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OBJECTIVE

-The 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

metabolism.-

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 en .yme

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

*0 spectrophotometer. The starting switch 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. 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 recorder 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 hand and injected into the mixing chamber. Fifteen

seconds after starting, a pair of syringe pumps (driven by another

pair reversed and subject to pressure and vacuum) adds the two

reagent mixtures (Fig. 1). The reagents are preheated, mixed

for 15 seconds in the mixing chamber with the homogenate, and

then drawn into the 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

pump (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

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 were mounted so that the axis of all the parts

fell on a vertical line and the amount of travel between the



3

AUTOMATED ETS ANALYSIS SYSTEM
RETURN TO CIRCULATOR---

RINSE WATER
5!c COI LS

i DISPENSING
iBAT H,.'.UM 120

[MIXINGA

SCHAMBEF D

PROPORT-
IONING ;)ICE BAT H' " EN YM

FLOW VACUUM

NO
WASTE AI R

Fig. 1. Schematic diagram NC SPECTROPHOTOMETER
of the automated ETS
system. The black OUT
flow lines indicate
the path of the rea-
gents from their - *."'.0 'IN
reservoirs in the VACUUM PRESSURE -:
ice bath through the _--__'_._

syringe pumps and the preheating LAUDAWATER BATH
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 Autoanalyzer pump and the
spectrophotometer was a Bausch and Iomb Spectronic 88.
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To mixing
chamber

*Acrylic
-Reaaent' 6.3mm
so .. sheet

Pumping E7

syringeRA

::.. : Acrylic

Rubber Sheet 6.3mm

"0 ring SYRINGE PUMP

Latex Universal
" itubing >joints

I SIDE VIEW

Driving
Syringe JHU A crylic

• 6,3mm

Mounting block
Tygon PVC(2piece)

TygTotubing .. TO

tubing=--" pressure / vacuum

Fig. 2. Syringe pump (frontal view) for delivering precise reagent
volumes 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 desired 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 eac, assay by holding all of the components together

and mixing them (a small Teflon paddle turned at 120 rpm).

The chamber was temperature controlled by copper tubing

wrapped about it and insulated (Fig. 3). Water was passed

4
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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 (V4). 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 a common rectangular

cell holder and had an unmasked lightpath 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 (V2 ) 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 become

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 controZ

To maintain incubation temperature throughout the various

parts of the machine, water was circulated through an insulated

loop by a Brinkmann-Lauda K/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 water

Light
) path

Light
path ~ t - -. Cooling

Jacket
CooIin g
Jack et __

SIDE VIEW FRONT VIEW

He//ma sp7,ecial Smith- Kline
jackreted f/ow ce/I 7A76-2-67
ith sp-cial opical glaCss (0S)

and withi 10mnm optical path7
lenghTh lo wer 2/3 of th7e
ce/I is mask1ed black.

Fig. 4. This jacketed flow cell was installe-d in the spectro-
photomater.



3.0

A c r each a!sAy iL wa oe~ayto clean the rEtlyxing

chlniulir, incub~-,ation cell, andl Lhe connectinig tube o thatL

I h.osec parts did riot becom-: s tainoel and so that thec cond'it ions;

