BACK BAY = CLJRRITUCK SCUND DATA REPORT

Environmental Factors, \olune 3.

This data report is, the third of four volumes of data and prelimnary
analysis data on the cooperative study of the ecology of Back Bay,.
Virginia, and Qurrituck Sound, MNorth Carolina, from 1958 through 1964,
Volume 1," dated December 1965 was entitled "Introduction and Vegetatidn
Studies" and Volume 2, dated March 1966swas entitled "Véterfow

Studies." The last volume, soon to be released, presents data on
fish studies.
This report is not a publication. Subsequent publication wll be

made of a condensation of these four volumes in the US Fish and
Wldlife Service Special Scientific Report Series.

. May' 1966
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| NTRODUCTI ON

Measurenent of environmental factors possibly affecting aquatic
vegetati on of Back Bay and CQurrituck Sound was an inportant aspect
of the cooperative study of that area from 1958-64. Reference to
the major environnental changes that occurred in the area was
made in Volume |, "Introduction and Vegetation Studies," of this
data report. The ecology cannot be understood unless attention
is called to the juxtaposition of the area-to the ocean, the
history of ocean water intrusion, the history of extensive dredg-
ing activities, the relationship of water salinity and turbidity,
and the significance of these and other environmental factors.

Back Bay-Qurrituck Sound is the northernmost body of a series of
large inland waters located along the coast of North Carolina and
Virginia. It is separated from the Atlantic Ccean by a narrow
barrier beach varying in width from one-fourth mile to one nile.
The north-south length of the area is 45 mles; it varies in east-
west width from 2 to 12 mles, averaging 5 mles. There are approx-
imtely 27,000 acres of open water and marsh ponds in Back Bay and
98,000 acres in CQurrituck Sound, conprising 125,000 acres of water
in the total area. The maxinum recorded-depth is 20 feet wth an
average depth of 5 feet.

Lunar tides are negligible, but wind tides cause narked fluctuation
in water levels with extremes rarely exceeding 4 feet. The area
receives water from surrounding swanps, Northwest R ver, North
Landing Rver, and nunerous farm drainage ditches. Back Bay-
Qurrituck Sound discharges into the North Rver through the Intra-
coastal Waterway at Coinjock, North Carolina, and into A benarle
Sound at the sound end of the area.

Hstorical Accounts of \Water Salinity

Hstorically., of the variable environmental factors determ ning
pl ant community type of Back Bay and Currituck Sound, the dom nant
factor was salinity.

Although there are a few early references to the salinity of the
water based on taste or known ocean water intrusions, the first
guantitative records were nade in March 1925. The Gane Preservation
Associ ation arranged for the Norfol k Testing Laboratories in

Norfolk, Mirginia, to analyze monthly water sanples collected

from nine locations around. Knotts Island (see map). Monthly

samples were collected from March 23, 1925, to Mrch 5, 1938.
Original data expressed in grains of NaCl per gallon were ‘convérted
to ppm (parts per mllion) NaCl -and percent of full sea strength.

| am conpelled, once again, to renind the reader that mnany people
cannotdetect salt in water when it is much less than 7% SS (percent
of full sea strength). This point has bearing on. the authenticity
of references to water salinity as determned by taste, and can well.




explain statements that the area was fresh even when the records
prove that ecologically significant concentrations of salt were
present.

The average salinity from 1925 through Qctober 31, 1930, only once
slightly exceeded 10% SS; but. from Novenber 29, 1930, through
August 27, 1934, the average nonthly salinity exceeded 10% SS,
with a peak average of 32.6% 8§ on August 31, 1933. Presumabl v,

the increases in salinity in 1931 through August 1932 resulted
fromintrusion across thebarrier beach and al so down the A & C
Canal in the North Landing River. The locks in the canal were not
in operation between April 1, 1917, and August 10, 1932. Salinities
in 1931 and 1932 were fairly constant at about 20% SS;, some freshening
occurred by Cctober 22, 1932, and by July 28, 1933, the salinities
averaged 13% SS. This freshening may have reflected the influence
of the Iock.

A hurricane in August 1933 increased the salinity to 36.6% SS, but
by May 1934 the waters freshened to 10.4% SS. By April 20, 1936,
the average w.as 2.1% SS but a hurricane increased it to 18.7% §S
in Cctober 1936. The sand fences conpleted in 1933-35 probably
armeliorated the effect of the 1936 hurricane.

Hall, Bourn, and Cottam cite a study by the Arny Engineers (see
Volume 1, p. 18 this data report) on the control of the Iocks
(presumably the opening of the locks at ebb tide from July 1934 to
January 1935). They concluded it was insome wayharnful to sone
"undesi gnated’ portion of the area. The salinity records, however,
indicate only further freshening of the area from 10. 7% SS on

July 28, 1934, to 8.2% SS by February 15, 1935. Lacking further
information | question the magnitude of the study and the authen-
ticity of the conclusion.

By the spring of 1937 and on to March 1938, the waters were apparently
quite fresh at only 3 to 5% SS.

Few records exist for the 1940's and early 50's, but Chanberlain
stated that in 1946 Back Bay averaged 2.3-4% SS, CQurrituck Sound
averaged 7.5% SS, and A bemarle Sound was 21.4% SS. (ne sanple
collected on Septenber 24, 1946, at CQurrituck Courthouse was reported
as 16.7%5Ss by the Norfolk Testing Laboratories. In general, the
consensus was that the area, particularly Back Bay, was freshening
during the 1940's.

A slight increase in salinities occurred in Qurrituck Sound and Back
Bay from 1951-55 because of a break in the sand dunes near Mbnkey

I sl and.

The first large influx of ocean water after 1937 occurred on March 7,
1962; this wll be discussed in detail.
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1925 to 1938 and Tested by Norfolk Testing Laboratories
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Near  Dredger 8. Knott Landing
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Serviss? (southwest) cove end of canal
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Tabl e continued.  Salinity Determnations in Parts Per MIlion of Waters fromBack Bay Area, Virginia, made by
Norfol k Testing Laboratories for Gane Preservation Association = March 23, 1925 to March 5, 1938.
(Expressed as ppm NaCL.)*

Average  Av. % _ Av. ppm A\s/'ea%
Stations ppm sea Stations NaCl Strength
Dat e | 2 3 ! 0 b NaCl Strength 7 8 9 11to9 1 to9

Peb. 28, 1927 2,279 2,319 2,739 3,539 2,859 2,658 2,732
Feb. 2, 1927 2,358 2,478 2,339 2,459 2,439 2,449 2,420
Jan. 3, 1927 2,279 2,559 2,418 2,538 2,549 3,318 2,610
Nov. 29, 1926 2,579 2,619 2559 2,958 2,758 3,658 2,85
Cet. 29, 1926 2,699 2, 750 2,658 3,759 2,919 4,398 3,199
Sept. 28, 1926 2,739 2,598 2,619 2,833 2,633 4,527 2,992
Aug. 31, 1926 2,418 2,538 2,648 2,859 2,588 2,499 = 2,592
Aug. 14, 1926 2,718 2,693 2,619 2,658 2,499 2,598 2,631
July 10, 1926 2,139 2,339 2,178 2,379 2,259 2,219 2,262
June 14, 1926 1,890 2,159 2,099 2.262 2,139 2,238 2,131
May 14, 1926 1,479 1,959 1,899 2,199 1,919 2,079 1,922
April 19, 1926 1,458 1938 1,698 2,039 . 1,959 1578 1,778
March 15, 1926 1,839 2,159 1,719 2,039 2,259 2,168 2,031

o
(&a]

2,219 2,999 2,701
2,468 2,418 2,426
2,439 2,459 2,570
2,699 2,969 2,850
2,838 3,598 3,204
2,653 2,927 2,941
2,519 2,989 2,632
2,519 2,759 2,633
2,298 2,319 2,274
2,259 2,358 2,176
1,859 2,319 1,94
1,259 1,998 1,141
2,178 1,979 2,043

-

[ ]
RO T LA NP, RO PRPTIOoOMRO NNO WWO Ul
S U1 O S~ 00 00 O O oo o~ o
whPFP VYo, Ooocool s

Feb. 19, 1926 2, 219 2,339 2,118 2,859 2.450 1659 2,276 3,159
Feb. 3, 1926 1,679 2,238 2,039 2,559 2,639 2,046 2,200 . 2,651
Jan. 11, 1926 2,279 2,639 2,399 2,819 2,838 2,970 2,657 2,900

Dec. 12, 1925 2,408 2,478 3,358 5,147 2,648 3,757 3,299 1
Nov. 21, 1925 2,144 2,401 2,499 3,438 2,507 4,158 2,858
Qct. 19, 1925 2,550 2,478 2,639 2,619 2,519 3,018 2,639
Sept. 21, 1925 2, 019 2,238 2,437 2,199 2,139 2,619 2,275
Aug. 24, 1925 1,921 2,039 2,058 2,156 2,043 1,878 2,016
July 27, 1925 1,799 2,110 2,279 2,106 1,998 2,010 2,050
June 16, 1925 1,379 1,818 1,998 2,139 1,638 2,003 1,829
May 16, 1925 1,179 1,458 1,578 1,659 1,498 1,998 1,562
April 20, 1925 1,059 1,299 1,379 1,638 1,374 1,458 1,368
March 23, 1925 954 1,398 1,450 1,410 1,424 1,451 1,348

6,898 4,818 3,939 1
4,638 3,279 3,133
4,338 2,759 2,866
3,318 2,238 2,401
2,163 2,199 2, 057
2,089 2,127 2, 065
2,238 2,219 2,118 1, 922

EAREADNCIO O~10000 O 00 ™ O U1 G\~ 00 00 O O 00 0o~
oD DO

* (riginal data expressed as salt, Nacl grains per gallon was converted to ppm NaCl.



Table continued. Salinity Determinaticns in Parts Per Million of Waters from Back Bay Area, Virginia, made by
Norfolk Testing Laboratories for Game Preservation Association = March 23, 1925 to March 5, 1938.
(Expressed as ppm NaCl.)*

) Average Av. % ] Av. ppm Agéa%_
Stations ppm sea Stations NaC! Strength
Date 1 2 3 4 5 6 NaCl Strength 7 8 9 1to 9 1to9
May 30, 1929 1,799 1,998 1,839 2,399 1,679 1,919 1,939 6.Q 1,479 2,118 1,904 5.9
May 7, 1929 1,218 1,578 2,058 2,159 1,799 2,339 1,856 5.8 1,698 2,238 1,886 5.8
March 29, 1929 803 1,319 1,299 1,549 1,599 1,518 1,348 4.2 1,378 1,679 1,393 4.3
March 2, 1929 879 1,040 898 1,158 1,439 1,319 1,122 3.5 1,119 2,559 1,301 4.0
Feb. 2, 1929 1,040 1,158 879 999 1,059 1,179 1,052 3.3 1,079 899 1,037 3.2
Dec. 29, 1928 959 1,079 920 1,158 999 1,179 1,049 3.3 1,018 1,098 1,051 3.3
Nov. 28, 1928 1,189 1,199 1,098 1,278 1,203 1,218 1,197 3.7 1,194 1,283 1,208 3.7
Oct. 26, 1928 839 1,158 1,199 1,359 1,278 1,439 1,212 3.8 1,199 1,398 1,234 3.8
Sept. 28, 1928 1,199 1,040 1,359 1,479 1,519 1,239 1,306 4.0 1,278 1,398 1,314 4.1
Aug. 29, 1928 1,359 1,781 1,818 1,781 1,698 1,719 1,693 5.2 1,450 1,799 1,676 5.2
July 27, 1928 1,359 1,739 1,782 1,619 1,659 1,479 1,606 5.0 1,519 1,698 1,617 50
June 27,1928 1,698 1,719 1,758 1,998 1,638 1,679 1,748 54 1,559 1,979 1,754 54
May 31, 1928 1,458 1,518 1,539 1,638 1,498 1,559 1,535 4.8 1,469 1,739 1,552 4.8
April 24, 1928 1,040 1,299 1,289 1,638 1,518 1,479 1,377 4.3 1,458 1,599 1,415 4.4
March 31, 1928 1,378 1,532 1,385 1,534 1,583 1,566 1,496 4.6 1,569 1,578 1,516 4.7
Feb. 18, 1928 1,179 1,518 1,539 1,799 1,758 1,698 1,582 4.9 1,719 1,784 1,624 50
Feb. 1,1928 1,059 1,799 1,518 1,859 1,839 1,959 1,672 5.2 1,837 1,847 1,715 53
Dec. 31, 1927 1,299 1,938 1,359 1,878 2,058 2,139 1,779 5.5 2,039 1,919 1,829 5.7
Dec. 5, 1927 2,298 2,598 2,499 2,739 2,679 2,759 2,595 8.0 2,639 2,718 2,616 8.1
Oct. 21, 1957 2,300 2,598 2,699 2,919 2,619 2,718 2,642 8.2 2,099 2,958 2,614 8.1
Sept. 30, 1957 2,045 2,718 2,701 2,979 2,708 2,458 2,602 8.1 2,559 2,979 2,643 8.2
Aug. 26, 1927 2,159 2,610 2,799 3,059 2,819 2,898 2,724 8.4 2,619 3,219 2,773 8.6
July 27, 1927 1,739 2,519 2,718 2,898 2,559 2,619 2,508 7.8 1,899 2,819 2,471 7.7
June 23, 1927 1,799 2,399 2,238 2,658 2,898 2,559 2,425 7.5 2,298 2,699 2,444 7.6
May 31, 1927 2,399 2,633 2,418 3,059 3,039 2,939 2,748 8.5 2,598 3,059 2,768 8.6
April 30, 1927 1,559 2,598 2,238 2,819 2,778 2,538 2,422 7.5 2,679 2,898 2,514 7.8
March 29, 1927 2,759 2,859 2559 3,279 3,159 3,119 2,956 9.2 2,799 3,378 2,989 9.3

% Original data expressed as salt, NaCl grains per gallon was converted to ppm NaCl.



Tabl e . continued. Salinity Determnations in Parts Per MIlion of Waters fromBack Bay Area, Virginia, nade by
Norfol k Testing Laboratories for Gane Preservation Association = March 23, 1925 to March 5, 1938.
(Expressed as ppm NaCl.)#*

AV.

, Average Av. % _ Av. ppm sea

Stations ppm sea Stations NaCl  Strength

Dat e 1 2 3 4 5 6 NaCl Strength 7 8 9 1 to9 1 to9
June 27, 1931 3,858 6,457 6,718 8,197 6,997 7,156 6,564 20. 3 3,752 7,997 6,392 19.8
May 25, 1931 3,747 5,731 5432 8,206 6,548 6,598 6,044 18.7 5714 7,708 6,211 19.3
April 24, 1931 3,742 5,828 5,965 6,757 5,585 5,618 5, 6583 17.3 4,999 6,382 5,610 17.4
March 28, 1931 5,262 5,060 3,572 6,123 5,140 5495 5,109 15. 8 4,774 5,299 5091 15.8
Feb. 28, 1931 3,598 4,458 3,242 4,138 4,398 4,218 4,009 12.4 3,502 3,838 3,924 12.2
Jan. 31, 1931 2,958 3,639 4,738 4,518 3,958 3,999 3,968 12.3 3,500 4,558 3,984 12. 4
Jan. 3, 1931 3,478 3,488 3,099 3,678 3,498 3,463 3,451 10.7 3,469 3,929 3,513 10.9
Nov. 29, 1930 2,645 2,732 2,328 6,192 2,799 2,993 3, 282 10.2 2,717 3,399 3,226 10.0

Nov. 8, 1930 2,499

Cet. 31, 1930 2,045 1,921 1,925 2,873 3,395 2,892 2,509 7.8 2,779 2,794 2,578 8.0
Cet. 11, 1930 1,679 1,919 2,239 2,859 2,179 2220 2,183 6.8 1,968 2,179 2,155 6.7
Sept. 20, 1930 1,810 1,822 1,949 2,823 1,776 2,225 2,068 6.4 1,745 2,660 2,101 6.5
Aug. 30, 1930 1,299 1,599 1,799 1,669 1,674 1,704 1,624 5.0 1,575 1,697 1,627 5.0
July 26, 1930 929 1,534 1,598 1,503 1,515 1,505 1,431 4.4 1,542 1,551 1,460 4.5
June 28, 1930 950 1,359 1,419 1,489 1,210 1,439 @ 1,31L 4.1 1,278 1,518 1,333 4.1
May 27, 1930 1,179 1,338 1,898 1,719 1,518 1,479 1,439 4,5 1,359 1,739 1,466 4.5
April 26, 1930 1,200 1,279 1,059 1,390 1,409 1,419 1,293 4.0 1,328 1,409 1,312 4.1
March 29, 1930 1,087 924 1,218 1,651 1,242 1,335 1,243 3.9 1,179 1,315 1,244 3.9
March 1, 1930 1,218 1,279 939 1,319 1,259 1,270 1,214 3.8 1,289 1,238 1,227 3.8
Feb. 1, 1930 1,218 1,278 1,158 1,229 1,258 1,078 1,203 3.7 1,098 1,249 1,196 3.7
Dec. 28, 1929 1,199 1,239 1,218 1,479 1,398 1,439 1,329 4.1 1,359 1,499 1,354 4.2
Nov. 26, 1929 1,040 1,458 1,319 1,599 1,620 1,659 1,449 4.5 1,639 1,649 1,473 4.6
Nov. 3, 1929 1,398 1,559 1,479 2,199 1,659 1,839 1,689 5.2 1,499 1,781 1,677 5.2
Sept. 27, 1929 1,679 1,758 1,739 1,750 1,479 1,745 1,692 5.2 1,799 1,779 1,716 5.3
Aug. 27, 1929 1,899 1,878 2,019 1,998 1,839 1,969 1,934, 6.0 1,739 1,959 1,913 5.9
July 26, 1929 1,719 1,690 1,930 1,998 1,759 1,859 1,826 5.7 1,518 1,919 1,799 5.6
June 29, 1929 1,698 1,679 1,859 1,959 1,619 1,949 1,794 5.6 1,409 1,719 1,736 5.4

* (riginal data expressed as salt, NaCl grains per gallon was converted to ppm NaCl.



Tabl e continued.  Salinity Determnations in Parts Per MIlion of Waters from Back Bay Area, Virginia, mde by
Norfol k Testing Laboratories for Game Preservation Association « March 23, 1925 to Mrch 5, 1938.

(Expressed as ppm NaCl.)*

Aver age Av. % Av. ppm  Av. %

Stations an Stations
Date T 7 3 Z 3 5 mael  Strdffth ; — 1N86l Sfrggggm
Sept.28, 1933 5,969 10,104 10,902 10,105 9,906 6,346 8,889 27.6
Aug. 31, 1933 11,009 10,086 11,024 9,985 10,054 11,014 10,529 32.6
July 28, 1933 4,420 4,207 4,027 4,179 4,218 4,150 4,200 13.0
June 24, 1933 4,563 4,490 4,498 4,254 6,386 4,330 4,420 13.7
May 27, 1933 4,207 4,256 4,130 4,111 4,114 4,203 4,170 12.9
April 29, 1933 3,963 4,047 3,951 3,667 3,987 3,891 3,918 12.1
Mar. 25, 1933 4,251 4,114 4,050 3,963 4,378 4,275 4,172 12.9
Feb. 25, 1933 4,426 4,531 4,231 4,963 4,591 4,606 4,558 14.1
Jan. 21, 1933 5,486 5,546 5,563 4,610 5,475 5,615 5 383 16.7
Dec. 24, 1932 6,130 5,966 5,910 6,121 6,265 4,179 5, 762 17.9
Nov. 26, 1932 6,774 6,846 6,742 6,862 6,949 6,966 6,857 21.3
Qet. 22, 1932 7,006 7,390 7,165 7,366 7,422 7,297 1,274 22.5
Sept. 24, 1932 7,126 7,534 7,141 7,558 7,285 7,446 7, 348 22.8
Aug. 26, 1932 6,534 6,966 6,990 6,925 7,078 6,982 6,913 21. 4
July 27, 1932 6,181 6,814 6,646 6,910 6,775 6,742 6,678 20. 7
June 27, 1932 5,854 6,063 6,294 6,210 6,046 6,342 6,135 19.0
May 28, 1932 5,266 5,910 5,878 6,085 6,157 6,102 5,900 18.3
April 23, 1932 5,214 5,478 6,006 6,181 6,118 5,989 5,831 18.1 5, 886
Mar. 26, 1932 6,514 5,854 5,822 6,366 6,006 5,654 6,036 18.7 6,029
Feb. 27, 1932 5827 6,006 5,346 5,835 5,790 6,034 5,806 18.0 5,854
Jan. 26, 1932 6,325 6,022 5,974 6,460 6,766 6,198 6,291 19.5 6, 359
Dec. 29, 1931 7,045 7,134 6,030 7,494 6,997 7,254 6,992 21.7 7,070
Nov. 23, 1931 7,093 7,006 7,366 7,381 7,206 7,270 7,220 22.4 7,239
Ct. 23, 1931 5,518 6,358 6,598 6,997 6,698 7,018 6,531 20. 2 6,563
Sept. 23, 1931 3,219 6,291 7,915 6,882 6,265 6,846 6,236 19.3 6,908
Aug. 25, 1931 4,086 5,509 6,769 6,888 6,721 6,226 6,033 18.7 6,012
July 25, 1931 3,932 6,608 7,033 7,261 6,534 6,677 6, 341 19.7 6, 533

* (riginal data expressed as

salt, Nacl grains per

gal lon was converted to ppm NaCl.



Table . Salinity Determination in Parts Per MIlion of Waters fromBack Bay Area, Virginia, made by Norfolk
Testing Laboratories for Gane Preservation Association « March 23, 1925 to March 5, 1938.
(Expressed as PPM NaCl.)*

Average  Av. % Av. ppm AV %
Stations ppm sea stations NaCl Strength
Dat e T 7 3 7 D b NaCl Str engt h- 7 1to0} 1 to9
March 5, 1938 1,090
Cet. 30, 1937 1,490
June 26, 1937 1,851
Feb. 19, 1937 2,967 2,931 2,995 2,971 2,819 2,925 2,934 9.1
Dec. 29, 1936 3,883 3,927 3,971 4,207 4,008 4,018 4,002 12.4
Cct. 17, 1936 8,485 5,690 5,310 5,283 5,362 5,998 6,021 18.7
Jul'y 16, 1936 884 874 812 828 836 5. 64 800 2.5
April 20, 1936 680 720 640 800 760 440 673 2.1
Nov. 16, 1935 1,623 1,587 1,516 1,463 1,528 1,547 1,544 4.8
Aug. 16, 1935 1,367 1,644 1,619 1,625 1,671 665 1,432 4.4
June 15, 1935 1,848 1,923 1,902 1,827 1,971 1,851 1,887 5.8
March 30, 1935 2,307 2,435 2,511 2,547 2,555 2,468 2,471 1.7
Feb. 15, 1935 2,671 2,731 2,643 2,627 2,555 2,631 2,643 8.2
Dec. 1, 1934 2,883 2,747 2,955 2,715 2,928 2,763 2,832 8.8
Cet. 27, 1934 2,611 2,927 2,807 2,954 2,930 2,843 2,845 88
Sept. 29, 1934 2,751 2,927 2,811 3,019 2,739 2,951 2,866 8.9
Aug. 27, 1934 3,459 3,627 3,800 3,600 3,608 3,279 3,562 11.0
Jul'y 28, 1934 3,603 3,423 3,526 3,443 3,571 3,179 3,458 10.7
June 29, 1934 3,411 3,787 3,754 3,826 3,711 3,691 3,697 11.5
May 31, 1934 2,451 3,511 3,107 3,770 3,790 3,570 3,367 10.4
April 28, 1934 3,019 4,311 3,967 3,915 4,690 3,855 3,960 12.3
March 30, 1934 4,123 6,008 4,866 6,186 6,082 1,052 4,720 14.6
Feb. 23, 1934 7,882 -8,489 8,538 8,490 8605 5,590 7,932 24.6
Jan. 27, 1934 8,825 9,130 9,244 38,974 9,601 7,218 8,802 27.3 8,410
Dec. 30,? 1933 9,284 9,705 9,560 9,405 9,493 7,930 9,230 28.6
Nov. 25, 1933 9,709 9,675 9,484 9,600 9,683 9,961 9,685 30.0
Cct. 27, 1933 10,040 10,080 10,240 10,280 8,160 9,760 30.3

*# Original data expressed as salt, NaCl grains per gallon was converted to ppm NaCl.



Tabl e

Salinity Data Contained in Lletter from C J. Robin, Chief, Engineering
Dvision, U S Any Corps of Engineers, MNorfolk, VMrginia, to M. Roland
O, Hulstead, Virginia Commssion of Game and Inland Fisheries, Dated
August 2, 1955,

"From January 1949 to September 1950, prior to a break in the beach
approximately 1% mles north of Qurrituck Beach Light caused by a storm
which brought in considerable sea water, .the average salinity content of
the waters was as follows:

Wi ght

Menor i al Wat er South End North End Nor t h
Bridge Lily Knotts Island Knotts Island Bay
4.76% 2.15% 1.86% 1.93% 1.37%

"Between Septenber 1950 and August 1951, following the break in the
beach, the average salinity content of the water at the same stations was
as follows:

Wi ght
Menor i al V\at er South End North End Nort h
Bridge Lily Knotts Island Knotts Island Bay
12. 87% 4.42% 3.61% 3.3% 2.76%

"The average yearly salinity content since 1951 has been as follows:

Wi ght
Menor i al V\at er South End North End Nor t h
Bridge Lily Knotts Island Knotts Island Bay
1952 6. 5% 4. 3% 3.2% 3. 0% 2.3%
1953 11.6% 4. 1% 3.3% 2.9% 1. 7%
1954 12. 2% 4. 1% 3.2% 2. 8% 2. 1%
1955% 14. 9% 7.6% 6. 5% 5.6% 2,3

% Average between January and approxinately June 1955."



Table . Analysis of Wter Sanples from North Landing Rver, Back Bay, Virginia, and Qurrituck Sound, North

Carolina, (Data . Expressed in Parts Per MIllion Except for pH and Secchi Disc). August 1953 to
August  1956.

Station
Anal ysi s War den' s Pungo Nort h Knott's Vst
for: Dat e Headgquarters Minden Ferry Landing River | sl and Neck Creek

NaCl August 1953 647 631 492 1,125 806 42
September 1953 838 675 492 259 1,092 0

July 1956 1, 266 934 862 575 * 403

August 1956 1,384 966 * 450 * 516

- pH August 1953 7.3 7.3 6.7 6.5 7.3 5.9
September 1953 7.9 7.2 6.8 6.5 7.6 6.1

July 1956 6.4 7.1 6.7 6.8 * 6.2

August 1956 7.3 7.1 * * * *

Secchi Disc August 1953 32 21 18 22 * 13
(I'nches) Septenber 1953 33 21 16 14 . 24 15
July 1956 55 * 22 14.5 * 19.5

August 1956 62 50 * 25 * 23

Methyl -orange  August 1953 19 23 28 23 1 6
Al kalinity September 1953 14 17 15 14 20 14
July 1956 46 41 30 25 * 0.0

-August 1956 . 53 78 * 40 * 40

* No data available.



Discussion of \ater Salinity, 1920-1950

Frequent fluctuations in salinity in Back Bay and Currituck Sound
permtted observers to infer just about whatever they wished as to
its effect on the habitat, laymen and professionals alike.

Salt water is neither the panacea nor the bane that it has frequently
been portrayed. Many conplaints emanated from the area in the 1920's
when water salinities averaged less than 10% SS, but they continued

in the 1930's when salinities, over a broad expanse, ranged from 2%
to 32% gS.

Salinity ha's had inportant effects on the environment that will be
clarified in this report; however, the.primary factors adversely
affecting aquatic plant-production have been turbidity and siltation.
This does not inply that further consideration of salinity is not
needed, for salinity is related to turbidity in a manner-suggesting
management possibilities. Aso, salinity determines plant comunity
types and influences certain plant growh and production,



CLI MATOLOG CAL DATA

Data are presented on air and water tenperature, precipitation,

wind speed, and direction that are applicable to the Back Bay and
CQurrituck Sound Area. Data were obtained from the Mnthly Summaries
of the United States Weather Bureau for the conditions at Norfolk
Minicipal Arport and from the records of the Back Bay National
Wlidlife Refuge.

