The Journal of Marine Research is an online peer-reviewed journal that publishes original
research on a broad array of topics in physical, biological, and chemical oceanography.
In publication since 1937, it is one of the oldest journals in American marine science and
occupies a unique niche within the ocean sciences, with a rich tradition and distinguished
history as part of the Sears Foundation for Marine Research at Yale University.
Past and current issues are available at journalofmarineresearch.org.

Yale University provides access to these materials for educational and research purposes only.
Copyright or other proprietary rights to content contained in this document may be held by
individuals or entities other than, or in addition to, Yale University. You are solely responsible for
determining the ownership of the copyright, and for obtaining permission for your intended use.
Yale University makes no warranty that your distribution, reproduction, or other use of these
materials will not infringe the rights of third parties.
This work is licensed under the Creative Commons AttributionNonCommercial-ShareAlike 4.0 International License. To view a copy of this
license, visit http://creativecommons.org/licenses/by-nc-sa/4.0/

or send a letter to Creative Commons, PO Box 1866, Mountain View, CA 94042, USA.

Journal of Marine Research, Sears Foundation for Marine Research, Yale University
PO Box 208118, New Haven, CT 06520-8118 USA
(203) 432-3154 fax (203) 432-5872 jmr@yale.edu www.journalofmarineresearch.org

