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PLANKTON STUDIES. I. A PRELIMINARY INVE STI-
GATION OF THE PLANKTON OF THE 

TORTUGAS REGION * 

BY 

GORDON A. RILEY 

Bingham Oceanographic Laboratory, Yale University 

This is the fir st of a series of papers dealing with the plankton of two 
regions-the Tortugas and Long Island Sound-which are both shall ow 
water areas but are otherwise extremely diverse in their ecological char-
acteri stics. The work should not be regarded as a general survey of either 
place, since no attempt is made to determine the seasonal variation or 
horizontal distribution. It is intended rather as a study of the relati onships 
of the plankton with certain of the basic environmental factors, which may 
be observed during a short period of time, and which may or may not have 
a general application. 

The Dry Tortugas are a small group of islands located in the eastern part 
of the Gulf of Mexico (N . 24 ° 38', 82° 52' W.) near the edge of the con tin en tal 
shelf. It is a region of shallow water and extensive coral reef formation. 
Two stations were established. Station 1 was midway between Loggerhead 
Key and Garden Key in 19 m of water. Station 2, half a mile west of Log-
gerhead Key, and within the outer reefs, had a depth of 3 m. In addition 
to these stati ons, a series of samples was coll ected at the edge of the Gulf 
Stream twenty mil es south of the Tortugas. The analyses are recorded in 
Tables IV to VI . 

PHYSICAL CONDITIONS 

Temperatures recorded during the collecti on of samples varied from 27.68 
to 28.92° C. There is, however, a diurnal vari ation of the surface water of 
all protected areas, and temperatures as high as 29.90° were noted during 
the late afternoon. 

L ight transmission in the Gulf is ordinarily very high (Clark, 1938). In 
the Tortugas region the water is sli ghtly turbid, and according to Taylor 
(1928) the transparency, measured with a Secchi disc, is 6.6 to 14.1 m, as 
compared with 20.9 to 36.4 m in the deeper water farther south. Neverthe-
less, there can be littl e doubt that the plankton received ample li ght for 
maximum growth to a depth of at least fift een meters. In the surface 

* This work was done at the Tortugas Laboratory of the Carnegie Inst itut ion of 
Washington wit h facili t ies provided by that organization. 
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layer.· the high light intensity may have been an inhibitory factor. This is 
especiall y true since the solar radiation was high and relatively constant. 
During the peri od of the investigation there. were only two days when it 
was cloudy as much as half the day. 

The water in the Tortugas region showed a pronounced drif t to the west-
ward. The currents were much stronger at Station 1 than at Station 2; the 
latter area, being largely protected by Loggerhead Key, formed a relati vely 
quiet backwater. The plankton and chemical environment observed at 
Station 1 were therefore more nearly typical of oceanic conditions in this 
region, since they were more recently deri ved from the deeper water to the 
east. 

THE STAND I NG CROP OF PLA KTO 

Plankton coll ections were made by pouring four hundred li ters of water 
through a net of No. 20 silk . Half of the sample was preserved for a count 
of the animals and for weighing, and the other half was used for a deter-
mination of plant pigments by the Harvey method (1934). From three to 
ten lit ers of water were filt ered through a Whatman o. 2 paper for a 
measurement of the total plant pigments, and at Station 2 the chlorophyll 
was separated from the acetone extract and measured colorimetricall y 
(Riley, 1938). 

The total range of plant pigments in all analyses of surface water wa 370 
to 2430 Harvey units per m3, with an average of 924. The value obtained 
at Station 2 were generall y lower than at Station 1, and the aYerage wa 
681. The net plankton constituted less than two per cent of the total, the 
mean quantity being 17 Harvey units per m3• 

At Station 1 there was some variation in the vertical distri but ion of plant 
pigments, occasionall y amounting to as much as fift y per cent . ::-Jo con-
sistency was noted in the vari ati ons, the maximum appearing any-where 
between the surface and 15 m. At the Gulf Stream station there was a 
gradual decrease from the surface to 90 m, and then at 150 m, in the region 
of the thermocline, they increased to more than twi ce the surface Yalue. 
The indirect evidence of phosphate distribution would indicate that the 
plants were actively growing to a depth of 90 m, but thi i of cour e a 
doubtful cri terion. 

