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DESCRIPTION OF THE REGION 

;· . 

The Patuxent River is one of the larger tributaries of the Chesapeak~ 
Bay. It has its origin in the north-central part of Maryland at an. 
altitude of about 800 feet and empties into the. western side of the bay 
at a point about halfway between the mouth and upper limits of the 
bay. Its basin is a hilly, rolling country without lakes and is charac-
terized by low shores that rise gently toward the interior. The soil 
consists of sand and clay and contains some limestone in local areas. 
The drainage area of the river is about 960 square miles, and its length 
measured on a straight line is about 80 miles (Bonsteel and Burke, 
1907). . 

· Consideration has been given to the lower and estuarine half of the 
river and to the region of the Chesapeake Bay opposite its mouth. 
The lower half of the river is estuarine in that its water is partly de:-
rived from the Chesapeake Bay. There exists in the lower half of the 
estuary (lower quarter of the river) a deep channel ranging in depth 
from 9 to 35 meters, which, except for an increase in depth a few miles 
inside the mouth of the estuary, .generally decreases upstream. In 
the upper half of the estuary the channel v.ari!:is in depth from 3 to 14 
met,ers. The bottom of the estuary is generally muddy, the depth of 

1 Contribution No. 64 of the Chesapeake Biological Laboratory. 
( 147) 



148 Journal of Marine Research [VI, 3 

the mud decreasing upstream, except in the upper regions where it is 
sandy, as are the shores. 

The tidal amplitude is 1.4 feet in the mouth of the estuary, increasing 
to 2.9 feet near its upper limits. Due to the gradual narrowing and 
reduction in depth of the estuary upstream, the current velocity in-
creases in this direction from about 0.3 meters per second at full 
strength in the estuary mouth to about 0.5 meters per second near its 
upper limits. At each end of the estuary there is little difference be-
tween flood and ebb strength velocity, but, throughout the greater 
part of the estuary, flood strength velocity exceeds ebb strength 
velocity by about 0.2 meters per second (data from Haight, Finnegan 
and Anderson, 1930). 

METHODS OF STUDY 

Twenty-one permanent stations, established in the estuarine lower 
half of the river and in the region of the Chesapeake Bay opposite its 
mouth (Fig. 41, exclusive of Stations 6 and 6A), were visited during 
1936-1939 and 1944-1946 for studies of depth of light penetration and 
(for both surface and bottom waters) of temperature, salinity, and sili-
cate, dissolved oxygen and hydrogen-ion concentrations. A total of 
252 individual station visits were made, and sampling was sufficiently 
frequent to obtain data at representative stations for each of the twelve 
months of the year. Nitrates and nitrites were studied during 1936-
1937, and plankton during 1936-1937 and the summer of 1944, the sta-
tions being visited on an average of five times each during 1936-1937. 

A constant recording thermograph for both air and surface water 
wa·s installed on the end of the pier at Solomons (Station 6), which 
extends 740 feet into the Patuxent River. The depth of the water at 
this station is two meters. The air thermometer is situated in the 
shade under the end of the pier about five feet above mean river level, 
and the surface water thermometer is beneath the air thermometer at 
a depth of about four feet below mean river level. A marigraph, for 
a continuous record of the water level, and a tide level gauge were 
installed at this station by the Coast and Geodetic Survey; hydrom--
eters provided for density determinations of the water. These instru~ 
ments are operated by the Chesapeake Biological Laboratory and the 
daily records are analyzed by the Coast and Geodetic Survey. Salinity 
and temperature data obtained for the 98-month period, November, 
1937 to January, 1946. are used in this report. Also at Station 6, the 
dissolved oxygen concentration of the surface water was determined 
during 1938-1940 with a total of 353 determinations, the pH of the 
surface water during 1938-1943 with a total of 206 determinations, and 
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Figure 41. Locations and depths (meters) of sampling .i;tations in the lower half .of the 
Patuxent River and the Chesapeake Bay. 
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depth of light penetration during 1939-1943 with a total of 164 de-
terminations. 

In October, 1942, Station 6A was established and visited at intervals 
averaging nine days for a total of 155 visits through August, 1946. 
Both surface and bottom waters were studied for temperature, salinity 
and dissolved oxygen concentration, the depth at this station being l7 
meters. 

Samples were collected with either a Foerst or a Nansen bottle. As 
preservatives, 5 ml. of filtered neutralized 10% formaldehyde solution 
were used per 200 ml. of plankton sample, and 0.2 ml. of saturated 
mercurous chloride solution or 3 ml. of carbon disulfide were used per 
100 ml. of silicate, nitrate and nitrite samples. Subsurface tempera-
tures were recorded with reversing thermometers. The method of 
analysis used for each factor is stated in the discussion of the results. 

Collections and analyses of samples were executed by several mem-
bers of the Chesapeake Biological Laboratory in addition to the author, 
and gratitude is expressed to them for their large contribution to the 
work. 

ENVIRONMENT AL FACTORS 

Temper" ture. Temperatures fluctuate daily and seasonal trends 
vary somewhat from year to year. For the study of seasonal variations 
in temperature, Station 6 is used for air and surface water and Station 
6A for bottom water. The distance between the air and surface 
water thermometers is nine feet. The air is warmer than the surface 
water from the latter part of January until the latter part of June 
(Fig. 42, Table V). During the rest of the year the surface water is 
warmer than the air and has a year around average temperature of 
0.5° C. higher than the air. The higher temperature of the surface 
water is the result of its receiving more heat from solar radiation than 
i~ received by the air. 
'.Tp.e air temperature data at Station 6 were compared with the air 

te~perature data of the same period at the U. S. Weather Bureau 
station at Solomons for a determination of any effect that proximity to 
water may have on the temperature of the air. This Weather Bureau 
station, operated by the Chesapeake Biological Laboratory, is located 
about 170 feet inland and about 910 feet from Station 6. Greater 
proximity to the water had no effect on the average yearly temperature 
of the air, there being no observable difference between 'the averitge. 
yearly air temperatures at the two stations. · 

The temperatures of the surface and bottom waters both begin to 
decrease in early August (Fig. 42, Table V), but, because of the more 
rapid cooling of the surface water, the bottom water is generally 
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Figure 42. Seasonal variatfons at Station 6 and 6A in air, surface, and bottom tempera-
tures and in surface and bottom dissolved oxygen concentrations. 

warmer than the surface water from September to December, resulting 
in an overturn during this period. In December and January the 
bottom water reaches temperatures as low as those of the surface 
water, and is colder than the surface water from February to Septem-
ber. In January and February the temperature of the surface water 
generally fluctuates around the temperature of the point of its maxi-
mum density, resulting in convection currents, so that the overturn 
which begins in September does not thoroughly subside until March. 
The average surface-bottom density differential at Station 6A during 
the overturn from September through February is 0.0006, while during 
the rest of the year it is 0.0015. The surface-bottom density differ-
ential undergoes a decrease of 0.0006 between August and September 
at the time of the beginning of the overturn, and an increase of 0.0013 
between February and March at the time of the beginning of the 
stratification period. Monthly density values at Station 6A are l isted 
in Table V. 

To manifest the longitudinal gradients in the physical and chemical 
factors within the estuary and between the estuary and the bay, the 
stations, other than 6 and 6A, are placed in four groups as follows : 
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TABLE I. PHYSICAL AND CHEMICAL FACTORS IN BAY GROUP AN D IN 
GROUPS 1, 2 AND 3 

Factor Bay Group Group 1 Group 2 Group 3 

Surface temperature 
range, °C. 

Bottom temperature 
range, °C. 

Surface temperature 
°C., March-July 

Bottom temperature 
°C., March-July 

Surface temperature 
°C., Sept.-Jan. 