Ideally, all the interrelationships of climatological data, water
levels, turbidity, water chemstry, and yields of aquatic vegeta-
tion would be considered in this section. Unfortunately, the con-
struction of mathematical nodels of all these factors to ferret

out the relationships of interest nust await final Publication.
In construction of nodels relating' weather to turbidity and vegeta-
tion yield, it may be necessary to exclude 1962 because of the
prevailing influence of the ocean water intrusion, and 1963 for
Back Bay because dredging activities had commenced; the, inclusion
of these two years could obscure’the subtle relationship during the
period 1958-61. The data necessary to attenpt conparisons are
included in Volumes. I and.)IIIsattention was called to the najor
environnmental changes of salinity, turbidity, and dredgi ng and
noticeable changes in vegetation yield are apparent. It is likely
that yields of nmajor aquatics from each August transect survey will
be conpared to the My, June, and July nonthly averages of air and
water tenperature, wind speed, water turbidity, and salinity when
appropriate for Back Bay and Qurrituck Sound individually.

Annual vyield of vegetation probably cannot be considered as an
i ndependent variable; it most likely bears sone-relationship to
the previous year, at least. Conpetition between species is
another variable that should be considered.

No one could deny that climatological factors affect annual vyields
of vegetation; however, annual vyields of aquatic plants, unlike
upland plants, are less directly the product of climtic factors
than they are of physical and chenical variations in the environ-
ment . The water ameliorates the effects of climatic factors, often
relegating them to secondary inportance conpared to turbidity,
siltation, water level fluctuation, salinity, and other chemcal,
physical, and biological factors. The direct effect of climtic
variation is thus obscured, and except for extreme conditions, is
sel dom considered of direct influence.

CGenerally, high wnds, low spring and summer tenperatures, and
excessive rainfall would adversely affect aquatic vegetation vyield
in the Back Bay-CQurrituck Sound Area by the direct effect on

physi cal , chenmical, and biological factors.

The average annual tenperature from 1906 through 1963 was 60.2°F;
the lowest annual average was 57.2 in 1917, and the highest was
62.7 in 1949. January has the |owest average tenperature of



42 .4°F, and July has the highest average tenperature of 78.5°F.
The | owest nonthly average tenperature was 31.0°F in January
1940, and the highest was 82.0°F in July of both 1942 and 1952.

Water tenperatures have direct influence on the beginning of the
bass spawning (629-659F), and, as seen in the maximum and ni ninmm
water tenperatures at weekly intervals'would be liniting on spaw-
ing activity until md-April to early My. Turbidity is also
correlated wth water tenperature, but this relationship is only
slightly cause and effect of water tenperature-density-settling
rates; the coincidental relationships of tenperature to wind

speed and direction, drainage, erosion from cropland, aquatic
vegetation, etc., that affect turbidity are of greater inportance.

Annual precipitation averaged 42.8 inches between 1906 and 1963.
Heaviest rainfall normally occurs in June, July, and August wth
the maximum average of 5.67 inches in July. Least rainfall
normal ly occurs in Novenber, averaging 2.47 inches. Monthly
extremes were 0.26 inches in February 1918 and 14.51 inches in
August  1949.

Wnd speed is least in July and August, averaging 9.5 and 9.4 nph,
respectively. March has the highest average wind speed of 12.8

mph. During the period 1958-65 the highest monthly average wnd
speed was 14.4 nph in February 1958. The Ilowest nonthly average
wind speed was 8.1 nph in June 1959.

During the study, spring and early sumer wnd conditions were
generally favorable conpared to the 1921-50 averages.



Tabl e . Average Wnd Speed in MPH, Prevailing Direction, and Fastest Mle
at the Norfolk Mnicipal Airport.

Year  Jan. Feb. Mar. Apr. May June  July Aug. Sept. oct.  Nov. Dec.

1958 12.3 14.4 12.5 12.9 9.7 9.3 9.8 8.7 8.2 0.7 10.0 9.8

NNW W N S ssw Ssw SW SW N NE S W NNE

44 46 34 43 35 40 39 48 41 46 35 38

1959  11.5 10.7 11.6 11.5 9.2 8.1 8.3 7.5 8.5 10.4  11.5 10.7
SW NNE  ssw SwW SwW SwW Sw Sw ENE SW NNE NNE

56 40 47 45 29 48 45 30 36 32 33 41

1960 10.8 13.6 12.9 12.7 10.2 10.4 8.8  10.5 9.9 10.3 9,5 10.0
NNE WNW N SW ENE SwW SW SW ENE NNE SW SW

42 "49 52 39 36 31 37 30 73 34 2, 48

1961 10.7 12.2 12.5 13.1 9.6 8.9 7.9 8.1 9.9 8.6 10.7 9.9
SwW SwW SwW Sw SwW SwW Sw Sw NE SW NNW SW
40 45 34 42 26 38 34 34 35 39 31 30

1962 12.2  10.8 12.2 12.3 9.4 10.5 9.2 8.6 9.9 10.3 13.6 14.1
SW N NNE SSW ENE SwW SW ENE SW SW NNE NNE

43 31 41 L4 . 40 26 27 35 35 52 45

1963 11.3 13.1 13.6 13.3 11.1 9.1 8.9 9.0 10.8 11.1 11.2 11.8
N. °N SW SW S S sSsw 8§ NNE NN-E s NW

36 40 57 38 30 39 29 51 35 34 38 46

1964 13.9 13.9 13.8 11.2 11.5 9.0 10.3 9.4 12.2 11.2 . 10.7 11.4
S WSW S ENE NE ssw S Ssw Ssw NNE SSW S

45 59 52 45 39 30 32 34 63 50 36 36

1965 135 13.2 12,5 13.1  11.2 12.7 10.8 9.8  10.7 2.2 11.3 111
NW WSW NNW NNE SSE S S .8 ESE W W WS W

34 66 35 33 53 34 28 28 26 34 34 34




Table Climtological Normals Recorded, from Data at the Norfolk
. Municipal Airport. ( Based on 1921-1950 Val ues. )

Average Degr ee Prec- Avg.  Speed Prevailing %

Month Air 'Tenperature  Days ipitation wind (nph)  Direction *Sunshine
January 41.5 729 3.17 11.9 SW 50
February 42.0 644 3.06 12.1 N 57
Harch 49.1 500 3.27 12.8 NE 60
April 56. 3 265 3.16 12.1 SW 63
Hay 65. 9 59 3.45 10.8 S 66
June 4.7 0 4.16 10.0 SwW 66
July 77.5 0 6. 05 9 . b SW 06
August 764 0 5.08 9.4 NE 66
September 72.0 9 3. 86 10.0 NE 63
Cctober 61.2 152 2.45 10.8 NE 64
iovenber 51.4 408 2.67 11. 3 SW 60
Deceriber 42.8 688 <.88 11.3 Si] 52
Totale &

averages 59.2 3454 43.26 11.0 SW 62

¥ Percent pcssible sunshi ne.



WATER DEPTHS AND FLUCTUATI ON

Daily water level data were obtained from the Back Bay National WIdlife
Refuge records for the period 1958-63. Monthly summary of the neans,
maxi mum and ninimum water levels, show no relationship to yields of
aquatic vegetation. However, observation indicates that increasing
water depths in mdsunmer can be harnful to plant production and seeding.
This was not true in 1962 when water levels increased from Miy through
July, but the clearer water that sumrer probably offset the detri-

ment al effects.

No tidal effect occurg in Back Bay or nost of CQurrituck Sound. Wnd
direction and velocity are the principal factors controlling water
levels ; of course, heavy rainfalls affect water levels for short
peri ods. Average nonthly water |levels are normally highest from
April through Septenber, but daily nmaxinunms equalling, or exceeding,
average summer levels can occur in all nonths. The highest |evel
recorded was 1.90 ft. above nean sea level in February 1961 and April
1962. The lowest level was 3.1 ft. below nean sea level during the
March 7, 1962, storm

Maps are presented for four subdivisions of the Back Bay-Currituck
Sound Area (A, B, C and D that show the average depth of quadrates
1,000 yards square. These depth readi ngs were taken in conjunction
with the nmaster surveys and each average is based on ten depth

readi ngs.

In August 1959 when the average water level reading was 0.43 ft. nsl,
the average depths were 6.06, 4.78, 4.94, and 4.56 ft. in Sections A
B C and D respectively. The overall average was 5.04 feet.
Sections A through D, respectively, represent south Qurrituck,

m d- Qurrituck, north Qurrituck, and Back Bay.

The distribution of 6,767 depth readings taken in 1959 by hal f-foot
intervals is shown in the follow ng graph;

The rel ationshi p of aquatic plant yield to water depth is di scussed
in Volune 1; as nentioned there, all species of plants declined in
production with increased depth of water. This was principally due
to lesser light penetration, but was aggravated in several areas
because the deeper areas al so were sites for collection of soft
silts that fornmed poor substratum for aquatic plant' attachment.
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Tabl e Vater Level Data =~ Back Bay MNational Wildlife Refuge, Back tay,
Virginia. January 1958 through July 1963.
Dat e Maximur Minimum Devi ation Average
1958
January .70 - .90 1.60 - 0
February «90 - .70 1.60 - 01
March .50 -~ 1.00 1.50 - .20
April 1.30 - 40 1.70 60
Lay 1.30 +20 1.10 77
June 1.18 .00 1.18 A9
July 1.10 26 8L S
August 1.02 00 1.02 53
Sept ember .80 ~ .70 1.50 [
Oct ober L - 2.00 2.74 .05
November .90 - 60 1.50 "y
Decenber .10 = 1.20 1.30 .48
Annual
Aver age: .88 - .59 1.47 26
1959
January .60 - .70 1.30 .00
February .30 - 1.30 1.60 .35
larch 1.50 - 1.10 2.60 - 00
April 1.10 - 40 1.50 o34
I&ay 1 04 032 -72 l67
June .68 - .10 NE 25
July 1.38 Ol 1.34 77
August 76 - 04 .80 (i
September 76 .48 1.24 .17
Cctober 1. 64 .06 1.58 84
November .80 - 1.22 2.02 01
December 52 - 1.10 1.62 .18
Annual
Aver age: .92 - .50 1.43 o2
1560
January .70 - 1.50 2.20 A5
February 1.54 - 1.50 3.04 '3
tiarch 1.16 - 1.42 2.58 - 3h
April 1.30 .00 1.30 'V 7
liey 1.08 - ) 1.38 <54
June 1.42 - 02 1.44 .80
July .86 .16 .70 L9
AUL'U.St .30 3 '96 84
Sept enber 1.46 - .02 1.48 A

( Cont'd )



Tabl e . Wter Level Data - Back Bay National WIdlife Refuge, Back Bay
Virginia. January 1958 through July 1963. ( Cont'd )

Dat e Maximum Minimum Devi ation Average

1960 ( Cont'd )

Oct ober .82 - .32 1.14 il
November 42 - 60 1.02 W06
Decenber .28 - .82 1.10 - 40
Annua

Aver age: 1.03 - .50 1.53 36
1961

January .38 .68 1.06 - .23
February 1.90 - .90 2. 80 .12
larch 1.00 - .10 1.10 53
Apri | 1.50 .20 1.30 RTR
May 1. 42 .2l 1.18 .76
June 1.10 . 00 1.10 .67
Jul'y 1.10 .20 .90 6l
August 1.00 - .10 1.10 .60
Sept ember .80 - .70 1.50 J12
Qct ober .86 .28 1.14 A
November .80 - 42 1.22 .01
December .60 - W40 1.00 J1
Annual

Aver age: 1. 04 - .25 1.28 .37
1962

January 1.00 - .50 1.50 - 04
February Ol - 1.20 1.84 - .15
March 1.10 - 3.10 4,20 .10
Apri | 1.90 - 20 2.10 52
Ny .90 - .20 1.10 .29
June «92 - .56 1.48 .60
July 1.20 - 14 1.34 .13
August .76 0.00 .76 whl
Sept ember .30 - .22 1.02 40
Oct ober 94 - .50 lohdy o35
November oy - 2.50 3.44 - .20
Decenber .36 - 2.00 2. 36 - .08
Annua

Aver age: .96 - .93 -1.88 0.20

( Cont'd )



Tabl e . \Water Level Data - Back Bay National wildlife Refuge, Back Bay,
Virginia.  January 1958 through July 1963. ( Cont'd )

Dat e Maximum Minimum Devi ation Aver age
1963

January 46 - 9 1.10 - .27
February - .10 - 2.20 2.10 - .76
Nb.rCh 070 - Osh 1024 015
Apri L .60 1.4 .02
May .70 - .60 1.30 .08
June 1.10 - .04 1.1 55
July .78 - 22 1.00 .28




WATER CHEM STRY

Water Chemstry at Periodic Intervals, 1958-1963

The quality of the water in an aquatic habitat affects, directly or
indirectly, all fornms of life which live in or use that habitat. The
analyses from the transect lines were to deternmine certain basic
characteristics of water chemstry that can affect habitat conditions;

to monitor these characteristics; to investigate their interrlationships;
and to interpret their environnental significance.

Pr ocedur es

During the summer of 1958, 20 transects were established across the Back
Bay-CQurrituck Sound Area, for vegetation and water chemstry studies,
according to a systematic sanpling plan. \Wter sanple stations were
selected at approximately 100 yards offshore on each transect end, and
in the nddle of each transect. During stable conditions, water sanples
were collected at approximately nonthly intervals from each of the
sanple stations. During unstable conditions, the frequency of sanpling,
to obtain adequate data on the chemcal changes occurring in the study
area, was left to the judgnent of the investigator. One additional
transect (K, -Qurrituck Courthouse to Mackeys Island) was established
following the March 7, 1962, sea-water intrusion to provide information
on the novenment of the saline water in the northern portion of CQurrituck
Sound.

The surface water sanples were collected at approximately one foot
depths and the bottom water sanples, collected occasionally in.deeper
wat er areas and during the influx of sea water, were collected on, or
near, the bottom with the use of a Kenmerer water bottle or a nodified
Irwin sanpler. Sanples were collected in, or placed into, |abeled
.containers and returned to the laboratory for analysis. \Water depth
and secchi disc reading were recorded at each sanple site.

Al chem cal determnations were nade by the methods outlined in

Standard Methods for the Examnation of Witer and Sewage, 1955. Chl ori de
determnations were made by the Mhr method and the results expressed as
ppm chl ori de (NaCl) and percent sea water. Determnations for pH were
made with a Taylor color conparator or an electric pH neter. The electric
pH neter provided quick pH determnations of the water sanples upon

arrival at the laboratory. It also elininated the comn errors experienced
with color conparators. However, sone difficulty was experienced in
keeping the electric pH neters operating properly and in cases of
questionable neter operation, the pH determnations were nmade with the
color conparator.

Resul ts

The periodic water sanpling at established stations was initiated in My.
1958, and was conducted at binonthly or nonthly intervals until Decenber
1961. Sone portions of the study were being termnated at this time in
preparation for conpleting the study in 1962.



The severe March 7, 1962,storm, which battered nost of the Atlantic coast,
created eight nejor breaks, plus numerous small ones, through the protec-
tive sand dunes on the barrier beach along the study area and introduced
large quantities of sea water into Back Bay-Currituck Sound. A major
portion of the dunes was either washed flat or seriously eroded. The
barrier beach was eroded to the extent that sea water continued to enter
the area for several days follow ng the stormduring above nornal post-
storm tides. The study was continued follow ng the intrusion of sea
water to evaluate the effects of the sea water. Sea- wat er concentrations
as strong as 75 percent were recorded in Back Bay and 94 percent in
Qurrituck Sound on March 8, 1962. The sea-water intrusions increased
the average salinity in Qurrituck Sound from 3.26 percent sea water, just
prior to the storm to approximately 28 percent and raised the average
salinity in Back Bay to approximately 15 percent.

The sea water did not immediately mx and dilute with the fresh to
brackish water in the study area. A stratified |ayer containing high
concentrations of sea water developed in the deeper waters. Differences
as great as 34 percent sea water were found between surface and bottom
sanpl es. Subsequent wave action and wind tides nmixed and diluted these
stratified concentrations so by Mrch 23, 1962, the salinity was fairly
uniform from the surface to the bottom in nost areas. There was a
considerable novement of saline waters before they finally dispersed
and diluted with the Sound water with a gradul decrease in the average
area-wide chloride content being apparent during the nixing process.
After nixing, the average chloride content remained fairly constant
around 10=-12 percent sea water through the summer nonths of 1962. The
major portion of the sea water, which entered the study area in March,
still remined in the area after.a period of 7 nonths. The hi gher
concentrations of sea water entered the central portions of the area
and continued to remain in this general area until Novenber 25, 1962,
.at which tinme another northeastern strom bl ew nost of the water out of
the study area.

The severe northeastern storm which began on Novenber 25, 1962, with
winds up.to 76 mles per hour, heavy seas, and tides 3 to 5 feet above
normal , caused extensive beach erosion along the study area barrier
beach. Approximately 40 percent of the dune repairs, which were nade
along the Currituck coast follow ng the March 7, 1962, storm, were

conpl etely destroyed; and approximately 25 percent of the remaining
60 percent were seriously eroded. The nost severe erosion occurred
from Sandbridge, Virginia, south to about 5 nmiles below Corolla, North
Carolina. The storm lashed the study area coast for a period of 9 days.

The vol une of sea water which entered the study area during the Novenber
25, 1962, stormwas small conpared to that which entered on March 7,

1962. Concentrations of 27 percent sea water were located just south of
Corolla, North Carolina, during the storm but the. overall effect of

the storm was a reduction in average chloride content.. This reduction
resulted from the steady and strong northerly winds which blew nost of
the water out of the study area. A staff gauge reading of 1.1 feet bel ow
mean sea level was recorded at Coinjock, North Carolina, the |owest water
level recorded during the study period.



Sea-water concentrations up to 27 percent entered the study area from the
south via Albemarle Sound upon the cessation of the strong northerly w nds
and the return of normal water levels. This body of saline water was
probably the sane 27 percent sea-water concentration that was located just
south of Corolla during the storm and was pushed just out of the study
area and returned following the cessation of the strong northerly wi nds.
The 27 percent sea water did not penetrate north of Poplar Branch, North
Carolina, and was pushed out of the study area again, within a few days,

by less severe northerly wnds which occurred shortly after the Novenber 25,
1962, storm

The Back.Bay-Qurrituck Sound Area was still influenced by the Mrch 7,.
*1962, sea-water intrusion in August 1963, 17 nmonths later, wth an average-
chloride content of 6 percent sea water. Prior to the sea-water intrusion,
the average chloride content varied from 2 to 3 percent sea water.

pH

The pH values in the study area prior to the March 7, 1962, stormranged
from 6.4 to 9.2 in Back Bay and 6.2 to 9.3 in Currituck Sound, with an
average of 7.7 and 7.5 for Back Bay and CQurrituck Sound, respectively.
Some lower pH values were recorded in Qurrituck Sound during August,
September, and Novermber 1958, but were in error due to faulty procedure
of prolonged holding of the sanples.

After the ocean water intrusion, the pH values ranged from 5.7 to 9.7 in
Back Bay and 7.1 to 8.7 in Qurrituck Sound, with an average of 7.4 in
Back Bay and 7.8 in Qurrituck Sound.

Cenerally, slightly higher pH values occurred in the sumrer nonths, and
also in the shallow cove areas.

The | owest series of pH determ nations in the summer nonths on Back Bay
was the last taken on July 29, 1963, when the average dropped to 6.6.

It is unfortunate that further deterninations were not nade, for a sudden
and severe deterioration of aquatic plants, occurred in July and August
1963, on Back Bay. Drédging activities at Sandbridge Marsh and/or heavy
rains in June nmay have contributed to | ower pH val ues and the pl ant
destruction.

The pH of the study waters, with the exception of a few individual
sanples, falls wthin the range of tolerance for fish and plant life
which occur in the area.

Bourn found the waters of Back Bay and Currituck Sound to range from

PH 6.2 to 6.8 in 1929 and 1930. Chanberlain in 1947 recorded a pH

range of 6.0 to 8.7 for the waters of Back Bay; his determnations were
very sinilar to those of the present study. Neither Bourn nor Chanberlain
attributed any adverse effects to the pH val ues.
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Al kalinity

The pu of the water in the study area is generally less than 8.3 and the
alkalinity consists of bicarbonates. The alkalinity ranged from 16 to

66 ppm in Back Bay and 10 to 210 ppm in Currituck Sound, during pre-storm
conditions, wth an average of 30 ppm in Back Bay and 41 ppm in Qurrituck
Sound. A slight overall increase in alkalinity occurred in Back Bay

after the introduction of sea water wth an average of 39 ppm for all

Back Bay sanples. The greatest increase was noted at the east stations
where the average alkalinity was 42 ppm after the storm  The introduction
of sea water did not alter the overall alkalinity in Currituck Sound with
the average remaining at 41 ppm

The waters within the study area would, by some standards, be classified
as nedium hard to hard water wth the average alkalinity of 30 to 41 ppm
(Lagler, 1952). \Wters of this hardness are generally considered pro-
ductive for Dboth fish and aquatic plants. Myle (1945) states sago
pondweed, Najas, and wildcelery make their best growth, and are nore
abundant, in hard waters, and that they occur infrequently and make poor
growth in waters with total alkalinity of less than 20 ppm In general,
the water in the study area had total alkalinity levels which were
capable of supporting growth of the mgjor species of aquatic vegetation
in the area; but the alkalinity was less than optimum for sago pondweed
and  wi dgeongrass.

Turbidity

A complete analysis of the turbidity, water depths,and light penetration
s presented in another section of this report, so only a few general
observations wll be made at this point.

In general, the water is:progressively clearer from north to south in

the study area. This is also the pattern of the chloride content in the
study area.and although there are other factors which affect the turbidity
within the area, there is a direct correlation between the two.

Light penetration increased throughout the study area following the
introduction of sea water. The sediment became resuspended during periods
of excessive wnd action, but the sedinentation rate of the suspended
-material was greater following the increase in chloride content.  The,

light penetration continued to be greater in Currituck Sound, wunder simlar
chloride content, pointing out the possibility of a different tyﬁe of
material which causes the turbidity in Back Bay, In general, the greater
turbidity occurred during the period November through April. The prevailing
wind during this period is from the north and northeast.  These winds

have the greatest fetch on the water in the area and, in general, are of
greater velocity than other winds. The excessive turbidity occurs during
the beginning of the growing season, and in amunts great enough to cause
deleterious effects on the aquatic vegetation in the deeper water areas

of the study area.
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Chloride |

Prior to the Mrch 7, 1962, storm the chloride content in Back Bay ranged
from 200 to 1050 ppm (1-3 percent sea water) with an average of 485 ppm
and Currituck Sound ranged from 250 to 7950 ppm (I-25 percent sea water)
with an average of 1640 ppm (5 percent sea water). The large quantities
of sea water which entered the study area during the Mrch 7, 1962, storm
increased the average chloride content in Back Bay to 15 percent sea water
and 28 percent sea water in Currituck Sound.

Concentrations of 75 percent sea water in Back Bay and 94 percent sea
water in Currituck Sound were recorded in the study area on Mirch 8.

The nore dense, heavier sea water did not readily mx wth the water in
the study area. The sea water ran under and displaced the area water
and became stratified in the deeper water areas. It was not until March
23 that the chloride content became fairly uniform from the surface to
the bottom

A fish kill resulted from the sea-water intrusion. The kill was confined
to the eastern shore area from Swan Island to Duck, North Carolina. The
sea water affected all species, but was fairly light due to the few nunber
of fish in the area along the  shore at this time of year. The chloride
content remained high enough through the spawning season, in some portions
of the study area, to reduce the spawning success of [|argemouth bass and
bluegill and conpletely elimnate largemouth bass and bluegill spawning
success in other portions of the study area.

The full sea strength (94 percent) sea water which entered the area near
Corolla, North Carolina, killed all species of vegetation in the inmmediate
vicinity of the entrance and damaged the vegetation in the adjoining

area where concentrations remained above 40 percent sea water for several
days. The vegetation in the full strength sea water turned black and
broke off at:bottom level. The vegetation in the 40 to 60 percent sea
water (for several days) experienced cell destruction by the excessive
-salt content. The denuded areas revegetated within a short time and by
August 1962, good growths of all species were present.

The more dense, higher concentrations of sea water did not readily mx
throughout the study area even after concentrations became fairly uniform
from the surface to the bottom The body of saline water noves up and
down the mddle portion of Currituck Sound for a period of 7 nonths,
slomy mxing and spreading in size. The-majority of the sea water
remined in the mddle portion of Currituck Sound until a severe storm
on Novenber 25, 1962, blew most of the water out of the study area and
dispensed the body of saline water. The sea water which entered the
Back Bay portion of the study area dispersed and diluted the area water
within a short period. The tendency of the Currituck body of water to
remain intact was probably due to the bow -shaped area and to the
restricted outlet at the Narrows near Poplar Branch.

12



The chloride content still was influenced by the Mrch 7, 1962, intrusion
in August 1963, with an average of 1695 ppm in Back Bay and 2615 ppm in
Currituck  Sound.

For those who may wish to express the chloride content by other neans
than chloride and percent sea water, a conversion chart is included.

Concl usi ons

1. The pH of the study area water, with the exception of a few _
individual sanples, fallswithin the range of tolerance for the fish
and plant life which occur in the Back Bay-Currituck Sound Area.

2. In general, the water in the study area has total alkalinity levels
which are wthin those that are considered satisfactory for growh
of sone species of aquatic vegetation in the area, but narginal for
sago pondweed and wi dgeongrass.

3. The March 7, 1962, sea-water intrusion did not alter the pH and
alkalinity.levels in Qurrituck Sound. A slight increase in alkalinity
was noted in Back Bay following the sea-water introduction.

4. Light penetrationincreased throughout the Back Bay-Qurrituck Sound
Area following the sea-water intrusion.

5. The sediment became resuspended during periods of excessive wind
action, but the sedinentation rate was greater after the increase
in chloride content.

6. Uncontrolled introductions of sea water into the area may result in
extensive damage to the existing fish and plant life in the area,
but the intrusions in 1962 did not cause apparent harm

7. The heavier, nore dense sea water does not readily mx wth the area
water, rather it tends to displace the area water and my becone
stratified in the deeper water areas.

Conversion of Salinity

Salinity is defined as the total amount of solid material in grams contained
in 1 kilogram of sea water whenall the carbonate has been converted to
oxide, the bromne and iodine replaced by chlorine, and all organic matter
conpletely oxidized. This normally is reported in grams per kilogram
(parts per thousand).

Chlorinity is defined as the number of grams of "atomc weight silver"
necessary to precipitate the halogens in 0.3285230 kilogranms of sea water.
This is reported in grams per kilogram (parts per thousand).

The generally accePted enpirical relationship between salinity and
chlorinity is: Salinity = 0.03 + 1.805 x chlorinity.
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A third nethod of expressing the saltiness of water is in the anount of
chloride present, assumng that all chlorides are in the form of sodium
chloride.  This is wusually presented as parts per mllion NaCl., The
nmethod for calculation of chlorides as sodium chloride is outlined in
"Standard Methods for the Examination of Water and Sewage," N nth'
Edition, (1946) as published by the American Public Health Association
and the Anmerican Water Works Association.

A nunber of standards have been used to form a basis for calculations of
salinity or chlorinity. Van Nostrand's Chemcal Annual, Seventh Edition,
1948 states that normal-sea water from the North Atlantic contains
32,210 ppm A as NaCl. The reference for this is questionable. Using
this figure, the chlorinity would be 19.538 parts per thousand and the
salinity 35.296 parts per thousand. The accepted standard sea water
(normal sea water) wused in oceanographicwrk (Sverdrup, Johnson, and
Flemng, "The Cceans," 1946) has a chlorinity of 19.381 parts per _
thousand, a salinity of 35 013 parts per thousand or 31,950 ppm Cl as
NaCl. Both references have nerits and the use of either or both would
depend on preference.

