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INTRODUCTION

Lake Erie is the fourth in the series of five inter-
connected Great Lakes locatéd in mid-North America that
drain to the Atlantit Ocean via the St. Lawrence Rivér. It
has the fourth largest sufface area (25,#00 km2) and the
smallest volume (540 km3) of the Great Lakes (Dobson, Gil-
bertson, and Sly 19745. , Verber divided the lake into three
basins (Davis 1966); A line between the tip of Point Pelee,
Ontario and.Cedér Point, Sandusky, Ohio di&ides the western
and central basins, and a line‘betweén'the base of Long |
Point, Ontario and the bése of Presque Isle, Pennsylvania
divides the central and eastern basihs, 'The western, cen-
tral and eastern basins have mean depths of 24 feet [7.3 m]
(Beeton 1969), 18.5 m (Beeton 1965), and 24.4m (Beeton 1965),
respectively. Approximatelj 12 million people inhabit the
drainage basin of Lake Erie (Beeton and Edmondson 1972);

Within the last twenty years biologists have observed
‘that man has incéreased the nutrient input of Lake Erie,
causing significant changes in its flora and fauna (Beeton
and Edmondson 1972). From 1938-1964 total phytoplankton .
concentration in the island area iﬁcreased by 3.5 times, and

the dominant bhytoplankton changed from dia?oms to blue-

f—t




green algae. From 1920-1962 in central Lake Erie phytoplank-
ton numbers increased several fold'during spring and autumn
pulses. Copepods and cladocerans increased in numbers from
1939-1958 (Beeton 1969). Increased oxygen demand in the
sediments has resultéd in changes in benthic organisms. In
western Lake Erie the once dominant Hexagenia has been re-
placed by.oligodﬁéetes and-midges (Beeton and Edmondson
1972). |

Depletion of oxygen in the hypolimnion of the central
basin has been noted since 19289 (Center for Lake Erie Area
Research 197L4).. The action of nitrifying bacteria on sedi-
_mented algae and the oxidation of metallic sulfides has re-
duced the oxygen‘concentration (Burns and Ross 1971). The

2 31 1964 to

anoxic zone nearly doubled in area from.5870 km
11,270 km? in 1973 (Center for Lake Erie Area Research 197H).
Primary productivity measures the rate of buildup of
oréanic compounds, the energy of which is transferred to
successive trophic levels. The photosynthetic process is
responsibie for the greater pért of this buildup in most
environments (Goldman 1963). Estimates of primary produc-
tivity for Lake Erie first appear in 19&9,qwhen Verduin
(1951) measured the rates of COzlremoval per unit of phyto-
plankton vo;ume per hour in western Lake Erie. Verduin con-—
centrated phytoplankton by vassing lake ﬁater through bolt-

ing cloth and placed these samples in bottles under an

optimal light intensity of 400 foot candles. However, he



estimated that about two thirds of the photosynthetic or-
ganisms escaped concentration (Verduln 1956). Consequently,
since 1957 he has used natural phytoplénkton densities and-
has estimated rates of 002 removal in open lake conditions.
He fouhd that under these conditions photosynthetic rates
exceed those rates obtained from bottle experiments by two
times (Verduin 1960 and 1962). TFor these reasons his moreJ
recently published rates of 256 mmol GO, [3070 mg C] ab-
sbrbed per'm2 per day for net photosyhthesis and 513 mmol
Co, [6160 mg C] absorbed per me pef day for gross photosyn-
thesis are used. for comparison to the results of subsequent
studies.

Saunders (1964) reported that the first estimate of
primary-productivitj in Lake Erie with 4o was made at a
single station in the western basin in 1957 where estimates
of 68.3 mg C/m3 per day fér nét and 142.9 mg C/m3 per day
for gross photosynthesis wers obtalned He converted these
estimates to 97.6 and 371.5 mg C/m, per day,respectlvelm
for net and gross daily integral photosynthe51s by using a
formula derived by Rodhe, Vollenweider, and Nauwerck (Saun—
ders 1961L). |

Further primary productivity WOrk was not done on Lake
Erie until 1968 when Parkos, Olson, and Odlaug (1969) made
a one—-day crulse along the entire lake. They reported
primary productivity estimates .for central Lake Erie for

1l L
the first time. Using the ~ 'C technique and a shipboard



incubator (light intensity = 1000 foot candles, temperature
= 60°F), Parkos, Olson, and Odlaug (1969) found surface
rates of 127.7 mg C/m3 pef hour at one staﬁion in the
western basin and 42.4-54.7 mg C/m3 per hour at two stations
in the central basin. In 1969 and 1970 Cody (1972), using
lLl’C, found extremely variable rates from.11—5H7O mg-atoms C
[132-65,640 mg C] per m® per day in western Lake Erie during
in situ studies at ten stations. Glooschenko et al. (1974)
made intensive measurements in Lake Ontario and all three
basins of Lake Erie (25 stations) by calibrating a ship-
board incubator (light intensity = 8000 lux, temperature =
surface water temperature) with simultanequs in situ experi—
ments. Surface water productivity obtained from the‘incu—
bator for each station was converted to an in situ estimate
for the entire water column. Mean values for ten cruises
in 1970 were 30-4760 mg C/m2 per day and 120-1690 mg C/m?
per day for the western and central basins respectiveiyu
This report includes data for the central and western
basins of Lake Erie during July-October 1974. The objec-
tives of the study were to investigate by means of the luC
method and shipboard incubation of samples the verticéi,
A»horizontal, and temporal distribution of primary productiv-
ity in central and ﬁestern Lake Erie and to comparevdéta
obtained in 1974 with. data ffom.previous investigations.

Sampling areas were selected from a cruise list prepared by

the Center for Lake Erie Area Research at The Ohio State
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University. This study was part of the Lake Erie Nutrient
Control Program sponsored by the U. S. Environmental Protec;b
tion Agency (USEPA Grant No. R-802543-02). Five western
basin stations and eleven central basin stations were sampled
during 26 July - 6 August (Cruise 6), 12 August - 19 August
(Cruise 7), 26 August - 7 September (Cfuise 8),4and 21 Octo-
ber - 1 Novembér (Cruise 10) aboard the R/V Hydra (Figure 1).
Between cruises a location approximately 250 m offshore,
south of The Rattles of Rattlesnake Island in western Lake
Erié was chosen for in situ experiments. Cody (1972) re-
ported ranges of 16.7- 185.L mg-atoms C [200-2225 mg o per
m3 per hour, 36.1- 654.9 mg-atoms C [433—7859 mg CJ per m?
per hour, and240-5470 mg-atoms C [2880—65,6MO mg C]J pef m>
per day for optimal, integral, .and daily integral primary

_ productivity, respectively, at Rattlesnake Island in 197@._
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METHODS

Physical‘and Chemical Parameters

At selected stations submarine photometer (G. M. Mahu-
facturing and Instrument Corp. Nﬁ. 268WA300) readings were
taken at one-meter intervals from lake surface to bottom, or
until the light meter (microamperes) read zero. The reading
made when the photometer was suspénded just above the water
represented surface light intensity. Samples of lake Water
were collected from one meter énd from a depfh of about one
percent of the surface light intensity; which repreSented
the lower limit of the euphotic zone. Samples were also
collected from intermediate levels  (commonly three meters
and five meters), depending upon the thickness of the eu-
photic zone.

Water temperature and pH readings were made at one-
meter intervals with a Martek Mark II Model A monitoring
system. Total alkalinity was determined with a 100-ml
sample and a mixed indicator of bromcresol green and methyl
red (APHA 1971). Total alkalinity in thermally stratified |
areas was determined in samples collected from one meter
below the lake surface, one meter above the metalimnioﬁ,

one meter below the metalimnion, and one meter above lake




g
bottom. Total alkalinity in non-stratified areas was deter-
mined in samples collected from one meter below the lake
surface, an intermediate depth, and one meter above lake |
bottom. Total alkalinity for depths sampled for productivity
estimétes was interpolated where necessary,vas‘frequently
productivity sampling depths did not coincide with total al-
kalinity depths other than at the one-meter level. Secchi
disc depth was determined from the shaded side of the re-
search vessel by lowering a 30-cm diameter Secchi diéc with
alternating black and white gquadrants until it just dis-
appeared from sight. The distance from the lsake .surface to

the point of disappearance was taken as the Secchi disc

depth.

'Sample Preparation

Sample preparation follows the method of Goldman (1963).
A sample of lake water, taken with a five—liter Niskin
~sampling bottle (General Oceanics Inc.), was transferred to
300-ml BOD bottles, two light and one dark for each depth.
The dark bottles were wrapped with a double layer of blaék
plastic electrical tape. A layer of aluminum foll covered
the tape to prevent heat buildup. Two layers of foll covered
the stopper to keep out'light. Between cruises both dark
and light bottles were washed with concentrated HNO3 and
thoroughly rinsed with tap water with a final rinse of dis-

tilled water. The bottles were inverted and air driéd;
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A fresh stock solution of C was prepared daily by

14

combining the contents of ampules of soglum bicarbonate-—'C

(NaHlLl

CO3) in sterile aqueous solution with pH = 9.5, which
was supplied in the amount of 5.0 pCi/5.0 ml per ampdie_by
New England Nuclear Corp. Approximately 1.0 ml of the. stock
solution was added to each BOD bqttle by means of a 2-ml
hypodermic syrinéé (accuracy =+ 5%) with a 15-cm 18-guage
needle. The stock solution was added to the bottom of the
"bottle, and the syringe was rinsed gently with water from

the top of the bottle. The activity of the NaHluCO3 added

via the syringe was taken to be 1.0 microcurie (2.22 x 106
+ 10% disintegrations per minute) as determined by New Eng-
land Nuclear Corp. |

After innoculation the bottle contents were thoroughly
mixed, and the bottles were placed in a shipboard incubator
for three to five hours. Light intensity of approximately
9000 iux was provided by a bank of six daytime fluorescent
lamps. Surface water was continuously circulated through
the incubator. After incubation the bottle contents were
mixed, 10 ml of méterial was removed with a repipet, and 10
ml merthiolate solution (Eli Lilly Solution No. 45) was
added to stop. further luC uptake. The bottle contents were
thoroughly mixed. |

Since the relative activity of the.plankton waé unknown

when experiments were begun, the investigator concentrated as

much material as possible from a bottle onto a membrane fil-
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ter. As more material is added, sample counting time de-
creases linearly unless the additional material decreases
detection of»the B—particles emitted from luc. In areas with
high concentrations of suspended particles filter pores
clogged within approximately ten minutes. In some areas
(e.g., Stations 30, 47, and 73) the entire bottle content
was passed through the filter within ven mihutes; in other
areas (notably Stations 61, 75, and 76) an aliquot Was used
since the filtration time for the entire .content would have
exceeded ten minutes. Material from each BOD bottle was
vacuum-filtered onto a 25-mm diameter Gelman GA-6 Metricel
membrane filter (pore size O.ﬂS_p). The filtration appare—
tus aboard the R/V Hydra consisted of a vacuum manifold that
held four filfter funnels so that'the contents of as many as
four BOD bottles could be fiitered simultaneously. Vacuum
pressure did not exceed 300 mm Hg. Since the membrane fil-
ters differ in rates of watef absorption, all filters were
presoaked in distilled water. Presoaking filters decreased
filtration time. Once the material had been concentrated
on %he membrehe filter, the filter was rinsed with approxi-
mately 25 ml of 0.003 N HCl to remove any 1MC that may have
accumulated on the surface of the filtered materialj a

rinse of 25 ml filtered lake water (if available) or dis-
tilled water follewed. The membrane filter was then attached

with household glue to a 32-mm diameter stainless steel

planchet. Water retained by the filtered material absorbs
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the B-particles emitted from ~ 'C, so filters were stored in

pillboxes and assayed several weeks later.

'Radioassay

Filters were assajed with a thin end-window gas-flow
detector (Nuclear Chicago Corp. Model No. D;47); gas compo-—
sition was approximately 0.9% isobutane in 99.1% helium.
Planchets were 1oaeed onto a Nuclear Chicago Corp. Model
No. C-110B automatic sample changer. A Nucleaf-Chicago

Corp. Model No. 181A scaler recorded the counts per measure-

ment, and a Nuclear Chicago Corp. Model No. C-111B printing

timer recorded the time required for the measurement. A

14

' 0.0875 uCi ~'C standard source (Radloactive Materials Corp.)

was used to calculate counter yield by the formula of Arena
(1971, p. 119):

Y = cpm/dpma
where Y %s counter yleld, cpnm 1s observed count rate of the
standard (counts per minute), and dpm is the calibrated
activity of the staﬁdard (disintegratiens per minute).

