are:

1. Homogenizing buffer (HB)
(NaCN, if used, to be added after defrosting)

2. Substrate Buffer (SB)

{(with Na Succinate added but no NADH or NADPH
which are added. after defrosting)

3. INT Solution

4, XaCN 0.1 M solution

5. Preweighed substrates (NADH, NADPH)

NOTE: Bulk preparation of solutions is recommended.
Individual screw capped plastic bottles are used
to store prepared solutions frozen. They should
contain sufficient material for one day's opera-
tion or an integral submultiple.

Reagents needs per sample including 1 blank for each 10

samples, are as follows:

Homogenizing Buffer 3.05 ml
Substrate Buffer 1.65 wml
INT Solution 0.55 ml

In addition to the above requirements volume for priming
the pumping system, initial blanks, and homogenate dilution (in
the case of zooplankton samples) are nceded.

Thus, for 25 phytoplankton samples the following are

suggested:




Homogenizing Buffer ((ip) 90 ml
Substrate Buffer (SB) 55 ml
INT Solution 25 ml

Frozen solutions should be thawed in water and additional
reagents added as needed. Once defrosted and additions made
they should be kept on ice. |
Szt Up

The circulating water bath should be sct to the desired
temperature (often 15°C) and switched on 45 minutes to 1 hour
before beginning assays to permit proper attainment of incuba-
tion temperature.

The Spectronic-88 spectrophotomater should be turned on
approximately 30 minutes before assays are begun. It is an
extremely stable instrument and should seldom require any ad-
justment if it is allowed to warm up before beginning the
assays.

Crushed ice for the reagent storage reservoir should be
placed in the bucket on which the syringe-pumps avre mounted.
The prepared recagents and rinse water reservoir should then
be placed in the bucket and the appropriate lines inserted
into them. (CAUTION - be sure to place both rinse water lines
in the rinse reservoir.) An additional bucket of ice is used
to store the HB and howmogenates in the work area.

Just before beginning assays, the proportioning pump,
vacuum pump, and other electrical equipment are turned on and

the Ny pressure system is sct to 20 psig. The syringe pumps
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and reagent lines are primed by first turning the mixing chamber
evacuation line on (switch labeled "EVAC"), then cither manually
moving the syringes up and down 5-6 times or using the "SYRINGE"
switch. After so doing, the mixing chamber and flow cell are
rinsed (throw "WASH and "FLOW" switches) for 30 seconds to 1

minute. Shut off "FLOW” and evacuate mixing chamber when finished.

The chart recorder speed is set for one small chart division
per minute (on the Hewlett—Packard #ecorder, 6 in - h—l). The .
spactrophotometer is then zeroed and the zero checked on the
chart and adjusted as necessary. The spectrophotometer should

be adjusted so that the meter reads 0.1lA.

NOTE: The purpose of setting the meter to 0.1A is to

allow below-the-baseline excursions on the chart

reunrder and meter. Since reaction rates are
based upon the slope of the recorder trace, not
absolute absorbance measurements, this sectting
has no effect upon the results - it merely pro-
tects the recorder and meter from possible damage
due to being “"pinned" off scale.

Blanks and Samples

A calibrated pipette (e.g. Selectapette or Eppendorf) is

used to dispense 0.5 ml homogenizing buffer into the mixing

chamber. The "START" switch is then depressed and the system

will automatically begin the assay cycle. Three (3) or four

(4) initials blanks are ¢generally run, until the slopes arc

visually identical. Regular samples can now be run.

R —,
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Phytoplankton samples are filtered, ground and
centrifuged as in Kenner and Ahmed (1975a). Zooplank-
ton samples are processed and diluted as in Owens and
King (1975). A subsémple (0.5 'ml) of the cleared homo-
genate is pipetted into the mixing chamber and the cycle
started by depressing the "START" switch.

A blank is run for every iO samples and at the end
of the run.

