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CHLOROPHYLL a IN THE PHYTOPLANKTON IN 
COASTAL WATERS OF THE EASTERN 

GULF OF MEXICO 1 

NELSON MARSHALV 

ABSTRACT 

Chlorophyll a was measured about twice a month for one year at three surface 
stations along the axis of Alligator Harbor, Florida; additional observations were 
made at stations along Tampa Bay and elsewhere in the coastal waters of the eastern 
Gulf of Mexico. The greatest concentrations, toward the head of the estuaries 
studied, were probably associated with low dispersal rates and with mixing of benthic 
forms into the plankton of shallow water. Except for red tide waters, which yielded 
values approximating spring fl owering in Long Island Sound, the chlorophyll con-
centrations offshore were low. Comparison with chlorophyll observations from 
other regions suggests that phytoplankton crops from the Florida west coast ap-
proximate those of similar waters elsewhere. 

In addition, experiments were conducted to ascertain the chlorophyll histories 
of water samples held in light and dark bottles at diff erent depths. Light bottles 
exposed to surface or near-surface light intensities commonly exhibited chlorophyll 
decline even when the phytoplankters were multiplying. This decline diminished 
rapidly with depth. Though surface light may be too intense for some phyto-
plankters, such fading is not to be regarded as a serious deterrent to the use of 
chlorophyll values as an index of phytoplankton mass where the plankton is free to 
mix vertically. 

INTRODUCTION AND METHODS 

As one index of basic production in water, the chlorophyll a content 
was measured in samples taken at the surface along the west coast 
of Florida. Seasonal measurements were made for Tampa Bay, 
and more intensive sampling for one year was carried out for Alligator 
Harbor. For the rest of the coastal area the sampling was sporadic. 
In Alligator Harbor, experiments were also conducted which showed 
relationships of depth with the chlorophyll a content of phytoplankton. 

The measurements reported are for chlorophyll extracts of phyto-
pl_ankton that was concentrated fr om water samples in three ways: 
with Whatman No. 42 paper coated with barium sulfate with a 
Foerst centrifuge, or with an AA millipore filter . For the' samples 

1 Contribution No. 29, Oceanographic I nstitute, Florida State University. 
1 Present address: Alfred University, Alfr ed, New York. 
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processed in 1952, extraction was in 90% methyl alcohol; the later 
samples were extracted in 90% reagent grade acetone. 

Early in these studies, extracting was done at room temperature 
for about 20 hours; later it was done for only ten minutes (30 min. 
with a millipore filter) at temperatures slightly above 40° C with 
repeated stirring. Before the reading was taken, the undissolved 
matter was settled out of the extracts, usually by centrifuging. Note, 
however, that millipore filters dissolved in the acetone and altered 
the transparency, thus necessitating application of a correction 
factor (discussed under conversions) to the light transmission readings. 

Extracts were read on a Klett Summerson photoelectric colori-
meter by using a sharp cut-off Corning filter (No. 24043) with maxi-
imum transmission starting at 667 mµ and extending above that wave 
length. Occasional comparative readings were made on a Beckman 
DU Spectrophotometer, and from these the formula of Richards 
with Thompson (1952) was used to determine the chlorophyll a and 
to work out the conversion factor for the Klett readings. The con-
version4 applied was as follow s: Klett units of extract in 90% acetone 
X .034 = mg chlorophyll a/L. (This conversion was used also for 
the few methanol extracts obtained. From comparison it is known 
that this is not accurate, but the error is small.) As applied to the 
determinations made, the conversion is : 

Klett readings X volume of extract in ml X 034 hl h II / 3 . = mg c orop y a m . 
vol. of sample in liters 

ALLIGATOR HARBOR 
Fig. 1 presents chlorophyll a measurements from the three stations 

in Alligator Harbor for an entire year. This indicates a trend to 
higher chlorophyll a levels toward the head of the Harbor, especially 
in summer. Assuming a fair correlation between the quantity of chlo-
rophyll and the phytoplankton mass (as established by Graham 
[1943] and others), this also indicates a greater phytoplankton popula-
tion toward the head waters. 

3 Several workers have been using a Klett 66 filt er for this. Six chlorophyll 
extracts, read almost simultaneously on both fil ters, indicate that a reading on the 
Corning 2404 X 1.03 = reading on the Klett 66 filt er. 

• When a millipore filt er was used, J .5 was subtracted from the original Klett 
readings before making this conversion. As determined by blank runs, this cor-
rection applies when the extraction procedure is conducted as follows: The exposed 
portion of a 47 mm diameter AA millipore filt er is dissolved as much as possible in 
3.5 ml of 90% acetone. After centrifuging, the upper 3 ml of acetone is decanted 
off and 2 ml additional acetone is added to the decanted extract to clear it further. 
The 5 ml of extract obtained is equivalent to extracting originally in 5.8 ml. 
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Figure 1. Measurements o! chlorophyll a at three stations along the length o! Alligator 
Harbor, Florida. 