The quantity of plankton was much less than that found in higher lati -
tudes. The net plankton was approximately one per cent of the pring 
bloom condit ions in the English Channel described by Harvey, Cooper, 
Lebour, and Russell in 1935. This is perhaps not a ,-alid comparison, for 
the ratio of net to total plankton may be higher there. But the total chloro-
phyll at Station 2, 11,veraging 0.33 mg. per m3, was only about four per cent 
of the summer crop in Long Island Sound and t wo per cent of the largest 
bloom observed there so far. The mean number of animals at the Tortuga , 
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1740 per m3, was only about two per cent of the quantity found in the Sound. 
This is a fair comparison, for the sizes are simil ar. 

OXYGEN EXPERIMENTS 

In order to obtain an estimate of plankton productivity under natural 
conditions, it is necessary to separate, either temporally or spatially, the 
processes of accumulation and degradation. Thus the ingenious method 
used by Atkins (1926) and by Harvey and his associates (1935) for meas-
uring phytoplankton production in the Engli sh Channel is applicable only 
during the fir st half of a bloom, when the ratio of phosphate regeneration to 
phosphate consumption is negligibly small. In tropical shallow water areas 
there seems to be no possible method for making a natural estimate, so that 
it was necessary to resort to experimental means. The method adopted was 
the well known one of suspending in the sea li ght and dark bottles containing 
plankton, and subsequently measuring the oxygen production and con-
sumption. In order to keep conditions as nearl y natural as possibl e, the 
bottles were filled with ordinary sea water and suspended at the same depth 
from which the sample was taken. The period of immersion was fiv e to 
seven days, for it wa,; found that the oxygen production during shorter 
periods was not sufficient to counterbalance the normal errors of sampling 
and analysis. But in spite of the long duration of the experiments, it ap-
pears that the plankton remained in good condition. In some cases gallon 
bottles were used, and the plant pigments as well as the oxygen were meas-
ured at the end of the experiment. The phytoplankton li ved and generall y 
increased in the light bottles, and the decrease in the black bottles was sli ght. 

Some error is introduced by absorption of light during its passage into the 
clear bottle; also, the black bottle has a sli ghtly higher temperature. Fur-
ther errors are caused by differences in oxygen consumption in the two 
bottles. These will be discussed in detail later. For the time being it is 
sufficient to say that the values recorded for oxygen production are not 
absolute, but since a large proportion of the errors are systematic in one 
sense or another, there is justification for regarding the experiments as in-
dices of the potential photosynthetic activit y of the various plankton as-
sociations studied. 

The mean quantity of oxygen produced in all samples of surface water, 
measured by the Winkler method, was 1.31 mgs. per lit er per week, and at 
Station 2 it was 0.92 mg. The total variation was very large, 0.21 to 5.36 
mgs. There were, however, only two values of more than two milligrams 
per week. Neither is above suspicion because in both cases the results were 
due to the decrease of oxygen in the dark bottle and consequently may have 
been eaused by the random inclusion of an unusuall y large amount of 
detritus. This is a serious problem when coll ections must be made near 
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coral reefs. At Station 1 the surface samples for both July 16 and July 26 
may be at faul t in this respect. On these days the maximum oxygen pro-
<luction was at the surface, with secondary maxima at 10 m. In the other 
two series a t Station 1 the maximum was a.t 10 or 15 m. But in all cases the 
net increase of oxygen in the clear bottles was greatest at 10 or 15 m. If 
that is a good estimate of the depth of maximum photosynthesis, it is 
evident that it is considerably greater than in northern waters. In the deep 
water of t he Gulf , where the transparency is greater, the difference would 
probably be still more marked. 

