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Estuarine waters are understood to be those water masses which by virtue 
of their position are directly subject to the combined action of river and 
tidal currents. They may be considered to reflect certain dominant forces 
as well as progressive trends that determine their individualistic though 
changing hydrographic as well as biologic properties. The factors that lend 
individuality to these bodies may exhibit profound differences in different 
latitudes and yet, in certain fundamental respects, the waters possess im-
portant characteristics in common. As compared with off-shore ocean 
waters, they lack constancy in that they possess characteristic horizontal 
and vertical gradients of physical and chemical conditions subject to more 
pronounced changes in space and time. The magnitude of the seasonal 
variations will vary according to latitude. Again, estuarine waters may be 
characterized by their rapidity of response to changing external conditions. 
In comparison with oceanic waters, they are subject to changes by the 
operation of relatively minor forces over shorter time intervals. 

Certain inherent physical and chemical properties of estuarine waters 
clearly differentiate them from typically fresh or salt waters. Their tempera-
ture, salinity and turbidity characters are distinctly not homogeneous. The 
factors governing their movements are of a complex nature. In open ocean 
mass-distribution, wind, and internal friction are the predominant forces 
involved in the motion, with mass-distribution providing an approximate 
index to the movement itself. In estuarine conditions the momentum of 

* Contribution No. 21 o_f The Chesapeake Biological•Laboratory. 
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river and tidal currents achieves an importance it does not attain in open 
waters, and a distortion of the free surface by a" stau-wasser" phenomenon 
resulting from the outflow of rivers is superimposed upon the internal mass-
distribution, so that the latter becomes quite useless as an index to the 
actual flow and often plays only a very minor role in determining the 
movements of the water. That the biochemical and biophysical processes 
taking place in the estuarine subsurface waters differ markedly from those 
in the more stable ocean waters is to be expected. The accumulation of 
certain nutrient salts in waters of estuaries and the atypical character of 
their vertical distribution tend to show further the changing character of 
the factorial complex so representative of these waters. Atkins (1926), 
Harvey (1926), Lucas (1929), Gaardner and Sparck (1932) and Riley (1937) 
have provided much information on these and allied aspects of estuarine 
conditions. 

The Chesapeake Bay, extending in a north-south direction for about 290 
kilometers and possessing numerous tributaries, affords almost ideal condi-
tions for investigating problems peculiar to estuarine waters. Studies in 
progress since June, 1936, have given a general picture of certain physical 
and chemical characteristics of the river and bay waters in the vicinity of 
Solomons Island, Maryland. Attention has been given to the horizontal, 
seasonal, vertical and hourly variations in respect to temperature, chlorinity, 
dissolved oxygen and certain nutrient salts. The dominating effect of tur-
bidity in moulding the factorial components affecting the productivity of 
these waters is stressed. 

Recognizing the need of an understanding of the fundamental conditions 
underlying the basic productivity of estuarine waters, the Chesapeake 
Biological Laboratory, since 1936, has dedicated funds and a large part of 
its facilities to the prosecution of hydrographic studies in the Chesapeake 
Bay and certain of its tributaries. Several persons as well as institutions 
have generously contributed to the development of this work. The Director 
of the Laboratory, Dr. R. V. Truitt, Professor of Zoology in the University 
of Maryland, has been most liberal in offering continuous support and en-
couragement during the period of the investigation. Thanks are expressed 
to Dr. H.J. Patterson, Director of the Experiment Station of the University 
of Maryland for a Grant-in-Aid of this research; to Dr. L. B. Broughton, 
Head of the Chemistry Department in the University of Maryland, for a 
loan of certain chemical equipment; to Mr. Harry F. Brust for carefully 
reading the manuscript and offering constructive criticisms; to Messrs. 
Carroll B. Nash and F. W. McNall who assisted in the collection and 
analysis of samples; and, to Captain Harvey Mister whose careful attention 
in the collection of samples proved most helpful to the investigation. 
Thanks are also expressed to the U. S. Coast and Geodetic Survey and the 
Woods Hole Oceanographic Institution for the loan of equipment needed 
at the beginning of the work. 
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METHODS 

Samples were collected by means of a Kemmerer water bottle. Subsurface 
temperatures were recorded with reversing thermometers and standard 
procedure was followed in making field observations. Over a short distance 
and within a close time interval, variations in the physical and chemical 
properties of the Chesapeake waters are great as compared with oceanic 
conditions. For this reason, the high degree of exactitude demanded in 
many oceanographic studies is not always required. The salt errors are of 
such magnitude that corrections must usually be made. The analytical 
methods employed are cited in the discussion of the several components that 
were analysed. Reference to specific details of procedure and method are 
purposely reserved for longer treatment in a subsequent paper. 

GENERAL DESCRIPTION OF THE REGION 

Chesapeake Bay waters possess two dominant characteristics-a gradual 
horizontal gradient and a distinct vertical stratification with respect to its 
hydrographic features (Cowles, 1930). These distinguishing properties are 
the result of two principal modifying influences that determine, largely, the 
incidence of all other factors, namely, river inflow and ocean inflow. The 
magnitude of the effect of these respective forces on the conditions at any 
single place in the Bay at any one time is not known. Their biological 
import is, however, very great (Compare Newcombe, 1935). Figure25 shows 
the relative size of the six major river systems and the numerous smaller 
tributaries that flow into the Bay draining a considerable watershed (Table 
I). The entrance from the ocean is in an approximate north-south direction 
being about 10 nautical miles in width. The mean annual rainfall on the 
Chesapeake is 45 inches and the evaporation has been assumed to be 60% 
of the rainfall. Some more recent calculations have indicated that the 
annual evaporation is about equal to the annual rainfall (Table II) (Wells, 
Bailey and Henderson, 1929). 

The salinity decreases gradually from about 24-30%0 (chlorinity 13-
17%0) near the mouth (surface) to about 4-7%0 (chlorinity 2.2-3.9%0) in 
the latitude of Baltimore near the headwaters. Frequently, the chlorinity 
of the bottom waters may approximate twice that at the surface in the 
deeper parts of the Chesapeake. It is believed that there is a slow move-
ment of relatively heavy oceanic water up the deeper channels of the Bay 
accompanied by an outward surface flow. Detailed knowledge of the major 
water movements in the Chesapeake is lacking. 

It has been estimated that the average outward current is about 0.3 
nautical mile per hour, the rate varying with the cross-section of the Bay. 
A given phase of the tidal impulse takes place in the latitude of Baltimore 
about nine hours later than at Cape Charles (Wells, Bailey and Henderson, 
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Figure 24. Locations of principal sampling stations (numbered points) in the Patuxent 
River. Station 1 is about 38° 18' N. lat. and 76° 25' W. long. 