For much work, especially in brackish water work, it is convenient to

express salt content in percent sea water strength.' This can easily be
conmputed from any method of presentation of data. It is most inportant
to state which basis is wused for full strength sea water.
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Tabl e

CONVERSION TABLE FOR VAR QUS
SYSTEMS OF COWPUTING SALT

CONTENT
. o Chloride
Chlorinit Salinit A %
parts per thouiand(%o) parts per thougand ) parts pgrs Ng.l}lll on- (ppm Sea \Mter
Normall North Atlantic2 Nor mal North Atlantic Nor mal "North Atlantic
Sea \ater Sea \Wter Sea \ter Sea \ter Sea Wat er Sea Wafer
29
.006 »006 Okl 0041 49,6 50 003
030 030 .083 084 15
.060 =061 .138 . 140 99.2 100 31
uogo .091 a122 0194 148.8 150 T
, 120 121 246 248 198. 3 200 .62
«150 s 151 «35% 0 302 248.0 250 .18
«179 .181 409 + 356 297.6 300 .93
210 212 A12 W, L. 350 1.09
, 241 o243 L6k 468 396.8 400 1.24
271 .38% 2519 B9 g 446. 4 k50 1.40
» 301 .33k 2 572 632 Hl5.6 500 1.55
331 627 605. 1. 550 171
.361 364 .681 . 687 o o 600 1. 87
03591 . 394 0135 ST 6,7 650 2.02
o2 425 +790 o 797 694.3 700 2.18
451 455 .8l 905 793.5 750 2.33
L81 485 898 .961 843, 1. 800 2.48
.512 .516 953 . 850 2. 64
542 .56 1.007 1.015 892.7 900 2.80
571 .
.602 <607 1,060 1.116 1069 1.1%5 wne W L0950 2% 2
3,2
662 667 1128 1.280 1,091.1 1,080 3,42
692 »698 1.280 1.290 1,140.7 1,150 3.57
2722 0728 1.333 1.344 1,190,3 1,200 3.T3
5102 ¢ B 1.387 1. 398 1,239.9 1, 250 3.88
.782 .788 1. 440 1.452 1,289.5 15300 4.04
.812 ,819 1.496 1. 508 1,3%9.1 1, 350 4,19
842 849 1. 549 1.562 1,288,7 1, 400 4. 35
873 .880 1. 605 1.618 1,4%38.3 1,450 4.50
.903 .910 1. 658 1.672 1,487.9 1,500 4. 66
.932 .940 1,713 1.727 1,537.5 1,550 4.82
.962 +970 1.767 1.781 1,587.1 1,600 4,97
993 1.001 1.822 1.837 1,636.7 1,650 5.13
1.023 1.031 1.876 1.891 1,686.3 1,700 5.28
1.052 1.061 1.929 1.945 1,735.9 1,750 5ol
1.083 1.092 1. 985 2.001 1,785.5 1, 800 g E%%
1.143 1,182 2,088 2969 .80k .6 1,900 5.90
1.173 1.183 2.147 2.165 1,934.2 1,950 6.06
1. 203 1.213 2,201 2.21.9 1,983%,8 2,000 6.21
1.233 1.243 2.256 2.274 2,0%3.4 2,050 6.36




Chlorinity

Salinity

Chloride

%

parts per thousand (%) parts per thousand (%0 ) parts pgrs Nn;(l}lllon (ppm Sea \ater
Nor mal North Atlantic Normal North Atlantic Nor mal . North Atlantic
Sea \Water Sea Water Sea \Wter Sea \ater Sea  \Wter Sea \ter

1. 264 1. 274 2.310 2.329 2,083.0 2,100 6.52
1.293 1.304 2.365 2.384 2,132.6 2,150 6. 68
1.323 1.334 2.418 2.438 2,182.2 2,200 6. 84
1.354 1.365 2.474 2.494 2,231.8 2,250 6.99
1. 384 1.395 2.527 2.548 2,281.4 2,300 T.15
1,414 1. 425 2.58:: 2.602 2,331.0 24350 7.3
1,444 1. 456 2.636 2. 658 2,380.6 2,400 T.45
1ob7h 1.486 2,690 2.712 2,430.2 2,450 7,61
1,504 1.516 2. 7hh 2.766 2,479.8 2,500 7.76
1.535 1.547 2.799 2.822 2,529 .4 2,550 7.92
1,564 1.577 2.853 2.876 20579. 0 25600 8.07
1.594 1. 607 2.907 2,931 2,628.6 2,650 8.24
1.625 1. 638 2.962 2.986 2,678.2 2,700 8.38
1.655 1. 668 3.016 3,041 2,727 .8 2,750 8.54
1.684 1.698 3,070 3.095 29777. 4 2,800 8.70
1.715 1. 729 3.125 3.151 2,827.0 2, 850 8.85
1.745 1.759 3.179 3,205 2,878.6 2,900 9.01
1.775 1.789 3.233 3.259 2,926,2 2,950 9.16
1. 805 1. 820 3.288 3.315 2,974.8 3,000 9.32
1.835 1.850 3.342 3,369 3,025.4 3,050 9.46
1. 865 1. 880 3,395 3,423 3,075.0 3,100 9.63
1. 896 1.311L. 3,451 3.479 3,124 .6 3,150 9.78
1.925 1. 941 3,504 3.533 32,1742 3,200 9.95
1.955 1.971 3.559 3.588 55225.8 35250 10.11,
1. 986 2.002 3.614 3.644 3,273, 4 3,300 10.25
2.016 2.032 3. 668 3.698 %4323,0 34350 10.41
2,045 2,062 3,722 3.752 3,372.5 3,400 10.58
2.076 2.09% 3. 777 3,808 2,422.1 2,450 10. 62
2. 106 2.. 1.3 3,831 3, 362 3,071, 7 3,500 10.88
2.136 2.153 3,88 3,916 3552103 3,550 11,03
2.166 2.184 3.940 3.972 3,570.9 3,600 11,19
2.196 2.214 3.993 4,026 3,620.5 3,650 11. 36
2.226 2.244 4,047 4,080 3,670.1 3,700 11.50
2. 257 2,275 4,102 L.136 35719.7 39750 11.65
2. 286 2.305 4. 157 4,191 3,769.3 3,800 11.80
2.316 2.335 4.211 b, 2k5 3,818.9 3,850 11. 96
2. 347 2. 366 4,266 4,301 3,868.5 3,900 12,11
2.377 2,396 4,320 4,355 3,918.1 35950 12. 28
2.406 2.426 4.373 4. 409 %,967.7 4,000 12.42
3.009 3,033 5. 406 5.450 4,959.6 5,000 15.52
3.611 3. 640 6. 547 6.600 5,951.6 6,000 18,63
4,212 4,246 7.632 7.694 6,943,5 7,000 21.73




i I Chloride /
parts ggioﬁ%tgmd L) parts piralltnhloil:gand €lo) parts pgrs Nn;élli on  (ppny Sea Zater
Nor mal North Atlantic Nor mal North Atlantic Nor vl . North Atlantic
Sea \Water Sea \ater Sea \Wter Sea \ter Sea  \ater Sea \Mter
4.814 4.853 8.719 8.790 7,935.4 8,000 24 .84
5.415 5.459 9.803 9.883 8,927.3 9,000 27.94
6.017 6.066 10.890 10,979 9,919.3% 10, 000 31,05
12.034 12.132 21.750 21.928 199858,6 20,000 62.09
18.052 18.198 32.611 52.8T77 29,757.8 30,000 93.14
19.381 19.538 350010 35.296 31,950.0 32,210 100. 00
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LI GHT PENETRATI ON OF WATER

Light Penetration of Back Bay

Light penetration of Back Bay was determned at 23 stations nonthly

from July 1, 1960, through August 21, 1963, wth a submarine photo-

met er. The photoneter was made by the Fred Schuel er Conpany,
Waltham, Massachusetts. Measurenents were taken at |ocations on
the transects used for vegetation sanpling and water quality deter-

m nat i ons. At each station the incident light at the water's surface
was determined and the single cell photoneter was then inmediately
lowered to depths of 1 inch, 1 foot, 2 feet, etc.., to the bottom of

the bay. The light intensity at each depth was recorded in foot-
candles and converted to the percent of the light at the surface.
Sanpling was generally conducted between 10 a.m and 2 p.m on the
same day, so that the sun was near its apex and the sky conditions
were as uniform as possible.

Because of an wunfortunate nislabeling on the submarine photonmeter of
read-out wunits in nicroanperes, rather than proper |abeling of foot-
candles, initial readings were nultiplied by a factor of 4; consequently
some early quarterly reports were in error. The data herein have been
correct ed.

Plant growh was slightly reduced in those areas where less than 15
percent of the surface light reached the bottom It was further
inhibited in areas where less than 10 percent of the light reached
the bottom and virtually non-existent where less than 5 percent of
the light reached the bottom during the growng season.

The water was clearer during the warm sumrer nonths because of favor-
able weather and wind, lesser density of warm water, and some reduction
of wave action by vegetation.

Although the intensity of sanpling was mnimal for such a variable
characteristic as turbidity, the data indicate that relatively favor-
able quantities of light were recorded at a 4-foot depth in the sumer
of 1962. These data conform to observations of all study investigators.
In some protected locations the bay bottom in both Back Bay and
Currituck Sound was observed in the summer of 1962, when the salinity
was above 10% SS, that were not seen in the 4 previous years or since
that tine.

-During the sumer of 1962 the waters of Back Bay became just as turbid
as in other years; the inportant difference was that suspended silts
did not remain in suspension for as long a period, and after a day or
two of calm weather, sunlight penetration would increase. This obser-
vation was the consensus of many observers on the bay. It conforns
closely with the results of the controlled laboratory study which
showed that increasing the water salinity increased the rate of
settling of suspended silts.
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Bearing in mnd that 10 percent of the sunlight represents a critical
point, whereby plant growth was retarded below that intensity, quickly
scan the summary data for 1960, 1961, 1962, and 1963. It
that a greater quantity of sunlight reached depths of 4 feet
longer period of time in the summer of 1962 than in other
Plant growth could have started as early as My and continued through

Sept ember  at

at stations on Back Bay

fol | ow ng:

Station
1

~N o U1l B~ w

9
10
12
13
15
16
18
19
20
22
23

Aver age

the 4-foot depth.

i's apparent

for a

years.

Paired comparison of the percentage of sunlight at the 3-foot depth
in My 1961, 1962, and 1963 reveals the
May 19, 1961 May 18, 1962 May 22, 1963
Tr. 20 3
1 22 5
5 20 19
0 10 21
4 18 6
3 30
10 16 5
1 19 Tr.
10 15 4
1 24 2
10 10 5
Tr. 17 8
Tr. 3 6
2 19 14
13 26 18
30 18
6 36 4
5 48 2
4.2 21.3 8.2
The average percent of sea strength was 1.14 in My 1961, 11.90 in

Moy 1962, and 4.99 in My 1963. Graphically the relationship is

as follows:

24,

/
204
164 /

2 S/

ghto 3 ft.

dep,_.th

4| Y

0" f
0 5 b 15
Percent Sea Strength
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Table Percent of Average Light Transmission to |ndi cat ed Dept h Bel ow Water Surface on
Back Bay from July 1, 1960, to August 17, 1961 -- Each Mnthly. Value Based on 23
Submarine  Photometer  Readi ngs.
Aver age
Light at
‘Mate Surface (f.c.) 1 inch 1 foot 2 feet 3 feet 4 feet 5 feet 6 feet
1960
uly 1 3,272 74 41 24 12 7 5 3
August 1 3,352 78 53 33 19 9 6
‘eptenber 1 4,324 78 55 35 20 12 7 7
~Actober 4 3,208 71 39 19 11 7 5 3
Decenber 22 3,176 64 PO 2 Tr. 0 0
1961
"anuary 13 2,166 67 18 4 1 Tr. 0
Sederk
 Tebruary 7 1,79 46 3 Tr. 0 0 0
arch 27 4,507 55 6 Tr. Tr. 0 0 0‘
pril 20 4,083 59 8 1 Tr. Tr.
May 19 4,339 67 27 12 4 2 2 A
“une 26 3,597 71 47 28 13 7 3 3%
Tuly 19 4,481 78 51 29 15 7 5
august 17 4, 066 72 50 34 19 16 9
October 5 3.776 79 50 28 16 9 7 %%
i at 7 feet
2%
*% at 7 feet
Ic,
*%% Trace
equal s
less than

D.5%



Tabl e Percent of Average Light Transmssion to Indicated Depth Below Water

Surface on Back Bay, Virginia from April 6, 1962 to August 21, 1963 «

Each Mnthly Value Based on 23 Submarine Photoneter Readings

Average
Light at

Dat e Surface (£.c.) 1 inch 1 foot 2 feet 3 feet 4 feet 5 feet 6 feet
1962
April 6 3,297 63 27 12 6 3 2 2
April 19 4,053 68 33 15 9 1 1 0
April 26 4,220 70 37 19 9 3 Tr. 0
My 10 1,790 59 59 11 5 2 Tr. 0
My 18 3,775 80 55 35 21 1 1 Tr.
June 1 3,496 76 49 31 19 9 5 2
June 15 3,290 72 44 30 17 9 1 1
July 20 3,952 81 60 38 25 12 5 1
August 1 4,243 71 48 31 17 11 4 5
August 31 4,174 72 53 35 23 12 4 2
Septenber 25 3,463 66 37 23 9 6 0 0
Cctober 30 1,925 71 39 18 8 3 1 0
196 3
January 17 1,419 66 19 4 1 Tr. 0 0
March 4 3,250 56 6 Tr. Tr. 0 0 0
March 29 3, 469 80 36 12 6 12 Tr. Tr
My 22 3,949 81 44 22 10 5 1 Tr.
June 19 3,629 81 50 30 19 7 5 1
August 21 2,693 76 42 22 12 4 3 1

Trace equals less than 0.5 percent.



Quantitative categorization of weather conditions for inter-
pretation of effect on plant life is a difficult task at best and
observations and inpressions nust be relied on for evaluation. My
inpression is that cold, windy weather in My and June has decided
effect on the annual crop of aquatics. An early start seens

particularly inportant for sago pondweed, whereas nuskgrass can
produce well wth favorable late summer conditions.

Wter tenperatures reached a high of 85°F as early as My 20, 1962.
Conparable tenperatures were not reached in 1960 wuntil June 21, in
1961 wuntil June 12, and in 1963 until June 2. The increased sunlight
penetration nmay have contributed to earlier warming of the water in
1962. Air tenperature averaged 68°F in May 1962 whi ch was consi der-
ably higher than the average of 63.6°F in May 1961 and 64.6°F in My

1963; it was slightly lower, however, than the average of 68.3°F in
May  1960.
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Light Penetration at Stations from Back Bay to Oegon Inlet

It is best to obtain submarine photuneter readings from different
stations under as nearly identical conditions of wnd, cloud cover,
haze, angle of the sun, tinme lag after storns, wave height, etc.,
as possible. This made it necessary to restrict the one available
submarine photoneter to the Back Bay Area, where turbidity was nore
critical.

However, sone conparable readings from Qurrituck Sound and south to
Oregon Inlet, where salinity was greater, were desired. From March
27, 1961, to August 28, 1961, the seaplane was used to quickly fly
to 18 stations from Back Bay to Oregon Inlet at nonthly intervals.
Both salinity and photoneter determinations were obtained. Normally
all sanples were collected in about 2 hours, which mnimzed weather
vari abl es.

Comparison of the relationship of salinity and turbidity nust be done
judiciously for:. bottomsoils, water depth, site exposure, etc.; all
serve to hinder direct conparison.

These data are useful to depict site conditions, for comparison.of
individual stations in time, for conparison of one factor, e.g.
light penetration between stations, and for conparison of salinity-
turbidity relationships where stations are reasonably conparable.

Conparison solely of light penetration to a 3-foot depth reveals
that in all nonths stations 1 through 5 at the north end of the
area, were nore turbid than stations 6 through 10, at the south
end of the area. The drainage pattern, soil types, and prevalence
of dredging and ditching in the northern part of the area are
responsible for the greater turbidity.

The North Landing Rver Stations, #2 (near Minden Point) and #3
(near Tulls Bay), were wth few exceptions the nost turbid stations
sanpl ed. Periodic dredging is one source of turbidity in that

area, but large tug boats and yachts alnost daily stir up trenmendous
anounts of silt that billows out in aneasily observed manner.

If recent proposals to dredge a boat canal through the entire length
of Back Bay to the North Landing Rver are ever carried out, these
same conditions wll prevail there.

Although there is no specific evidence to substantiate it, | believe
that siltation and turbidity affect plants in ways other than just
the physical exclusion of sunlight and the weighting down of the
plants to the bottom the fine silts nornmally involved in turbidity
have high cation-exchange capacity that could possibly absorb
essential elenents from plant tissue.
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Laboratory Test of Focculation of Turbidity from Soils by Salt Water

The potential for controlling the turbidity of the waters of Back Bay
and CQurrituck Sound by ocean water introduction has long been recognized,
and was initiated by a large-scale punping operation in My 1964 by the
Gty of Virginia Beach.

Qur laboratory tests in 1960 of the flocculation of suspended soils were
designed to deternmine the effects of various concentrations of ocean
water on the turbidity of Back Bay water induced by known anounts of
soils from Back Bay.

The domnant soil types, silt, clay, and Loam, were used in this
controlled experinent for they all can contribute to turbidity of the
water; however, a textural analysis conducted for us by the US.
Department of-Agriculture indicated the texture of suspended silts

when settled from Back Bay water averaged 68.1 percent clay (<€ 0.002 m,
31.3 percent silt (0.05-0.002 nn), and 0.6 percent sand (0.1-0.05 my.
Organic carbon content averaged 7.77 percent. Cay particles were the
principal cause of turbidity.

Methods and Procedures

Five 2 liter jars were placed in a conpartnented |ight-tight box that
had a rheostat controlled light bulb behind each conpartnent. The [ight
passed through a hole in the partition between the light bulb and the
jar, through the jar, and was nmeasured with a foot candle light neter
as it passed through a hole in the side of the light-tight box. The
nmeter fit tightly in the hole and measured only emtted |ight that
passed through the center of the square jar.

Water from Back Bay was collected and m xed with ocean water in the
foll owing concentrations:

1 Bay water = 1.87% SS or 600 ppmas NaCl
2. 5.13%8S or 1,650 ppm
3. 9.93%SS or 3,200 ppm
4, 14.90%SS or 4,800 ppm
5. 20.05% SS or 6,450 ppm

Normal sea strength considered as 32,210 ppm as NaCl

Two liters of Back Bay water were poured into one jar and the I|ight
intensity in each of the five conpartments was adjusted by the rheostat
so 50 F.C.(foot candles) passed through the jar.

The five concentrations of bay and ocean water were then poured into the

respective jars. Ten granms of soft, surface silt, that had been collected
from Back Bay, were then added to each jar.
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Each jar was stirred vigorously for 1 minute with 1/4", 2,000 rpm
drill to which a shaft and paddle had been attached. (ne nore ninute
el apsed before the meter readings were started, naking a total of 6
mnutes before the first light neter reading. The light neter reading
was 0 in each jar inmediately after stirring was conpleted.

Thereafter foot candle neter readings were nade at 10 minute intervals

for 6 hours. Meter readings were 1 ninuteapart on each jar. \ater
tenperature was also determned. On conpletion of each test the accuracy
of the instrunent was checked twi ce against the standard bay water and
the rheostat settings were found to be satisfactorily constant.

Identical procedure was followed throughout figures 1 through 5 and
tables 1 through 5 with only the following exception: experiment
nunber one represented by figure 1 and table 1 was run with the salinity
readi ng of Back Bay water of 1.87 percent sea strength; whereas, in
experinents 2 through 5, represented by their respective tables and
figures, the Back Bay water used was 1.40 percent sea strength. The
tenperature differences should also be noted on each experiment. This
set of experinents is designed only to show the differences that the
addition of various percentages of sea water make on silt, loam and
clay taken from Back Bay under the conditions stated on each table and
gr aph.

Figures 6 through 10 with their acconpanying tables are designed to
denonstrate how loam silt, and clay react in conparison to each other
when exposed to various degrees of sea strength up to 20 percent and
under the sane conditions.

The same procedure that was followed in the above experinents was used
here except the solution was stirred only 15 seconds with a 15 second

| apse between each reading and each soil type was tested against the

other in a solution to the sane percent of sea strength.

It should be noted that it is not wise to attenpt to conpare one graph
with another. Each figure represents a conplete experiment wthin
itself wth the tenperature of the solution remaining constant wthin
one degree of the tenperature indicated. The water taken from Back Bay,
from which the original solutions were mxed, was not all taken at the
sane time and was, therefore, not of the sane turbidity, when collected.
This neans that the original setting of 50 F.C on the dark box would
vary according to the turbidity of the Back Bay water used in each
experi nment. The only instance in which one graph can be reliably
conpared with another is when conparing the effect of the various per-
centages of sea strength upon clay (figures 3 through 5). In this

i nstance the sane solution was used throughout all three experinents
and the only variable was the tenperature. It can be seen by close
exam nation of these graphs that sone variation in the rate of settling
out occurred wth wvariations in tenperature.
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Cener al Cbservati ons

Silt =« Table 1, Figure 1

The rate of settling out of silt appears to be proportional to the anount
of salt water in the solution during the first 6 hours after stirring;
the higher the salinity the nore rapid the settling out process. After
72 hours the 20 and 15 percent gave exactly the same reading with the
10 and 5 percent solutions only one-and three footccandles less,

respectively. Back Bay water appeared to fall gradually behind at the
end of the 72 hour period. It seems then, that nearly as much can be
acconplished with settling out of silt in 72 hours under still water

conditions with a 10 and 15 percent addition of sea water as with a 20
percent addition. This gradual convergence of lines on figure 1 appears
to begin around 24 hours.

Cay - Tables 3 through 5, Figures 3 through-5

It can be readily seen that clay particles settle out very slowy in
Back Bay water in the three tenperatures in which this series of tests,
was conducted. Any addition of sea water from 5 to 20 percent had a
very obvious effect in speeding,-up the fallout of induced turbidity.
Generally. speaking, the 10, 15, and 20 percent solutions ran very close
to each other throughout all three experiments. This is especially
true at the end of 6 hours, running on through 72 hours at 81° As was
true with silt, there seens to be a greater conparative rate of settling
out between 5 and 10 percent sea strength, than between 10 and 20

per cent . Conparatively speaking then, there is nmore to be gained by
raising a solution from 5 to 10 percent than from 10 to 20 percent of
sea strength. It should be noted that at 72 hours (figure 3) the
readings on the 10, 15, and 20 percent solutions were above 50 F.C;
higher than the original settling of the light neter. This indicates
that the original Back Bay water from which the meter was set, already
had sone turbidity in it which was also settled out. Wile running

the experinent wth clay, it was decided to run the sane solutions
under three different tenperatures, 399, 59°, and 81°F. to see what
differences mght occur in the settling out rate. Al though the col der
the solution, the slower the rate of settling out, this difference
appears only slight in this experinent. [t will also be noted that.
the behaviors of the settling out appears somewhat different at each
different €emperature.

Loam - Table 2, Figure 2

The relationships between Back Bay water and the 5 percent solution and
between the 10 and 15 percent solution showed a very erratic behavior--
during the first 6 hours of the experiment. The 20 percent solution,
however, showed a conparatively steady fallout rate. This peculiar
reaction of the turbidity induced by l|oam was recognized after the
experinment had been going for about 3 hours. By turning on the Iight
switches and observing the particles settling out through the holes
cut for the light neter, it was observed that the particles did not
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appear to settle out at a steady rate as previously thought they
would.  The only reason this observation was made, was to see if
anything was wong with the dark hbox, or if the mterial was actually
settling out in a peculiar fashion as the data seemed to indicate.

The turbidity seemed to fall out mnomentarily (especially the larger
particles that could be easily observed) then stop, then fall out
some more, and pause once again. It is not known how long this type
of action continued. The first 6 hours showed very little difference
in the rate of settling out between Back Bay water and 15 percent, but
the 20 percent solution settled out kery rapidly from the very beginn-
ing and stayed far ahead of the rest throughout the 6 hour period. At
the end of 72 hours the 5 and 20 percent solutions had settled out all
the induced turbidity plus the turbidity that was originally in the
wat er .

Comparative Settling Qut Rates Between Silt, Loam and Cay in Various
Known Salinities.- Tables 6 through 10 and Figures 6 through 10..

By carefully observing figures 6 through 10 it is readily observed that
the nost dramatic effect of the addition of sea water to Back Bay is
on clay when conpared to silt and loam Clay settled out nuch slower
than the other two soil types in Back Bay water.  Upon the addition of
sea water, at the end of 6 hours, clay has settled out, approximtely
the same as silt and ahead of loam in the 5 and 10 percent solutions
but is well ahead of both silt and loam in the 15 and 20 percent

sol utions. However, it is always behind the other two soil types at
the end of 30 mnutes. In all cases where salt water is added, silt
settles out nore rapidly at first than does clay or loam but |later

on may surpass the one or both, depending on the increase of sea
strength. ~ The addition of salt water seems to have less effect on
the settling out of loam particles than on silt or clay.

A slight discrepancy may be noted between clay and silt at the end of
the 6 hour period in 5 and 10 percent solutions (figures 7 and 8). It
woul d seem from the graphs that clay was slightly ahead of silt in the
5 percent solution but was only even with silt in the 10 percent
solution. ~ No explanation is offered for this exceﬁt the possible
difference in tenperature of 3°F, Regardless of the reasons for this,
it is clear that silt, loam and clay do not react the same to the
addition of sea water to Back Bay water.

It should be noted that an attenpt was made to conpare sand with silt,
loam and clay, and also to establish a rate of settling out under
various degrees of sea strength, but the sand particles fell out so
fast, even after the 1 mnute after stirring that no rate could be
est abl i shed.
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Table'l . . Effect of Various Percentages of Sea Water on Silt Taken from
Back Bay~~10 Qans of Soil, Tenperature 84°F,

Reading taken Back Bay

after stirring Wat er 2% 10% 15% . 2. 0%
| nmedi ately 0 0 0:: 0 0
6 Mnutes 0 0 1 1 1.5
30 Mnutes 1.5 3 4 5. 6
1 Hour 3 5 6 8 10
1% Hours 4 6 8 10 13
2 Hours 5 8 10 . 12 15
2% Hours 6 9 11 14 16
3 Hours 1 10 13 15 17
3% Hours 1 10 13 16 18
4 Hours 8 11 15 18 20
4% Hours 8 12 15 19 22
5 Hours 9 13 16 20 22
5% Hours 10 14 16 20 24
6 Hours 10 15 17 21 25
24 Hours 13 20 25 27 32
48 Hours 2 3 32 36 39 40
72 Hours 35 42 45 46 46
Table' 2 . Efect of Various Percentages of Sea Wter on Loam Taken from

Back Bay-010 Gams of Soil, Tenperature 620F.

Reading. taken .Back Bay

after stirring Wat er 5% 10% 15% 20%
| medi atel y 0 0 0 0 0
6 Mnutes 0 0 0 0 0
30 Mnutes .0 1 3 3 6
1 Hour 2 2 4 4 8
1% Hours 3 3 6 6 10
2 Hours 5 5 1 1 12
2% Hours 6 1 8 8 15
3 Hours 1 8 9 9 16
3% Hours 8 8 10 10 17
4 Hours 9 9 11 11 18
4% ‘Hours 9 10 11 12 220
5 Hours 10 10 11 12 21
5% Hours 11 11 12 13 22
6 Hours 12 12 12 14 23
24 Hours 21 26 26 30 61
48 Hours 26 39 39 50 17
72 Hours 35 50 50 70 17

1 mnute stirring and 1 mnute lapse between each reading,
Light meter set on 50 foot candles, before addition of soil.



Table 3 |

Effect of

Various Percentages of

Sea Water

on Cay Taken from
Back Bay--10 G ans of Soil, Tenperature 59°F,

Readi ng t aken Back Bay

after stirring Wt er 5% 10% 15% 20%
| mredi atel y 0 0 0 0 0

6 Mnutes 0 0 0 0 0

30 Mnutes 0 4 5 10 10

1 Hour 0 7 9 14 15

1% Hours 0 10 15 18 20

2 Hours 0 11 18 20 24

2% Hours .0 13 20 23 26

3 Hour s 0 15 24 25 28

3% Hours 0 17 26 27 30

4 Hours 0 19 29 30 31

&% Hours 0 20 30 32 34

5 Hours 0 21 31 33 35

5% Hours 0 22 32 35 36
6 Hours D 23 34 35 37

24 Hours 5 37 46 47 48

48 Hours 9 43 52 53 55

72 Hours 14 45 52 54 55

Tabl e 4 Ef fect of Various Percentages of Sea Water on O ay Taken from

Back Bay--10 Grans of Soil, Tenperature 81°F.

Readi ng t aken Back Bay

after stirring Wt er 5% 10% 15% 20%
I mmedi ately 0 0 0 0 0
6 Mnutes 0 0 0 0 0
30 Mnutes 0 6 6 9 10
1 Hour 0 9 10 14 15
1% Hours 0 12 15 18 20
2 Hours 0 15 19 21 24
2% Hours 0 17 23 23 27
3 Hours 0 19 25 26 30
3% Hours .5 21 28 28 32
4 Hours .. 5 23 30 30 34
& Hours e5 24 31 32 35
5 Hours 1 25 32 33 36
5% Hour s 1 26 32 33 36
6 Hours 1 27 34 34 37

1 mnute stirring and 1 ninute |apse between each reading.

Light neter set

on 50 foot

candl es,

before addition of

soi | .



Tabl e ) .

Ef fect of Various Percentages of Sea Water on O ay Taken from
Back Bay--10 Grans of Soil, Tenperature 39°F,

Readi ng t aken Back Bay

after stirring Wat er 5% 10% 15% 20%
| mmedi ately 0 0 0 0 0
6 Mnutes 0 0 0 0 0
30 Mnutes 0 3 4 6 9
1 Hour 0 7 9 16 16
1% Hours 0 11 12 17 18
2 Hours 0 13 14 20 20
2% Hours 0 15 16 21 23
3 Hours 0 17 19 24 25
3% Hours 0 19 21 26 27
4 Hours 0 19 23 21 30
4% Hours 0 20 26 29 32
5 Hours 0 21 28 31 34
5% Hours 0 23 30 32 36
6 Hours 0 25 32 34 38
1 nminute stirring and 1 ninute |apse between each reading.