THE SIGNIFICANCE OF THE MISSISSIPPI RIVER
DRAINAGE FOR BIOLOGICAL CONDITIONS IN
THE NORTHERN GULF OF MEXICO

BY
GORDON A. RIL EY
Osborn Z oological L aboratory, Yale University

Plankton collections and bottom hauls made during the 1935 expedition
of t he "Atlant is" to t he Gulf of Mexico suggested that there is a zone of high
producti vity in t he shall ow water area near the mouth of the Mississippi,
and sin ce t he effect of river outflow on ocean life is a phase of marine biology
which has not yet received adequate attention, further investigation
seemed desirable.
Atkins (1926) published ta bles of the phosphate distribution in the
vicini ty of Plymouth Soun d which show that in that region the rivers contribute little phosphate to the ocean, and in the same year H arvey obtain ed simil ar results fo r nitrate. Bu t Atkins had pointed out before (1923)
th at in certain regions t he incoming nutrients may be highly significant.
His conclusion was based largely on t he data of McH argue and P eter (1921 )
who estimated th at in t he Mississippi River t he amount of soluble pho ph orus liberated each year is about 62,188 tons, and, in addition , the suspended matter, which averages 7469 million cubic feet per ann um, contains
.15% P in combin ed form .
Harvey (1928) again pointed ou t that in the rivers of the Plymouth
Sound region th e nu trients are largely exhausted by plant growth in the
tid al or· even th e non-tid al zone, but he suggested that it was probably not
the case in a large river such as the Amazon. H esse, Allee, and Schmidt
(1937) concluded t hat coastal efflu ents are quite important and e,-en suggested th at they are in part responsible fo r the fact that the Atlantic,
whi ch receives a large proporti on of the earth's drainage, ha a .higher
nutrient content than th e Pacific.
The present work was th erefore und ertaken during the 1937 crui e of the
."Atlantis," jointly sponsored by t he Woods H ole Oceanographic Institute
and Yale University (Bingham Oceanographic Laboratory), in an attempt
to determine wheth er or not the inco ming nutrients from the I ississippi
have an obser vable quantita tive effect on pla nt growth and nutrient matter
present in the Gulf of Mexico.
I want t o express my gra tit ude to Dr. Albert E. Parr for giYing me the
opportunity to work on this problem an d fo r his many va luable suggestions.
I am also indebted to M r. A. A. H irsch of the New Orlea.n ewerage a nd
Water Board Company fo r much in fo rmation and adYice abo ut the l\Iississippi Ri ver.
( 60)
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METHODS
The wat~r samples were ~ollected with Nansen bottles in the usual way,
except stations B to H, which were surface samples drawn with a bucket
thrown from the rail of the ship. Preparation of plankton collections and
analyses of chlorophyll, soluble P, and soluble copper were done immediate!~; plankton weights and the remainder of the chemical analyses were
obtained later from preserved samples. The positions of the stations where
data of this sort were collected are shown in figure 19.
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Phosphate analyses were made according to the procedure described by
Atkins (1923) .
The copper test is a colorimetric determination described by Callan and
Henderson (1929). A solution of sodium diethyl-dithiocarbamate is added
to the sample to be tested. The copper salt of this substance is extracted
with amyl alcohol, as suggested by McFarlane (1933), and for the colorimetric comparison I use a .001 N solution of potassium dichromate, which
has the same color, the depth of which varies in a linear manner with that of
the copper solution. When 50 ml. of water are used for the test plus .5
ml. of the reagent and 4.97 ml. of amyl alcohol, the .001 N. K2Cr201 is the
colorimetric equivalent of a copper concentration in the sample of .030 mg.
per liter. The procedure of Haddock and Evers (1932) for the removal of
iron is optional. Iron contamination is readily detected because it has a
slightly reddish tint. It is unstable in amyl alcohol, fading after four or
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five hours whereas the copper color persists several days, so that 1t 1s
possib le t ~ determin e th e copper content after the iron contamination has
disappeared.
.
.
,
The chlorophyll was determined by a mod1ficat1on of Harveys method
(1934). Th e phytoplankton was remo ved from a lite~ or more of water by
means of a quantitati ve fi lter paper and after separat10n of the ch loroph yll
in saponified form (Riley, 1937), it was measured colorimetrically against
the H an ey standard.
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P lank ton collections were made fo r the purpose of determining the weight
of organic matter, and in some cases fo r copper and ph o phate te ts. One
or two liters of water were filtered through a thirty-fiye econd membrane
filter, which removes all particulate matter of a diameter greater than .6
micron. The material was scraped from th e filter after having been washed
with distilled water to remove as much of the salt as po ible, and was
preserved with formalin . It was afterward s washed again, dried for two
two days at 60° C., weighed, ignited, and weighed again, the difference
being approximately the weight of organic matter in the sample. Copper
tests were made on the ash. In the cases where phosphate tests were made,
it was necessary to oxidize the whole sample, ince ashing destroys part of
t he phosphate.
PHOSPHATES
The values obtained for soluble phosphorus in the su rface waters varied
from 2 to 16 mg. per m3 • The latter value were obtained at the mouth of
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the Mississippi near Southwest Pass and Pass a Loutre, and the next highest
figure, 11 mg. per m 3., was in Mobile Bay. In the Gulf itself, the analyses
ranged from 2 to 8 mg., with an average of 3.8. Figure 21 shows the general
distribution of phosphates in the surface layer. The higher values are
found around the mouth of the Mississippi and extending eastward toward
Mobile Bay and westward to about longitude 91 °.
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Phosphate distribution in surface layer.

This zone of high phosphate concentration is quite superficial. There are
five stations within the zone where analyses were made at depths ranging
from 10 to 25 meters. At those depths the mean amount of soluble P was
:3.6 mg. per m 3 • as compared with 5.8 at the surface at the same stations. A
similar result was obtained at Pass a Loutre, where the phosphate was 16
mg. at the surface and 11 mg. at 13 m. In Mobile Bay, on the other hand,
it was 11 mg. at the surface and 15 at 6 m. Outside the zone of high surface
phosphates there are only two stations available for study of vertical distribution, and their results are contradictory, so that no generalizations can
be made.
PLANKTON MEASUREMENTS
The chlorophyll data are expressed in the arbitrary Harvey units, of
which one unit corresponds to about .88 gamma of chlorophyll. It is impossible to convert these figures into absolute weights of phytoplankton,
but the chlorophyll analysis serves as an index of potential photo-synthetic
activity. As such, it is more useful in studies of productivity than plankton
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weights, whi ch are of course measureme nt s of an im als, bacteria, anJ
detritu s, as well as ph y topla nkton.
Th e mean a mount of chlorophyll in a ll a naly.;es of Gu lf water was G.7
Harvey units per liter . In this case a lso, it is possibl e to _d raw a rou gh
zonat ion a round th e mouth of the Mississs ippi. Th e region wh ere the
chloropliy ll is hi ghes t, a bove 8 units per li ter, ex_tend s westw~rd from
Mobi le Bay to some und etermin ed point beyo nd station 2 39. If it goes as
far as Gal~es ton, it is redu ced to a narrow st rip near the shore. The areas
containin g 6 to 8 H a rvey uni ts per liter form t hin bands a round the eight
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C hlorophy ll di stribution in surface layer .