TABLE I 
ANNUAL FRESH WATER INFLOW TO THE CHESAPEAKE BAY* 

Drainage area 
Region Square M ileii 

Susquehanna River Ba.sin. . . . . . . . . . . . . . . . . . . . . . . . . 27,400 
W eiit shore of Bay between Susquehanna and Potomac 

Rivers . .. .. .. . . .......... . .. . ......... ... . 2,390 
Potomac River Basin . ... . .. ....... ... .. ...... . 14,140 
Rappahannock Riv~r Basin to and including the Pianck-

itank River Basin . . .. . . ... .. . . ....... . . 29,000 
York and James River Basins to Cape Henry .. . . . . . . . 13,315 
East Shore of Bay ·between Susquehanna River and Cape 

Charleii . . .. . .... .. .... . . ... ............. ..... . 3,980 

Mean rate of 
contribution 
Second-feet 

41,300 

3,230 
14,850 

3,150 
15,440 

5,580 

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64,125 83,550 
* Data from U.S. Geo!. Water-Supply Paper 234, p. 54, 1909, summarized in U.S. 

Geo!. Survey Professional Paper 154 C, p. 109, 1929. 
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Figure 25. Bathymetric chart of Chesapeake Bay (Data from U. S. Coast and Geod. 
Survey maps). 
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1929). Near Annapolis, surface and bottom fl ood velocities approximate 
0.51 and 0.41 knot per hour, respectively, whereas at the mouth of the Bay 
the corresponding rates of fl ow are 1.42 and L21 knots according to measure-
ments of the U. S. Coast and Geodetic Survey (Haight, Finnegan and 
Anderson, 1930). 
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Figure 26. Monthly mean precipitation a t Solomons I sland, Maryland, during period 

June 1936-June 1938. (Data from U. S. Weather Bureau Service). 

The Bay is characterized by a relatively narrow, deep channel (depth 
usuall y between 20 and 40 meters) extending lengthwise and having exten-
sive shall ow areas on both sides (Fig. 25). Deep holes ranging in depth from 
30 to 40 meters are fairly common. The bot tom is typicall y estuarine being 
generall y very muddy. The shores, on the contrary, are sandy (Cowles, 
1930). 
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Monthly variations in water temperatures are relatively large but the sur-
face-bottom differences rarely exceed 4° C. It should be pointed out that, 
whereas in the ocean variations in temperature are most important in 
governing variations in density, the distribution of densities in Chesapeake 
Bay are mainly dependent upon salinity variations. To the extent that 
mass distribution exerts a modifying influence upon the water movement 
in the Bay this can therefore be regarded as essentially a salinity effect. 

The drainage area of the river comprises about 1500 square kilometers and 
the length of the river measured in a straight line is about 130 kilometers. 
The river basin includes a hilly and rolling country without lakes and the soil 
consists of sand and clay with some limestone in local areas. Low shores 
gently rising toward the interior characterize the area (Bonsteel and Burke, 
1907). 

In general, the tidal amplitude in the Patuxent area, as in the entire 
Chesapeake Bay, is small varying from 1.4 feet at Station 5 to about 1.7 
feet at Station 16 (Fig. 24). 

TABLE II 

MONTHLY MEAN AIR TEMPERATURES* (°C) AND P RECIPITATION** (CM.) 

RECORDS FOR SOLOMONS I SLAND, MARYLAND AND AVERAGE MONTHLY 

PRECIPITATION RECORDS D URING P ERIOD 1900-1935 FOR MARYLAND 

Month Temperature Precipitation 
'36 '37 '38 '36 '37 '38 1900-1935 

January. 0.4 7.6 3.2 16.0 22.6 7.3 8.3 
February .. . . ... . . - 1.3 3.8 6 .0 10.9 5.9 5.1 7 .4 
March .. . . . . . . . . . 8.9 6.1 9.9 8.2 4 .8 8 .6 9 .0 
April .. 11.7 12.5 14.6 7.2 16.2 3 .5 8 .8 
May . . ... .. . .... 20.0 19.2 18.6 2.8 10.2 12.2 8 .7 
June .. 23.2 24.6 23.0 9 .8 16.2 13.2 10.2 
July .. . . . . . . . . . . 26.2 25.9 9 .8 16.2 10.6 
August . . . . . . . . . . 26.7 26.3 3 .8 10.7 11.6 
September .. . . . .. 23.2 20.8 10.9 4.1 8 .0 
October .. ... . . .. 17.4 14.3 2.0 12.9 7 .6 
November . . ... . . . 9.3 9.3 2.5 10.6 6.6 
December. 5.3 4.2 11.9 2.9 8 .3 

* Each monthly mean air temperature represents the mean of the average maxi-
mum and the average minimum daily air temperatures for the month. 

** As a rule, observations are made late in the afternoon near sunset and pre-
cipitation recorded is for the 24 hours ending at time of observation. (Date from 
U. S. Weather Bureau Service.) 

Water temperatures exhibit relatively rapid changes. Table II shows that 
during 1936 and 1937, the highest mean monthly temperatures were during 
July and August and the lowest temperatures occurred in January and 
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February. The variations in precipitation are shown in Table II and Fig. 
26. 

Consideration has been given to the lower 50 kilometers of the river and 
that section of the Bay opposite the river mouth (Fig. 24). The depths of 
the Bay stations are as follows: number 1, 20 meters; number 2, 14 meters; 
and number 3, 8 meters. As would be expected, the river waters exercise 
an important influence on the water conditions at Stations 2-8, the records 
from which constitute the basis for most of this paper. 

RESULTS 

The physical and chemical aspects of this work conducted during the 
period from June, 1936, to June, 1938, are summarized here. In many 
instances, insufficient records are available and not enough time has elapsed 
to permit conclusive statements with respect to the hydrographic features 
of the region. However, certain properties of these waters are well defined, 
revealing factorial interrelationships which may prove constructive in 
understanding related biological phenomena. 

TEMPERATURE 

The thermal characteristics of immediate concern are the magnitudes of 
variation in the seasonal trends and hourly fluctuations at a specified point. 
In respect to air temperatures, seasonal fluctuations at this laboratory 
indicate fairly similar annual trends during the two years of study. (Table 
II, Figures 27 and 28.) These temperatures indicate a truer picture than 
that shown by plotting air temperatures taken when sampling at the 
several stations. Although the Laboratory is approximately 14 kilometers 
from Station 1, 10 kilometers from Station 2, and about 3 kilometers from 
Station 5, the larger number of records per month more than compensates 
for the discrepancy due to distance. 

The trend of the water temperatures at Station 1 for the two year period 
is shown in Figure 27 (Table III). No records are available for the months 
January-April (inclusive), 1937. 

The monthly trends are quite clear. Those at Stations 1 and 2 (Table 
IV) are substantiated by comparable records for Stations 3 and 5 and more 
especially by the constantly recorded temperature records taken off the 
Laboratory pier. Expectedly, there is some variation due to the distance 
from Station 1, however, the corresponding nature of the trend is corrobora-
tory. 

The seasonal trend of temperatures appears to be characterized by a 
rather conspicuous drop during October and November, a fairly uniform 
low until March when, sometimes early and sometimes later in the month, 
the temperatures start upward and continue throughout April and May 
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with a _more _gradual ~ise during June and July attaining a peak in August. 
There 1s a shght declme during September preceding the drop in October. 
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Figure 27. Seasonal variations at Station I. Air, surface, and bottom temperatures at 
top. Surface and bottom chlorinities in middle, and relative oxygen contents in lower 
diagram. 

It has been clearly established that the degree of vertical stability de-
veloped in these waters as a result of density stratification is such as to 
render negligible any mixing tendency due to thermal differences. From 
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late September until about the middle of April surface temperatures are 
characteristically lower than those at the bottom. 