Bottom temperature 
°C., Sept.-Jan. 

Surface-bottom salini ty 
differential, % 

Surface-bottom oxygen 
differential, c.c./1. 

Depth of li ght 
penetration, cm. 

Surface silicate cone. 
10- 3 mg. atoms/I. 

Bottom sili cate cone. 
10-3 mg. atoms/I. 

Surface sili cate range 
10-3 mg. atoms/I. 

Bottom sili cate range 
10- 3 mg. atoms/I. 

Surface-bottom silicate 
differential, % 

Surface nitrite cone. 
10- 3 mg. atoms/I. 

Surface nitrite range 
10- 3 mg. atoms/I. 

Bottom nitrite cone. 
10- 3 mg. atoms/I. 

Bottom nitrite range 
10- 3 mg. atoms/I. 

Surface nitrate cone. 
10-3 mg. atoms/I. 

Surface nitrate range 
10-3 mg. atoms/I. 

Bottom nitrate cone. 
10-3 mg. atoms/I. 

Bottom nitrate range 
10-3 mg. atoms/I. 

27.0 

25.4 

21.5 

19.4 

19.0 

19.4 

41 

2.3 

208 

17 

14 

4-31 

3-30 

21 

0.2 

0.0-1.3 

0.3 

0.0-1.5 

0 .8 

0.0--2.5 

1.4 

0.0-4.7 

27.3 

25.9 

21. 7 

19.7 

18.7 

19.0 

14 

1. 9 

187 

49 

46 

8-83 

12-108 

5 

0.2 

0.0-1.4 

0.3 

0.0-1.5 

1. 0 

0 .0-3.5 

1. 7 

0.4-4.8 

29.6 

26.4 

22.2 

21.2 

18.3 

18.5 

18 

1. 6 

91 

84 

73 

16-200 

10-195 

15 

0.1 

0.0--0.4 

0 .2 

0.0-1.6 

1. 7 

0.0-5.0 

1. 9 

0.0-5.8 

29.7 

28.9 

22.8 

22.2 

17.7 

17.7 

16 

1.0 

49 

112 

110 

55-312 

53-329 

4 

0 .1 

0 .0--0.4 

0.1 

0.0--0.4 

1. 9 

0.0-4.8 

2.0 

0.0-8.2 
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Bay Group, Stations 1-3; Group 1, Stations 5-12; Group 2, Stations 
13-18; and Group 3, Stations 19-24. The temperature ranges of both 
surface and bottom waters increase upstream (Table I). This is 
caused by the increasing remoteness of the stabilizing effect of the bay 
water and by the increasing surface-volume ratio of the water in this 
direction. A greater surface-volume ratio increases the heating effect 
of solar radiation in the summer and the cooling effect of evaporation 
in the winter. The temperature range of the surface water is greater 
than that of the bottom water in all groups, since in the summer the 
surface water receives more radiation than the bottom water, and in 
the.winter the bottom water generally reaches a temperature no lower 
than the minimum temperature of the surface water. 

Seasonal changes in temperature occur sooner in the upstream direc-
tion in both surface and bottom water. This is shown in Table I, 
where are listed the average temperatures of each of the four groups of 
stations for trips in which at least one station in each group was 
visited (1) during the period of increasing temperature, March through 
July, and (2) during the period of decreasing temperature, September 
through January. The average temperature increases upstream dur-
ing the period of increasing temperature, while the average tempera-
ture decreases upstream during the period of decreasing temperature. 
That seasonal temperature changes are initiated sooner upstream is 
primarily the result of the increasing surface-volume ratio in this 
direction. In the case of the bottom water it is also due to decreasing 
depth upstream and, to a slight extent, to the increasing thermal con-
ductivity of the water with the decreasing salinity in this direction. 

Salinity. The Patuxent River estuary is upper estuarine, according 
to Klugh's (1923) classification of estuaries on the basis of a salinity 
greater or less than 15°/00, as the salinity of the water is generally 
below this value. 

The salinity of the surface water ranges from an average of 13.8°/oo 
at Station 6 to an average of 0. 7° / 0 0 at Station 24 (Table II ). Fresh 
water, encountered at times at the latter station, extends downstream 
on ebb tides during periods of heavy stream flow. The surface salinity 
decreases gradually upstream to Station 14, followed by a more rapid 
decrease to Station 21, and then a gradual decrease until fresh water is 
encountered. An average surface salinity of 14 ° / 00 occurs near Station 
6, 12° / 00 near Station 12, 10° / 00 near Station 14, 8° / oo near Station 17, 
6°/00 near Station 19, 4°/00 near Station 20 and 2°/00 near Station 21. 
The more rapid decrease of salinity between Station 14 and 21 is due 
to the influx of fresh water from the several tributaries entering this 
region of the estuary. That tributaries effect the upstream salinity 



TABLE I I. SURFACE AND BOTTOM SAL INITY (
0

/ 00) AND PH CHARACT ERISTICS 
,.... 
<:Jl 
>IS-

Station Depth ~Surface salinity-- - ~Bottom salinity~ ~Surface pH- ~Bottom pH-
(m.) Min. Max. Aver. Range M in. Max. Aver. Range Min. Max. Aver. Min. Max. Aver. 

1 20 9.7 18.4 13.3 8.7 16.0 22.5 19.8 6.5 7.9 8.3 8.1 7.5 8.0 7.8 
2 14 8.8 17.9 13.0 9.1 11. 6 22.5 16.7 8.5 7.9 8.3 8.1 7.5 8.0 7.8 
3 8 8.6 17.4 12.9 8.8 12.1 20. 1 16.0 8 0 7.9 8.3 8.1 7.6 8.0 7.8 
5 17 9.0 17 .1 13.5 8 .1 12.5 18.0 15.4 5.5 7.8 8.3 8 .1 7.5 8.2 7.8 
6 2 5.4 20.4 13.8 15.0 7.2 8.6 8.0 
6A 17 8.0 18.4 12.9 10.4 9.4 19.7 14.3 10.3 0 

7 24 8.1 13.4 11.3 5.3 13.0 14.7 13.8 1. 7 7.9 8. 1 8.0 7.6 7.8 7.7 " ;;l 
8 33 8.1 16.7 12.9 8.6 11 .0 17.3 14.1 6.3 7.8 8.2 8.0 7.2 7.9 7.6 

10 9 7.7 16.3 12.2 8.6 11.0 16.9 13.5 5.9 7.8 8 .2 8 .0 7.6 7.9 7.7 
lOA 6.5 9.6 16 0 12.2 6.4 11 .2 16.5 13.5 4 .3 7.8 8.2 8.0 7.6 7.9 7.7 
12 15 7.5 15.5 11.5 8.0 10. 7 16.5 13.3 5 .8 7.7 8 .0 7 .9 7.5 7.7 7.6 

i;:i 

" "" · 
13 10 7.8 15.2 11 .2 7.4 9.6 16.6 13.2 7.0 7.6 8 .2 7 .8 7.5 7.8 7.6 

;;l 

"' 
14 9 6.5 14.4 9.9 7.9 9.9 15.4 12.3 5.5 7 .6 8.4 7.8 7.3 8.2 7.6 :=t1 

"' 15 11 6.3 14.2 7.9 5.7 7.9 7.5 "' 10.4 9 .3 15.0 12.4 7.5 8.1 7.7 7.4 "' i;:i 

16 11 7.8 9.7 8.7 1. 9 8.5 14.5 10.6 6.0 7.6 8 .2 7.7 7.4 7.7 7.6. " " ;;:,-, 
17 4.5 4 .1 12.9 8.7 8.8 5.2 13.1 9.5 7.9 7 .3 8 .0 7.7 7.2 8 .0 7.6 
18 6 6.2 9.7 7.7 3.5 7.7 11. 2 9.0 3.5 7 .6 8.0 7.7 7.6 7.6 7.6 
19 3 1.0 9 .9 6.4 8.9 1.0 11.3 7.0 10.3 7.2 8.0 7.6 7.2 7.8 7.5 
20 3 2.5 6.2 4. 1 3 .7 3 .3 6.7 4.8 3.4 7 .3 7.5 7.5 7.3 7.4 7.4 
21 6 0 .1 7.6 2.3 7.5 .0 .1 8 .1 2.7 8.0 7.0 7.8 7.3 6.8 7.6 7.2 
22 9 2.2 6.5 4.5 4.3 2.3 6.8 6 .7 4.5 7.1 7.3 7.2 7.1 7 .3 7.2 
23 14 0 .6 4 .5 2.0 3.9 0 .6 5.9 2.4 5.3 7.1 7.4 7.2 7 . 1 7 .3 7.2 