unit line and extend westward past its observed limits. Th ere remain fo ur
stations on the east and south , wh ere the range of chlorophyll wa from J .fl
to 5.9.
Station 2812 does not fit in with th e remainder of the analyses. A urface value of 3.6 Harvey units per liter was obtained there, wh erea in the
waters immed iately around it on the east, north and south , the ch lorophyll
measured eight or more units. This, howe,·er, can be ignored becau e of
evidence based on salinity distribution. According to Dr. P arr. the surface
salinities show two distinct situations, observations during the early part of
th e cruise giving a consistent picture, which, however, cannot be combined
with observations made on th e return trip between the i\Ii i sippi and
Mobile (see fig. 20). Heavy weather inter vening between the-e two parts of
the cruise probably caused the chan ge. Since mo t of the special observat ions in this area were made on the return trip , most of the data on chloro-
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phyll, phosphate, and copper distributions between Mobile and the mouth
of the Mississippi ri\·er correspond to the salinity distribution of .-\.pril 1.
Only in the case of chlorophyll does it seem necessary to give two separnte
interpretations.
The only sample of completely fresh water, which was taken at =--ew
Orleans, had a value of 12.8 units per liter. This was slightly higher than
any of the analyses made.in the Gulf but was by no means large by co mparison with the usual values obtained in fresh water. It is obvious that the
turbidity of the Mississippi is a strong inhibiting factor on the growth of
phytoplankton, which would otherwi se be very great because of the large
quantities of avai lable nutrients. The five analyses near the mouth of the
Mississippi and in Mobile Bay ranged from 4.8 to 11.1. Here also, turbidity was an important conditioning factor, and, in addition, the salinities
were probably unfavorable.
The results obtained from the plankton weights closely parallel the
chlorophyll measurements. The dry weights of organic matter per liter of
water varied from 1.0 to 20.6 mg. in Mobile Bay and near the mouth of the
Mississippi . In the Gulf the range was from .2 t o .5 at the surface, the
lowest values of .2 and .3 mg. being at stat ions 2832 and 2838, where the
chlorophyll was also very low.
The very high ratios of organic matter to chlorophy ll which occur near
the ri ver indicate large quantities of organic detritus. The ratios fa ll so
rapidly as one proceeds out into the Gu lf that it seems likely that practically all the organic detritus of fresh water origin is removed from the
surface water hefore it gets more than ten or fifteen mi les from the mouth
of the river.
The pl ankton was not id entified carefull y, but superficial examinnt ion
indicated that the flora is fairly constant qualitatively throughout the
entire area studied in spite of the wide range of salinities. No freshwater
phytoplankton was noted in the wa ter at stati on 2827, which had a salinity
of only 5.95°/00-

COPPER
The work on copper was undertaken because it was thought that it
might supply evidence on the nutrient conditions in the Gu lf. In an as yet
unpublished in vestigation of the copper cycle in fresh water it was shown
that copper is readily absorbed on organic detritus, and the amount so
combined is frequently much greater than that occurring in the li,·ing
organisms of the plankton. It can therefore be used as an approximate
index of the amount of detritus in a given sample of seston.* But since it
• A general term, borrowed from freshwater ecology , for the combination of plankton and detritus which is removed from the water by the usual filtration and centrifuge methods.
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is apparent t hat freshwater detritus is not a very important source of
nutrients in Gulf waters, t he work on copper is not significant from that
sta ndpoint.
.
Th ere are however certain aspects of the copper problem that are m
th emselves ;orthy of brief mention . The presence of copper in sea water
has Leen detected by Dieul afait, Rose and Bodansky, Prytherch, and others.
Pryth erch found that th e quantity in the sea is very much less .than that in
fr~sh wa ter and suggested t hat inorganic precipitation takes place. T he
hori zontal di stribu t ion of copper in t he Gu lf, shown in figure 23, confirms
S URFA CE COPPER CON TE NTS
MI LLI GRAMS
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CUBtC