TABLE III 

TEMPERATURE, CHLORINITY AND OXYGEN CONDITIONS AT STATION 1 
DURING PERIOD JUNE, 1936-JUNE, 1938 

Date Temperature Chlorinity Dissolved Oxygen 

oc. 0 /oo cc. per lirer % saturation 

Sur- Bair Sur- Bair Sur- Bair Sur- Bot-

face tom face tom face tom face tom 

7/7/36 ... . 24.5 21.3 5.97 10.92 6.69 6.94 116. 7 120.6 

8/3 . . .. .. . 25.9 24.6 7.27 11.66 5.27 0 .00 95.2 0 .0 

8/10 ... . . . 26.8 24.8 7.32 11.84 5.06 0.72 92.5 13.4 
8/20 ..... . 27.4 24.7 8 .09 10.53 5.17 0 .23 96.8 4.2 
10/9 .. .... 21. 2 22.1 9.00 12.24 6.93 2.97 118.0 53.1 
10/31 .. ... 15.2 15.5 9.96 10.44 
11/7 . .. .. . 15.2 15.2 10.23 10.48 5.14 3.93 79.6 61.0 
12/4 ..... . 6.8 7.2 9.82 10.99 3.16 2.62 40.8 34.2 
5/7/37 . ... 16.1 12.4 7.47 10.80 3.26 1.32 49.8 19.4 
6/29 ... . . . 24.8 22.8 5 .39 8.86 6.91 0.93 120.2 16.2 
7/22 ... .. . 24.9 24.3 6.64 12.00 8 .66 0 .62 150.2 11.4 
? /27 .. .... 25. 4 23.3 7.40 11.08 5.71 102.8 
7/29 .. ... . 26.5 23.9 7.46 11.59 5.93 0 .00 108.5 0 .0 
8/19 ... . . . 27.0 25.1 
9/25 . .... . 21.2 23.7 8.07 12.50 6.95 1.87 117.0 34.3 
10/9 ..... . 18.8 19.9 9.50 12.20 5.66 4 .14 92.7 71.1 
12/4 . . . ... 7.4 7.8 7.99 9.85 8 .11 6 .84 103.8 90.5 
1/6/38 . .. . 3.8 5.4 5.81 11.00 9.31 7.05 106.8 89.2 
2/5 . . . .... 3.3 4.0 7.76 10.01 9 .14 7.23 105.8 87.9 
4/12 ...... 9.7 10.2 5.97 9.41 
4/21 ..... . 13.2 13.6 6.21 9.35 8.64 5.15 123.0 76.5 
4/28 . .... . 14.8 13.5 5.75 10.21 7.68 3 .97 111.9 59.5 
5/6 ...... . 19.6 14.0 6.68 10.90 8 .36 3 .10 135.0 47.6 
5/11. . .. .. 17 .4 14.8 6.08 11.37 6.28 2 .99 96.8 46.7 
5/18 . . .. . . 16.8 17.0 7.27 11.89 6.23 1.08 95.2 17.7 
6/1 ....... 18.0 17.2 6.91 10.79 6.49 0 .60 102.0 8 .7 
6/14 .. . .. . 21.3 18.9 7.06 12.17 5 .56 2.48 92.7 41.9 
6/23 ..... . 23.4 19.6 7 .04 10.26 2.14 0.40 39.0 6.3 
6/24 ..... . 23.2 19.7 6.80 12.39 1.92 0.49 33.0 8 .2 

Important in characterizing the thermal conditions of a body of water as 
well as in interpreting individual temperature records, is the magnitude and 
trend of the change during succeeding close intervals of time. The nature 
of surface and bottom variations during hourly intervals is portrayed in 
Figs. 29 and 30. Pronounced changes may take place within short intervals 
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due to water movements. The character of these movements becomes ap-
parent on studying the accompanying changes in chlorinity and dissolved 
oxygen (Fig. 30). The air temperatures exhibit a greater range of variation 
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Figure 28. Seasonal variations at Station 2. Air, surface, and bottom temperatures at 
top. Surface and bottom chlorinities in middle, and relative oxygen contents in lower diagram. 

throughout the period (21.5°-28.0° C.) but they are not reflected directly in 
the water temperatures. 

The surface waters during the 24 hour period ranged from 24.1 ° to 25.0° 
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C. while those at the bottom ranged from 23.2° to 24.1 ° C. (Figs. 30 and 31). 
Vertical variations in water temperature are usually small (Figs. 27 and 28). 
The successive drops shown are, of course, subject to variation within a 
short period of time. The general picture is, however, quite indicative of 

TABLE IV 
TEMPERATURE, CHLORINITY AND OXYGEN CONDITIONS AT STATION 2 

DURING PERIOD JUNE, 1936-JUNE, 1938 
Date Temperature Chlorinity Dissolved Oxygen 

oc. 0 /oo cc. per liter % saturation 
Sur- Bot- Sur- Bot- Sur- Bot- Sur- Bot-
face tom face tom face tom face tom 

7/7/36 . .. . 24.4 21.5 6.12 7.22 6.69 116.3 
8/3 .. . ... . 27.2 24.2 7.27 9 .56 5.10 0 .35 94.2 6 .3 
8/10 .. ... . 26.2 24.4 7.40 10.56 4.17 0 .14 75.8 2.6 
8/20 ..... . 27.3 25.4 8.03 8.42 5 .66 2.48 105.6 44.9 
10/9 .. ... . 21.3 21.5 9.12 11.05 5.66 2.72 96.2 47.5 
10/31 .... . 15.6 14.7 9.38 9.97 
11/7 ..... . 15.2 14.6 9.93 9.94 5.52 5.14 85.3 78.8 
12/4 . . . ... 6.2 7.0 8.92 9.26 3 .16 2.14 39.8 27.6 
5/7/37 ... . 15. 7 12.2 4 .87 7.64 4 .11 2 .44 60.6 34.6 
6/22. .... 24.3 19.9 5.52 8.64 6 .69 0 .44 115.6 7.3 
7/22 . . .24.7 23.3 6.84 10.82 5.33 0 .32 93.8 5 .8 
7/27 ..... . 25.5 24.3 7 .63 9.57 5.48 0 .96 98.7 17.2 
7/29 .. ... . 26.2 23.8 7.92 9.79 5 87 0.44 107.3 7.9 
9/25 ..... . 21.8 22.9 8.42 11.16 5.97 1.84 101.9 32.9 
10/9 ..... . 18.7 19.8 8 .73 10.38 5.76 4.14 93.5 69.6 
12/4. 6.9 7.0 7 .46 7.87 7 .86 7.71 99.2 98.0 
1 /6/38. 4 .6 5.4 6.64 10.41 9.31 6.82 110.0 86.0 
2/5 ....... 3.0 3.3 7.29 7.73 9.42 8.81 107.2 102.1 
4/12 . ..... 9.4 11.8 6.05 6.41 
4/21 .. . .. . 15.4 17.2 6.68 7.41 8.88 5.97 132.0 93.5 
4/28 ... . . . 14.9 15.4 6.64 8.16 7 .88 5.36 116.0 81.8 
5/6 .... . .. 17.6 14.6 6.29 8.79 9 .24 3.73 143.5 56.2 
5/18 .. ... . 16.8 15.8 6.99 10.76 6.02 0 .92 92.8 14.5 
6/1 . ... .. . 18.8 17.6 6.93 7.12 6.93 6.42 110.0 100.0 
6/14 . .. .. . 22.3 18.4 6 .85 10.72 5.86 1.02 99.0 16.8 
6/24 ... . . . 24.1 20.9 7.22 10.75 1.89 0 .03 33.0 0 .5 

conditions occurring in June. The difference between surface and bottom 
temperatures is greatest in summer, when it averages around 3° C. in the 
deeper waters. Differences greater than 4 ° are reported rarely. 