,-I 

24 4 .5 0 .0 2 .4 0 .7 2.4 0 .0 3.3 O.ll 3.3 6.8 7.3 7.1 6.7 7.3 7.1 w 
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gradient is indicated by the fact that the surface water at Station lOA 
(Fig. 41), located inside the mouth of St. Leonard Creek, is charac-
terized by salinities which occasionally are lower than those at Station 
12, three miles farther up the estuary. Salinity data at the various 
stations are listed in Table II. 

There is a large variation in salinity at any one place in the estuary, 
due to variation in stream flow and precipitation and to tidal and con-
vection currents. The maximum and minimum surface salinities at 
Station 6 during the 98-month period were, respectively, 20.4°/00 and 
5.4 ° / 00, a range of 15° / 00• The maximum annual range at this station 
was 13.3° / 00• Due to the increasing tidal amplitude upstream, the 
salinity range increases in this direction to that point in the estuary 
where the maximum salinity falls below the salinity range occurring 
farther downstream, and above that point it decreases. 

The salinity range of the surface water is larger than that of the 
bottom water in the lower two-thirds of the estuary and in the region 
of the bay opposite its mouth, reflecting the greater tidal shift of the 
surface water. However, in the upper third of the estuary the salinity 
range of the bottom water is larger, since the lower salinity of the sur-
face water places a greater restriction on its range. 

The percentage difference between surface and bottom water salini-
ties in the lower half of the estuary increases upstream, although the 
water becomes shallower and the current swifter, both of which are 
conducive to greater turbulence. Percentage differences through-
out the paper are determined by dividing the surface-bottom dif-
ferential of the factor by the value of the factor in the bottom water. 
The average percentage difference in surface-bottom salinity of the 
four groups, for trips in which at least one station of each group was 
visited, are listed in Table I. The reasons for the differences in the 
groups will be discussed later. It may be mentioned, however, that 
the salinity of the bottom water depends upon depth as well as upon 
proximity to the more saline water of the bay. This is indicated by 
the fact that the salinity of the bottom water at Station 8, 33 meters 
deep, occasionally equals the salinity of the bottom water at Station 5, 
only 17 meters deep but four miles nearer the bay. 

There is often a transition in temperature and salinity at the mouths 
of river estuaries flowing directly into the sea that leads to a marked 
stratification of the water. Since the Patuxent River estuary does 
not flow directly into the sea, there is no sudden transition in tempera-
ture and salinity at its mouth and consequently no marked stratifica-
tion of the water. The data (Tables I, V) at the three stations in the 
Fegion of the bay opposite the mouth of the estuary (Fig. 41) show that 
differences between the estuary and the bay waters in the physical and 
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chemical factors studied are of no greater magnitude than the differ-
ences in these factors between localities of similar distance within the 
estuary. 

The salinity of the surface water at Statiol). 6 begins to decrease on 
the average in November (Fig. 43, Table V), but the time of the begin-
ning of the decrease may occur in the preceding or following month. 
The decrease continues on the average until early May, although it 
may continue until April or June, at which time the surface salinity 
begins to increase. The lowest surface salinity occurs from March 
through August, and the highest from September through February. 
The trends in salinity in the bottom water at Station 6A are similar to 
those in the surface water at Station 6, being lowest from March to 
August and highest from September to February (Table V). 

The surface salinity at Station 6 and the stream fl.ow of the Patuxent 
River measured about five miles above Laurel (about 65 miles on a 
straight line · above Station 6) are inversely related, there being, how-
ever, a lag of one to two months between seasonal trends in stream 
fl.ow and salinity (Fig. 43, Table V). Stream fl.ow at the Coast and 
Geodetic Survey stream-gauge station near Laurel begins to increase 
in October and to decrease in May. The lag between seasonal changes 
in stream fl.ow near Laurel and seasonal changes in the salinity of the 
estuary decreases upstream. In the upper two-thirds of the estuary 
the lowest salinities occur from January to May, at which time the 
stream fl.ow at Laurel is greatest. As would be expected, the upper 
portion of the estuary resp_onds more rapidly to changes in stream fl.ow 
measured nearer the source of the river than do.es the lower portion of 
the estuary. 

The salinity of the lower portion of the Patuxent River estuary is 
effected by the stream fl.ow of other tributaries of the Chesapeake Bay. 
Beaven (1946) found an inverse relationship between the salinity at 
Station 6 and the stream fl.ow in the Susquehanna River, the largest 
tributary of the Chesapeake Bay. 

There is a direct relationship between the periods of increasing 
salinity and south winds and between the periods of decreasing salinity 
and winds from the northwest (Fig. 43). South winds blow the more 
saline bay water into the estuary, while northwest winds have the 
opposite effect. 

Seasonal variations of precipitation in the Patuxent River basin, 
based on the average precipitation at the five Weather Bureau stations 
located in this area, show little causal relationship with seasonal 
variations in salinity or stream fl.ow in the Patuxent River (Fig. 43, 
Table V). The greatest precipitation occurs during the summer, when 
the stream fl.ow is decreasing and the salinity increasing. The de-
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Figure 43. Seasonal variations in the Patuxent R iver of stream flow, salinity, light 
penetration, and precipitation in upper diagram, and of density and mean water level devia-
tion (tenths of a foot) in lower diagram. 

clining stream flow during the period of greatest precipitation is largely 
due to, the greater evaporation and transpiration occurring during 
the summer. 

The periods of overturn and stratification, indicated by the tem-
perature and density characteristics of the water, are substantiated by 
t he sali nity data. The average surface-bottom salinity differential 
at Station 6A during the period of overturn, September through 



158 Journal of Marine Research [VI, 3 

February, was 0.9°/00, while during the period of stratification, March 
through A.ugust, it was 1. 9° / 00• The overturn occurring in the estuary 
is, because of the salinity of the water, not the complete mixin~ that 
occurs in a lake, where, during the period of overturn, the density of 
the water may become the same throughout. Even at the height of 
the overturn in the estuary, the bottom water, because of its greater 
salinity, is usually denser than the surface water. Occasionally, 
however, the greater warmth of the bottom water causes it to be 
lighter than the less saline but colder surface water. Al so, the tidal 
effect continually predisposes a mixing of the water which is only 
relatively diminished during the period of stratification. In Table 
III are listed the occurrences out of 155 recordings when the surface 

TABLE III. OCCURRENCES AT STATION 6A, 1942-1946, WHEN SURFACE SALINITY 
EQUALLED OR EXCEEDED BOTTOM SALINITY 

Date Surface Bottom S urface Bottomtem- Surface Bottom 
salinity salini ty temperature perature densi ty densi ty 

(
0 

/ oo) (
0 

/ oo) . (oC.) (oC.) 