In addition to these chlorophyll measurements, water samples 
preserved in formalin were taken at all three stations from August 
28, 1953 through January 21, 1954 and at the upper Harbor station 
during the previous summer and the following spring. These were 
examined after settling. The observations may be summarized as 
follows: 

In terms of ma.ss, and especially in termB of numbers, most of the pelagic plants 
are nannoplankters, chiefly small diatoms, commonly of the naviculoid group. 
Perhaps small flagellates were equally important, though their form and identity 
were destroyed in preserved samples. Many of these minute plankters are un-
attached forms associated with the bot tom, but they continuously mix into the 
pelagic area. Such a component of the phytoplankton is not adequately recognized 
in the literature; however, it seems probable that further studies of estuarine 
habitats will bring a wider recognition of this plankton component. 

Associated with this population that mixes in from the bottom is a large amount 
of inorganic and organic detritus, including fragments and whole cases of dead 
diatoms. 

Of the larger and better known plankton diatoms (all tentatively named due 
to lack of taxonomic study in the localit y) , the more numerous include Rhi zosolenia 
spp., Chaetoceros spp., Skeletonema costatum, M elosira sulcata, Thal/.a.ssionema 
nitzchioides, Thallasiothrix frauenfe/,dii, A sterionella japonica, species of Gyrosigma 
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and Pleurosigma, and Nitzchia spp. Though individual counts have not been 
made, it is clear that species of Rhizosolenia, Chaetoceros, N itzchia and others 
undergo pronounced fluctuations in numbers, but there is little indication that 
any tend to multiply in such proportions that they dominate in the pattern com-
monly regarded as a bloom. 

Counts of the total number of phytoplankton cells, extremely rough due to 
the difficulties of distinguishing and enumerating these heterogeneous small 
forms, show a range that is generally between 1-15 million/I. Of the larger forms 
named above, the species of Nitzchia greatly exceeded others in numbers. 

Though there may be qualitative differences between stations in the Harbor, 
they are not sufficiently obvious to be reported from the present general observa-
tions. 

A large bottom diatom, Eupodiscus radiatus, is often the most abundant form 
in collections made by net; however, for unstrained collections, a count of 
15,000/1 (by Herbert Curl, Jr.) is the highest known to the author. 

From these comments on the contribution of bottom flora to the 
phytoplankton, it is apparent that the gradient to higher chlorophyll 
concentrations toward the upper estuary is due in part to the fact 
that the up-Harbor waters are shallower and present a larger bottom 
to volume ratio than that toward the mouth. Thus, in the head-
waters the mixing of bottom forms into the plankton is proportion-
ately greater. As a corollary, the Harbor gradient decreases when 
mixing is decreased. This can be seen in day-to-day changes but 
it is most readily illustrated by reference to the low gradients of the 
winter months and to the deeper secchi disc readings of that period 
(Table I) . 

The contrasts in circulation from one end of the estuary to the 
other may also contribute to the phytoplankton gradient. The 
headwaters of the Harbor are partially cut off by oyster bars and 
other shoals. This and the lack of tributary flow reduce tidal currents 
and other major circulation effects. By contrast, circulation is 
much freer at mid-Harbor and at the mouth. These comparisons 
stand out quite clearly in a twelve-hour tidal cycle observation con-
ducted on April 11, 1953, a day with a relatively even diurnal tide 
and with a minimum of complicating wind effects. These observa-
tions, taken every 15 minutes, give the following average currents: 

Sta. 308 (Head of Harbor) 0.03 knots 
Sta. 313 (Mid-Harbor) 0.14 knots 
Sta. 318 (Mouth of Harbor) 0.19 knots 

Since there are no persistent gradients in salinity and temperature 
along the length of the estuary (Table I), and since vertical gradients 
are slight and transitory in these shallow depths, these surface circu-



TABLE I. SURFACE SALINITY (% 0 ), TEMPERATURE (°C) AND SECCHI DisC DEPTHS (METERS AT DISAPPEARANCE) .... 
NEAR THE MOUTH IN ALLIGATOR HARBOR (ST. 318), AT MID-HARBOR (ST. 313), AND NEAR THE HEAD (ST. 308). 00 

NUMBER OF READINGS Is GIVEN IN ( ) WHEN THERE WAs MoRE THAN ONE. 