Figure 23 .
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Distribution of copper in surface layer.

his results in so far as t he amount near t he Mississippi is large, and it
decreases progressively with increasing salinity.
The total range of soluble copper in all a nalyses was 1 to 25 mg . per m3 •
Th e Yery high valu es of 20-25 mg. obtained at tation 2 15 do not fit with
th e rest of th e pi cture. I t is not possible to say definitely whether or not
th ere was an error in t hese analyses, but too much significance should not
be attached to a single set of isolated value . Except for this station, the
range of c-opper was from 1 to 15 mg. , with the highest values in water of
low salinity . F urthermore, a nalyses of the Yertical distribution of soluble
copper near t he mout h of t he ri ver show that the amount is greater
the
low salini ty surface layer t ha n at t he lower levels where the salinity is
high er. But none of the a nalyses obtained in the Gulf were negative,
indicating that remornl by precipitation, if it o curs at all, is not complete.
It thus seems probable that copper is not a li miting factor in the open ocean
to t hose anim als whi ch req ui re it fo r the synthesis of hernocyanin .
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At station 2835 tests were made to determine the vertical distribution of
soluble copp_er. A slight accumulation was noted in the hypothalassa
(fig. 24), which was much less than that recorded for such substances as
phosphate and nitrate, which are biologically more active. The data on
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Vertical distribution of copper at station 2835 .

vertical distribution and seston copper both resemble conditions found in
freshwater lakes and indicate that the distribution factors are similar, with
the emphasis placed on adsorption equilibria between soluble and seston
copper, rather than on inorganic precipitation .

DISC USSION
The nutrient content of thr· Mississippi River
Analyses of solu ble phosphorus at stations 2821 and 2827 near the mouth
of the river where mixing with sea water was slight gave values of 16 mg.
per m 3• at the surface. At the former station 11 mg. were found at a depth
of 13 m. One analysis was made of soluble P in the river proper, where a
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value of 6 mg. per m 3 • was obtained a t Carroll ton , just above New Orleans,
on April 5. This difference cann ot reasonably be accounted for on the basis
of regeneration of combined phosph orus or discharge from the New Orleans
sewerage disposal plant. The fo rm er is probably not more than 2 mg. per
m 3.; th e latter, according to a n estim ate by Mr. Hirsch based on the normal
amount of phosphorus in human excret a and on the am ount of phosphate
washing powders used in New Orlean s, is abo ut 1500 kilos per day, which
at the rate of flow at that tim e would a verage only .6 mg. per m 3 • The
difference is probably not important, for, as M r . H irsch pointed ou t, the
nitrate content of the water above New Orl eans varies irregularly, and it is
quite possible th at phosph ate behaves in a similar manner .
The amount of phosphorus in comb ined fo rm appears to be less than half
as much as values obtained for soluble P at the mouth of the river. Analyses of sediments taken from th e ri ver at Carroll ton are shown in the table
below:
June 20- July 11, 1936
October 10- 30, 1936
Dec. 12, 1936-Jan .9, 1937
January 9-31, 1937
Jan . 31-Feb. 6, 1937
Feb. 6-Ma r. 13, 1937
Mar. 13-27, 1937
Mar. 27-May 1, 1937