CHLORINITY 

The seasonal variations in the stability of the Chesapeake waters are due 
largely to the density stratification. In the Solomons Island region, the 
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variations throughout the year are great in respect to both surface and 
bottom waters (Fig. 27 and 28). Surface waters usually range in chlorinity 
between 5 and 8°/oo• The highest values obtain during October-December 
when the surface-bottom differential is least. The bottom waters range in 
chlorinity between 9 and 13°/0 0 , the annual average for this region being 

TABLE V 

HOURLY CHANGES IN THE WATERS AT STATION 6 ON JULY 5-6, 1937 
Time Temperature Chlorinity Dissolved Oxygen oc. 0 /oo cc. pfff liter % saturation 

Sur- Bot- Sur- Bot- Sur- Bot- Sur- Bot-
face tom face tom face tom face tom 

6:15 AM 24.3 23.8 5.76 5.84 5.44 1. 79 94.3 30.7 
7:15 " 24.3 23.6 5 .73 7.59 5.45 2.16 94.4 37.8 
7:1,5 " 24.3 23.8 5 .71 7.50 5.60 1.81 96.9 31.6 
9:05 " 24.5 23.9 6 .05 7.48 4.83 2.44 84.1 42.7 

10:15 " 24.6 24.0 5.73 5.78 5 .48 4.45 95.3 76.7 
11:00 " 24.6 24.1 5.70 6.34 6.07 3 .29 105.6 57.5 
12:10 PM 24.9 24.1 5 .75 5.97 6.21 1.14 108.8 19.7 
1:00 " 25.0 24.1 5.76 5.97 5.80 5 .31 101.7 91.8 
2:00 " 24.7 23.3 5.79 7.44 5.82 1.68 101.5 29.1 
3:00 " 25.0 23.3 6 .01 7.30 5.37 1.90 94.3 32.9 
4:00 " 25.0 23.3 5.88 7.95 6.45 1.25 113.2 21.8 
5:00 " 24.8 23.2 5.73 7 .11 6 .13 1.36 107.2 23.4 
6:00 " 24.8 23.6 5.71 7.28 6 .57 2.57 114.8 44.6 
7:00 " 24.4 23.8 5 .88 7.37 5.54 1. 91 96.3 33.3 
8:00 " 24.4 23.8 5.74 7.71 5.67 1.58 98.4 27.7 
9:00 " 24.6 24.0 5 .74 6.87 6.27 2.73 109.2 47.6 

10:15 " 24.6 23.9 5.82 6 .56 5 .61 3.39 97.8 58.8 
11:00 " 24.7 23.6 5.74 6.83 5 .23 3 .05 91.2 52.8 
12:00 " 24.7 23.6 5.86 7.54 5 .24 1.57 91.5 27.4 
1:30 AM 24.2 23.8 5 .61 6.67 5.37 3.58 92.8 62.0 
2:30 " 24.1 23.6 6.17 7 .87 4.83 3 .55 83.7 61.5 
3:30 " 24.1 23.6 6.05 6.96 3 .74 64.8 
4:30 " 24.6 23.4 5.84 6.79 
5:30 " 24.3 23.5 6.91 7.14 5.21 91.3 
6:30 " 24.1 23.6 5 .87 7.37 

about 11°/oo• The surface and, to a lesser extent, the bottom waters are 
influenced by seasonal variations in rainfall and tidal conditions. The 
magnitude of the surface-bottom differences is smaller in the shallow waters 
of the western shore (Station 2, Fig. 28), but the general trend is similar to 
that at Station I. The lower chlorinity of the bottom waters at Station 2 
is clearly shown and is representative of the condition that appears to pre-
vail over a wide area of the western shore (Table IV). The lower density 
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of these waters as compared with that in the deep channel is a fairly per-
manent condition reflecting the river inflow. 

Hourly collections at Station 6 (Fig. 24) depict the character of the 
changes in chlorinity taking place over a period of 24 hours (Table V, Figs. 
29 and 30). The surface range extends from 5.6 to 6.91 °/o0 • At the bottom, 
chlorinity conditions are more variable due to tidal movements. From 
about 10 A. M. until 1 P. M., the densities of the surface and bottom waters 
were very similar whereas at other times, the chlorinity remained compara-
tively high at the bottom. This condition prevails over wide areas of the 
region and is reflected in· other characteristics of the water such as oxygen 
and hydrogen-ion concentrations. 

Vertical sampling in widely separated parts of the Bay has demonstrated 
t1e presence of two principal strata-a surface level of lower chlorinity 
about 10 to 12 meters in thickness and a lower stratum of relatively high 
density reaching to the bottom. The width of the transition may vary 
from about 4 to 16 meters and the bottom waters of higher density not 
infrequently contain narrow strata of atypically low density (Fig. 31). 

OXYGEN 

With respect to its biological import, the concentration of dissolved 
oxygen in the Bay waters offers a most fertile field for investigation. By 
grouping the records for Stations 1, 2, 3, and 5, it has been possible to 
picture certain annual trends and to demonstrate particular facts about 
distribution that are of more than general interest. Figs. 27 and 28 illus-
trate the character of certain seasonal variations during the period June, 
1936-June, 1938. The surface variations are marked, ranging from about 
35 per cent of saturation to over 145 per cent (Table III). The concentra-
tion of bottom waters range from zero up to about 95% of saturation. The 
seasonal variations in the oxygen concentrations of the bottom waters are 
significant (Fig. 27). The picture presented in Fig. 28 (Table IV) is es-
sentially the same in spite of the depth being more shallow at Station 2 
(14 meters). It seems highly probable that this fairly stable condition is 
produced by inherent forces of the Bay rather than by waters originating 
elsewhere. The seasonal trend at Station 5 is very similar. There are 
certain short interval variations which can be explained on a basis of local 
mixing resulting from the bottom topography and tidal forces. Low con-
centrations of dissolved oxygen were found not to occur in the bottom waters 
of Station 3. This station is typical of shallow water areas on the western 
shore of the Bay. Proceeding in an upriver direction, the concentration of 
oxygen in the bottom layers is progressively higher but still lower than that 
at the surface (Fig. 29). The character of this oxygen distribution warrants 
some discussion. 
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C_onsid?rin~ the s~asonal variations in oxygen content of bottom waters 
depicted m Fig. 27, 1t appears that in the deeper parts of this section of the 
~ay there is a very definite low concentration during summer. This condi-
tion seems to d_evelop during May having reached a conspicuous low by 
June. It remams as late as September rising abruptly during October. 
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Figure 29. Hourly variations in temperature, chlorinity and dissolved oxygen in surface 
waters at Station 6 on July 5 and 6, 1937. 