9/1/45 11.5 11.5 25.8 24.7 1.0057 1.0061 
10/5/45 , 12.6 12.2 21.0 21. 5 1 .0077 1 .0073 
11/13/43 14.2 14.2 12.8 13.0 1.0104 1.0104 
11/13/45 12.9 12.8 14.9 14.6 1.0091 1 .0090 
1/22/45 16.1 16.0 1.1 1. 2 1 .0124 1.0123 
1/23/46 11. 5 10. 7 1. 7 2.0 1 .0088 1 .0082 
2/20/46 13. 1 12.9 3 . 2 3 .0 1 . 0101 1.0100 
2/27/46 14.2 13.2 4.7 3 .5 1.0110 1 . 0102 
4/3/46 11. 6 11.0 11.0 10.4 1 .0086 1.0082 
4/18/46 11.4 11.4 12.5 11 . 6 1 .0082 1.0083 
5/2/45 10.8 10. 7. 14.8 14.3 1.0075 1.0075 
8/25/44 13.9 13.9 26.2 25.8 1.0074 1.0075 

salinity at Station 6A equalled or exceeded the bottom salinity. It 
can be seen that, while this condition may occur at any season, it is 
less prevalent during the period of stratification, and on only one 
occasion during the period of stratification did the surface density 
exceed the bottom density (Table III ). 

Salinity , except at Station 6, was calculated from the chlorine 
content determined by titration with silver nitrate, potassium chro-
mate being used as the indicator. At Station 6, salinity was calcu-
lated from the density and temperature of the water with the use of 
hydrometers calibrated by the Bureau of Standards and with frequent 
checks by titration. 

Tides. The difference between the highest and lowest tides at 
Station 6 during 1945, taken as a representative year, was six feet, 
about three feet above and three feet below mean river level. The 
maximum tidal amplitude was 22 inches and the minimum three inches 
the average being 13 inches. ' 
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Water level. The water level at Station 6 is highest from June 
through September and lowest from December through February 
(Fig. 43, Table V). The average annual range between the highest 
mean monthly level, which occurs in September, and the lowest mean 
monthly level, which occurs in February, is nine inches. The seasonal 
variations of the water level in the Patuxent River estuary are largely 
the result of two factors. First, prevailing winds of the region are 
from the northwest during the period of low water level, and from the 
south during the period of high water level (Fig. 43). Northwest 
winds blow the water from the estuary into the bay, while south winds 
have the opposite effect. Second, the stream flow is high during the 
period of most rapid increase of water level and low during the period 
of most rapid decrease of water level (Fig. 43), the river level being 
determined by the volume of water flowing downstream as well as by 
the influx of water into the estuary from the bay. 

The increase from February to April is largely the result of the 
high and increasing stream flow occurring during this period, and it 
occurs in spite of the decreasing salinity, the latter being indicative of 
an egress of water from the Patuxent River estuary. Outflow of water 
into the bay is favored by northwest winds in February and March, 
but it apparently continues into May, as the salinity continues to 
decrease into this month, despite the seasonal shifting of the wind to 
the south in April. The south winds begin to retard the egress of the 
water from the estuary in May, when there is little further drop in 
salinity, and reverse the direction of the water from the latter half of 
May through September, during which time the salinity at Station 6 
increases. The stream flow begins to decrease after April, and, if it 
were not for the shifting of the wind to the south, the water level 
would fall instead of continuing to rise into September. 

The river level begins to fall after September, following the seasonal 
shift in wind direction to the north, despite the increasing stream flow 
at this time. The effect of wind direction on the egress of water from 
the Patuxent River estuary is not reflected in the salinity, however, 
until November, at which time it begins to decrease. Although the 
stream flow begins to increase during this period, it is not sufficient to 
cause the water level to rise until after February, and the decrease in 
river level beginning in the fall is largely due to egress of water from 
the estuary caused by the northwest winds. 

To summarize, the increase in river level from February to April is 
due largely to high stream flow, and from April to September to the 
southerly direction of the wind which retards the egress of water from 
the estuary. The decrease in water level, which occurs from Septem-
ber to February, is due largely to the northwest winds which increase 
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the rate of egress of water from the estuary. Seasonal variations in 
direction of wind and amount of stream flow in the Patuxent River 
estuary are in opposition. During the period of decreasing stream 
flow the wind is from the northwest, and, during the period of de-
creasing stream flow the wind is southerly. Thus, what would other-
wise be a positive correlation between stream flow and river level is 
almost obliterated, and the magnitude of seasonal changes in water 
level is greatly reduced, wind direction having more effect on the 
river level (measured at Station 6) than has stream flow. 

Dissolved oxygen concentration. The data of Station 6 and 6A are 
combined for a study of the seasonal variations in the dissolved 
oxygen concentration of the surface water. The dissolved oxygen in 
the surface water begins to decrease in March (Fig. 42, Table V), 
although high values occur throughout April, and reaches a minimum 
in August, following the inverse relationship between the solubility 
of oxygen and the temperature of the water. The maximum concen-
tration recorded was 10.38 c.c./1. and the minimum 2.30 c.c./1. 

Similar seasonal variations in the dissolved oxygen concentration 
occur in the bottom water at Station 6A, the concentration being 
highest in the winter and lowest in the summer. Lowest values 
ollcur during June rather than at the height of water temperature in 
August. This may be due to the stratification of the water being 
greater in June than later in the summer, the greatest surface-bottom 
differentials in temperature, salinity and density also occurring at this 
time. The maximum oxygen concentration recorded in the bottom 
water at Station 6A was 9.42 c.c./1. and the minimum 0.15 c.c./1. 

Percentage saturation with oxygen of the surface water at Station 6 
and 6A is highest in April and May, reaches a low in August, and 
undergoes a secondary increase in September and October (Fig. 44, 
Table V). The maximum recorded was 143% and the minimum 42%. 
Percentage saturation with oxygen of the bottom water at Station 6A 
undergoes a rapid decrease in May and June, rises somewhat in July 
and August and sharply in September and October, reaching its 
highest values in the latter month. The maximum percentage satura-
tion was 133% and the minimum 24%. 

The high percentage saturation of the surface water in April and 
May and the low percentage saturation of the bottom water from May 
through August are evident in all but the uppermost portion of the 
estuary. Oxygen saturation values in the bottom water as low as 
61 % were obtained during the summer as far up the estuary as Station · 
21. The low percentage saturation of the bottom water as early as. 
May, although the surface water is supersaturated at this time, may 
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Figure 44. Upper diagram-seasonal variations at Group 1 of average surface and bot tom 
concentrations of silicates, nitrates, and nitrites. Middle diagram-seasonal variations at 
Group 1 of surface and bottom plankton. Lower diagram-seasonal variations at Station 
6 and 6A of surface and bottom oxygen percentage saturations. 

be due to stratification and bacterial respiration, as well as to the 
failure of the plankton bloom (predominantly composed of diatoms) 
to last in the bottom water into this month (Fig. 44). 

The surface-bottom differential in dissolved oxygen concentration 
at Station 6A was 2.2 c.c./l. during the period of stratification and 
only 0.3 c.c./l. during the period of overturn. The surface-bottom 
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differential decreases upstream (Table I) due to the increasing shalloW:-
ness. The greater surface-bottom differential in the bay is due to the 
greater density stratification, which results in a more severe exhaustion 
of oxygen in the bottom water during the summer than that which 
occurs in the estuary. 

The dissolved oxygen concentration was determined by a modifica-
tion of the micro-Winkler method, the reagents being added immedi-
ately to the sample upon collection. 

