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1.s Introduction and Brief Qverview of Methods

| Subsamples
for several,'

analyses

Ch]orophy11:§ concentration is considered an index of phytoplankton biomass.

This manual describes standardized methods for making shipboard measurements
of chlorophyll a concentrations during the Northeast Fisheries Center's Qcean
Pulse and MARMAP surveys of northeastern U. S. coastal and continental shelf
water between Cape Hatteras and Nova Scotia. Our survey area and sampling
locations are depicted in section 26.10.

Qur fluorometric method for determining chlorophyll a is based on the method
and suggestions provided in Strickland and Parsons (1972), Holm-Hansen et al.
{1965, 1978), UNESCO (1966), Yentsch and Menzel (1963), and Turner Designs
;19762 Shortly after collection of seawater, filtration of phytoplankton,
gr1nd1n‘1and extraction of pigments in 90% acetone and measurement of
fluorescence. are performed at sea.

In our baseline surveys we are particularly interested in determining the
relative biomass of netphytoplankton (>20 um) and nannophytoplankton
(<20 um). Consequently, all seawater samples are size-fractionated by
serial filtration through 20 um mesh and 0.7 um mesh filters to yield
concentrations of chlorophyll a in netplankton and nannoplankton. "The
Ocean's Food Web, A Changing Paradigm" (Pomeroy, 1974) provides a useful
description of the structure and function of marine planktonic ecosystems,
and emphasizes the importance of the smaller nannoplankton as a major
component of the phytoplankton community in many marine environments.
Our own studies of phytoplankton in the Raritan-Hudson estuary (0'Reilly
et al., 1976), New York Bight (Thomas et al., 1978), and Georges Bank
(Thomas et al., 1979) as well as other studies (Malone, 1976; Malone et al.,
1979; Durbin et al., 1975; McCarthy et al., 1974) have demonstrated the
quantitative importance of nannoplankton assemblages.

We use a fluorometric method rather than a spectrophotometric method for
measuring chiorophyll a because the fluorometric method is about 20 times
more sensitive (Hoim-Hansen et al., 1965) and consequently smaller volumes
of seawater are required for an accurate determination. Concentrations
approaching 0.01 ugChla/1 may be measured on the fluorometer when the
plankton in one liter of seawater are filtered and extracted. This is
1mportant s1nce in most multidisciplinary field surveys such as ours wheres

are taken from a single water sampiing bottle(i.e. dissolved
oxygen, chlorophyllys 14c- -primary productivity, nutriensss
pH, alkalinity, phytoplankton species, salinity, etc.) the volumes

of seawater for each analysis must be minimal.

Additionally, the fluorometric method, because of its enhanced sensitivity,
enables us to size-fractionate the phytop]ankton comnunity and obtain
estimates of chlorophyll a concentration in netphytoplankton and nanno-
phytoplankton throughout an annual cycle, even during periods when either
netpiankton or nannoplankton are sparse. Other advantages of fluorometric
methods are summarized by Turner Designs (1976).



Samples for chlorophyll a analyses are usually collected from the surface,

s, 10, 15, 20, 25, 30, 35, 50, and 75 meters. Deeper depths are sampled
depending on the vertical distribution of the phytoplankton and objectives
of the sampling program. At stations where primary productivity is measured,
additional depths corresponding to 6%, 46, 25, 10, 3, and 1% of surface
irradiance, are sampled for chlorophyll so that phvtoplankton production

can be directly related to phytoplankton biomass (0'Reilly and Thomas, 1979).
Additionally, a "bottom-trip" Niskin water sampling bottle (rigged to close
when a tripping device contacts the seabed)} is used routinely during our
surveys to better define phytoplankton biomass near the seabed. In shelf
and coastal water less than 50 m deep we have frequently observed large
concentrations of phytoplankton in water collected within a meter of the

seabed.

Chlorophyll a is measured fluorometrically using a Turner DOesigns fluoro-
meter.* The fluorometer is calibrated using a pure chlorophyll a extract
obtained from Sigma Chemical Company. The fluorometer is also checked
against a pure chiorophyll a calibration standard obtained from the U. S.
Environmental Protection Agency, Envirconmental Monitoring and Support
Laboratory, Quality Assurance Branch, Cincinnati, Ohio 45256 USA.

At sea, the fluorescence of chlorophyll a in plankton extracts is read on
the fluorometer, two drops of 5% HCl are added to the extract, and the
fluoroescence is reread. The "before acid" and "after acid" fluorescence
readings and relevant field information concerning sampling location, time,
depth, volume of seawater filtered, etc. are coded at sea on a standard

chlorophyll computeyr form.

The data are keypunched and processed through a FORTRAN program to generate
concentrations of chlorophyll a (mg/m3), phaeophytin a (mg/m3) and the sample
acidification ratio (Fo/Fa). The chlorophyll program also sums netphyto-
plankton and nannophytoplankton chlorophyll a concentrations to generate .
“total" chlorophyll a for each sampling depth, and generates a weighted
average of chlorophyll a concentrations for the water column by arith-
metically integrating chlorophyll concentrations over depth and then

dividing the integral by the deepest sampling depth (generally 75 m).

*Use of trade names throughout this paper does not imply endorsement by
NOAA/National Marine Fisheries Service.o



2.2 Egquipment Setup and Precautions

To assure the highest quality of chlorophyll analyses, consideration should
be given to the location of chlorophyll related activities on shipboard and
the compatibility of these analyses with other analyses performed in
the same shipboard laboratory.

2.1 Work requiring strong acids should not be done in areas where chlorophyll
analyses are being performed. If possible, cleaning of all chiorophyll equip-
ment should be done in an acid-free area (a sink where no acid is dispensed,
poured, etc.). Because nutrient analysis, 14C,and dissolved oxygen analysis
all require the use of acid at some stage in processing, these analyses should
be performed outside of chlorophyll working area, if possible, in another
laboratory.

2.2 Light can breakdown chlorophyll. Because of this, sampies must be
filtered and analyzed under subdued light. Apalysis should be conducted away
from windows, porthoies, etc. If analysis must be conducted near these light .

sources, it is necessary to opaque them.

2.3 There should not be a strong flow of air going through the laboratory

while filtering as this may result in unwanted particles coming in contact

with the filters and/or the loss of a filter while transferring filter

from filter holder to grinding vessels. Portholes and hatches should be

closed during filtering and analysis.
2.4 Precautions should also be taken to minimize the amount of acetone vapor in
the shipboard laboratory. Ouring grinding, the box containing the electric
drill is vented to the outside through a small exhaust fan connected to the

grinding box with 75 mm diameter flexible plastic duct.



3.1

3.2

3.3

3.4

Presail Equipment Testinga

Fluorometers are calibrated before and after each survey.(;éct. 18, 19).

Y 9\"’?&\5
Before sailing, the fluorometer is checked to insure téat it is functioning
properly and¥readings of standards are consistent withvlaboratory calibration
(sec. 21). A pure chlorophyl]l a and a secondary coproporphyrin standard are
read on the fluorometer before sailing and once each day at sea.

Remove chlorophylil and coproporphyrin standards from freezer and allow to
warm up to ambient room temperature in their opaque containers. If the
samples are cold when placed in the fluorometer, condensation may occur and
readings will be in error. Also, the temperature at which standards (and
samples) are read should be consistent since fluoroescence varies with
temperature.

Under subdued light, blank the fluorometer with 90% acetone, and read the
fluorescence of chlorophyll a and coproporphyrin standards. Record
observations on the field log for recording daily readings of primary
(chlorophyll a) and secondary (coproporphyrin) standards (26.2).

If the reading obtained with the chlorophyll a standard is lower by more
than a few percent of the expected fluorescence,.

the fluorometer calibration may no longer be valid or the chiorophyll
standard may have degraded.

If the coproporphyrin readings agree with the expected (laboratory
calibration) reading the chlorophyll a standard has probably degraded.

The fluorescense of the second (backup) chlorophyll a standard is read.
If_;his agrees with the expected reading, the first standard probabiy degradeda

35 To test if the chlorophyll a standard has degraded, 2 drops of 5% HCI

4.a
4.1

4.2

are added to the standard in question. The acidification ratio of the
standard is dteremined (the ratio of fluorescence units before
acidification/fluorescence units of the standard after acidification
(Fo/F3)). This ratio is compraed to the laboratory determined T. If
the ratio of the standard is significantly lower than t the standard
probably degraded, if it is equal to T the instrument probably is not
holding calibration and the backup fluorometer should be used after

it has been tested(sect. 3.1).

Prestation Preparationa

Be sure all glassware is clean and dry. Ffluorometer cuvettes must bea
clear and unscratched.

Prepare 90% acetone solution (100 ml distilled water Q.S. to 1000 ml with
spectroquality acetone).



4.3

4.4

4.5

4.6

S5.e

5.1

5.2

2
5.4

5’

Place a 47 mm diameter Whatman GF/F filter in a 47 rm diameter Gelman
filter holder. This is used to generate filtrate used to wash plankton
off inner walls of filtration funnels. prefiltare seawa er

Place 25 mm diameter 20 um Nitex, and 25 mm diameter GF/F glass fiber
filter in the upper and lower filtration funnels, respectively.