Near mouth Mid-Harbor Near head 
Date Sal. Temp. S.D.* Sal. Temp. S .D.* Sal. Temp. S.D.• 

2/14/53 31. 4(3) 15.4(3) 31 .1(3) 15. 5(3) 31.1(3) 15.2(3) 
2/27/53 28.9(3) 17.4(3) 29.7(3) 17.0(3) 30. 0(3) 17.7(3) 
3/8/53 30.1(3) 18.9(3) 30.5(3) 18. 9(3) 30. 0(3) 19.3(3) 
3/19/53 30.4 21. 7 1. 7 29.9 21.9 1. 7 29.5 22.3 1.2 
3/20/53 30. 6(3) 21. 3(3) 1. 5(3) 30. 6(3) 21. 0(3) 1. 2(3) 29.8(3) 21. 5(3) 0 . 9(3) 
4/11/53 30. 0(37) 24 .1(37) 29 .1(38) 24. 3(38) 29.0(38) 24.8(38) 
5/21/53 24.2 26.9 2.3 26.8 28.4 1.4 29.7 28.1 0 .8 
5/25/53 26.7 29.4 2.3 27.6 29.9 1.5 27.8 30.4 0.8 0 
5/29/53 30.7 27.9 0.9 31.6 27.7 0 .9 29.3 27.9 0 .6 !':! 
6/5/53 31 .0 27.1 0.8 31.8 27.1 0 .5 32.4 27.1 0 .5 "'I 

;3 
6/12/53 30.0 29.7 1.4 28.8 29.9 1. 5 28.6 30.2 0 .9 g, 
7 /5/53 30.4 30.8 0.9 30.6 30.5 0 .6 30.3 30.7 0.5 
7/14/53 32.1 28.7 2.0 31.3 28.1 1.1 30.0 27.9 0 .5 
7 /21/53 29.4 30.9 29.7 30.1 32.1 30.4 
7/27 /53 31.5 29.9 1. 7 31. 7 29.9 0 .9 31 . 3 27.9 0 .6 A 
8/3/53 32.1 31 .1 31.8 31. 9 31.0 31. 7 "'I ... 
8/22/53 29.1 27.5 0.9 27.2 27.2 0 .6 27.1 27.2 0.5 ;3 

8/28/53 26.7 27.2 1.2 25.9 27.2 0 .6 25.5 28.2 0 .5 
9/24/53 29.2 25.2 0.8 27.5 24.7 0 .5 29.8 25.2 0 .5 

10/3/53 27.3 26.2 1.1 27.7 26.2 0.5 27.8 26.2 0 .3 
c,, 

10/8/53 29.4 23.0 0 .9 28.9 23.0 0 .6 29.6 23.0 0.8 A 
"'I 

10/20/53 30.9 24.0 1.1 30.5 24.0 0 .8 30.9 24.5 0 .6 (') 

10/28/53 31.0 22.5 0 .9 30.6 22.0 0 .8 29.9 21.5 0 .6 
11/4/53 31. 7 20.0 1. 4 31.2 19.6 1.1 31.1 20.0 1.1 
11/12/53 30.7 15.5 v. 30.3 14.5 v. 30.0 14.0 v. 
11/19/53 32.2 19.5 2.1 32.1 19.5 1. 7 31. 7 19.7 1.4 
11/29/53 31.9 15.7 v. 31.4 14.5 v. 30.6 14.0 v. 
12/8/53 29.9 15.8 1.5 29.8 15.7 v. 28.5 15.0 v. 
12/17 /53 29.9 10.4 V. 30.4 10.2 1.2 29.7 9 .0 0.9 
12/30/53 26.8 14.2 V. 28.1 14.2 v. 28.1 14.2 v. 
1/7 /54 29.8 12.5 v. 29.7 12.5 v. 29.4 11.4 v. 
1/21/54 30.8 15.5 v. 30.8 15.8 v. 30.7 16.6 v. ';::' 

• When visible on bottom, the letter "v" is entered in column. 
~(JI 

.... 
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lation figures can be used as an index of comparative dispersal rates. 
The minimum circulation at the head of this estuary could permit 
an accumulation of nutrients and a building of phytoplankton popu-
lations through recruitment and growth. In comparison, the nutrients 
and populations would tend to be dispersed more toward the mouth 
where stronger currents exist. 

TAMPA BAY 
Fig. 2 presents the chlorophyll a measurements for samples from 

Tampa Bay. Though sampling was not frequent enough to observe 
seasonal averages or short term fluctuations, the data do show a 
gradient that ranges from high concentrations in the head waters 
(near tributary sources) to lower concentrations toward the mouth; 
the lowest values occur offshore. 

Accompanying these measurements are some records of the total 
phosphorous as determined by Dr. H. T. Odum. The total P, high 
in all instances, is probably a direct result of the high P found in the 
tributary rivers by Odum (1953). Toward the mouth the P values 
decline in the same general pattern as that observed in the chlorophyll 
determinations. This suggests a correlation between the phyto-
plankton crop and the general nutrient level. 

COASTAL WATERS 
Table II presents miscellaneous offshore measurements. Char-

acteristically, these offshore records are appreciably lower than 
those of the estuaries. 