Shut Down

At the conclusion of the day's run the system is
thoroughly flushed wit*) distilled water, as in the prim-
ing cperation, payin. particular attention to the syringe
pumps. All parts of *he apparatus are shut off (including
N2 tank) and the rcller head on the proportioning punp

is released.
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TROUBLESHOOT ING

The automated ETS system is, by and large, an extremely
reliable machine which has suffered few significant failures
in over 5 years of operation, including several months at sea.
However, it has a few idiosyncrasies which, if understood, will
lead to excellent data production. Specifically not covered
in this section are.problems aésociated with the Spectronic-88
spectrophotometer for which an excellent service manual exists.
Unstable Baseline

Occasionally, a bubble or bubbles will beéome lodgéd in
the light path of the flow cell. This may be observed as a
baseline which does not return to zerc at the conclusion of
a cycle or unusual noise in the recorder trace, particulérly
when liguid is flowing. |

The cure is simply to evacuate the mixing chamber by
turning on the "EVAC" switch briefly and turning on the
"PLOW" switch with the chamber empty for about 5 seconds.

Then the "WASH" switch is turned on and distilled water is
pumped through until the baseline is back to normal.
Usually a single treatment will resolve the difficulty
though repetition may be necessary.

Rising BRaseline

On warm, humid days when the incubation temperature
is below the dew point, one may observe a rising baseline

as a result of condensation of water on the flow cell. To
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corrcect this problem, one may either raise the incubation
temperature (usually undesirable) or blow dry gas (N, from
the pressure system) through the sawmple chamber at a rate
just sufficient to prevent condensation. Dessicants have
not been used successfully because of the many air leaks
into the chamber though it is conceivable that one could
seal the chamber better and maintain dryness; the absorp-
tive rate of most dessicants is not rapid enough to quickly
dry out even a sealed chamber.

Lems

(e

Reagent Dispenser Fro
Perhaps the most trouble prone parts of the AETS systenm
are tne syringe pumps. They should be observed during op-
eration at the beginning of the cycle and to sece if they
properly refill. They must be kept scrupulously clean and
properly aligned to prevent sticking.
Proporiioning Puvz Problems
In order to maximize pump tube life, the operator must

's

be sure to release the roller head at the end of a day
run. The pump tubses should be changed when they are visibly

distorted in shape.
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COMPARTSONS WI'TH THE METHOD OF KENNER AND AIIMED

Comparison of the automated 5nalyzer's machine's results
with those of the parent technique (Kenner and Ahmed, 1975a)
provided information on how well the analyzer duplicated it.
The following is the procedure used by Kenner and Ahmed (1975a).
The solutions are the same excépt as noted. Three ml of sub-
strate solution and the substrate solution's buffer are placed
in glass tubes on ice. One ml of homogenate is added to each
and the reaction is started by adding 1 ml of INT solution.

The tubes are incuba*ted in a water bath covered by serun
stoppers. After 20 minutes the reactions are stopped by
adding 1 ml of quench solution to each tube. The guench
solution consists of a 1:1 (vol:vol) solution of concentrated
formalin and a 1 M solution of sodium formate at oH 3.5,

The time and the volumes in the tubes (6 ml) are noted.
A blank is performed in the same manner except that buffer
is substituted for homogenate. A change in absorbance (ARA)
is calculated by subtracting the absorbance at 490 nm of the
tube without substrate from that of the tube with substrate.
Dividing the result by time and other relevant quantities,
ET3 activity is calculated by inserting the AA in the following

equation:

e -1, -1, _ {60 x5 xH x AA 60 x S' x H' x AA'
ETS (M1 0y 1 "h ™) = T x V x 1.42 7' x V' x 1.42

where H is the homogeanate volume, T is the reaction time, V is
the seawater filtcred, S is. the final volume in the assay tubes,
and 60 is the number of minutes in an hour. Allguantities
designated by (') are those associated with the blank. The

time (T) is in minutes, V is in liters, and all the other
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volumes are in millilitevrs. Essentially this measurcrment is
the average change in absorbance over about twenty minutes
in the presence of the homogenate less the average change
over twenty minutes without it. Temperature corrections,

if necessary, were made as described above.