pie edie ach a ;Iy Were CideanL ical. Fo r tit purpco.;e?, a

rO.-aerVOa'r Of deioni-ZedC WCater was kept in an i-co liaLr w-ith

the cetscAltions and was piipe!cl to the mixing chamrl

in -I - simlilaf manner as were the reagents, e~xcca7t that tuho

T~cJ-r nc,- puma.l was used-1. A valve (Vl) was provided so Clhat

the~n-a flo., was airec ted back to the reservotIr when

%..,sh. was. noct neddand the pathway to the mixing chamber

vas csd(N-C) .To wash thte system the mixing chair-.:er w-as

f .~vauttdby oueli n( vailve, 'V and theni rinsed w;ith

de~o~mi waer y op cn vailve V. The proportioning

pump -lP.t-aine ta ufuet low of tLhe rinse;c wr.ater a:5.80

a - nd te o fitwetf low- to A-.50 ml/inin. The mbaanc

in hefc;ra....... c ';5: r to Eu nL insrfffi c iet l iquid

in th xn htoFrv .r rrmi en tar izie the flow

cell. Y-nm-n ' :c;ai r Vrh :;to the lwCell1 causcod

h lVa L-vw.; , Vj A 2 war close d iina tre mi-xitag clha:mb"er

wasovaona aa f1 i, ;y: trn asready for the,- nex\ t non sure-

Tb, 0 of re.a strhuci~ t M71-hi[1e

con lrol1 1. 3 by fw~ !0: a 'e oid Vci VFI vave a-d by thl: p)UM L!

re !.';. i 1 V. ;e o~i:Y( .1t~e by a !( pp4irl I i.'i;h t

0 flC ~ U' OIL c'ij' i 55' (plnt ii 3,'l O for lw



77~~~2- -'' A' ;, ~ I
t4 .40 ~3A 

(~ OIL 3

4-L1

-31

Ji lei ir

F L oL

-VACI

-j d 1 ,ll If a ,t i .J o 1.s -



12

%-,,re adjusted so that an inteciral number of intervals would

activate the pum,.ps and valves for the required time. At the

end of twenty steps (5 minutes) Lhe switch returnedi to the

initial position and remained in that position until it was

reactivated. Modifying the enzyme assay could be ;'ccoi-nplishecl

b~y rewiring the switch. The switch had alternate sets of con-

tactI-s that enabled valves to be independent of each other even

thou,-h they shared some sw-jtch positions.

The spec trophotometer was a Bausch and Lomb Spectronic 88

with a single cell compnartment that had been slightly modified

by insulation and by cutting a pivot pin so the door could be

onpened without moving the cell. The circulator and reaction

flwlines entered the compartment through a hole in the top

of the instrument. The external signal output used was 0-1 V

linear1 wi 4th 0-1 Absorbance units. The signal was displayed on

a meter or the front of the spectrophotometer as well as on a

hlewl;ett Packard 7100.7A chart recorder with a 0-1 V range.

ET S ACTIVITY MBAISUPXEMEN '',T

The rate of INT reduction in the flow,. cell was measure:d

by the absorbtion o,' the roaction rniXtu11: at 490 n as de-

scribed in Kenner and All-.ed (1975a). The reaction was moni-tored

for 3 min. after thre rec,-tion mixture was introduced into th-,

flow cell. The slope of the trace on the charL recorder s

the reactio~n rate (or activity) in units or absorbanco per

mmrnu te. A blank was adeo up1 and0 L1eaSure in thesaen:e

as an assay eCa,-rp Ii that ionlogei za tion bu f~fer wa:;su Itud
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for homogenate in the reactior% mixture. The averageo of several

blanks was subtracted from the assay to obtain the rate of the

enzymatically catalysed T[T reduction.

CALCULATIONS OF ACTIVITY

To calculate the ETS activity it was necessary to account

for the volume of seawater sampled, the volLmLe of the homo-

genate, the volume of the reaction mixture, and the ab.sorbance

of the TNT equivalent of one microliter of 02 (Kenner and Ahmed,

1975). The following equation was used for calculating ETS

activity measured by the automated method. The ETS activity

is in units of Vi 0l2h- I

60 x S x H x (A-B)
ETS - f x V x 1.42

H is the volume of the uncentrifuged horr.genate in milliliters

less the volume of the inert glass filter particles (0.1 ml).

A is the change in absorbance of the 10 mm light path per

minute (slope 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

volume of the reaction mixture (2.5 ml), f is the volume of

homogenate injected into the mixing chamber (0.5 ml), and

1.42 is the absorbanco equivalent of one microliter of 02

(Kenner and Ahmed, 1975).