Red tide waters, caused by the intense bloom of Gymnodinium 
brevis, are listed separately in Table II. Though red tide was once 
regarded as a rare and unique phenomenon, outbreaks of this condition 
have been observed with sufficient frequency of late to throw some 
doubt on the validity of dealing with this as an atypical occurrence. 
Unfortunately the red tide measurements presented here are subject 
to fading error; however, the data show chlorophyll in quantities 
of 20-40 mg/m3, which are characteristic of algal blooms observed 
by Conover (1955) for spring flowering in Long Island Sound. The 
red tide measurements also indicate the patchiness of the bloom, 
some areas having a far greater chlorophyll concentration than others. 
Such contrasting areas are often separated by sharp lines of demarca-
tion easily seen at the surface. 

DISCUSSION OF COMPARATIVE MEASUREMENTS 

The chlorophyll gradients in Alligator Harbor and Tampa Bay, 
sloping as they do to lower values offshore, are in accord with evident 
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Figure 2. Measurements of chlorophyll a, temperature, sallnity and total phosphorous 
In Tampa Bay, Florida. Phosphorous data are from H . T . Odum (1953). (A causeway 
which now extends a.cross the mouth of the Bay was In the early stages of construction 
when the above observations were made.) 

trends obtained from assorted data in the literature which deal with 
various indices of basic production (Table III). In general, enclosed 
freshwater ponds and lakes have a greater phytoplankton biomass 
than estuaries and embayments, which in turn have a greater biomass 
than coastal offshore waters, which have a greater biomass than 
open seas. 

These are rough rule-of-thumb relationships, so rough in fact 
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TABLE IL MISCELLANEOUS CHLOROPHYLL a MEASUREMENTS (mg/m1) ON 
SURFACE SAMPLES FROM COASTAL WATERS OF FLORIDA. 

Gulf waters; no exceptional conditions 

30 miles west of Panama City, near shore 
3 miles offshore from Panama City 
3 miles south of Alligator Point 
1 mile south of Alligator Point 
Boca Ciega Key west of St. Petersburg, near shore 

Naples pier 

Gulf waters off Sanibel Island during red tidet 

4 miles west of Sanibel in red water, Sta. 6at 
4 miles west of Sanibel in clear water, Sta. 7t 
9 miles west of Sanibel in clear water, Sta. 9t 
12 miles west of Sanibel in red water, Sta. St 

Florida Keys, Atlantic Ocean side 

Plantation Key, near shore 
Upper Matecumbe Key, near shore 

8/27/53 
5/1/53 
6/12/53 
8/28/53 
11/14/53 
4/7/53 
5/30/53 
11/17/52 

11/16/52 
11/16/52 
11/16/52 
11/16/52 

0 .8 
0.4* 
0 .4 
3 .4 
3 .1 
5.1 
3.4 
1.6 

30.7,30.7 
6 .5,5.9 
4.4,6.6 
5.1,14.3 

11/19/52 1. 8 
11/19/52 0 . 7 

• Sample taken in estuary, St. Andrews Bay, for comparison = 1.5. 
t Intense bloom of Gymnodinium brevis making water reddish, viscous and toxic 

to fishes and other marine life. 
t Station numbers used by the University of Miami crew which took author to 

stations for samples. 

that, when one attempts to explain them, he may prefer instead to 
discard the generalizations in favor of more specific comparisons 
between given environments. However, note that the first group 
(ponds and lakes) constitutes a type that would tend to have pro-
portionately large shallow areas favorable for the mixing of settled 
nutrients and benthic flora into the pelagic zone. Also, a small 
lake or relatively enclosed body of water may provide optimum 
conditions for accumulating a high concentration of nutrients and 
for building up a high concentration of plankters through recruitment 
with little dispersion. At the other extreme the features of the 
open seas are least likely to provide these conditions. 

The retention of phytoplankton populations, permitting recruitment 
and growth, may be regarded as the more fundamental of these 
reasons for such contrasts in production. Without this feature, as 
in a fast flowing river such as the Silver River, phytoplankton pro-
duction may be negligible. Though moderately supplied with nu-
trients (correspondence with H . T. Odum), the Silver River supports 
a low phytoplankton population (Table III) and affords little chance 
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TABLE III . SoME CHLOROPHYLL VALUES m mg/m' FOR DIFFERENT REGION• 
FBOM SURFACE SAMPLES OBTAINED BT CENTRIFUGE, FILTER PAPEB OB 

MILLIPORE FILTER. a W A8 DETERMINED SPECinCALLT A8 

CHLOROPHYLL a. 

Author Reqion Mean Max. 