Mg. of P/g. of mud
.011
. 004
.053
.000
. 010
. 006
. 007
. 004

These sediments are Berkefeld residues of weekl y composite water amples
collected twice daily and thus represent a mass average for a gi\·en period.
The average of all samples is .01 2 mg. of P per gram of mu d, and since the
amount of sedim ent is usually less th a n a gra m per liter (the most recent
average that I have is .65 g./1. in 1935), it appears that the amount of
combined phosphoru s is rath er small . At sta tion 2827 it wa .005 mg . per
gram of mud , which was .002 mg. less than t he amount at 1\ew Or leans
during the same period . The weight of sedim en t coll ected at that station
was 294 mg . per liter, so that th e am oun t of combined P wa .0016 mg.
per liter, only one-tenth th e value of the soluble P.
The disch arge of the ri ver at t hat t ime was 34,000 m 3• per econd. If
th e da ta obtained at station 2827 may be regarded as accurate enough to be
used as an estimate, th e Gulf was at that time recei\·ing 47 000 kilos of
ph osphate in soluble form per day, and a n additiona l 4,700 1.:ilo of combined
P .* Th e latter fi gure is probably too low, for so me of the mud had already
become sedim ented, but th e \'a lu e woul d alm ost certainh· not be more than
25,000.
.
• E. g. enough to con tribute one mg. per m•. dai ly to 1000 square kilometers of
surface laye r, 50 meters deep.
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It is obvious that these values represent only rough approximations.
The averages obtained by McHargue and Peter in 1921 for soluble phosphorus are about three times as high, whi ch is not an unreasonable difference, since both the seasonal a nd the annual variations might well be large.
It is more difficult to explain the great discrepan cy in the data for combined
P, since their values are over one hundred times as great as mine. But
regardless of which estimate is more nearly correct , it does not alter the
general conclusion that the situation is a different one from that described
by Atkins in the Plymouth Sound region. The phosphates in the Mississippi
are not exh a usted before th ey reach th e mouth of the ri ver but are poured
into the Gulf in large quantiti es, in a form readi ly utilized by marine
phytoplankton .
The same is probably true of nitrogen compounds. No analyses are
available either of Gulf waters or at the mouth of the river, but analyses
at N ew Orleans indi cate that the quantities are rath er large. I am indebted to Mr . Hirsch for th e foll owing data, which are approximate averages
for 1935 :
Ammonia N
Albuminoid N
Nitrite N
Nitrate N

20
350
5
200

mg.
mg.
mg.
mg.

per
per
per
per

m 3•
m 3•
m' .
m' .

The average nitrate concentration in the ri ver is thu s approximately the
same as the accumulated nitrate concentration in the depth s of the ocean
but much greater than the normal concentration in the marine surface
layers into whi ch the river outflow mixes itself. The ammonia and albuminoid nitrogen contents of the river (assuming that the latter is decomposed sooner or later with the liberation of NH3) are also many times as
great as those normal to the marine surface layer.

Th e 1:-fj"cct of th£, Mississippi on the G'idf
It has been shown that the Mississippi releases a large quantity of phosphate into the Gulf. From two-thirds to nin e-tenths of it is in solu ble form,
capable of being utilized by marine plants as soon as the river water becomes
mixed with Gulf water. The amount of solu ble ph osphate per unit volume
in the river is approximately four tim es the mean amount fo und in the sea
water of the surrounding region. It might therefore be expected to exert a
considerable biological influ ence provided the amount of flow from the
river is great enough to cause a significant in crease in the ph osphate content
of the surrounding waters.* That such an in crease doe:l take place is
indicated by fig . 21.
It is assumed that this increase is due largely to mixing with th e ri ver
water because : 1. The low salinity of this water proves that such mixing