Depth of light penetration. The Patuxent River estuary would be 
classified (Minikin, 1920) as a moderately fast fl.owing river at times 
of full current velocity, even down to its mouth. Due to tidal action, 
however, -the water is not always moving in the same direction. At 
change of tide the current velocity is negligible and the rate of sedi-
mentation of suspended particles is greatly accelerated. Character:. 
istically a stream with a current velocity equal to that of the Patuxent 
River estuary at full strength would have a bed of light gravel, but, 
due to the tidal effect, its bed is muddy except in the upper reaches 
where it is sandy. 

The depth of light penetration, which was measured by means of a 
Secchi disc, exhibits a marked increase downstream. The average 
Secchi disc readings for the four groups, in months in which at least 
one station of each group was visited, are listed in Table I. The 
reduction in turbidity downstream is due both to the decreasing current 
velocity and to the increasing salinity in this direction, the saline water 
neutralizing and precipitating the negatively-charged suspended 
particles. 

At Station 6, the depth of light penetration is at its lowest in June, 
0.97 meter, and at its highest in November and December, 2.58 
meters (Fig. 43, Table V). The depth of light penetration, peculiarly, 
varies inversely with the amount of solar radiation, which is at its 
height in the latter half of June and is lowest in the latter half of 
December. 

Depth of light penetration is decreased by water with suspended . 
particles fl.owing downstream, and increased by influx of less turbid · 
bay water into the estuary. Thus, salinity and depth of light pene-· 
tr3:tion are positively correlated seasonally as well as longitudinally . . 
Since salinity. ·varies inversely with the amount of solar radiation • 
depth of light penetration also exhibits this relationship. · ' · 

Depth of light penetration shows an inverse relationship with · 
stream fl.ow, there being, however, a lag of two to three months be-
tween seasonal changes in stream fl.ow near Laurel and changes in · 
depth: of light penetration at Station 6. 
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Hydrogen-Ion concentration. The water of the Patuxent River 
estuary is characteristically basic, becoming increasingly so down-
stream (Table II) as the salinity and alkalinity increase in this direc-
tion. Alkalinity increases with the greater salinity downstream as 
well as with vertical increase of salinity, although the alkalinity-
chlorinity factor decreases with increasing salinity (Brust and New-
combe, 1940). 

The average pH of the surface water at Station 6 is 8.0, with a 
range of 7.2 to 8.6. A large range in pH occurs throughout the estuary. 
There is no significant seasonal variation in surface pH at Station 6 
(Table V), partly due to the fact that increased alkalinity wi th the 
higher salinity in the winter tends to be balanced in its effect on pH by 
increased solubility of carbon dioxide in the colder water, while de-
creased alkalinity with the lower salinity in the summer tends to be 
balanced by decreased solubility of carbon dioxide in the warmer water. 

The pH of the bottom water, at any one place in the estuary, is 
generally lower and never higher than the pH of the surface water, 
the surface-bottom pH differential decreasing upstream. The surface-
bottom pH differential is greater during the period of stratification, 
when the average differential at Station 5 was 0.4, and lower during 
the period of overturn, when the average differential was 0.1. The 
seasonal variation in surface-bottom pH differential is manifested 
throughout the lower two-thirds of the estuary. The lowest pH of the 
bottom water occurs during the period of low concentration of dis-
solved oxygen, June through August, with values as low as 7.5 in the 
bottom water of the Bay Group. 

The higher hydrogen-ion concentration at lower depths may be 
due in part, as held by Prideaux (1919), to the continued addition of 
bicarbonate waters to the more saline waters without adequate op-
portunity of yielding up the excess of carbon dioxide which is produced 
from the half-bound carbon dioxide by an increase of salinity in solu-
tions already saturated with carbon dioxide. Another source of the 
lower pH of the bottom water is bacterial respiration. This is par-
ticularly evident in the summer when stagnation occurs in the bottom 
water of the lower half of the estuary and in the region of the bay 
opposite its mouth. The heat absorbed in the surface water estab-
lishes a resistance to mixing, and the reduction in pH is accompanied 
by a decrease in the dissolved oxygen concentration. 

The pH was determined colorimetrically with cresol or phenol-red 
as indicators, corrections being made for temperature and salinity. 

Silfrate concentration. The range in silicate concentration was 
8 X 10-3 to 329 X 10-3 mg. atoms of Si per liter. The silicate concen-
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tration and range of silicate concentration in both surface and bottom 
waters decrease downstream (Table I). Diatoms fix the silicon in an 
extremely insoluble form, amorphous opaline silica, so that the con-
centration of silicates is considerably reduced in the downstream direc-
tion. The average silicate concentration in the surface water was 
13% higher than the average concentration in the bottom water and 
exceeded or equalled the latter three-quarters of the time. The 
surface-bottom silicate differential in Group 1 was higher in the period 
of stratification, 5.5 X 10-a, than during the overturn, 2.0 X 10-a. 

The major portion of the silicates in the waters of the Patuxent 
River estuary, because of the low rate of regeneration of silicates from 
the bottom mud, is derived from the inflowing fresh water. Thus, 
silicates can be used as a tracer of the fresh water much as salinity is 
used as a tracer of the bay water carried up the estuary. The greater 
salinity of the bottom water indicates that the more saline water 
progressing upstream tends to flow under the fresher water coming 
downstream. Similarly, the greater amount of silicates in the surface 
water indicates that the fresher water coming downstream tends to 
flow over the more saline water progressing upstream from the bay. 
As is the case with salinity, the greatest percentage difference in the 
surface-bottom silicate differential occurs in the middle third of the 
estuary (Table I). Apparently, it is here that separation of inflowing 
river and bay waters into two strata is at its height. 

The higher surface-bottom silicate and salinity percentage differ-
entials in the Bay Group compared with those in Group 1 (Table I ) 
suggest that the greatest relative stratification in the Chesapeake Bay 
may occur in its middle region (where the Bay Group is located). 
The salinity of the water in various sections of the bay, determined in 
July, 1943, indicates this to be true, since the highest surface-bottom 
salinity percentage differentials occurred in the middle region of the 
bay, Matapeake to Cove Point (Table IV ). 

TABLE IV. SALIN ITY IN VARIOUS SECTIONS OF THE CHESAPEAK E BAY rn JULY, 1943 

Location of Depth Surface Bottom Surface- Surface-
station (m.) salinity salinity bottom bottom 

(
0
/ool ( 0

/ 00) difference difference 
(

0
/00) (°loo) 

Howell Point 10 .50 .77 .27 54 
Hart Island 5 2.82 3.05 .23 9 
Matapeake 30 7.12 18.44 11.32 160 
Sharp's Island 20 8. 71 19.92 11.21 129 
Cove Point 35 10.74 .21. 75 11.01 103 
Point No Point 28 12.13 22.55 10.42 86 
Great Wicomico 30 13.55 23.59 10.04 74 
Wolf Trap Light 15 17 .17 24.38 7.21 42 
Cape Charles 10 23.50 31.06 7.56 32 
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The silicate concentration in Group 1 is highest in March (Fig. 44, 
Table V) during the heavy stream flow and immediately preceding the 
spring plankton bloom. It is low in April and May and again in 
September and October, these periods coinciding with the spring and 
fall plankton blooms, respectively. The silicate concentration in this 
group is high during the summer and winter. In Group 3 the silicate 
concentration more closely follows the stream fl.ow and is lowest 
during the summer and highest in the spring (Table V). 

The colorimetric procedure used by King (1931) was employed for 
the determination of the sili cate concentration. 

Nitrite concentration. The concentration of nitrite nitrogen ranges 
from 0.0 to 1.5 X 10-3 mg. atoms of N per lit er. The average con-
centration is higher in the lower half of the estuary and in the Bay 
Group, 0.2 X 10-3 in the surface and 0.3 X 10-3 in the bottom water, 
than in the upper half of the estuary, 0.1 X 10-3 surface and bottom. 
In the upper half of the estuary there is no significant difference be-
tween surface and bottom water concentrations of nitrites, but in the 
lower half and in the Bay Group the concentration in the bottom water 
is 60% higher than in the surface water, and exceeds or equals the 
concentration in the surface water 85 per cent of the time. The higher 
nitrite concentration in the bottom water in the lower half of the 
estuary and in the region of the bay opposite its mouth is indicative of 
a greater regeneration of nitrites in the more muddy bottom which 
occurs there . 

