
W&M ScholarWorks W&M ScholarWorks 

Reports 

1962 

Dark and light bottle studies in the lower Chesapeake region, Dark and light bottle studies in the lower Chesapeake region, 

Summer 1961 Summer 1961 

Bernard C. Patten 

D. K. Young 

Weston Eayrs 

Morris H. Roberts 

Bert Shapiro 

See next page for additional authors 

Follow this and additional works at: https://scholarworks.wm.edu/reports 

 Part of the Marine Biology Commons, and the Terrestrial and Aquatic Ecology Commons 

Recommended Citation Recommended Citation 
Patten, B. C., Young, D. K., Eayrs, W., Roberts, M. H., Shapiro, B., & Virginia Institute of Marine Science. 
(1962) Dark and light bottle studies in the lower Chesapeake region, Summer 1961. Special scientific 
report (Virginia Institute of Marine Science); no. 39. Virginia Institute of Marine Science, College of William 
and Mary. https://doi.org/10.21220/V51G6S 

This Report is brought to you for free and open access by W&M ScholarWorks. It has been accepted for inclusion in 
Reports by an authorized administrator of W&M ScholarWorks. For more information, please contact 
scholarworks@wm.edu. 

https://scholarworks.wm.edu/
https://scholarworks.wm.edu/reports
https://scholarworks.wm.edu/reports?utm_source=scholarworks.wm.edu%2Freports%2F106&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1126?utm_source=scholarworks.wm.edu%2Freports%2F106&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/20?utm_source=scholarworks.wm.edu%2Freports%2F106&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@wm.edu


Authors Authors 
Bernard C. Patten, D. K. Young, Weston Eayrs, Morris H. Roberts, Bert Shapiro, and Virginia Institute of 
Marine Science 

This report is available at W&M ScholarWorks: https://scholarworks.wm.edu/reports/106 

https://scholarworks.wm.edu/reports/106


DARK AND LIGHT BOTTLE STUDIES 

IN THE LOWER CHESAPEAKE REGION 

- Summer 1961 -

SPECIAL SCIENTIFIC REPORT NO. 39 

Virginia Institute of Marine Science 

Gloucester Point, Virginia 

1962 



DARK AND LIGHT BOTTLE STUDIES 

IN THE LOvJER CHESAPEAKE REGION 

Summer 1961 

This report summarizes results of nine dark and light bottle 

productivity experiments performed in the York River and lower 

Chesapeake Bay by the Planktology Department during the summer 

of 1961. 

Four stations along the salinity gradient were occupied 

at weekly intervals. Station locations and mean low water depths 

were: 

A) York River, near Page's Rock (37° 18', 

76° 35'); 30ft. 

B) York River, productivity buoy opposite 

VIMS (37° 141 , 76° 30 1 ); 30ft. 

C) Chesapeake Bay, York Spit Light (37° 13', 

76° 16'); 18ft. 

D) Chesapeake Bay, Kiptopeke crossing north of 

Inner Middle Ground (37° 08', 76° 02 1 ); 26ft. 

Data reported include vertical profiles of temperature, 

chlorinity, dissolved oxygen, extinction coefficients and daily 

radiation, and a number of derived production variables based 

on measurements of gross production and respiration. Temperature 

(Table 1) was measured with a thermistor unit or thermometer. 

Chlorinity (Table 2) was titrated with silver nitrate. Dissolved 

oxygen (Table 3)was determined by the unmodified Winkler method 
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in all but Expts. 8 and 9, in which the Pomeroy-Kirschman

Alsterberg azide modification was employed. Extinction 

coefficients (Table 4) for \1white11 light (GE incandescent lamp 

CDJ-100 w) were calculated from optical densities obtained 

colorimetrically with a neutral filter at the beginning and end 

of each experiment. A mean coefficient for the upper 10 ft. was 

used to calculate daily light at various depths and in the whole 

water column (Table 5) based on incident solar radiation as 

measured at the VIMS Eppley 10-junction pyrheliometer installation, 

Gloucester Point. 

For productivity determinations, dark and light bottles 

vJere suspended !!!, ~ for 24 hours and then fixed for Winkler 

titration. Light bottles were suspended at 2, 6 and 10ft., 

and dark bottles at 2, 6, 10, 14 and 18 ft. (to 10 ft. only at 

shallow St. C). Gross production (Table 6), respiration (Table 7) 

and net production (Table 8) were computed from oxygen changes 

in the bottles and converted to gcal assuming PQ = RQ = 1.00. 