Light neter set on 50 foot candles, before addition of soil.

Tabl e 6 )

Conparison of Rate of Settling Qut Between Silt,
in Back Bay Water--PO Grans of Soil, Tenperature 63°F,

Loam and d ay

Reading _taken Soi | Type Used
after stirrin Silt Cl ay Loam
| mmedi ately 0 0 0

1 Mnute 0 0 0
30 Mnutes 17 0 5
1 Hour 23 0 7
1% Hours 27 0 9
2 Hours 30 0 12
2% Hours 31 0 13
3 Hours 34 0 14
3% Hours 36 0 15
4 Hours 36 0 15
4% Hours 36 0 16
5 Hours 37 0 17
5% Hours 38 0 18
6 Hours 40 19
15 second stirring and 15 second |apse between each reading.

Light neter set on 50 foot candles, before addition of soil.



Table_ 7 . Conparison of Rate of Settling Qut Between

Silt, Loam

and Clay

in Back Bay \Wter. Raised to 5 Percent Sea Strength--10 Gans

of Soil, Tenperature 630F.

Reading taken Soil  Type Used

after stirring Silt Cl ay Loam
| mmedi ately 0 0 0
1 Mnute 0 0 0
30 Mnutes 21 0 4
1 Hour 28 1 1
1% Hours 32 11 8
2 Hours 35 22 9
2% Hours 35 25 10
3 Hours 36 30 12
3% Hours 39 35 13
4 Hours 40 306 14
& Hours 40 38 15
5 Hours 40 40 15
5% Hours 40 41 15
6 Hours 40 43 16
Table 8 . Comparison of Rate of Settling Qut Between Silt, Loam and Qay

in Back Bay Water, Raised to 10 Percent Sea Strength--lo Gans

of Soil, Tenperature 50°F.

Reading taken Soil Type Used

after stirring Silt Cl ay Loam
[ mmedi at el y 0 0 0
1 Mnute 0 0 b 0
30 Mnutes 20 0 5
1 Hour' 26 3 7
1% Hours 29 9 10
2 Hours 31 15 10
2% Hours 33 20 12
3 Hours 35 25 13
3% Hours 35 29 14
4 Hours 35 30 15
4% Hours 37 34 16
5 Hours 39 35 16
5% Hours 39 37 17
6 Hours 40 40 19

15 second stirring and 15 second |apse between each reading.
Light neter set on 50 foot candles, before addition of soil.



Table "9° . Conparison of Rate of Settling Qut Between Slt, Loam and Qay
in Back Bay Water. Raised to 15 Percent Sea Strength:~-10 Qans
of Soil, Tenperature ®5°F.

Reading taken Soil Type Used

after B8tirring Silt Clay Loam
| mmedi ately 0 0 0
1 Minute 0 0 0
30 Mnutes 21 3 5
1 Hour 28 20 8
1% Hours 31 21 10
2 Hours 34 34 12
2% Hours 36 40 14
3 Hours 38 44 15
3% Hours 40 48 17
4 Hours 41 50 19
4% Hours 42 53 20
5 "Hours 43 55 21
5% Hours 43 55 22
6 Hours 44 56 24

Table_10 . Conparison of Rate of Settling Qut Between s&lt, Loam and Qay
in Back Bay Water. Raised to 20 Percent Sea Strength--10 Qans
of Soil, Tenperature 60°F.

Reading taken Soi |l Type Used

after stirring — Silt — Clay ___Loam
| mmedi at el y 0 0 0
1 Mnute 0 0 0
30 Mnutes 21 2 5
1 Houre 27 15 8
1% Hours 31 25 10
2. Hours 33 31 13
2% Hours 35 36 15
3 Hours 35 40 16
3% Hours 38 43 18
4 Hours 40 45 20
4% Hours 40 47 21
5 Hours 41 50 23
5% Hours 44 52 24
6 Hours 45 53 25

15 second stirring and 15 second |apse between each reading.
Light meter set on 50 foot candles, before addition of soil.



Pigure 1, Light Tramsmission through Véter Solution: of Dfferent
Percentages of Sea Strength, and Initial Equal Turbidity

Induced by 10 Grams of Silt., Tenperature 84°F, (a)
Readings at 30 Mnute Intervals for a 6 Howur Periodi -

(b) Readings at 24, 48, and 72 Hours.'

Initial Light Transmssion of Non-Turbid Soluation WAS
set at 50 Foot Capdles
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704

60

Light Transmission in Foot Candles

30T

(a)

(b) ,Ll:f“‘: ///

Figure 2.

21 48 72
Hour s
Light Transmssion through Water Solutions of Different Percentages of Sea
Strength, and Initial Equal Turbidity Induced by 10 Ganms of Loam Tenper -
ature 62°r, (a) Readings at 30 Mnute Intervals for a 6 Hour Period. (b)
Readings at 24, 48, and 72 Hours.

Initial Light Transmssion of MNon-Turbid Solution was set at 50 Foot Candles.



Light Transmission in Foot Candles

- Light Transmission.in Foot Candles

Figure 3. Light Transmssion through Water Solutions of Different 'Percentages

of Sea Strength, and Initial 'Equal Turbidity Induced by 10 Gans of
Qay.' Tenperature 59°F. (a) Readings at 30 Mnute Intervals for a
6 Hours Period. (b) Readings at 24, 48, and 72 Hours.

“Initial Light Transmssion of NonTurbid Solution was set at 50

Foot  Candl es.
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Figure 4.
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Light Transmission through Water Solutions of Different Percentages
of Sea Strength, and Initial Equal Turbidity Induced by 10 Gams of

Clay. Tenperature g1°F,

Initial Light Transmission of MNon-Turbid Solution was set at 50

Foot  Candl es.
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50 Cay. Tenperature 39°F,
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Figure 6. Conparison of Rate of Settling Qut Between Silt, Loam and C ay,
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in Back Bay Wter, using 10 Gans of Soil at 63°F. Recordings at
30 Mnute Intervals for a 6 Hour Period.

Initial Light Transmssion on Non-Turbid Solution was set at 50
Foot  Candl es.

Actual Percent Sea Strength = 1.407% or 450 ppm.
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Comparison of Rate of Settling Qut Between Silt,. Loam and Clay in
Back Bay Véter raised to 5 Percent Sea Strength, Wing 10 Gans of
Soil at 630F.

Initial Light Transmssion of Non-Turbid Soultion was set at 50 Foot
Candles,

Actual Percent Sea Strength = 5.13% or 1650 ppm
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Figure 8.

Light Transmission” in Foot Candles

Light Transmission in Foot Candles

Figure 9.

!

Comparison of Rate of Settling Qut Between Silt, Loam and Clay in Back Bay
Water Raised to 10 Percent Sea Strength, UWing 10 Gans of Soil at 60°F,

Initial Light Transmission of Non-Turbid Solution was set at 50 Foot Candles.

Actual Percent Sea Strength = 9.93% or 3200 ppm

Recordings at 30 Mnute Intervals for a 6 Hour Period.
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-Comparison of Rate of Settling out Between Silt, Loam and Clay in Back Bay
Water Raised to 15 Percent Sea Strength, Using 10 Ganms of Soil at 650F.
Initial Light Transmssion of NonTurbid Solution was set at 50 Foot Candl es.
Actual Percent Sea Strength = 14.90% or 4800 ppm

Recordings at 30 Mnute Intervals for' a 6 Hour Period.
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Figure 10.

“for 6 Hour Period.. L

Conpari son of Rate of Settling out Between Silt, Loam, and day in
Back Bay Water Raised to 20 Percent Sea Strength, using 10 Gans of
Soil at 60°F.

Initial Light Transmssion of NonTurbid Solution was set at 50
Foot Candl es.

Actual Percent Sea Strength = 20.05% or 6450 ppm..

Recordings; at: 30 Mnute intervals;
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Available Nutrient Evaluation of Back Bay Soils after Treatment with
Various Percentages of Sea Strength

The soils that were used to check the effect of sea water on'turbidity
were analyzed to determine the amount of available nutrients that m ght
be added to the various types of Back Bay soils when treated with 5, 10,
15, and 20 percent sea strength.

The soils used were clay, silt, loam and sand.

Resul ts

Clay

1. The pH appeared to drop as the salinity went up but no change was
noted under 15 percent sea strength.

2, Phosphorus, potassium calcium nagnesium nitrates, and iron
remained the same at the salinities used.

3. Amonia and sulfate showed a slight increase, wth increasing
salinities.

4, Chloride showed a greater increase, ranging from low to high,+
with increasing salinity.

Silt

1. pH showed no appreciable change wth increasing salinity.

2. Calcium magnesium nitrate, and ammonia remained the same at the
various salinities used.

3. Phosphorus and sulfate showed a slight increase wth increasing
salinity.

4, Potassium and chloride showed a gradual increase as the salinity
i ncreased.

5. lron showed a progressive decrease as the salinity increased.
Loam"
1. pH showed no appreciable change at the different salinity Ievels.

2, Mgnesium and nitrates remained the sanme at the various salinity
| evel s.

3. Phosphorus, calcium sulfate, and chloride showed a slight increase

as salinity increased. No explanation is offered for the drop in
chloride at the 10 percent [evel.
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4, Potassium and ammnia showed a rather sharp increase as salinity
i ncreased

5. lron showed a gradual decrease as the salinity increased
Sand
1. pH showed no significant change with different salinities.

2, Phosphorus, calcium nitrates, amonia, and sulfate showed no
change with the various salinities used

3. Mgnesium and chloride showed a slight increase wth increasing
salinities. ‘

4, lron showed a slight decrease as the salinity increased

Cenerally speaking the addition of the various percentages of sea water
to Back Bay water did not result in any significant changes in pH,
nitrates, mgnesium and calcium Only slight increases were wusually
observed in potassium sulfates, ammonia, and phosphorus, whereas
chlorides increased rather sharply, as the salinity increased. In

all cases except with clay, ferric iron showed a decrease as the
salinity increased, but clay showed a very low amount of iron, even

in Back Bay water.

It seems noteworthy that the various soils tested do not react the same
way to the addition of sea water. This was also true wth the turbidity
tests.
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Tabl e Nutrient Evaluation of Soils after Treatment with Various
Percentages of Sea Strength
Soi | Avai | abl e** Back Bay

Type Nut rient 1. 4% 5%. 10%.. 15% 20%

Clay pH (wet). 8.0 8.0 8.0 7.5 6.5
pH (dry) 8.0 8.0 8.0 8.0 7.0
Phosphor us Hi gh+ Hi gh+ Hi gh+ Hi gh+ Hi gh+
Pot assi um V. Hi gh V. Hi gh V. High V.High V.High
Cal ci um Med. Med. Med. Med. Med.
Magnesi um Hi gh Hi gh Hi gh Hi gh Hi gh
Nitrate None None None None None
Ammonia Hi gh+ Hi gh+ Hi gh+ V.High v.High
Sulfate V. Low+ V. Low+ V. Low+ V.Low+ Low
Chori de Low+ Med. + Med. + Hi gh+ Hi gh+
Ferric Iron V.Low V.Low V.Low V. Low V.Low

Silt pH (vet) 6.5 6.5 6.5 6.5 6.5
pH (dry) 6.5 6.5 6.0 6.5 6.0
Phosphorus Med. Med. Med. Med. + Med. +
Pot assi um Med. Hi gh+ Hi gh+ V.High V.High
Cal cium Low Low Low Low Low
Magnesi um Med. + Med. + Med. + Med. + Med. . +
Nitrate None None None None None
Amoni a Hi gh+ Hi gh+ Hi gh+ Hi gh+ Hi gh+
Sulfate V. Low+ V. Low+ V. Low+ V.Low+ Low
Chlori de Low+ Med. + Hi gh V.High V. High
Ferric Iron* Med. Med. Med. Low Low

Loam  pH (uet) 6.5 6.5 6.0 6.0 6.0
pH (dry) 6.0 6.5 6.0 6.0 6.0
Phosphorus Med. Med. + Med. + Med. + Med. +
Pot assi um Med. Hi gh V. Hi gh V.High V.High
Cal ci um Low Low Med. Med. Med.
Magnesi um Med. + Med. + Med. + Med. + Med. +
Nitrate None None None None None
Ammoni a Hi gh Hi gh+ Hi gh+ Hi gh+ V. Hi gh
Sul fate V.Low V.Low V.Low V.Lowt+ V.Lowt+
Chloride Med. + Med. + Low+ Hi gh Hi gh%
Ferric lron*:  Med. Med. Low Low Low

Sand PH (wet) 6.0 6.0 6.0 6.0 6.0
pH (dry) 6.0 6.0 6.0 6.0 6.5
Phosphor us V.Low- V. Low- V. Low- V.Low~-  V.Low-
Pot assi um Low+ Low+ Low+ V.High+ V. Hi gh+
Cal ci um V. Low- V. Low- V. Low- V.Low- V.Low-
Magnesi um V.Low= V.Low~ V.Low- V.Low+  V.Low+t
Nitrate None None None None None
Amoni a V.Low= V.Low- V.Low- V.Low-  V.Low-
Chloride Med. Med. Med. + Hi gh Hi gh
Ferric Iron Low Low Low V.Low V. Low

% Actualfy appears to e progressive from nedium to low as percent of sea

strength increases.
*% Analyses made wth a Hellige-Truog conbination soil tester, Mdel 697.



RELATIONSHPS OF THE CHEM CAL COONTENT OF WATER, SOLS, AND
AQUATIC  PLANTS

Several individual studies were undertaken to determne the chem cal
make up of the water, soils, and plants, and to interpret the sig-
nificance of the values. Namely, these studies consisted of an
extensive analyses of the water by the U S. Geological Survey;
periodic water and soil anal yses from17 test plots; and spectro-
chenmical analyses of aquatic plants from field locations and
control | ed bi oassays.

Considerable relationship exists between these studies and, while
each will be considered as an entity, interspersion of data and its
inplications wll be considered as appropriate.

Laboratory Chenical Anal yses of Water, 1959..

The U S, Ceological Survey at Raleigh, North Carolina;, analyzed
eight water sanples from Back Bay and Qurrituck Sound collected on
August 19, 1959, and four sanples collected between Novenber 23 and
Decenber 12, 1959. The acconpanying table presents the results of
these analyses, the location from which the samples were collected,
and the dates of collection. Al sanples were depth integrated
sanpl es. Sample station nunmber eight was taken from the ocean
near the Virginia-North Carolina Stateline; the significance of
this sanple is that it indicates the proportions of elenents that
have been introduced into the study area when ocean water had access
to the area, and also what would be introduced by managenent with
ocean water introductions. The ocean water near Sandbridge at the
time of analyses contained only 16,900 ppm (parts per mllion)
chlorides which is only 86.5 percent of the 19,538 ppm d given

by John C dsen in the 7th Edition of Van Nostrand's Chenical
Annual . This abnormality had been noticed in Mrch 1959 when the
ocean water at Sandbridge, Virginia, was only 78 percent of the
normal |y accepted ocean salinity. This is probably explained by
the southward novenment of diluted ocean water, noving along the
shore, from the Chesapeake Bay Area. This is a fact of consider-
able inportance in relation to controlled ocean water introduction.

Cal ci um

The GCeol ogical Survey analyses in 1959 showed only 10 to 20 ppm
calcium in the northern part of the study area, 38 to 40 ppm in
the southern part, and 409 ppm in the ocean water.

Ellis, et al.. in review of literature state that Chle (1934) found
the biota of the lakes in north Germany to be poor if the calcium
were less than 10 ppm good when the calcium ranged between 10 and
25 ppm and very good when the calcium exceeded 25 ppm
L3

Calcium salts are known to be toxic in high concentrations but
specific toxicity of the calcium ion varies with the plant species
and references are lacking for its effect on the species wth which
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we are concerned. The waters of the study area varying as they do
between 10 and 40 ppm are probably well below any toxic level, and
are likely to be sonewhat | ow for maxi mum biotic production. ,
Pearse (1939) presents the calcium content of typical ocean water,
hard fresh water,and soft fresh water as 420 ppm 65 ppm and 10
ppm respectively.

MKee and WIf (1963) state that "calcium in the water reduces the
toxicity of many conpounds to fish and other aquatic fauna, " and
cite exanples where increased concentrations of calcium cancelled
the toxic effect of lead, zinc, and alumnum Hart et al. (1945)
cite a reference that, of the U S waters supporting a good nixed
fish fauna, about 5 percent have less than 15 ppm of calcium 50
percent have less than 28 ppm and 95 percent have less than 52 ppm
Thus the waters of Back Bay during the fresh water conditions of 1959
were in the lower percentile group.

Magnesi um

The water sanple taken in Novenber 1959 from the North Landing River
contained 14 ppm and was the lowest recorded, and the highest content
recorded was 110 ppm from south Qurrituck in August 1959. The ocean
water sanple contained 1,160 ppm  Pearse (1939) lists the content
of magnesium in typical sea water, hard fresh water,and soft fresh
water as 1,310 ppm 65 ppm and 10 ppm respectively. According to
Welch (1935) magnesium is a conponent of chlorophyll, and in some
instances, acts as a carrier of phosphorus.

Hart et al. (1945) cite a report that, of U S \Waters supporting
a good fish fauna, about 5 percent have less than 3.5 ppm of nag-
nesium 50 percent have less than 7 ppm and 95 percent have |ess
than 14 ppm  Since 14 ppm was the lowest recorded for the study
area, it is obviously in the upper percentile group.

MKee and Wl f (1963) quote Hedgepeth (1943): "The rel ative con-
centration of magnesium and calcium in water may be one factor
controlling the distribution of certain crustacean fishfood organisns,
such as copepods, in streans."

Doudoroff et al. (1953) point out that some fresh-water fish have been
found in very saline lake water containing over 1,000 ppm of magnesium
as well as additional sodium and cal ci unsalts. It is not considered
here that the higher magnesium concentrations, of 110 ppm were limt-
ing to fish life.

Sodi um
Sodium increased in direct proportion to the chloride content. The
range in the study area waters was from 99 ppm to 850 ppm in the

August and Novenber 1959 analyses by the Geological Survey; the
ocean water sample contained 9,460 ppm
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Hart et al. (1945) report that of the U S waters supporting a good
fish fauna [fresh water], ordinarily the concentration of sodium
plus potassium is less than 6 ppm in about 5 percent, less than 10
ppm in about 50 percent, and less than 85 ppm in about 95 percent.

MKee and WIf (1963) nention that several investigators reported
that 500-1,000 ppm of sodium was toxic to fish in distilled and soft
waters when sodium chloride or nitrate was tested, They also nention
that toxicity of sodium salts depends largely on the anion involved,
the chromate being exceedingly toxic and the sulfate least so.

Pot assi um

The Yearbook of Agriculture (1953) states "A deficiency of potassium
makes many diseases nore severe, presumably because plant sugars
accumulate in the cells in the absence of potassium instead of

Iding into new tissue.. A deficiency of potassium eventually
retards photosynthesis and production of new tissues."”

Pearse (1939) lists the conposition of "typical" sea water, hard fresh
water, and soft fresh water as containing 390 ppm 16 ppm and O ppm
of potassium  respectively.

In the waters of the study area the concentration of potassium ranged
from 7.5 ppm to 35 ppm and generally increased toward the south end
of the study area in proportion to the salinity; however, other
variables than salinity are obviously affecting the concentration

of potassium in the water. Wth the exception of the North Landing
Rver, the potassium content of the waters was higher in the Novenber
sanples than in the August sanples. Surber (1947) considered that
plants act as a storehouse for nutrient elenents. The subsequent
breakdown of these plants in the late fall and early winter may have
rel eased sufficient potassiumfor the detected rise in the potassium
content of the water. The water from North Bay increased in potassium
content from 6.8 ppm in August to 12.0 ppm in Novenber, but the rise
in chloride content was only 20 ppm between those two dates. At the
south end of CQurrituck Sound the potassium content increased from
23.0 ppm in August to 35.0 ppm in Novenber, and there was actually

a decrease in chloride content in these waters from 1,520 ppm in
August to 1,400 ppm in Novenber. Potassium has a nost favorable
influence in peat, sand, and hard-bottomed ponds; in nud ponds, it
inhibits hard water-flora and favors soft water-flora (Schaeperclaus,
1933).

Ntrate

The supply of nitrates in the water generally tended to decrease
from north to south in the study area, as shown by both the Ceological
Survey and our own analyses from the plots. The range from the GS
analyses was 0.2 to 1.0 ppm whereas the range from our plot water
analyses was 0.00 to 1.26 ppm The ocean water sanple contained no
nitrates. Qur quarterly analyses indicated highest concentrations

in the winter and lower concentrations in the summer.
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Tabl e . (Cont'd) Quarterly Wter Analysis of \ter Sanples from Back Bay, Virginia, and Qurrituck Sound,
Carolina, Test Plots. (Data Expressed in Parts Per MIlion Except for pH). July 1959 . January 1963.

Back Bay-Currituck Sound Cooperative Investigations.

North

Pl ot
Anal ys-is Back Bay Currituck  Sound
for: 1 2 .3 4 5 § 1 8 9 10 11 12 13, 14, 155 6., 17
Nitrite July 1959 %* 0.03 0.05 0.05 0.04 0.04 0.04 0.08 % % % % % % * %
April 1960 %* % * % * %* % * 0.00 0.00 # 0.05 0.00 0.00 0.00 0.00 0.0
June 1960 0,03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 001 0.0l 001 0.01 001 001 001 0.0
Oct. 1960 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 000 0,0
Feb. 1961  0.00 0.00 0.02 0.00. 0.02 0.02 0.00 0.00 0.06 0.06 0.08 0.04 0.04 0,05 0.03 0.04 0.0
April 1962 0.03 0.02 0.04 0.00 0.03 0.00 0.00 0.00 0.02 0.03 0.03 003 0.03 003 003 0.03 0.0
July 1962  0.04 0.04 0.03 0.06 0.04 0.05 0.05 0.06 0.00 000 0,00 0.00 0.04 0.00 0.05 0.00 0.0
Oct. 1962  0.06 0.05 0.06 0.04 0.06 0.03 0.04 0.06 0.05 0.05 0.05 0.05 0.04 0,05 0.04 0,04 0.0
Jan. 1963  0.05 0.02 0.04 0.04 0,04 0.02 0.04 0.05 0.06 005 0,06 0.04 0.04 0.05 0.05 6,04 0.0
Nitrate  April 1960 * * * %* %* * %* * 0.57 0.37 * 0.30 0.77 0.81 q.58 * 0,2
June 1960 ok * %* % * % * 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.0
Oct. 1960 1.1, 1,00 0.89 0.97 0.84 0.00 0.73 0.53 0.42 0.44 0.30 052 0.47 0.67 0.39 0.46 0,2
Feb. 1961  1.26 0.50 0.52 0.50 0.37 0.50 0.50 0.43 0.55 0.89 0.57 0.79 0.8 0.8 0.69 0.8 0.1
April 1962 0.04 0.02 0.00 0.20 0.07 0.04 0.10 0.05 0.09 0.04 0.02 0.03 0.03 0.04 0.03 0.02 0.0
July 1962 0.42 0.31 0.30 0.36 0.35 0.42 0.28 0.3 005 020 0.22 018 0.16 0.19 0.12 0.02 0.0
Oct. 1962 0.60 0.67 0.67 0.58 0.77 0.63 0.63 0.77 0.44 0.57 0.50 0.60 0.48 0.60 0.50 0.46 0.4
Jan. 1962 0.75 0.92 0.63 0.82 0.57 0.84 0.75 0.77 0.42 0.77 0.53 0.75 0.73 0.62 0.57 0.75 0.1
Met hyl-*  July 1959 222 24 240 22 24 24 .22 32 %* ¥ %* * %* * * %
orange Dec. 1959 26 32 26 28 26 '26 30 '24 % * % % * %* * *
AlkalinityApril 1960 22 24 24 22 24 22 22 24 % * % * % * * %
June 1960 26 28 24 26 24 26 28 28 % % % * % % %* %
Oct. 1960 44 44 46 38 42 42 40 38 * % %* * %* * * *
Feb. 1961 36 56 ' 36 32 28 30 30 28 * % % * %* % %* %

%* No data available.
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Spectrochem cal Analysis of Sago Pondweed Collected from Representative:.
Field Locations

Samples of sago pondweed and redheadgrass leaves and stems were collected
on August 29, 1959, from several sites throughout the length of Back Ray
and Currituck Sound for spectrochenical analysis. The  Spectrocheni cal
Laboratory, Plant Industry Station, Beltsville, Mryland, subsequently
mde the determnations. A each site soil sanples were also taken for
laboratory analyses; the aforenentioned Geological Survey water sanples
were taken the same nmonth.

Field ratings of excellent, good, fair, or poor were assigned to the
vegetation sanples at time of collection and later conpared by rank
order to the quantity of each major element in the plant. In this
rough conparison, it appeared that there were greater concentrations
of aluminum copper, mnganese, iron, calcium and boron in the poorer
quality sago pondweed plants. In general, there were higher quantities
of sodium potassium and nagnesium in the sago pondweed plants of
better condition. The condition of the plants did not appear to be
related to the content of phosphorus in the plant.

The elements in the waters and plants will be considered individually.
Cal cium

The calcium content of these waters did not vary much north of mid-

Currituck Sound at station # 6. From that station southward the waters
contained approximately twice the quantity of calcium that they did to
the north, and the quantity was generally proportional to the salinity.

The anomaly of higher calcium content in the sago pondweed plants and
redheadgrass plant. samples from the nore northerly portions of the area,
as shown Dby the spectrochemcal analyses, could possibly result from
several things. It mght be explained by the generally higher content
of calcium in the soils from the northern portion of the study area, or
from the suggested tendency mentioned in Agricultural Handbook MNo. 60
(1954) "of high sulfate concentrations (in this instance in the southern
portion of the study area) to limt the uptake of calcium by plants.”
Another explanation may be the calcium suppression by potassium which
will shortly be discussed.

In the Agricultural Yearbook (1938) it is stated "that calcium is seldom
if ever found in the soil solution in concentrations high enough to be
injurious to crop plants. This is because it is wusually associated in
the solution with sulphate and bicarbonate, wth which it forms salts of
such low solubility that it is precipitated from solution before it
reaches injurious concentrations."

The anomaly of decreased calcium content in the plants in waters wth
higher calcium content is somewhat parallel to data in a report by

Alston W Specht, et. al.~(1956) in which they report on the uptake of
elements in the leaves of Trifolium hirtum raised in sand cultures wth
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Table - Oonparison of Field Rating, of SagoPondyeed Condition with the Content Of

Elenents in the Plant Sanple as Datermined DY Speciro-Chemical Analvses¥.

Sanpl es from Back Bay, Virginia, aad Carrituck Sournd, North Carolina
Col lection dates: August 29-30, 1959

Al um num copper Mang anas:
Sanpl e ppm Rati ng Sanpl e Sanpl e
No. ppm Rati ng No. ppm Rat NO. ppin Rati ng
11 420 Excel | ent 13 6.2 Good 11 120 Excel | ent
13 460 Good 11 8.6 Excel l ent 13 180 Good
2 490 Poor 9 9.1 Fai r 2 200 Poor
1 520 Fair 2 14.0 Poor 1 210 Fair
9 800 Fair 4 20.0 Poor 5 230 Good
6 1700 Poor 5 21.0 Good 9 240 Fai r
5 1900 Good 6 21.0 Poor 4 260 Poor
4 1900 Poor 1 25.0 Fair 6 450 Poor
[ron Cal ci um Bor on
Sanpl e Sanpl e Sanpl e
No. ppm Rating No. ppm Rating No. ppm ' Rating
11 300 Excel | ent 11 9700 Excel | ent 13 240 Good
2 320 Poor 13 11000 Good- 5 532G . Good
13 360 Good 5 11000 Good 1 560 “Fair
9 460 Fair 6 13000 Pcor 11 680 Excel | ent
1 590 Fair 9 14000 Fair 9 680 Fair
6 720 Poor | 15080 Fair 4 770 Poor
4 840 Poor 4 15000 Poor 6 800 Poor
5 1000 Good 2 17000 Poor 2 840 Poor

In general it appears that there are increasing anmounts of the above listed elements
in the sago plant specinmens of poorer condition. Wth the exception of phosphorus it
appears that increasing amounts of the elenments |isted below are found in sago pl ant
specimens of better condition.

m Pot assi um Ma nesium
ple ~ Sanpl e Sanpl e
No. ppm Rating No. ppm Rating No. PP Rating
6 3800 Poor 6 12000 Poor 6 6900 Poor
2 4700 Poor 4 15000 Poor 4 7000 Poor
4 5200 Poor 2 17000 Poor 2 7800 Poor
9 6000 Fair 11 20000 Excel | ent 13 8500 Good
1 6700 Fair 13 22000 Good 5 8.500 Good
5 6700 Good 1 25000 Fair 9 9300 Fair
13 7200 Good 9 25000 Fair 1 10000 Fai r
11 8200 Excel | ent 5 25000 Good 11 11000 Excel | ent
Phosphor us
Sanpl e Sanmpl e
No. PpPM Rating No. ppm Rat i ng
2 1400 Poor 9 1900 Fair
13 1600 Good 1 2000 Fair
11 1700 Excel | ent 4 2400 Poor
6 1800 Poor 5 2800 Good
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various nutrient supplies. It is stated in that report that "The
accumul ations of cal ciumand magnesiumin the tops were in general in
inverse relation to their supplies and to the accumulation of potassium
The cause of these inverse relations was probably an inbalance in the
nutrient solution between calcium and magnesium on the one hand and
potassium on the other. This interpretation is supported by the fact
that the equivalent potassium concentration was roughly 3 and 3% tines
as great as that of calcium and nagnesiumrespectively. Under this
condition, potassium uptake dom nated uptakes of cal ciumand nmagnesi um
so that their accunulations.not only did not increase wth increased
concentrations in their supplies but actually tended to decrease. Thi s
conpetitive relationship of potassium wth calcium and nagnesium has been
frequently denonstrated.”