NUTRIENTS 

Soluble phosphate, determined by the Atkins-Deniges method, was 
found to be moderately low in all surface waters examined, the total varia-
t ion being 0.4 to 3.2 mgs. per m3, and the mean 1.3 mgs. No analyses were 
made of nitrate or iron. 

In order to determine the li miting factors, bottles of sea water were en-
ri ched with nitrate, phosphate, or combinations of the two sal ts, in amounts 
varying from 10 to 100 mgs. per m3• They were then suspended in the sea 
at a depth of one meter for a week, and at the end of that time they were 
analyzed for plant pigments and oxygen. The resul ts of these experiments 
are shown in Table VII and in Figures 101 and 102. 

In Experiment 2 addit ions of 10 and 20 mgs. of P per m3 caused slight in-
creases, especiall y in plant pigment production ; otherwise the effect of 
adding phosphate appeared to be negli gible. Addition of nitrate, howen r, 
produced strong posit i ve eff ects in all but two of the experimental bottles. 
It was clearly much more important as a limit ing factor than phosphate. 
Phosphate and nitrate together generall y increased growth more than 
nitrate alone, but it is impossible to determine at what point the effect of 
phosphate became signifi cant. In that respect the data for plant pigments 
and oxygen production are confli cting. 

In Experiment 1, when iron was added along ,vith the other two sub-
stances, there was a further increase in growth, but it was ob,iously not a 
very important factor, for considerable growth occurred ·without its addi-
tion. 

DI SCUSSION 

In order to investigate the relationships between plankton and em·iron-
mental factors, it is fi rst necessary to obtain some sor t of estimate of pro-
ductivi ty. When Harvey (1934a and 1935) showed that the size of the 
standing crop of phytoplankton is largely controll ed by animal consumption, 
the us:lessne~s of gauging productivity by the size of the standing crop be-
came. 1mmed1ately evident. This is the reason for the ox?gen product ion 
experi ments described above. 
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Figure 101. Effects of addition of N itrate upon Plant Pigment production <a!Jove), and 
upon Oxygen production (below). 
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It is reasonable to use photosynthetic activity as an index of the eff ecti ve-
ness of a given set of environmental conditions. It is parti cularl y apt in 
this case because the relative constancy of temperature and li ght permit the 
assumption that photosynthesis is directly proportional to producti vity . 

The real question involved is whether or not the oxygen experiments can 
be used as an estimate of photosynthesis. It is a complex question which at 
present will be dealt with only from the theoretical standpoint. 

In stating oxygen production as the difference between the oxygen con-
tent of light and dark bottles, the assumption is inherent that the oxygen 
consumption is the same in both bottles. This is not true because, in the 
fir st place, the mean quantity of phytoplankton is generally greater in the 
light bottle. A better value would be the sum of the observed oxygen pro-
duction and the oxygen consumption of this additi onal quantity of phyto-
plankton. But unless differential feeding is unusually great, the increase of 
phytoplankton in the li ght bottle is proportional to the productivity . 
Therefore, as far as this error is concerned, the ratio between the observed 
and the absolute values for photosynthesis remains relatively constant. 

In the second place, the respiration of animals is almost certainly greater 
in the clear bottle (Marshall, Nicholls, and Orr, 1935). Consequently, the 
presence of animals always diminishes the observed oxygen production, and 
the magnitude of the error is not related to the productivity. 

Finally, as Jenkin suggests (1937), the respiration of phytoplankton may 
possibly be greater in the li ght than in the dark. Therefore in some cases 
she uses the increase of oxygen in the li ght bottle, the" net photosynthesis," 
rather than the total. In this case, however, it is not sound to do so because 
of the presence of animals and bacteria. 