Forceps should always be used when handling giass fiber (GF/F) and nylon
(Nitex) filters. Do not use fingers! Uhen not in use, the forcep tips

are covered with a short length of plastic tubing.

ghegk 300 um 1¢' diameter inline filter in the drawing tube to insure that
it is clean, free of detritus and zooplankton, and properly centered in the

filter holder.

the. The :
Check thattvacuum setting is less than 55,mm Hg (~30 inches of water).
Adjust vacuum so that the water level in¥manometer registers 30 inches.

(A vacuum pressure higher than 55 mm Hg can lyse phytoplankton cells
causing underestimates of chlorophyll a.)

Empty the water trap located between the vacuum pump and the filtration
manifold.

Seawater Collectione

Samples are usually collected from surface, 5, 10, 15, 20, 25, 30, 35, S50,
and 75 meters using opaque PVC Niskin bottles. At stations where primary
productivity is measured, usually at sunrise-and noon additional
depths are sampled corresponding to 100% !surface), 6@%, 46%, 25%, 10%,
3%, and 1% light penetration (determined with a quantum-response photo-
meter). At least 6-7 depths are sampled throughout the euphotic layer.
When sampling, care should be taken to insure that the samplie is free
from ship discharges.

Bottles are placed on the hydrowire so that standard depths of 1, 5, 10,
15, 20, 25, 30, 35, 50, and 75 m are sampled when the wire is perpendicular

to the surface plane of the water with a wire angle of 0°.

The Niskin sampling bottles are hung on the hydrowire and "soaked" for 5
minutes at the sampling depth before the messenger is released and the
bottles closed. This helps to insure that the Niskin bottles are thoroughlye
flushed and equilibrated with sample water.

Record the following information on the chlorophyll coding form
for each station (see section26.1).

Year, month, day, and time (EST) when the messenger is released and water
bottles closed (columns 1 through 10).

Also, record the consecutive station number in'columns 11, 12, 13 and the
predetermined station number in space provided on the left side of the

coding form.



i i leased is recorded.
the time the messenger 1S reé
Using thiznggglgtappropriate depth correc;wons are que‘nggig?i w;;;
;;;{;ssleés than 10° do not affect the sampling depth signitic ’

i ° only?
-corrections are made for wire angles of 10° or greater ¥y)

—The wire
y y thd

To determine the actual sampling depth when the wire angle is 10° or greater
use Table 1 (26.9). Find the standard sampling depth at the top of the
table and the wire angle in the extreme left of the table. The intersection
of the corresponding column and row in the table will approximate the true

sampling depth.

In cases where standard depths are not sampled, i.e. "primary productivity"
stations, the actual sampling depth is calculated using the following formula:

Actual depth = (cosine wire angle) x (anticipated depth (m))

where:

Angle (<°) Cosine
10 0.98
15 0.97
20 ) 0.94
25 0.91
30 Q.87
35 0.82
40 - 0.77
45 0.71

The wire angle, bottom depth, Secchi disappearance depth are recorded in
the spaces provided on the left side of the coding form.

6.4 Sampling Chlorophyll and Removal of Zooplankton Greater than 300 micronsd

As soon as the first (surface) Niskin bottle is jn the rack begin drawingd
sampies. 0o not delay as settling of plankton will result.




7.e

8.e

Dissolved oxygen samples should be taken from the water bottle before

any other samples are drawn. The following subsamples, 14C-productivity,

chlorophyll, nutrients and phyto?lankton species are tqken inqmdiate]y

following oxygen sampling, with !%C-productivity sampiing having the

"right of way". Samples for salinity determination are taken last. Reversingeé
thermometers are read after salinity sampies have been taken.

i ible.e
A1l sampling should be performed as soon as possi
There will bz a gertain amount of "crowding" at the water bottle racke

if sampling is efficient and proper.

Water for chlorophyll analyses is immediately transferred from the Niskin-

into an opaque 1-liter polyethylene bottle that has been rinsed twice with,
sample water. Ouring the transfer, the water passes trum tne Niskin petcok through

s1iicon tubing (with a 300 micron nylon mesh filter held in line by a 1"

plastic Gelman filter holder) into the bottom of the opaque bottle. The

purpose of this filter is to remove larger zooplankton, which if present,

could interfs;e with chlorophyll a measurements.

¥
When fillingdopaque plastic 1-liter chlorophyll bottles, leave an air space .
so that the contents can be mixed easily before filtration.

Prefiltered Seawatere

Before beginning sample filtration, between 600-800 ml of prefiltered seawatere

is prepared by filtering surface seawater through a Whatman GF/F glass fibere
filter (47 mm diameter). The filtrate is transferred to a plastic squeeze bottlee
and used to rinse filtration funnels.e

Filtratione

A subsample from the opaque chlorophyll sampling bottle is size-fractionated

through an upper stage 20 um mesh filter (Nitex, 25 mm diameter), and a lower

stage ~0.7 um mesh filter (Whatman GF/F, 25 mm diameter) to collect netphytoplanktone
and nannophytoplankton, respectively. During filtration, a manometer is used

to regulate vacuum pressure at <55 mm Hg (2.2 inches Hg). Higher vacuum pressuree
may lyse phytoplankton cells.e

8.1 Seawater samples for chlorophyll a analyses are filtered immediately after
water from all sampling depths is collected .

8.2 The filtration rack can simultaneously filter 10 samples. Filter the samples
in order of increasing sampling depth, beginning with the surface sample.

8.3 Mix the sample by gently inverting the sample bottle 5 times. The purpose
of this is to resuspend particulates that may have settled to the bottom
of the container.

8.4 Rinse the graduated cylinder twice with about 50 mls of sample. Measure
the aliquots to be filtered (in our coastal/shelf surveys generally between
0.200 and 0.300 1).




8.5

8.6

8.7

8.8

8.9

Record the volume of seawater filtered (liters) in columms 24, 25, 26,
27, 28 of the chlorophyl]l data coding form.

Pour the sample into the upper stage netplankton filter funnel. The sea-
water will quickly pass through the 20 um mesh filter (via gravity) into
the Tower stage nannoplankton filter funnel.

Immediately rinse down the inside of the netplankton filter funnel with

about 30 ml of prefiltered seawater. The rinse water will collect in the
lower stage funnel. This step is necessary to remove and collect netplankton
and nannoplankton adhering to filter funnel. It also insures that the filter
funnel and filter base are "clean” before the filter funnel is used for the

next sample.

As soon as the seawater rinse passes through the netplankton filter and
into the nannoplankton filter funnel the netplankton filter is removed
from the filter funnel according to the instructions given in section 10,
"Removing Netplankton Filters!.

When the weak vacuum has drawn almost all the seawater through the Tower
stage nannoplankton filter (2-5 mis remain above the filter) rinse the
nannoplankton filter funnel walls with about 15 ml of prefiltered seawater.
Repeat this again, when only one or two ml of seawater rinse is covering
the nannoplankton filter. As soon as the rinse seawater passes through

the nannoplankton filter, turn off the air valve connecting each individual
funnel stem to the vacuum line s¢ that remaining nannoplankton samples will

continue to filter.

Volume of Seawater Filtered

The volume of seawater filtered for chlorophyll analyses will vary with the
concentration of phytoplankton. Usually 200 to 900 ml of seawater is
filtered during our coastal/shelf surveys. The seawater volume is chosen so
that the fluorescence readings of acetone extract is approximately in the
mid-range region of the fluorometer (1, 31.6; or 100,1 ranges) and

yields around 100-900 fluorescence units (see sec. 19).

Fluorescence readings of dilute chlorophyll extracts requiring the

lowest ranges of the fluorometer do not fall within the above fluorescence
range. In such cases larger volumes of seawater are filtered. If

the fluorescence of both netplankton and nannoplankton chlorophyll a
extracts is too low (20 fluorescence units is the lowest we accept)

a larger volume of seawater is serially filtered through both

netplankton and nannoplankton filters.

If the nannoplankton size-fraction is very abundant and the netplankton
size-fraction of the phytoplankton is very scarce, additional volumes
of seawater are filtered only through the 20 um net™plankton filter to
obtain fluorescence readings within the desired ranges of the

fluorometer.



(e

10.e Removing Netplankton Filters

10.@
10.2

10.3

10.4.

10.5.

10.6.

11. Removing Nannoplankton Filters

Remove the netplankton filter funnel from the filter base support.e

Using clean forceps, place a clean unused 25 mm diameter glass fiber GF/F
filter disc on top of the netplankton-nylon filter. This facilitates the
transfer of netplankton to the grinding vessel and insures that the glass
fibers from the GF/F filter come in good contact with the netplankton

on the Nitex filter during grinding.