At the risk of taking some facts out of context fromthis paper by

Specht, some other principles involved in that study were: "increased
concentrations in the nutrient supply did not cause increases in
accumul ations of copper, iron, sodium and alumnum in the tops of plants

which were linited to synbiotically fixed nitrogen only. The accunulation
of these elements--except alum num-tended to increase, however, with
increased concentrations in the nutrient supply when the plants were
supplied wth supplementary nitrogen. This indicates that the source
of nitrogen can influence the accunmulation of certain other elements.
The. data show that an increase in the supply of either potassiumor

magnesi um produced a significant increase in yeild, .... The high
| evel of calciumand the interactions of the el enents produced no
significant differences in yield. Increasing the potassium supply

resulted in increases in the accunulation of potassium nitrogen,
phosphorus, and boron in the tops, but calcium magnesium and nanganese
uptakes were decreased.

"The accumul ati on of boron wasnmarkedl yi ncreased by the over-all effect
of increased potassium supply. The potassiumand cal ciumeffects on

boron accumulations are alnost equal and are additive. The high |evel
of cal cium supply caused increased concentrati ons of cal ciumand boron
and decreased concentrations of rmagnesium and copper. The increase

in the supply of magnesium caused increased accunulations in the tops
of magnesium nitrogen, and phosphorus, but produced decreased concentra-
tions of calcium boron, manganese, and copper.

"It is unlikely that an application of calciumwould result in any
nutritional benefit under cultural conditions which permt 2.5%or nore
of this elenment to accumulate in the tops. In fact, excess limng wth
a | ow magnesi um mat eri al woul d probably prove detrinental because of the
depressing effect of a high calcium level on magnesium accunulation.
A'so, what is probably nore inportant, it was found that the high Ievel
of calcium supply decreased the efficiency of nitrogen fixation through
its interaction with potassium The data indicate that, wthin the
levels of supply used in experiment 2, potassium and magnesium tend to
suppl enent each other for inducing growth and nitrogen fixation. Since
magnesi um accunul ation is readily depressed, however, by the high |evel
of potassium too high or too frequent applications of potassium could
[imt growh.
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"It is entirely possible that the beneficial effect of adequate magnesi um
supply on nitrogen fixation and yield is a stinulation of root and nodule
growth."

This lengthy presentation of excerpts from Specht's publication is
necessary here because the sources to be drawn fromin interpretation of
wat er chemstry = plant ash el ement content are limted and probably
nonexi stent for the aquatic vegetation with which we are here concerned.
The conparability of nutrient relationships for Trifoliumand the aquatic
vegetation is not known but the limted. data suggest, some relationships.

As previously nentioned one of the principles of nutrient relationship
of Trifolium that may apply here is the high content of calcium in the
aquatics fromthe areas of relatively | ow cal ciumcontent of the water
and low potassium and magnesium content. Al so sul phate was relatively
low in areas where the plants had a higher uptake of calcium  Conversely,
the calcium uptake of aquatics appears to be lower in the areas where the
wat er contai ned a higher |evel of calcium potassium magnesium and

sul phat e.

Lyon and Buckman (1950) "too much calciummay interfere w th phosphorus
and boron nutrition or may encourage chlorosis due to a reduction in the
availability of the soil iron, =zinc, or manganese. An undersupply of
calcium may retard both nitrogen and phosphorus availability."

There is a progressive increase in salinity fromnorth to south through
the study area that is characteristic. Associated with the increasing
salinity the calciummgnesium ratio. decreases in the water. Expressed
in equivalents the ratio of cal ciunlnagnesi umof the waters of the Back
Bay Area is 1.0l.or 1.02; in upper CQurrituck Sound the ratio in
equivalents is about 0.97; and in lower CQurrituck Sound the ratio is

0. 60. In the ocean water sanple,the ratio. in equivalents of calcium
magnesi um was 0. 58.

This relationship of calciunm magnesi um appears to follow the sane pattern
in the soils and in element content in the sago pondweed specinens,
although it is sonewhat erratic. In the Back Bay Area, the average ratio
of cal ci um magnesi um as equivalents in the soil is 0.88; in the soils of
north Qurrituck the ratio is07 and in south Qurrituck the ratio is
0.56. In the sago pondweed sanples from the Back Bay Area,the calciunl
magnesium rati o as equival ents averaged 2.96; in north Qurrituck the
average ratio is 1.91 (an average of 2.37 and 1.45); and in south
Currituck the ratio of the only sanple was 2.13.

Based on wei ght the cal ci umi magnesiumratios cal cul ated fromdata by
Pearse (1939) for typical ocean water, hard fresh water, and soft fresh
water were 0.32, 4.64, and 18.8, respectively. The ratios of calcium

magnesi um by wei ght in the Back Bay Areawereabout 0.62; in north and mid-
Qurrituck it was 0.59: in south Qurrituck, 0.36; and in the ocean water,

0. 35. [t would seem therefore, that while calcium is depauperated relative
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to mgnesium in its deviation from the "typical," actually the trends in

the ratios of calcium to nagnesium in the waters, soils, and plants are
the same. Based on equivalents the calciuninmagnesium ratios of the soils',

waters, and plants and the field rating of the condition of sago pondweed
wer e:

Locati on Soi | Wt er Pl ants Plant Condition:
North Bay 0.98 1.01 2. 47 Fai r

Shipps Bay 0.80 (1.01)* 3.59 Poor

Redhead Bay 0.86 (1.02)* 3.53 Poor

Back Bay 0.76 1.02 2.13 CGood

Buzzard Bay 1.00 (1.02)* 3.10 Poor

N Currituck 0.76 0.97 2.37 Fai r- Good
Md-CQurrituck 0.76 0.98 1.45 Excel | ent

S.  Currituck 0.56 0. 60 2.13 Good

*Values from contiguous areas used.

I n-associ ation with the above rel ationshi ps potassi umand sul fate increase
fairly progressively from North Bay to south Qurrituck. It wll be noted
that the field rating of condition of the sago pondweed sanples varies in
relation to the calciunmagnesium ratio- in the plants. i

Magnesi um

Magnesi um has been considered in the above di scussion of calcium as
inplied there,it increases with increasing salinity and the uptake by
sago pondweed is greater in the better quality plants.

The Yearbook of Agriculture (1938) states that "as a rule healthy plant
| eaves contain about 0.5 percent of magnesia."

On the exchange capacity of the soils of the study area there is an
apparently strong correlation between mlliequival ents of nmagnesi um per
100 grans of soil and the percentage of clay particles (0.002 nm) in the
soil; eg., withincreasing clay particles in the soil there is an increase
in the exchangeable magnesium A | ess pronounced rel ationship exists
bet ween exchangeabl e magnesi um and the percentage silt sized particles
(0.05-.002 mm). Lyon and Buckman (1950) state: "Wile all, sorts of
cations may thus be | oosely held by the adsorptive power of the clay
nuclei, certain ones are especially promnent. For a humd-region clay,
these in the order of their nunbers are H¥ and catt first, Mgt second,
and Kt and Nat 'third." They consider this hum d-region clay as having.
a caliumhydrogen = conplex; " The ecéndition on the study area, however, is
a hydr ogen- magnesi um complex. St

The Agricultural Handbook MNo. 60 (1954) states: "Hgh concentrations of
magnesiumin the substrate are frequently nore toxic to plants than
isosmotic concentrations of other neutral salts. This toxicity of
magnesi um may be all eviated by the presence of relatively high concen-
trations of calcium ions in the substrate.” It is not here postulated
that magnesiumoccurs in excess in the soils or waters of the study

area, and even nore certainly it is unlikely that there is a deficiency,
but the conditions influencing the uptake of nagnesi um potassium and
cal cium apparently have caused an inbalance, which is evidenced in the
plant by a white or yellowish chlorosis of sago pondweed.
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Sodi um

In the sago pondweed plants analyzed,sodium content tended to be greater

in the plants of better condition, whichwerefrom the southern part of

the area. As previously nmentioned this may have resulted from suppression
of calcium uptake by sulphate and potassium with concomtant increase in
sodi um s

The Agricultural Yearbook (1953) states that "sone experiments show that
the addition of salt has increased the growth of crops. The phenomenon
of base exchange enters here, and the salt addition may have released
other elenments of more direct use to the plant." Mller (1931) considered
the role” of sodium as follows: (1) a conserver of potassium since |ess
is absorbed when sodium is present, (2) replaces potassium to a limted
extent as a plant-nutritive element, (3) renders soil-adsorbed potassium
mre available to plants, and (4 to be an antidoting agent against
certain toxic salts in the nedium

Manganese

The Agricultural Yearbook (1938) states: "Manganese is a common

constituent of soils and plants, the quantities present in both varying
greatly.  There is no correlation between the nanganese in the soils and
in the plants growing on the soils. The availability of mnganese is
governed rather by the acidity and the reducing action in the soil than

by the quantity present. The nanganese in soils containing organic natter
becomes very soluble when these soils are subnerged for relatively short
periods.  Under these conditions the:- concentrations of soluble mnanganese
greatly exceeds the limts that have been found toxic to plants." (Chlorosis
and sometimes necrotic spotting characterizes a deficiency.) "Some plant
leaves contain as little as a few thousands of 1 percent, and a nunber of
tree leaves growing on very acid soils contain nearly 0.5% (5000 ppm)."

The nanganese content in the sago pondweed and redheadgrass sanples tended
to be greatest in those given a field rating of poor and least in the

plants of Dbetter condition, but the differences are possibly insignificant
The Agricultural Yearbook (1953) states:  "Manganese when present in

excess my bring about iron deficiency." The uptake of manganese in the
sago pondvweed and redheadgrass appears to bear some relationship to
exchangeable H in the soils.

Pot assi um

In the soils of the study area it is found in far less supply than the
other mgjor cations. The mlliequivalents perl00 g. of soil indicate
that the concentration of potassium is highest in Back Bay and North Bay
soils where the cation exchange capacity is highest.  However,  propor-
tionally the sandy soils of Shipps Bay have the highest percent of
exchangeable potassium. This percentage increase in potassium appears
to be at the expense of hydrogen on the cation exchange conplex.
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The content of potassium in the sago pondweed plants from field sanples
has been considered already; it was indicated that greater amounts were
found in the plants of better condition and that possibly it effected a
better balance between calcium and magnesium by Ilowering the uptake of
cal ci um

Al um num

The al um num content in the sago pondweed and redheadgrass sanpl es was
lowest in the plants of apparent best condition and highest in those of
apparently poorest condition. The alumnum content in the plants does
not appear to vary in relation to that in the water. A fairly positive
rel ationship, however, exists between the percent of exchangeable
hydrogen in the soils and the uptake of aluminum by sago pondweed as will
be witnessed in the following rank conparison:

Exchangeabl e hydrogen % in soil: 2. 31 36 38 39 40 41 46
ppm al um numin plant: 490 460 420 800°.1700 520 1900 1900

Al t hough. somewhat erratic,at higher percentages of exchangeabl e hydrogen
in the soil.uptake of aluminum was greater by sago pondweed. A um num
will be considered in greater detail in later. analyses.

lron

The quantity of iron in the sanples of sago pondweed and redheadgrass was
erratic in relation to the condition of the plants at the time of collection.
Deposits on the roots of aquatics of the area which are apparently iron

are commonly observed. Increased uptake of iron in sago pondweed occurs

wi th increasing percentages of exchangeabl e hydrogen in the soil, and is
correl at ed, therefore, with the uptake of phosphorus.

There is some indication of higher nitrate content in the waters of the
northern part of the area during the summer, which m ght increase the
uptake of iron and copper by the plants.

Bor on »

From the Agricultural Yearbook (1938): "Small anounts of boron are
required for plant growh and slightly higher concentrations cause
injury. Boron is present in quantities up to 200 ppm in all normal,
healthy plants; O-chard grown citrus |eaves suffering from boron
injury may contain in excess of five tinmes as nuch. Irrigation water
occasionally contains boron in anounts toxic to plants. Considerable
danmage to citrus crops in California was caused by irrigation water
containing nore than one-half part per nillion." The Agricul tural
Handbook No. 60 states: "Foliar analysis is useful in the diagnosis of
boron injury of many plant species. The boron content of normal mature
leaves of such plants as citrus, avocados, walnuts, figs, grapes, cotton,
"and alfalfa tops is about 50 ppm  Boron contents of 20 ppm or less

i ndi cates deficiency, while val ues above 250 ppm are usual | y associ at ed
with boron toxicity. |If due allowance is nade for varietal specificity
in boron accunulation foliar analysis may provide a readier basis for
diagnosis than analysis of soil or water."
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In the analysis for boron in sago pondweed and redheadgrass the nost
striking characteristic is that the boron content in sago pondweed averages
12 times the amount'in redheadgrass fromthe sanme waters and soils. Little
i f any,relationship, exists between the boron content of the water and that
of the uptake by these plants. Controlling factors of uptake are not
readily apparent. The sago pondweed sanpl es of poorer condition contained
[arger quantities of boron than the sanples in better condition.

Phosphor us

The content of phosphorus in sago pondweed and redheadgrass, as shown by
the spectrochenical analyses, tends to decrease from north to south
through the study area. This appears to be associated with soil charac-
teristics; and nost particularly the percentage of hydrogen on the cation
exchange conpl ex. In rank conparison of the percent phosphorus in the
sago pondweed plants and the exchangeable hydrogen percentage from the
soils fromwhich the sanples were taken, it will be noticed that as _
exchangeabl e hydrogen increases in the soils that the uptake of phosphorus
was greater:

Percent phosphorus in plants: .14 .16 .17 .18 .19 .20 .24 .28
Percent ex. hydrogen in soil: 22 31 36 39 38 40 41 46

Alsothe greater anmount of hydrogen on the exchangeabl e cation conplex is
nost cl osely associ ated with decreasi ng percentages of sodiumon the
cation exchange conplex. Robinson (1949) lists the order of absorption
of the principal ions as H»Ca»MgyK)Na. "The replacenent of exchangeable
sodium by exchangeable hydrogen is, thus nore rapid than the replacenent
of exchangeable hydrogen by exchangeable sodium"

If this relationship is as sinple as it seens when the percent of
exchangeabl e sodi um increases,.the hydrogen that is exchangeable decreases
and the uptake of phosphorus by the plants decreases. Wile this relation-
ship is factual, there aremany facets asto the reasons for it and
variation in particle size, the presence of sesquioxides, fluorides,
chlorides, and bicarbonates serve further to conplicate it. Wiile the
_strongest relationship is that of sodi um di spl aci ng hydrogen in the
exchange conplex, there is a positive trend indicating that magnesium also
serves to displace hydrogen. The fact that sodi umrepl aces hydrogen to

a greater extent than magnesium and magnesi umdoes so to a greater extent
than cal ciumis because of the relative proportions in the water, e.g.,
Na>My> Cad K. (See Table).

A rel ationship al so exists between the pH of the saturated paste (1:1)
of the soil and the uptake of phosphorus by sago pondweed:

Percent phosphorus in plant: .24 .16 .17 .18 .19 .20 .24 .28
pH of saturated paste: 4.9 4.8 4.2 5.0 4.9 46 4.2 4.0
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at

The trend here is not as apparent as that of the percent of exchangeable
hydrogen and phosphorus uptake, because the first three values are sone-
what erratic. Basically all this nmeans is that phosphorus uptake was
enhanced by increasing soil acidity, but sodiumand to sone extent nagnesium
and possibly cal ciumby decreasing soil acidity |limted phosphorus uptake
by the sago pondweed plants. The significance of this would be further
explored were it not for the fact that there is no apparent relationship
bet ween t he upt ake of phosphorus by the plant and the quality or condition
of the plant. If such a relationship does exist, it would seem that

t hose sago pondweed sanples with greater uptake of phosphorus conme from
areas where the plants are of relatively poor quality and seed production
is limted. This question remains for further consideration. It is
likely that the greater accumul ati ons of phosphorus are | uxury consunption
for sago pondveed.

The 1957 Yearbook of Agriculture in discussion of plant diseases states:
"That may be due partly to the occurrence of nore turgid and thinner

wal l ed plant cells after nitrogen application and their greater
susceptibility to parasitic invasion. Aso involved is a disturbance

of the normal nitrogen and phosphorus ratio in the plant. The nitrogen
fertility of the soil needs to be kept in balance with that of phosphorus,
least as far as the Pythium root rots are concerned.” This reference
i s recorded here because Pvthium and Rhi zoctoni a were recorded on aquatic
vegetation from the study area.’

The Yearbook of - Agriculture (1953) in discussion of phosphorus deficiency
states: "Shortages of phosphorus lower plant growh narkedly. The synptons
are not always clearly defined. Usually the leaves are snall-and erect,

the lateral buds are few, and the roots may be sparsely branched. But

most of the effects of phosphorus deficiency apparently are nore general.
The leaves are wusually dark green, but in later stages or in extreme

cases they may be dull green and may show purplish tints. Someti mes
necrosis is evident. Wen the older |eaves dry up or shed they are dark
brown to alnost black. The cereals often show purpling on older |[eaves."
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Spectrochem cal Analysis of Aguatic Plants from the Bioassay in Water
Salinities of 0O to 40 Percent Sea Strength

The design and results of the 1960 bioassay of aquatic plants grown in
water of O to 40% SS a'represented on pages 71-76, Volume 1 of this data
report.

Spectrochem cal analysis of plants and know edge of interpretation of the

data are still in its infancy; this is particularly true for aquatic
pl ants. Plant specificity for uptake of nutrients varies wth the plant
species, as well as the physical and chenmcal environment. Upt ake of

elements is not necessarily related to the supply or availability of an
element in the environment, and may actually be inversely related to supply.
In some instances, an excess of one elenent nay control uptake of one. or
more other elements. The acidity or alkalinity of the soil and water,
partly by controlling availability of elements, also controls uptake by

pl ants. Quite possibly there may be sonme phenological inplications and

conpetition anong plant species that affect uptake of nutrients. [f our
discussion here, at times, contradicts certain earlier assunptions it is
primarily because of the conjectural topic of plant nutrients. [t is an

exceedingly conplex problem particularly as applied to aquatic plants,
and field studies and |aboratory studies, beyond the scope of this work,
will be required for better clarification.

Content of El enments in Sago Pondweed Gown in Water of O to 40%SS

Earlier discussion of relationships of concomtant.. increases of certain .
elements and salts in water with increases in salinity should be referred
to. Potassium sulfates, calcium nmagnesium sodium chlorides, and

boron are enrichnments in ocean water and considered here to be increased
in-general proportion to the salinities used. Aumnum iron, copper,
phosphor us, nanganese, nitrates, and bicarbonates cannot be considered

as increasing in proportion to salinity.

G aphs and tables present the content of major elenments in each of the
pl ant species grown on silt soils in water salinities of.0 to 40% SS
in.5 percent increnents..

As surmised fromthe anal yses fromthe field sanples, the cal cium
content in -sago pondweed decreases with increasing water salinity; this
is believed to be the result of suppression of calcium uptake by higher
sulfate content in the higher salinities.

The potassi umcontent did not increase, as anticipated, in the higher

salinities. It was highest in the sago pondweed fromthe 10% SS t ank;
which had a very poor yield of chlorotic plants and no tubers. This is
contrary to field samples that tended to have greater quantities of
potassium in those of better condition.

The content of 2.8 percent (or 28,000 ppm) in the plant from 10% SS,
however, was in excess of that in any of the field sanples.
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Magnesium tended to increase in sago pondweed in proportion to salinity.
At 0, 5, and 10% SS the potassi um uptake increased in general proportion
to the ratio of calcium to magnesium  This relationship seens to al so
exist at 25, 30, and 35%SS, but to a different degree than at the | ower
salinity

Sodi um cont ent of sago pondweed tended to increase in general proportion
to potassium content of the plants, but not in direct proportion to the
water salinity. The sodiumcontent appears to be inversely related to
the calcium content.

Phosphorus content in sago pondweed appears to be postively correl ated
with the content of iron and alumnumin the plant; as discussed this
appears to be related to soil acidity, for in the field sanples al
three el ements increased in the plant as the exchangeabl e hydrogen

i ncreased. v

No positive relationship of copper content to other elenments in sago
pondweed is apparent. As in the field sanples there was a tendency for
hi gher concentrations in those of Ilowest yield and poorest condition

The ranges in elenent uptake in the bioassay and the field sanpl es
compares as follows:

Bi oassay Field
Ca 10,000-27,000 ppm 9,700-17,000 ppm
Mg 6,100-19,000 6,900-11,000
K 8,000-28,000 12,000-25,000
Na 5,300-12,000 3,800~ 8,200
P 3,000- 9, 200 1,400- 2,800
B 850- 2,500 540- 840
Fe 900- 4, 800 300- 1, 000
Mh 440- 1, 100 120- 450
cu 8.2- 28.0 6.2- 25.0
Al 1,300- 8, 000 420- 1,900

O course, if a greater nunber of field sanples had been sanpled the ,
" ranges in elenent content woul d probably have been greater; however, in
the biocassay the generally higher and broader range of phosphorus, boron
iron, manganese, and copper content in sago pondweed plants all tend to
make one suspect a lowering of the pH to a range of 5.5 to 7.0; lower pH
val ues woul d probably have decreased phosphorus availability because of
formation of alumnum and iron phosphates.
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Water Chenmistry During the Bi oassay

Certain chemcal characteristics of the water are presented in tabular form
In the sago pondweed tanks, the pH tended to remain higher in the waters of
the silt tanks, generally exceeding 8.0; occasionally pH's as high as 9.5
were reached during July and August. The greatest range occurred on
Decenber 5, when the waters of the loam soil tanks varied from 4.5 to 9.3,
generally being nore acid in the higher salinities. The range of pH
values of the waters of the silt soils was only from7.6 to 8.7 at that
time.

In the sago pondweed tanks with silt, :the iron content of the water on

. June 7 ranged from 0.00 ppm to 0.05 ppm on Decenber 5 it ranged from

0.09 to 0.16 ppm Sulfates increased in general proportion to the
salinity and ranged from78 ppmin fresh water to 4,200 ppm”in 40% SS.

The. total nethyl orange alkalinity of the sago pondweed water in the silt
series ranged from 28 to 98 ppm it generally increased with higher
salinities, but was not dependent on it.

Chenistry of Soils in the 1960 Bi oassay

Availability of nutrients was determ ned for each of the three types of
soil (soft surface silt, subsurface silt, and loanm) with a Truog-Hellige
Soil Testing Kit on April 22, when the test tanks were established.

Si x random sanpl es were taken of each soil type; as mentioned in Vol unme
1, 3 gallons of loamsoil froman area normally productive of aquatic
vegetation were placed in 60 test tanks; to the other 60 test tanks 2%
gallons of subsurface silt, from the nonproductive area of Back Bay,
were added, and 1 week later 2 quarts of soft surface silt were added so
that it could settle to the bottom of the water and duplicate natural
conditions in the bay.

Al though certain water chenistry aspects were nonitored during the

sumrer, it was not possible with the work |oad of other duties to nonitor
the soil chenistry during the sunmer. However, on July 25, 1960, when
unusual |y low pH walues:déveloped in certain waters of the loam series-
of tanks for redheadgrass, soil chenmical characteristics were deternined
from all water salinities in that series.

The tanks were taken up on Decenber 5, 1960, and we determned the soil
chem cal characteristics fromthe loamsoils, and the aggregate silt
soils in all water salinities in the sago pondweed series.

Spectrochem cal anal yses of plantswerenmade on those fromthe silt
series for each species.

The original pH (wet) of the surface and subsurface soils was al kaline
with a range of 7.5 to 8.0, and a node of 8.0. The loamsoils originally
had a pH (wet) range of 6.5 to 7.5 with a nmde of 6.5. The | ower pH

of the air-dried sanples will be discussed later; it is typical of these
soils and becomes more pronounced with successive wetting and drying.
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Initially, calcium availability was generally low on the surface silt,
but very low on subsurface silt; magnesi umwas medi um plus on both
silts; phosphorus was wuniformiy high on both silts; potassium was high
to-high-plus on the subsurface silts but only meditum to mediumplus

on the surface silts; no nitrates were present and ammonia was very
high on both silt types; sulfates were low on both silt types; chlorides
were generally mediumplus on both silt types; ferric iron was | ow
on-surface silts, but very low on subsurface silts.

At the pH value of 8.0 the nutrient levels were in accord with expected
values for a subnmerged coastal silt soil. The lower availability of
pot assiumon the surface silt nmay be related to the slightly greater
calcium availability on the surface silt.

The soils were subnmerged in tanks with water salinities ranging from?O
to 40% SS in 5 percent increnents until Decenber 5.

The initial uniformy high phosphorus availability on the silt soils was
slightly reduced in one fresh tank and in the 10% SS tank; it remained
high in one fresh tank, 5, 15, and 20% SS; and i ncreased to hi gh-pl us
in 25,730, and 35%8Ss and very high in 40% SS.

Pot assium avail ability increased to very high levels in all salinities
except 10% SS which increased to high-plus. It is interesting to note
that potassium uptake by sago pondweed was highest in the 10% SS tank.

On the silt soils calciumrenained very low fromfresh to 10% SS, and
tended to increase slightly from 15 through 40% SS; nmagnesium remnained
medi um plus from 0 :through 10% SS, but increased to high-plus from15
through 40% SS. Ntrates were still absent in all tanks, and ammoni a
remained very high at all salinities. Sulfates decreased slightly in
0 and 5% SS, remained lowin 10%SS, and increased slightly in all
higher salinities. Chloridés:remained about the sane at 0 and 5% SS
but increased to very high levels from10%sSs to 40% SS. Ferric iron
increased in 0, 15, and 30%s8s to nmedium|evels, and remained lowin
the other salinities.

Spectrochem cal analyses were not nade on plants from the loam soils
but it should be noted that the initial slightly acid soils renai ned
about the sarme in the salinities of 20%SS or nore, but becane |ess
acid in the fresher water. Phosphorus remained about the sane;
potassiumavailability increased to very high | evel s in general
proportion to salinity; calcium remained relatively unchanged,;
nmagnesi umtended to increase with increased salinity; nitrates

renmai ned absent; ammoni a renai ned hi gh but increased to very high
levels in the fresh water tanks and in 10% SS; sulfates increased
significantly to mediumlevels only in 35 and 40% SS; chl ori des tended
to increase appreciably in higher salinities; ferric iron decreased
tolowlevels in all tanks except the 20, 25, and 30%. SS.

The maj or differences between the loamand silt soil before and after the

bi cassay were the greater acidity of the loam higher phosphorus,

pot assi um cal cium magnesi um ammonia, of the silt soils; and slightly

higher sulfate initially in loam but greater sulfate increases:in Silt at higher
salinity levels. Iron availability tended to decrease in loam but

increased in silt during the study.
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Yield of Sago Pondweed in Relation to Content of El enents in the Pl ant

When the content of magnesium calcium and potassi umwas approxi mately
the same, as it was. in the sago pondweed from20 to 40% SS, vegetative
and tuber production was enhanced. Tuber production was absent, or

lowest when the plant content of potassium and calcium exceeded the
content of magnesium  Actual values of yields are presented in Volume 1.