. The nitrite concentration in Group 1 increases gradually from May 
through September (Fig. 44, Table V), with highest values occurring 
in the latter month. There is a decrease from September to N ovem-
ber, followed by a gradual rise to March and a decrease in April. In 
Group 3, the nitrite concentration more closely follows the stream 
fl ow (Table V). 

The surface-bottom differential in Group 1 is greater during the 
period of stratifi cation, 0.3 X 10-3 mg. atoms per liter, than during 
the rest of the year, when the av~rage surface-bottom differential is 
0.0 X 10- 3_ 

The nitrite nitrogen concentration was determined by the Griess 
method as described by Orr (1926-1927). 

Nitrate concentration. The concentration of nitrate nitrogen is 
extremely variable, ranging from 0.0 to 8.2 X 10-3 mg. atoms of N per 
lit er. The concentration decreases downstream (Table I ) due to the 
greater influx of nitrates in the fresh water and to their gradual utiliza-
tion in their passage down the estuary. The concentration is 60% 
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higher in the bottom water and exceeds or equals the surface concen-
tration 80 per cent of the time. The surface-bottom differential is 
greater in the lower third of the estuary and in the bay (Table I), as 
nitrate regeneration is favored by the more muddy bottom occurring 
there. 

The nitrate concentration in Group I increases from November to 
March, reaching its highest values in the latter month (Fig. 44, Table 
V). There is a sudden drop in April, with lowest values occurring in 
May and with a gradual increase from May to September. The 
nitrate concentration generally greatly surpasses the nitrite concen-
tration, and this difference is more pronounced in the winter. Stream 
flow, which carries a greater proportion of nitrates than nitrites into 
the estuary, is high during this period, and the low temperature pre-
vailing in the winter has a greater retarding effect upon denitrifying 
bacteria than upon nitrate-producing bacteria (Rakestraw, 1936). 
In Group 3 the nitrate concentration more closely follows the stream 
flow and is highest in the spring (Table V). Concentrations of 
nutrient salts are dependent upon seasonal changes of stream flow as 
well as upon regeneration. 

The surface-bottom nitrate differential in Group 1 is greater during 
the period of stratification, 0.9 X 10-3, than during the period of 
overturn, 0.4 X 10-3_ Because of the tidal currents and relatively 
shallow depth of the estuary, at least in its upper portion, the existence 
of seasonal periods of stratific ation and overturn may have remained 
unsuspected. Their existence in the lower portion of the Patuxent 
River estuary is established by the seasonal changes in the surface-
bottom differentials of the several factors: density, temperature, 
salinity, dissolved oxygen, hydrogen-ion concentration and nutrient 
salts. That the searnnal periods of stratification and overturn also 
occur upstream, at least through the estuarine portion of the river, is 
indicated by the seasonal changes in surface-bottom differentials in 
Group 3. In this group, during the period of stratification, the average 
surface-bottom differential of density was 0.0006 and of dissolved 
oxygen I.I c.c./1., while during the period of overturn the average 
surface-bottom differential of density was 0.0003 and of dissolved 
oxygen 0.7 c.c./1. The seasonal periods of stratification and overturn 
are indicated even at the uppermost station in the estuary. At 
Station 24, during the period of stratification, the average surface-
bottom differential of density was 0.0003 and of dissolved oxygen 
1.3 c.c./1., while during the period of overturn the average surface-
bottom differential of density was 0.0000 and of dissolved oxygen 
0.5 c.c./1. 

Stratification from March through August and overturn from 
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September through February is also characteristic of the region of 
the Chesapeake Bay opposite the mouth of the Patuxent River, and is 
more greatly in evidence there than in the Patuxent River estuary. 
In the Bay Group,_ during the period of stratification, the average 
surface-bottom differential of density was 0.004 and of dissolved 
oxygen 3.0 c.c./1., while during the period of overturn the average 
surface-bottom differential of density was 0.001 and of dissolved 
oxygen 0.4 c.c./1. 

Concentrations of phosphates (Newcomb and Brust, 1940), sili cates 
and nitrates are higher in the waters of the Patuxent River estuary 
than in the waters of the Chesapeake Bay near the mouth of the 
river (Table I), so that in respect to nutrient salts the bay water has 
a diluting effect on the water of the estuary, and the estuarine water 
enriches the bay. Differences in the concentrations of the nutrient 
salts between the estuary and bay waters, however, are of no greater 
magnitude than between localities of similar distance within the 
estuary. 

The nitrate nitrogen concentration was determined by the reduced 
strychnine method outlined by Ridell (1936), the nitrite concentration 
being deducted. 

Plankton. The quantity of plankton was determined by the fol-
lowing method. The plankton in a water sample of known volume, 
about 350 ml., was concentrated by means of a Foerst electric centri-
fuge, and a 1 ml. portion of the concentrate was placed in a Sedgwick 
Rafter counting cell . Ten fields were selected at random for counting 
microplankton, and the whole cell was ·examined for macroplankton. 

While the data are suffi cient to show longitudinal differences in the 
plankton forms, no attempt is made to define seasonal variations in 
portions of the estuary other than Group 1. A large spring plankton 
bloom in Group 1 occurs during April and May (Fig. 44, Table V), 
the highest record of which was 940 organisms per ml. A smaller fall 
plankton bloom occurs in September and October, the highest record 
of which was 345 organisms per ml. Quantity of plankton in the 
bottom water is about the same in both spring and fall blooms, and 
the supremacy of the bloom in the spring is due to the greater abun-
dance of plankton in the surface water at that time. Lowest values of 
plankton occur during the summer, particularly in the bottom water 
where counts as low as 16 organisms per ml. were obtained, plankton 
being more abundant in the winter than in the summer in both surface 
and bottom water. 

Plankton was more plentiful on the average in the surface than in 
the bottom water. The difference, however, is largely due to the 
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abundance of plankton in the surface water during the spring bloom 
(Fig. 44), there being little difference between the quantities of plank-
ton in the surface and bottom waters during the rest of the year. 

While diatoms exceed protozoa in quantity during most of the year 
throughout the estuary in bottom as well as in surface water, protozoa 
show an inverse c·orrelation with salinity and increase in quantity 
upstream. Protozoa are most abundant during the spring and fall 
blooms with counts as high as 95 per ml., although relatively they are 
most abundant during the summer when diatom counts are low. 
Dinoflagellata and Tintinnidae are the predominant protozoan forms. 
Copepods increase in quantity downstream, while rotifers increase 
upstream. Copepods are most abundant during the spring bloom 
when counts as high as 200 per liter were obtained, and rotifers in the 
fall bloom with counts as high as 750 per liter. 

No longitudinal differences in total plankton quantity were observed 
within the estuary or between the estuary and the region of the bay 
opposite its mouth. Some of the plankton species occurring in the 
bay at the mouth of the river did not extend farther up the estuary 
than Station 5, while others extended upstream as far as Station 19. 
Some species occurring at Station 24 extended downstream only to 
Station 21, while others extended down the estuary to Station 17. In 
general, fresh water plankton fails to reach the lower portion of the 
estuary and bay plankton fails to reach the upper portion of the 
estuary. While some species occurred in the middle region of the 
estuary which were not found in the upper or lower regions, they may 
have been carried into the middle region by tributaries of the estuary. 
However, because of the slow rate of progress of the water downstream 
due to the continually changing tidal direction, it would be possible for 
a plankton species to exist indefinitely within the middle region of the 
estuary. Many of the individuals belonging to the species would be 
carried up and downstream by the tides, but a sufficient quantity 
could remain within the middle region of the estuary to perpetuate 
the species without recourse to an external source of supply. 