This clearly defined oxygen stratification is, as previously pointed out, ac-
companied by an equally pronounced salinity stratification of opposite 
gradient, with high salt concentration at the bottom. Whereas, during 
summer, the oxygen concentration of the surface waters usually ranges 
between 90 and 105 per cent of saturation, that of the water at depths of 
9- 14 meters is frequently as low as 35 per cent (2 cc. per liter). Below a 15 
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meter depth, the concentration is usually under 17 per cent of satu~ation 
(1 cc. per liter) and deep water samples are found often to contam no 
measurable quantity of oxygen (Newcombe and Horne, 1938). 

Fig. 31 illustrates the character of the oxygen stratification in the deep 
channel (Station IA). These particular surface values are unusually low 
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Figure 30. Hourly variations in temperature, chlorinity, and dissolved oxygen in bottom 
waters at Station 6 on July 5 and 6, 1937. 

for this station, in fact for surface concentrations generally. It is seen that 
the amount of dissolved oxygen decreased rather rapidly with depth until 
below a depth of about 12 meters the oxygen concentration was under 20 
per cent of saturation. These observations have been corroborated by 
similar series taken during the summer period (Table VI). 

An idea of the character of the changes occurring from hour to hour is 
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presented in Fig. 29 and 30 (Table V). The variations at the surface are 
expected. Those at the bottom are due, ostensibly, to the tide conditions 
and represent l~cal movements of surface waters. The low values probably 
are due to the mflux of heavier Bay waters (high in chlorinity and low in 
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Figure 31. Vertical variation in temperatw·e, density. and dissolved oxygen a t Station IA 

on June 16, 1938. 

oxygen) which under certain tidal conditions are known to move up the 
nver. 

TURBIDITY 

Lacking the more desirable photometric apparatus for measuring sub-
marine illumination, use has been made of the Secchi disc. Admittedly, 
this instrument possesses serious limitations. It does have positi ve value 
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in permitting a comparison of two or more regions which differ widely in 
respect to turbidity (compare Gran and Braarud, _1935, p- 326). 

A study of Secchi disc readings made at Stat10n 1 m the deep cha~nel 
during the two year period indicates that the greater number of readmgs 

TABLE VI 
VERTICAL VARIATIONS IN TEMPERATURE, CHLORINITY, A N D 

DISSOLVED OXYGEN AT STATION IA ON JUNE 16, 1938 

Depth Temperatures Chlorinity Dissolved Oxygen 

M eters oc. 0 /oo cc. per lit er % saturation 

Su~face . . 22.9 7 .18 2 .33 39.80 
1.8 .. 22.9 7.21 1. 79 30.68 
3.7 . . 21. 9 7.18 2.20 37.20 
5 .5 . 21.8 7 .35 1.24 20.95 
7 .3. 21.8 7.40 1.62 27.37 
9.1 . .. 21.6 7.40 1.83 30.80 

11.0 .. 21.0 7.45 1.45 24.10 
12.8 .. 20.7 8.92 1.15 19.32 
14.6 .. 20.3 9 .64 0 .73 12.22 
16.5 .. 19.9 10.50 0.66 11.19 
18.3 .. 19.7 11.84 0 .58 9.95 
20.1 . . 19.4 12.14 0.65 11.02 
22.0. 19.3 10.72 0 .73 12.38 
23.8. 19.4 12.54 0 .32 5 .55 
25.6. 19.3 12.50 0 .69 11.80 
21.4. 19.3 12.31 0 .29 4.98 
29.3. 19.3 ·12.24 0.41 7.05 
31 .1 . 19.3 12.44 0.81 13.79 
32.9. 19.0 12.40 0.48 8 .21 
34.7. 19.1 12.61 0.41 7 .07 
36.6 . . 19.2 12.62 0 .69 11.83 
38.4. 19.2 12.67 0 .51 8.78 
40.2 19.2 12.71 0 .39 6.61 
42.1 . . 19.2 12.68 0 .60 10.28 
48.9 19.2 12.49 0 .74 12.53 
45.7 19.2 12.63 0 .39 6.60 
47.5 . . 19.2 12.68 0.50 8 .55 

fall within the range 2.0-3.0 meters (80-120 inches) a maximum for this 
station probably being 3.8 m. (150 inches). At Stations 2 and 5, values are 
usually low, particularly during the spring season. This is to be expected in 
light of the shallow water and proximity to the Patuxent River outflow 
(Fig. 24). 

The period of minimum turbidity is October to March, inclusive. During 
the spring and summer periods, there appears to be a progressive increase of 
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turbidity in the Bay waters due seemingly to an accumulation of suspended 
matter resulting from the river inflow (Table II). This effect is correlated 
with the occurrence of more frequent and heavier rainstorms during late 
spring and summer. 

In the Maryland area, that on the average rainfall is greatest from June 
to September does not in itself account for the increase in turbidity. Rather, 
the occurrence of frequent and very severe rains at this time favors excessive 
erosion, particularly from agricultural lands. This results in the contribu-
tion of unusually large quantities of suspended matter in a finely divided 
state to the River and Bay waters. Comparable amounts of precipitation 
in winter extend over longer periods and their effects are further minimized 
on account of the low soil temperatures. Pronounced variations in light 
conditions and rainfall are reflected in the disc readings. The values indi-
cating the minimum penetration at these stations are within the range 1.3-
1.6 meters (50-65 inches), whereas up the river at Stations 16 to 21 inclusive, 
records ranging from 0.5-0.9 meters (20 to 35 inches) are commonly ob-
tained. Many variables tend to introduce variations apart from the actual 
turbidity of the water. For this reason, the subsequent discussion must 
limit itself to considering the general indications from these and similar 
observations elsewhere. 

NUTRIENT SALTS 

Salt and physical conditions of the waters of this area render difficult 
accurate colorimetric estimations of certain nutrient substances. Several 
methods have been used in the case of some analyses and yet certain proce-
dures are far from satisfactory. In this connection, much valuable informa-
tion has been provided by Thompson and his collaborators and their results 
have greatly facilitated our chemical work (Thompson, 1932). 

Phosphates 
At first it was believed that the phosphate content of the Bay waters was 

exceptionally low. Failure to find any measurable quantities over rather 
large areas resulted in a more careful examination of the method. It was 
found that our stannous chloride solution was, in the beginning, too weak, 
thus accounting for the unexpectedly low phosphate values. 

Analyses of samples collected over a large part of the Bay above the. 
Solomons Island region and as far up the Patuxent River as Station 21 have 
given a general picture of the conditions that prevail during sum.mer seaso_ns. 
At this time, the surface waters of the Bay have a phosphate concentration 
ranging frequently from about 0.19 X 10-3 to 0.35 X 10-3 mg. atoms of P 
per liter. The content of the subsurfac~ waters is higher re;ching a _maxi-
mum at the bottom where values rangmg from 0.6 X 10- to as high as 
1.6 X 10-3 mg. atoms of P per liter often obtain. 
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In general, the less saline waters of the Patuxent River in its upper 
reaches are richer in phosphate content than the surface Bay waters. At 
Stations 17 and 21 on July 19, 1938, the range was between 0.65 X 10- 3 and 
1.0 X 10- 3 mg. atoms of P per liter. Samples taken during hourly intervals 
at several vertical levels have shown marked variation. This is particularly 
true in the shallower areas subject to considerable mixing. In the Bay 
proper, consistently higher concentrations characterize the bottom waters. 