The experiments are therefore subject to three types of error, or perhaps 
two, depending on whether or not the third supposition is regarded as 
valid . These errors may or may not be large enough to be significant, but 
it is suspected that they are. They are systematic in the sense that they 
are related to the variables under consideration. The first is proportional 
to the oxygen production, the second to the quantity of animals, and the 
third to the phytoplankton. An attempt wi ll be. made in a subsequent 
paper to evaluate the errors. Without doing so it is possible to compare the 
relative effects of different factors on oxygen production, but the results 
apply only to experimental conditions, which differ from the normal re-
actions in sea water according to the magnitude of the errors involved. The 
only conclusion that can be drawn at present in regard to this difference is 
that the experiments give a minimal estimate of photosynthesis. 

The difference between the plant pigments in the two bottles might be 
used as an estimate of productivity if it were not that somewhat similar 
errors are involved. The consumption of phytoplankton is. probably 
oTeater in the li o-ht bottle because the animals are more active and also 
" " 
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because the larger quantity of phytoplankton makes it more avail able for 
consumption. The plant pigment production is therefore regarded as a 
minimal estimate of productivity. 

The fir st step in the evaluation of the relationships of the diff erent vari-
ables is the calculation of their coeffi cients of correlation. These are tabu-
lated in Tables I and II, and the variations of plant pigments, chlorophyll , 
phosphate, animals, and oxygen production are shown in Figure 103. 

TABLE I 

COEFFI CI ENTS OF CORRELATION DERIVED FROM SURFACE A NALYSE S AT 

STATIONS 1 AND 2 

Plant pigment,; 
p 
0 2 prodiiction 

p 

.430 

TABLE II 

02prod. 

.073 

.366 

Ani1,wls 

- .233 
. 1 3 

- .35 

COEFFICIENTS OF CORRELATION DERIVED F ROM A NA LY SES AT STAT IOX 2 

Plant Organic 
pigments p 02prod. Animalo matter 

Chlorophyll .435 .471 .404 .-199 - .456 
Plant pigments .158 .443 .670 
p .193 . 1 1 - .026 
02 production .. 551 - .224 
Animals .3 9 

Most of the correlations in Table I are too low to be useful. Thi may be 
partly due to a lack of homogeneity between the results obtained at the two 
stations, but the errors discussed above in the analyses of oxygen production 
at Station 1 are also partly responsibl e. In further calculations it i there-
fore necessary to deal only with Station 2, an unfortunate situation because 
it leaves only nine complete sets of data, not enough to permit a Yery exact 
analysis. 

It would appear from the correlations that the chief factors affecting 
oyxgen production are the standing crop of phytoplan1..'i:on and the quantity 
of animals. The relationships with phosphate and organic matter are not 
very significant. The negative correlation of organic matter with oxygen 
production is presumably caused by the animals. Theoretically, the phyto-
plankton and detritus should have a positiv e effect, the latter of course be-
cause of liberation of nutrients during decomposition . But when the weight 
of animals, estimated by means of a regression equation, is deducted from the 
total, the correlation between the residual organic matter and oxygen 
production is only .080, so that the po itiv e effect is probably insignificant. 
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Figure 103. Variations in oxygen production, number of animals, chlorophyll, plant 
pigment, and phosphate at station 2. 
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The relative importance of diff erent factors is best determined by means 
of multiple correlations. The multiple regression equation used here (cf. 
Bruce and Reineke, 1931) has the form 

W = W+ Bwxcrw (X- X) + Bwycrw(Y- Y) 
crx cry 

(1) 

where Wis the dependent variable, X and Y are the independent variables, 
W, X, and Y are the means of the vari ables and crw, etc. their standard 
deviations, and Bwx and Bwy are constants calculated from the intercor-
relations by the least squares method. 

The coefficients of correlation used in the foll owing equations have been 
presented in Table II. The means and standard deviations are shown in 
Table III. 