Discussion of Nutrient Content of Sago Pondweed

The nutrient content of sago pondweed grown in the 1960 bi oassay differed
considerably fromthe nutrient c¢ontent in wildcelery tubers, redheadgrass
vegetation, wi dgeongrass vegetation, and najas vegetation; the potassium
content was the dominant nutrient in these other plants, regardl ess of
the salinities '"in which they were grown. Potassium was the doni nant
nutrient only in the exceedingly poor ygéeld of chlorotic sago pondweed
grown in 10% SS. However, in the field ,samples potassi umwas general ly
the dominant elenent. '

The general increase in the ratio of magnesiumto calciumin the sago
pondweed plants grown in progressively higher salinities in part reflects
the relatively greater enrichment of nagnesiumthan calciumin ocean
water; probably nore inportant, however, the enrichment of sulfates in
the ocean water served to suppress the uptake of calcium The resultant
favorable balance of calcium magnesium and potassiumresulted in greater
yields of vegetation and tubers in higher salinities. Probably cation

and anion exchange of sodium and chloride is involved in this balance

No readily apparent relationship of the content of phosphorus, boron
iron, manganese, copper, or aluminumto yeild or condition exists in the
bi oassay data; although nost of these el enents, except phosphorus,
generally occurred in greater quantity in the poorer quality field

sanpl es. Soil acidity is probably one of the principal regulators of
uptake of these elenents.

It was aptly stated at one committee meeting that our rather cursory

i nvestigation of disease of sago pondweed, wth limted funds and manpover
would "Only plunb the depths of our ignorance."” | doubt that we even
achieved that! That study did reveal that 44 percent plus or mnus 2
percent of the sago pondweed plants had | esions and that Pythium spp

fungi were frequently associated with the |esions. Wt organic and

clay soils wth inbalance of nutrients, frequently excess nitrogen and
deficiencies of phosphorus, are often conducive to growth of Pythium

root rot; but bal ance of potassiumand other nutrients, tenperature

and other factors are also inportant.

Cearly, | amstating nothing nore than a thesis by suggesting that the
apparent inbal ances noted in nutrient uptake by sago pondweed in both

t he bi oassay and the field sanples may have increased the severity of
the root rot by one or more pathogenic fungi. From the field survey,
root rot appeared to occur nost severely in loamsoils; it is noteworthy
that the ratio of amonia to phosphorus availability increased in the
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loam tanks of 0 and 10% SS in the bioassay, and these were the |[east
productive tanks. The ratio of available ammonia to phosphorus renained
about the same on the soils in the other water salinities. The sago
pondweed plants were dead or chlorotic and similar in appearance to

those believed to be diseased by root rot

In the bi oassays of both 1960 and 1961, yields-of sago pondweed
vegetation and tubers were increased in higher salinities. W believe
that these vyields were increased because of nore favorable nutrient

bal ance. It is suspected that when calcium and magnesium uptake is

more nearly equal, or nmagnesium uptake exceeds that of calcium the

bal ance of other nutrients is nost favorable. Further it is conjectured
that sulfates serve to suppress the calcium uptake and create the

better nutrient balance. Sulfates, of course, are relatively enriched
in the ocean water and could provide a neans of managing nutrient
availability and uptake by aquatic plants.

This preoccupation with sago pondweed and nutrient balance was because
it was the aquatic plant in greatest distress

Al t hough nutrient inbal ance apparently predi sposed sago pondweed to
fungus di sease and nutrient deficiency, that probably |imted production
of vegetation and tubers, it is still considered a secondary linmting
factor to turbidity and excessive siltation.

51



Content of Elements in Qther Aquatics Gown in Water of 0 to 40%SS -

Widgeongrass

The cal cium magnesium ratio in wdgeongrass decreased wth increasing
salinity. Highest yields were in sslinities from 15 to 407 SS.  There
was greater consistency of relative uptake of elenents in w dgeongrass
in various salinities than there was for sego pondweed. The content

of alumnum iron, boron, and manganese was considerably [ower in

wi dgeongrass than in sago pondweed,

Potassium uptake was lowest in 5 20, 35 and 40% SS.

Najas

Najas did not survive salinities of 25% SS or nore; yield was progressively
reduced at 10, 15, and 20% sS. No imbalance of nutrients was apparent.

Wl dcelery

Practically all the leaves disintegrated prior to the time the tanks
were taken up, so the tubers were submtted for spectrochemcal analyses.
Wtake of elements by tubers is probably much different than that by
foliage.

As nentioned on page 73, Volume 1, a red coloration of the,leaves Was
noticed by mid-summer, and it was most pronounced on those from 20 and
25% ss. It was conjectured that a nutrient inbalance or deficiency
of phosphorus mght be the cause. 'A slightly lesser quantity of
phosphorus occurred in the wildcelery tubers from the 20 and 25% SS.

The number and volume of tubers tended to increase in higher-salinities,
Therewas a slight indication that yields were better when the mnagnesiuni
calcium uptake ratio was |ower, Magnesium uptake exceeded calcium in
all instances and this was believed to be a characteristic of roots and
tubers; uptake in foliage would likely have been different,

Uptake of copper was generally higher in the tubers from fresher water.

Redheadgr ass

Good yields of redheadgrass occurred in gi1 salinities; however, the
yield of leaves and stens was reduced above 25% SS, but the ratio of
the yield of roots to vegetation increased at those salinities. The
20% SS tank was destroyed by deconposition of a rodent.

No apparent relationship of nutrient uptake to yield or condition was
obvi ous.

The yield from O through 15% SS was rated as excellent to good; whereas
the yield in the higher salinities rated.as only fair at the tine of
measur ement . The content of phosphorus was highest in the plants from
0 through 15% SS, ranging from 0.36 to 0.63 ppm the range was 0.31 to
0.34 ppm for the plants rated as fair in the higher salinities.
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Discussion of Nutrient Content of CQher Aquatics 'Gown in 0 to 40% SS

Pot assi um was the dom nant nutrient in all plants except sago pondweed.
The greatest wvariation in the calciunmmagnesium ratio occurred in sago
pondweed; the least variation of this ratio:.was in Najas. Boron
content was highest in sago pondweed, ranging from 850 to 2,500 ppm it
was not detected in Najas vegetation or wildcelery tubers. The range
in redheadgrass was only 36 to 55 ppm and in wdgeongrass it ranged
from 210 to 510 ppm

Al um num and iron were generally nuch lower in the other aquatics than in
sago pondweed.

There was.:some i ndication that red coloration of wldcelery was caused
by phosphorus deficiency; also phosphorus may have limted vegetative
yield of redheadgrass in higher salinities. Red coloration was
frequently observed onpatches of Najas in the area; quite possibly
this represents |localized phosphorus deficiency.
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P determined in different kinds of squatic plantel/

Percent Ssge Najas Celery Widgeon Redhead
of sea Pond-Weed tubers grass grass
strength
(Lab. Nos. | (Lab. Wos. (Lad. Wos. (Lab. ¥os.| (Lab. Nos.
1-9) 20-25. 10-19) 26-3h) 35-43)
f 4 3 3 % 4
0 1.10 0.65 0.75 0.63
0 0.31 0.45 0.49 0.54 0.38
5 0.30 0.65 0.50 0.58 0.60
|0 0.73 0.83 0.49 no semple 0. 36
15 0.92 0.55 0.52 0.63 0.39
20 0.40 0.59 0.31 0.68 no sample
25 0. 66 0.37 0.7T1 0.31
30 0.37 0.38 0.ho 0.33
35 0.49 0. 46 0.50 0. 34
40 0.33 0.39 0.35 0.34

Amalyges nade by Spectrochemical Laborstory, U. 8. Soils

Thoe

ratory, Soil and Water Conservation Research Division,

Northeast Branch, Agricultural Research Service, United States
Department of Agriculture, Beltsville, Marylanmd@DOpeErative
WOr K with Fish sand Wildlife Service, United States Department

of Inmterior, Patuxent Research Refuge, Leurel, Marylund.



K determined in different kinds of aquatic planta_l/

Percent Sag® Kajas Celery Widgeon Redhead
2fbr:$th Pond- W\eed tubers grass grass
(Lab. Nos. | (Lab. Nos. (Leb. ¥Wos. | (Lab. Nos.| (Lab. Nos.
1-9) 20-25) 10-19) 26-3h) 35-43)
% $ L] % 3
0 2.90 1.30 3.00 3.20
0 0. 80 2.80 1.00 2.90 3.10
5 1.30 3.00 1.00 1.60 2.80
10 2.80 2.00 1. 30 =no sample 2.40
15 1.10 2.40 1.00 2.60 2.40
20 1.10 2.20 1.00 2.90 no ssmple
25 0.70 1.00 2,50 2.50
30 0.80 1.00 1.30 2.50
35 1.30 1.20 1.80 2.20
40 1.00 1.10 1.30 2.90
Anal yses nade by Spectrochemical Leboratory, u. 8. Soils

t/

aboratory, Soil and WWter Conservation Research Division,

Northeast Branch, Agricultural Research Service, United States
Department of Agriculture, Beltsville, Maryland, Cooperative
work with Fishand Wl dlife Service,United States Department

of Interior, Patuxent Research Refuge, Laurel, Maryland.
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0.18
0.12
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o.11
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0.1
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130
1.20
0.9%
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1.10
0.9
0.83.
0.Th
-76
.62
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1.50
1.3
1.0
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1.0
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1.0
1,10
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Hem (1959) states that nitrate content in surface waters not subject
to extensive pollution from sewage or other sources seldom is as high
as 5 ppm, and oftenless than 1 ppm

Maci ol ek (1954) in a literature review quotes the follow ng: "Chu
(1943) concluded from laboratory results that nitrogen and phosphorus
occur naturally in quantities far below the wupper limt for optimnal
gromth and do not reach |ower optinmal concentrations. These el enents,”
he added,'may lint growh at certain tines of the year and may exert

a selective influence on different species of algae when concentrations
are below the lower linit (nitrogen 0.3 to 1.3 ppm phosphorus 0.018
to 0.090 ppn). Such concentration limts my not apply to natural
situations.”

R ffenburg (1925) states that nitrate averages 0.2 ppm in rainwater.
Phosphat es

In 1959 low concentrations of phosphorus occurred in nost of the
Ceol ogi cal  Survey water sanples in November but none was found in the
water sanples collected in August. The uptake by plankton and aquatic
plants probably accounts in part for the sunmer absence of phosphorus.
Hut chinson (1957) states that "Mst relatively uncontanminated |ake
districts have surface waters containing 0.010 to 0.030 ppm (total
phosphate), but in some waters that are not obviously grossly polluted,
hi gher values appear to be nornmal. The soluble phosphate wusually is
but a small fraction, of the order of 10 per cent of the total."

Maci ol ek (1954) in a literature review states that'Barrett (1953)
indicates that the rate of di sappearance for added phosphorus from

epilimial water was related to alkalinity (theoretical lower limt
of alkalitrophy seemed to be between 120 and 160 ppm nethyl orange
alkalinity), and also that the amount of exchangeabl e' phosphate in

bottom sedi ments was inversely related to the ratio of marl to organic
matter."

Phosphates are seldomtoxic to fish at levels of normally encountered
concentrations and are-~geperally beneficial because of stinulation of
al gae. and zoopl ankt on.

Chl ori de

Chloride naturally increased towards the southern part of the study
area in the waters of greater salinity. The lowest chloride content
in the laboratory analyses of water sanples was 178 ppm in the
Novenber sanple from the North Landing Rver; the highest concentra-
tion was 1,520 ppmin the August sanple fromthe southern part of
Qurrituck Sound. A reviewof the literature reveals that apparently
little is known of the specific toxicity of the chloride ion to

pl ants. The Yearbook of Agriculture (1938) nentions that chlorine
is not retained by soil colloids and is easily leached out by rain-
wat er . "This elenent seens to act as a vehicle to carry various
bases in solution into the plant."
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Hem (1959) states that'Chloride is present in all natural water. "
MKee and Wl f (1963) cited references that stated"4,000 ppm
chloride was harnful to bass, pike, and perch; (8,100-10,500 ppm

was harnful to small bluegills; and 4,500-6,000 ppm was harnful

to carp eggs." They state further that'the Aquatic Life Advisory
Commi ssion concluded that it is inpossible to generalize on the
effects of chloride concentrations on aquatic life, for each

m xture of chlorides with other salts nust be eval uated separately."

Bi car bonat es

It will be seen in the acconpanying table that bicarbonates varied
but little throughout the study area, being highest in the August
1959 sanple from North Bay (34 ppnm) and lowest'in the Novenber
sanple fromthe North Landing R ver (19 ppn). A though the ocean
water sanple concentration of bicarbonates was 129 ppm bicarbonat es
within the study area do not vary in proportion to salinity. Except
for the sanples from North Qurrituck, the bicarbonate content was
lower in the Novenber sanples than in the August sanples, as mght
be expected.

The witer has been somewhat surprised at the relatively | ow

bi carbonate content of the water and. perhaps sonewhat enlightened
by the followi ng discussion by Hutchinson (1957). "Some unpublished
observations on Linsley Pond indicated that oxidized nud suspended
in water actually caused a loss of bicarbonate. It is probable, in
general, that oxidized mud binds catt as night be expected, but that
on reduction the bases are liberated into the aqueous phase, con-
verting O®2 in the aqueous phase of the nud to bicarbonate. The
base- exchange naterial obviously cannot be clay. Mortimer suggests
reasonably, but without as yet very critical evidence, that it is a
ferric-organic conplex. On reduction the conplex is supposedly
dissociated, or at least loses its base-exchange properties.”

Uhler (1956) discusses the effect of increasing the carbonic acid
content of the water, through the subnergence and decay of her-
baceous vegetation, on decreasing turbidity from colloidal types

of clay. HIlis, et al. (1948) state that "Carbonates and bicarbonates

in natural unpolluted waters supporting good fish fauna,,.ran ge from
0 £o 350 ppm (expressed as calcium carbonate), with the usual 1y

expected values lying between 45 and 200 ppm'

The pH of the water from the study area is below 8.3 in nost instances
and the alkalinity is assumed to be primarily attributable to bicarbon-
ates. MKee and WIf (1963) state that at a pH of 7, the ratio of

bi carbonates to carbonates will be 2,270 to 1. If Hutchinson's
reference to oxidized nud causing loss of bicarbonate is correct

and applicable here, this may serve to explain relatively |ow

bi carbonate content in the turbid waters of Back Bay and CQurrituck
Sound.

Hart et al. (1945) state that"in US. waters that support a good fish

fauna, 5 percent of such waters have less than 40 ppm of bicarbonates,
50 percent have less than 90 ppm and 95 percent have less than 180 ppm"

29



It has been the observation of several waterfow biologists in

different locations in the US. that the nore desirable aquatic
plants for waterfow grow better in waters wth high bicarbonate.
content.

Sul fate

The ocean water sanple indicates the enrichnent of sulfates in ocean
water (2,350 ppnm). Wthin the study area it varies in alnost direct
"proportion to the salinity. Sulfate concentration during fresh water
periods was somewhat low for optinmum growh of wdgeongrass, redhead-
grass, and possibly sago pondweed. The relationships of sulfate

to calcium in the uptake by plants wll be considered in later

di scussi on.

O the various elenents listed, the data on sulphates seem of
particular inportance in regard to the distribution and condition

of some species of aquatic vegetation. John B. Myle (1956) states
"There is a noticeable biological relationship between the concentra-
tion of sulphates and distribution of aquatic plants in M nnesota.
@uppiiadent al i s, and Scirpus paludosus, are generally linited
to waters with a sulphate ion concentration greater than 50 ppm

and make their best growh in waters where sulphates exceed 200 ppm
Sore speci es typical of hard carbonate waters such as Pot anbget on

pectinatus (sago pondweed) and Potanogeton richardsonii, also grow
well in high-sulphate waters, but nany of the typical hard water
species do not thrive in them" e

Moyl e (1945) |ists Potanogeton pectinatus with the hard-water flora
in a subgroup (2) in which the included species seldom occurred in
waters with a total alkalinity of less than 30 ppm and which
commonly occurred in waters with a sulphate ion concentration
greater than 50 ppm He included Najas flexilis and Vallisneria
anericana in hardwater group 3 which includes plants which make
their best growh and are nost abundant in hard waters but which
range into both soft and alkali waters. He states that they are
usual ly infrequent and nmake poor growth in waters with a total
alkalinity of less than 20 ppm or in waters with a sulphate ion
concentration greater than 300 ppm

Silica

Silica in waters is somewhat cyclic and the erratic content of
silica in the waters of the study area is not likely to be atypical
of an aquatic habitat such as this; also it is doubtful that silica
is a limting factor to production of higher aquatic plants of the
area. The theories on the role of silica in higher plants are
conflicting. The Yearbook of Agriculture (1938) states "Plants,
particularly the grasses, grown in the absence of silica are
especially susceptible to fungus- diseases, and from this it is
supposed that the normal plant is able to ward off such diseases
because of the mechanical protection afforded by the silica in the
outside walls of the plant. Normally silica is quite insoluble.
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Tabl e Settled Qut of Back Bay Wter. from Center
Back Bay, Shipp's Bay, and North Bay.

Avai | abl e

Nut rient Back Bay North Bay Shipp's Bay

pH (wet) 7 . 0 8.0 8.0

pH (dry) 6.0 7.0 7 . 5

Phosphor us Low Low Low

Pot assi um Very High Very High Very Hgh

Cal cium Low Low Medi um

Magnesi um Medi umt Medi umt Medi um

Nitrate None None None

Ammoni a Very Hgh Hi gh+ Very Hgh

Sul fate Very Low Very Low Very Low

Chloride Medi um Low Low

Ferric lron Low L ow Low




Its solubility is increased in the presence of alkalies and by high

t enper at ur es. Silicon in its more active forms in the soil increases
the availability of phosphorus.”" The Yearbook of Agriculture (1953)
mentions that silicon affects the availability of potassium Hutchin-
son (1957) presents the content of silica in surface waters of
Wsconsin (from Juday, Birge, and Mlohe, 1938) as ranging from
0.2-to 25.6 mg/1l; the nean was 2.05 mg/l, and the node 0.0 to 0.9 mg/l.

Al um num

It is apparently not known if alumnum is required by plants. Al um num
is known to be relatively insoluble, but is increasingly soluble in acid
soils. The Yearbook of Agriculture (1938) nentions that on acid soils
alumnum is sonetinmes considered toxic; and further "The elenent is
toxic at low concentrations in water cultures." No deficiency diseases
are reported due to lack of the element. On the other hand, sone root
rots are ascribed to the presence of excessive quantities.

In the Geological Survey analyses of alumnum content of the waters,
the variations were small wth the exception of the Novenber sanple
from the North Landing Rver. Auninum content at this |ocation
increased from 0.3 ppmin August to 0.9 ppmin Novenber. Hutchinson
(1957) presents several average values of alumnum in water that are
so nuch qualified that it will suffice here nerely to say that 0.9
ppm appears somewhat higher than the average for surface water. The
sea water sanple from this area contained about 10 times the anount in
the waters of the study area, but the concentration of alumnum in the
study area waters does not appear to be proportional to salinity.

lron

Iron functions in the formation of chlorophyll. Wl ch (1952) states
"Mbst algae grow best when water has a ferric oxide content of 0.2 to
2.mg/l, but distinct toxicity occurs when the avail able iron exceeds

5 mg/l (ppn). However, many natural waters may contain nore than 5 mg/1
of iron wthout being toxic owing to the buffer action of organic
compounds or of calcium salts'! (from Smth, 1933). In upland crops it
is known that overlimng can produce iron deficiency synptons charac-
terized by chlorosis. The Yearbook of Agriculture (1938) states "In
the leaves of healthy plants iron wll average a few hundredths of one
percent, the anount never varying greatly."

It would not seem that excessive concentrations of iron occurred in the
waters analyzed by the GCeological Survey. As wth alumnum iron
appeared in greatest quantity (0.43 ppm) in the Novenber sample fromthe
North Landing River. It may also be significant that the pH of 6.6

for that sanple was the |owest of the series.

Li t hi um

Lithium salts in small quantities are known to stinulate upland
crops; excessive concentrations can be toxic. It wll be noticed
that lithium increases fairly progressively from north to south
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through the study area. <Determnations of Ilithium were not made on the
ocean water sanple but it is here supposed that the increase in the
southerly areas is related to the salinity. Lithium has apparently been
sel dom sought for.

Fl uori de

Fluorine is apparently not known to be needed for the growh and devel op-
ment of any form of plant life. Lyon and Buckman (1950) in discussing
the possible use of calcium silicate as a lime source, state "(ne thing,
however, rmust be guarded against --inpurities that mght be detrinental.
If, for instance, the by-product silicate should contain fluorine, even
in small amounts, the influence on superphosph-ate when the two come in
contact with the soil would be very undesirable. This is because a
reversion of the available phosphoric acid to the very insoluble and
unavail able fluorapatite would occur. The effectiveness of the phos-
phate m ght thus be narkedly reduced if not entirely negated." Fluoride
varies but little throughout the waters of the study area; the mode is
0.1 ppm The ocean water sanple contained 1.3 ppm MKee and Wl f
(1963) concluded that 1.5 ppm would not interfere with aquatic life.

Manganese

Manganese was absent from all water sanples except the August sanple
fromsouth CQurrituck, which contained 0.01 ppmin solution. Hutchinson
in literature review states "lLater Pirson (1937) and Enerson and Lews
(1939) denonstrated that mnanganese deficiency greatly reduced the rate
of photosynthesis in a dim light and less narkedly in a bright light.'
The addition of manganese to a nanganese-starved culture my raise the
photosynthetic rate with great rapidity' (Pirsom, 1937, Noack & Pirson,
1939).

MKee and Wlf (1963) concluded that 1.0 ppm would not be deleterious
to fish and aquatic life.

Zinc

Zinc deficiency is known to cause bronzing of the leaves of tung trees.
The significance of zinc as a plant nutrient in agriculture and par-
ticularly in limological studies is obscure. The small quantities
(0.01-0.03 ppn) detected in the study area waters do not have any
seasonal or areéa of distribution pattern.

MKee and Wlf(1963) stated "It is toward fish and aquatic organisns
that zinc exhibits its greatest toxicity. In soft water, concentra-
tions of zinc ranging from 0.1 to 1 ppm have been reported to be
lethal, but calciumis antagonistic toward such toxicity. The
presence of copper appears to have a synergistic effect on the
toxicity of zinc."

No adverse effects from zinc would be anticipated in waters of the
study area.
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Chrom um

Chromum or chromates-were not detected in the sanples analyzed by the
Geol ogi cal Survey. Quarterly analysis by. field personnel has revealed
the presence of some chromates. The Yearbook of Agriculture (1938)
states "Chromum salts, in very snmall concentrations, have been found
toxic to plant growh, and chromum in the form of chromates is
particularly toxic. Wen applied to high lime soils (e.g. the spent
liquors from chrome tanning of leather) or wused in conjunction wth
mich lime the toxic effect was largely nullified." Chromte is very
inactive except on very acid soils and should have no deleterious
effect unless in these soils. The other form which appears in the
colloidal matter or clay, probably is isomorphous with the oxides of
alumnum and iron, and becones soluble in the same soil conditions
that dissolve alumina and iron oxide." Hutchinson, in presenting
data by Braidech and Emery (1935) for chromum content of North
Anerican waters, gives the range as 0.0 to 0.040 ppm the nean as
0.005 ppm

Hem (1959) states that'0.05 ppm O in the hexavalent form constitutes
grounds for rejection of water for donestic use by the standards of
the U. S. Public Health Service." Chromates were generally detected
in our quarterly analyses; maxinum concentrations were 0.30 ppm
Slightly higher concentrations occurred after the Mrch 7, 1962, storm

At these concentrations no direct toxicity to fish would be expected,
but lower fornms of aquatic life are extrenely sensitive and sone
del eterious effect may have occurred to diatons, etc.

Copper

The Geological Survey sanples of 1959 indicated copper only in one
sanple in Novenber from the northern part of Qurrituck Sound. CQur
quarterly analyses wth the Bausch and Lonmb Spectronic 20 indicated
absence or fairly small quantities from July 1959 through February
1961.  However, relatively high quantities, ranging from 0.12 to 1.06
ppm, of copper were reported at all 17 stations in April, July, and

Cct ober 1962 and January 1963. This, of course, is after the ocean
water intrusion of March 7, 1962, but sea water only averages 0.001

to 0.09 ppm copper and the apparently large increases cannot be
attributed to the ocean water intrusion. Wsether nickel, cobalt, or
bismuth interfered with our determinations is not known, but it seens
unlikely because of their small quantities in ocean water. ne oddity
of the Cctober 1962 and January 1963 data is that the Back Bay sanples
showed a decrease, whereas the Qurrituck Sound sanples generally

showed a continued increase between those two periods. Another

oddity was the general tendency for increasing quantities of copper

in the progression from north to south (samples |-17 approxinately
aligned in that manner).

Attention is called to the sonewhat corresponding increase in hexaval ent
chromum (chromates) during the same period in question.
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MKee and WIf (1963) concluded from their literature review that the
following threshold concentrations of copper are indicated for specific
beneficial uses: donestic supply, 1.0 ppm irrigation, 0.1 ppm fish
and aquatic life, 0.02 ppm in fresh water and 0.05 ppm in sea water.
The reader is referred to"Water Quality Criteria'by these authors for
nmore detailed review.

The concentrations of copper indicated by our analyses between February
1961 and January 1963 are well above the criteria nentioned for all use
except domestic supply and warrant further inquiry. Hlis, et al.
(1948) state "Copper is a frequent pollutant in streans receiving
run-off waters or wastes from mning and industrial areas. It is
precipitated by carbon dioxide and carbonates and is renoved rather
rapidly from hard waters.”

Wil e faulty equi pment, aging reagents, etc., mght be suspect in
causing erroneous readings, it would seem that the increasing pattern
from stations 1 to 17 would not have occurred if those factors were
the cause. O course, each sample was checked agai nst a bl ank.

If in fact the determnations are accurate, it indicates pollution
probably entered the area either through the intracoastal canal, the
south end of the area, or via the intrusion across the beach in
March  1962.

Certainly no observable or known effect on the biota occurred that
mght be attributed to copper.

Bor on

In the chemcal analysis of water from the study area it is of par-
ticular interest that the Novenber series of sanples contained about
twice the boron content of that in the August sanples. Boron content
in the water erratically tended to increase toward the southern part
of the area. Eaton (1944) found that many plants nmade normal growh
in sand cultures with a trace of boron (0.03 to 0.04 ppn and that
injury often occurred in cultures containing 1 ppm In the study
area the boron content of the water ranged from a low of 0.17 ppm
in the North Landing Rver in August to a high of 0.69 ppm in the
south end of Currituck Sound in Decenber. (Qcean water is enriched
and the sanples from this area contained 4.1 ppm

The boron content of the waters from the study area are of interest
because of the potential use of these waters for irrigation and the
possible conflict that could arise by agricultural interests on the
one hand, and wildlife interests on the other, as to the chemcal
nature of the water that is nost desirable for raising their
respective crops.

In view of the fact that sago pondweed, redheadgrass,,w dgeongrass,
and to some extent wild celery can tolerate noderate amounts to
large anounts of salinity, depending on the species, it is likely
that specific tolerance* to boron is relatively high conpared to
upl and  crops.
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Possibly the upsurge of boron in the Novenber water sanples could be
explained by the breakdown and decomposition of sone marsh and aquatic
vegetation at that tinme of the year with the release of boron. It is
not here considered that boron occurs in excessive amounts for aquatic
plants of the area, and whether a deficiency exists is not know, but
it seenms unlikely. But this is merely speculative.

Fish and lower forns of aquatic life can tolerate many times the
quantities found in the study area waters.

N ckel

Hutchinson lists the normal range of nickel in water as 0 to 0.01 ppm
Only three water sanples from the study area contained detectable
nickel and they were the August sanples from the North Landing River,
south Qurrituck, and the ocean. |Its influence on aquatic plants is
considered as probably being negligible.

Brom de

The bromde content of the waters of the study area varied from a low
of 0.1 in North Bay and the North Landing Rver to a high of 4.1 ppm
at the south end of CQurrituck Sound. Hutchinson (1957) states that
"in a nunber of Russian |akes and rivers (Selivanov 1939, 1944, 1946),
who found a range of from 0.0005 to 0.14 ppm in river water...." (of
bromi ne). The Yearbook of Agriculture (1938) states "Bromine appears
to be generally present in quantities of the order of a few parts per
mllion in plants and soils. Raw GCernman potash salts contain con-
siderable bromne. This element supplied to plants in the form of
sodi um brom de shows no immediate ill effects, but later in the life
of the plant the effect is quite serious. The clay of ordinary soils
does not retain bromne and it would be quickly leached from the soil."