Fre3hwater 
Wolschlag and Hasler (1961) Lake Mendota 23. 8 199.0 

Marshall Lakes of Florida (10 samples from 19. 2a 112 .0a 
9 Jakes) 

Riley (1940) Llnsley Pond, Conn. 16.0 38.2 
Marshall Silver River, Fla. (3 samples, 0 . 2a 0 .4a 

7/3/63) 
Estuarit3 

Riley (1941a) Long Island Sound 17. 4 62.0 
Marshall (Fig. 2) Tampa Bay 6 . 6a 16.64 
Chesapeake Bay Institute Tidewaters of Chesapeake Bay 5 . 6a 47.4a 

(unpubl. data) tributaries• 
Marshall (Fig. 1) Alllgator Harbor 4 . 3a 14.0a 
Chesapeake Bay Institute Chesapeake Bay• 4 . la 21. 7a 

(unpubl. data) 

C=tal Offshore Waten 

Riley (1941b) Georges Bank 5 . 6 27. 2 
Marshall (Table II) Florida West Coaatt 2 .3a 30. 7a 
Marshall (Table II) Florida Keya 1.2a 1.8a 
Riley (1938) Dry Tortugaa, Fla. 0 . 3 0 . 6 

Wutern N . Atlantic Slope (Ouan) 

Riley (1939) Northern waters 2 . 1 
Riley (1939) Southern waters 1.0 

• Averaged by Marshall from records for surface samples listed In the Chesapeake Bay 
Institute mimeographed data reports. 

t Mean does not Include determinations In red tide area; maximum is a red tide detennlna-
tion. 

for phytoplankton recruitment over its short course from Silver 
Springs. 

Others have made similar generalizations with differing emphases. 
Motoda (1940) pointed out the presence of higher plankton popula-
tions in a coral atoll as compared with ocean waters outside the reef. 
Rawson (1953) stated, "the inverse relationship between standing 
crop of plankton and mean depth suggests that morphometric factors 
are predominant in determining the trophic type of most lakes under 
consideration." Riley, et al. (1949), in numerous data and comments 
on the western North Atlantic, showed quite consistently a relatively 
low phytoplankton crop in the open ocean, intermediate conditions 
in coastal waters, and a high standing crop inshore, particularly in 
Long Island Sound. Ketchum (1954), in an analysis of the relation-
ship of plankton reproduction and the rate of water circulation in 
estuaries, indicated that plankton populations are likely to be greater 
where there is less water exchange. 
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Table III throws some light on conditions in the eastern Gulf 
waters as compared to other areas similarly measured. The chloro-
phyll values for Tampa Bay and Alligator Harbor compare favorably 
with those for Chesapeake Bay, which is usually regarded as a highly 
productive estuarine system. The data suggest that none of these 
estuaries compares favorably with Long Island Sound; however, 
Riley has recently obtained measurements in which he has greater 
confidence, and he advises that these data would break down this 
contrast. 

EXPERIMENTS ON CHLOROPHYLL a RELATIVE 
TO DEPTH 

Concurrent with observations on chlorophyll values in natural 
waters, observations were made on the chlorophyll a histories of 
bottled water samples from Alligator Harbor. These involved a 
series of exploratory experiments, with different set-ups being repeated 
only as they clarified points in question or helped point the way 
to successive steps. Most of the emphasis here is placed on the last 
few experiments. 

The experimental patterns and the resulting chlorophyll determi-
nations are presented in Appendix I. The samples of natural popu-
lations observed in these experiments were held either in open bottles 
or flasks or in closed bottles with air pockets. This encouraged 
splashing and mixing in the containers. For Experiments 1 and 2 
the containers were filled by dipping them at the surface, thus in-
dividual samples probably varied slightly. In the remaining ex-
periments, the initial similarity of all samples was assured by filling 
the containers from a common supply poured from an ordinary water-
mg can. 

Considerir.g the mixed nature of the plankton associations used 
and the differences in populations and their physiological condition 
from one experiment to the next, the variations observed for these 
chlorophyll histories are readily understandable. But in spite of 
the variations, a relationship to depth and to the amount of light 
available can be discerned. Light bottles at the surface commonly 
showed a decline in chlorophyll or, if there was a gain, it tended to be 
less than that in bottles held one and two meters below the surface 
(Appendix I; Fig. 3). At depths where conditions reduced the light 
appreciably, a chlorophyll increase was usual. Actually, the most 
rapid increases in chlorophyll concentrations were obtained in samples 
which were subjected to the low radiation that penetrated through 
brown jugs held one meter below the surf ace in the turbid waters of 
Alligator Harbor. 
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EXPERIMENT 9 

XXX DETERMINATIONS ON 
ORIGINAL WATER 

Q LIGHT BOTTLE ,AT SURFJt.CE 

© LIGKT BOTTLE AT I METER 

@ LIGHT BOTTLE AT I METER 

D BROWN BOTTLE AT SURFACE 

(!] BROWN BOTTLE AT I METER 
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Figure 3. Graphic representation of Experiments 8 and 9 <- description and data In 
Appendix I). 

The early experiments, which were carried out before chlorophyll 
decline at surface light intensities had been anticipated, involved 
only surface exposures. Of these early trials, Experiment 2 is es-
pecially noteworthy. The clear bottles that floated in the Harbor 
exhibited decline while those in a laboratory tank illuminated by 
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two 40W daylight fluorescent bulbs (dim light compared to sunlight) 
showed a chlorophyll gain. 