* See footnote on p. 68.
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has occurred. 2. Th ere is li t tle evidence of a n impor tan t increase by other
means, such as regeneration from the mud by vertical mixing or upwelling
of deep water . T he greatest concent ration of phosphates is fo und in t he low
salinity surface layer, with lesser con entrations at depths of ten to twentyfi ve mete rs. But regeneration from the bottom wou ld suggest a greater
concentration at t he lower levels, and the presence of a distinct salin ity
grad ient is ample evidence that vertical convection had not occurred to
any great extent .
In t he same general region ph ytoplan kton production appears to be high.
As may be seen by comparison of fig ures 21 and 22, the area of high chlorophy ll co ntent coincides with that of high phosphorus except that the former
extend s ·somewhat fart her west and not so far south.
I t is obvious t hat t he amoun t of chlorophyll per unit volume is greater
in the waters near t he M iss is ·ippi. I t appears also that the absolute
amount is greater. Th is may be demonstrated in the following way: Stat ion 2829 was chosen as a typi cal example fo r the region of high chlorophyll
content, a nd the most useful one avail able because of the completenes of
its data. A graph was drawn of t he chlorophy ll distribution down to 35 m.,
which was probably about t he compensation point, since the chlorophyll
was fairl y low in spi te of a high phosphate content. The curYe wa integrated pla nimetrically, and it was fo und t hat a column of water extending
to a dept h of 35 m. a nd 1 cm.2 in cross section would contain 23.2 Harvey
units of chloroph yll. F arther out in t he Gulf, at station 2 3 , the chlorophyll measured 2.6 units at the surface an d 1.8 at 20 m. At this tation the
amount of chlorophyll per cm.2 in the first 20 m. was 4.4 unit . If we
assum e th at th e water con tained a unifo rm concent ration of 1. units from
20 m. do wn to a n indefini te depth, t hen the compensation point would ha,·e
to be at a dept h of 120 m. in ord er to make the photosynthetically actiYe
chlorophyll content as great as at station 2829. At 2 24, a imilar deep
water stat ion, it would have to be at 135 m. T hese value are impo ibly
deep, and we may conclud e t hat t he absolute amount of chlorophyll i3
greater in the region around t he mout h of the M issis ippi except in the n ry
shallow water near shore.
A higher standin g crop of ph ytopla nkton in the l\Ii i ippi region means
that t he productivity of t hat area is greater proYided there are no ignificant
di ffe rences in t he rates of phytoplan kton growth and of con umption by
zooplankton. Th ere is a more pl entiful supply of nutrients near the ri,·er
to balance again st t he slightly higher temperature of the off hore waters .
The rate of consum ption appears to be more important from the standpoint
of produ ctivity t han t he growth rate, and such evidence a is aYailable
~ra~ios of _total organic matter in the plan k ton to chlorophyll and the
in direct ev ide nce of t he dist ribution of larger animal in the Gulf) indicates
a la rger quantity of zooplankton near t he l\Iis is ippi. It may therefore be
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concluded tentatively that the productivity is greatest in the high chlorophyll zone, although the matter cannot be settled definitely until more
adequate data are available on the rate of plankton turnover in the Gulf.
Since the assumption is warranted that an increase of phosphorus content
leads to greate~ phytoplankton productivity provided its growth is not
limited or conditioned by other factors, the conclusion is permissibl e that
the zone of high phosphate, and consequently the Miss issippi itself, is an
important factor in the productive area around the mouth of the river.
It was pointed out above that the zones of high phosphorus and high
chlorophyll do not exactly coincide. The area where there is a high direct
relationship lies within a radius of thirty or forty miles from the mouth of
the river except toward the west, where it extends about eigh ty miles .
Outside this region the relationship is slight, and consequently th e correlation between phosphorus and chlorophyll in th e entire area studied is low
(r = .10 ± .05). On purely theoretical grounds a low positive correla tion
or a correlation of zero is indicative of intru sion of phosphate into th e area,
since if the spring season begins with a more or less uniform concentration
throughout the entire region, that part which has th e greatest gro_wth of
phytoplankton wil-1 use the phosphoru s most rapidl y, thus leading to a
negative relationship. This confirms the evid ence presented abo\·e on th e
role of the Mississippi. But togeth er with th e fact that at none of th e
stations examined was there complete exhaustion of phosphate, it preclud es
the possibility that phosphorus is a limiting factor in these waters .
There are several possible explanation s in regard to limiting factors :
1. Some other chemical substance or substances are in volved.
2. The limiting factor is consumption by animals, which is rapid enou gh
to keep the phytoplankton population below the level of complete utilization of phosphate.
3. During the spring season there are no limiting factors in the strict
sense, but the greater quantity of nutri ents near th e mouth of the ri ver conditions a higher plant growth there.
Figure 25 throws valuable light on the matter. Between salinities of
30.00 and 36.10°/ 00 there is an inverse relation between salinity a nd chlorophyll with a coefficient of correlation of - .68 ± .16. Below 30°/oo th e rate
of increase of phytoplankton with decreasing salinity declines considerably.
The data are too meagre for the remainder of the curve to be stati stically
significant, but there may be a secondary minimum at a salinity of about
10°/00 • The depression of phytoplankton growth in the lower salinities is
partly due to turbidity. But the latter becomes apparent at the same
point where the ratio of organic matter to chlorophyll begins to rise abruptly,
that is, at a salinity of 18°/oo, whereas the depression of the chlorophyll
curve is apparent at 30°/oo. Furthermore the inhibiting effect is not so
marked in the Mississippi itself, where obviously the effect of turbidity is
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greatest. Th erefore, an oth er factor is in ~ol".'e? •. probably salinity its~lf,
which, in th e brackish wa ter zone, has an mh1b1tmg effect on both marme
and freshwater plankton .
.
.
.
The ev idence just presented shows a defim te relat10nsh1p between chloro-
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phyll and salinity. Up to a certain point, mixing of ri\'er water with the
Gulf causes an increase in the phytoplankton crop. I t is therefore probable
that there is some nutrient salt in the river water, occurring there in higher
concentration than in the Gulf and diffusing into it in much the same m~nner
as phosphorus, which is a limiting factor in this region.
SUMMARY
1. The Mississippi River carries large quantities of nutrient salts into