TABLE III 

MEANS AND STAN DARD DEVIATIONS DERIVED FROM THE A N ALYSE , AT 8TATJ0:-1 2* 

M ean u 

Plant pigments .660 .236 
Chl<Jrophyll .351 .097 
p 1.09 .415 
Animals 2138 82± 
Organic matter 11.44 3. 71 
Detritus 5.83 3 .51 
Oxygen production .960 .671 

Utilizing the two variables which appear to have the greatest effect on 
the quantity of oxygen produced, chlorophyll and animals, the equation is 

W = l.l9X - .00038Z + 1.35 (2) 

where Wis 02 production in g. per m3 per week, Xis chlorophyll in mgs. per 
m3, and Z is the number of animals per m3• The correlation between the 
observed and calculated values for oxygen production is .550. This is a 
slight improvement over the simple correlation between chlorophyll and 
oxygen production, but considering the small quantity of data u ed, the 
result is hardly satisfactory. 

The next step is to examine the effect of minor factor \Vhen phosphate 
is included, the equation becomes 

W = 2.81X + .751' - .00035Z - .09 (3) 

* The analyses of July 19 are omitted because there are no data on animals and 
organic matter for that day. For this reason the mean values given here for plant 
pigments, chlorophyll, oxygen production, and phosphate are slight]~, different from 
those listed in the descripti ve sections. 
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where Y is phosphorus in mgs. per m3, and the symbols for the other vari-
ables are the same as in Equation 2. The correlation between observed and 
calculated values for Wis .706, a considerable improvement. 

The question then arises as to the effect of detritus. The method of 
obtaining this value should be explained more in detail since it is a useful 
tool for rough estimates of this sort. Part of the variations in the weight 
of organic matter are dependent on variations in the quantity of animals, 
as shown by the correlation of .389. The relation between the two may be 
expressed according to the product moments formula 

(4) 

where Xis the independent and Y the dependent variable, Y and X are the 
means, and dx and dy the deviations from the means. When applied to the 
present data, the equation becomes 

Y = .00263X + 5.80 (5) 

where Y is the weight of organic matter in mgs. per m3 and Xis the number 
of animals per m3

• It is therefore possible to compute the weight of animals 
for each date and obtain the residual organic matter by difference. The 
values so determined are accurate provided the relative size of the animals 
remains constant, and the amount of detritus bears no relation to the 
quantity of animals. The first assumption is reasonably correct in this 
case; the second may possibly be subject to error, in which case the calcu-
lated weight of animals would be slightly too high. 

Using the values so obtained, the equation for oxygen production is 

W = 3.39X + .82 Y - .00030Z + .03Z1 - .67 (6) 

where Z1 is the estimated weight of detritus in mgs. per m3, and the other 
symbols are as given above. The final correlation is .701, approximately 
the same as the result obtained in 3. The effect of variations in organic 
matter is therefore regarded as negligible, and Equation 3 is accepted as the 
most satisfactory statement that can be derived from the available data. 
The calculated effect of these factors on oxygen production is shown in 
Figure 104. 

Because of the small size of the sample, some question may arise as to 
just what the results mean. Using the method described by Fisher (1930) 
for computing the probable error, it is found that in the case of the simple 
correlations between chlorophyll and oxygen production and between ani-
mals and oxygen production, the probability that the observed results are 
due only to chance is about 1 : 10. This of course does not satisfy rigid 
statistical requirements. But since the results fit together neatly, forming 
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a multiple correlation with a probability of 1 : 50, there is not much ?oubt 
that the method is valid and the observed effects of chlorophyll and ammals, 
and probably of phosphate, are real. Final proof wi ll of course depend on 
t he resul ts of subsequent analyses. 

CALCUL AT ED E FF ECT O F CHLOROPHYLL,P, 

AND AN IM ALS ON 0 2 PROD U CTION, 

ACCORD I NG TO EQUATI ON ( 3) 

A - EFFE C T O F CH L OROPHY L L t P - THE CONSTAN T 
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F igure 104. Effect of chlorophyll. phosphate, and :1nimals on ox,gen µroduction. cal-
culated according to eq uation (3) , compared with observed O"--ygen production. 