In these analyses, the Atkins' modification of the Deniges method was 
employed (Atkins, 1926: Harvey, 1938: Thompson and Pfeiffer, 1935). 
According to Thompson and Robinson (1932, p. 165) when proper concentra-
tions of acid, ammonium molybdate and stannous chloride are used, this 
method is capable of detecting 0.001 mg. of phosphorus per liter (0.032 X 
10-3 mg. atoms of P per liter). Less than 0.005 mg. (0.16 X 10-3 mg. atoms) 
cannot be estimated accurately. Our precision is of the magnitude of two 
parts per hundred for average concentrations (Newcombe and Lang, 1939).* 

Nitrit es 
The concentration of nitrite nitrogen was usually within the range 0 to 

0.6 X 10-3 mg. atoms of N per liter with some values as high as 1.1 X 10-3 

mg. atoms per liter. There is some indication of seasonal variations in that 
during the period July-September, inclusive, the concentrations are highest 
while lesser amounts are found at other seasons. In general, the bottom 
concentrations are appreciably greater than those at the surface. The 
Griess method as modified by Ilosvay has been employed (Buch, 1923). 
The results presented were reproducible within 0.02 X 10-3 mg. atoms of 
nitrite nitrogen per liter, over a range of Oto 0.4 X 10-3 mg. atoms. Above 
this concentration, the uncertainty is correspondingly greater. 

Ammonia 

A limited number of ammonia determinations were made over the region 
in question. No consistent surface-bottom variations seem to prevail. In 
summer, values ranging from Oto 8 X 10-3 mg. atoms of ammonia N per 
liter were obtained commonly while the maximum concentration reported 
is 14 X 10-3 mg. atoms per liter. Wattenberg's modification of the Nessler 
procedure was used (Wattenberg, 1929). 

Sili cates 

The silico1:1 content of the waters of this region is relatively high as might 
be expected m waters of such low chlorinity. Examination of data collected 

* Care must be exercised in handling phosphate samples on a~count of the rapidity 
with which the P concentration changes during storage at the high temperatures that 
occur here in summer. These authors have suggested the use of CS2• Recent experi-
ments at this Laboratory show that, to obtain best results, determinations should 
be made immediately after taking the sample. 
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during the two year period have not shown any consistent surface-bottom 
differences. During the period April-October, the silicon concentrations in 
the Bay are highest ranging from 19 X 10-3 to 30 X 10-3 mg. atoms of Si 
per liter. The winter values commonly fall between 3 X 10-3 and 20 X 
10-s mg. atoms of Si per liter. Expectedly, the amounts present in the 
river waters are uniformly higher than those in the Bay, there being a well 
defined increase toward the headwaters. At Stations 14 and 21 representa-
tive concentrations are about 50 X 10-3 and 120 X IQ-3 mg. atoms of Si 
per liter, respectively. The method used for measuring Si was that described 
by King (1931). 

DISCUSSION 

The analysis of environmental factors operating in estuarine waters is a 
difficult problem for study. The magnitude of variation with respect to 
time and distance is very great in comparison with that encountered in 
ocean or even coastal waters. In the Chesapeake Bay, hydrographic condi-
tions respond much more rapidly to environmental variations than they do 
in the ocean. Disturbances of minor import to the larger water bodies, in 
the Bay produce effects of far reaching consequence. Despite the changing 
complex of external conditions, there have been found to exist certain 
dominant forces as well as progressive trends that determine the individual-
istic though changing hydrographic character of the Bay waters. 

The trends of air and surface temperatures are fairly similar in character 
(Fig. 27). The air temperatures during the warmer months are a few de-
grees higher than the surface, whereas, in winter, they are somewhat lower. 
A comparison of Fig. 27 and Fig. 28 seems to indicate a similarity of thermal 
conditions at the surface and bottom. These stations, namely, 1 and 2, are 
approximately four miles apart, the former being situated in the so-called 
deep channel of the Bay (Fig. 25) whereas the latter is in shallower water 
on the western shore. The similar and yet seemingly independent trend of 
the conditions at Station 2 is indicated by chlorinity and oxygen trends. 
At Station 3, a characteristically shallow area of the western shore, the 
seasonal trend of temperature at the surface is quite similar to those at 
Stations 1 and 2, but the bottom temperature is much higher being rela-
tively close to the surface temperature. At Station 5, the continuity of the 
seasonal trend of bottom temperatures is frequently disturbed due to mixing 
resulting from the bottom topography as well as from tidal forces. 

The surface-bottom variations are small, rarely exceeding 4° C. The 
results imply fairly uniform thermal characteristics over the deeper waters 
of the Bay area studied. The temperatures of the shallow waters of the 
western shore are slightly higher at the surface and are but slightly lower 
at the bottom. 

Results based on hourly observations at Station 6 indicate a thermal 
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change of less than 1.0° C. at the surface, namely 24.1 ° to 25.0° C. during a 
24 hour period. The bottom variations are about the same. Sometimes 
the bottom temperature drops temporarily due to the influx of colder, 
heavier bay waters during certain tidal phases. In general, a noticeable 
degree of uniformity prevails (Figs. 29 and 30). 

The character of the surface-bottom drop in temperature is by no means 
well established. Available information shows that this drop is small, being 
characterized sometimes by one significant bend in the curve and at other 
times by irregularity (Fig. 31). The changes are gradual. It should be 
pointed out that from a hydrographic standpoint, chlorinity and oxygen 
seem to be far more diagnostic in these waters than temperature. 

River waters are a dominant factor in modifying the physical and chemi-
cal conditions of the Bay waters. Seasonal variations in precipitation 
influence the surface chlorinity, the turbidity, as well as certain chemical 
properties of the water. Figs. 27 and 28 clearly show the character of the 
seasonal variations of the surface and bottom waters. It is significant that 
the temperature gradient in the fall is unusual. The fact that lower tem-
peratures prevail at the surface than in bottom waters during the fall and 
winter seasons is due to the pronounced density stratification in which the 
waters of high chlorinity are at the bottom. The condition at Station 2 is 
similar to that at Station 1, but quite different from that at Station 3 wliere 
the depth is only 8 meters. The situation at Station 3 is probably typical 
of a large section of shallow water on the western shore. The water is 
representative of that part of the surface band that covers the denser 
bottom layer of the deeper areas. At Station 5, which is deeper and with a 
considerable surface-bottom chlorinity gradient, the trends are in many 
respects similar to those at Stations 1 and 2. The data signify that the 
waters quickly recover from the mixing process and return to a stratified 
condition with respect to density. Observations indicate that the annual 
chlorinity variations at Station 1 are from 5.81 to 10.23°/00 at the surface 
and from 8.86 to 12.50 %0 at the bottom. 

Hourly chlorinity changes of the surface waters are much smaller than 
those at the bottom at Station 6. The bottom changes at this location are 
influenced by the inflow of heavier bay waters and the outflow of relatively 
light river water. Variation is marked at this station for which reason it is 
believed that comparable samples taken at Station 1 would show a more 
stable condition. 