Values of gross production and respiration were plotted against 

depth--down to 20 ft. for Sts. A, B and D, and to 10 ft. for 

St. C. The points were then connected and the areas under the 

curves determined planimetrically to obtain integral gross 

production, respiration and, by difference, net production 

(Table r 9) in the water columns (i.e., from surface to 10 ft. 

or 20 ft.). The depth at which the gross production and 

respiration curves crossed was recorded as the compensation 

depth (Table 9). Several efficiencies and a cost variable 
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were calculated at 2, 6 and 10 ft. and also for the whole water 

column (Table 10). 

The various experiments were performed on the following dates: 

Ex pt. No. Date (1961) 

1 June 27-28 

2 July 11-12 

3 July 17-18 (Sts. c and D) 
July 18-19 (Sts. A and B) 

4 July 25-26 

r· 
:> August 1-2 

6 August 10-11 

7 August 15-16 

8 Augus·t 22-23 

9 August 29-30 

Distribution of this report does not constitute publication, 

and the data are subject to correction and/or revision. 

Bernard C. Patten 
David K. Young 
vJeston Eayrs 
Norris Roberts 
Bert Shapiro 

27 September 1962 
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page 4 Table 1. Vertical temperature profiles (°C) at the 
of each experiment beginning (B) and end (E) 

Expt. No. Gurfucc 2 6 10 14 18 22 26 30 

B E B E B E B E B E B E B E B E B E 

St. A 

1 22.37 21. 76 22.33 21.80 22.19 21.71 22.14 21.71 20.45 21. 71 21.21 21.68 21.50 21.68 21.63 21.68 21.69 

2 24.6 25.5 24.5 25.1 24.5 24.8 24.2 24.6 24.4 24.6 25.0 24.6 24.5 24.6 24.8 

3 27.0 26.8 27.2 26.8 27.0 26.4 26.4 25.9 26.0 25. 7 25.2 24.8 24.4 24.3 

4 29.0 27.2 28.2 27.5 27.2 26.8 26.3 26.4 26.3 25.9 26.7 25.2 25.8 25.0 25.9 25.0 

5 29.0 28.5 29.0 28.5 29.0 28.5 28.8 28.5 28.8 28.8 28.5 28.5 28.5 28.5 28.5 28.5 

6 27.8 27.5 27.7 27.9 27.1 27.6 27.0 27.5 26.9 27.2 26. 7 27.0 26.5 27.0 26.5 27.0 

7 25.0 27.2 25.5 27.0 25.8 26.4 26.3 26.8 26.1 26.5 26.7 26.8 26.4 26.5 26.4 26.5 

8 26.0 25.6 26.0 25.4 25.9 25.4 26.0 25.3 ... 26.1 25.3 26.3 25.2 25.9 25.3 26.0 25.1 

9 28.1 27.1 28.8 28.0 28.6 27.9 28.5 27.6 28.1 27.9 28.0 27.6 27.7 27.8 28.1 

St. B 

1 22.67 21.64 22.67 21.64 22.63 21.66 22.69 21.65 22. 71 21.68 22.56 21.68 21.63 21.64 21.70 21.68 21. 78 21.66 

2 24.5 24·. 6 24.5 24.5 25.0 24.4 24.8 24.4 24.8 24.2 24.6 23.9 24.6 24.0 24.3 24.0 24.0 

3 26.0 25.2 25.8 25.5 25.5 25.0 25.2 25.0 24.1 24.7 24.0 24.1 23.5 23.8 23.8 23. 5 23.5 25.0 

4 29.2 28.8 28.8 29.3 28.2 28.3 27.8 27.8 27.5 27.4 26.4 25.8 26.2 25.3 26.5 24.9 

5 28.2 28.0 28.0 28.0 28.2 27.8 27.5 27.5 28.0 27.4 27.5 27.4 27.2 27.2 27.8 27.2 27.2 27.2 

6 27.7 27.4 28.0 27.9 27.8 27.5 27.5 27.2 26.9 26. 7 26.6 26.1 26.0 26.0 25.2 25.9 25.0 

7 26.0 27.8 26.4 27.0 25.9 26.8 26.0 26.4 26.0 26.2 25.0 26.2 26.2 26.2 26.0 26.2 26.2 26.2 

8 25.9 26.2 26.2 26.0 25.9 25.8 25.8 25.8 25.7 25.9 25.7 25.5 25.3 25.3 25.3 25.4 

9 28.4 28.1 29.8 28.1 29.0 27.7 28.8 27.1 27.9 27.3 27.7 27.0 28.0 27.0 27.7 27.2 27.2 