Depth profiles of ETS were used on JOINT I using water
samples taken at six light depths from 100% to 1% at about
6908 h. Two liters waro taken from cach dopth and stored
briefly in four liter polyethylene bottles in deck seawater
incubators. 160%, 50% and 30% werce exposed to sunlicght and
15%, 5% and 1. were kept in the dark. Homogenatos were
made as described above starting with the 100% sample and
finishing with the 10 sample 1 to 1.5 hours later. On four
occasions comparisons of the automated method and the nanual
method were mada. Two of these were subject to serious
non-random errors and weare not reported. The other two are
presented here (Fig. 6). Three prelininary expoeoriments wero
performed during Leg 0 of JOINT I but they do not exhibit
any correlation between the two methods. This may have bewen
due to differences in the analystg (F'. Wold performed the

Kenncr and Ahmad, 1975a,measurements and J. Abrahamson ran

the automated ETS systoem) or to the cofficicney of the machine.

The Leg I profiles obtained by the two methods (Fig. 6) were

similar.
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Fig. 6. Comparison of ET3 denth profiles measured b tho
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DETERMINATION OF LINFEARITY ALD DRECTS {0

Both precicsion and enzyme-depondent. Uincarity oan bhae
detoernined sinultancously frow ossays on serial dilutions of
the samne honogonate.  This was done on chemoStat culiures
of Sholoionena coctabua.  Homogeuates were prepared from a
dense oo lture (*-2'108 ¢lls/1) containing a normal mizture
of soexuealtly and a rexually reproducing forms (P. Harrison,
porsonal communication) .  The culture was nmaintain:d ax

C as describad by larrison (1973). Six samwlaes from

the chomositat outflow were collected randomly and hooganizoc

buffer, whon nocessary, and assaved. ETS aztivity was reported
| r 1 1 - 1- . 1 AT 1 ‘Z?\ s . i
as change of absovbance at 490 nin per min (AN 54 /ein. The

abzorbance chances were corrected for choanges in the blank. all
six expariments (ig. 7) show lincavrity and tho 1. . . corrslacvion
coefficients indicated high precision. A numoricel valuo

3

for precision can boe calculated by normalizing cach L8 value

by the original homogrnate volume usoed.




N
(]

linearity experiments using the auto-
dilutions of cell-free hoiojenates ware
~tonema costatunm cultures. BETS activity

nin) was tnon measured in cach dilution.
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UNDIRWAY SURPACE ETS MAPS
Contour maps (Figs. 8-15) of ETS activity at the 3 meter
level off the coast of Spanish Sahara were preparced during
JOINT I using the contouring package of the IRIS computer
system onboard the R/V ATLANTIS T: (IRIS Users Manual).
Table 1 gives the coordinates of these maps. The data for

these ETS surface maps were collected using the autonated

system and homogenate preparation methods describsd above.
Two liter seawatcer samples were collected from the ship's
punred aquarium water system at a rate of four to eight

samples each hour while th2 ship steamed alony its nicghttime

(2

napping track at eight to ten knots. Such maps usually lasted
from 2000 to 0730. Concurrenzly the IRIS system was also
taking data on the ship's positlion, certain nutricnt concen-
trations, temperature, salinity, and in vivo {luorescence
(Lorenzen, 1986). A sumnary of the type of data collected

is shown in Table 2. Interpolated ETS and chloropnyll-a

data (Zn vivo fluorcscence) were compared to cach other ang

correlation coefficients of those regressions were obtained

{(next section).
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Figs.

8

15.