the Gulf of Mexico. The quantity of phosphate per unit \'olume is approximately four times as much as the amount fo und in the sea water of the
surrounding region.
2. In the Gulf there is a superficial zone of high phosphorus content
around the mouth of the Mississippi , extending from Iobile Bay westward
to longitude 91 °. Evidence is presented to show that this phosphorw i
largely derived from the Missis ippi and that t he soluble pho phate of the
river is ip.ore important in this respect than t hat in organic combination.
3. There is a :tone of high phytoplankton content near the river which
roughly coincides with the area of high phosphorus. A cau al connection
between the two is indicated.
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4. It is suggested on purely theoretical grounds that some other nutrient
which is discharged from the Mississippi in the same manner as phosphate
is a li~iting factor in this region .
5. A few notes are presented on the distribution of copper in the Gulf.
It was present in all samples analyzed in both soluble and combined form.
In deep water there appears to be a slight accumulation of soluble copper
in the hypothalassa.
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TABLE OF OBSERVATIONS

Depth
Station*
A

meters
I

2 12

6
1
15

2 15

l

2817
2S21
2824
2827
2 29

25
I

25
l

13
1
25
1
I

10

2832
2835

2838
2839
2844
2847
B
C
D

E
F

20
35
1
I

100
300
600
1800
1
20
l

10
l

1
0
0
0
0
0
0
0

Organic
Chloro71hyll 80/. Cu. Sol. P. Matier
Salinity H arvey units mg. per mg. per mg. per
m3
liter
m•
per li ter
O/ 0 0
2 9
11
9
II . 1
31. 47

31. 24
31. 70
35 . 52
29 . 62
36 .08
:3 1. 56
36 . 17
18 .01
34 .08
5 . 95
19 . 90
26 .40
36 .05
35. 91
36 .00

36. 10
36 .09
26.82
32.55
30 . 57
36. 00
31. 35
31. 85
33 . 19
33 . 17
32.22
28 .03
21. 24

7.2
3.6
5.8
8.8
5.0
6 2
2.5
7.
4.8
2 .0
1.7
8. 1
8 .4
10 . 2
4 .8
4.5
1.6

2.6
1. 8
8.7
4.8
7.2
6. 4
12 .0
7. 4
5. 9
7.5
6. 8
9.0
9.0

4

9

9
25
20
11

8
12
12
5
8
15
14
7
7
5
7
5
9
10
10
12
3
3
8
6
6
10
2
4
l

2
3
2
2

G
H
Mi ssissi ppi River
New Orlean s, La.
Ap ril 5, 1937
12.8
15
Seston Phosphorus
Station 2827. 1. 6 mg. /m 3 at 1 m eter; Station 2829.
Station 2838. 0.3 rng. /m 3 at 20 m eters.
• See figure, page 61.

Seslon
Cu. mg.
per m 3

. 44
. 14

3.2
5. 4
2. 3
2. 6
1. 3
1. 6

4.27
1.00

6. 8
1. 5

20 . 60
. 49

7. 2
.8

.32
1
. 23

.3
.7
.5

6
4
2
5
2

.34

.4

2

.3

.7

15

5
4
4
3
2
16
11
4
3
16
7
2
2
10

4

4 .0

3
3
4
2
3
2
3
6
0.5 mg. / m 3 at 10 meters;

I