St. c 

1 22.08 21.98 21.91 21.58 21.58 

2 
3 25.63 25.80 25.60 25.73 25.43 25.73 24.71 25. 70 24.34 24.65 23.93 23.86 

4 27.07 27.10 26. 79 26.94 26.56 26.66 26.45 26.18 22.92 23. 93 22.55 23. 70 

5 25. 33' 26.38 25.33 26.31 25.36 26.21 25.50 26.04 25.33 25.90 25.29 25.80 

6 
7 
8 24.48 24.18 24.44 24.17 24.44 24.20 24.24 24.2-4 24.13 24.00 24.13 23. 76 
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Table 1. (Continued) 

Expt. No. Surface 2 6 10 14 18 22 26 30 
B E B E B E B E B E B E B E B E B E 

9 25.80 26.38 25.76 26.11 25.66 26.11 25.63 26.04 25.60 26.04 25.60 25.93 

S_t~- P 
1 21.14 20.81 20.87 20.87 20.87 20.81 
2 
3 25.53 25.43 25.50 25.43 25.33 25.36 24.71 23.53 24.68 23.02 24.58 22.99 24.58 22.96 24.58 22.96 
4 27.60 27.24 27.35 27.17 22.45 24.85 21.98 22.89 21.81 21.68 21.81 21.68 21. 78 20.91 21.71 20.91 
5 26.1 24.24 2<'1·. 54 24.17 24.24 24.17 24.13 22.89 24.10 22.65 24.10 22.65 24.05 22.62 24.10 22.59 
6 
7 
8 23. 77 23.88 23.66 23.88 23.55 23.60 23.44 23.52 23.49 23.44 23.49 23.38 23.49 23.33 
9 25.1 24.88 24.85 25.56 24.38 25.15 24.34 24.91 24.24 24.78 24.24 24.71 24.20 24.75 
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Table 2. Vertical chlorinity profilGs (%0 ) 

at the beginning (B) and end (E) of each experiment 

Expt. No. Surface 2 "6 10 14 18 22 26 30 

B E B E B E B E B E B E B E B E B E 
9.20 8.69 St. f\ 1 8.56 9.25 9.37 9.18 9. 58 9.51 9. 77 9. 58 9.86 9.68 9.78 9.97 9.97 9.86 2 7.26 7.66 7.31 7.79 8.00 8.33 8.17 8.98 8.48 8.98 8.78 9.08 9.06 9.08 9.26 9.17 3 6.79 6.45 6.70 6.40 6.85 7. OS 7.96 8.46 8.64 9.18 9.62 10.14 10 . .50 10.95 ... 

4 8.52 10.92 9.14 10.40 10.47 10.63 11.10 11.09 11.17 11.39 11.18 11.83 11.82 11.99 11.43 11.91 5 9. 58 9. 76 9. 73 9.99 9.90 9.91 9.88 9.97 10.01 9.99 10.74 10.01 10.27 10.11 10.19 6 11.08 11.46 11.19 11.35 11.52 11.58 11.64 11.58 11.97 12.00 12.21 12.12 12.29 12.27 12.17 12.23 7 11.86 11.07 12.02 11.50 11.98 11.51 12.12 11.68 12.23 11.70 12.35 11.74 12.40 11.69 12.44 8 10.42 11.07 10.62 11.29 10.54 11.21 10.58 11.21 10.62 11.21 10.64 11.30 10.70 11.33 10.70 11.31 9 10.24 10.33 9.83 10.29 9.95 10.34 10.25 10.59 10.53 10.72 10. 53 10.72 10.48 10.81 10. 53 

St. B 
1 9.26 9.42 9.42 9.25 9.42 9.12 9. 27 9.61 9.80 9.54 9.79 9.73 9.79 9.81 9.82 9.82 9.82 9.98 2 8.66 8.52 8.58 8.58 8.59 8. 55 8.78 8.90 9.08 9.17 9. 57 9.56 9.66 9.77 9.84 10. 55 9.86 3 10.22 10.58 10.19 10.59 10.37 10.60 10.67 10.60 11.22 10. 79 11.75 11.30 11.79 11.30 11.84 11.96 11.74 10.55 4 10.60 10.89 10.70 10.87 10.72 10.90 10.64 10.91 10.90 11.19 11.42 11. 75 11.56 11.15 11.70 12.54 5 11.35 11.11 11.28 11.36 11.33 11.35 11.44 11.32 11.26 11.29 11.44 11.27 11.45 11.35 11.26 11.35 11.44 11.36 6 11.37 11.97 11.33 11.98 11.53 11.99 11.43 12.09 12.03 12.47 12.30 12.90 12.79 13.21 13.34 13.46 13.50 7 11.57 10.68 11.32 11.05 11.48 11.20 11.71 11. 53 11.87 11.68 12.13 11.59 12.22 11.73 12.39 11.70 12.33 11.77 8 11.21 11.41 11.34 11.57 11.50 11.70 11.57 11.72 11.60 11.60 11.75 11.90 11.88 12.15 12.00 12.20 9 11.26 11.32 11.26 11.23 11.20 11.23 11.20 11.24 11.21 11.26 11.26 11.30 11.20 11.31 11.34 11.20 11.32 