Tc3r.pcrattre correvtion

The in situ temperatures of the seawater samples vary

with depth and surface location. To report the ETS activity

at in situ temperature it %-as necessary to use a calculated

correction because it was unfeasible to readjust the incuba-

tion temperature for every sample. To this end the Arrhenius

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

e7,uation employed was:

ETSin situ = ETSincubation exp 15800[ 1
R T.inc Tin situ

where R is the gas constant (1.987 cal mole-ldeg -1 ) and 15800

is the activation energy in cal mole-1 (Packard, King, and

Devol, 1975). Both the incubation (T. ) and in situ temper-inc

atures (Tin situ ) were expressed as absolute temperatures.

OPEIRATING INSTRUCTIONS

In t2odu ft i on

The automated ETS assay system is a laboratory built,

kinetic enzyme-analysis system dedicated to measurements

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 ETS measurements.

The time and effort involved in setting up and running

the system, as well as the reagents necessary for priming

the system, make it economical to use only when approximately

o r • . . ... h r 1
o
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All reagents are prepared as in Kenner and Ahned (1975a)

for phytoplankton assay; or Owens and King (1975) for zoo-

plankton assays. Additional grinding buffer is needed for

dilution for zooplankton samples. Needed are:

1. Homogenizing buffer (11B)

(NaCN, if used, to be added after defrosting)

2. SubstratL Buffer (SB)
(with Na Succinate added but no NADH or NADPH
which are added after defrosting)

3. INT Solution

4. NaCN 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:

lomogenizing Buffer 3.05 ml

Substrate Buffer 1.65 ml
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 saimples) are needed.

Thus, for 25 phytoplankton samples the following are

suggested:
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Hlomogenizing Buffer (1113) 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.

S --t UP

The circulating water bath should be set to the desired

temperature (often 150C) and switched on 45 minutes to 1 hour

before beginning assays to permit proper attainment of incuba-

tion temperature.

The Spectronic-88 spectrophotometer 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 are mounted.

The prepared reagents 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 addit-ional bucket of ice is used

to store the 1IB and homogenates in the work area.

Just before beginning assays, the proportioning ptuip,

vacuum pump, and other electrical equipment are turned on and

the N2 pressure system if; set to 20 psig. The syringe pumps
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a and reagent lines are primed by first turning the mixing chamber

evacuation line on (switch labeled "EVAC"), then either 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 recorder, 6 in h- ). The

spectrophotometer is then zeroed and the zero checked on the

chart and adjusted as necessary. The spectrophotometer should

be adjusted so that the neter reads 0.1A.

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

allow below-the-baseline excursions on the chart

rec:Drder and meter. Since reaction rates are

based upon the slope of the recorder trace, not

absolute absorbance measurements, this setting

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 are

visually identical. Regulair samples can now be run.
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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 subsample (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 10 samples and at the end

of the run.

Shut Down

At the conclusion of the day's run the system is

thoroughly flushed wil.i distilled water, as in the prim-

ing cperation, payin,. particular attention to the syringe

pumps. All parts of the apparatus are shut off (including

N2 tank) and the roller head on the proportioning pump

is released.

1



19

TROUBLESHOOTING

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 associated with the Spectronic-88

spectrophotometer for which an excellent service manual exists.

Unstable Baseline

Occasionally, a bubble or bubbles will become lodged in

the light path of the flow cell. This may be observed as a

baseline which does not return to zero at the conclusion of

a cycle or unusual noise in the recorder trace, particularly

when liquid is flowing.

The cure is simply to evacuate the mixing chamber by

turning on the "EVAC" switch briefly and turning on the

"FLOW" 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 Baseline

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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correct this problem, one may either raise the incubation

temperature (usually undesirable) or blow dry gas (N2 from

the pressure system) through the sample 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.