Maps of microplankton ETS activity.
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Table

e

GR1D POLN'T
15 1
2
3
4
16 1
2
3
4
5
' 17 1
2
3
k 2
L 18 1
3 2
3
4
5
19 1
2
3
4
5
L1
L2
L3
20 Ll
. 1
3
23 1
- 2
3
4
5
6
7
8
Ll

LONCGITUDE

17.364
17.672
17.450
17.3339

17.593
17.114
17.555
17.127
17.557

17.232
17.561
17.142
17.565

17.400
17.168
17.585
17.175
17.500

17.562
17.245
17.510
17.169
17.328

17.040
16.994
16.966

17.074

17.208
17.587
17.387

17.468
17.526
17.364
17.460
17.196
17.507
17.35¢6
17.468

16.953

LA LTUDL
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1. Positions of the leg end-points for the mapping surveys
on Ly IT of the R/V Atlantis T1 phase of :

JOLNWT T,

coMMuENT

20.
19.
19.
19.

23.
23.
23.
22.
22.

21.
21.
21,
21.

21.
21.
21.
21.
21.

21.
21.
21.
21.
21.

21.
21.
21.

20.

21.
21
2C.

21.
21
21.
2.

-
L. .

21.
21.
21.

21.

054
93
701

976

316
139
10

987
929

648
042
5738
491

460
40
30
252
1e2

633
565
483

TR0
SO0 5

329
315
519
612
873

193

107

965

600

LG40

716
852
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928
97)
994

760

Foy A ‘7 Y vy
C:.o2 Blanc

Cale Corvbioroe




oo VR dports b oy NSRS NY  MR  w=cr aw bt

fan)
s
T (R4 , 1y e .- 4
had - PES o tf/ l" - FeY “ u
- YT R w — . — - —
N e e e e e e e e o et e it e rn et e e e o e L T TS O e e e e e o e e e e o em -
. s
< « e . v -y .o
- - S AN Pes AN N FeS P
.- . .y <r <~ . . “r .
e AN AN e A o S
.r .y « <r . - .. < o
RS N ERY A PRy P 'S TS
.. . - “r .~ < v wr .
o A AN AN &N A S Y S
.- - .- <> . xr - < 7
i N Se PiS A -~ S Pt RS
\
- - o ~- v .r < - -
AN 'tS e S PEN FeS S
«r ~ - <y <. .r v
e A o P RN - S
e - "y 3, 7, T. [t o .
o - o e evis e AN o o rree~ T -
3 D PSR e by RITTAN o LCd RO (WAN [OAN PR ol
- H -
S e e v -
) PSR RONO IS STULITCOY
H
oo - —
I
b
H
P B SR eR N
H R e T T T DT T R N L T T Sy - ——~— n- .~ e -z [
: . . ; Lo s maman v m oy~ g = v m T T ~
' B T S IS RN ARV PR \V\h., S S N R DGO0T TS0 ULV 20 Coanl oYL
)
.
5 Y BN
St Sea - . ~
R . W




40

wicroheteroteophs (bacteria, protorzoans, moetazoan Yarwvas)
were presenlt at thoese aveas and woere largely rospinsible for

he relatively high lovels of BTG activity., -t ogrids 17 and

18 the corecolabion co:fflcient wes very hig

i, i
rolabively small abundaace of microhieterotrophis as counuared
to rhytoplankton.  These plots arve cowbined and cornosod Lo

ihe plot of the corralation cool{ficient of the roression of
C-1% or ¢chl-a dn Tig. L7. A similor paltern parn®lels all

threo profiles suggesting that the nloerohelterotoaphs expiain

onlv part of the counling or uncoupling bétueen Wis actlvity
and cha ohvioplarkion indreos.
» phytoptuankion 1:

Suamarias of Lhe aoalvaiys of varlanoe on all thros
. v R -
reorressions {(Tables 3, 4, and B) o ogiven in Tables 6, 7,
and O,

< v T W . il
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Fig., 16. Correlation coefficients and T-values for the l("'C-—Fj}‘s
and Chl-a-ETS regressions.
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Fig. 17. Correlation coefficients from the 3 regressicons shown
in Tables 3, 4, and 5 (top). The slope and the intercept
for the regression of 14C—uptake on Chl-a (bottom).
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17.