Counter yield was 16-17%. Light bottles were counted a

minimum of 10,000 counts (+ 2.1% probable error at P = 0.05).

and dark bottles a minimum of 1000 counts (+ 6.4% probable
error at P = 0.05).' One'thousand counts ﬁer measurement
for dark bottles was chosen to reduce sample counting time
to about ten minutes. The discrepancy. between light and

dark bottle counting statistics i1s discussed later.
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Primary Productivity Calculation
Incubator productivity was calcﬁlated by an expanded
formula of Saunders, Trama, and Bachmann (1962) in Appendix
I. Dark bottle incubator productivity was subtracted from
light bottle incﬁbator productivity to correct for non;

1”0. The corrected incubator

photosynthetic uptake of |
productivity (mg C/m3-h) was converted to integral produc-
tivity (mg C/m2-h) by the relationship reported by
Glooschenko-et al., (1974):

mg C/m”-h C/mi‘h _ 1.85x,
mg C/m~+h ’
" . where mg C/mggh is integral productivity, mg C/m3-h is in-
cubator productivity, and x is Secchi disc depth in meters;
the relationship is solved for mg C/mg-h.- Since.the incu-
bator productivity of Glooschenko et al. (1974) is based on
a composite sample from one;metér and five-meter depths, in-
cubator productivity from one-meter and five-meter depths in
this report were averaged, and the mean value was inserted;
into the.above relationship. Integral productivity Was con-—

verted to daily integral productivity (mg C/m2-day) by the

method of Glooschenko et al..(l97u).

In situ Productivity

Procedure for in situ productivity experiments near
Rattlesnake Island was similar to the shipboard method

except incubation. Photometer readings and Secchi disc
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depth. were determined as previously described. Temperature
was measured by means of a ¥SI Model 51A dissolved oXxygen
meter equipped with a ¥ST BMSO probe. Lake watef was col-
lected with a three—liter non—metallic Kemmerer water sam-
pling bottle, For the_one—meter depth, one intermediate
depth and the bottom saﬁplinv depth, pH was measured in the
laboratory on South Bass Island within two hours of collec-
tion, and total alkalinity was determined within four hours
of collection: TUpon innoculation with one microcurie of
NaHluCO3, one llght and one dark bottle were suspended in the
lake at the depth from which the water was taken. The incu-
bation apparatus consisted of an anchored hylon line with an
attached float on the lake surface. Aiuminum strips were
tied to the line at the proper depths. The BOD bottlesvwere'
attached to the strips by shower curtaih hooks thatvfastened
_to hose clamps at the necks of the bottles. If possible, the
samples were fixed When the bottles werefetrieved.from the
line; when the weather was rough, . they were fixed at the
~laboratory approximately half an hour after retrieval. Sam-
ples were filtered at the Scuth Bass Island laboratory or
aboard the R/V'Hydra, and the membrane filters were prepared
for gas-flow counting. |

In situ primary produ0u1V1ty (mg C/m .h) at each sample

depth was calculated by the formula in Appendix I. These
estimates were then plotted against depth on graph paper.

Integreal in situ productivity (mg C/mz-h) was calculated by
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with a planimeter.

Correction Factors
The filtered material absorbs energy from the R-parti-
14

cles emitted from ~ C and prévents the escape and subsequent
detection of some of the particles by counting equipment.
Lower sample count rate and, therefore, lower productivity
fesult. An experiment was performed %o determine whether
this self-absorption of B;particles occurred in filtered
material during the 1974 segson.' Lake water from a depth of
one meter in Put—in—Bay Harbor was collected with a Kemmerer
water sampling bottie on 5 October. The water was trans-
ferred to six clear BOD bottleé, and approximately one micro-
.curie of Nale’lCO3 was added to each bottle. After the con-
tenﬁs were thoroughly mixed, the bottles were incubated ap-
proximately four hours in the shipboard incubator. After
incubation the contents were fixed as préviously described.'
Aliguots of 25, 50, 75, and 100 ml from each bottle were
filtered onto membrane filters as described. Because fil-
tration of the 100-ml aliquots required approximately ten
minutes, these volumes were assumed to represent the denser
concentrations of material collected over the season;_ Fil-
ters;were rinsed and processed for gas-=flow éounting as in
the productivity experiments. Filters were countedvlo,OOO
counts minimum. Sample count rate was corrected to actual

]_1 .
l‘C'uptake (Appendix I, symbol a).- Carbon-fourteen uptake
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(dpm) was divided by aliquot volume (ml) and duration of in-
cubation (h), and the result (dpm/ml per hour) was plotted
against aliquot volume.

‘Strickland and Parsons (1968) stated that the fixative
formaldehyde at a concentratidn of 0.3% by volume may'influ—
ence the excretion or loss of fixed lMC from the more deii—
cate mérine algae. The effect of merthiolate upon sample
activity was studied, as merthiolate may also cause 1MC loss
from phyfoplanktén. Lake water collected on 16 September
from one meter Eelow the surface of Put-in-Bay Harbor was
added to six clear 300-ml BOD bottles. About one micro;-;
14

curie NaH 'CO. was added, and the bottles were incubated

3

approximately four hours in the shipboard incubator. Samples
were fixed as in the productivity experiments. At'intervals
of 1, 2, 4, 8, 16, énd,2u héurs after fixation 50-ml aliquots
from each BOD bottle were filtered onto membrane filters.

The filters'were prepared for gas-flow counting. The experi-
ment was run again on 19 October, and allquots were filtered
at intervaié of 0, 1, 2, M; 8, and 16 hours after fixation.
During both: experiments bottles were refrigerated after the
eight-hour aliquots were renoved in order to simuléte field
cohditions when bottles were stored overnight and filteréd
the next day. Filters were counted 10,000 counts minimum.
Graphs of dbm/ml per hour vs. time after fixation weré

drawn for the twelve bottles. |

Relative light intensity in the incubator was measured




16
while the research vessel was docked at Put-in-Bay on 19
September. The incubator was divided into nine horizontal
zones, and several photometer readings were taken at each
zone to represent light intensity at clear water, mid-lake
central basin stations, as the water had been_standing for
several days. -Photometer readings were repeated after the
water had been circulated for two hours, which approximated
turbid stations. Whether relative 1ight_intensity was re-
duced by use of . a clear plexiglass top when the lake was
rough was also determined. A mean relative 1light inﬁensity
value for any posifion iﬁ the incubator during each sét of
conditions was determined by averaging individual measure-

ments at each. location in the incubator.




RESULTS AND DISCUSSION

Incﬁbator, integral, and daily integral productivity in
1974 were,respectively,H.l-lZM mg C/m3 per hour, 16-364 mg
C/m2 per hour, and 1&0—4370 mng C/m2 per day for western Lake
Erie and 5.1-51.2 mg C/m3 pef hour, L44-242 mg C/m2 per hour,
and 530-2180 mg c/m° per day for central Lake Erie (Table 1).
Complete results for each dépth sampled at the staﬁions are
in Appendix II. Reéults of calculations using GloOschehko's
relationship are presented in Tab1e 2.. |

Maximum incubator pfoductivity in 1974 agrees to within
3% of that reported by Parkos, Olson, and Odlaug (1969) and
16% of the maximum mean productivity per cruise reported by
Vollenweider, Munawar, and Stadelmann (1974) for western
Lake Erie (Table 1). Maximum central basin incubator pro-
ductivity in 1974 is 2.4 times greater thanthe ﬁéan produc-
tivity per cruise reported by Vollenweider, but the differ-
ence may be in the comparison of mean values per crulse to
a range of values for the entire seasoﬁ of 1974. Parkos, -
Olson, .and Odlaug (1969) report productivity 7% greater than
the maximum incubator productivity found during this study.

Daily integral productivity réported by Saunders (1964)

is relatively low when compared with other western basin

17
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estimates in Table 1, but this probably is explained by his
sampling one site late in the year. The lower limit of
Vefduin‘s estimates fall within the daily integral produc-
tivity range calculated in 1974. Cody's (1972) mean esti-
mate of 10,000 mg C/m2 per day is 2.3 times greater than the
maximum daily integrél productivity in the western basin in
1974,

Ceﬁtral Lake Erie incubator prdductivity for late Juiy
averaged 1.7 times mid-August valueS»and‘0.7 times laﬁe.
Ocﬁober values (Table 3). Nutrient release upoﬂ fall over—
turn (G#chter, Vollenwelder, and Giooschenko 1974) probably
resﬁlted in the October maximum. Mean incubator produc-—
tivity for western Lake Erie decreased from late July to
late October with the July value being 1.4 and 1.6 times
greater than September,and.October Values, respectively.
Integral productivity for central Lake Erie followed the
trend of incubator productivity with the late July‘value
being 1.2 times the August value énd 0.9 times the October
value. Western Lake Erie integral productivity in July was
2.M.and 1.7 times September and October integral productivity,
respectively. .

Horigontal distribution of incubator productivity fol-
lows that of previous investigators. Parkos, Olson, and.

" 0dlaug (1969) and Glooschenko et al. (1974) report a west
to east gradient .in Lake Erig with the highest productlivity

in the western end. A north to south gradient in both basins
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during 1970 (Glooschenko et al. 1974) is not quite as evi-

dent during 1974. The maximum prodqctivity in mid-summer in
western Lake Erie reported by Glooschenko occurred in 1974,
However, upon examination of his monthly distribution maps
 (Glooschenko et all'197h, Fig. 6), one finds that the esti-
mates of 124 mg C/m3-h and 98 mg C/m>-h reported in July ,
1974 for Stations'75 and 76 arevnearly double those reported
for the summer 1970.

. Results of three in §i§g experiments near Rattlesnake
Islénd show that'when productivity (mg C/m3'h) is plotted
against relative light intensity (microamperes), three dis-
tinct curves result (Figure 2). Pfimary productivity on 10
September remained linear through a relative light. intensity
at least 2.5 times greater than that for 21 July and 6 Octo-
ber. In October, when surface light intensity and water
temperature are lower, phytoplankton survive at lower light
intensities than ih»July and September. Primary productivity
| in October leveled off more rapidly than in July and Septem-
ber.

For each of the three in situ experiments the primary pro-
ductivity vs. depth curve has a slope simiiaf to its corresponding
light transmission curve (Ficure 3). Maximum productivity
occurred at approximately one meter. Cody (1972) reported
maximal productivity in western Lake Erie from‘éne to three
meters and rarely at depths shallower than one meter.

Tor a series of increasing volumes of filtered phyto-
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plankton, self-absorption of B-particles from luc exlists if
a decrease in dpm/ml per hour occurs. Results of the self-
absorption expériment (Figure U) indicate that there was no
decrease in dpm/mi per hour, although results from individual
bottles varied. No correciion of sample count rate was made

on the basis of this evidence.

Effect of mérthiolate fixation on sample activity ex-

periments indicate that loss of activity occurs non-linearly .

for apbroximately the first eight hours‘(Figure 5). Approx-
iﬁately 14% loss occurs during the firstbfour hours, another
five to seven percent during the_next four hours, and about
four percent during eight additional hours. On the average,
approximately 21% of the original.a;tivity is lost per sample
within eight hours after fixation. Again individual bottles
vary in loss rates. Hourly loss rates become similar after
eight hours. |
Relative incubator light intensity in clear water aver-—
aged 900vﬁA (range of 775-1075 upA) and 775 uA (range of 675-
975 pA) in turbid water. When the clear plexiglass top
covered thé top of the incubator during rough weather, rela-

tive light intensity in clear water was reduced from 900 to

825 ﬁA (range of 725-925 uk), a reduction of 9%. Since no

records were kept of the horizontal position of the bottles

in the incubator, no correction was applied to the carbon
assimilation rates.
The estimated average range of total error of a single

productivity measurement determined by the-methodology pre-
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sented in this report is +18% to -32%. Counting statistics,
syringe calibration, ampule éctivity calibration, and fixa-
tion éffects’ﬁere factors considered. Dark bottle luC uptake
and light bottle g uptake can both be expressed in relative
units in which light bottle uptake equals 100 and dark bottle'
uptake its corresponding percentage. From such consideration
the relative dark uptake (49%) that yields the greates%
uncertainty to the net sample count rate contributes a total
probable error in counting statistiés-of 10% (P = 0.05).

Mean relative dark bottle uptake 6f 14% (n = 182) yields a
probable error of 3% (P‘=‘0.05), and thus the mean»probable
error caused by counting statistics alone is i3%.. Syringe
accuracy contributes 15% error. AccufaCy of ampule calibra-
fion by MNew England Nuclear Corp. as determined by ampule
lables and technical information is assuﬁed to be'flo% of

the stated value of 5.0 uCi per 5.0 ml‘[l.O uCi/1.0 ml]
aqueoﬁs solution. Samples were assumed to have been filtered
within four hours after fixation. Therefore, samples lost
149 orf théir original activity (Figure 5, curve B). This
estimate 1s probably conservative since fiitration of some
samples was not completed for at least 24 hours. ‘No accurate
records vere kept of the time between sample fixation and
filtration, as the fixation effect was not discovered until
about two-thirds through the sampling season.-‘For-ﬁhis
reason primary producfivity measurements remain uncorrected

for sample activity loss. The fixation effect contributes
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the greatest uncertainty to the methodology used during this

study.

Agroement between duplicate light bottles (n=183 pairs)
avéraged 21% + 2% (SE)for all samples over the entire season.
This measured valuéd falls within the predicted range of +18%
to -32%. Saunders, Trama, and Bachmann (1962) reported toat
+20% 1s the normally accepted error for estimatés of photosyn-
thesis. The posiltive side of the estimated error for 1974 is
10% less than Saunders' figure, while the negative sidé is 607
greater, since sample fixation causes loss in addltlon to the
three other sources of error considered The amount of error
introduced by the relationship of Glooschenko et al (197&)
is unknown. Error bars in figures accompanylng the text rep-
vresent the estimated error of +18% to -32% unless otherwise
indicated.