Reae t Diopenr ' Problems

Perhaps the most trouble prone parts of the AETS system

are the syringe pumps. They should be observed during op-

eration at the beginning of the cycle and to see if they

properly refill. They must be kept scrupulously clean and

properly aligned to prevent sticking.

Pro?29, oroninaj P;:. Prob7.n.s

In order to maximize pump tube life, the operator must

be sure to release the roller head at the end of a day 's

run. The pump tubes should be changed when they are visibly

distorted in shape.
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COMPARISONS WITH THE METHOD OF KENNER AND AIIMED

Comparison of the automated analyzer'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 except 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 incubated in a water bath covered by serua

stoppers. After 20 minutes the reactions are stopped by

adding 1 ml of quench solution to each tube. The quench

solution consists of a 1:1 (vol:vol) solution of concentrated

formalin and a 1 M solution of sodium formate at pH 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 (AA)

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,

ETS activity is calculated by inserting the AA in the following

equation:

02 1 T x V x 1.42 T' x V' x 1.42

where H is the hoinogeate volume, T is the reaction time, V is

the seawater filtered, S is. the final volume in the assay tubes,

and 60 is the number of minutes in an hour. Allquantities

designated by (') are those associated with the blank. The

time (T) is in minuLes, V is in liters, and all the other
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volumes are in milliliters. Essentially tis incesuretent is

the average change in absorbance over about twenty minutes-3

in the presence of the homogenate less the averacge change

over twenty minutes without it. Temperature correctiof! ;,

if necessary, were made as described above.

Depth profiles of ETS were used onl JOINT I using woater

samples taken at six lightL depths frm10 o %a but

0900 h. Two liters were taken from each de:pth an, st-ore-'

brief--ly in four __ iter polyetL-hylIene botLtles in docl: seawater-

incubators. 100%, 50'. an" 30%1 were exposed to sur.ligsht and

1Y5%, 5% . and P, were kept in the dark. Homgeats ere

made as described above starting with the 100% sa!r.:olc and

finishing with the 1'. sample 1 to 1.5 hours later. On four

occasions comparisons of the automated method and the manual

method were mal.Two of these wvere subject to serious

non-random errors and were noL reported. The nilE::- two7c are

presented here (Fig. 6) . Three Prel iminary expe'riments ware,

perf-ormed during Leg 0 of JOINT I but they do niotL exhibit

any correlationl between the two methods. This may have bee1n

due to difrn- in the anallysts (E. 1'.Old perfori-ed the

Kenner and Ahrneod, 1 9 5,masrmnsandl J. Abrahamson ranl

Lhe autoriia tecd ETS sys tern) or to the of ficiency Of the mrhn~

The Legc I profiles obta-inedC by the two, me thu11ds (Fil. 6)wr
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Biothi ircc.i ";i() iiJ! lo, -t~rd: li~~: y e[[

det i i fdsinlu 1la yF au.y on se!Jr a 1. d1uL~ n

C) t~ vice hfiChj fro:a Le itiW oe nciro Ltc t

deau~ cl~mo (2 10~ ell/l)containlinc a normal -,ixzurce

of ~ l n i~ ta1l rem: 'clucT-l fra;(. irrsr

~~iizc~nic ca~u~~ion) . 'Ie cul ture was iiiaifltCin--c!a

17--li0;'cC as dsrbdby Iiarrisonl (1973) . Si,.: saw1', 1 
CS rrou

the h o;a utf ; r coil actod randomnly anclIO~C~n e

as du-:scribcid by Pckrdl (1971). Suhscmples r V 1 2 in Fran

0.1 tLo 0.5 ml w.erc: ciliated toj 0.5 -ml with hnen

buf fr, when Eeesay id asnvodi c, . 17T S ac tu --Iv r e- or t

-is chan, 0j fasr~nea 9' x1~ Thu

abscoroance chne eecorrocte-d for ihn'. n tiu, bl __ . l

sixexur'-:i (V'ig. 7) show; linearity adc the, carrolaiocn

cofiietIndica ted higjh procasion . A numeLriczal valueL,-

for 1O.CeCj-iSLOP clan beenlculat Lcd by florm-i~li z ±n7 enn vau

by tche or. -i ne1 oaM'n volum.o- used.
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Fig. 7. i'rec57Lon andl linearity experiments usinqj th;e auto-
E ''S :> ti,- ,(. Serial dilutions of cell-free hovFceatswre
p)-C-an1d from Sa7tnrac atmcultUre-S. ETS activit-y