Using clean forceps, remove the two filters together, and transfer the
filters to a grinding vessel. The intact pair of filters is placed near
the bottom of the grinding vessel with the glass fiber GF/F facing the
center of the grinding vessel, and the nylon filter against the inner wall
of the grinding vessel.

Rinse the forceps with 90% acetone, quantitatively collecting the rinse

in the grinding vessel.

Add approximately 3-4 mi of 90% acetone to the grinding vessel, insuring

that the filter is completely submerged in acetone.

Temporarily store the vessel in a dark test tube box which contains a
frozen plastic ice pack at the bottom of the test tube box (this insures

that samples are chilled before grinding to minimize heating of the

extract).
wheve +here are no Plan{d-'ﬁ—on

11.1.

11.2.

11.5.

Using clean forcaps grab the perimeter of the fi]terland fold the filter
in half so that the nannoplankton are "inside" the filter semi-circle.
Using forceps, carefully transfer the filter to the grinding vessel.

Place the nannoplankton filter near the bottom of the vessel.

. Rinse the forceps with 90% acetone, quantitatively collecting the rinsee

in the grinding vessel.

. Add approximately 3-4 ml of 90% acetone to the grinding vessel, insuring

that the filter is completely submerged in acetone.

Temporarily store the vessel in a dark test tube box which contains a
frozen plastic ice pack at the bottom of the test tube box (this insures

that the samples are chill ed before grinding to minimize heating of the




12.etrinaing and Extracting Chlorophyll &

After all netplankton and nannoplankton samples from a station aree
filtered, transferred to the grinding vessels, and covered with 3-4 ml 90%
acetone and chilled, the extraction of chlorophyll a is accelerated bye
grinding samples in the grinding vessel with a Teflon tip grinding rode

driven by an electric hand drill which is firmly anchored to a ring stand.

- —— .. - -

12.1 The samples are grouﬁd a;d extracted, in the‘order ;hich they were filtered,

at maximum drill speed (500 rpm; until the glass fiber filter and piankton
are pulverized and the entire extract is homogeneous. This . takeg
one minute. Grinding the extract for periods greater than one minute may
result in excessive heating of the extract, and pigment degradation.

Generally after the first 20 seconds of grinding the glass fiber filter
t;f:;;mented. The remaining 40 seconds of grinding insures thorough contact

-]

phytoplankton, glass fibers, the Teflon rod and the wall of the

grinding vessel.

e c————————
—— .  ———

12.2 For a rapid efficient calorophyIT extraction,ﬁhe ériﬁﬁing rod shoulﬁ bee
moved up and down as it revolves against the side of the grinding
vessel where the filter is placed. When grinding the netplankton sample, it
is necessary to keep the glass fiber filter between the Nitex filter and the

grinding rod to insure that the cells on the Nitex filter are broken.

12.3 At the completion of grinding, lower grinding vessel, keeping the
rod directly over the vessel and rinse rod with 90% acetone, quantitatively

collecting the rinse in the grinding vessel.



12.4 VUsing 90% acetone in a plastic squeeze bottle, bring the level of extract
to 10 mls using the prescribed mark on the grinding vessel (grinding vessels
purchased from A. H. Thomas Company, Philadelphia, Pennsylvania, USA, Type A.

A 10 ml mark fs scribed on the vessel by us in our laboratory).

12.5 The grinding vessels are sealed with a soft rubber stopper. (Stoppers
used should be tested to determine if they leach and interfere with fluorescence
readings.) Alternatively, the extract can be quantitatively transferred to
a plastic or glass graduated 10-15 ml centrifuge tube with screw cap. and sealed.

We prefer to donduct all steps in preparation of sample in one Yesse]_
and therefore grind, extract, and centrifuge directly in the grinding
vessels. This saves time, eliminates a transfer step, and minimizes
the amount cf glassware needed at sea.)

:-bAfter stoppering thoroughlye , , s
o . mix the extracts by completely inverting each grinding vessel

10 times and return the vessel to the dark test tube box containing a frozen

plastic ice pack.

12.7 Allow 5 minutes to elapse before the vessels are again completely inverted

10 times to accelerate the extraction of pigments.

12.8 Again, after a second 5 minute extraction period, compietely invert each

grinding vessel 10 times,
12.9 Immediately centrifuge samples in grinding vessels at 4000 rpm for

2 minutes. Samples should be clarified after 2 minutes, if not
centrifuge another 2 minutes.



13.2 Measuring the Fluorescence of Chlorophyl]l Extractsa
centeifugarion and
13.da Fol]owingicfarification of pigment acetone extracts, approximately

5-6 mi of the extract is carefully decanted into a fluorometer cuvettea
(13 mm x 100 mm) and the fluorescence is measured using a Turner Designsa
Fluorometer equipped with the 10-045 Blue lamp, red sensitive photomultiplier tube,a
Corning filters 10-050, 10-051, and 10-052 for excitation, emisston, anda
reference, respectively.a
13.2 As suggested in the Turner Designs manual, we have changed the labelling
of tqiufensitivity ranges of the fluorometer from the factory-printed ranges
to theiranges indicated in the tablesbelow, so that the product of range 1

times range 2 times upper-scale needle reading is

always directly proportional to chiorophyll a concentration.

Range 1
Orgnel Vew
Factory Label
Label
] 180
100. N -1
Range 2 -
Cﬂlj.m.:.l '\;‘ eLs
Factory Label
Label
31.6 - 1
10 - 3.16
3.16 .10
Min sens@y | 31.6 | §0% acetone

O

13.3 Before reading the fluorescence of chiorophyll extracts,Lblank measure-
ments (fluorescence of 90% acetone) are made on each of the eight possible range
combinations (1 x 1, 1 x 3.16, 1 x 10, 1 x 31.6, 100 x 1, 100 x 3.16, 100 x 10,

*before acid'’
100 x 31.6) and recorded in the appropriatevboxes on the chlorophyll data
coding form. Two drops of 5% HCl are added to the cuvette and the fluorescence

is recorded.for the eight range-combinations g Fhe aoppespuaie atie~ acid



13.4 When reading the fluorescence of chlorophyl]l extracts,(?gl%'zge upper-
scale (0-10) is wused. and The twe sensitivity rangeslof the fluoro-
meter are adjusted to generate a needle reading between 3 and 10units
on the upper-scale for the unacidified sample.

13.5 The fluorescence of the sample is read and recorded in column 36 through
40 of the chlorophyll coding form.(26.1). Two drops of 5% HCl are added to the
sample using a small eyedropper (1 drop =A0.05 ml). The acidified sample
is mixed and as soon as the needle stabilizes (15 to 30 seconds after
acidification) the fluorescence is reread and recorded in columns 48 through
52 of the chlorophyll coding form. The fluorescence of the sample after
acidification should be measured using the same fluorometer range combination
which was used for the unacidified sample. This insures that the Fo/Fa
(fluorescence before/fluorescence after acid) determined for each sample will

be precise.

14.e Cleaning Glasswaree

Immediately after use, the grinding vessels are placed in a plastic tub
containing soapy water ("Liqui-Nox", manufactured by Alconox, Inc., New York.,e
NY 10003, USA) until they can be thoroughly cleaned. The vessels are scrubbed and
rinsed 5 times with tap water, and air dried on apolyethelene pegboard drying
rack. [Immediately after use, fluorometer cuvettes containing acidified acetone
pigment extracts are placed in a second plastic tub containing Liqui-Nox
solution. The cuvettes are thoroughly rinsed 5 times with tap water and
dried on a plastic drying rack. I[f a fiim develops on the cuvettes they s:;;%d

$@ rinsed with 90% acetone.



15.e Pre aration of Primare chloro h 11 a and Secondar
tandards

15.d Chlorophyll a standarde
Approximately 1 mg of pure chlorophyil a (Sigma Chemical Company) is
dissolved in 1-1iter of 90% spectroquaiity acetone. This stock solution
is stored in the freezer in a glass, stoppered 1-liter volumetric flask
which is opaqued by covering it with aluminum foil. This standard is
used to calibrate flurometers. The chlorophyll a stock solution is also
used to fill several stoppered flurometer cuvettes which are taken to
sea to insure that the fluorometers are maintaining calibration( Se<:b-34)'
15.2 Coproporphyrin standard
Coproporphyrin can be purchased from the Sigma Chemical Company,
P. 0. Box 14508, St. Louis, MO 63718. One mg is dissolved in 10 mle
1.5N HC1 in a 100 ml volumetric. Once dissolved, it is diluted to 100 mle
with more 1.5N HCle and stored in glass stoppered amber bottle in a
refrigerator (Turner Designs). This stock solution is used to fill
several fluorometer cuvettes which are taken to sea as the "secondary
standardsé. The cuvettes are sealed with a stopper. The secondary

standard is refrigerated and kept in darkness during the cruise.e



16.

16.