As in the bottom panel of Figqg.
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“Pablce 6 . Analysis of variance for the regression of C-14
uptake on LTS activity. Abbreviations: VAR=
variance attributable to the regression; VD=
variance deviation from the regression; DR
degrees of freedom; and 85, MS, and ¥~ value
have their usual meanings.

1933 S5 M3 F-VATLUEL

GRIL 15:

VAR 1 2.13 2.13 4.43

VDR 145 69.91 0.48

TOTAL 146 72.04

GRIN 16:

VAR 1 452.80 452.80 11.71

DR 257 9938.7 38.67

TOTAL 2538 10392,

GRID 17:

VAR 1 8422, 8422.6 320.31

VOR 168 4417.6 26.30

TOTAL 162 12840.

GRID 18:

VAR 1 12492, 12492. 548.03

VDR 179 4079.8 22.79

TOTAL 180 16572,

GRID 19:

VAR 1 6106.6 6106.6 1384.47

VOR 245 7693.4 31.40

TOTAL 245 13800.

GRID 20:

VAR 1 5553.5 5553.5 198.74

VDR 280 7824.1 27.94

TOTAL 281 13378.

GRID 23:

VAR 1 0.057 0.057 “.97

ViR 200 1.15 0.0057

TOTAL 201 1.21
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Table

Analysis of variance for the regression of Chl-a

on ETS activity. Abbreviations: VAR=: varisnce attri-
butable to the regression; VDRsvariance deviation

from the regression; DF=degreces of freedom; and 83,
1S, and F-value have their usual meanings.

GRID 15:

VAR
VDR

TCAL

GRID 15:

VAR
VDR
TOTAL

GRID 17:

VAR
VDR
TOTAL

GID 18:
AR

VDR
TOTAL

GRID 19:

VAR
VDR
TOTAL

GRID 20:

VAR
VDR
TOTAL

GRID 23:

VAR
VDP,
TOTAL

0.031
NO DATY

1 0,088 0.089 34.23
257 0.67 0.0026
258 0.76

1 0.74 0.74 375.99
168 0.33 0.0020
169 1.07

1 1.69 1.69 165.19
179 1.84 0.010
180 3.53

1 1.08 1.08 165.59
245 1.59 0.0065
246 2.67

1 0.022 0.022 5.19
280 1.20 0.0043
281 1.22

1 122.20 122.20 21.05
200 1161.0 5.81
201 1283.2

e e L T L TP SRl (e S e By T
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rable 8 Analvsis of variance for the regression of
uptalke on Chl-a.  Abbreviations: VARc:variance
attrihatable to the rogroeossion; VhDPsvarionce devia-
tion from thoe regression; DFPF=sdeyrees of froeedom;
and 58, MS, and P-value have their usual weanings

C-14

<,_...._—--s!-a-r-gx: colutl

GRID 15:
VAR

V»-

TOTAL

VAR

VDR
TOTAL

GRID 18:

VAR

VDR
TOLUAL

GRID 19z
VAR

VDR
TOTAL

GRI1IP 2_9_:_
VAR

VDR
TOTAL

GnIh 23:

VAR
Vi
TOTAL

145

-
ias6

168
169

245
246

269
201

0.015
72.02
72,04

7984.9
4855.2
12840.

10961.
5611.
16572.

10016.
3783.7
13800.

2725.2
10652,
13378.

601.35
38.00

7984.9
28.90

10961.
31.35

10016.
15.44

2725.2
38.05

F-VALUL

15.7¢&

276.29

349.65

A0 o
G'zil-Ji'

71.63

19.76
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