*~ ~, in) as thn inaso !c~a i eac di lution.
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UIND:ERWAY SUPFACE E'1'S MA PS

Contour maps (Figs. 8-15) of ETS activity at the 3 meter

level off the coa-sL of Spanish Sahara were p-reari!, during

JOINT I using the contouring package of the IRIS ccmplater

systeri onboard the N/V Afff.V.TIS I (IRIS Users Manual)

Table 1 gives the coordinates of these maps. Thel, data for

these ETS surface maps were collected using the au~tomnated

system and homogena.tt preparation methods described1 above.

Two liter sea'.qteOr salmples were collected froii the ship' s

predaquariui waLe:z Esyst.,'m at a rate of four to e i ght

samples each hour whiie then ship steamed along~ its nichttime

mapping track at eiquht to ten knots. Such mnaps usually lasted

from 2000 to 0700. Concurrently the IRIS system i..as al---

takinq data on the- ship's pa)siti on, certain nutricnt concen-

trations, temperaturo, sal inity, and in viva) fluom-OZCence

(Lorenzen, 1966) . A sunximary of the type of data coll ected

is shown in Table 2. Interpolated ErrS and chlorehy 11-a

data (in vivao fluorcecnce) were comparfed to eaich other and-"

correlation coefficients of thos;e regressions w-,ere obtainedl

(next section)
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Figs. 8 -15. mNaps of icroplankton ETS activity.
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1. Posi tions; of Lfhe I(- ' j ewl-j)'onts for the 1: 1 1pp Lnj su rv yL
on Lcq IT of the P/V AtkL]aiiLi. E I1i phas of JOL'T I.

- 1 v PO I[[N' LONG LT UI 1E LAT [' T[] D( OI.:,"

15 1 17.364 20.0513
2 17. 672 9.9f)
3 17.450 19.701
4 ].7.3-39 19. 976

16 1 17.593 23.3].6
2 17.1.1-4 23.139
3 17.555 23.10
4 17.127 22.987
5 17.557 22.929

17 1 17.232 21.648
2 17.561 2].642
3 17.142 21.578
4 17. 565 21. 491

18 1 17.400 21.460
2 17.168 21.40
3 17.585 21.30
4 17.175 21.252
5 17.500 21.182

19 1 17.562 21.633
2 ]7.245 21.565
3 17.510 21.483
4 17.1-69 21.382
5 17.328 21.329

L1 17.040 21.315
L2 16.994 21.519
L3 16.966 21.612

20 L- 17.074 20.873 C;op B ac

1 17.208 21.193
2 17.587 21. 107
3 17.357 20.965

23 1 17.468 21. 600
2 17.526 21.640
3 17.364 21.716
4 17. 460 21. 852
5 17.196 21.88/
6 17.507 21.928
7 17.356 21.971
8 17. 468 2[. 996

L1. 16.951 21. 769 C (o-biec7

Li
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Fig. 16. Correlation coefficients and T-values for the 14C-ETS
and Chl-a-ETS regressions.
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Fig. 17. Correlation coefficients from the 3 regressions shown-
in Tables 3, 4, and 5 (top). The slope and the inLercept
for the regression of 1 4C-up Lake on Chl-a (bottom).
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Fig. 18. As in the bottom panel of Fig1. 17.
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Table 6 . Analysis of variance for the reqression of C-14
uptake on ETS activity. Abreviation': VA:!'
variance attributable to the regres:s.ion; VLI-
variance deviation from the regrerssion; DR.
degrees; of freedom; and SS, MS, and F- value
have their uzuai eanigs.