Recording Information on the Chlorophyll Coding Forme

A standard chlorophyll data format has been developed to‘enter data into
a computer so that calculations of chlorophyll a concentration may be made
easily for a large number of field samples, and so that calculated data may
be computer-archived with related information such as sampling date, location,
depth, etc. (sect. 26,.1).
T The 7ollowing table explains the locations on the coding form where data
are coded. An 80 column format is used in recording essential data which is
keypunched. Additional ancillary information is recorded on the chlorophyll

coding sheet but is not keypunched.

INFORMATION | " COLUMNS USED ON CODING FORM
Year | 1,2
Month | 3,4
Day 5,6

Time (hours, eastern standard time when messenger 7,8,9,10
is reieased

Consecutive station number 11,12,13
Actual sampling depth (m) 14,15,16

Size fraction (NETplankton, NANnoplankton or
PPP if water is not fractionated  17,18,19

Sampler type (N = Niskin bottle; B = surface
bucket sample; P = submersible

pump, etc.) 20
Tube number (number on grinding vessel) 21,22,23
Volume of seawater filtered (liters) 24,25,26,27,28

Final volume of acetone extract (ml, usually
10.0 m1) 29,30,31,32

Fluorescence Before Acidification of Extract
Range 1 on Turner Designs Fluorometer (1 or 100) 33,34,35

Range 2 on Turner Designs Fluorometer (1 or
3.d6 or 10 or 31.6)e 36,37,38,39,40
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INFORMATION, COLUMNS USED ON CODING FORM

Upper-scale reading on Turner Designs Fluorometer c:g;--
’ %1,42,43,44e

Fluorescence After Acidification of Extract
Range | on Turner Designs Fluorometer {1 or 100) 45,46,47

Range 2 on Turner Designs Flucrometer (1 or
3.16 or 10 or 31.6) 48,49,50,51,52

Upper-scale reading on Turner Designs Fluorometer

on
Blank reading (fluorescence of 90% acetone fjiﬂ»b’
£ using the same range 1 and range 2 :
\' - used for reading fluorescence ofe
VN chlorophyll extract) 57,58,59,60
e Columns not used 61,62,63,64
\ &% T F, fluorometer calibration factor
1w (ug chlorophyll a/10 ml acetone/
AW fluorescence unit) using pure
| chlorophyll a 65,66,67,68,69,70,71,72

1, calibration factor (ratio of fluorescence
before acid/fluorescence after acid)
using pure chlorophyll a 73,74,75,76

£—olumns not used 77,78,79,80

753,54,55,56 JV%



17.e Recording Ancillary Information on the Chigrophyll Coding Form

17.1 The research ship, cruise number, predetermined station number, latitude,e
longitude, local time, and Greenwich mean time are recorded on the left side
of the coding form. The predetermined station number is the number assigned

to the intended sampling Tocation before the station is actually occupied

and given a consecutive station number.

17.2 The hydrocast wire angle is measured with an inclinometer at the time the
messenger is released. The cosine of the wire angle multiplied by the anticipated
sampling depths yields the locations of actual "corrected" sampling depths.
Between columns 13 and 14 of the coding form, there are three colummns (this
data is not keypunched) for recording the anticipated sampling depths (m).
Following the hydrocaste the anticipated sampling depths are corrected (using
cosine formula) and the corrected sampling depths (to nearest whole meter)

are coded and keypunched in columns 14, 15, 16 of the coding form{Std-S-“O-

17.3 The bottom trip sampler (a Niskin bottle rigged to close when a trip weight
contacts the seabed) is frequently used in shelf surveys at stations shallower
than 75 meters.

17.4. The bottom depth determined using the ship's fathometer and determined
from the winch meter wheel are recorded.

17.5. The disappearance-depth of a 30 cm diameter white Secchi disc is recorded
to the nearest tenth of a meter.

17.56. The names of technicians and individuals responsible for seawater collection
and measurement of chlorophyll concentrations are recorded for each station
sampled.

17.7. In the upper right hand corner of the data coding form, columns are

provided for recording the fluorescence of the blank (90% acetone) before



and after two drops of 5% HC1 are added to the blank. The fluorescence of

the blank is read using the eight possible combinations of range 1 and

range 2 (Section 13). The blank fluorescence is measured at each station, before
the fluorescence of chlorophyll extracts is measured. With 90% acetone in

the fluorometer cuvette, zero the instrument on the most commonly used range
combination, then proceed to record fluorescence of the blank using the

seven remaining range combinations. The blank fluorescence readings

from range 1 and range 2 are paired with the chlorophyl]l extract

fluorescence readings made on the same range 1 and same range 2. Fbr example,

if a chlorophyll a extract gave a mid-scale needle reading using range 1 (=1)

and range 2 (=31.6) then the readings of blank fluorescence before acid

made on range Tf=1) and range 2 (=31.6) are transcribed to columns 57, S8, 59, and
60 of the coding form. Readings of fluorescence of the 90% acetone blank

after the addition of 5% HC1 are made and recorded but are not keypunched and

are not paired up with the fluorescence readings of chlorophyll extracts since
the "after acidf blank is usually identical to the "before acid" blank. Itf

is good practice, however, to make the "after acid" blank fluorescence readings
to insure that the acid added to chlorophyll extracts is not systematically
contaminating these extracts and altering the sample acidification ratio

(Fo/Fa).



(e

18.e Calibration of Fluorometere

The Turner Designs Fluorometer is calibrated spectrophotometrically using
pure chlorophyll a purchased from Sigma Chemical Company, P. 0. Box 14508,
St. Louis, MO 63178, USA. Fluorometers are calibrated immediately before
and after a survey. Additionally, several aliquots of pure chlorophyll a
are taken to sea in stoppered fluorometer cuvettes, stored in a freezer and
in the dark. At sea, each day (preferably at night), the fluorescence of
pure chlorophyll a is recorded to determine if significant drift in the
fluorometer calibration has occurred (26.2)( 3-¢).

Also, as a check on our laboratory calibration procedure, the fluorescence
of a pure chlorophyll a standard solution available (no charge) from U. S.
Environmental Protection Agency, Environmental Monitoring and Support
Laboratory, Quality Assurance Branch, Cincinnati, OH 45283, USA is measured
to determine the accuracy of our calibration factor.

Two calibration factors (F and T) are required to equate fluorescence
readings with chiorophyll a concentrations, corrected for the presence of
phaeophytin 2. F is the ratio of chlorophyll a to one fluorescent unit. One
fluorescent unit, usin%%gpe Turner Designs Fluorometer, is equivalent to a
needle reading on upperLf1uorometer scale of 1.0 when using a setting of 1 on
range 1 and 1 on range 2, that is, the most sensitive combination of ranges
for the ﬂv“&?"‘f}f}j'mufm"f.&’l. u&i}gﬁof ug Chla/10 ml acetone/fluorescence unit.
Calibration factorsifor five different fluorometers ranged between 1.0 x 10'3e

to8.0x 1074 ug Chla/10 ml acetone/fluorescence unit.e

T is the ratio of fluorescence before acidification of a pure chlorophyll a
solution to the fluorescence of the solution after acidification with 2 drops
of 5% HC1. Generally, T ranges between 2.2 and 2.4, and is unitless sincee

it is a ratio of two fluorescence readings.e



19. Calibration Procedure

During preparation of standard chlorophyll solutions and during the
entire calibration procedure, work is performed under subdued light with
window shades drawn to prevent the breakdown of chlorophyll by strong
illumination.

A 50 ml aliquot of the pure chlorophyll a stock solution (Sigma Chemical
Company) is equilibrated to ambient temperature in a stoppered volumetric
flask opaqued with aluminum foil. While this aliquot is warming to ambient
temperature, the procedure given in the "Fluorometer Calibration Worksheet

#1¢' is followed (26.3).

20.e Determining the Chlorophyll a Concentration of the Stock Solution one
Spectrophotometer )

In our work we use a dual beam Perkin Elmer #550 UV-visible spectrophotometer.e

A spectrophotometer cuvette with a 5§ c¢cm light path is used.

20.2 The wavelength aligmment and accuracy is checked using a deuterium lamp
which has a sharp emission line (656.1 nm) near the region of maximum
absorbance for chlorophyll. Using a 10% neutral density filter absorbance
is adjusted to read 1.000A and percent transmittance to read 10.0%T.

20.3 Both Reference and Sampie spectrophotometer cuvette are filled with 90%

acetone to determine the cuvette to cuvette "blankd.



20.4 At a wavelength setting of 663 nm, the spectrophotometer is.adjusted to
read 100.0% transmittance in the "T" mode and 0.0EEcagzg;gggce in the "A"
mode.  Recwed The absorbances of the cuvette blanklon the worksheet.

20.5 An aliquot of pure chlorophylil a solution is placed in the "sample"
spectrophotometer cuvette and absorbances are read at several wavelengths.
The absorbances at 663 and 750 nm are used in the calculation of chlorophyll a
concentration. The absorbances at other wavelengths as well as ;zé scan of
the sample between 400 and 800 nm wavelengths are used to determine the
presence of other chlorophyll pigments or breakdown products from the "pure"
chlorophyll a stock solution.