St. c 
1 9.93 - ·9. 93 -::·· . 9 •. 98 10.34 J:0:-31 
2 
3 10.85 10.50 10.80 10.49 11.15 10.49 11.18 10.48 11.47 11.47 11.45 11.65 
4 9.60 10.20 9. 50 10.09 9.72 10.18 9.92 10.96 12.01 12.01 13.01 11.92 
5 11.17 l0.60 11.35 10.52 11.23 10.53 11.28 10.78 11.46 11.01 11.48 11.07 
6 
7 
8 10.70 11.03 10.63 11.09 10.80 11.20 10.91 12.10 11.58 12.76 11.65 
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Table 2. (Continued) 

Expt. No. Surface 2 6 10 14 18 22 26 30 

B E B E B E B E B E B E B E B E B E 

9 12.22 12.65 12.38 12.57 12.44 12.58 12.32 12.50 12.53 12.56 12.44 12.56 

St. D 
1 12.09 12.14 12.29 12.29 12.49 12.56 
2 - - -
3 11.32 11.19 12.25 11.19 12.36 11.09 12.45 ll. 70 12.47 12.56 12.53 13.41 12.36 13.76 12.25 13.83 
4 11.08 11.61 10.72 11.61 12.83 13.02 14.10 15.90 14.60 16.13 14.92 16.32 14.83 14.91 16.34 
5 13. 71 15.02 13. 71 14.94 13.90 14.99 14.09 15.27 14.30 15. 73 14.41 15.92 14.35 15.91 14.29 15.92 
6 
7 - - -8 11.61 13.07 11.70 13.03 12.30 13.69 12.48 14.27 13.20 14.28 13.43 14.33 13.54 14.56 14.45 
9 16.27 15.88 16.37 15.95 16.39 16.06 16.39 16.25 16.30 16.47 16.55 16.35 16.49 16.35 16.34 16.33 
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Table 3. Vertical distribution of dissolved oxygen 
(mg/liter) at the beginning of each experiment 

Expt. No. Surface 2 6 10 14 18 22 26 30(B) 

St. A 

1 6.41 5.69 4.86 4.35 4.27 4.09 
2 7.66 7.50 6.28 6.07 5.48 4.89 4.46 4.23 F) 
3 6.13 5.83 5.59 4.16 3.58 2.59 2.01 
4 5.94 7.04 6.60 5.30 5.07 5.11 4.43 4.28 
5 5.74 5.42 5.19 5.10 5.03 4.91 4.80 4.80 
6 5.46 5.07- 4.33 4.02 3.22 2.61 2.41 
7 6.88 7.36 6.16 4.43 3.18 2.97 2.93 2.78 
8 6.31 6.42 6.45 6.46 6.20 6.15 5.96 5.91 
9 6.31 6.57 6.28 5.88 5.70 5.58 5.84 5.87 

St. B 

1 6.20 6.14 6.10 5.85 5.47 5.08 5.28 5.34 
2 8.75 7.97 7.57 6.25 5.63 5.04 4.88 4.55 
3 6.13 6.24 6.11 5.49 3.78 3.43 3.38 3.34 3.24 
4 8.72 8.35 7.60 7.35 7. 2Ll· 5.99 5.80 5.74 
5 3.20 3.61 6.29 5.02 6.38 4.35 2.53 2.50 4.85 
6 6.95 6.75 6.53 6.01 3.47 2.95 1.16 1.16 
7 10.55 10.49 10.31 8.54 7.43 6.49 6.79 5.61 5.39 
8 6.32 5.93 5.42 5.27 5.28 5.15 4.34 3.75 
9 8.36 8.42 8.17 7.09 7.54 7.03 6.81 6.86 

St. c 
1 6.71 6.66 6.87 6.30 6.19 
2 
3 7.01 7.10 7.25 6.81 6. 29 6.33 .--
4 6.71 6.63 6.69 6.65 5.40 4.63 
5 6.07 6.22 6.20 6.10 5.89 5.67 
6 
7 
8 7.89 7.77 7.64 7.40 6.13 6.05 
9 6.98 6.8"1 6.71 6.93 6.69 6.-58 

St. D 

1 7.00 6.97 6.71 6.83 6.57 6.55 
2 
3 7.39 6.81 7.07 6.93 6.95 6.81 6.86 6.80 
4 7.10 7.10 7.21 7.19 7.21 7.19 7.19 7.21 
5 7.11 7.16 6.98 7.07 6.98 6.98 6.92 6.86 
6 
7 
8 8.29 8.12 7.57 7.48 7.00 6.88 6.64 
9 7.47 7.40 7.50 7.44 7.42 7.26 7.23 7.42 
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Extinction coefficients (m-1) at the beginning 

(B) and end (EJ of each experiment. 