Graphs of the vertical distribution of incubator produc-
tivity within the euphotic zone reveal that the wide range of
error may reduce productivity maxima énd minima of raw data.
For example, the graph of incubator productivity vs. depth
for Station U7 on 30 July (Figure 6) shows that peaks at
1m, 5m, and 14 m reduce to a small increase (approximately
20%) fronl.m.to a plateau at about 7 m. Superficlally, a
doubling of incubator produ0t1V1ty 1s observed from 2 m
to 5 m and from 7 m O 14 m. Vertical profiles where maximum
productivity was > 1.32 times the minimum productivity were
compared. Maximﬁm to minimum productivity ratios > 1.32 were

considered significant, since -32% was the average maximum
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error involved in making the productivity estimates. The
number of significant productivity profiles was 15 of 39 or
38% of the total incubator productivity experiments.

Central Lake Erie incubator pfoductivity profiles had
a wider range of carbon fixation rates than western Lake Erie
profiles. Maximum productivity to ﬁinimum productivity ratios
for central Lake Erie averaged 1.80, 1.83, and 1;17 ﬁor
early August, mid-August, and late Octsber, respectively.
Western Lake Erie ratids>averéged 1.33, 1.16, and 1.07 for
1até July, early September, and late October, respectively.
For centrallake'ErieatStation 23 during both mid-August and
late October maximum productivity at 1 m decreased with depth
(Figure 6). The profile at Station 25 in mid-August showed
increasing productivity from about 5 m tp a plateau at 15 m
£o the bottom of the euéhotic'zone at 18 m (Figure 7). For
Station 30 in early August incubatér productivity increased
linearly from 1imto 11.5 m (Figure 7): in mid-August pfod—
uetivity remained the same fron 1‘mbto 4 m, where it in-
creasedfand reached a plateau at 15‘m in the metalimnion
(Figure 8). Station 34 in mid-August had a profile similar
to Station 30 in Figure 8, although the euphotilc zone ex-
tended to only 11 m. Station 36 in mid-August had a nearly
linear profile similar to Station 30 (Figure 7) except it
started at 3m. Station 39 in late Oqtober had minimum
productivity at 5 m which increased at 7 m to nearly the

level at 1 m (Figure 8). Productivity at‘Station 48 in
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early August had a maximum at 4 m and decreased to nearly the
same level as at 1 m (Figure 9); in.mid-August productivity
pemained nearly the same for the first five meters, increased
slightly at 9 m, and it decreased to a minimum level at 13 m
(Figure 9). Productivity at Station 52 in late July had a
sharply defined maximum at 3 m (Figure 10). Station 73 in
early August showed minimum‘productivity.at 1 m (Figure 10).
In mid-lake areas phytoplankton accumulated in the lower:
epilimﬁion and metalimnion. Station 30 (Figures 7 and 8)
showed. this trend in incubator productivity profiles. The
profile‘ for 1l August is supported by chlorophyll a (un-—
éorrected) data (Table 4). ?roductivity'at Station 36 on

15 August showed a marked inerease toward the metalimnion
(see teit p. 33). However; chlorophyll a concentration and

productivity do not agree.

Table L. Vertical distribution of uncorrected chlorophyll
a concentration at Stations 30 and 36 in August

........ 1.9.7-Li-.» P
Station 30 14 August Statibn 36 15 Augustv
Depth 'Concentr%tion Depth Concentr§tion
om) L .. (mg/m°). . . .(m) (mg/m>)
1 | 2.7 S| | 3.9
14 3.9 16 3.9
16 3.8 19 | - 3.6

20 . . ... 3.5 . 23 5.5
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In western Lake Erie | productivity increased linearly
with depth at Station 61 in late July similar to Station 30
in Figure 7. Productivity at Station 66 in late July had a ﬁrb-
file similar to Station 52 (Figure 10) with a maximum at 5
m, but_the maximum was not quite as sharply defined. Pro-
ductivity at Station 75 in early SeptemberresembledStation
‘30 (Figure T) altﬁough»the inerease ‘was not guite linear.

.Central Lake Erie-showed higher relative dark bottle
1“0 uptake (dark'bottle activity expressed as percent of
the corresponding light bottie activity)'than western Lake
Erie. Central basin mean dark uptéke increased during
thermal stratification from 18% in early August to 24% in
mid-August and decreased after fall overturn to 12% in late
October. Relative dark uptake ranged from 3-34% and 3-58%
for early and mid-August, respectively. Relative dark up-
take of 560% and 630% at Station 23 on 13 August and T77% at
Station 73 on 30 July is considered aberrant and unexplaln—
able. Western Lake Erie relative dark uptake remalned at
the same levels throughout the season, as mean rates were
6%, 8%, and 7% (excluding Station 61) for late July, early
"September, and late October, respectively. The mean rela-
tive dark uptake for all samples during the season was 14%.
For incubator studies 1in the eastern tropical Pacific Ocean,

140

Jones, Thomas, and Haxo (1958) reported relative dark
uptake of 16-22% for productivity experiments lasting four

to eight hours. Larson (1972) reported relative dark up-
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take from 4-70% during ig_g;zg_productivity studies in
Crater Lake. Relative dark 140 uptake of 6% has been ob-
tained in western Lake Erie (J. Verduln, personal communica-
tion); the western basin values found in 1974 agree with
this estimate. Obviously, higher relative dark uptake dras-
tically réduces 1ight bottle uptake when corrected by sub-
traction. ' | .

Primary. productivity at one meter in central and western
Lake Erie dufing 1974 showed high éorrelation (r = 0.92) With
uncorrected chlorophyll a concentration, which is a phytd—
_1ank£on biomass indlcator (?igure 11). The correlation ex-
ceeds by three-fourths one reported by Glooschenko et al.
(1974) for mean values per cruise of chlorophyll.g_and.ih-v
cubator productivity in surface water in all three basins.
Glooschenko et al. called the slope of the graph the assimi-
1ation number, the units of which are mg C/mg chlorophyll a-
h. Glooschenko's mean assimilétion number of 1.93 mg C/mg
“chlorophyll a+h agreed to within 10% of that for'l97h.

The relationship between incubator primary produétivity
and nutrient concentration in central and western Lake Erie
during 197M‘isvﬁot clear. From the conbentrations of total
and soluble reactive phosphorus and total inorganic, ammonia,
and nitrate-nitrite nitrogen in the two basins (Center for'
TLake Erie Area Research, unpublished) only ﬁbtal_phosphorus
correlated with incubator produgtivity (r = 0;68) for lake

vater samples from the one meter depth (Figure 12). Brydges
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(1971) found that in western Lake Erie station averages of
chlorophyll a from a composite sample of 1.5 mand 7.5 m
water were positively correlated with total phosphorus at
1.5 m for the years 1967-1969. Megard (1972) reported that
for eutrophic Lake Minnetonka, Minnesota total phosphorus
in the range of 0~170 mg/m3 (pg/1) was linearly correlated
with daily maximﬁm photosynthesis per unit volume of water:
during the months of July, August, September. Brydges (1971)
also found that soluble phosphorus, nltrate—nitrlte nitro-
gen, and ammonia nltrogen did not correlate with chlorophyll
. . :

Light energy penetrating the surface Waters‘in central
Lake Erie was transmitted more readlly than in western Lake
Erie during thermal stratification in August (Table 5). The
mean euphotic zone in central Lake Erie was 2.4 times deeper
than in western Lake Erie. In mid-August light transmission
improved slightly. Upon lake overturn the euphotic zone 1in
central Lake Erie was only 30% deeper than in western Lake
Erie. Verduin (1954) reported that dissolved pigments have.
not been observed in western Lake Erie, and that differences
in 1ight ﬁransmissioﬁ were aitributable to suspended parti- .
cles. The same 1s aséumed for central Lake Erie.

Incubator prbéuctivity represents maximal carbon assimi-
i1ation rates that result from optimal light intensities. A
rough approximation of incubétor light inﬁensity assumes that

£ull 1ligzht intensity measured by the photometer (10.5 mA)
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Table 5. Mean Secchi disc and euphotic zone depths for
central and western Lake Erie from July - October
1974,
No. of - ‘ _
Stations Basin Secchi disc (m) Euphotic Zone (m)
Cruise 6 ,
5 central h.5 '12.0
5 . western 2,0 ' 5:0
Cruise 7
8 central 6.0 o 14.5
Cruise B8
4 wéstern Ja.0 .3.5
Cruise 10
11 central 3.0 8.0
5 western 2.0 6.0
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equals 10,000 foot candles (Saunders, Trama, and Bachmann
1962) during the brightest days. Therefore, since an average
of 0.9 mA of relative light intehsity reaches the tops of
the bottles in the incubator under dlear water conditions,
approximate light intensity is 9000 lux. Talling (1966)

stated that the light-saturating range of Asterionella com-

munities in English lakes 1s 8000-10,000 lux. Talling (1966),
using an incubator eqﬁippedwith daylightfluorescent lamps, con-
verted incubator light intensity to quantity of photosyn-
thetically active radiant energy (100-700 nm) by the conver-
sion factor.of h.l kerg/cm2 per sec per kilolux. Therefore,
.37 kerg/cm2 per sec (9 x 4.1) approximates the radiant |
energy received by phytoplankton samples in the incubator
during the 1974 study. If the areal and time units are
changed to m2 énd h,fespectively, the resulting radiant
energy of approximately 1 X 1012‘érg/m2 per hour falls near
the maximum carbon upfake rates on the light-saturatedvpor-
tions of photosynthesis-light, intensity curves published by
Stadelmann, Moore, and Pickett (1974) for Lake Ontario
phytoplankton commuﬂities. |

Photosynthetic productivity per unit volume of water
reflects phytoplankton densities in the water column at a
»particular depth, but the relationship is not a simple one
to one correspondence. Talling (1966) for English lakes
found a broad correlation from April to June between popﬁla—

tion density (cell number) and gross photosynﬁhetic rate
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specific photosynthesis of Lsterionella populations increased

during periods of population decline, and higher specific
photosynthesls was found at times of lower cell concentration
and active cell division. Another complication is that net
specific photosynthesis per unit volume of phytoplankton in-
creases with decreasing phytoplankton volumé per liter of
water (Verduin 1960). Rodhe (1958), using 140, reported that
nannoplankton contributed a greater share of}the primary
productivity per standing crop of phytoplankton than did net-

plankton. -Primary product1v1ty per unit volume of water is
mg C/m -h

mg chlor a/m
and the phytoplankton denSltj [mg chlor a/m 7 (Megard 1972).

the Droauct of the specific Dhotosynthetic rate 3
Tor these reasons incubator productivity is a metabolic index
of population density as Saunders, Trama, and Bachmann (1962)
believed when they exposed samplés,from'differeﬁt depths to a
light intensity of 500 foot candles.' The stroﬁg correlation
beﬁween incubator productlvity and chlorophyll a concentration
A at the one meter depth in 1974 empha51zes their contention.
Both incubator and in §i§g_productiv1ty data for 1974
remain uncorrected for excretion of organic matter, respira—
tion 1osses,‘and grazing because they were not quantified by
experiment. Excretion.of'organic compounds may cause sig-
nificént underestimation of productivity. .Fogg, NalewaJko,

and Watt (1965) found that during a four-hour experiment.
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approximately 34% of the initilally assimilated lLlC was ex-
creted by diatom dominated communities in English lakes.
With the 1LlC techniqﬁe no way exists to measure loss of
lu002 during breakdown of organic compounds in respiration
(Kiefer et al. 1972). The reaction involved is:

0.

*CHO+02—> ¥cO0, + H

2 2 2
Signficiant grazing of phytoplankton standing crop may re-
duce productivity. Parkos, Olson, and Odlaug (1969) felt
that grazing may be important in 1oca1ized areas of 1akeé
but should not cause the large variations in pfoductivity
they observed in eaéh of the four Great Lakes they investi-
gated. Verduin.(1952) felt that grazing was insighificant
in weétern Lake Erie. Glooschenko; Moore, and Vollenwelder
(1974) felt that the zooplankton in Lake Erie, which are
characterized by protozoans, rotifers, énd cladocerans,
consume detritus and bacteria more tﬁan phytoplankton.

For the 1974 incubator studiles 140 uptake was assumed
to be linear at constant 1light intensities. The literature
gives varying results. Barnett and Hirota (1967) found
that at constant light intensity the rate of 4o uptake
was constant during a two-hour incubation. In a second
experiment of four hoursf duration, Barnett and Hirota used
phytoplankton cohcentrations ten times greater, and 1igh£
intensity was half of the first experiment. They found that

1MC uptake rate decreased to 629 of the rate at one hour.

Fogg, Nalewajko, and Watt (1965) found that photosynthesis
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was proportional to incubation time under constant light
intensityAig'gigg,and in the laboratory, but organic mattef
was excreted at an almost constant percentage of the photo-~-
syntﬁetic uptake. 7

Extracellular 1”0 adsorbed to phytoplankton leads to
overestimates of productivity. McMahon (1973) showed that
rinsing Tilters with 100 ml of distilled or filtered lake
water removed extracellular lU’C, which had led to erroneous
" econclusions concerning self-zbsorption. The investigator
assumed that the acid and £iltered lake water rinses used
in 1974 adequately removed extracellular 140'

Estimation of phytoplankton productivity at several
stations during different times of the day may exaggerate
prodﬁctivity relative to each other. Vollenweider and
Nauwerck (1961) found during in situ studies on Lake Erken,
Sweden the interval of 0530-0930 yielded productivity per
unit area of water one third of the daily total of a series
of five four-hour timekblocks. Holmes and Haxo (1958) demon-
strated changes in photosynthesis throughout the day in in-
cubator studies at a station in the tropical eastern Pacific
bcean. Maximum photosynthesis occurred at €800-1000.
Verduin (1957) fdund that the period 0700-1000 EST in western
Lake Erie yielded maximal nev photosynthetic rate per unit
volume of water two-thirds greater than during the inter-
vals 1000-1300 and 1300-160C.