Hem (1959) states that sea water contains 65 ppm broni de.
| odi de

The iodide content of the North Landing Rver sanple on Novenber 24,
1959, was 0.6 ppm and for all other stations there was an increase in
iodide in the waters over level in the waters in August. Hutchinson
lists the iodine content range of fresh water from 0301 mg-m3 (.00001
ppm in sone Finish |akes to supposedly over 1 mg.m-- (.00l ppm) in
some sanples from Lake Superior. Attention was called to the rela-
tively high iodide content by the Geological Survey. The Yearbook

of Agriculture (1957) states "Suggestions that iodine is a plant
nutrient have never been confirmed. lodine is toxic to plants in
concentrations of 0.1 ppmin culture solutions. The fact that plant
toxicity is produced from such low anmounts suggests high reactivity
of iodine in sonme plant biochemcal systens."”

Hem (1959) states that iodide occurs in sea water to the extent of
less than 1 ppm
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D ssolved Solids

The Geol ogical Survey water analyses in 1959 showed a range of 424 ppm
to 2,930 ppm dissolved solids in waters of the study area. The ocean
wat er sanpl e contai ned 31, 900 ppm.

The blood of fresh-water fishes has an osnotic pressure approximately
equal to 6 atnospheres, or about 7,000 ppm as sodium chloride (MKee
and WIf 1963). Osnmotic pressureain excess of six atnospheres may
be expected to be deleterious to fresh-water fish. (See Section on
bi oassays in Volume 4 of this data report;)

Oysters fornerly occurred in Back Bay and Qurrituck Sound. The
optimum salinity for Ostrea wvirginica is 25 to 29 percent sea strength,
(8,750 to 10,150 ppnm). Lunz (1938) found that oysters could tolerate
a salinity as low as 5,000 ppm for only 20 days. MGConnell (1932)
found that oysters can tolerate salinities between 20 and 50 percent
of sea water (7,000 to 17,500 ppnm.

Summary of Laboratory Anal yses of Water Chemistry = 1959

In general, only chromates, copper, and iodide occurred in concentra-
tions in either the Geological Survey analyses or our quarterly
analysis to warrant possible concern from industrial pollution.

Sul fates , potassium bicarbonates, calcium and nanganese may be
somewhat limting to optimum growh of the best hard water aquatic
plants during fresh water periods in Back Bay and northern Currituck
Sound.
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Tabl e . Analytical Results of Water Sanples from Back Bay, Virginia, and CQurrituck Sound, North Carolina
(Values in parts per mllion).
2. 3. 6.Mid- 8.Sea
L.North Bay Sand Bay Back Bay 4.N.Landing R. 5.N.Currituck Currituck Z.S8.Currituck water
8/19 8/19 8/19 11/94al10 8/19 11/24 B’/10 )
Gl G im ) R /19 8/19  8/19 16 11/24198/19 5o 11/2416 8/19 3g 8/19 40 12/13g 8/192{@1133
Magnesi um 26 23 33 29 27 1 4 34 32 64 110" 99 1,160
Sodi um 192 209 255 220 205 99 265 237 485 850 800" 9,460
Pot assi um 6.8 12.0 9.2 8.0 8.0 7.5 10.0 12.0 10.0 23.0' 35.0 279.0
Nitrate 0.3 0.6 0.4 0.3 0.6 0.2 0.3 0.2 0.2 0.2 1.0 0.0
Phosphat e 0.0 0.1 0.0 0.0 0.0 0.4 0.0 0.1 0.0 0.0 0.1 0.0
Chloride 340 360 460 396 374 178 484 424 910 1,520 1,400 16,900
Bi carbonate 34 33 31 29 26 19 26 28 36 31 29 '129
Sulfate 54 67 75 69 64 33 77 63 142 219 187 2,350
Silica 1.2 0.6 1.1 0.9 2.1 7.1 1.2 0.8 1.6 5.3 4.9 1.0
Al um num 0.2 0.1 0.1 0.1 0.3 0.9 0.2 0.2 0.2 0.3 0.2 -2.2
I ron* 0.03 0.01 0.03 0.03 0. 06 0.43 0.01 0.03 0. 09 0.05 0.00 0.00
Li t hi um 0.8 o 1.0 0.9 0.9 - 1.0 cu 1.6 2.2 -- --
Fl uori de 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 1.3
Manganese* 0.00 0.00 0.00 0. 00 0.00 0. 00 0. 00 0.00 0.00 0.01 0.00 0.00
Zinc 0.02 0. 00 0.01 0.00 0.01 0.02 0.01 0.02 0.01 0.03 0.0 --
Chr om um 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 --
Copper 0.00 0. 00 0. 00 0. 00 0. 00 0.00 0.00 0. 05 0.00 0.00 0.00 --
Bor on 0.18 0.35 0.20 0.18 0.17 0.29 0.20 0.33 0.42 0.30 0. 69 4.1
Ni ckel 0. 00 - 0. 00 0.00 0.01 o 0.00 - 0.00 0.01 -- 0.01
Brom de 0.1 0.9 0.7 0.5 0.4 0.1 1.1 1.7 0.2 4.1 2.2 60
| odi de 0.1 0.3 0.1 0.2 0.2 0.6 0.1 0.5 0.2 0.2 0.4 0.3
Specific 1, 240 1,450 1,620 1,410 1,320 731 1,720 1, 650 3,060 4, 850 4,950 38,780
conduct ance
pH 7.4 6.7 6.9 6.7 6.8 6.6 6.7 6.7 6.9 6.9 6.8 7.8
Tot al Har dness** 146 138 185 162 154 89 192 171 360 554 504 5, 800
Col or 15 30 15 15 45 200 20 30 10 15 15 1
Dissolved solids 691 778 917 814 790 424 994 877 1,800 2,930 2,780 31,900
Sun 654 707 871 757 712 360 907 802 1,670 2,790 2,580 30,700
Tenperature 84 -- 84 85 85 .- 85 e - . — —
Appear ance Cl ear Turbid dear dear GQear Turbid Qear Turbid dear d ear Turbid dear
* In solution when anal yzed Analyses made by the Qality of Water Branch of the US

%% Includes hardness of all polyvalent cations reported.

Geol ogi cal Survey, at Raleigh, North Carolina, in
cooperation with the North Carolina WIdlife Resources
Commi ssion for the Back Bay-CQurrituck Sound Cooperative
St udy.



Quarterly Vater Analysis from 17 Stations in Back Bay and CQurrituck Sound

To explore the possible effect of changes in alumnum iron, copper, pH,
turbidity, ammonical nitrogen, nitrite, nitrate, alkalinity, chromate
total phosphate, ortho phosphate, meta phosphate, salinity, and sulfate
on the aquatic biota chemcal determnation was made from 17 stations in
the area. Stations were selected on a representative basis of the various
envi ronment al conditions, and were the stations enployed for detailed
observation of the aquatic plants. A Bausch Lonb Spectronic 20
spectrophotoneter was used followng the nethods of the Hach Co. Sanpl es
taken for determination of phosphates and nitrogen were fixed with
choroform and sulphuric acid, respectively. No means were available for
deternination of potassium

The maj or chem cal change was the increase in salinity that occurred on
March 7, 1962, which wasfirst indicated in April 1962 data. As would

be. expected the sulfate concentrations increased with the increased
"salinity levels; undoubtedly the potassium concentrations and other
constituents of ocean water increased in general proportion. The
sulfate determnations are | ess accurate in the higher salinites because
the ‘need for :further dilufion‘increases the Tyndall effect.

The significance of all these determnations is not known and we can
only attenpt to look for extremes in any set of data and conjecture
as to its meaning. Mnor differences can be ignored for the nethods
were not considered that sensitive and we could not interpret their
signi ficance

The extremes worthy of note are the high readings of alumnumin

February 1961 (stations 1-8), peak readings of iron at several stations

in April 1960, increases in copper at nost stations acconpanying increased
salinity in April 1962, low pH readings at nost stations in January 1963,
extremereadings of amonia nitrogen in February 1961 (stations 9, 10, 14,
15, 17 [sound frozen]), an apparent increase in nitrites February 1961

or April 1962 and thereafter at several stations, and increases in
chromates particularly after April 1962.

The extrene concentrations 8 to 21.8 ppm anmoni cal nitrogen in

February 1961, are believed to have resulted from large concentrations of
waterfow using a few isolated openings when nost of the sound was

frozen for an extended period.

The increasing concentrations of copper and chromates are' di cussed in
the foregoing section on the Geological Survey analyses.

In general, there is no evidence of domestic, agricultural or industria
pol lution by these chem cal constituents that woul d adversely affect the
aquatic biota

Separate consideration of turbidity and salinity is presented el sewhere
in this report.
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Mg determimed in different kinds of aquatic plentsd/

Percent Sage Rajas Celery Widgeon Redhead
of ses Pondl-Weed - tubers grass grass
strength ' _
(Lab. Fos. | (Lad. Nos. (1sb. Wos. | (Leb. Nos.| (Lab. Nos.
1-9) ] 2025) 10-19) ) | 35-13)
M
0 £ 2 0.70 0.91 0.62 0.T1
0 0.61 0.6 0.77 0.83 0.50
5 0.59 0.66 0.67 0.56 0.81
10 0.81 0.82 0.76 no ssmple 1.30
15 0.57 1.10 0.62 0.67 1.10
800 l.u) 0.70 0.45 0.81 no ssmple
25 1.10 0. 64 0.74 0.67
30 1'70 0.)‘2 0065 00$
35 1.90 1.10 0.73 0.9
ko 0.90 0.46 0.58 0.44

1/ Analyses made by Spectrochemical Laboratory, U. 8. Boils

Laboratory, S8oil and Water Conservation Research Division,

Northeast Branch, Agricultursl Research fService, United States
of Agriculture, Beltsville, Maryland. Cooperative

work vith Fish and Wildlife Bervice, United States Department
of Imterior, Patuxent Research Refuge, Laurel, Marylsnd.



Na determined i n different kinds of squatic plant&

Percent Sege Najas Celery Widgeon Redhead
of ses Pond-Weed. tubers gErass grass
strength ‘
(Lab. Nos. | (Lab. Nos. (Lsb. Nos. | {Leb. Wos. (Lab. Nos.
1-9) 20-25) 10-19) 26-3k) 35-43)
Ppm P Prm pra Pom
0 3400 1400 5900 7800
0 8600 3700 1000 6100 5300
5 4200 kgoo 1300 £300 8000
10 [l 000 4500 1500 no sample 9500
15 5700 6300 1200 9k0o 11000
20 8000 3900 1200 10000 no sample
25 5300 1600 9100 10000
30 8500 1600 4300 11000
35 12000 3200 5100 7600
4o 93004 1700 3300 10000

t

Analyses nul e by Bpectrochemical Laboretory, U. 8. Boils
aboratory, Soil and Wter Conservation Research Division,

Northeast Branch, Agricultural Research Service, United States
Department of Agri cul t ure, Beltsville, Maryland.Cooperative
work with Fish and Wildlife Service, United Btates Depart nment

of Interior, Patuxent Research Refuge, Laurel, Maryland.



B determined in different kinds of aquatic plantsl/

Percent Sage Najas Celery © Widgeon Redhead
of sea Pond-Weed tubers Zress grass
strength
(Lab. Fos. | (Lab. Nos. (1ab. Hos. (Lsb. Nos.| (Lab. Nos.
1-9) 20-25) 10-19) 263k ) 35-43)
. 8 .. | gl W
0 2/ 2/ 235 45
0 2500 2/ 2/ 355 b2
5 1800 2/ 2/ 510 kb
lo 860 2/ 2/ no sample 50
15 880 2/ 2/ 350 42
20 1900 2/ 2/ 510 no ssmple
25 990 2/ 330 50
30 1600 2/ 330 41
35 1200 2/ k10 55
ko 850 2/ 210 36

1/ Anslyses made by Spectrochemical Laborstory, U. 8. Soils
Laboratory, 80il and Water Conservation Research Divi sion,
Northeast Branch, Agricultural Research Service, United States
Department of Agriculture, Beltsville, Maryland.  Cooperative
work with Mh and Wlidlife Service, United StateS Department
of Interior, Patuxent Research Refuge, Lsurel, Maryland.

2/ Not detected.



Al determined in differenmt kinds of aguatic plental/

Percent 41 Sagd Kelias Celery Widgeon Pelihedd
of sea Pond-Weed tubers grass grass
strength
(1ab. ¥os. | (Lsb. Hoes. (Leb. Wos. (Leb. Wos. (Leb. Nos.
1-9) 20-25) 10-19) 26-3h) 35-43)
Tom P - o prm PR
0 1400 1200 385 480
0 1300 380 1900 220 190
5 1600 290 550 90 180
10 2700 1300 L&o 0o sgmple kgo
15 TO00 1300 380 220 270
4] 2600 1000 250 160 no ssmple
25 8000 L¥60 130 380
30 4600 220 70 180
35 5000 8k0 120 2k
ho 1600 270 50 250

1/ Anslyses made by Spectrochemicel Leborstory, U. 8., 8oils
ratory, Soll and Water Conservation Research Division,
Rortheast Branch, Agricultural Research Service, United States
Department of Agriculture, Beltsville, Maryland. Cooperatlve
work with Figh and Wildlife Bervice, United States Depsrtment

of Interior, Patuxent Fesearch Mefuge, Laurel, Marylend.



Fe determined in different kinds Of aquatic plantsl/

Percent Bage Najas Celery Widgeon Redhead
of sea Pond-Weed tubers grass gruss
strength .
(Lab. Nos. | (Lab. Wos. (Lab. Nos. (Lab. Nos.| (Leb. Nos.
1-9) 20-25) 10-19) 26-34) 35-43)
P PR hoje ppm P
0 3500 2200 865 600
0 900 1100 1900 420 510
5 1300 980 1900 2o 50
10 2900 3300 1400 no ssmple 680
15 4800 1300 1500 350 480
20 2400 1100 990 390 no smmple
25 3200 1300 610 640
30 2600 970 220 520
35 3100 1900 230 4o
4o 1700 1200 380 1100

1l/ Analyses made by Epectrochemical Lsboratory, U. 8. Soils
ratory, Soil and Water Conservation Research Division,
Rortheast Branch, Agricultural Research Service, United States
Depertment of Agriculture, Beltsville, Maryland. Cooperative
work with Fish and Wildlife Service, United States Depariment

of Interior, Patuxent Research Refuge, Lsurel, Maryland.



Cu deternined in different Binds of aquatic plantsl/

Percent Bage Nejas Celery W dgeon Redhead
of sea Pond- Weed tubers grass grass
strength
(Lab. Nos. |(Lab. Nos. (Lab. Wos. | (Lab. Hos. (Leb. Nos.
1-9) 20-25) 10-19) 26-34) 35-43)
P Pim Py P PEm
0 13 65 23 9.2
0 18 6.3 33 18 6.8
5 8.9 11.0 25 8.7 8.9
10 8.2 16 21 no sample 11
15 28 13 11 9.2 30
20 6.7 6.0 6.7 8.4 No sample
25 23 6.5 6.5 18
30 14 5 6.8 18
35 10 15 7.1 9.3
4 0 9.9 17 6.6 8.5

1/ Analysee made by Spectrochemical Laborstory, U. 8, Soils
Laboratory, Soll and Weter Conservation Research Division,

Northeast Branch, Agricultursl Reseearch Service, United States

Department of Agriculture, Beltsville, Morylerd,

Ccoperative

work with Fish and Wildlife Service, United States Depertment
of Interior, Patuxent Research Refuge, Laurel, Maryland.



Mn determined in different kinds of aquatic phantsl/

Percent Najas Celery Widgeon Redhead
of sea Pond-Weed tubers gruss grass
strength
(Leb. Nos. | (Lab. Nos. (Lad. Mos. (Lab. Nos.| (Lab. Nos.
1-9) 20-25) 10-19) 26-3k) 35-43)
;. | j. .. P _
0 T00 o 485 170
0 500 330 440 210 10
5 450 410 390 160 140
10 ko 2200 k10 NO sample 325
15 460 1500 330 180 190
20 730 460 250 390 no sample
25 820 230 k10 3ko
30 840 2ko 130 130
35 Il 00 570 190 180
4o 440 350 170 50

1/ Analyses nade by Spectrochemical Laboratory, U.S. Soil s
ratory, Soil and Water Conservation lhsearcﬂ Division,
Northeast Branch, Agricultural Rgsearch Service, United States

f Agriculture, Beltsville,Maryl and. Cooperative
work with Fish and Wildlife Service, United States Department
of Interior, Patuxent Research Refuge, Laurel, Maryland.



SOL CHEM STRY, TYPES, AND DI STRIBUTI ON

Quarterly Chemcal Analyses of Soils

The bottom soils within an aquatid habitat provide the primary source
of nutrients from which the aquatic plants wthin an area nmust receive
the necessary nutrients f£or growh, seed production, tuber production,
and general condition. A shortage of any basic nutrient, or excess
of certain available elenments, could prevent or retard plant growth
and the formation of plant reproduction structures, thereby limting
the wldlife utilization of the area. Various soils throughout the
Back Bay-Currituck Sound study area were analyzed to determne the
seasonal.variation of the available soil nutrients in the area. The
study was repeated followng the.-March 7, 1962, sea-water intrusion to
determne possible changes in the available soil nutrients resulting
from the sea introduction.

Procedures

Soil sanples were collected at quarterly intervals from the 17 vegetation
plot study sites located throughout the Back Bay-Curs-ituck Sound Area.

(e pint of bottom soil was obtained at each sanple site, placed into

i ce cream:cartéms and delivered to the laboratory at Coinjock, North
Carolina, for analysis. The soil sanples were analyzed for pH (wet),

pH (air dried), phosphorus, potassium calcium nagnesium nitrate,
sulfate, chloride, ammnia, and ferric iron. Ferric iron was determned
wWth a LaMotte Soil Test Kit and the other nutrient determnations were
mde wth a Hellige-Truog Combination Soil Testing Kit.

The (wet) pH determnations were nade inmediately upon arrival at the
| aboratory. The soil sanples were then air dried in the laboratory
in preparation for testing. Series of sanples which were not analyzed
imediately following drying were prepared for permanent storage and
analysis:was conducted at a later date. Al analyses were conducted
in accordance wth instructions contained with the soil test Kkits.

Resul ts

Five series of soil sanples were collected and analyzed from the eight
stations -gn Back Bay during the period My 1959 to February 1961.  Three
series of soil sanples were collected and analyzed from nine station.

in Currituck Sound during the period Mrch 1960 to February 1961.
Following the Mrch 7, 1962, storm four series of sanples were collected
‘and analyzed from the established stations in Back Bay and Qurrituck
Sound.

;S

The pH (air dried) of the soils tested during the presstorm period

ranged from 4.0 to 7.0 in Back Bay, and from 4.5 to. 6.0 for the Currituck
Sound soils. The only seasonal variation noted during this period was
in the My 1959, Back Bay series of sanples. The pH ranged from 4.0 to
4.5 for all soils in this series of sanples as conpared to the range of
5.0 to 7.0 for the other Back Bay series.
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As Neély (1962) explains, sulfates are reduced to sulfides which conbine
with iron in-the clays formng iron pokysulfides which upon drying oxidize
and-pfoduce sulphurie:dcid;. 'hence ].owerlng the pH. If soils remain Wet,
no“such reidction=zoccursy S

The pH (air dried) values of the soils tested followng the sea-water
introductions of March 7, 1962, ranged from 4.0 to 6.5 for-the Back Bay
soil samples and 4.5 to 7.0 for the Qurrituck Sound soils. Although

the range of the pH value does not indicate a great change in the soil
reaction following the sea-water intrusion, there was ageneral decreage
in the overall pH values in both Back Bay and Currituck Sound follow ng
the intrusion of sea water.

The soil pH (wet) values obtained during the entire study were' simlar
to the pa of the water at the sanple site, and are probably of greater
significance -in regard to availability of nutrients.

| 1on

[ron is needed only in limted amounts but is essential as it is directly
connected with the functioning of chlorophyll in plants. Mst soils
contain sufficient amounts of iron to satisfy the-needs of:plants, but a
deficiency of iron sonetimes occurs in alkaline soils. This should not

be a problem within nost of the study area as the bottom soils in Back
Bay-Currituck Sound are generally acidic. The wet silt deposits are
frequently alkaline in a reaction which could linmt availability of

iron, but availability of alumnum is increased at high and |ow pH,

being least in the internediate pH scale. A high pH's insoluble alumnum
phosphates could be formed, and at low pH's insoluble phosphates of

iron and alumnum could limt phosphorus for plants.

The results were too erratic to establish definite trends in seasonal
variations. A'so, no appreciable change was noted in the iron content
followng the sea-water intrusions. The results indicate that there
is sufficient iron in the soils in the area to satisfy plant needs, and
generally no mjor indications of toxic concentrations.

Phosphor us

Phosphorus IS necessary for cell developnent and the anount of available
phosphorus present in soils influences plant growh, root devel opnent,
condition; and seed production. Plants require large amounts of phosphorus
for satisfactory growh and even higher levels are required for maximm
growth and yield.  Some indications of insufficient phosphorus for wild-
celery and najas in localized areas and in tank studies were discussed;

Twenty-three. percenf of the Back Bay soil sanples, and 40 percent of
the Qurrituck sanples tested prior to the sea-water intrusion did not
contain -sufficient phosphorus for satisfactory growh. Following the
sea-water  intrusion, 78 percent of the Back Bay sanples and 64 percent
of the Qurrituck sanpl es contained ingufficient phosphorus £or optimm
plant growh, The! decrease in available phosphorus was probably due to
the increased plant growh which occurred £following the sea-water
introduction.., All of the total phosphorus in the soil is not in
available forms., A nmjor portionof -the phosphorus is tied up in
various phosphates which, especially in acid soils, becones available



to the plants at a rather slow rate. The increased denmand for phosphorus
resulting fromthe increased plant growth foll owi ng the sea-water intrusion
possibly surpassed the conversion rate of the phosphates. A simlar
decrease was noted between the various seasons of the year. The higher
phosphorus levels occurred during periods of low plant growh. The. .
majority of the soils in the area do not apparently contain sufficient
anmount s of phosphorus to support maxi mum plant growth during the spring

and surmmer nonths.

Pot assi um

Potassiumis essential for starch fornmation in plants and t he devel opnent
of chlorophyll. It encourages the development of healthy root systens

and exerts a balancing effect on both nitrogen and phosphorus. Pot assi um
does not becone part of the plant, but rather acts as a catalyst,
encouragi ng beneficial reactions within the plant processes.. Plants
require large anounts of potassium for proper growh. Mbst soils contain
large amounts of potassium but nmost of it is in an insoluble form

which becomes available to plants at a very slow rate.

Approxi mately 47 percent of the pre-stormsoil sanples in Back Bay
contained insufficient potassiumfor average plant growh and 80 percent
of the Qurrituck pre-storm soil sanples were deficient in potassium

G eater quantities of avail abl e potassiumwere noted during the June
series of sanples for the pre-storm Back Bay area. The potassium content
was greater in February in Qurrituck pre-storm soil sanples.

Fol l owi ng the sea-water introductions of March 7, 1962, potassium was
deficient in 61 percent of the Back Bay sanples and 75 percent of the
Qurrituck Sound soil sanples. Seasonal increases were noted in both
Back Bay and Qurrituck Sound soils during January and Cctober. Most  of :
the soils tested did not contain satisfactory anmounts of potassium for
good plant growh.

Cal ci um

Cal cium becones a structural part of the cell walls of plants. It also
acts a a neutralizer for excess acids which may be forned during plant
processes. Cal cium stinul ates mcro-organi smactivity, thereby

indirectly increasing the availability of other soil nutrients.

Al study area soil sanples tested during pre-stormconditions con-
tained fromlowto very low quantities of available calciumw th no
definite seasonal variations, This level of available calciumis not
considered sufficient for good plant growth.

-

Under post-storm conditions, one sanple each in Back Bay and CQurrituck
Sound, of the total 67 tested, contained sufficient calciumfor good
plant growh. Eght sanples contained no available calcium Variations
were too erratic to establish seasonal trends. Calcium content of the
soils within the study is very low and the March 7, 1962, introduction
of sea water did not appreciably increase the calcium |evels.
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Magnesi um

Magnesi umin soils usually occurs along with cal ciumand cal ci umsalts,
The ratio between cal ci umand magnesiumis very inportant as a high
-calcium content in conjunction wth Iow magnesium levels wll restrict
the availability of the nagnesium A ratio of two to three parts of
calcium to one part nagnesium is considered acceptable in nmost soils.
The cal cium magnesium ratio:; wusually becomes a problem in alkaline
soils. This should not be a problem within the study area as the soils
in Back Bay-Qurrituck Sound have a low calcium content and are slightly
acid to slightly alkaline when wet.

Magnesiumis an inportant soil nutrient as it stinmulates the assimi-
lation of phosphorus in plants and is essential in the formation of
chl or ophyl | . A deficiency of nagnesium may cause chlorosis in pl ants,“
(a white, leached-out appearance). L

Approximately. 35 percent of the Back Bay sanples and 40 percent of the
Currituck Sound sanples tested during the pre-stormsanpling did not
contain sufficient anounts of available magnesium for -maxi num plant
grow h. An overal | increase in magnesi umcontent was noted foll ow ng
the sea-water intrusion, with only 13 percent of the Back Bay sanpl es

and 8 percent of the CQurrituck Sound samples: indicating insufficient
quantities. Seasonal trends were not appreciable in the pre-storm-
sanpl es, but a slight seasonal increase was noted during the July
sanpling following the sea-water intrusion.

N trate and Anmoni a

Ntrogen is essential in the developnent of all plants. In order that
plants may build proteins, it is necessary that they have a source of
ready available nitrogen. N trogen exists in available forns in soils
as nitrates and ammnia. Ntrates are very soluble and in an aquatic
habitat they are lost as a result of |eaching. Amonia is |ess soluble
and nmay be retained in the soils of an aquatic habitat without great

| osses due to leaching. Continued cropping and |eaching, which occurs
under aquatic conditions, rapidly deplete the nitrates in the bottom
soils. The nitrate levels in the soils in':the study area were zero
under pre=-strom conditions and zero to very |low follow ng the sea-water
i ntrusion. The slight increase in nitrate levels following the storm
remai ned stable throughout the vyear.

Ammonia content in the study area soils, prior to the storm ranged

from low to very high with only 9 percent of the sanples testing |ow.
Seasonal variations in the ammoni a content were noted w th the highest
level s occurring during February and the low levels in June., A decrease
in 'ammonia occurred following the sea-water intrusion. Amonia |evels
ranged from very low to high with 44 percent of the sanples testing |ow
Thi s decrease was probably due to the increased denand for nitrogen
resulting from the increase in ‘'aquatic vegetation growh which occurred
following the eea-water intrusion. The seasonal |low occurred during
July and the highest |evel was noted during Octover during the post-
storm conditions. Al though the nitrate levels were very |low, the anmmonia
content was sufficient, in nost cases, to provide the necessary nitrogen
for good plant growth in the area.
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Sul fate

Sul phur is an dmportant plant nutrient which is essential in the develop-
ment of various organic compounds within the plant. It is not required
in great quantities as usually the amount of sulfate contained in the
noram rainfall over nost of the UWdited States is sufficient to supply
the quantities needed for proper plant growh.  Sulphur, in the form of
sulfate, salts, may reach levels high enough to become harnful to sone
plants, and even at |ower levels, they my contribute to a harnful
condition when they occur in conjunction with a high chloride content.

The sulfate content of the pre-storm soils in both Back Bay and Qurrituck
Sound ranged, except for a few individual sanples, from very low to |ow.
A slight overall increase occurred following the sea-water intrusion.
Variations were too erratic to develop seasonal trends. The soil.,
.analyses revealed sufficient quantities of sulphur in the study area
sojls to .satisfy plant needs, but possibly mninmal anounts are causing
nutrient inmbalance "in some areas.

Chl ori de

hloride is not considered an essential plant nutrient although it has
a stabilizing effect on some of the plant processes. There 1s evidence
that chloride also acts as a stimilant to the growh of various aquatic
plants, simlar to its function as a stimilant for various body
functions in animals, The primary consideration applied to the chloride
content of soils is its harnful effect on plants when present in high
concentrations.

The chloride content of the study area soils prior to the sea-water
intrusion ranged from-very low to high wth only a few individual sanples
containing high levels of chloride. Followng the sea-water intrusion
the chloride content of the study area soils ranged from nedium to very
high. This increase occurred throughout the study area. No seasonal
-trend was established although the chloride levels were slightly higher
in some areas during the January and April test. The chloride content
of the study area soils reached levels following the sea-water intrusion
which would be alimting factor for some of the fresh-water forns of
aquatic plants; however, the increase, in turn, provides nore favorable
levels for sone of the nore desirable brackish-water species of aquatic.
vegetation.

Concl usi ons

1. Soil nutrient deficiencies of phosphorus, potassium calcium and
-magnesi um could possibly be below optimum for best plant growh in
some soils wthin the study area.