Expt. No. Surface 2 6 10 14 18 22 26 30 

B E B E B E B E B E B E B E B E B E 

St. 1\ 

1 1.668 1.955 1.898 2.243 2.070 1.610 1.438 2.013 1.898 2.243 1.610 1,898 2.358 1.840 3.450 . 10.063 

2 1.840 0.345 2.185 0.690 1.702 0.656 1.702 0.356 1. 668 0.690 2.024 1.541 1.472 2.496 5.233 7.624 

3 1.288 1.587 1.472 1.576 1.357 1.622 1.438 2.162 1.438 2.104 o. 794 1. 714 o. 632 6.038 

4 1.217 1.046 1.357 0.667 1.380 o. 713 1.242 o. 678 1.173 o.460 1. 012 o. 552 1.391 o. 862 1.633 o. 828 

5 1.725 2.047 2.116 2.346 2.116 2.242 1.863 2.162 1.817 2.035 1.863 2.208 2.300 2. 783 12.650 

6 1.414 1.276 1.276 1.243 0.954 1.587 o.954 1.230 o.954 1.116 0.943 1.357 o. 966 1.518 1.506 3.208 

7 1.046 1.058 1.288 1.196 1.368 1.322 1. 299 1.989 1.184 3.622 1. 874 3. 450 2.173 7.003 5.094 

.8 1.B17 1.610 1.955 1.322 2.024 1.380 1.794 o.966 1.805 0· 759 2.518 1.092 2.990 2.472 4.485 3.887 

9 1.920 1.184 2.219 1.138 2.035 1.265 2.438 1. 748 4.565 3.680 6.267 5.790 15.812 8.912 16. 790 

St. B 

1 1. 955 1. 782 1. 782 1.610 1.667 1.552 1.495 1.322-1.150 1.322 2. 012 1. 840' 1.050 1.322 1.437 L395 2. 357 2.415 

2 0.7821.150 1.012 1.104 0.897 1.116 0.920 1.081 0.943 1.035 0.5291.173 0.575 L587 0.575 1.978 2.300 

3 o.J13 o.782 o. 805 1.012 o. 782 o. 805 o. 713 o. 920 o. 690 o. 805 o. 794 o. 851 1.150 1.150 1.633 2.151 2. 530 1.150 

4 1.357 o.839 1. 299 0.678 2.047 1.150 1.840 o. 678 1.472 o. 690 1.207 0.839 1.575 0.828 3.818 9.683 

5 0.862 1.311 1.023 3.392 1.184 1.805 1.207 1.023 1.242 0.920 2.242 1.288 3.691 1.587 1.518 2.288 7.877 5.658 

6 1.150 1.207 1.403 1.115 1. 208 1. 845 1.092 1.173 1.138 0.908 o.782 o.609 1.000 o. 483 o.966 1.633 0.655 

7 0.943 o.701 1.173 o.954 1.311 o.598 o. 839 0.713 0.,885 0.241 o. 793 o. 540 o. 552 o.391 1.472 0. 609 3.105 1.851 

8 o.805 o.828 o. 794 1.219 o.690 1.380 0.862 1.817 1.242 1. 980 1.012 2.185 1.035 2.082 2 .. 668 33.695 

9 1 .. 621 1 .. 104 1 .. 863 1.506 1.886 1.380 2.162 1.588 2. 794 1.598 2.645 1.840 4.266 2.150 2. 990 4.393 2.748 

St .. c 

1 0.230 0.690 0.575 0.690 0.288 

2 
-

3 0.518 0.598 0.548 0.483 o.598 0.506 0.494 0.678 D. 552 o.518 0.518 0.483 

4 0.667 0.517 o.540 o.437 o.736 o.379 0.667 0.264 o. 575 o.402 0.701 0.598 

5 o.506 o.552 o.460 o.667 o.598 0.506 o.402 o.460 o.368 o.517 o.609 0.517 .. 
... 