Whether thé lL‘C method estimates net or gross produc~
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tivity remains unsolved. Ssunders (1964) felt that because
the sum of a series of short experiments over a day exceeded
the estimate of a single full day exposure, the series es-
timated gross productivity and the single exposure net.
Vollenwelder and‘Nauwerck‘(l961) suggested that preductivity
measured by luC lies}between net and gross.

Both incubaﬁor and ig_e}gg_productivity estimates made
by the luC method include combined contributions by phyto-
planktdn and bacteria. Cody (1972) states that £he measure-
ment of carbon assimilation is complicated by autotrophic
bactefia, both chemosynthetic (aerobic) and photosynthetic
(nonsulfur which are aerobic and sulfur which are anaerobic).
The relative amount of bacterial assimilatioh is unknown.

Phytoplankton, zooplankton, and bacteria all pley a
role in dark 1”0 uptake (Gerletti 1968). Sorokin (1965)
described three groups of bacteria involved in dark CO2 up-—
take. Heterptrophic,bacteria involved in aerobic decomposi-
tion of organic matter account for the major part of dark

CO0. assimilation in surface layers of eutrophic and meso-

2
eutrophic lakes. Another group of bacteria intermediate
between heteretrophie and chemosynthetic oxidizes simple
organic products of anaerobic decomposition. A third group
are chemoautotrophs that utilize 002 in the syntheses of all
their organic compounds. | |

During in situ studies on Lake Maggiore,:ltaly, Ger—

Jetti (1968) found that below the optimal level of illumina-
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tion (where maximum photosynthesis is expected to ocecur)

relative dark uptake of 14 0, (dark bottle activity expressed

as percent of the corresponding light bottle act1v1ty) in-
creased. ~ In situ experiments at Rattlesnake Island durlng
1974 support Gerletti. Relat ive dark 1“0 uptake on 21 July
was 2% at one meter, 1ncrea51ng to 1&7 at five meters; for
10 September, 2%'et one meter, increasing to 33% at six and
eight meters; and on 6 October, 6% increasing to 35% at four
meters. However, in the incubator studles at an optiﬁal |
11ght 1nten81ty, relative dark bottle rates ranged from 1-
58% and.were especially high in the central basin during
1ate July to mid-August. On the hottest summer days lncu-
bator temperature remained within 200 of the lake surface
temperature. Slnce the temperature from surface to 1owef
eplllmnlon did not vary by more than 200 on the average over
the sampling season, the temperature differential between
1ncubator and sample depth 1is negligible. Even though 1ight
intensity in the incubator is optimal, a 51gn1flcant increase
in relative dark bottle activity occurs. The source of this
uptake is not specifically known,.although the bottle sur-
face effect on bacteria may stimulete their growth (Gerletti
1968) Menon, Glooschenko, and. Burns (1972) reported bac-—
corial densities of 3.3-3700 x 103/ml and 3.1-790 x 10%/m1
for central and western Lake Erie, fespectively. Vertical
distribution was uniform until stratlflcatlon when hypo-

1imnion bacterial densities increased more than epilimnion
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deﬁsitiés. Bacteria in late August utilized organic matter
from excretion and degradation products of blue-green énd
green algal blooms to attain maximum densities.

Morris, Yentsch, and Yentsch (1971) found that with
marine phytoplankton relative dark uptake of lgC became
greater with smaller population densities. Smaller phyto-
plankton densities in both central and western Lake Erie in
1974 yielded higher relative dark uptake, but the relation-
ship is non-linear (Figure 13). Relative dark uptake in-
creased with decregsing turtidity (Figure 14), which supports
the previous relation.

14

No relationship was noted between dark C uptake and
tempefature. ‘For both relative and absoaute.values equally
high and low rates were observed at temperature ranges of
10-13°C and 18-24°cC.

In situ productivity vs. depth profiles show the effect
of decreasing light intensities on carbon assimilation rates,
whereas incubator productivity profﬁles'at constant light
intenéity show'relatively little change in carbon assimila-
tion rates. The shipboard counterpart to Rattlesnake Island,
Station 67, did ﬁot have significaht changes'in‘vertical
distribution of productivity. In situ profiles show thét
productivity at one meter and deeper closely parallels fiight
transmission in all three experiments down to a relétive

light intensity of approximately 10% of the surface light

intensity. Such parallelism indicates that phytoplankton
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populations are homogeneously distributed, at least down to
the level of 10% of the surface light intensity. Rodhe (1965)
found that the slopes of assimilation curves of nine lakes |
closely agreed wilth the slope of the most penetrating’compo—
nent (usually green) of subesgquatic light at a level from 1-
12.5% of the subsurface intensity of the component.

Incubator dafa showed that the phytoplankton in both
basins surV1ved the 1light intensity of the water bath. Fork
example, a sample of lake wauer from four meters at Station

53 on 6 September from a relative 11ght intensity of 0. 17 of

the incubator relative light intensity (775 uA) had a produc-

tivity potential nearly 20% greater than a sample from one

meter, which received about a 370 times greater relative

- light intensity. The survival of thelphytoplankton under

intensity increases of 10

incubator light intensity suggests that the water at Station
53 circulates completely dovn to four meters so that the

cells at four meters do not remain ;n total darkness, other—
wise they may have been injured by the incubator 1ight intensity

and‘would not have functioned photosynthetically, or if so,

then at a reduced rate. Water temperature and oxygen con-

centration remain unchanged from one meter to four meters
(Center for Lake Erie Area Research, unpublished), which

supports this hypothesis. Xiefer et al. (1972) reported that

‘phytoplankton from 100-400 = in Lake Tahoe survived light

7, as they had photosynthetic po-

tentials per unit of chlorcphjll g_slightly less than phyto-




56

plankton at 75 m in the euphotic zone (85 m), when the sam-
"ples were ihcubated at a light intensity 40% of the surface.

The incubator productivity-total phosphorus relation-
ship may indicate that total phosphorus is an indicatoriof
phytoplanktoﬁ denéities. Brvdges (1971) suggested that if
total phophorus concentrations were reduced, there would be
less algae. The'197ﬂ incubator data support Brydges' argu-
ment. 4

The parallelisﬁ in the in gigg_productivity—light trans—
mission curves in Figure 3 suggests that light is a control-
1ing factor in_primary productivity in western Lake Erie.
Since total phosphorous goncentration‘is linearly related
'to incubator productivity at the one meter depth, then both
light and total phosphorus may together 1limit primary
productivity. If the light-in situ productivity relationship
holds for central Lake Erie, then both factors may be limit-

ing in central Lake Erie also.



SUMMARY

Western basin incubator productivity was 3.5 times
greater than central basin incubator productivity in the
summer and 1.5 times greater in the £311. Incubator produc-
tivity eotimates wefe comparable to those in T970. Centrai
basin incubator productivity decreased-in_late summer aﬁd in-
" creased upon f£a11 overturn. Western basin incubator produc-
tivity declined- throughout the season.

In situ productivity-light intensity curves for western
Lake Erie showed that phytoplankton_afe photosynthetically
active at lower light intensities in October as'opposed to
July and September, and that maximal productivity is reached
within a narrower'rangé of light intensities. Maximum
productivity was 1ocated at. approx1mate1y one meter. In all
three ;Q ilEE experiments relative productlvity curves lay
parallel to light transmission curves down to a level of
approximately ten percent of the surféce light intensity.

Estimated errors for the 1974 methodology showed that a
slightly greater total error existed than was hormally
accepted in the 1iteraturé. Each sample lost an average of
14% of its initially asoiﬁilafed 140 when merthiolate fixa-
tive was used; This fixation effect had the greatest un-

certainty in the estimate of total error.

57
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Incubator productivity profijes showed several forms.
Maxima were located at one meter, slightly below one meter,
and some mid-lake central basin profiles increased toward
the metalimnion. Lower maximum to minimum incubator produc—
tivity ratios indicate that western Lake Erie waters are
mixed more thoroughly than central Lake Erie waters.

Central basin relative dark luC uptake averaged three
times greater than western basin relative dark uptake.
central basin relative dark uptake increased during thermal
stratification, yet western basin relative dark uptake re-
mained rather cohstaﬁt. Higher relativé dark ﬁptake
occurred in areas of less turbidity and phytoplankton_den—
sities. The effect of temperature on relative dark uptake
was not evidenced. |

Incubaﬁor productivity correlated with unoorrected
chloronhyll a concentratlon and total phosphorous concen—
tration at the.one meter depth. The 1ncubator productivity -
total phosphorus and relative . in situ productivity - 1ight
transmission relationships suggest that light and phosphorus
together operate as limiting factors in central and western

Lake Erie.
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Primary Productivity Cal culation
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= ml sample used
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Numerical
Value

to be
calculated

measured

2.22 x 106

measured

measured

calculated

read from
Teble 2

1.06

1 x106cm3 1000

- a . . . .
? 5c ° d e £ g h i
. Symbol Definition Physical Significance Unit
P primary produc-— rate of inorganic C mg C/m3-h
tivity assimilation
a sample count actual 1llc assimila- m dpm
rate divided tion, correcting for eom - orm
by counter yield counter yleld
1
b activity added amount ”uC added to dpm
to BOD bottle BOD bottle
e time BOD bottle time in,yhich "a" h
incubated : amount -~ C assimilated
d capacity BOD volume correction mi/ml
. bottle (300 ml)/  factor, to account for
volume of 2ntire btottle content
material filtered )
e capacity BOD fixative factor, to 300 ml
bottle/capacity correct for removal of 280 ml
BOD bottle - 10 ml sezmple in order
10 ml to add i0 ml fixative
r# total alkalinity amount dissolved in- mg CaCO3
as determined by organic C in water —T
equation below expresssd in terms of
CaCn '
3
g factor from Table converts TA to mg C/1l, =g C .
2, in Saunders, the amount of dis- ms CaCO3
Trama, and Bach- solved Znorganic C in
mann (1962) ,which the water
incorporates tem-
perature and pH
h ' converts é“c up- isotope facigr, ac- none
take to C up- counts Tor 13 uptake
take slower than C uptake
i convgrsion of 1 converts C assimila-
to m tion in bottle to C 103em3 mo
assimilzfion in lake
* mltit x N x 50,000
TA = il which expands to:
S
100 & Cac0,/mole "103 mg
- mltit.x eq/l x 2eq/mole X g - Caco
TA = tqtal alkalinity
ml, . = ml acid titrated
tit +
eq = equivalent = welght in grams that accepts one mole H
eq/1 = normality of acid = N )
100g = molecular weight of CaCO3 . ‘
s equivalent weight CaCO3 = 100g CaCO3/m01e X (2eq/mole)—1 = 50g/eq
103mg/g = converts g0aC0,/1 tomg C2C04/1 '
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Light Bottle and Dark Bottle Data
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SE e e vensosoacsssasssnnnse Station number

Net C. Revereneonnnnnns .. .Net count rate (sample count rate -
background)

Vol.eeeoonns e _...Volume of material filtered

N < R LRI Total alkalinity

Rel Dark Uptake (%)....... gi;ﬁtbggi‘é%i ea;i‘éi‘iifiy X 100%

Rat. TS.eeeeeececnnss .....In situ site near Rattlesnake

' Island :

dD e eeeeoeossnanssnasnsosns Light bottle ﬁ -

db.eiennn Cereeanen «evnv....Dark bottle

Ay Buverrnnononens e Aliquots from same bottle

B eeensnennssasssnsnsssans Questionable value

Deevenrens e _.Bottle stored overnight in refri-
erator and filtered next day

Coveeenensorossnssssaansss Station mean of dark bottle 140
assimilation :

Beveevsonnoosceoassnansanas Bottle stored 24-U48 hours in re-

frigerator until filtration



67

G2 we'u b 002 qE*q 95T'0 Get . qp

Leg2 11 h2*o b vue £2°G 94T'0 09T1T 2 at

2-€e 1T he*o h6 002 2r's 9610 0TTIT T qt g9

n*e he'o 46 002 Lo*S 9GT°0 HIT qp .