Several of the experiments included observations on dark bottles 
(painted black on the outside or covered with opaque oilskin). These 
showed both increases and decreases, but in general the chlorophyll 
values held rather steady. 

The populations used for these experiments, the same as those 
described previously for Alligator Harbor, were difficult to identify 
and enumerate. Nevertheless, counts were attempted on samples 
from the beginning and end of each experiment. These counts (Table 
IV) were made with a compound microscope at 430X on aliquots 
taken after formalin preserved samples had been concentrated by 
settling. 

From the data it appears that the filtration process used in setting 
up half of the initial samples for Experiment 1 caused a concentration 
of minute cells that passed through the net. Otherwise the counts, 
though sketchy, are readily followed. They show clearly that the 
decline or lack of increase in chlorophyll values in bottles exposed 
to intense light was not associated with corresponding changes in 
population size. In fact, there were instances of population growth 
in the face of chlorophyll decline, as illustrated by the counts for 
Experiment 8. 

It is possible that the chlorophyll histories observed could be due 
to differential species development under these experimental condi-
tions. However, in spite of the lack of identification, the character-
istic types could be followed, and in doing so the writer is of the im-
pression that the same types were generally in abundance at both 
beginning and end of each experiment. 

Considered together, the counts and chlorophyll values indicate that 
at high light intensities, such as those which occur at and near the sur-
face, there may be at times a rapid decrease in the chlorophyll content 
of individual plankters. Since these light intensities must exceed the 
average light to which the plankters are exposed as they mix through 
the water column, this chlorophyll loss is probably not unlike that 
which many terrestrial plants undergo when subjected to light in excess 
of their normal range. Also, it appears that there are wide variations 
in these chlorophyll-light relationships, some of which are probably 
associated with the physiological condition of the plankters, some with 
species differences. 

The observations on dark bottles are not readily explained. It 
is not uncommon to observe short term increases in chlorophyll 
in the dark and such might tend to offset losses due to destructive 
processes. 

1

One might expect, however, that grazing, respiration and 



TABLE IV. CELLS X 10'/L IN THE PHYTOPLANKTON POPULATIONS OF THE EXPERIMENTS REPORTED. 
LETTER AND NU?dBER IN PARENTHESIS GrVE CoUNTB ON Nitzchia BPP. (N), 

Rhizosolenia BPP. (R), AND Chaetcceros BPP. (C). 

Sampl.es in containers at urmination of experiments 
<:> 

Light ~Brown~ Dark 
"'t 

Exp. No.• Initial water Surface 1 meur iJ meurs Surface 1 meter 
1 sea water 3 .4 (N 0 .1) 11 .6 (N 1. 1) 
l filtered water 6 .3 (N 0 .4) 6 .1 (N 0 .3) 
2 in Harbor 7. 7 (N 0 .3) 6 .6 (N 0 .4) 
2 in tank 7 . 7 (N 0 .3) 12.8 (N 0 .7) tll .4 (N 0.1) A 3 6 .8 (N 1.8) 6.0 (N 1.9) "'t 

(R 0.016) (R .015) 
... 

4 3.0 (R 0 .035) 2.3 (R .012) 2.8 (R . 003) ('> 

5 1.4 (N 0 .1) 2 .8 (N 0.2) 1.9 (N 0 .2) 
('> 

6 3.6 (N 0.4) 3 .0 (N 0.5) 2 .0 (N 0 .2) 00 
('> 

7 0 .7 1.6 1.1 0 .5 1.1 
8 1.6 (C 0 .2) 2.2 (C 0 .3) 2.0 (C 0.2) 2 .3 (C 0.2) 2 .1 0 .3) 
9 4 .6 (N 1.0) 6 .6 (N 2. 7) 4 .2 (N 0 . 7) 6 .6 (N0.8) 7.0 (N0.4) 6.3 ( 0 .6) ;,-

• Experiments numbered as in Appendix I. 
t Sample at termination missing. This sample was taken 12 hrs. earlier. 

.... 
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decay would result in noticeable chlorophyll declines in the longer 
experiments. Possibly the following factors are important in ex-
plaining these sustained chlorophyll values: (1) Grazing may be 
inhibited in bottled samples, particularly when the water is not 
sufficiently agitated to keep the phytoplankton in suspension. (2) 
Many of the physiological and dynamic processes of the pelagic 
association may be slowed down considerably in a dark container. 
Possibly chlorophyll quantities remained little changed in the dark 
even though the population was changing due to multiplication, 
consumption, death, decay, etc. Edmondson and Edmondson (1947) 
offered such an explanation for what would otherwise appear to be 
discrepancies in their growth experiments. 

Some results of earlier work are more readily understood in terms 
of the observations reported here. For example, Riley (1941a) 
compared the oxygen and chlorophyll histories in light and dark 
bottles suspended one meter below the surface. In some instances, 
when the oxygen indicated considerable synthesis in light bottles, 
the chlorophyll values dropped below those of the dark containers. 
Chlorophyll stability in dark bottles and decline in light ones readily 
account for this. 