The proper interpretation of a multiple regression equation requi.J es some 
care. We are interested in the relative effect of a giYen factor on oxygen 
production, and especiall y in determining, within certain limits of error, 
what the oxygen production should be with a given set of independent 
vari ables. The accuracy with which this can be done i somewhat limited 
by the nature of the equation. The effect of factors not li sted as indepencfrnt 
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variables is accounted for by the final constant. Thus it is mathematically 
assumed that all the other factors are constant in their eff ect, and when this 
is not true the result appears as a difference between the observed and 
calculated values of the dependent variable. This much is simple and to 
be expected. But the balance may be upset by relations between independ-
ent variables, so that bringing another factor into the equation may change 
one or more of the constants. When, as in the case of phosphate and ani-
mals, the constant remains relatively unchanged in two or three equations, 
it is justifiable to regard it as reasonably accurate. But the chlorophyll 
presents a different problem, since the addition of each independent variable 
changes its relative effect. It is evident, therefore, that the chlorophyll 
function is related to the constant, and the relative effect of the standing 
crop cannot be evaluated accurately as long as any significant factor remains 
undescribed. It is reasonable to suppose, both from the.biological and the 
statistical evidence, that the chlorophyll may serve not as a true independ-
ent variable but rather as a function of all the other variables. 

In estimating the relative effects of phosphate and animals, the standard 
deviation is a convenient yardstick. According to Equation 3, a" normal" 
variation in phosphate, that is, a change from the mean to the limit of its 
standard deviation, changes the oxygen production .311 g. per m3 per week, 
provided all other factors remain constant. This is 38% of the maximum 
change produced by shifting all the independent variables to the limits of 
their standard deviations. The effect of animals, determined in the same 
way, is .288 g., or 36%. It is 46% and 43%, respectively, of the standard 
deviation of oxygen production, which is biologically a more sound value 
for comparison, although it does not give a true ratio for all factors involved. 

Harvey and his associates have shown that consumption is an important 
factor in controlling the size of the standing crop. The evidence presented 
here is a direct confirmation since it is shown that they have a negative 
effect on both chlorophyll and oxygen production. There is every reason 
to believe, however, that the latter effect is only a temporary phenomenon. 
Over a long period of time, rapid consumption should increase the rate of 
turnover of nutrients, because not only would the metabolism of living 
animals speed up regeneration, but also the decomposition of zooplankton 
would probably be faster than that of phytoplankton (Cooper, 1935). 
This effect would be especially marked in shallow areas but might occur to 
some extent in deep water. 

The effect of phosphate is problematical, for the experiments and the 
statistical analysis are in contradiction. There are several possible ex-
planations: 

I. The statistical treatment may be faulty in this respect. 
2. Phosphate may have some effect as a limiting factor m the stri ct 

sense. There is evidence for this in Experiment 2. 
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:3. Limitin g factors are not always absolute in their action. Unpublished 
experiments on freshwater plankton by G. E. Hutchinson and the present 
author have shown that an increase of a particular nutrient will sometimes 
cause a sli ght stimulation of growth even though it is not a true li miting 
factor. Such a situation may possibly be operative here. 

4. It is possible that variations of nitrate and phosphate are related and 
that phosphate has no signifi cance in t he equation except as an indicator of 
variations in ni trate. Such a relationship is the normal result of previous 
plankton growth and is a well known phenomenon (H arvey, 1928; Cooper, 
1937; and others). 

There is no evidence that permits acceptance of one of these possibiliti es 
in preference to any of the others. Considering all the facts at hand, it is 
possibl e only to say that phosphate, while it may be a limi ting factor in the 
strict sense, is not as important in this respect as nitrate; nevertheless, its 
vari ations are related to plant utilization, as shown by the negative cor-
relation between chlorophyll and P, as well as the more doubtful positive 
relation with oxygen production. 