20.6 The wavelength yielding the highest absorbance is recorded to provide an

additional check on the wavelenqgth calibration and purity of the stock solution

of chlorophyll a.

The spectrophotometer acid ratio (usually about 1.77) is measured to
determine the purity of the aliquot used for spectrophotometric measurement
of Ca.
20.7 Calculation of Ca, the concentration of chlorophyll a (ug Chla/10 ml acetone)
is based on a specific absorption coefficient of 29.31 liter/g Cm for chioro-

phyll a (SCOR/UNESCO, 1966).



21.e Determining Calibration Factors F and T

Following the spectrophotometric determination of Ca (the concentration
of chlorophyll a in 10 ml of stock solution) the fluorescence of the pure
y chlorophyll a stock solution and the fluorescence of several dilutions of
£$ the stock solution is recorded on the "Fluorometer Calibration Worksheet #2".
ki;(? The\fluorescence of several dilutions of the chlorophyll a standard is measurede
X to evaluate the linearity of each fluorometer (fluorescence units versus
chlorophyll a concentration). Generally, fluorescence readings using the
highest (100, 31.6) and the lowest (1, 1) fluorometer range combinations
fall outside the linear range of our fluorometers.
21.1 One ml from the chlorophyil stock solution is used for each dilution.
Each dilution is made up individually and not serially to prevent
carrying through dilution errors.
21.2 The calibration factors F and t (26.4) are computed for each
dilution. Generally, the calibration F and T measured using the fluorometer
range combination (Range 1 = 1, Range 2 = 31.6) is used in the formula to
calculate chlorophyll a concentration since most fluorometric readings of

field samples fall in this range of the fluorometer.

22.eCalculation of Chlorophyll g, Phaeophytin a, and the Sample Acidification Ratioce

The concentration of chlorophyll a in seawater is calculated using thee

following rormula:.. Chlorophyll a ug/L, OF mg/m3 =e

ug Chla : .
F, 10 ml acetone P Fluorescence units Fluorescence units
fluorescence unit (T-1) (before acidification ™ after acfdiffcation)e

___Acetone extract, ml
‘e (Szawater filtered, Titers e




The concentration of phaeophytin g_in'seawater is calculated using the

following formula: Phaeophytin a ug/L, or mg/m3 =

ug Chlao
(f, 10 ml_acetone ) L Fluorescence units, _  Fluorescence units
fluorescence unit (T-I) ( )'(after acidification3 (before acidification)

. Acetone extract, ml )
d Seawater filtered, liters/©

The sample acidification ratio "Fo/Fa" is calculated according to the

folTowing formula: Sample fluorescence before acidification
Sample fluorescence after acidification

Fo/Fa ranges between values of 1 (no chia) and T (pure chla).

23.0 Computer Program for Calculating Chlorophyll Concentrationso

The information on the chlorophyll coding sheet is keypunched and used
as fnput to a FORTRAN program which calculates concentrations of chlorophyll a,
phaeophytin a, and the sample acidification ratio (Fo/fa). The program also
sums the measured values for netplankton and nannoplankton size fractions
for each sampling depth to yield "“total" chlorophyll concentrations.

Additionally, a subroutine of the chlorophyll program calculates the weighted
mean concentration of chlorophyll a in the water column for each station.

The chlorophyll computer program generates output at several stages of
the data reduction.

Stage 1 ( 26.5 ) consists of a 1isting of keypunched fluorometric
measurements by date, time, station number, depth, and size fraction.

At Stage 2 ( 26.6 ) the listing contains input data from stage 1 as well
as calculated concentrations of chlorophyll a, phaeophytin a, and sample
acidification ratio (Fo/Fa) by1depth and size fraction. The sum of chlorophyll a

concentrations measured for each size fraction is also caluclated and Tisted.



In Stage 3, the program reformats the data so that all measurements from
one sampling depth are listed in one row of output according Fo date, station
number and sampling depth. Additionally, the percent nannoplankton, the percent
of total chlorophyll a passing 20 um mesh, is calculated and listed to provide
an indication of community size composition for each sampling depth.

In Stage 4 of the program ( 26.8 ), concentrations of chlorophyll a, and
phaeaphytin a are arithmetically integrated over the depth of the water
column (to 75 m or bottom whichever is less). The resulting integral is
divided by the deepest sampling depth in the integral to yield average water
column concentrations of chlorophyll a and phaeophytin a in netphytoplankton
and nannophytoplankton. The "total phytoplankton” chlorophyll a and phaeo-
phytin a water column average concentrations listed are calculated by the
addition of average water column values for netphytoplankton and nanno-
phytoplankton. The "percent nannoplankton" data Tisted in the output from
Stage 4 are calculated by dividing the average water column nannophytoplankton

concentrations by average water column total phytoplankton concentrations.



24 0Additivity of Size-Fractions

In our fractionation filtration method a 20 micron mesh nylon filter is
used to separate the netphytoplankton (>20 um) from nannophytoplankton (<20 um)
which pass the 20 um mesh and are retained on the glass fiber GF/F filter.

In our studies we are interested in the size composition of the phytoplankton
community as well as the "total biomass" of the phytoplankton. Consequently,
it is important that pigment extraction efficiency is high for both netplankton

and nannoplankton so that the sum of netplankton plus nannoplankton chlorophyll a

concentrations agrées with “total chlorophyll a" measurements conventionally made

on a non-fractionated "whole water” sample filtered through a glass fiber GF/F filter.

We have generally found good agreement between total chlorophyll a concentrations
derived by summing netplankton and nannoplankton concentrations and concentrations
of total chlorophyll a (unfractionated) measured on subsamples of seawater from the
same sampling depths used for size-fractionation

Nevertheless, if size-fractionation is employed, investigators should
evaluate the additivity of size-fractions for the particular phytoplankton
communities and areas being studied since some species may be relatively
more refractory to pigment extraction and since pigment extraction efficiency
is dependent upon thorough and standardized grinding and extraction technique.

The coefficient of variability (standard error x 100/average) for
fractionated chlorophyll a analyses of 10 replicate- samples of seawater

from a Niskin bottle is 6-7% at concentrations of T ug Chla/T.



25.0

List of Equipment Used to Measure Chlorophvll

Equipment
Niskin bottle

Messengers

Acetone

Nitex/netpiankton
filters

Glass fiber filters

Vacuum pump

Coproporphyrin

Chlorophyll a

Orills for grinding

Grinding vessel

Tissue grinder

Filter holder for
300um filter

Nylon 300 um filter
disc

Description

#1010-5
5-L, PVC, with reversing
thermometer frame attachedo

Go Devil messengers Model 4000

MallincKrodt (2438) Acetone
SpectrAR '

nylon, monofilament screen
cloth, nitex, 1" dia. discs
(custom order #C-3-20 )

Whatman GF/F, pore size ~n
0.7 micrometre 25 mm
diameter

Whatman GF/F, pore size ~
0.7 micrometre, 47 mm
diameter

Ships  with (60 Hz) Millipore
vacuum pressure pump

115 v 60 Hz

#60 000 00

Foreign ships with (50 Hz)
#7055-10 vacuum pressure pump
220 V 50 Hz

1 mg type I crystalline
coproporphyrin tetramethyi
ester

chlorophyll & from Spinach
99% pure

Rockwell 3/8" adjustable
variable speed drill (500 rpm)
with Tock in drill speed

#3431-E45 grinding-vessel
Size A (Thomas)

#3431-£15 Serrated Pestle, Teflon

Tissue Grinder Size A (Thomas)

Delrin filter holder, inline
type, 25 mm, pkg. 6

Nylon, monofiliment screen
cut to 25 mm diameter

Distributor

]

1

local scientific
equipment distributor

3
local distributor

local distributor

local hardware
store

Tocal distributor



Equipment

Detergent
Fluorometer vessels
Net and nan filter
funnels

Plastic voiumetric

flasks

Forceps

Centrifuge

Fluorometer

Stoppers

loliter chlorophyll
sampling bottleo

Plastic squeeze
bottles

Oropping bottle
Test tube rack
Test tube rack

Graduated Cylinders

Description

Liqui-Nox cleaning compound
13 x 100 mm fluorometer tubes

Gelman #4203
200 mil
filter funnel

Nalgene volumetric
flasks (1000 ml, 100 mi)

flat edge and tip
Millipore stainless
MF forceps

#xx6200 06

IEC Model HN-S11

angled centrifuge head
(1EC 816) (8 x 50 ml)
Shield 50 ml1 Tong

(IEC 305)

set of 8 (cushions incl.)

10-005R field fluorometero

10-030 13 100 mm cuvette holdero
10-031-13 13 x 100 mm duvetteso
10-040 chlorophyll accessory kito
10-066 fuseo

10-065 fuseo

10-045 lamp, blueo

For grinding vessels, #8754-D10

Polyethylene bottles (Nalgene
#2004) (1706-N26)

Polyethylene bottie for 90%
acetone and for prefiltered
seawater (Nalgene #2410)
(1758-U55)

Glass, contains 5% HC1 (1760-D33)

Polypropylene, for fluorometer
cuvettes ($9259-1)

Polypropylene, for grinding

_ vessels (59259-2)

Plastic, 250 ml, 1000 mt

Distributor
, local distributor
8

local distributor

local distributor

Tocal distributioh



Distributors

1 -

General Oceanics

5535 Northwest 7th Avenue
Miami, Florida 33127
305-754-6658e

Turner Designs
3132 Alexis Drive
Palo Alto, California 94304

Tetko, Inc.