6 
7 
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Ex pt. No. Surface 2 6 10 14 18 22 26 30 

B E B E B E B E B E B E B E B E 

8 0.667 0.702 0. 770 0.483 0.782 0.494 o. 794 o. 310 o. 356 o. 356 0.414 
9 0.989 0.552 0.713 1.024 o.552 1.173 o.472 1. 242 o. 748 1.150 o.782 1.484 

St. D 
1 1.438 . 1.323 1.323 1.265 1.495 1.610 . -
2 -
3 0.518 0.460 0.690 0.391 0.667 0.552 o. 552 0.368 0.460 o. 506 o.518 0.345 0.690 o.414 o. 690 o. 552 
4 0.299 0.402 0.552 0.724 o.563 0.368 0.345 o. 598 o. 586 o. 575 o.287 o.437 o.345 0.391 0.460 
5 0.264 0.356 0.138 0.460 0.310 0.552 o.368 o.S75 0.368 o. 356 o.172 o.563 o.299 o.425 0• 253 o. 517 
6 - - - -·-
7 
8 o. 575 o. 448 0.426 0.437 Q.437 o. 356 Q.448 o.540 0.437 o. 575 o.46D o. 736 0.426 o. 932 2.185 
9 0.345 o. 702 0.437 o. 748 o.494 o.448 o. 552 o. 276 o. 552 0.426 o. 598 0.483 o. 678 0.437 0. 529 o. 506 
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Table 5. Radiation (gca1/cm2/day) at the various depths, 

and total radiation, I]g , in the water column 
(b = 10 ft for st. C and b = 20 ft for Sts. A, B and D) 

Expt. No. Surface 2 6 10 14 18 22 26 I]b 

St. A 
0 

1 132.80 42.50 4.38 (.).40 71.32 

2 592.40 288.50 68.13 15.99 3.55 0.89 0.24 0.05 499.78 

3 572.60 22] .• 42 32.47 4.58 0.69 0.06 366.32 

4 563.80 300.28 84.34 23.90 6.77 1.86 0.56 543.02 

5 589.60 165.56 13.21 1.06 o.os 0.01 - 283.84 

6 625.80 292.69 64.65 29.66 3.13 0.69 0.13 0.03 554.05 

7 650.10 307.11 69.17 15.47 3.44 0.78 0.20 530.11 

8 317·40 il9-12 16-76 2.35 . 0 .35. 0 .03. 32.37. 

9 562.60 195.02 23.176 2.78 0.34 0. OL~ 52.96 

St. B 

1 14-2.80 52.55 7.00 0.86 86.76 

2 543.40 292.35 86.94 25.00 7.06 2.17 0.54 0.16 538.01 

':l 559.40 339.56 124.75 46.43 17.34 6.15 2.24 0.56 679.91 
v 

4 607.40 286.93 63.35 14.03 3.10 0.67 0.12 0.04 491.09 

5 594.40 241.68 39.94 6.60 0.48 0.18 0.03 402.55 

6 616.00 296.85 69.61 16.32 3.82 0.86 0.18 0.05 516.55 

7 647.20 373.43 124.26 40.71 13.66 4.53 1.42 0.45 712.83 

8 338.80 180.41 50.14 13.92 3. 86. 1.12 .. 0.30 53.68: -

9 565.20 207.92 281.40 3. 81 o. 5'2 0.07' 56.57 

St. c 
1 
2 
3 559.40 398.29 201.94 102.37 52.02 26.29 13.43 6.71 S71.91 

4 563.60 409.23 215.80 113.79 59.40 1028.11 

5 589.60 436.78 227.00 121.46 64.68 34.08 18.16 9.67 1088.53 

6 
7 
8 317.40 217.03 101.50. 47.45 22.19 . 10. 25. 4. 79. 81. 57."~ 

9 563.80 338.56 122.08 44.02 15. 87.'- 5. 67 2.09 109.78 '• 
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5 continued Table 

Expt. No. Surface 2 6 10 14 18 22 26 r]b 
0 

St. D 

l 
2 - -
3 547.20 397.27 209.58 110.53 58.00 30.64 16.24 8. 76 10L'~8. 87 
4 565.80 423.39 234.G9 130.08 72.08 40.40 22.40 1112.68 
5 615.40 488.94 308.68 194.84 123.02 76 .. 86 48.99 30.65 1465.99 
6 
7 
8 338.80 258.60 147.7'2 84.36 48.18 27.51 15.72 113.81 
9 5.68 4·16.59 226.35 124.22 67.50 36.67 19.92 177.42 .i 
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Table 6. Gross production (gcal/cm2/day, 
based on a 20 ft vJater column, volume 0. 61 

liters/cm2) at 2, 6 and 10 ft. 