Fig. 31 indicates the abrupt change in density that occurs below a depth 
of about 14 meters. This seems to be a fairly general phenomenon during 
summer in the area studied. Its biological significance is important and 
needs further study. 

From a purely biological standpoint, the oxygen distribution is of out-
standing importance. The occurrence, during the period June-September, 
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of what might be termed "oxygen deserts" in the deeper areas investigated 
has been definitely established (Newcombe and Horne, 1938). · It is known 
that they develop late in the spring, and, when disseminated due to mixing, 
they may become fully re-established within a period of four days. This 
characteristic of the bottom layers is an extremely useful hydrographic index 
of the conditions in the bottom waters. Hourly changes depicted in Fig. 30 
are quite marked at the surface due in part to the sky conditions. The 
bottom variations cannot be explained so easily. The influx of surface 
waters probably accounts for the high concentration of dissolved oxygen at 
the bottom. This condition is a temporary one, however, and seems to have 
been the result of mixing caused by a change in the phase of the tide. It is 
noted that during the greater part of the twenty-four hour period the 
oxygen content of the bottom waters is usually under 60% of saturation 
and conspicuously below the surface concentration. 

Fig. 31 shows the vertical distribution of oxygen at Station lA, near 
Station 1. It is seen that the decline is quite rapid until a depth -0f almost 
18 meters is reached. Below this level, the concentration is about 4% satu-
rated. Vertical samples taken at several stations in the area indicate that 
at about a 10-12 meter depth, the concentration of dissolved oxygen starts 
to decline rapidly. It is not uncommon to find areas in which no measurable 
quantity of dissolved oxygen is present. Attempts are now being made to 
explain the factors operating to produce this oxygen anomaly. A similar 
condition has been shown to exist in certain small Norwegian ponds by 
Gaardner and Spark (1932). The conditions of salinity and temperature 
closely parallel those in the Chesapeake Bay. Although concentrations of 
dissolved oxygen as low as 2.3% saturation were found to exist in the 
bottom depths of about 4 meters, yet it was on occasion 256% saturation 
at a depth of 1.5 meters. The data signify that the bottom waters become 
progressively depleted of oxygen throughout June and July, critically low 
concentrations occurring in August. It would seem significant that in such 
small bodies of shallow water, the surface-bottom differences in physical 
and chemical conditions should be as extreme as in the deeper, Chesapeake 
Bay waters. 

The present data are sufficient to indicate the probable significance of 
turbidity as a factor modifying the physical and chemical characteristics of 
the waters in the Solomons Island region. Variations in precipitation, wind 
movements, etc. tend to be reflected in the amount of particulate matter 
suspended in the water. Secchi disc readings were made and although they 
are subject to a wide range of error, it is believed that they may serve to 
convey some idea of the turbidity which characterizes these waters. 

The maximum penetration of light on a bright day, with the sun over-
head, is about 3.8 meters in the deeper area of the Bay (Station 1). Ap-
proaching the Patuxent River in an up-stream direction, the degree of 
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penetration on occasions steadily decreases until readings aroun~ 0.6 meter 
are obtained from Station 21 (Fig. 24). Our value of 3.8 meters 1s very low 
in comparison with 20 meters which, according to Dr. Horace H. Poole,* is 
not an uncommon depth for a few miles off the shore at Plymouth, England. 
Using our maximum record of 3.8 meters, Dr. Poole has calculated roughly 
the extinction coefficient to be 0.45 which means a reduction to about 1 % 
at 10 meters and 0.01 % at 20 meters; values which one would expect to find 
at three or four times the corresponding depths in the English Channel. In 
view of this apparent light reduction due to turbidity, it seems possible that 
a pronounced reduction of phytosynthetic activity resulting from lack of 
light may be a significant factor in producing the oxygen-poor layer. 

It should be pointed out that the high turbidity condition so conspicuous 
in the river waters is a transient one clearly reflecting precipitation. In 
the Bay, where there is no conspicuous mass movement of waters, it would 
appear that there is a gradual accumulative effect during spring and sum-
mer resulting from the finely divided suspended particles brought in by the 
rivers. Evidence in support of this hypothesis is afforded by the work of 
Newcombe and Lang (1939) on the distribution of phosphates in the Bay. 

Thus far, studies on the nutrient salts in the local waters have not pro-
gressed sufficiently far to justify a discussion of the seasonal trends. It is 
possible, however, to indicate the concentrations that most frequently obtain 
and, to this extent, signify the fertility of the waters in question. 

With respect to phosphates, it has already been pointed out that they are, 
on the whole, very high. Whereas Seiwell (1935), working on the western 
basin of the North Atlantic, reports values at the surface ranging from Oto 
3 mg. of P per cubic meter (0 to 0.097 X 10-3 mg. atoms of P per liter) and 
bottom values as high as 300 mg. P20 6 per cubic meter (4.2 X 10-3 mg. atoms 
of P per liter), our surface values during summer commonly range as high as 
0.33 X 10-3 mg. atoms of P per liter. The unusually high values, namely, 
about 2 X 10-3 mg. atoms of P per liter, in the deeper oxygen depleted waters 
of the Bay are o~ exceeding interest. These records are as high as those of the 
river waters which are expectedly high. There is some possibility that 
phosphates coming from the Patuxent River waters may accumulate in the 
bottom waters of the Bay during summer when a condition of high turbidity 
exists. Riley (1937) has shown that the Mississippi River contributes large 
quantities of nutrient salts into the Gulf of Mexico. Lucas (1929) found 
concentrations of phosphorus in the bottom waters in the Strait of Georgia 
usually above 0.10 parts per million of A06 (1.4 X 10-a mg. atoms of P 
p~r _liter). His average value for the surface waters was 0.05 parts per 
IDilhon of P205 (0.7 X 10-a mg. atoms of P per liter). For the North Sea, 
Atkins (1923) reports average values around 0.025 parts per million of AOs 

* Personal Communication. 
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(0.35 X I0-3 mg. atoms of P per liter). It is seen that the Bay waters are 
richer than those in the ocean in respect to this very important nutrient salt. 
Available information indicates that the maximum concentrations of phos-
phate exist during the summer and minimum amounts prevail during winter 
when the phytoplankton is most abundant and the turbidity is lowest 
(Newcombe and Lang, 1939). 

Results to date indicate a general range of from Oto 0.6 X I0-3 mg. atoms 
of nitrite N per liter, higher bottom than surface values and occasional con-
centrations as high as 1.1 X I0-3 mg. atoms per liter. During July and 
August, zero values were frequently obtained for the surface waters and the 
higher concentrations occurred in the bottom waters. Harvey (1926) re-
ported very minute amounts in the English Channel. Orr (1926) reports 
higher concentration, namely 2 to IO mg. N02 per cubic meter (0.04 X I0-3 

to 0.2 X 10-3 mg. atoms nitrite N per liter) for the surface waters of the 
Clyde Sea area. Rakestraw (1932, 1936) studied the nitrite content of 
Atlantic waters in the Gulf of Maine, Bermuda, and the Caribbean areas. 
He concluded that the nitrite concentration varies normally from Oto 0.35 
microgr. atoms per liter (Oto 0.35 X I0-3 mg. atoms per liter). His highest 
value, 0.91 microg. atoms per liter (0.91 X I0-3 mg. atoms per liter) was 
obtained in Cape Cod Bay. It appears that our values are higher than 
those obtained for more saline waters, a condition to be expected in light of 
the inland and estuarine character of the Chesapeake area. 