242 6°6 h2°o 56 002 2e's 9ST°0 0LTT . 2 ar

hte 1T §2'o g6 00e 818 941°0 0£0T T at S

L2 ye'o a6 0se 16°6G 9410 941 qp

0°he 1T w2*o 66 0se gE*S 9ST'0 00ST 2 qt

1°82 9°6 he'o . G6 042 2€*§ 981°0 UELT T4at £

§°2 Re'o 96 0se G1°G 96T’ 0 9nt qp

2°ge 6°8 he'o 96 052 Gn*S 9410 09.T e ql '
162 0T ne'o 96 042 €6°6 9610 064T. 19T e

0°2 ne'o 96 0s2 2h°6 9S1'0 121 qp

2°0¢€ 9°9 #2°o 96 0se 04'S 9GT'0 0061 2 at

892 Sl 82'o 96 0se le‘s yse1'o 0E9T T4t 1 990 €2 £e
gd" h9 12'0 06 0uE 2hh 94T 0 08Th qp

611 8098 he'o 0b 0OE 06 Y TLT'0 £ty 2 at :

£°01 g0€9 he'o 06 00t gty TLT U gal T a1t €T

£ 72’0 26 S62 L2y TLT"0 egh qp

9°2T, 8S ne'o 4] oLk LE*h TLT'u TLY 2 ar

BULT ws we*o 26 00E 2a'h TLT'U gs6 T 4at L

6'2 B2 o 26 0oE iy LT 0 661 qp .
611 T he'o - 2b 00E LS*f TLT'0 Uty 2 at

£°ET 22 R2'o .26 00€ EE'R TLT°0 RO6 1 aT q

n'e he'n 16 D0E.  G&'y T.1'0 LT aQp

f170T €2 he*v T6 0ot Lty T.LT'0 GEL 2 at

£ g 62 §2*o 1o 0UE 02'y TLT U 695 T 4t t .
T°¢ §2°0 16 00& ge'q LAV 6uz qp

521 Se He'o 16 G662 €2°'h TLT'O teg 2 qt .
9°ST 02 R2'o 6 00€ 2€°'q TLT'U ulut .T at T sny €1 £e

M:.mE\o Fu1) (%) oxeaan a0q084 (uady (Tu) &) PLOTA (udo) - 3iszod ) 398 B3g
37ATIONPOI] iIed TaH Ty KTy TOA WL aagunoj ‘Y0 39N ygaaqg




68

R . ) g1l . qp
. : ose  Lt'g - 9sT: ¢ 2 aT
B T T 5 S S R S R
| . e L1 0. 18 use  oe A Lgg at
GBS moEn dan W em
w'e . ne'o né | 052 o€ 9GT" 0 685 -
g+ ET . 062 Sh . ) ap
o RSB g BN g o ®
3 . . 0 4 . N.w
b ne'o £ ¥ 95T°0 2
dne eI . 6 0sz  Gh . 27 ap
| ap.81 3 uz .9 £ ogz  gart LIS o2l 2 @ ]
| . . : 052 . . €N
akig St heo £ ode GnE 98110 T
8.5t o e 26 osz - £87% GT°0 169 g at 300 €2 g2
. . 2 mmw 26 omw m”m wmﬁ.o 68l T 4qt I
: 0 . 052
s LT ne*o 26 A o N
. i2*0 56 gog 8zl ViT'0 £nG g at
. 1z ouE  UT'q s Coay T qt LR
Lz 162'0 56 . TLI'O gL
1°6 o€ 220 g ouE G2y 10 s qp
| 2.8 i et 16 out  gh'h tlT+0 81 2z q1 :
W N he'o 1o oottt 981 Ta S
2'1 €€ ne e 16 ot gErp  IATIO 4 ap .
0'L ne :N.o 16 00E LTk TLT°0 616 2 atr
g°2 he oo gorp  LTTO o6 T ar g
T'g s€ B 16 coE . zEtp  TTLTO T ap
L°8 (43 :N.c : 6 00€ Lok TLT 0 46¢ 2 at
62 ne.s 6 ot geth - TATTO 61 T a1 i
65 6n he.o 16 oot . Er:n  T.100 cer ap
| 9'9 R helo. ub goeEmh T 915 2 ar . swer sz
! wm nm“m 06 00E  BE'M LT 985 B jpa— 5
€'g {wdo) ot
u PTaTA e : yjasg
(q-cu/o 3wy . (g) o%eadn - J039B4 c.._»_mww ﬁwww MEW.H. . aagunop u'o 39N
| k31kTaompolg Hae@ T8H ANTY.




69

g€ ) 6L2°0 L6 00€ 0T'H TLT*O 69T ,ap
gt (44 6L2°0 L6 00€ Ge'y TL1'0 2usg 2 q1
L6t oz bleru 16 00 ET°n TLT'0 neEg 14t 9T
62 22’0 06 - 00¢€ Go'h TLT'O 09T qp
g€t e AL 06 ug gzt TL1°0 gné 2 at
£-21 02 520 06 00€ GEq TLT°0 298 1 at ut
g 2 R2°0. 06 00€ L6°¢ TLT'O 9.1 ap
0°8 13 g2 o 06 00E £6°€ TLT°0 0TS 2 at
h'L 19 : B2'o 06 00E 26°€ TLT%0 €914 T 91 . &
e §e2'o 06 00t vE'R LLT°0 2Lt ap
2L 13 © p2to 06 Oug g0 TLT°0 ely 2 a1
9°9 4€ he'u 66 . 00E 88°¢ TLT°0 g0h T qt £
62 he'o 06 Uog at'h TLT'O £61 qp
2°'8 (19 he*o 06 00E gen TLT'0 095 ‘g at
Lot le he'o 06 00€ g1 h TLT 0 gelk T at 1 any y1
Q9T hz'o 06 - 00€ cl'y TL1°0 02T qo
qk ot 2"q ne' o 16 00E  0L'h TLT0 veze g at
q¢gt |08 2t he*o 6 0UE elh TLT°0 0Y9€ Tar . &1
QT ge*o 16 00E 29'h TAT'O 9°66 qp
q¢ 52 9'G neo 06 00¢& 08 h TL10 0L8T 2 at
pp.ma 1L ge'o ho 00€ Sty T.L1°0 08ET T at 9
© I §e'o 16 00§ 25y TL1°0 §'99 qp
: £e €y 1e'o 16 00€ €9°f TLT°O 0L9T 2 at .
nm 81 ] §2'o 16 00E L9h TLT°0 CEET T qt g
q0'T Re o a6 00E g5 n TLT®0 g2l qQp
q0'02 0°6 he'o Gb 662 04°h TLT'O USET 2 at
Q@ 6T m S ne'o 56 00€ iy TLT*O 0UET T4t £
m 2 B T S6 00€ 2h'h TLT 0 69T qp
N 6T €T §2'0 66 00E LLn TLT*0 0EHT z a1 )
am ot 9T 72*o G6 Oug €'y TL1°0 GLOT T a1t 1 gy T
. ma\o 3u) (%) a3esan 103084 (wad) L (Tw) [€)) . PI3TA (wdo) 319304 (ur) a3e(q
- 338 T30NpOIg Jaeq’ Tod Ty My - oA awfL  J8junod *H'D 38N ysdaqg

ot




70

qs'e he'o 16 - 00E Ga°h 9510 - . K9l ap |
0°hT 81 he'o . 16 00€ 29°n 9410 h6 2 qtu ) . :
nm.ma ge ‘he'o 6 00£ Sh'h 96T°0 964 T at L . ”
nm.m ne'o 16 00€ ge‘h 96T°0 - oRt qp :
qlt t0T 22 he'o - 16 00E 2e'n 9610 8t9 2 at . : ﬂ
g°2t 8T n2*o 16 00E 26" 96T'0 2ng T qt ‘6 - w
£°2 h2'o 26 - 00E 2h'h 941°0 gnt ) qp W
W g8 et ks he'o 26 00§ g€ . 9GT°0 908 2 qt ) m
. £°9T qT te°o 26 00E 8T Y 98I0 gLb 1T a1 € i ’ i
| £'e ne*o 26 00€ S9°f - 9ST°0 hat qp ' I
| qEET LT 7e'o 26 00€ 8E'H 951°0 ong 2 qt . _
” 2°6T St he'o 26 . o0o0f 856"t 94T'y 0001 T 91 T 390 92 2t #
” .82 . hz*o 66 062 00°f 9510 - 621 ap . . |
feee et 4e'o 66 092 ° €6°'E 9410 020T 2 uT . !
n'ee 2T ge'o 66 042 £g°€ 9410 oot T Ut - 6 |
Le . he'o S6 0se 06°E 9GT"0 €er -qp - . |
W geae 0t n2*o G6 062 LL'E 9G1°0 0€TT 2 at |
nene 11 §e'o 1] 042, GL‘E 951°0 uyot T at L ,
6°2 - he*o né 062  go'y - 9910 - 9ET ap w
” L°61 3 R2‘0 16 0s2 €1'n g61'0 TG6 2 at i
£°gT 91 te'o n6 00€ Lok 96T'0 | 0SUT T 4t [ o
9°¢ F2°0 hé 052 08°¢t 9410 091 ap : !
2'he <t -ge*o h6 00¢ 16°€ 9610 UGET 2 qt - :
| 912 LT he'o h6 062 8T h 991°0 LyuT - T a1 £ . "

| TE Re'o h6 0se 0T'h 96T 0 6hT qp
W 1°6T 9t h2*o n6 00 gt 9GT*0 . ohuT gz at . m
” 8781 .9t he'o . hé 052 el't 9410 228 T qtT 1 390 92 ot w
0°'€ 6l2'0 L6 00€ 20 g TLT°0 £GT qp :
geet e 6lg'0 L6 - oof g6t TLT 0 £€9 Z2 qt . m
05t 12 6.2°0 L6 - 00g ] TLT'0 ge2L . 14t . 6T any jI 1}3 |

(y--u/d 3u) (%) eoxeadn Jogoeg . (udd) (Tw) (u) PTATX - T (udo) 9T330d (u) a3e(q B3Q
£a1h735np01g Aaeq Tad ATy KTV - TOA U] J433unog ‘U0 39N yguaq




. 9'2 1e'o €6 00€ 29°€ TLT'0 T Q@ .
2°g 2€ B2 o €6 00E. ET'R TLT°0 ges 2 at
a8 1€ 72°0 £6 00E 06°t - TLT'O 218 T at g :
, B2 h2'o | €6 . 00€ 00'h TLT'0 16T qp . .
| 6L ' 43 §e'o, €6 062 €0y TL1'0 95k 2 qt L
Q@9 6€ te*o £6 00€ 26°¢ TL1°0 9Lt ., T at £ .
| 6z 12'o £6 00€ 1g°€ TLT°0 04T qp
Sl €€ pe'o £6 01€ 80" TLT°0 26h g at
, ql’s h ne'o £6 00€ LTy TLT°0 69€ T qt T . 3ny 6T 9
| 92 _onero €6 00E 0E*h T4T°0 TLT qap . _
W 2°'91 9t R2'0 €6 o0& 8T°h TLT'0 | 0501 -2 qru ) “
0'hT 6T ne'o £6 00€ le'h T.L1°0 nE6 T at 11
T°h he'o 26 a0€ £0° K TLT*0 192 . qp
9'nt 82 he'o 26 00€ za*y - TI4TCO 2Lé 2 at .
R4t g2 we'o 26 00€ GE'Y TLT*0 686 1 qt . q . .
6°2 ne'o 26 00€ £1Y TLT°0 98T ap . '
9°21 £2 ge'o 26 00€ oy’ TAT0 FAR] 2 qat
G*61 Gt Rz'o 26 00E L0*h TLT0 0621 T at h
| g'e . ne'o 26 00€ €' TLT'O N9t qp
| 8°'g L2 ne'o 26 00E 2i'h TLT 0 19§ 2 at
6°6 he . he'o 26 00€ g0'R TLT*O0 6£9 14t £
£€e ne'o ¢b 00€  Lr'% TLT'0 £4T qQp
6°6 £2 he'o 26 00€ LE'Y TLT°0 6.9 "2 qt -
0°0T ge Rz'o - 26 00& T A TLT'0 749 T av 1 any ST e
qof'2 : na*o 06 00E 2E'y 9491°0 61T ap
Q' TT 12 . %e'o - 06 00€ G2'h 9ST'0 989 e at .
Syt : 91 ne'o 06 . 00€ UM 941 0 cGh T qt ot 490. 92 zE
” (4.cu/0 dw) (%) exeadn 105984 (udd) (Tu) ) protk  (wdd) 3133064 (W) = @3ed . ®B3g -
£37R730np01a Yaeq 1Y Ty ATy oA 3wy aajunod *d'0 38N ‘yadaq L




W G'e . he2*o 06 - 062 g€y 94T°0 . - 98T - qp .
2*he 01 he*o 06 - T A A 96T*0 0set 2'at .
| q2 8T €1 ne'o . 06 _ 052 gech 96T°0 8L6" T4t . 2
| G ¢ fe'o 06 - 0se S04 94T 0 GLT qp . .
| 122 91T he'o 06 052 2E'y 96T 0 0LTT 2 a1l Cor
q9°8t 61 he*o 06 0se2  -20'y 94T'0 £16 T at I 900 L2 6€
| 1'2 H2*'o 06 T00E T 0l'k 9GT'0 94T qp
£°12 6°6 1e*o 06 00€E £9°h 961°0 0SHT g ar | |
2' 9T €T he*o . . 06 00t  .G6°E 95T°0 Enb T at 0T M
| g2 - g2'o 16 00§ €0'h 9510 6nt . qp i
| 1°lz 3 26 R2'o 6 00E © Qe'y 9610 0991 2 qt . |
| h°81 ht ne°o 16 00E £E1'h 9410 00TT - Tat y - W
| g2 K2*0 26 00€ 09'% . 98T'0 . 19T qp ;
| 9°gtT €T . he'o 4] 00€ L1'q 9GT*0 OTTT g at . |
0°12 et B2 o 26 00€ A 95T'0 | 0ERT -otat . & ,
| 1°e he'o 26 00€ gL'y 961'0 Lyt - ap . ,
6°91 11 we'o 26 - 00E ma.m 94T°0 0got g at
L Ee 6'g he'o 26 00€ L9'q 9GT'0 0651 1 4at £
g2 he*o £6 00€ Loy 9GT'0 9T qp :
0°€2 et he'o £6 00€ 2g'h 9GT'0 0481 2 q1 )
| G'1e €1 he'o €6 00€ 0Tk 991°0 0set T at T 390 L2 9€
e’ - . - - T~ - - qp :
€Lt - 992°0 S6 © 00E €9°€ TLT°0 116 2 a1
A - 992'0 G6 - DOE LL*E T TLTC0 TLL T 41T S'81 .
1'2 Re'o 26 00f, G6°€ TLT'0 £€T qp
, gE 0L - 0°'€ ne'o 26 00€ G0'f 9810 0gog 2 at ’ o
| qd'0T o2 he*o 26 00€ L6'€ TLT*0 299 T4ar 6 any o1 9t
M:.ms\o Jur) (%) axeadn 103081 (uddy (Tu) ) PIaTX (wdd) aT330d - (W) - a3e(q B3g
37