420 Saw Mill River Road
Elmsford, New York 10523
914-592-5010e

Cole Parmer

7425 North Oak Park Avenue
Chicago, I11incis 60648
312-647-0272e

Millipore Corporation
Bedford, Massachusetts 01730

Sigma Chemical Company
P.e0. Box 14508e

St. Louis, Missouri 63178e
314-771-5750e

Arthur H. Thomas

Vine Street at Third

P.e0. Box 779%

Philadelphia, Pennsylvania 19105

Scientific Products

100 Raritan Center Parkway
Edison, New Jersey 08817
201-494-4000e
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Field log for recording daily readings of primary (chlorophyll a) and secondary (coproporphyrin) calibration standards.

Fluorometer Serial Fluorescence of Standards
No Primary-chlorophyll a Secondary-coproporphyrin
] Date | Leq | Ranae 1 Range 2 Scale Range 1 Range 2 Scale | Initials Remarks

Laboratory reading-
1 day prior to
equipment departure

Shipboard reading
prior to sailing
(instrument check)

Daily readings S
taken at night | Il




Date Technician

Chlorophyll source

Spectrophotometer used

Cuvette path length

cm

1)eCheck wave length alignment using Deuterium line ate
656.1 nme

2)eUsing 10% neutral density filter check that absorbancee

= 1.000A and transmittancee= 10.0%T.e

3)eFill both reference and sample spectrophotometere
cuvettes with 90% acetone to determine cuvettee
"blank" (sample cuvette is nearest to operator
when using P.E. 550).e

4)eAt 663 nm, adjust spectrophotometer to read 100.0%e
transm1ttance in the “T" mode and 0.000 absorbancee
in the "A" nwode.e

5)eWith both cuvettes containing 90% acetone, determinee
the absorbance (+ or -) of the sample cuvette ate
the wave lengths below.e

Wave Length(nm)
480.0
630.0
645.0
663.0
665.0
750.0° b

Absorbance

=a

i

6)eDiscard 90% acetone from “sample
cuvette and allow cuvette to dry.e

spectrophotometer

7)eRinse "sample" cuvette twice with aliquots taken frome
the pure chlorophyll a solution. Fill cuvette withe

1Ca =

Chlorophyll a solution and read absorbances at the
wave lengths below.

Wave Length(nm)
480.0
630.0
645.0
663.0
665.0
750.0 ) =d

Absorbance

8)eAdjust wave length dial on spectrophotometer until you
obtain the highest absorbance, and record the wavee
length nme

9)eScan the extract from 400 to 800 nm (by slowly turninge
wave length dial) to determine the presence of othere
chlorophylls or breakdown products in the stock chloro-
phyll solution.e

10) Add 5% HC1 (2 drops per 10 ml aliquot) to spectrophoto-
meter cuvette containing pure chlorophyll a and to thee
90% acetone in the “"reference" cuvette and record ab-
sorbances at the following wave lengths:e

Have Length(nm) Absorbance
663.0 e
750.0 .

c-a)-{d-b) .

ie a;-af b)  ——
If the chlorophyll a_aliquot has not degraded, then
this ratio is usually ~ 1.77

» Spec. acid ratioe

11)eCalculate chlorophyll g_concentratioﬁ, Ca
as follows:

re. -

c-a - d-b

10,000)
cuvette path length cme

89.312/gcm) = __ ug Ch1a/10 ml acetone



Fluorometer Calibration Worksheet #2

Date Technician

Ca ug chlorophyll a/10 ml acetone (from Worksheet #1)

fluorometer Serial Number

Fluore- Fluore-

Upper scence Upper scence

Scale Units Scale Units
Dilution Factor Needle Before Needle After Calibration Factors

(df) Range 1 Range 2 Reading Acid Range 1 Range 2 Reading Acid F T
1(no dilution) X X = X X =
1/10 X X = X X =
1/25 X X = , X X =
1/50 X X = X X =
1/100 X X = X X =
1/250 X X = X X =
1/500 X X = X X
1/1000e X X = X X =
ug chlorophyll a/10 ml acetone Ca x df

F fluorescence unit ~  fluorescence units before acidification

_ fluorescence units before acidification
fluorescence units after acidification

Comments on using above worksheet: Range 1 - enter either 1 or 100 (using Turner Designs Fluorometer)
Range 2 - enter either 1 or 3.16 or 10 or 31.6
Upper scale needle reading - read only upper scale on Turner Designs
fluorometar



26.5 STAGE 1. LISTING OF KEYPUNCHED CHLOROPHYLL DATA.
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26.6 STAGE 2. PROGRAM FOR CALCULATING CONCENTRATIONS OF CHLORGPHYLL A,

PHAEQPHYTIN A, AND Fo/Fa.

CHLORO.CNTL

//7ABBCHLOR JOR  <00Q0+MBLS) » "EUANS © «CLASS=L
£/STEF1 EXEC FORTGCL
//FORT.3Y3IN DD X

5

OO0

CHF(GM1 GRESIRY 8. HOMWARD MAY 15, 1277
THIT FROGRAM READS IN CHLIRIPHYLL DATA CALCULLATES CHINOROFWTLL A

FHACO-P IGMENTS ANB FO/Fa. A NEW QUTPUT RECORD IS THFRM FI0DUCED CINTATINTON
ING THEESE CALCULATEL VALUES. & SUM CARD 15 ALSO ANDEDR #OR E&CH SET OF.
RET»> NAN aND PPF CARDS ANB CONTAINS A SUM FOR CHLOROFHTI L & AND & Suo

FOF. FHACG—-F IGHENTE THI3Z CARD WIIL FOLLIW THE ~NAN CART TN FACH 3ET.
% CRITICAL NOTE:D THRRE MUST EE nGs ABSOLUTEL'Y MO TURE NUMEER 0¥
CARDS THAT MHAVE NJ DATA aND oRE THERF JUST TG
KNEEF THE CORRECT SEQ - NETs NaNe. &Fo,

REAL HGCHLAHGFHAC »MET,/ "NET’ /s NANs 'NAN’/ »FRE/ "FF® /7
INTEGER T WsDTHER(2)s TREAT» TURE » BLANK 7 ° gz
DIMENSION DUT(Z)
tATA IB/° i 4
TRR=0,
TRfe=
TFOFR=3.
SUMFHA=O.
SUMCHL=3.
READ TN HEYT CARD [0 FROCESZING THREM COME BACK AND GET N&N CaRD.
13 READISs LG00 END=O0 YQTHER H FRAC » TREAT o TIRE »SWV s r T2 lJeUslin X £ v 3w
{EFF»al) s DRFTH
IF{EFF.EG.D.0G0 7O iZ
= =gFF
12 (FiAULEQ.2.IGG TO LS
Tau=ats
COMFUTE TAUSTaU-1 AND LET A = THIS VALUE.
AsTAl/ SToalU=-13
IF £ QR U I3 ERQUAL TO 3.25 CHANGE IT TO 3.1&
19 IF <U.EQ.3.20%L-T. 13
IF (X.EQ.Z.20r X=3.16
INITIALIZE TALCULATEI JALUES SO THAT ARLANK DATA CARDE WOM‘T GIT
PRELIOUS UnLUES.
FE=,
TT=T
W=
RA=17 .
MGCHLA=] .
FOFA=0,
MGFHAC=C .
RR=THUX{U-ak?
RAZWXX KT =ARY
IF/RE.LE.O0.0.0R.RA.LE.O.0)GO TO 30O
MGCHLA = FRARIRF—RA) X (AUX, LO)Y K (1/SW)
FIGFHAC = FAAXITAUKRA~REI X (AUX, 1) Kk L/SWU?
FIFA = RE/RA
WRITE QUTPUT RECORD WiTH 1AUR MEW CALCULATED “ALUES ON LISK.