The concentrations of ammonia N range are, in summer, as high as 14.0 
X I0-3 mg. atoms per liter whereas values below 6.0 X I0-3 mg. atoms are 
ebt-ained usually. In the open sea, values between IO and 50 mg. NHa per 
cubic meter (0.59 X I0-3 and 2.9 X I0-3 mg. atoms ammonia N per liter) 
have been reported, whereas Thompson and his associates found less than 
10 mg. per cubic meter (0.59 X 10-3 mg. atoms per liter) in the Strait of 
Juan de Fuca and adjoining waters. The Chesa·peake waters are, it would 
seem, well supplied with ammonia nitrogen during the summer season. 
Although numerous analyses have been made for nitrate N, the strychnine 
method employed is not considered to be sufficiently accurate to warrant a 
discussion of the results. 

The silica content of local waters is high as might be expected in waters of 
this saline concentration. In the upper river stations 20-21, high surface 
values occur, ranging from 50 to 116 X I0-3 mg. atoms of silicon per liter, 
whereas, at Stations 14 and 15 (Fig. 24), the concentration is usually around 
50 X I0-3 mg. atoms of Si per liter. The waters of the Bay are characteristi-
cally lower, varying around 25 mg. atoms of Si per liter during the summer 
season. The marked fluctuations that occur in the river waters represent a 
response to rainfall which results in the presence of varying quantities of 
dissolved and suspended substances in the water. Atkins (1923) reports 
surface concentrations of Si02 varying from 0.2 to 0.6 mg. per liter (3.33 X 
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10- 3 to 9.99 X 10-3 mg. atoms of Si per liter) while Lucas (1929) states that 
surface values between 1.0 and 3.0 mg. SiOz per liter (17 X 10-3 and 51 X 
10-3 mg. atoms per liter) were found generally in the Strait of Georgia. 

In general, there is evidence of high concentrations of nutrient salts in the 
bottom waters during the summer period when light penetration is reduced 
due to maximum turbidity. The occurrence of minimum phosphates during 
winter accompanied by minimum turbidity and maximum phytoplankton 
strongly suggests a cycle of nutrient salts that is the reverse of that in certain 
ocean waters and reveals the importance of and need for precise light data in 
interpreting the existing and seasonal variations. 

SUMMARY 
Certain physical and chemical characteristics of the Chesapeake Bay 

waters in the region of Solomons Island, Maryland, have been studied 
during the period, June 1936-June 1938. They have been treated in 
regard to the following aspects-seasonal trends, surface-bottom variations, 
the magnitude of hourly changes, as well as the annual maximum -and 
minimum concentrations of various elements. 

The seasonal trends of surface and bottom temperatures are depicted in 
Figs. 27 and 28. The high, summer temperatures remain until about the 
first week in October after which there is a marked decline of about 10° C. 
(i.e. from about 25 to 15° C.) until the early part of November. By the 
first week in December, the surface and bottom temperatures have dropped 
to about 7° C. During January and February, the lowest temperatures, 
namely 3 to 4° C., prevail. The abrupt rise of water temperatures during 
spring takes place in April and May, a level of about 20° C. being reached 
by the middle of June. The variation from surface to bottom rarely ex-
ceeds 4° C. and, during relatively long periods between September and 
June, the variation is only about one or two degrees Centigrade. Due to 
the high density of the bottom waters, lower temperatures at the surface 
than at the bottom are often continuously maintained during winter. The 
hourly changes in thermal conditions are usually less than 0.5° C. 

The chlorinity characteristics of the Bay waters are well defined and of 
major importance in determining the incidence of other environmental 
factors. Annual chlorinity variations at Station 1 were found to be from 
5.81 to 10.23°/oo at the surface and from 8.86°/00 to 12.50°/00 at the bottom. 
The dominant characteristic in respect to density distribution is the well-
defined vertical stratification. During summer, at about 10 or 14 meters, 
there is, usually, an abrupt gradation from the less dense surface waters to 
the bottom stratum of heavier water possessing a relatively uniform chlo-
rinity. 

The seasonal trends of oxygen distribution over the area studied reflect 
surface variations of a very high order of magnitude. Levels as high as 150% 
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saturation have been reached in January due, probably to phytoplankton 
abundance, a_nd as low as 33% in summer, due, it is believed, to the mixing 
of bottom with surface waters. The occurrence during the period June-
September of a very low oxygen concentration in the bottom waters over 
relatively large, deep areas of the Bay is significant. Surface waters un-
usually low in oxygen are considered to have their origin in the deeper areas 
of the Bay. 

Secchi disc readings taken throughout the year over the area in question, 
reveal marked seasonal as well as horizontal variations extending from the 
Bay up the Patuxent River. The extent of the seasonal variations in the 
Bay is about 2.3 meters and the maximum Bay-River variations is about 
3.2 meters. These are marked changes and, despite the inadequacy of this 
disc for measuring depth of light penetration, they signify the importance 
that must be assigned to light in reviewing the factorial complex under 
consideration. 

On account of the rather unique bathymetric and topographic conditions 
that characterize these estuarine waters, some significance is attached to 
the amount of nutrient salts present in comparison with the ocean con-
centrations which have been more thoroughly investigated. It has been 
found that the phosphate content of the Bay waters, in summer, commonly 
ranges as high as 0.23 X 10-3 mg. atoms of P per liter at the surface and 
1.0 X 10-3 mg. atoms in the bottom waters. The river waters at the upper 
stations contain average concentration of about 0.95 X 10-3 mg. atoms of 
P per liter during the summer season. Minimum concentrations obtain 
during the winter period when turbidity is minimum and the abundance of 
phytoplankton organisms is maximum. 

The results of nitrite analysis indicate a general range of from Oto 0.6 X 
10-3 mg. atoms of nitrite N per liter, higher bottom than surface values and 
occasional bottom concentrations as high as 1.1 X 10-3 mg. atoms per liter. 
In early summer, zero values frequently obtain in the surface layers of the 
Chesapeake area. 

The concentration of ammonia nitrogen varies from Oto over 8.0 X 10-3 

mg. atoms per liter during the summer season and local variations are 
pronounced. Available information seems to indicate that the Chesapeake 
waters are much richer than ocean water, in respect to this nutrient salt, 
although special study must be devoted to the local nitrogen cycles before 
definite conclusions can be reached. 

The Bay and River waters possess a very high silicon content during 
summer. The waters in the upper reaches of the river contain concentra-
tions as high as from 50 X 10-3 to 116 X 10-3 mg. atoms of Si per liter. 
The concentrations at the lower river stations and in the Bay are much 
lower, commonly ranging around 20 X 10-3 to 30 X 10-3 mg. atoms of 
silicon per liter. 
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A summary of this work should not be concluded without stating that the 
Chesapeake Bay estuarine conditions are unique both from a hydrographic 
and a purely biological standpoint. There are many problems here for the 
physicist, the chemist and the biologist, alike, all in need of elaboration. 
If, therefore, some interest has been aroused in the solution of these prob-
lems, the present work will have been justifi ed. 
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