In all the equations chlorophyll has been used as the index of the phyto-
plankton crop. It cannot be used interchangeably with the values for plant 
pigments without considerable error because the relation between the two 
is unfortunately not· very close. This is due to differences in the ratio of 
carotinoids to chlorophyll. M easurements of the carotinoids were made at 
Station 2 with an arbitrary standard of potassium dichromate. They are 
not li sted here because they serve no useful purpose other than in thi 
particular matter, but they show clearly that the diff erences in question are 
real and are not caused by analytical errors. The correlations show no 
evidence that the results are influenced by the carotinoid pigments of 
animals; the variations appear to be within the plants themseh-es. 

From the dynamic standpoint of relationships with oxygen production, 
the chlorophyll method is theoreticall y superi or . This advantage is largely 
offset by the simplicity of the method of determining plant pigments. It 
can be used in circumstances that make the chlorophyll mea urement 
virtuall y impossible. The simple correlations are of about equal magnitude 
in either case. The multiple correlation reveals some diff erences. n11en, 
in Equation 3, plant pigments are substituted for chlorophyll a the rnlue 
for X, it is changed to 

TV = 2.44X + .43 Y - .00038Z - .30 (7) 

The fin al correlation is .585, which is not a ignifi cant improvement oYer the 
simple correlation. 
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SUMMARY 

1. The Tortugas region is essentially a tropical environment, with high 
and relatively constant light and temperature and moderately low nutrient 
content. 

2. The quantity of plankton was very small, less than four per cent of the 
amount ordinarily found in similarly shallow areas in temperate regions. 

3. Nitrate was the most important limiting factor. The effect of phos-
phate was slight but probably significant. 

4. The photosynthetic activity of the plankton was studied by measuring 
oxygen production and consumption in clear and blackened bottles. It was 
found that the depth of maximum photosynthesis lay between 10 and 15 
meters. 

5. Multiple correlations are used to evaluate the relative importance of 
phosphate and the size of the standing crops of plants and animals in re-
spect to their effect on the photosynthesis of the phytoplankton. 
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TABLE IV 

ANALYSES* AT STATION l 

July 16, 1938 J u ly 21, 1938 

Depth 1 5 10 15 l 5 10 15 
Temperature 28.54 28.55 28.51 28.50 28.58 28 58 28 58 28.58 
Oxygen 6.41 6.42 6.40 6.18 6.46 6 41 6 41 6 44 p 3.2 3.4 3.9 4.3 0 .6 l .6 2.9 1 .6 
Plant pigments 2430 2230 2090 2040 1530 
O, production 1 .57 0 .99 1.15 0 .70 0.43 0 .36 1 .25 1.72 
O, consumption 1 .49 0.74 0 .71 0 .43 0 .86 0 .48 0 64 0 .83 
Net plankton: 
Plant pigments 55 10 
Organic matter 30.0 7 .0 
Animals 800 1260 

July 26, 1938 July 31, 1938 

Depth 1 5 10 15 1 5 10 15 
Temperature 28.21 28.18 28.11 28 .05 28.33 28.31 28 30 28.10 
Oxygen 6 .35 6.44 6 .55 6 .52 6 .05 6.10 6 . 12 6.15 
p 2 . 2 2.2 1.8 1. 8 0.9 0 .7 1 .3 1. 7 
Plant pigments 780 830 1200 1080 1330 1570 1130 2640 
O, production 5.36 1.05 1. 13 0.76 0 .92 0 .91 0 .74 0 99 
O, consumption 4.75 0.48 0 .41 0 .36 0 .52 0 .27 0 .20 0 .14 
Net plankton: 
Plant pigments 7 19 
Organic matter 11.5 10.5 
Animals 380 990 

* Note: The analyses are recorded as follows: Temperature, °C.; Oxygen, mgs. per lit er : 
P, mgs. per m 3 ; Plant pigments. Harvey units per m 3 ; Chlorophyll, mgs. per m'; Oxygen 
production and consumption, mgs. per liter per week; Organic matter , dry weight in mgs. per 
m 3 ; Animals, number per m3 ; Depth, meters. 