2% WRITE i8+1D07) DTHER,FRAC TREAT : TURE»SWV,AV Tl Uside &y (- ABvMGLHLA

< HGFHACFOFA. LI E » TAL
g TO ag
30 WRITE <8.1008) ITHER,FRAC) TREAT . ID#Fr TAU
a0 [F {FRAC.ZQ.FFE) 3d TN 10
[Fi{SWU.LE.0,0360 TD 45

7 ¢
LE3sSoT89p1¢3use7890

DO SO R E WA -

0000190
IVHHOR00

VeI 7D
000 1860
20001830
SQ0GL2GC
GOOT200%

Pelalelsies Tvie]

OOTH3IT7 00
SO00C33C0
0004900
D3004100
00004150
[alelely R ielole)

DOTHATON


https://�u.ea.3.:o�u-J.i6
https://0-0,:,,:,:.00
https://1J1,0�1.20

L

IF{MGCHLA.LE . 0. DY HGCHLASD . Oy
[F({MGFHAC.LE . 0. Q) MGFHAC =0 .0
SUMCHL = SUMCHL + MGCHLA»
SUMPHA = SUMPHA + MGFPHAC

TRE=TRE+{ AR SWU
i TRA=TRA+ (RA/SWU
UALUES aND FUME
T 3Q AT THIS
2 THE 3SUMING VARTIAZLES FOJOFR THE NEXT GAROUS,

+3 IFI{FRAC.E0.NAN)GG TO 3¢
QUT L) =MGCHLA
AUT {2 =MGFHACY
QUTLII=FOFAr
G8 TQ 10»

SO IF{QUT(37.G7.0,0.AND.FOFA.3T.0.0)G0 T3 40
IF{0UT(3).EQ.0.0.AND.FOFA.EQ.0.03G0 TO 80
IF{QUT{3) .EQR.0.0)GQ TO 70
WRITE(9»1010YOTHER,QUT»

GO TO 80,
70 WRITE(9»1020)0THER » MGCHLA»MGPHAC »FOFA

80 WRITE’8,1030)OTHER »TREAT
GO TO 70

40 TFOFA=TRR/TRA
WRITE(Ss 1004 }QTHER » TREAT»

SUMCHL ; SUMPHA» TFQF A, [DsFyTAU

WRITE(9»1009 3THER >QUT s MGCHLA » MGPHAC » FQF A » SUMCHL » SUMPHA » TFGF A

90 TFOFA=Q.0
TRB=j.
TRA=3,
SUMCHL = 0.9
3UMPHA = 0.0
GO TC 10

99 END FILE 8
sToP

¢Qo0S7 90
Q00087
Q0063740
000QT8090
NOOOTZA0

0036000

QO20& 10D

FOF CHLOROPHYLL aND FHACO SHOULD HAUE XEEN CALCULATETNOHICS20Q
FOINT WE WILL WRITE QUT THE 3UM CARB. ALSO WE MUST IMITIALGCTO04300»

Q0208400
‘59018300
06006690
30006700
00066800
30006900
00G06710
00004920
20004930
000046940,

9000469T0y -

0004940
00004980
200046990
00007000
000071400
00007220
20007210
20007300
00007400
000072300
900073500
200077GC¢
00007800
20007900

1000 FORMAT (3A2,A4+43743,43+41+439FS.3/F4.1,I3>F%.2,F4,2,13,F3.2,F4.2,53008100

LF4.104X9F7 . 49FT.258a4)

1002 FORMAT (3A2,44,A3vA3rATrA1 A3 9FS.IIFA.L 1L 9FS.29F4.211I39vF3.2s

LFA.2:FA4.19F8.2sF8.2:F7.4e025FP.72¢F8.2)
1004 FORMAT( 342,24+ 283+ “SUM’ 1AL,
XF§.2) '
1008 FORMAT (JA2,A4+3A3,415T80sA2,FP.7+F5.22
1009 FORMATI(3IA2,44+2A3+3J(2F4,25F4.4))
1010 FORMAT(IA2,R4+2ATs2F8.2:F60 )
1020 FORMAT(JIA2,A492A3/» 18X 2F4.2,F6.4)
1030 FORMAT(3IA2,A4,2A3, ' SUM’ rAl)
END
/%
//LKED .SYSLMAD DD DSNaNE .CAS.LOADLIB»DISF=~0D
//LKED.SYSIN DD z
NAME MBCHLORO(R)
e o
/7
READY

STAGE 2. LISTING OF CALCULATED CONCENTRATIONS OF CHLOROPHYLL A,
PHAEOPHYTIN A, AND FO/FA BY DEPTH AND SIZE-FRACTION.

[ TN }
7901230830 1 JmeTA 10,3e010,0100 1,0U%,50100 1,002.70 Vo0 (4%
7901230430 1 1asAN 20,1003V 1314080%.dv  131,803,10 UG 0.8
79G1¢5va30 | 13Lmy 1007
7901230830 | SmETN  30,30010,U100 1,0US4[8100 {,002450 Q40 1eiV
7901230830 | IneAN 40,10010,0 131,803470 131,20341® 040 0,859
190133veso | 1aLrw 1.09
7901230830 1 wmETN SQ,3QUlG.U1CN 1,008,80100 |,902.30 UeO 1,03
TRQI2IvASV | UMANN pu lol0ed 131,004,518 131,808,350 040 U,ae
790123va3v 1 4dLrN lea?
7901230830 | 7w8Ta TN, 30010,31ulU | L,008,38(00 |,00Q,59 U0 U,74&
7190130830 1 INANN B0,10000,0 131,305,70 131,403,439 Vst 0,9
7901230630 | 73y mn leas
7901430830 | IANETA 90,3001Un 0100 1,009,1U1C0 1,002,530 Ued 1,87
7901250830 1 NAAN LUDLIN0IUGU 13100348 131.002.3v 0,0 Usav
7901430830 1 48Lnmn ) 1.0
790 1€50830 1 ISNETA 1 10,3001U,UlV0 1 ,004.,4G100 |,002.10 Q40 U.9S
790123030 | 19NAAN 120,10010,9  1J1,8u3,d0 131,201,289 Ut V.S
7%0123uasu 3 1S8LAnN 1eu7
790125vad0 | QSNETM L3Un3001UnUIVO 1,000,3010U 1,002,99 0,0 | ,.,2¢
7901 23U83v | 2SAaNA JWUL100JLeU  151,3US5,90 13l.au3.ad U U 0,90
790 1¢3083V | 284Lma 2elé
7901250430 L SQMETA 1S0,300ulC,viV0 5,182.45100 3,.:21,20 0,5 1,08
790123083y ] SO0MANN 180,]001CQc0 1314av7,20 t31,806n4%@ VU 1400
790 12S5uelu | Judinmw do}

Ye?0

T&1:2F8.25F7.4+vQ2,F? .7

Pragl

0,33
'RY-3
lele
0,29
C+Se
$edS
0.25
0.07
0,22

d.03729
1.,0774
1,809
2,0729
1,049
1,898%
4.0870
{0840
[e4763
Ind9%t 1y
¢ 88
1699, | ,08%7
0e32 2,v04C0O
ted! !,2739
Je3%p | ,00¢9
0,220 2,29%2
1,48 1,7297
0.07 1,.9¢29
0 4 2.7087
1400, L 0349
1ed@ 1,210
0,48y 2, 0417
ledur | ,0290
1e720!,.34%0

1o8814d,

00008200
00008500
20008400
90008800
00008990
40009220
30909300
00009310,
0009320,
60009339,
000909400,
02609419,
0Q009420,
00009430,
00009440,
90009450,
20009446930,

PU/F AL

0,8007090
0,3007090
?,008709¢v
0.30070%9
¢o,0007090
49067096
Ve0V0709q
0,800709¢
0,000709¢
CelUG709¢
UeQu07090
Vyed00709¢
a,5u67090
Le3007090
V,d00709¢
0,600709¢
V,8807090
Ce0GGQAT09Q
U 6007090
0,000708¢
Uaevy709%0
U d007US¢
3,8008709¢
Je20Q 7080

3,39

2,38

2,38
2435
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Y o ) AL, S | AVERAM FUK NEARKANGING LOLURUERTLL A VUALA BT dAMFLING

DEPTH.
ELwTman [y G LEverL 21 RLPY valE & 30270 wes23s 37 FAGEL U0}
unay Jimes SICA {NPUCQ)
tged weé Al o 8 vaLWLE(9)
Jyuns Y ~W[TE(R;300) .
B LINESH]
dvas 10 EA0(8, 10UV EADSIC)InNPL,STALUEPTH, VALLE, ) YaL U, vAL)
youe PLRAANBY U
wou? 1P (VALY GT, S, 0)PER ANS(vALB/vaL/)ntOVY,
Y ) wRTTE(DrdCUIINPL,3TAULETn, vaL LB PENNAN
uvo9 LINESELIARYe L
Wty IF(LINEI®40)1U,1G,4S
aut 39 sTLP
vy 1U0 FLIRMAT(312,40,43,F3,U93(2h00auedN) 135,704V 153,F0,0)
au1l3 Q00 FUMmatr1dp@ll, 7' )s1lR3s38,84,8%0a3,58,Fd,us3{Sx,h0,11,a8,3K,48),
Ti1x.50,2)
vy ie 300 BORSAT(IP 1477139, ' 0NE1PRYTOPLANKTING ;T8 4 NANNURRYTCRPLANATUA!,
PT84 ! TCTAL PRYTUPLANATUNT,T1I08, 'S ANANNLFLANR JUNY ,/1X,
P pare TIre CUNSEC, SamsLL!,
25Coa,!  *G/M™3 ', 108),/18,'Y4 4C UY £3T  STavICn CRPTHI,
238X, 7CH, A Pmatl PC/FAY)Y)
EnD