7a0npoag WIeq ToY &1y ATV TOA  SWEL  483uN0)  *M'D 3eN ysdag




73

L2 te*o 76 oog £6°h 941°0 €11 qap
T°16 €6 pe'o 16 00E. L9'y 941°0 . 09EE 2.at
0°ys 0°S he'o - n6 ooz ge*n 951°0 .0T2e T qt T 3020 62 U
| T'2 he*o. 16 042 £2'h TLT*0 - 9TT qap ‘ o
| 1°91 €1 ne'o 16 062 0G' Y TLT'0 626 .oeart
6°21 9T 720 . ®6 062 0E' TLT°0 €T T qr ot . _
h'e we'o £6 00€ £Gh TLT°0 TLT qp
2°6T 21 he'o €6 00€ £9°h TLT 0 08ET 2 at
T°€t 81 we'o . €6 00€ LGy TLT 0 1€6 T at S .
2'e ne'o 26 00E iy TLT'0 BGT qp . ' )
T°L1 £T n2'o 26 00€ 09'h TLT°0 oRet ©oeAat
| L2t LT R2'o 26 00E 8Ty TLT*O 9€8 T at £
” g2 ge'o 26 00€ Leh TLT'O 99T . ap :
W 2°91 ST h2'o 26 00€ 89°'h - TiT'0 061T 2 at : .
£°61 9T ge'o | 26 00€ £E TLT°0 of0T Tatl . 2
12 Be*o 26 00€ gLy TLT'O LGT qp . .
oLt et neto 26 00€ €h'y TLT'O0 012t 2 at
6°8T 1T he'o 26 00€ o'n TL1°0 0TET 1 at T any LT frhy |
e - he2*o 16 0&2 L1 g 96T°0 62T qp ' !
qh ez et ge'o 16 062 (AN 9510 02TT 2 a1 .
. 0*2e 2T he*o . 16 062 A M 9410 08TT T qt L
9°2T he'o 06 0se T ] 9610 859 T ap
q@°ne 2s ga'o - 06 0se ST h 9510 oeel 2 at .
6*he 14 he'o 06 _ose 26°t 9410 08TT T at 4
€°2 he'o. 06 0s2 86'¢€ 94T°0 21T qp
el uh 1°5 A §2*0 06 062 80°h 941'0 0€ze 2 at ,
q0' T2 11 120 06 0se GE'y 9S1°0 0211 T 4t € 300 Lg = 6t )
(q-.u/0 3u) (%) oxeadn 109084 (udd) (Tu) (w) PTATX (wdo) aT3308 (W) EEET CE
£aThT30NpOId 3led 18d AqTY Ty oA augy a33UnoY *¥'0 38N . ysdaq :




Th

€T 26 00E o'k T.1°0 £°16 qp’
€°6T G'g 26 00€ €€ T.T°0 onoT 2 at
g6z 'y 26 " 00E 4M] TLT°0 0goe T at 1T
0°€ . £6 00€ anh TLT1°0 Loe ’ qp
0°LT 8T €6 00E.  Lh'h TLT'0 08TT 2 art
g €T 22 €6 00€ g0 TLT'O 8.8 14T L
£'T £6 00€ 2€'h TL1°0 9°98 qp
n°9e 6'h £6 00€ oe*h TLT*0 0ELT 2 at .
L*LT £l €6 00€ €T R TLT°0 ORTT Tat g
9°6 £6 00§ ee'h TLT'O g9€ ’ ap
g he £2 £6 00€ LE' Y CTLT'O 069T 2 at
1°te we €6 00E €41 TLT°0 0£9T oot at €
64 £6 00€ 2T'h TLT'O G1€ qp
661 1€ £6 00€ 20°q TLTO L66 - 2 at
N e £6 00€E ge't TLT'0 696 . Tat 2
T°¢ €6 00€ G0'R TLT°0 L61 qp
L' 6T 9T £6 00€ Eh'h TLT'0 09ET - 2 a1
rAFAN gt £6 00€ g2 h 1L1°0 ORIt 14at T
0°2 16 002 €90 94T1°0 Lelg . qp
2'84 n'€ 16 ooe 09l 9610 0142 2 ar
L ys L€ w6 002 LG h 9G1°0 0yEe Tat L
9°2 16 ooe ge'n 9G61°0 €0T qp
9785 h'h i) ooe £q'y 9GT°0 onye 2 at
£°95 9°h h6 0se2 ik 9GT" 0 0662 T at q
b€ 16 002 GE g 9qT°'0 ge1 qp
8'6Hh 8°9 16 051 G2'y 961°0 0641 gz at
8°ns 2°'9 76 00T Ge'h 96T*0 0601 ve qt
2 8h 1L 16 002 ee'h 941’0 006T T qt €
9°e hb 002 eh'h 9610 60T qp
0°0S 2°s K6 00€ 05°h 9GT*0 091€ 2 qt
1°6S L*h 16 002 2E'h 94T 0 o£ee T 4t 2
(4. w/0 3u) (%) =xeadn (udd) (Tw) @) PIOTA (udo) 313304 (u)
»aﬁmﬂ»osuopm daed T3H Ty TOA Ut Jajuno) *¥*D 38N -ysdaq




75

9°e te'o 16 00£ €94 9410 T.T qp ,
£le G'6 te’o 16 00€ L9*h 9610 0081 2 qt
6°9¢ 0°L te'o w6 -00E gk 96T 0 ogee T qt .
0°€ ne'o h6 00€ g2 h 9610 gLt qp
h*92 1T n2'o 16 00€ €91 9GT"0 0891 2 qt
G0 86 he'o 16 00€ ST'f 941" 0 08LT 1 at ‘g
T'¢ A 56 00€ G2 9GT'0 heT qp :
Let S6 ge*o a6 00€ gh'h gaT'o 0102 e qatr )
9°LE 2°'8 he'o 66 00€ 0S8R MAR) 09€e. T qT €
62 120 G6 00€ GE'h 95T'0 QLT qQ
A %% L8 he'o 66 0oE 2Eq 9510 0002 2 at
G gt () te'o g6 00E 09°' 9g1°0 0972 14t T 390 12 Ly
81T we'o 16 oot 89°h TLT O EET qp
6°91 1t ne*o 16 00E €9t TLT'O 0621 2 at
g9°at 1T te'o 16 00€ JA TLT°0 05811 14t ST
ol T - - - - TLT'0 - ap
8'9t - we'o 16 00€ €€ q TLT'0 09TT 2 at
2'61 - nz*o 6 00t AT TAT*0 0911 T at G'ET
&'t §e'o 6 00€ oh'y TL1°0 G0t qp
0°9T h'é ye-o 16 00€ 294 TLT0 08TT 2 qr
6'GS1 w6 we'o 16 L62 Eh'h TLT°0 0TTT T 4t 0T
81 ne*o 16 00€ gE"Y TLT*O 62t qp .
0°9T1 2t he*o 16 00€ 8h'h TLT'O0 OHTT 2 at
© 66T L'6 f2'o 16 00E L9'n TLT°0 0SHT T qT <
0°€E 1e’o 6 00€ 08'h TLT°0 2€e qp
£°nT 12 Re2'o 16 00E Gl'h TLT*O 080T 2 at
G'ET 22 fe'o 16 00E 28 TLT°0 2L6 T at £
51 ne°o 16 L62 IANE TLT'0 60T qQp
6°LT 18 he'o 16 00€ el'y TLT'0 0GET 2 art )
L*ET 1T ne'o 16 00E NN TLT'0 2L6 T at 1 3ny 21 Ly
: An.ms\o Bw) . (F) 2%eadn T03084 (udd) (Tu) (n) *TPTATX (wdo) 813304 (u) a3eq B3S
K4 TAg3onpoad y1ed TeH 1Y ANTY TOA QWL Js3unod ‘H*'0 98N yadaqg




TLT'O 419 qp

2t ‘g2'o 26 00€ 09*€
6°0¢2 ST we'o 26 00€ on°€ TLT'O - 021T 2 at
sm.ha 8T §e"o 26 00€ 08°'E TL1°0 0.L0T T at ft '
g2 h2*o 26 00¢€ eh'E TLT'0 £GT qp
qh 8Tl ST §e'o - 26 . 00€ 29°'€ T.1°0 060T 2 at |
’ 0°'61 ST he'o 26 00€ es'¢ TLT°0 0G0T T at € j
” 9°t neo 16 00€ LEE T.T'0 G61 ooap
T°he ST - ye'o 16 0o€g 69°¢ T.L1°0 00RT 2 at - : ,
q6' 91T T2 Re'o 16 00€ o€ TLT 0 gcb T at T any 91 8t ;
80 ne'o 66 0oz £€°G TLT'0 8’1 qp
| q¢ 0T gL ‘©2°0 S6 002 85°S TLT°0 glg 2 qtr
| 0T 9. he*o G6 002 8T'& TLT'0 085 T at T
, 6°0 he'o 16 ooe 215§ 1110 94 . qp !
nm.m n'6 he'o 76 002 0£'§ CILT'O T 2 at . w
g8°0T £g ne'o né 062 £2°6 TLT'0 gl T at L
't he'o 6 04T 60§ TLT'O L'es qp
pm.HH A wz2°o -6 ooe 806G . .10 - 884 ¢ at
€T 0T he*o 6 0og LE°G TLT'O E€hl 14t q
6°0 e o 6 002 LGS TLT'0 0°'16 qp |
| T1'61 Ly w20 - 16 0oze 056°S TLT'0 080T 2 Qar
| nm.mH . g°'s he*o 16 ooz £6°¢4 TLT°0 688 - T at €
T he'o £6 ooe L0*S TLT'0 695 - qp
.oh'RT 9L he'o £6 002 en's TLTO 0T 2 ar
pm.m 61 42’0 £6 002 y's TLT'O GE T qat 1 3ny g .
92 . 2o £6 00€ LGy 94T 0 2Lt qp .
2°'gt g8'9 B A £6 00€ 22y 9610 0ogz 2 at
h°9e g6 he'o £6 00€ Sh*h 9810 - 0L9T T at 66 390 12 lh
(4.-u/5 Ju) (%) axeadn J0908] (wdd) (Tw) ) PISTA (wdd) - aT3304d (ur) aqeq RS
ha«mﬂ»oauopm qaeq T Ty ATy TOA U, asjumod - ‘YD 33N ysdag




77

.

qc.c _heso 66 08T S6'€ . TLT'O a9 qp .
qk ST BT ne'o G6 05T 00*h TLT'0. 6LY g at
qd'et A ne‘o 66 06T Loy . TLT’O 06¢ T qt T Anpe L2 2s
12 12'o 16 00E €9°y -~ 9ST°0D: . ThT qp

0°se h's He'o 6 00€ 08°fr . 98T°0 0G.LT 2 at

6'02 0T neo 16 00€  29°h . 9ST°0 00hT T a1 6

c'e he'o 26 00€ gs'h ;9610 h9t ap .

2'he 0T ge'o- 26 00t 59 h ~9ST'0 0891 g at

g qe 0T ne'o 26 00E G6* 98T°0 09.T T a1t L

£+2 ne'o £6 00€ £g8'h 9610 94T ap

G'92 L8 he'o £6 00€ GGy 951°0 0TLT ¢ ql

g et 1L n2°0 €6 00€ LL'q 96T°0 0812 T at S

62 ne*o G6 00€ IA 95T°0 16T ap .

g-se 1T h2*o 66 00€ 00*S 96T'0 06LT 2 at

L+ge Tt heto 66 00€£ 88°Y 95T°0 04.1 T at £

9'e he*o 96 00€ 26y 967°0 GLT ap

S*he Tt he°o 96 00€E L9h 96T 0 08ST ¢ at

9°L2 N6 20 96 00€ YA 9GqT°'0 064t 1 Aat T 190 8¢ 8h
L2 he*o 66 00E 0L'E TLT'0 HSt qp '

8°hT 8T ne*o 66 00€ LG'E TLT 0 hog . 2 at

h'eT ce he2'o 66 00€ £9°¢€ S TLTU0 9zl . 1qT €T .