TABLE V 

ANALYSES AT STATION 2 

July July July July July 
Date 18 19 20 22 23 

T emperature 28.51 28.92 28. 16 28.21 27.93 
Oxygen 6.38 6.25 6.02 6. 10 6.09 
p 1. 7 2.7 1.0 0 .8 1.6 
P Zant pigments 1110 870 570 980 370 
Chlorophyll 0.44 0.15 0.28 0.40 o. 18 
O, production 2.43 0.60 0 86 0.53 0.21 
O, consumption 2.48 1.11 l . 13 0 . 87 0.45 
N et plankton: 
Plant pigments 25 17 9 12 
Organic matter 7 5 15.0 6.0 10.5 
Animals 1210 1690 1310 3850 

J u ly J u ly July 
24 28 30 

27.68 28.62 28.26 
5.49 6 .09 6.44 
1.2 0 .8 1.5 
410 560 500 

0.22 0.38 0.35 
0.98 1 .08 0.90 
0.83 0 59 0.63 

8 21 15 
16 5 16.0 11 .5 

1900 3180 2080 

Aug. 
1 

28.23 
5.99 
0.4 

700 
0.47 
1.43 
0 .60 

11 
7.5 
1520 

Aug. 
2 

28.51 
6.31 
0.8 

74 
0.4 
0.2 
0 5 

1 
13.0 
250 

0 
4 
2 
9 

8 

0 
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TABLE VI 

AN AL Y::,Es A '1' GUL F S TREAM S·rAT I O N , 20 M rL ES S ouTu O F LOGGERHEAD K EY, 

D EPTH 166 ME'l'F.RB. AuoUB'l' 6. 1938 

D epth 18 45 90 153 

T emper ature 28.34 27.94 23.55 21 .40 11.59 
Oxygen 6.38 6 .42 6 .50 6 .46 4 .38 
p 2.9 0 .4 3 . 1 3 . 1 28.8 
P lant pigments 600 630 .520 410 1240 
Net plankton : 
Plant piaments 8 
Organic matter .57 .0 

TABLE VII 

EXPERIMENTS 

Experimen t 1 July 18-25, 1938 

Plant 
Oxygen 

Oxygen P igment 
Pigments Production Production 

Initial value~ lllO 6 .38 
Contro l 1050 6 .33 2 .43 540 
Dark bott le 510 3 .90 
N (100 mgs/m') 4750 7 .24 4 .34 4240 
P (1 00 mgs/m•) 810 6.20 2.30 300 
N + P + Fe (100 mys. ) 3950 10.40 6 .50 3440 
N + P (1 00 mgs.) 2720 9.88 5 .98 2210 

Experimen t 2 July 20-27, 1938 

I nitial values 570 6 .02 
Control 1470 5 .75 0 .86 900 
Dark bottle 570 4 .89 
P (1 0 mgs./rn') 1500 5.72 0 . 3 930 
P (20 rngs./rn3) 1760 5 81 0 .92 1190 
P (1 00 rngs./m3) 1040 5 .42 0 .53 470 

Experiment 3 July 22- 29, 1938 

Initial values 980 6. 10 
Control 1400 5 .76 0 .53 410 
Dark bottle 990 5 .23 
N (10 mgs./m3) 2190 6.23 1.00 1200 
N (20 mgs./m' ) 4440 6 .61 1.38 3450 
N (JOO mus.Im') 10590 9 .68 4 .45 9600 

Experiment 4 July 30-August 4 , 1938 

Initial values 500 6 .44 
Control 1000 6 .63 0 .90 660 
Dark bottle No , 1 460 5.93 
Dark bottle No. 2 600 6 .05 
P (10 mgs.) llOO 6.62 0 .8 00 
N (1 0 mgs .) 930 7.43 2 .02 720 
N (50) 2600 8 .72 3 . 2 2900 
N (100) 3450 7 . 14 1.61 4090 
N (10) + P (10) 1930 7.2:, 1. 72 2220 
N (50) + P (10) 3870 8 .34 3 .29 4680 
N (JOO) + P (10) 10130 9 .57 5 .01 13440 