Jenkin (1937), Riley, et al. (1949), and Steeman Nielsen (1952), 
observed that photosynthesis is optimal somewhat below the surface. 
Kallio (1953) indicated a chloroplast breakdown in desmids under 
continued high illumination. Such relationships and the chlorophyll 
decline at high light intensities suggest that surface conditions may 
be not only suboptimal but even deleterious to some populations. 

Though it is obvious that the chlorophyll history of a bottled 
sample cannot be used to indicate growth and productivity, the 
observations reported here do not discredit the use of chlorophyll 
values as an index of phytoplankton abundance. Of the variations 
that might occur in the relation between chlorophyll values and 
phytoplankton mass, this depth and light effect should be kept in 
mind; however, mixing processes in nature tend to minimize vari-
ability due to light alone. 
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APPENDIX I 

Procedures and Observed Chlorophyll a Changes in Samples of 
Natural Phytoplankton Populations Held in Jugs or Flasks 

29 

Determinations are on . 90% acetone extracts of phytoplankton 
concentrated with a Foerst centrifuge for experiments 1-4 and with 
AA millipore filters for experiments 5-9. Readings are listed at 
the nearest 6-hour interval. Each reading represents a determina-
tion on a different container. Values are in milligrams of chlorophyll 
a per cubic meter. 

Surf ace water from the upper end of Alligator Harbor was used 
for all experimental set-ups. Determinations for this water are 
listed under O hours exposure for each experiment. Dark bottle 
determinations are listed without depth notations; these would be 
of no consequence since the water was without vertical temperature 
differences. 

The light and dark bottles consisted of either a one gallon jug or a 
two liter Erlenmeyer flask of clear glass; the dark bottle was rendered 
opaque with outer coats of paint or cloth wrappings. The brown 
bottles consisted of one gallon jugs of brown glass. 

Experiment 1. VII/16/53 @ 0700 h. to VII/17/53 @ 1900 h. 
Light bottles, some with unstrained surface water, others with 

surface water strained through No. 10 bolting cloth to remove bulk 
of larger zooplankters (a relatively small proportion of the phyto-
plankton was also removed from straining). 

All bottles were floated in Alligator Harbor. 
VII/16 @ 0700: surf. temp. 28.2°C, sal. 30.6%o. Slightly cloudy 

the first day; clear the second day. No appreciable change in water 
temperature during experiment. 
Exposure in h. Unstrained Strained 
O 4 .9 4 .4 

12(lday) 7 .1 4 .4 
24 (1 day and 1 night) 6 .2 4 .9 
36 (2 days and 1 night) 6 .5 6 .8 

Experiment 2. VIl/30/53 @ 0700 h. to VIII/1/53 @ 0700 h. 
Some light bottles were floated in Alligator Harbor and others 

were held in the lab tank under two new 40-watt daylight fluorescent 
bulbs mounted about 8 inches above the bottles. Dark bottles were 
also kept in the same lab tank. 

VII/30 @ 0700: surf. temp. 29.5°C (temp. in tank 28.0°C), sal. 
31.4 96o. Sky quite clear for duration. Water temperature showed 
little change either in tank or in Harbor. 
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Light bottle& ~Bottle& in tank----. 
Exposure in h. in Harbor Light Dark 

0 5.4, 5.2, 5.4 5.4, 5.2, 5.4 5.4, 5.2, 5.4 
12 (1 day) 5.2, 3.9, 5.0 7.3 5.6 
24 (1 day and 1 night) 3.3, 5.5, 4.9 6.8 4.7 
36 (2 days and 1 night) 3.5, 3.9, 3.5 5.8 5.4 
48 (2 days and 2 nights) 3.5, 3.5, 3.6 6.0 5.2 

Experiment 3. X/30/53 @ 1000 h. to XI/1/53 @ 1600 h. 
Light and dark bottles floated in an outdoor tank and tied to a 

rig that provided constant shaking. 
X/30/53 @ 1000: surf. temp. 15.7°0 (temp. in tank 15.7°0), sal. 

30.1%o. Sky remained quite clear for duration. Water temperature 
in tank tended to rise slightly, the maximum measured being 18.0°C. 

Exposure in h. Light bottles Dark bottla 

0 12.5, 11.2, 12.1 12.5, 11.2, 12.1 
6 (part of 1 day) 11.4, 11.6 11.4, 11.6 

30 (2 days and 1 night) 6.9, 7.6, 7.6 No samples 
54 (3 days and 2 nights) 4.8, 5.3, 5.6 No samples 

Experiment 4. XI /4/53 @ 1130 h. to XI/10/53 @ 1130 h. 
Same set-up as in Experiment 3. 
XI/4/53 @ 1130: surf. temp. 20.0°0 (temp. in tank 21.5°C), sal. 

31.1 %o. Sky tended to be cloudy on four of the six days. Water 
temperature in tank dropped, the lowest reading being 15.7°C. 