6°2 ne'o. £6 00€& gL°E TLT'0 0Lt qp

nree €T he'o €6 00€E 2LE TLT°0 DOET 2 qr

groz ht he'o €6 (1174 L9°'€ TLT 0 166 T at g

2°€ h2*o 26 00€ L€ TLT'0 glT ap

h*oe 9T he*o 26 0se GG° € TAT'O 166 2 at © .

8°9T 0z he'o 26 00€ GL'€ TLT'0 h66 Tq1 S any 91 84

(U.-u/d 3w) (%) =a3eadn 03084 (wad) (Tw) (u) PISTX ~(wdd) a1430g - (w) aqeq EEYS
»uﬁmauoauopm ¥Ieq Iad A1y Ty TOA Clig J3junod ‘"'0 38N yadaa



78

| qll '€ he-o 16 002 0T'y 9S1°0 2€1 qp
W qd ntE 86 te'o hé 002 L1y 9610 0SET 2 at
nm.hm 1°6 2o 16 002 €E'R 9GT°0 0esT T at 1 3490 0€ €8
2°€ - ne'o 26 0°GL Shoh TLT'O 8°6S . qp
, 2°6E 2°'8 ye'o 26 0°G. GEy TLT'0 . 0L9 2 at
| 9°04 6°L heo 26 0°6L 2Eh TLT'0 £69 T at [
, G £ we o 26 0°GL 0G°Y 1.T°0 ¢'z9 qp
L Th n'g R2*o 26  0°Sl agy TLI'0 gL 2 ar
G gt 1°6 120 26 0°Gl €9y T.T°0 £0L T a1 £
T'¢ ye'o 16 0°6. 09°'f TLT'0 8°9% qap
7°G€ 8'g ne'o 16 - 0°'GL 8Gh TLT°0 9479 2 at
1y gL he'o 16 0°6GL 26 1LT°0 Syl 1T at e
0°¢E he'o - 06 0°5. Zh'h TL1°0 2'€6 qp
6°LE 6°L 12'0 06 0L mm.: TLT°0 899 2 a1
| Lot g°6 fe'o 06 00T h'h TAT®O LEL T a1 1 adag 9 £4
q9'e §2'o 66 002 2g ¢t TLT°0 10T qp
n».mﬁ 91 §e'o 56 002 L9*E TLT'0 1eo9 2 at
qh’ut 8T he'o 66 © 06T 26'¢ TLT'O o€y 14t Sl .
np.m 72'o G6 GLT 06°€ TLT°0 2°46 qp
q0' 0 0'6 Re'o 56 06T 16°€ TLT'O 906 2 at
nm.om 6°8 he'o 1 09T ag'€ TL1°0 688 T 49T 9
nm.m he'o - G6 04T 0L'€ ILT'0 tARV) qp
q8 ' 9¢ 8°9 he'o . 56 05T gL't TLT°0 0901 g at
gl 'en 6°4 . 2’0 - 66 - 0GT LL'E- TLT O 0e21 1 4at €
5°2 Ge2°0 66 0§81 €0'q TLT'O b6l qp
qS LT HT (1 A81] 66  0S1 o' h 1Ll1°0 264 .2 art
q9' 91 . ST GE2*'0 66 0S4t E€L°E TLT°0 £8h T at 2 ftup L2 - e&
” Y. u/3 Juy (¢) oxm3dn 109084 (udd) () () PISTX (wdo) 13304 (ur) a38d . ®©3S
| 1tR7aompoaa yaea e &A1Y &NTY. TOA SUTY, BEET T *H*D 38N ysdaq




79

q0'E he*o 98 0st 69°€ TLT'0 £°96 qp
f°2€ £°6 he'o 98 0ST. L6°€E TLT'O 080T 2 at
qh"0f 6*6 he*o 98 0ST g6'¢t T.T 0 0201 T qt ) qdeg L 19 .
8°'T ne*o - 06 0°GL 69 °€E TLT'O 0°ge ©ap .
€81 8°6 LEAl] 06 0°6. 28°€ TLT O 2ge 2 at Coe
691 1T h2+o 06 0°Gl 8g°€ TLT°0 gaz T aqt g )
61 hz*o 68 - 0'Gl 08°€ TLT*0 LEe qp
9°8T T°8 he'o 68 0°6. €6°€ TLT'0 g62 2 ar
0Lt g8 he-o 68 0*S. 00° K .10 Lle T at £
0°T he"o 88 0°Gl. £0°y T.T°0 2 LT qp ’
1°0T 0T © geco 88 0°6L LL*E TLT*0 LGT 2 at
£°6 It ne-o 88 0°sl g6°¢ TLT'O €41 T at 2 .
9°1 he'o 88 0°6l SL°E TLT°0 b he qp
0°1t ST 720 88 0°Sl G6°E TLT'O 09T . 2 at
: 9°01 aT ne'o 88 0'sl 2LE T4T10 €91 ‘T at T A1np 92 19 .
qb°2 ne'o h6 ooe gE*n 9410 61T qp
gl 9¢ 0°g he'o w6 002 €6y 9410 0EST 2 at
q5"GE 2'8 h2'o h6 002 0z’ 95T°0 oont T at 9
q9°2 he'o he 002 0€°h 9GT'0 SOT ap .
” q0: 0k G'9 he o h6 oge 80°h 96T°0 0E£GT e ar .
| ql’Gt A h2*o h6 002 GEh 951°0 0€RT T 41 f
| q5'€ ne'o 16 002 GO'h 9610 HET . qp
q2'SE ot 520 . 16 002 gh'h T 94T°0 L 08HT 2 at
q6'en 28 ne'o h6 002 €2y 9610 00LT T qT £
ql'e h2*o né 002 Zn'h 9GT*0 0Tt ap
q 0 L9 he*o K6 002 la* 9GT'0 0191 2 qt _
, gk on 9°'9 he'o n6 002 €1°q 961°0 0LST T4t 2 300, OF €9
Ac.mE\o su) (z) axesdn 10908 (wdd) (Tw) (1) PTaTX (udd) 9T33od - (u) 93eQ EES
‘£33

Taonpoad jaed 18 ATy &1y TOA UL J493unop ‘YD 38N -ygdsq .




80

N1 fe'o 06 002  S0‘h TLT'0 T°€9 ap
662 I B2°0 06 002 LLe TL1'0 06TT 2 at _
q2'82 0°8 g2 0 06 002 0T*h TLT°0 oyt T at T Lnpe ge
qe.¢ he'o 6L ooze ge'h "98T'0 1ot ap .
nm.m LE f2'o 6L 0s2 EE*Y 9410 gGE 2 at
all'9 nE h2'o 6L 062 L6°€ 95T 0 gge T aT L
qt e He'o Ll 0oz 0T°h 95T°0 Lot qp
q8'9 e h2*o Ll 002 S0°h 9410 H1E 2 at
Q8’9 43 §2'o Ll 002 le'q 95T'0 2zt T a1 s
Qe FAE Ll 002 86°E 9610 Lot qp
no.p hE e o LL ooe £T°R 9610 0EE 2 utr
nm.m g€ ne'o Ll 0oe 21 R 9GT'0 662 T at £
q0'¢ he'o LL 002 AR | 96T°0 6°96 Qp
qt’9 £e ne*o LL 002 Ge'q 9GT'0 g62 ¢ ut
g6 5 e ne'o LL 002 20'h 95T°0 oLe T a1 .2
q9°2 2o 8l 00T Lo*h 95T°0 €65 g up
qd e he*o 8L 05T  LO'n 95T 0 h16 v ap
qk’9 6E he'o 84 00¢ 2ey 941°0 gLE 2 at
q8"9 oh ne'o 8L 002 2E£'f 9410 g€ T 4T 1 Aoy T
qk'e he'o £8 04T 0g'€ TLT*0 0°68 ap
qb'SE L) B2 o £8 621 LL € TLI'0 186 2 qtT .
8°g¢ 0'L he*'o £g GeT €L E TLT'0 0S0T T a1 S
Q@€ ) we'o 8 Gzt £6'€ TLT°0, 0°16 qap
qo EE 96 hz'o 8 - 08T 89 ¢t TLT°0 02TT 2 at
G €t 9°6 he*o he - G2t L9°E TLT'0 988 T 4t €
qs'€ g2°o a8 Szt 2L'€ TLT'O 6'16 qp
€hE 0T he'o S8 LT 06°€ .10 gnb 2 at
nm.mm 2T he'o ] et eg't TL1°0 S6. 14t 2 , 3dsg L
(4,-w/0 Bu) (%) afesdn Jo0308 (wdd) (Tw) (u) . PISTX (wda) a13304 (u) 33Ed
k47hT30np0ag Aaeq ToH a1y Aty TOA BWTL a93Unoy *H'D 38N

ysdaq

93

19

13




81

£z he'o g 002 g2 9581°0 €01 ap
qrse 26 h2*o 18 o0z £z°h 95T°0 0TTI 2 a1
T'2€ 2'L 2o 18 002 ah'h 95T°0 06T T atr 8
ql.¢ n2*o ng 05T  gE'f 957+0 6°2L g qp :
a2 §2*0 ] 00T g€y 9610 2'99 v ap
q6°L2 0'6 he'o T 002 G9°'h 96T°0 09ET ¢ at
. Y L] . . m
AS3Y gl he*'o . 78 ooz 28'y 9610 0LGT T at
ghie Lg2°0 He 002 8Ty 94T*0 60T ap
qk'le L'g LE2*0 18 002 gh'y 9410 02€1 ¢ at .
€2t bl JASAL] 18 ooz 09°h 9610 0L8T T at £
ql'2 9€z2'0 - 18 ooz Sh'h 961°0 6'86 ap
2'0E 0°L 9E2* 0 he 002 GE'R 9GT°0 004HT ¢ at
ol 62 1L 9£2*0 18 002 la*y 9610 0SET T at 2
02 gge o ng 002 gs° 95T 0 0°'96 ap
2 9€ 516 Geero ng 002 SS*q 9510 0LLT zar - -
Q062 6°9 g€z'o W8 0oe 2E* 9510 OWET T qt T 390 62 99
qle Re'o 6 041 Gg € TLT*0 €9 ap .
T°he 2'8 we'o 16 0ST G6°€ TLT°0 0l01 ¢ ar
npnmw 2°g ge'o 16 05T Lo'y TLTO T€Q T ar 6
qh'e we'o 06 06T 26'¢ TLT°0 T°LL ap
S 14 L'y §2°0° 06 0ST 2T TLT°0 0TLT ¢ atr
116 heh RZ*0 06  0GT L6°€ TLT°0 02LT T at S
g5t h2'o 06 08T 08°€ TLT°0 80T ap -
g8 82 21 h2'o 06 04T 0L°€ TLT°0 958 ¢ at
1°LE h*6 . f2'o 06 06T 20'n TLT'0 002T T a1 £
ql'e gee o 06 002 00° g TLT'0 2'16 qp '
£°6€ 6°G 8€2°0 06 002 05°€ TLT'0 06hT ¢ at
gl ge £°4 g€e’o 06 goe: E£L°E TLT'0 0971 T at 2 Anp L 99
(Y.o3u/o 3u) (z) aye3dn I09084 (wdd) (Tuw) (n) PTaTX (wdo) 813304 (w) ajeq 84S
A35aT3onpoag Jaeq Tad N1y ATV T0A auTy J94unod ‘U'D 38N -

ysdag



82

e e e e .
sy

. e
NOMAUMANNWLN MooV Hine

O~ O INAH NN N O

L

0
T NS MeaT INMNS

.

M M mm

9+s€

Y6+ 2n

mm T oM Mmm

o
.
o\

o ovmMm
- - »

—
0O oN W -0 Mt

W WD
. .

WO~ A [3VANe) O e
. .
[Tal =B V=10 S ool o S Yo R V6]

he*o
fe°o
he*o
ne'o
hé o
he*o
heto

Y.cu/d du)
315 730npoag

(%) oyeadn
Jaed 19y

J03084

AATY

Asmmv
STy

04T 8Ty 961'0 00T qp

002 26°¢t 98T°0 028T 2 at

04T 22'y 94T 0 069T T qT 1 300 0f
00T S8'h TLT*O 8°L9 qp .