DF SS MS F-VALUF

GRID 15:

.1- 1 2.13 2.13 4.43
VDR 145 69.91 0.48
TOTAL 146 72.04

GRID 16:

VAR 1 452.80 452.80 11.71
DR 257 993$. 7 38.G7
TOTAL 253 10392.

GRID 17:

VAR 1 8422.6 8422.6 320.31
VDR 168 4417.6 26.30
TOTAL 169 12840.

GRID IS:

VAR 1 12492. 12492. 548.03
VDR 179 4079.8 22.79
TOTAL 10 16572.

GRID 19:

VAR 1 6106.6 6106.6 194.47

VDR 245 7693.4 31.40

TOTAL 245 13800.

G!!) 20:

VAR 1 5553.5 5553.5 193 .74

VDR 280 7824.1 27.94

TOTAL 281 13378.

GRID 23:

VAR 1 0.057 0.057 -.97

VOR 200 1.15 0.005]7
TOTAL 201 1.21
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Table 7 . Analysis of variance for the regression of Chl-a
on ETS activity. AbbreviaLion.;: VAR variance attri-
butable to the regression; VDIvariance deviation
from the regression; DF=degrees of freedom; and SS,
fMIS, and F-value have their usual meanings.

DF SS llS F-VALUE

GRID 15:

VAR 0.031
VD NO DATA
TO AL

GRTD 16:

VAR 1 0.089 0.089 34.23
VDR 257 0.67 0.0026
TOTAL 258 0.76

GRID 17:

VAR 1 0.74 0.74 375.99
VDR 160 0.33 0. 0020
TOTAL 169 1.07

GRID 18:

VAR 1 1.69 1.69 165.19
VDR 179 1.84 0.010
TOTAL 180 3.53

GRID 19:

VAR 1 1.08 1.03 165.59
VDR 245 1.59 0.0065
TOTAL 246 2.67

GRID 20:

VAR 1 0.022 0.022 5.19

VDR 280 1.20 0. 0043
TOTAL 281 1.22

GRID 23:

VAR 1 122.20 122.20 21.05

VDR 200 13.61.0 5.81
TOTAL 20. 128 3.2
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'IXAUI 8 Analv; i'; of vfor~nco IvY Lh' r(LIr!-;.ion O C-14

upLtkI' on Chi-a. Abbr,via t ion5 VAz-vwriance
attrii[, ble toth r Ir4M. Loi; Vf)iO---variance devi.a-
tion from thio r<qrc2 ;3.i,)n ; Dl doqre,.; of froL-.dom;

and and 1-va 1 ne tave tho-tir u.;ua 1 maninj ;

DF ss F- VA LU:

GR-iXD 15:

VAR 1 0. 015 0.015 0. 03
145 72.02 0.50

''AL 1,5" 72.04

yAP 1 601.35 601.35 15.79
VD, 257 9799.2 38.09
TOTAL 253 10392.

GID 17 :

VAR 1 7984.9 7984.9 276.29

VDR 168 4855.2 28.90

TOTAL 169 12840.

GRID 10:

VAR 1 10961. 10961. 3 G9.65

VDR 179 5611.2 31.35
TOT'!A1, 180 16572.

GRID 19:

VA 1 10016. 10016. 6.57

VDR 245 3783.7 15.44
TjO''A\I 246 13800.

GCR1) 2o2:

VAR 1 2125.2 2725.2 71.63

VDR 280 10652. 38.05

TOTAL 281 13 378.

CR11) 23:

VAr 1 115.38 115.35 19.76
• Vii' 1 lt,7.8 5. ,

'TOTAL 2 01 1283. 2
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