Apparently temperature, other than by producing an overturn, has 
little direct effect on the initiation of plankton blooms, except that, in 
the case of both blooms, the water is proceeding towards its average 
and, what may be, its more favorable temperature. The temperature 
of the water at the times of the spring and fall plankton blooms 
indicates that an increase in the quantity of plankton may occur 
within a range of 5° to 25° C. 

Day length and depth of light penetration both may have an effect 
on the initiation of the plankton blooms. In the spring bloom the 
days are becoming longer and the depth of light penetration is de~ 
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creasing, while in the fall bloom the days are shortening and the depth 
of light penetration is increasing. 

Nitrates and silicates reach their maxima immediately before the 
spring bloom and are decreased during the bloom (Fig. 44). They 
rise gradually to the time of the fall bloom and are similarly decreased 
by it. These relationships are also true of nitrites (Fig. 44), except 
that the fall maximum in nitrites is greater than the maximum in the 
spring. Stream flow , which brings these nutrient salts into the 
estuary, is at its height immediately preceding and during the early 
part of the spring bloom, while it is at its lowest preceding and during 
the early part of the fall bloom. The overturn occurring during the 
fall bloom, which brings nutrient salts to the surface water and carries 
dissolved oxygen to the bottom water, apparently partially compen-
sates for the low stream flow at this time. That the fall plankton 
bloom is as great in the bottom water as it is in the surface water is a 
manifestation of the overturn. 

As the plankton blooms are predominantly composed of plants, the 
times of their occurrence and the periods of highest oxygen saturation 
of the water are closely related (Fig. 44). The amount of plankton in 
the surface water exceeds the amount of plankton in the bottom water 
by less in the fall bloom than in the spring bloom, and these relation-
ships are reflected in the oxygen percentage saturation values of the 
water. That depth of light penetration is much less at the time of the 
spring bloom than at the time of the fall bloom partially accounts for 
the greater surface-bottom plankton differential in the earlier bloom. 
The drop in percentage oxygen saturation following the plankton 
blooms, which is particularly evident in the bottom water during the 
summer, is apparently largely due to bacterial respiration, as phyto-
plankton is comparatively abundant even in the oxygen-poor bottom 
water of the summer period. 

SUMMARY 

Longitudinal gradients, surface-bottom differentials and seasonal 
variations of environmental factors and plankton in the lower and 
estuarine half of the Patuxent River and in the region of the Chesa-
peake Bay opposite its mouth are defined from data obtained during 
1936 to 1946 at 23 stations. 

A single period of stratific1;1,tion from March to August and a single 
period of overturn from September to February occur throughout the 
length of the estuary and in the region of the Chesapeake Bay opposite 
its mouth. Temperature range and earliness of seasonal temperature 
change increase upstream, the temperature range being greater in 
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the surface than in the bottom water. The greatest relative strati-
fication of inflowing river and bay waters occurs in the middle third of 
the estuary, although, because of increasing depth, surface-bottom 
differentials increase downstream. Surface water on the average is 
0.5° C. warmer than the air. 

Salinity range is greater in the surface water. Salinity is lower in 
the spring and summer and higher in the fall and winter, while river 
level is lower in the winter and higher in the summer. They are both 
effected by wind direction and stream flow. The effect of seasonal 
changes of stream flow on the river level is diminished by opposing 
seasonal changes in the wind direction. 

Depth of light penetration increases downstream and, peculiarly, 
varies inversely with seasonal changes in solar radiation. It is posi-
tively correlated with salinity both seasonally and longitudinally. 
Hydrogen-ion concentration decreases downstream and is greater in 
the bottom water, particularly in the summer. 

Plankton is extremely abundant throughout the estuary and is 
comparatively plentiful even in the oxygen-poor bottom water during 
the summer. In the lower third of the estuary the spring plankton 
bloom in the surface water, occurring in April and May, is considerably 
greater than the fall bloom, occurring in September and October, 
while the blooms are of about the same size in the bottom water. The 
spring bloom is greater in the surface than in the bottom water, while 
the fall bloom is of about the same size at both depths. Winter 
values exceed those of summer. Diatoms are the predominant or-
ganisms throughout the estuary. Rotifers and protozoa increase, in 
quantity upstream, while copepods decrease in that direction. Pro-
tozoa and copepods reach their maxima in the spring bloom and rotifers 
in the fall. Generally, fresh water plankton fails to reach the lower 
portion of the estuary, and bay plankton fails to reach the upper 
portion of the estuary. Some organisms were found only in the 
middle region of the estuary. No longitudinal differences in total 
plankton quantity were observed within the estuary or between the 
estuary and the region of the bay opposite its mouth. 

Excess of nitrates over nitrites is more pronounced in the winter. 
Silicates are more abundant in the fresher surface water and nitrites 
and nitrates in the bottom water. Concentrations of the nutrient 
salts are reduced by ·the plankton blooms and are dependent upon 
stream flow as well as upon regeneration. Silicates and nitrates de-
crease and nitrites increase in the downstream direction. Differences 
in physical and chemical factors are no greater between estuary and 
bay than between localities of similar distance within the estuary. 



TABLE V. SEASONAL VARIA TIONS IN CHEMICAL AND PHYSICAL F ACTORS AND PLANKTON ABUNDANCE, 1936-1946 

P eriod T emperature (0 0.) D ensity Salinity (0 /oo) Oxygen (c.c. /1.) 

Air Surf. Bot. Surf. Surf. Bot. Surf. Surf. Bot. Surf. Bot. 
S t . 6 St. 6 St. 6A 6 6A 6A 6 6A 6A 6-6A 6A 

Jan. 1-15 2.5 3.4 3.4 1 .0123 1 .0103 1 .0111 15 .4 13.3 14.3 8.30 8 .20 
16-31 2.7 2.7 2.7 15.3 8.22 8.13 

Feb. 1-14 3.5 2 . 8 2 . 7 1.0123 1 .0115 1 .0121 15. 4 14.9 15. 5 8.30 7.95 
15-28 3.9 3.4 2 .8 15.2 8.50 8.33 

Mar. 1- 15 5 .0 4. 3 4. 1 1. 0108 1 .0087 1 .0105 14. 3 11 . 3 13 . 6 8 .20 8.14 
16-31 !J. 5 7 . 3 5. 5 13. 1 7 .90 7 .52 

Apr. 1- 15 10.9 9.9 9.0 1 .0081 1 .0080 1 .0092 11.4 11 .0 12. 3 8. 15 7.27 
16- 30 14.1 13. 1 11. 8 10.4 8 .07 6 .60 

May 1- 15 17 .6 16. 5 14 .9 1 .0066 1 .0074 1 .0086 10.3 11 .4 12. 5 7 09 5.06 
16- 31 2 1 .o 20 . 2 18 . 0 10 . 7 6. 53 4.46 

June 1- 15 23. 6 23. 1 19. 1 1 .0062 1 .0052 1 .00 81 11 . 2 9. 9 12 . 8 6 02 2.60 
16-30 24 . 0 23 .9 21 . 3 11 . 9 5 . 54 1.34 

July 1-15 25. 8 26.2 23 . 6 1 .0064 1 .0071 1 0078 12.8 13 .3 14.0 5. 17 2 .06 
16-31 27 .2 27 . 5 26 0 13. 4 4 . 96 3.00 

Au g. 1-15 27 .2 28. 2 26 9 1 .0071 1 .0058 1 .0071 13. 9 11 .9 13 .4 4 76 2 .86 
16-31 24 9 26 . 7 26 . 5 14. 7 4. 79 2.43 

Sept. 1-15 23 .7 25 . 5 26 .0 1 .0090 1 . 0078 1 . 0085 
. 