Exposure in h. Light bottles Dark bottla 

0 4.5, 4.5, 4.5 4.5, 4.5, 4.5 
48 (2 days and 2 nights) 3.0, 4.1, 3.6 4.7, 4.5, 4.7 

144 (6 days and 6 nights) 1.5, 1.3, 1.8 4.3,·4.3, 3.9 

Experiment 5. XI/12/53 @ 1200 h. to XI/20/53 @ 1000 h. 
Light and dark bottles were placed in outdoor tank, one of each 

being floated at the surface and one of each being held one meter 
below surface. 

XI/12/53 @1200: surf. temp. 14.0°C (temp. in tank at 1600, 15.8°C), 
sal. 30.0 %o. Water in tank was so turbid that bottles could not 
be seen at one meter. Sky was quite clear for duration. Temperature 
in tank rose as high as 20.0°C. 

~Light boUles~ 
Exposure in h. Surface One meter 

0 1.5, 1.9 1.5, 1.9 
192 (8 days and 8 nights) 3.8 4.4 

Dark boUles 

1.5, 1.9 
1.6, 2.1 

Experiment 6. Xl /24/53 @ 0800 h. to XI/29/53 @ 1100 h. 
Light and dark bottles floated at surface and at one meter below; 

of the clear bottles only those at one meter survived. 
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XI/24/53 @ 0800: surf. temp. 18.5°C, sal. 30.6 %o, secchi disc 
barely visible on bottom, which was just over one meter. Sky gen-
erally clear for duration. Water temp. dropped as low as 13.7°C. 
Water remained turbid till the last day or so. 
Exposure in h. 

0 
48 (2 days and 2 nights) 

120 (5 days and 5 nights) 

Experiment 7. XII/28/53 

Light bottles, one meter 

4.4, 4.8 
5.1 
4.4 

@ 1200 h. to I/1/54 @ 1300 h. 

Dark bottles 

4.4, 4.8 
3.6, 3.5 
3.6 

Light bottles held in Harbor at surface and at one and two meters, 
with dark bottles held at depths in between. 

XII/28/53 @ 1200: surf. temp. 10.6°C, sal. 28.6 %o, secchi disc visible 
on bottom at4 meters. Sky was hazy till third day, then remained clear. 
Water remained relatively clear and increased in temperature to l 4.0°C. 

~Light bottles~ Dark bottles 
Exposure in h. Surface lm 2m 

0 0.7 0.7 0.7 0.7 
0.7 0.7 0.7 0.7 
0.7 0.7 0.7 0.7 

24 (1 day and 1 night) 0.7 0.7 0.9 0.7, 0.7 
48 (2 days and 2 nights) 1.1 1.1 1.1 0.9, 0.7 
72 (3 days and 3 nights) 1.2 1.1 1.2 0.7, 0.8 
96 (4 days and 4 night..9) 1.1 1.1 1.0 0.8, 0.7 

Experiment 8. II /13/54 @ 1130 h. to II/17 /54 @ 1000 h. 
Light bottles held at surface and at one and two meters below. 

Brown bottles held one meter below surface. 
II/13/54 @ 1130: surf. temp. 13.4°C, sal. 30.9 %0 , secchi disc dis-

appeared at 2.25 m. Sky generally clear for duration. Water temp. 
rose to 18.0°C; transparency did not change greatly. 

~Light bottles~ Brown bottles 
Exposure in h. _Surface lm 2m lm 

0 1.8 1.8 1.8 1.8 
1.9 1.9 1.9 1.9 
2.0 2 .0 2.0 2.0 

24 (1 day and 1 night) 1.6 1.5 1.8 2 .5 
48 (2 days and 2 nights) 1.2 2 .0 1.9 2.8 
72 (3 days and 3 nights) 1. 1 l. 6 2. 3 3. 1 
96(4daysand4nights) 1.3 1.6 2.9 2 . 7 

A bottle with formalin added and held at the surface showed no chlorophyll when 
tested after 24 hours exposure. 

Experiment 9. IV/14/54 @ 1200 h. to IV/16/54 @ 1200 h . 
Same set-up as Experiment 8, but with brown bottles at surface as 

well as at one meter. 
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IV/14/54 @ 1200: surf. temp. 26.3°C, sal. 33.0 %o, secchi disc 
disappeared at one meter. Sky clear for duration. Water temper-
ature changed little and the transparency changed but little till the 
end, when it decreased. 

--Light boUles-~ Brown boUles 
Exposure in h. Surface Jm em Surface 1m 

0 4 .5 4 .5 4 .5 4.5 4.5 
4 .4 4 .4 4 .4 4.4 4.4 
4.6 4 .6 4.6 4 .6 4.6 

24 (1 day and 1 night) 2.7 4 .7 6.2 4.9 7 .1 
48 (2 days and 2 nights) 6.1 6.1 6 .5 6.0 7.3 