Expt. No. 2 6 10 

St. A 

1 1. 95 0.26 0.19 
2 -2.22 -1.22 -1.51 
3 1.05 1.03 1.05 
4 0.71 1. 52 0.19 
5 0.98 0.90 0.79 
6 1.16 0.62 0.54 
7 3.25 0.43 0.11 
8 0.86 1. 22 0.26 
9 2.44 1.84 0.51 

St. B 

1 2.63 0.49 0.34 
2 0.00 0.19 0.28 
3 1.26 1. 52 1.09 
4 0.98 0.21 0.17 
5 0.58 1.05 0.11 
6 0.98 0. 94 0.86 
7 2.33 0.79 0.39 
8 0.49 0.75 0.15 
9 5.65 5.86 1. 78 

St. c 

1 
2 
3 0.36 0.51 0.81 
4 0.26 0.62 0.34 
5 1. 50 0 .• 62 0.21 
6 
7 
8 1.07 5.03 0.26 
9 2.55 3.04 1. 88 

St. D 

1 
2 
3 0.45 0.30 0.28 
4 0.36 0.21 
5 0.32 0.73 0.26 
6 
7 
8 1. 54 0.81 0.41 
9 1.43 2.61 1. 56 
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Ta.ble 7. Respiration (gcal/cm2/day, based on a 
20 ft water column) at 2, 6, 10, 14 and 18 ft. 

Expt. No. 2 6 10 14 18 

St. A 
l 2.95 O.bb 0.47 0.19 0.45 
2 5.44 3.30 3.38 3.27 l. 28 
3 2.50 l. 90 l. 54 1.13 0.79 
4 2.82 2.70 1.46 1.05 1.33 
5 3.29 3.68 3.55 2.33 l. 67 
6 3.06 2.37 3.66 l. 93 Q.83 
7 7.90 8.77 l. 99 0.21 0.34 
8 3.68 4.39 3.00 1.16 1.18 
9 3.02 2.95 l. 48 0.77 0.68 

St. B 
l 2.80 2.20 b.92 0.56 0.43 
2 3.14 2.27 1.16 0.66 0.64 
3 1.37 l. 52 2.03 0.25 0.75 
4 6.01 3.72 l. 67 l. 28 1. 22 
5 -2.10 2.08 -0.11 2.57 l. 28 
6 5.20 4.69 4.22 0.73 1.03 
7 10.74 11.81 4.88 3.53 1. 97 
8 2.57 2.03 l. 88 l. 90 2.12 
9 5.82 4.00 2.29 3.02 l. 78 

St. c 
1 
2 
3 0.68 l. 28 l. 34 
4 0.79 l. 26 1.33 
5 2.86 1.07 0~81 
6 
7 
8 2.33 6.36 1.58 
9 2.33 2.25 l. 95 

St. D 
1 
2 
3 0.49 1.43 0.32 0.75 0.47 
4 0.81 0.21 2.82 4. 71 
5 0.60 0.68 0.79 2.61 0.56 
6 ....... 
7 
8 1.52 1. 07 1. OS 0.68 1.28 
9 1.20 1. 75 1. 86 1.16 0.98 
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Table 8. Net production (gca1/cm2/day, based 
on a 20 ft water column) at 2, 6 and 10 ft. 

St. A 

Expt. No. 2 6 10 

1 .. 1.00 -0.41 -0.28 
2 -4.75 -2.61 -3.23 
3 -1.45 -0.87 -0.49 
4 -2.12 -1.18 -1.26 
5 -2.31 -2.78 -2.76 
6 -1.90 -1.75 -3.12 
7 -4.65 -8.35 -1.88 
8 -2.82 -3.17 -2.74 
9 -0.58 -1.11 -0.97 

St. B 

1 -0.17 -1.71 -0.58 
2 -3.14 -2.08 -0.88 ,., -0.11 0.00 -0.94 0 

4 -5.03 -3.50 -1.50 
5 2.68 -1.02 0.22 
6 -4.22 -3.75 -3.36 
7 -8.41 -11.02 -4.49 
8 -2.08 -1.28 -1.73 
9 -0.17 1.86 -0.51 

St. c 

1 
2 
3 -0.32 0.77 -0.53 
4 -0.53 -0.64 -0.98 
5 -1.37 -0.45 -0.60 
6 
7 
8 -1.26 -1.33 -1.32 
9 0.22 0.79 -0.07 

St. D 

1 
2 
3 -0.04 -1.13 -0.04 
4 -0.45 -0.19 o.oo 
5 -0.28 0.05 -0.53 
6 
7 
8 0.02 -0.26 -0.64 
9 0.23 0.86 -0.30 
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}?age 16 Table 9. Integral gross production ("Tf .J:b ) , 

respiration ra_1ft ) and net production (ff-p] &• ) , 

in g cal/cm2/ ay, based on b=20 ft for Sts. A, B and D 
and b~lo ft for St. c. Compensation depths (ft) 

are also indicated; 11 none1i signifies that gross production 
never exceeded respiration at any depth. 