15 . 2 13 . 6 14 . 6 .5 .37 4 .03 
16-30 20 .9 22 . 8 22 . 8 15 . 8 5 .46 4 .35 

Oct. 1-15 17 .4 1.9 .9 20 0 1 .0113 1 .0099 1 .010 3 16 .4 14 7 15 3 6 . 0 3 5 . 65 
16-31 14. 6 16. 8 17 4 17 .0 6 .90 6 .72 

Nov. 1-15 11 .9 13. 8 13. 8 1 .0127 1 .0111 1 . 0115 17 . 2 15 0 15 . 6 6 . 20 .5. 91 
16-30 8 . 6 9 . 7 11 .0 16 . 7 6.64 6.38 

D ec. 1-15 5 2 7 . 3 7 . 3 1 .0126 1 .0116 1 .0125 16.2 15. 1 16. 1 7 . 0 5 6.98 
16-31 3 0 4. 7 4 7 15.8 7. 89 7.55 

Average 14.6 15. 1 14 2 1 .0096 1 .0087 1 .0098 13.8 13 . 0 14 .2 6 .75 5.57 
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" TABLE V . SEASONAL VARIATIONS IN CHEMICAL AND PHYSICAL FACTORS AND PLANKTON ABUNDANCE, 1936-1946-Continued 1:-:> 

Period Oxygen ( % sat.) River Li ght pH Stream Precipi- nilicates (mg. at. X / 10-3/1.) 
, L evel p ene- 6 flow tation 

(ft.) tration (sec.- (in .) 
Surf. Bot. 6 (m.) ft.) Surf. Bot. Surf. Bot. Surf. Bot. Surf. Bot. 
6-6A 6A 6 Bay Bay Gr. 1 Gr. 1 Gr. 2 Gr. 2 Gr. 3 Gr. 3 

Jan. 1-15 96 93 -.33 1 .87 8.0 126 3 .00 10 9 50 50 83 59 137 64 
16- 31 

Feb. 1- 14 97 94 -.40 1 .36 8.0 157 2.71 12 11 51 49 77 71 75 54 
15-28 

Mar. 1- 15 99 95 -.24 1 .42 8.0 165 3.67 2!; 21 71 59 41 84 148 146 
16- 31 

Apr. 1- 15 112 95 - .05 1 .29 8.0 174 3.44 22 18 44 36 73 48 132 132 
16-30 

May 1- 15 107 70 +.06 1.16 8.0 100 3.20 18 15 41 41 98 75 149 177 
16-31 

June 1-15 99 34 + .23 0 .97 8 . 0 72 3 .58 19 17 50 48 100 93 84 87 
16-30 

July 1-15 93 45 + .23 I.IO 8.0 52 5.44 21 18 54 47 99 89 90 104 
16-31 

Aug. 1-15 90 50 + .24 1.16 7.9 46 3 .90 19 17 52 48 105 91 89 100 
16-31 

Sept. 1- 15 96 79 + .34 1.61 8.1 38 3.78 16 13 43 41 79 70 87 94 
16-30 

Oct. 1-15 105 101 +.24 2.26 7 .9 69 
16-31 

3 . 71 15 11 43 37 83 46 92 91 

Nov. 1-15 92 90 + .03 2.58 7.9 114 
16-30 

2 .88 16 13 45 44 79 71 127 144 

D ec. 1- 15 94 92 -.32 2 .58 8.1 100 
16-31 

2.95 14 12 49 48 93 73 138 136 

Average 98 78 ±.00 1 .61 8.0 104 3.51 17 14 49 46 84 73 112 110 
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TABLE V . SEASONAL VARIATIONS IN CHEMICAL AND PHYSICAL FACTORS AND PLANKTON ABUNDANCE, 1936-1946--Continued "'" .:::! 

Nitrit es, NO, (mg. at. X 10-•{I .) Nitrates, NO, (mg. at. X 10-•{I .) Plankton (org./ml.) 

Surf. Bot. Surf. Bot. Surf. Bot. Surf. Bot. Surf. Bot. Surf. Bot. Surf. Bot. Surf. Bot. Surf. Bot. 
Bay Bay Gr. 1 Gr. 1 Gr. 2 Gr . 2 Gr. 3 Gr. 3 Bay Bay Gr. 1 Gr. 1 Gr. 2 Gr. 2 Gr. 3 Gr. 3 Gr. 1 Gr. l 

0 . 1 0 . 1 0 . 1 0 . 1 0.1 0 . 1 0 . 1 0 . 1 0.6 1.1 1. 1 1.5 2.8 2 . 2 2 . 3 2 . 4 40 50 

A 
0 . 2 0.2 0 . 2 0 . 2 0.1 0 . 1 0 . 1 0.1 3.0 3 . 5 3.4 3 .4 3 . 1 3.0 2 . 8 2.9 70 80 

C, 

:": 
0 . 3 0 . 5 0 . 3 0 . 5 0.3 0 . 4 0 . 4 0 . 4 2 . 3 4 . 2 3 . 6 4.0 3 . 5 4 . 1 2.7 2 . 7 90 45 Q ;:,- _ 

0.3 0 . 2 0 . 1 0 . 2 0 . 2 0 . 1 0 . 3 0 . 1 0.6 0 . 7 
£; 

0 . 4 1.5 2 . 0 1.1 3 . 1 3 . 2 940 355 A 

"' 0 . 1 0 . 2 0 . 1 0 . 2 0.0 0 . 1 0.0 0 . 0 0 . 2 0 . 5 0 . 2 1.3 1.1 1.5 1.9 2 .0 495 25 "l .... 
"" · 

0 . 1 0.4 0.1 0 . 4 0 . 0 0.2 0 . 0 0 . 0 0 . 5 0 . 7 0 . 2 1.4 1.0 1.5 1.5 1. 7 50 20 
C'> 
C, 

-8., 
0 . 1 0.6 0 . 1 0 . 6 0 .0 0.3 0 . 0 0 . 1 0.1 1.1 0 . 5 1.6 0 . 5 1.3 0 . 9 0 . 6 30 50 

"" · 
0.1 0 . 6 0 . 1 0.6 0.0 0.3 0 . 0 0 . 1 0.7 1.2 0 . 7 1.3 0 . 7 1.6 1.0 1. 7 40 50 "' "l 

t,;J 
0 . 6 0.8 0.7 0.9 0.4 0 . 5 0 . 1 0 . 1 0.6 2 . 0 0 . 8 1 . 6 0 . 9 1.4 0 . 9 1 . 2 195 120 C, 

E' 
A 

0 . 6 0.4 0 . 6 0 . 4 0 . 3 0 . 2 0.0 0 .0 0.8 1.1 0 . 7 1.1 0 . 9 1.4 1.1 1.4 345 335 "l «:: 

0 . 1 0 . 1 0 . 1 0 . 1 0.0 0.0 0 .0 0 .0 0.6 0 . 5 0 . 1 0 . 6 1.3 1.4 . 9 2.1 25 20 

0.2 0 . 2 0 . 1 0 . 1 0 . 1 0 . 1 0 . 2 0 . 2 0 . 3 0 . 2 0 . 7 1.1 I. 8 2 . 3 2 8 2.1 50 45 

0 . 2 0 . 3 0.2 0 . 3 0 . 1 0 . 2 0 . 1 0 . 1 0.8 1 . 4 1.0 1. 7 1. 7 1. 9 . 9 2.0 200 100 
..... 
-l 
c,., 
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