00T 6T'g TLT'O 2L6 2 qr

00T LL*y L0 hes T qt i

00T 26y TLT°0 e'hl qp

00T 01°S TLT*0 021t 2 qr

00T 28°h TLT 0 £69 T at £

00T 02's TLT'0 2’9l qp

00T €0'G TLT'0 021t 2 ql

00T 88°h TLT0 h8 T qt e

G2t Gé*y TLT'0 61T qp

GetT 86°n TLT'0 TOLTT 2 art

Ge1 Lo*S TLT'0 0SET T at 1 qdag g
6et 2E* TLT*O 819 ap

62T Lan TLT*0 020T 2 qt

T4 oz'h T.T'0 668 T qT 69

GeT 2rh TLT'0 L*99 qp .
[ 80 R TLT°0 0£0T 2 qt

0ST Ge'h TLT"0 0€TT T q1 £

00T LTy TLT'0 G*66 qp

G2t 0€°q TLT'0 896 2 qr

62T ol h TLT°0 061T 1 q1 2

08T ee'h TLT'0 818 qp

0ST ET*h .10 0LTT 2 qT

04T Loy TLT°0 06T 1 qt T Ainp L2
(Tw) (u) . DPIaTX (uds) a1330d (u) EERT
TOoA SUT, aa3unod ‘H*D j°N ysdaqa

L9

L9

L9
®ag



83

ql'2 Re'o h8 Get 89°h TLT0 6°69 qp
qb 5S¢ 8°'G he'o h8 00T el'h T.T°0 LL6 qtr 2 )
qt'e ye'o 8 G2l 8L'h TLT*0 2 €l qp . - ST
pmHH 9T H2 o h8 00T [N ] TLT°0 062€ qt T _ades 0T  'sed
1€ he'o 06 0'GL . TLT'0 8°89 ap
m:.wm Bt he'o 06 001 mw.m TL1°0 896 qT q
8T he'o 06 00T £9°h TLT'O 9*Ly qp
1°1h f*h K20 06 0°06 26 n TLT'0 2ns qtr ft
nm.m ge o 06 00T G6'h TLT°0 T°09 qp
6°89 €°¢ ne'o 06 00T 06" .10 0g8Y ° at £
qk'e AL 06 001 0Lt TLT'O 6°89 ap
QItt h'e he'o 06 oot 28 h TLT'0 0962 qT 2
8¢ he'o 06 00T lg'h TL1'0 00T qp *sT
nmmH hee g2'o 06 00T LL*y TLT°0 0004 QT 1 Amnp Tz *qed
2°€ he'o 98 06T glL'g 961" 0 226 qp
L*Ly L9 §2'0 98 0ST 2g € 951°0 00yt ¢ at
qk ot 6°9 he'o 98 061 2i'h 961°0 08nT T at 5
g2 he'o 98 0ST gg'c 941°0 T1'€8 qp
qll"Gh 2°9 he'o 98 06T GI'h 961°0 osHT 2 qt .
G 0q 6°9 ne'o 98 05T G6°¢ 9491°0 oeeT T at i
Gg R2* o 98 05T 86°€ 9510 90T qp
qk'2s 9°9 h2'o 98 0ST Gg° ¢ 96T 0 09ST 2 at
S*hs n'9 ge'o 98 04T 20"y 94T°0 0891 T at €
L2 he'o 98 04t L2y 94T 0 ©°88 qp
T°€6 T°6 n2‘o 98 06T G0’ 961°0 0591 2 at
L°28% 1°9 he'o 98 0sT g0°f 961°0 0991 T 41 2 390 0f L9
s.mE\u 3ut) (%) aveadp 109084 (wdd) (Tw) (u) PTIaTX (wdo) aT330d | (W) ajeqd CETS
3]AT30Npoad Jaed ToY Ty ANty ToA auTy, Jajunod *M'D 38N yadaq



84

pE e - t2*0 00¢€ Lt h 9610 qp
pd 62 8L LEALY 00€ £G4 TLT0 QT
pl Hl ne'o 00E 20°Y 9410 qp
pl 8l gll ne'o 00E 80"y TLTO qr
pd’92 €8 he'o 00€ AN ] TLT°0 q1 L1npe 0E €L
e - = - TLT'0 qp
1°9 - he'o 00T Ge*s TLT*0 qt
L=q - he'o 00T 62’4 TLT*O qt S
g:e 7e*0 00T ge"s TLT'0 ap
£°9 GE §e* o 00T 2E°S TLT'0 qtr ]
(] ne'o 00T GE*§ TLT°0 ap
0°0T Ge 720 00T gE"S TLT'0 qt £
£'e he'o 00T eh°G TLT'O qap
0°2e 01 ge'o 00T Sh°§ TLT O at [4
2'e 2°o 00T 05°S TLT'O qe
L°gE L's §e2'o 00T 6§°'§ TLT'0 at
£€'e he'o 00T 09°§ TLI'0 qp *S1
Le1e £l 7e*o 00T £9°G TLT*0 at 320 9 L
qe'e 72o T 85k TLT'O qp '
Q9’9 €€ h2'o AN T TLT"0 at 8
q8°1 he*o 62T G9°q TLT'0 qp
q5"§ 133 ne'o ST £9'n TLT°0 at 9
q6'T ne'o Get €9 q TLT'0 qp
qk'9 g2 Re*o G2t £Ln TLT'0 a1 i
qt’¢ ne'o Get 28" TLT°0 ap ST
nm.mH 9T ne'o 00T 29°h T.T1°0 a1 gdag 0T  °3®Y
.cu/0 3Bur) (%) oxead 103084 (Tu) (n DPTSTX 919304 ajeq 38
hﬁmﬂosuoum jaeq TaH AATY TOA SWTL Ja4unod - :




85

qp

T'€ ne'o 00€ €0k 941’0 gLt

6°62 . o1 he*o 0of 6g°¢ 95T"0 on9t 2 at
8°0¢ 0T §e*o - 00E 88°€ 9GT'0 00LT T a1
0°¢E 72' o 00E 80°Y 941°0 ELT qp
862 01 f2°0 00€ 89°¢ 961" 0 oRsT z at
0'0k 6l 72" o 00E G0'f 941°'0 olee T at
b £ ne’o 00€E 28°¢€ 9GT°0 281 ap
n°ge A he'o 00E gL't 9610 0TGT 2 at
0° 6t L8 ne'o o0& 06°E 9G4T*0 onte T at
Sy he'o 00E GlL°E 94T 0 gee qp
°Th T §2'0 00€ €6°€ 9GT'0 onee z at
9°1€ wt nz*o 00€ L6°E 9GT*0 oRlt T qt
Gt . he'o 00E 00'h 9%T1'0 H6T qp
hele €1 he'a 00€ ET'h 9GT°0 0861 2 at
8°6€ 8°'8 2o 00€ gl'e 9610 - 0902 T at
vm.h he'o 00€E Eh'h 961°0 Loy qp
p8ile 3 7e*o 00€ €€ h .10 0641 qt
ph €2 183 he'o 00€ Le'y TLT'0 0.GT at
pa-0e te'o 00€ Go° R 9%1°0 08711 ap
nm.mm 84 he'o 00€E g6 ¢t TLT®O ooee q1
pSieh 8h he o 00€ G6°E TLT'O 0192 qrL.
ph’6 Re'o 00€ €T 4 - 981°0 9465 qp
um.ma 64 ne'o 00€ €€y TLT°0 00€T qt
o€ LE se he'o 00¢€ gE" N TLT'O apse qt
oL 0T - - - - qp
pS'IE - ne'o o0€ <LT'0 0802 qat
pS o€ - Re'o 00€ TLT'O okoe qF
ur/3 Aur) (¥) oxeadn Jo039ed (Tu) PIoTA (wd?d) 390d

f31RTaonpola ¥led T84 ATV TOA Jajuno)  "H'D 3eN




86

g€ 8€e" 0 88 62T - 86°E 9ST’0 9'G6 qp
gl T4 gez'o 88 T 62T 02°h 9610 0L6T 2 ar
| £°9L 0°S g€e" 0 88 GeT 20'h 941°0 - 06T T at 4
g°t nez'o . 06 - TASA | 9410 L'16 . ap :
h'88 0"t R€e'o’ 06 G2T  ET'h 9610 00tz . e at C : .
(! 2'h h€e'o . 06 2T  G0°h 94T'0 oz1e - T qt T AoON T &l
2'e pe'o 98 00T 02°h 605 -
0°0f~ g'g he*o 98 G2t e2I'h TLT'O 091T 2 at
£°9¢t T°9 he'o © 98 g2t 2E°h TLT°0 001T T at i
’ g-e g2 o 98 GeT  LE'h TLT'O 9°68 . ap
9" 6€ T°L ne*o 98 00T AU'h TLT'0 926 2 at
€9t Ll 720 98 TAS A | TLT'O 060T T at €
6'¢ f2°0 a8 GeT  ge'h - TLT°0 €18 qp
0'th L9 1e'o 58 Ser  £2°h TLT*0 062T e at
W heyt 8 u2‘o a8 Ger  EE°N TLT'0 0901 Tar . - 2
W 6'2 Re'o he Get £ty TLI*O g-26 ap
| £-ge 0t ne'o h8 G2T o'y TLT'O 968 2 at
9'62 8'6 TV 8 0ST  &T°f TLT'0 0901 T at 1 qdag A alL
0°e €20 €6 0°0§ 80§ TLT'O Geze ap . .
021 L't €z'0 €6 0°0S S0°h TLT°0 02€T 2 a1
het 9T €z°0 £6 0°0G 0T'h TLTO 08ET T at €.
g°e €e'o - £6 0°'0§ 86°¢t TLT'O g ot qp
| L1t h'e €20 £6 0'0& gg't . TiT'0 ofet ¢ at
| Lot 92 €z°0 €6 0°0§ 00° TLT'0 0911 T at 4
9'e i €z°0 €6 0'0& G6°E TL1°0 €le ap
| et 8°T €z°0 €6 0°06 AR TLT°0 0641 ¢ at .
94T 8'1T €20 £6 0°0§ 26t TLT’0 0541 T at T Lnp 92 sl
(4, -u/0 3u) (%) aveadn 10908 (udd) (Tw) (u) PIatTx (wdo) aT330d ) 23e( €38
£ath3onpora Adeq T°Y ATy &1y ToA Ty aa3unop ‘D 99N ysdag




87

9°c ne'o 06 0*Gl et'h TLT 0 2°€9 qp
0°'gl 9°g ye'o - 06 0°6Gl oh'h TLT'0 0QET 2 at
1°08 S h . heo 06 0°6L 0S°q TAT O © 04hT T qt "2
9°€ te'o 16 0°6l (1] TLT*0 T'99 ) ap
Llg T4 ne'o 6 0°6L Li'y 1410 - 098T- - 291 :
0°9. Ly we'o . - 16 0°G. LE'y TLT*O © 02ET T at T gdag } 9l
g8°2 ne'o S6 0°0§ 25 TL1°0 6°1E . ap
h*S6 6°2 ge o 66 0°0& LGy T.T O 0TTT 2 qt
10T g'e he'o G6 0°0% e TAT'O 021T T at £
£t gte’o a6 00§ gE'y T.1°0 htlE qp )
£°€6 € 6€e2'0 G6 0°0§ Lhh T.T'0 0goT 2 at
1°66 €€ GEz*'o 56 0'6. g2'h TLT 0 0691 T 41 2
€2 1€2'0 - 13 0'S§L gty TLT'O h*6E qp
" GO0T 2'e €20 66 0’04 M) TLT'0 ogeT 2 art
801 12 1€2°0 66 0°0% Sk h TLT'O 0l2t 1491 T - Anpg 92 9.
g'e 6£2°0 h8 GeT 80y 94T*0 0°GL . qp
9°1) 9°€ 6€2°0 18 AN 2T 9610 0112 e art .
L1l 6°€ 6€2°0 n8 62T £6°E 9510 09871 T ar S
1°€ 6£2°0 98 G2t GE*f 95T 0 1°9g ‘qp .
2 Tl *h 6€2°0 98 T €2’y 961’0 0E6T 2 qat
| 2°68 G'E 6€2°0 98 621 0E'Y 94T°0 0942 T ar f
| °h gez*o -1 62T L2y . 9§1*0 21T qp
2'lg Ly ) g€z‘o 18 T 2E°h - 9ST'O 0The 2 at .
h*6l 2's : gez'o Lg 62t L6°€ 9910 0102 T a1t € AON T 97
Ap.msxo Bury (Z) oqe3dn  d030Ed (wdd) (Tw) (q)  TDPIs A (ud?) aT3304 (@) a3eq ®33
K3ThT30onpoag Naedq T8 KTy 1y TOA AUy a93unopd *H*D 38N yidag




88

6°2 €2°0 ig 08T - LL°E 94T°0 0°'98 qp :

2°92 11 £2'0 Lg 0§81 0L°€ 96T°0 g9L - z a1

L ot n°6 £z'0 18 0T EL°E 94T 0 Lo6 T atr Gt

6'e €e‘0 98 0GT 88°t 95T°0 6'68 qap

o2t 6°8 £2°0 98 - 06T £6°E 9410 020t 2 at .

9°92 I €20 98 05T 0g°t 951°0 608 T Q1 2

0°€ £2°0 8 st 29°€ 9510 h°68 ap

gzt 26 £2'0 1] 05T L € 95T 0 0201 2 at

g-le 11 €z2°0 a8 04T £8°¢€ 9ST"0 068 T at 1 300 1€
(4. cu/o du) (z) @xeidn q03084 (wdd) (Tw) () DTISTX (udod) a1330d (u)” 23eq
£33k130npoIg ¥aed T8H £ty Aty ToA SWTL  433unod *H'D 38N ygdag



APPENDIX III

Productivity and Related Parameters
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Abbreviations and Explanations

S8 oo v ssossoseesssessssescanea Station number

Rel Sur Light Intensity (uh)....Relative surface light
: intensity

% Sur Light Intensity........... % surface light intensity,
ratio of photometer reading
at sample depth to the rela-
tive surface light intensity

'x 100%

TEMD. s evvvneeeneeanesssenseses . Water temperature at'sampling
depth

PrOAUCELVIEY e v e e v e enennnnneneas Light bottle productivity -

dark bottle productivity

Rat. Is..ciiiiiiniiiiiiennanes In situ site near Rattle-
snake Island
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APPENDIX IV

" In situ Carbon Lssimilation Near

Rattlesnake Island



. Date

21 July
10 Sept

6 Oct
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Integral Rate
' _(ng o/m".1n)

342
114
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