Expt. No. Tf] b b b Compensation 
0 

pJO lT-f]l) Depth 
St. A 

1 2.879 6.130 -3.251 none 
2 1.861 19.044 -17.183 none 
3 3.184 9.711 -6.527 none 
4 2.940 11.375 -8.435 none 
5 4.300 17.934 -13.634 none 
6 2.440 14.060 -11.620 none 
7 4.453 22.021 -17.56 none 
8 2.804 16.170 -13.366 none 
9 5.883 10.851 -4.968 none 

St. B 
1 4.209 8.388 -4.179 none 
2 0.433 9.730 -9.297 none 
3 4.636 7.131 -2.495 none 
4 1.647 17.538 -15.891 none 
5 
6 2.818 19.550 -16.732 none 
7 4.453 41.752 -37.119 none 
8 J.. 757 12.809 -11.052 none 
9 17.038 20.391 -3.353 9.7 

St. c 
1 
2 
3 1.464 7.308 -5.844 none 
4 1.391 3.245 -1.854 none 
5 2.532 7.131 -4.599 none 
6 
7 
8 8.461 12.962 -4.501 none 
9 8.687 10.942 -2.255 9.9 

St. D 
1 
2 
3 1.110 4.368 -3.258 none 
4 1.281 10.480 -9.199 10.0 
5 1. 580 6.503 -4.923 none 
6 
7 
8 3.587 6.966 -3.379 2.2 
9 6. 880 8. 520 -1.640 9.1 
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Table 10. Gross production efficiency (TI/I)z at z = 2, 6 and 10ft 
(gcal/kcal x 102); integral production eff~ciency with respect 
to incident radiation (rr]b/I

0
) and integral radiation [n/I]~, 

also in gcal/kcal X 102; COSt (f /n ) at Z = 2, 6 and 10 ft
0 

(gcal/gcal), and integ·ral cost Cp/nJ~, also in gcal/gcal. 

Expt. No. 

St. A 

1 4.58 5. 93 47.50 2.17 4.04 1. 51 2.54 2.47 2.13 
2 0.24 1.00 o. 94 0.31 0.37 8.00 4.85 22.53 10.23 
3 0.47 3.17 22.93 0.56 0.87 2.38 1.84 1.47 3.05 
4 0.24 1.80 0.79 0.52 0.54 3.97 1.78 7.68 3.87 
5 0.59 6.81 74.53 0.73 1. 51 3.36 4.09 4.49 4.17 
6 0.40 o. 96 1. 82 0.39 0.44 2.64 3.82 6.78 5.76 
7 1.06 0.62 0.71 0.68 0.84 2.43 20.39 18.09 4.99 
8 0.72 7.28 11.07 0.88 8.66 4.28 3.60 11.54 5.77 
9 1. 25 7.94 18.33 1.05 11.11 1. 2Ll· 1.60 2. 90 1.84 

St. B 

1 5.01 7.00 39.50 2.95 4.85 1.67 4.49 2.71 1. 99 
2 0.22 1.12 0.08 0.08 11.95 4.14 22.47 
3 0.37 1. 22 2.17 0.83 0.68 1.09 1.00 1. 86 1. 54 
4 0.34 0.33 1. 21 0.27 0.34 6.13 17.71 9.82 10.65 
5 0.24 2.63 1.67 3.62 1. 98 1.00 
6 0.33 1.35 5.27 0.46 0.55 5.31 4.99 4.91 6.94 
7 0.62 0.64 o. 96 1.19 0,62 4.61 14.95 12.51 9.34 
8 0.27 1. 50 1.08 5.19 3.27 5.24 2.71 12.53 7.29 
9 2.72 20.82 46.74 3.02 30.12 1.03 0.68 1.29 1.20 

St. c 

1 
2 
3 0.09 0.25 0.79 2.62 0.15 1. 89 2.51 1. 65 4.99 
4 0.06 0.29 0.30 2.47 0.14 3.04 2.03 3.91 2.33 
5 0.34 0.27 0.17 4.29 2.33 1. 91 1. 73 3.86 2.82 
6 
7 
8 O.LJ-9 4.96 0.55 2.67 10.37 2.18 1. 26 6.08 1. 53 
9 0.75 2.49 4.27 1. 54 7.91 0.91 0.74 1.04 1.26 

St. D 

1 
2 
3 0.11 0.14 0.25 0.20 0.11 1.09 4.77 1.14 3.94 
4 0.09 0.16 0.23 0.12 3.86 1.00 8.18 
5 0.07 0.24 0.13 0.26 0.11 1.88 0.93 3.04 4.12 
6 
7 
8 o. 60 0.55 0.49 1.06 3.15 0.99 1.32 2.56 1. 94 
9 0.34 1.15 1.25 1.21 3.88 0.84 0.67 1.19 1.24 
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