STAGE 3, LISTING OF CHMLOROPMYLL DATA BY SAMPLING DEPTH,

ALTBRYICPL ANK TCN NANNUMFYTGPLANR TCA TCTAL PoYICBLANKTN X NANNCKFLAANKTON
Lsl€ Tiee CLANSEC, SamPiz mGsmy (V4] nGym3

ho~U LY EST  STallGN OtETR Cmy A& Prakd FGrFA LrL A Fmafl PC/b A Chy 4 PraAgL FysFa

19/ 1743 o8l t 1, 1,19 U35 2,.u3 "'Y.T 0,81 1,87 1,97 1410 1,489 1,02
9/ 1s23 0830 1 3o 1ol v, E9 2407 (1e59 % 1,08 1,08 Ved$S 1.89 54,91
797 1s45 omi3n t 4, 1,08 0,€5% Q.08 Uebs u,n7? 1,00 lea7 0492 1,87 e, 32
797 1423 wslo 1 7. U, 4 vely 1409 Q99 0,86 le28 lede 159 1e0¢ Sa, 88
79, 1723 ngsv 1 9, 1at7 0,32 2,4 Uebu v,81} lea? 1,87 0,93 1,40 35,93
797 1748 (YIS 19, v, 98 Uedd 2,09 0e23 0,45 1,78 1,97 ved? 1,92 38,405
797 ls23 nesu 2%, 1 424 [N T} 2av 490 1,00 1,03 delu lesd 1081 4dJoe
79/ /88  osdu 3n, 1,04 0,48 2,08 leve 1,24 1,82 2,7 1472 1,82 39,88

26.8 STAGE 4. PROGRAM FOR INTEGRATING AND AVERAGING ¢ |
CONCENTRATIONS OVER SAMPLING DEPTH BY STATION,

FUMTAan |v b LEVEL 21 mafA . DATE & 80279 VI 2urdS PaGE 0QoO1
T REAL LOEF ™

DIVITY] INTEGED STasPITA BLNR ,CHCN(9),PINFC(®)

UK OIMENSIUN [APUCS),val Ut (9), 028 (9, COLPII) ,uval(9),CALLIY),

XTCALCIQ)AVER(])

cous AT PYTas? 17000 TR/0UZ,BLNRY! VZ7eLINES /0074 TCALE/90¢ 0/
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aGu? FINISke,FaALSE,

a9ue »a1TE0,300) .
guoY LInESD)

vyl HEAN(S,500)LLERTH

yull 10 PeA0(8,iULIEAVBTO Y IWPC,3TA,OFPTRh, vaLLE.CNCA

ouvte IF(FINSTIGL TD Sv

Juld TP (STa N PETa Lin ,LEPTH LT, PCEPTRIGT L wu

UL PUEPTHREULFRTE i .

ony1y [F(UEPTH LT LDRPINIGL TLU Lo AN
vule et uu 3u (81,9

vet? CaLCrIIsu,v

oulp (PECHCR (L) kG4 n)GU TC S0

FRR X VIR (IIBUEP TR LER ()

vuay AVER(IIB(VALLE [levvaL (D)),
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STAGE 4. Lxsnus OF WEIGHTED AVERAGE WATER COLUMN CONCENTRATIONS
OF CHLOROPHYLL A AND PMAEOPHYTIN A BY STATION.
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Table I. Corrections for standard depth s when wire angle is 10° or greater

Wire Angle .

Degrees Stardard Depths (meters)
0 1 5 10 15 20 25 30 35. 50 75 ]OO 125 150 175 200 250 300 400 500
10 1 5 10 15 200 25 30 34 49 74 98 123 148 172 197 246 295 394 492
15 1 5 10 14 19 24 29 34 48 72 97 121 145 169 193 241 290 386 483
20 T 8 "9 14 19 23 28 33 47 10 94 1171 141 164 188 235 282 376 470
25 1 5 9 14 18 23 27 32 45 68 91 113 136 159 181 227 272 363 453
30 1T 4 9 13 17 22 26 30 43 65 8 108 130 152 173 217 260 346 433
35 1 4 8 12 16 20 25 29 41 6l 82 102 123 143 164 205 246 328 410
40 1 4 8 11 15 19 23 27 38 57 77 9% 115 134 153 192 230 306 383

45 1T 4 7 11 14 18 21 25 35 53 A 88 106 124 W)Y 177 212 263 354
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Monitoring of Ceratium tripos Continues
Between Nova Scotia and Cape Hatteras

The abundance and distribution of Ceratium tn'pos, a dino-
flagellate which contributed to extensive and persistent anoxia
off the coast of New Jersey in 1976, was monitored during
surveys of coastal-shelf water between Nova Scotia and Cape
Hatteras during the fall and‘winter of 1979-80. Quantitative
collections of netphytoplankton were taken twice daily,
coinciding with measurements of primary productivity. The
samples were collected by making double oblique tows with
a 53 ym mesh net from the surface to within a few meters
of the bottom at shelf smtions and to a maximum depth of
200 m at stations off the shelf.

Figures 1 and 2 indicate the abundance of C. tripos on the
shelf in November-December 1979 and February-April 1980.
Densities are expressed as cells per liter and cells x 10°'m?,
which is an estimate of the C. tripos population contained be-
neath a square meter of sea surface to the depth of the tow.

During the November-December 1979 survey highest densi-
ties were found off the coast of Massachusetts (517-636 '17),
where C. tripos represented a relatively high pcrcemagc of
the total cell count (41-47%). Lowest densities occurred at a
station in the northem portion of the Gulf of Maine
(0.6x10°m2 or 0.7-1°T).. Population densities ‘m™2 were
similar on and off the shelf near the Hudson Canyon and
south of Cape Cod near the 200 m isobath (Fig. 1). During
the survey from February 27 to April 5, 1980, relatively high
densides of C tripos were found in the New York Bightd
(257 cclls 1'1), on Georges Bank south of Cape Cod (435
cells'1"1), and southeast of Cape Cod (378 cells'1™!). Cerati-
um population densities were relatively lower on the shelf
south of the New York Bight and at the 200 m isobath south-
east of Cape Cod.

Ceratium tripos was the dominant member of the netphy-
toplankton at four of the fifteen stations in the November-
December 1979 survey. At the other stations diatoms (Thalas-
sionema nitzschioides, Coscinodiscus sp., Rbizosolenia sp.,
and Nitzschia seriata) were predominant. Similady, C. tripos
was dominant at three of the thirty-one stations reported for
the February-April 1980 survey. Again, the most numerous
netphytoplankton at the other stations were diatoms (Guin-
ardia sp., Coscinodiscus sp., T. nitzschioides, Thalassiosira
sp., Leptocylindrus sp., and N, seriata). Ceratium fusus and
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Ceratium macroceros, which were present in most of the sam-
ples examined, were less abundant than C. tripos.
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Figure 1. Abundance of Ceratium tripos during the Novem-
ber-December 1979 survey.
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Figure 2. Abundance of Ceratium tripos during the February-
April 1980 survey.

Prior to the episode of severe anoxia in the New York Bight
in 1976, C. tripos was distributed relatively homogeneously
throughout the water column in February and March 1976.
Mean water ¢column densities of this dinoflagellate, which were
10 cells ‘m1°! in the outer Bight near the end of March 1976
(Malone 1978), were probably half this value in early March.
By May 1976 C. tripos was concentrated (100-1000 cells
'‘m171) 'in a thin stratum 1-3 m thick at the base of the pyc-

nocline (Malone 1978). The C. tripos population in early.
March 1980 in the mid=shelf area of the New York Bight.
was approximately 5% the density of this organism for the.

same period of 1976..

During the February 25-April 5, 1980 survey of New York
Bight, Georges Bank, and Gulf of Maine, one-liter discrete
samples from seven depths in the water column (correspond-
ing to 100, 69, 46, 25, 10, 3, and 1% of surface light intensi-
ties) were filtered through 2.54 cm diameter 20um mesh fil-
ters to reveal the depth profile of C. tripos abundance. Sam-
ples from the New York Bight in early March showed a rela-
tively homogeneous vertical distribution of C. tripos and
chlorophyll in the euphotic layer.

Several environmental factors acted synergistically to pro-
duce the anoxia off the New Jersey coast in 1976 (Malone
1978 and Swanson and Sindermann in press). We show one
element of the synergism: the carly spring abundance of
Ceratium tripos in 1976 and 1980. Monitoring of Ceratium
and other possible indicators of potential anoxia, including
phytoplankton primary productivity, chlorophyll 2, nutrient,
and oxygen concentrations, will continue through the spring
and summer.
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Winter Coastal Climate Review

The winter of 1979-80, in contrast to the previous three
winters, was not characterized by the development of extreme
temperature anomalies. Mean temperatures were near normal,
(+2°9F) along much of the Gulf and Atlantic coasts. Depart-
ures exceeded 4°F along the southern California coast (see
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