2. The decrease in the anounts of ammonia, potassium and phosphorus
followng the Mrch 7, 1962, storm was probably due to the increased
demand for soil nutrients resulting from the stimulated plant growh
which followed:; the sea-water intrusion.

58



The chloride content of the study area soils reached Ievels
following the sea-water intrusion which would limt the growh
of some of the fresh-water species of aquatic plants; however,
the increase, in turn, provided more favorable conditions for
som of the more desirable brackish-water species.
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Laboratory Soil Cassification and Analyses

Soi |

classification was based on particle size analyses cenducted: by

the US. Soil Conservation Service, Beltsville, M., on 12 representative
sanples taken at the same stations as the plants collected for spectro-
chemcal analyses. As nentioned, the use of prefixes in describing soils
from the bays lead to so many classifications that analyses of the data
seemed inpossible. Domnant soil types, and the method of classifying
them in the laboratory and field were:

L.

Loam « Loam soils contain 7 to 27 percent clay, 28 to 50 percent
silt, and less than 52 percent sand. Field identification of |oam
gsoil #n aquatic habitat --Mderatecohesion of soil particles, sand
can be detected when soil is worked between fingers.

Silt-- Particle sizes range in diameter between the upper size of
clay, 0.002 nm, and the lower size of very fine sand, 0.05 mm A
silt soil contains 80 percent or more of silt (as described) and |ess
than 12 percent of clay. Feld identification--A fine, light soil

w't%out the cohesive characteristics of clay and wthout detectable
sand.

Sand - Particle size 0.5 mmto 2.0 mm A sand soil contains 85
percent Of nore of sand particles and not nore than 10 percent of
clay. Feld identification--Coarse particle size apparent by
touch and vision; virtually no cohesion of particles, relatively
heavy soil.

Clay Particle size less than 0.002 mm in dianeter. As a soil
textural class, clay contains 40 percent or nore of clay, less than

45 percent of sand, and less than 40 percent of silt. Field
identification--Geat cohesion of particles;, greasy feeling when rubbed
between the fingers, and easily recognized by blue-gray coloration;

in addition it characteristically clouds water when put into suspension.

Shell = Identifiable particles of shell apparent. Field classification--
=50 percent of matter in sanple contains shell.

Mick « A highly deconposed organic soil. Plant parts not identifiable.
Field identification--Resembles a loam soil but identified by lighter
weight, dark brown to black coloration, and only noderate cohesion.

Peat - Unconsolidated soil material consisting largely of undeconposed
or only slightly deconposed organic matter. Field identification--
Over 50 percent undeconposed organic matter present.

In the soil table presenting the percent of exchangeable cations, it wll
be noticed that there is a general increase in sodium toward the south
end of the study area where water salinities are higher.  Shipps Bay,
however, in the northern part of the study area, has sandy soils, a
relatively low sodium content in the water, and a high percentage of
sodium on the cation exchange capacity. This is interesting in that the
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sandy bottons of Shipps Bay supported one of the 'best stands of the
bracki sh-preferring Ruppia meritima in the northern part of the study
grea in 1959. The high perceatage of potassiumin this soil is also
interesting, although the proportional amounts of sodi umand potassi um
do not seem to be reflected in the uptake of the elements by the poor
quality sago pondweed sanple collected from that area.

In thewaters of the study area sodium increases proportionally to the

chloride content. Qeater quantities of sodium occurred in the sago
pondweed plants of better condition. In the soils there is a greater
concentration of sodiumas mlliequivalents per 100 grans of soil in

the soils of finer particle size, however, in the percent of exchangeable
cations the percentage of sodium on the cation exchange capacity is
greater on the sandy soils, This inplies that sodium which is in much
greater supply in the water than either calciumor magnesium is far

| ess active in becomng a part of the cation exchange capacity than
calcium or magnesium, but when it does enter into the exchange capacity
it is nore pronounced on coarse textured soils than on fine textured
soils. Sand having a | ow cation exchange capacity, is nore directly

i nfl uenced by the constitutents of the water over it than are the silts,
clays, or |oans.

In Back Bay Proper there are about 8,000 acres where an undesirable
physical condition of |oose?, soft silts are dominant and vegetation is
virtually absent, The total cation exchange capacity of this soi

was 25.2 nilliequival ents per 100 grans of soil, which was the highest
of all sanples taken from the study area. Again, this is a reflection
fine particle size in the soil. However, the Agriculture Handbook No.

0 states that "In general, the physical properties of fine-textured
soils are affected nore adversely at a given exchangeabl e sodi um
-percentage than coarse-textured soils,"" The mlliequival ent of sodium
per 100 grams of soil from Back Bay was 4.0, the highest of any of the
1z sanples

These soils are virtually nonvegetated, but the chenical factors are
not the primary limting factor and the reason for |ack of vegetation
is turbidity of the water to some extent and highly dispersed, semi-
liguid state of fine sedinentary particles which prevents adequate
rooting. This is the fundanmental problem of Back Bay Proper and the
North Landing Rver causing lack of vegetation



Tabl e Textural O ass of Twel ve Representative Soil Samples fromBack Bay, Virginia, and CQurrituck Sound, North
Carolina as Determned by the Soil Survey Laboratory, Soil Conservation Service, Beltsville Maryland.
Lab. Nos. 59824 = 59838 correspond to Field Nos. |-12. Collection-Dates: August- 29-30, 1.959.
Particle Size Distribution (in mm.) (percent)
Very Very
Coarse Coarse Medium Fi ne Fi ne
Field . Saad Sand  Sand Sand Sand Silt d ay Tot al Text ur al
No. Area: (Section) & Quadraz  2-1 1-.5 0.5-.25 0.25-,10 .10-.05 0.05-.002 0.002 0.2-0.02 0.02-.002 Sand Cl ass
1 North Bay (D S 19 0.3 0.4 0.4 2.0 6.9 72.0 18.0 47.9 32.3 10.0 Silt Loam
2 Shipps Bay (D T-15 0.0 0.1 0.5 84.1 13.4 1.4 0.5 88.0 0.9 98.1 Fine Sand
3 Salinger's Cove 0.2 0.6 0.9 3.0 10.7 73.6 11.0  61.9 24.2 15.4 Silt Loam
Red Head Bay (D) P-12
4 Back Bay (D) L-7 0.0 0.2 0.5 8.4 4.7 62.8 23.4 26. 8 47.3 13.8 Silt Loam
5 Back Bay west of Little 0.0 0.2 0.4 9.7 34.9 45.7 9.1 72.1 16.8 45.2 Loam
Cedar Is. (D 0O2
6 South Back Bay (D) L-3 0.0 0.1 0.2 17.9 31.4 41.6 8.8 74.4 15.0 49.6 Loamfvery
fine sand
| oam
1 Buzzard's Bay (D NI 0.0 0.2 0.2 4.2 41.5 48.5 5.4 83.1 10.6 46.1 Loam
8 Knott's Is. Channel (CP-17 0.0 0.3 3.1 34.8 26.1 27.8 7.9 62.1 9.8 64.3 Fine Sand
Loam
9 North Landing River (O G19 0.4 2.9 9.1 21.2 20. 6 30.7 9.1  53.2 11.3 60.2 Very fine
Sand Loam
10 East of Church's Is (C) J-3 0.0 0.1 0.2 11.0 51.5 28.4 8.8 833 6.5 62.8 Very fine
Sand
11 NW Sanders Bay (B) K-13 0.1 0.6 0.8 12.0 45.5 32.2 8.8 77.9 10.4 59.0 Very fine
Sand Loam
12 W Caffey Inlet (A G17 0.0 0.1 0.2 42.1 26.5 24.6 6.5 820 7.1 68.9 Fine Sand

Loam




Virginia, and Qurrituck Sound, North Carolina.

Table »  Continuation of Soil Analyses for Back Bay,
pH of Saturated Paste 1:1; Percent O ganic Matter; pH of Water from Soils and of Soils
Collection Date:  August 29-30, 1959
_ pH of Per cent Vter from Soils pH of Soils
Field Saturated QOganic Millimhos/ N.eq./ Solution Oiginal #*% Remar ks
ANea: (Section)& Quadrat Paste 1:1 Carbon* cm Ohns litet pH pH  pH(L) pH(2) pH(3)
1. North Bay (D) S 19 4.6 3. 27 2. 34 220 25 5.5 6.2 4.4 3.1 2.6 yellow salt
_ on beaker
2. Shipps Bay (D T-15 4.9 0.24 1.95 260 20 3.9 6.6 4.6 3.4 3.1
3, Salinger's Cove 4,2 2.49 2.46 200 26 4.3 6.6 4.2 2.9 2.5 ellow salt
Red Head Bay (D) P-12 gn beaker
4, Back Bay (D L-7 5.0 3.74 1.85 265 20 7.5 7.0 6.0 4.5 4.1
5. Back Bay west of Little 4.0 1.68 1.98 245 20 7.2 6.7 50 3.7 29
Cedar Island (D O2
6. South Back Bay (D) L-3 4.0 1.48 2.67 190 29 4.6 5.9 4.0 2.9 2.6
7. Buzzard's Bay (D HI 5.0 1.26 1.56 320 16 7.3 6.9 4.8 3.7 29
3. Knott's Is. Channel (O P-17 4.2 1.50 2.02 240 21 7.6 6.5 46 39 25
9 North Landing Rver (O G19 5.4 1.26 1.85 265 20 7.5 6.9 5.5 47 4.2
10, East of Church's Is. (QJ-3 4.9 0.98 2.40 220 26 6.7 6.2 45 3.6 3.2
1 NW of Sanders Bay (B) K-13 4.2 2.09 3.90 125 44 6.7 6.8 4.6 2.8 2.4 vyellow salt
: on beaker
12. w of Caffey Inlet (A G17 4.8 1.26 4.10 120 46 3.8 6.4 4.2 2.8 2.4 gﬁl ! g\évakesralt
of organic matter present

* Qrganic Carbon X 1.724 equal s approxi mate amunt

#% pH(1) Soils air dried,
pH(2) Soils are dried second tine,
pH(3) Soils are dried third time,

rewet and pH determ ned.
rewet and pH determ ned.
rewet and pH det erm ned.



Tabl e . Continuation of Soil Analyses for Back Bay, Virginia, and Currituck Sound, North Carolina.
Cation Exchange Capacity;, Extractable Cations, Percentage Base Saturation; Cal ci uni Magnesi um Rati o0s.

Collection Date: August 29-30, 1959

Field E)((?;t];nc;r; mlliequivalents per 100 g. soil Percent Base
No. Area: (Section)& Quadrat Capacity Ca Mg H Na K Sat uration Ca/Mg Ratio
1. North Bay (D) S-19 23.0 4.9 5.0 9.2 3.1 0.8 60 0.9
2. Sh Shipps Bay (D T-15 1.8 0.4 0.5 0.4 0.4 0.1 78 0.8
3. Salinger's Cove 17.6 3.6 4.2 7.2 2.1 0.5 59 0.8
Red Bead Bay (D) P-12
4. Back Bay (D) L-7 25.2' 5.6 6.0 8.8 4.0 0.8 65 0.9
5. Back Bay west of Little 14.8 2.5 3.3 6.8 1.8 0.4 54 0.8
Cedar Island (D) O2
6. S South Back Bay (D) L-3 12.0 2.1 2.9 5.0 1.6 0.4 58 0.7
1. Buzzard's Bay (D HI 8.2 1.9 1.9 3.2 1.0 0.2 61 1.0
8. Knott's Is. Channel (C P-17 10.9 1.8 2.3 5.2 1.2 0.4 52 0.8
9. North Landing Rver (C G19 9.4 1.8 2.4 3.9 1.0 0.3 58 0.8
10. East of Church's Is. (O J-3 8.4 1.6 2.1 3.2 1.2 0.3 62 0.8
11. NW of Sanders Bay (B) K-13 17.9 3.2 4.2 6.5 3.4 0.6 64 0.8

12, W of Caffey Inlet (A G17 9.6 1.4 25 30 23 0.4 69 0.6




Field
N O.

Tabl e . Percentages

Area. (Section) & Quadrat

10.

11.

12.

North Bay (D) S1.9
Shipps Bag (D T-15

Salinger 'g Cove
Red Head Bay (B} P-1.2

Back Bay (D) L-7

Back Bay west of Little
Cedar Island (D) O2

South Back Bay (D) L-3

Buzzard's Bay (D) NI

Knott"s Is. Channel (C) P-17
North Landing Rver (Q G19
East of Church's Ils. (Q J-3
NW of Sanders Bay (B) K-13

W of Caffey Inlet (A G17

Exchangeable Cations and Mscellaneous Cation Ratios.
Percent Exchangeabl e Cations Ca/Na Ca/Na+K
Ca Mg i N K _
21 22 40 13 3 1.6 1.3
22 28 22 22 5 1.0 1.3
20 24 41 12 3 1.7 1.4
22 24 35 16 3 1.4 1.2
17 22 46 12 3 1.4 1.1
17 24 42 13 3 1.3 1.1
23 23 39 12 2 1.9 1.6
17 21 48 11 4 1.5 1.1
19 26 41 11 3 1.8 1.4
19 25 38 14 4 1.4 1.1
18 23 36 19 3 0.9 0.8
15 26 31 24 4 0.6 0.6

Ca+Mg

Na + K
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goil Type Distribution ie Sack Bay and CQurrituck Sound

Soi | type abundance is discussed on page 57 of Volunme 1. The maps of
soil type frequency are presented in this wvolume .on environnental
factors. As with the maps of vegetation frequency, each dot repre-
sents a 10 percent frequency of occurrence of the designated soil
type in each quadrate. The domnant soil type only was recorded,

for in 1959 when we attenpted to define the many conbinations of
silty sand, sandy loam silty clay, etc., over 38 conbinations were
encountered that defied analysis in relation to vegetation or easy
depiction of the data.

Certain differences in soil type distribution were recorded between
1.960 and 1962, e. g. the lesser quantity of loam and the higher
quantity of silt in the North Landing Rver in 1962; while some
differences may have been real, in the najority of instances, nost
of themresulted fromdifferent classification by the different fi€ld
crews , W becane increasingly aware of this difficulty of accurately
assigning a field classification and nmade all efforts to standardize
it by all field crews in 1962. The best representation of soil type
distribution was from 1962. Qher factors affecting good portrayal
of soil distribution are the nethod of sanpling and the extent of

the turbidity. For exanple, sanples taken rapidly or while the boat

was still moving invariably would wash away surface silt and,
consequent | y, the observer would identify only the heavier or
more conpact subsurface soil. This was probably the najor error.

Possibly after severe wave action enough silt was suspended in the
wat er that observation of the dom nant surface soil at the time of
sanpling msrepresented “average"  conditions.
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Relationships of Aquatic, Vegetation Cccurrence to Soil Types

The frequency of each species of aquatic vegetation on each soi
type is discussed in Volune | and tables are presented from the
Master Survey data on the relationship of vegetation to depth and
soil type in the Appendix to that volune

Additional data are presented in the acconpanying tables detailing
preval ence of soil types and occurrence of each species of aquatic
on each soil type. The percent of each soil type supporting each
species, and the percent of each species occurrence on each soi
type, are the respective colums in the tables. As an exanple,
13.2 percent of 3,616 sanples of sand soil supported sago pondweed,

whereas 55.9 percent of the total occurrences of sago pondweed
occurred on sand soil

Wth exception of Potanpgeton berchtoldi and Anacharis sp., al

ot her species preferred sand goil —Nitella sp., Chara sp., and
wi dgeongrass di spl ayed the strongest affinity for sand soil for
81.6, 79.3, and 73.4 percent of their respective occurrences were

on sand soil and sand conprised only 51.0 percent of all soi
occurrences.

Gher relationships of vegetation occurrence to soil type abund-
ance are readily discerned from the table; silt was generally used

relative to abundance; however, Nitella sp., Chara sp., Eleocharis
sp., and widgeongrass were infrequent on silt soil
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Tabl e . Percent of Sanples of 'Each Seil Type Supporting Each Species of Vegetation and the Percent
Qccurrences of Each Species of Vegetation on Each Soil Type fromthe August 1960 Master Survey of

Back Bay, V-irginia, and Qurrituck Sound, North Carolina.

Tot al

Sago Celery Redheadgr ass
No. Soil  Type % Soi |l Type O%ngggl]'.lce % Soil Type O%cggggl]ice % Soil  Type Oécgggggce
Sanpl es Per cent Supporti ng&/ Each Soil21 Supporting Each | Supporting [
Non- Recor d 8 Tr. -- -m - - - -
Loam 1596 22.5 11.7 21.8 34.3 19 13.8 24.8
Silt 1466 20. 7 11.6 19.9 36.1 18.9 14. 4 23.8
Sand 3616 51.0 13.2 55.9 45.7 59.1 12.2 49.8
d ay 170 2.4 4.1 0.8 21.2 1.3 5.3 1.0
Shel | 134 1.9 5.2 0.8 9.0 0.4 2.2 0.3
Muck 62 0.9 8.1 0.6 22.6 0.5 3.2 0.2
Peat 41 0.6, 2.4 0.1 12.2 0. 2 0 0
7093 100.0 99.9 100.0 99.9
Nitella spp. Chara
% Tot al % Tot al % Total
No. Soil Type % Soil Type Occurrence % Soil Type Qceurrence % Soil Type Cccurrence
Sanpl es Per cent Su ortpng Each Soil Supporting Each Soil Supporting Each Soi |
Non- Recor d 8 Tr. -- -- -- -- -- --
Loam 1596 22.5 3.4 12.0 9.3 14.0 57.5. 24.1
Silt 1466 20.7 1.0 3.2 2.0 2.8 ' 60. 6 23.3
Sand 3616 51.0 10.2 81.6 23.2 79.3 52.0 49.3
d ay 170 2.4 6.5 2.4 12.9 2.1 40.6 1.8
Shel | 134 1.9 0.7 0.2 9.7 1.2 23.9 0.8
Muck —B62 0.9 0 0 3.2 0.2 35.5 0.6
Peat 7093 100. 6 4.9 99.9 9.8 100. @ 2.4 989

{

1/ Column 3 = %soil type with sago =

no. &xh soil type with sago
total no. each soil type

. colum 2 x colum 3
2/ Colum 4 = %total sago occurrences by each soil type = ggm { columm Z X cof umm 3




Tabl e

Percent of Sanples of, Each Soil Type Supporting Each Species of Vegetation and the Percent of Total
Cccurrences of Each Species of Vegetation on Each Soil Type fromthe August 1960 Master Survey of
Back Bay, Mrginia, and Currituck Sound, North Carolina, continued
W dgeongr ass El eocharis Sagittaria
% Total % Total % Tot al
No. Soi | Type % Soi | Type Occurrence % Soil Type Occurrence % Soi | Type Occurrence
Sanpl es Per cent Supporting 1/ Each soil 2/ Supporting Each Soil SupportingFEach Soi
Non- Recor d 8 Tr. ne - - - .=
Loam 1596 22.5 14.1 15.6 2.9 28.3 2.3 36.2
Silt 1466 20.7 9.3 9.5 0.9 8.1 1.1 15.9
Sand 3616 51.0 29.3 73.4 2.4 53.2 1.2 42.8
d ay 170 2.4 1.8 0.2 7.6 7.9 1.8 3.0
Shel | 134 1.9 10. 4 1.0 0 0 0 0
Muck 62 0.9 4.8 0.2 4.8 1.9 3.2 2.0
Peat i 0.6 4.9 0.1 2.4 0.6 0 0
7093 100.0 100.0 100.0 99.9
P. bercht ol di Anachari s Total Vegetation
% lodal % Rl 7% fal
No. Soil  Type % Soi | Type Occurrence % Soil Type Occurrence % Soi | Type Occurrence
Samples Per cent Supporting Each Soil Supporting Each Soil Supporting Each Soi
Non- Record 8 Tr. - - -
Loam 1596 22.5 1.6 46.1 0.2 42.0 59.7 21.3
Silt 1466 20.7 0.8 21.2 0.3 58.0 62.3 20.5
Sand 3616 51.0 0.5 32.7 0 0 67.8 54.9
d ay 170 2.4 0 0 0 0 44.7 1.7
Shel | 134 1.9 0 0 0 0 29.1 0.9
Mick 62 0.9 0 0 0 0 37.1 0.5
Peat 41 0.6 0 0 0 0 17.1 0.2
7093 100. 0 100.0 100.0 100.0
L€ soil L'ty e with sago
1/ Colum 3 = %soil type with sago = notoiig no.éaEK50|l g

2/ Colum 4 = %total sago occurrences by each soil type =

fype

column 2 x colum 3
sum (colummn 2 X colum 3)




Discussion of Silt Depesition in Back Bay and the North Landing R ver

The deeper waters on the west side of the Back Bay Area and in the
North Landing River form sunp areas for silt deposition. The true
nature of these soft, semliquid silts can only truly be observed
by using SCUBA equi prent to go down and see themin situ; no
campling device could do the sane ,

These semliquid silt deposits were crudely neasured by gently
lowering a rule into the bottons until the slightest light resist-
ance was felt; the depth of silt was neasured at 50 random stations
in each area. The nmaps for 1960 and 1962 indicate the areas sanpled
and the average depth of semliquid silt in each area; silt depth
ranged from 0.4 inches to 3.5 inches.

There is no doubt that these semliquid silts are quickly resuspended
after sufficient intensity and duration of wnd. Oice resuspended,
many factors deternine the duration of suspension. The frequency,

direction, velocity, and duration of the wnd, water tenperature,
C2 content, water salinity, rainfall, exposure of the site, depth
of the water, currents, vegetation abundance, etc., all interact to

determine degree and duration of turbidity.

Academic inquiry into the degree of influence of each of the many
factors contributing to resuspension of bottom silts and duration
of turbidity seenms superfluous, except in relation to those factors
possibly subject to control. O the above-naned factors, possibly
only water salinity and vegetation abundance would seem to fall
into the realmof control in a 200-sq. mle area.

Aside from the problems that turbidity causes in limting sunlight,
thus retarding photosynthesis by the plants, the deep silt deposits
thensel ves are a principal limting factor on aquatic growth. A
seedling plant rooted in 2 to 3 inches of semliquid silt has a very
tenuous anchorage and the frequent winds rarely enable any plants
ro secure their roots in the firmer subsoils beneath the silt in
the large open water areas. The soil chemistry of these semliquid
silts is such that plants are produced in abundance in test tanks
with still waterput the physical nature of the silts in the bay
definitely linmts aquatic growth. Based on the records of wind
velocity it would, indeed, be a rare occasion when the waters

were sufficiently calmfor a sufficient duration to permt ecesis
of aquatic plants into the deeper, silt-laden sunp areas of Back
Bay and the North Landing River.

The effect of salt water in flocculating suspended silts has been
discussed and no doubt salt water would tend to coagul ate the
deposited silts to a slight degree; however, it is unlikely that
the silts woul d be sufficiently coagul ated so that they woul d

not be resuspended by heavy wave action. In essence, salt water
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would limt turbidity, thereby permtting increased plant growh' )
in areas where silt deposition is_not a major problem

Can anything benefit these silt-laden, nonvegetated sunp areas in
Back Bay and the North Landing Rver? Certainly increased [ight
penetration resulting fromincreased salinity conbined with

extrenely favorable weather conditions wll result in sone
epheneral increases in aquatic plant growh, but the problem
would still exist when weather conditions returned to nornal.

Severe winter storms have the potential of suspending the silts
and north winds can flush the waters and suspended silts out of
their present locations; however, the beneficial effects are offset
when this sanme water soon seeks its level and deposits nuch of

the silt in the same | ocations. Exactly what ideal conbination

of storm wnd, rainfall, and calm periods it would require to
truly flush an area free of silt is' a mtter of conjecture.

Certainly one positive action could be, and should be, taken by
those concerned with the welfare of the Bay and Sound- - opposition
to all activities contributing to further siltation of the bay
bottoms,

It was occasionally suggested that carp mght be of considerable
inportance in causing the turbidity in Back Bay and CQurrituck
Sound. In small, closed pond systens carp can cause considerable
turbidity . Cobservable turbidity from carp action was occasionally
seen in small marsh ponds and, in a few instances, in the larger
open bays. However, the magnitude of the turbidity from carp
action was insignificant in relation to wnd-caused turbidity.

Carp were so scarce in sonme recent years that commercial fishernen
would not fish for them intentionally.-

Summary of Silt-Turbidity Problems

There is no doubt, in 'ny-opinion, thatmmajor dredging activities
in the Back Bay-CQurrituck Sound Areawere instrunental in starting
the chain of events resulting in excessive turbidities, silt
deposits) and large, nonvegetated areas . The problemis compli-
cated by the history of salt water, plant disease, and other
factors; however, it seens likely that the end result would have
been the sanme even if the area had al ways been fresh and pl ant
disease had never been a factor. Plant disease, in this instance,
is considered nore as a reflection of an adverse habitat condition--
turbidity and fresh water-- than as the cause of the present
condition,

Initially the plant problens resulted from turbidity caused by
dredging, and this was followed by plant destruction and heavy
siltation. Wth the disappearance of aquatics in some areas,

wave action increased and shoreline erosion became nore severe,
further contributing to turbidity and siltation. This process
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oecazsionally was interrupted by favorable weather conditions and
water salinities, and possibly sone flushing of silts from the area.

The cosnopolitan fungi, which apparently cause the plant disease,
probabl y becone nore inportant at tinmes when the plants have a
marginal , or sub-optimum existence in relation to light intensity
and favorable water: salinities. Logically, one would assune

this was equally true for fresh-water plants in excessive salinities,
as well as for brackish-water plants in sub-optimum salinities.

Definition of the problemis only the first step towards its correc-
tion. Reduction of turbidity and siltation and nai nt enance of
favorable salinity levels for the nmost desirable plants is the
goal. The nmethods by which the goals night be achieved include:

1. (pposition to all unnecessary dredging, to reduce turbidity
and siltation. Wien possible, all dredging and filling that
are''essential®™ should be confined to dormant periods of
vegetative growh. and when the greatest chance for flushing
action from the area would occur; because of prevailing wind
direction fromthe north, February and March woul d appear to
be the best tine.

2. Encouraging farming practices, e.g. cover cropping, proper
timng of plowing, etc., that would cause the |east soil
er osi on.

3. Dversion of silt-laden waters, particularly from Back Bay
where the problem is the worst.

4. Maintenance of water salinities that woul d favor sago pond-
weed and wdgeongrass, thereby decreasing shoreline erosion.

Prevent fluctuations in salinity, which favors neither
fresh nor brackish water vegetation.

(&5 ]

6. Maintenance of water salinities adequate to aneliorate
turbidity, but not in excess of those harnful to bass
reproducti on.

Reticence, on possible recommendations to alleviate these problens,
m ght be the w ser course to one who w shes not to bare his ignor-
ance or daydreans, but often things that were -impractical yest erday
are comonplace today. Duly qualified, then, further nethods
possibly worthy of consideration are:

1, Diversion of streamand runoff water that enters Back Bay to
the North Landing Eiver via a canal along the perineter of
the marsh and the tzeeline, from Middy Creek south. This no
doubt could only be acconplished if North Carolina were to
concede that the North Landing River already was irrevocably
dest royed.
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Bul kheading from the north end of ¢Church's Island to Mackay
Island to prevent noverment of turbid water into CQurrituck
Sound.

Rutting flap gates on Corey's ditch which would only permt
southward flow out of Back Bay and preventing egress of North
Landing Rver water northward in the canal.

Experimentally attenpting flocculation of suspended silts
in the critical spring and early summer nonths with
commer ci al flocculants. The entire Back Bay Area shoul d.
be involved, for small-scale studies would be obscured.

A causeway and road from Knotts Island to the beach across
Knotts Island Channel near the Stateline have occasionally
been proposed; although it mght provide sone degree of

i ndependent managerment by Virginia, | cannot visualize

direct benefit, and some harm by further preventing flushing
of silt mght occur. Water level control, particularly during
the summer when the rainfall is greatest, could possibly
becone a severe problem

Bul kheads, judiciously placed across wde, open water expanses
to break wave action, might alleviate sone turbidity and
agitation of bottomsilts, but would not be economcally

feasi bl e. Bul kheadi ng smal l er cove units to mninmze silt
deposition and turbidity would be beneficial.

Even nore extreme, inpractical suggestions mght be creation
of a series of parallel subsurface sand fills across the
deep, silt-laden sump areas by neans of hydraulic dredge
moving sand from the beach area. These might be 3 feet in
hei ght and 20 yards or nore in width. They woul d serve two
pur poses: (1) estgblishment of vegetation on firmer, shallow
strips that woul d serve as breakwaters, and (2) disruption

of wave action by their physical presence al one across an
otherwise flat bottom

Certain FEuropean countries have successfully used "artificial
vegetation" of plastic strips attached to submerged, anchored
cables to break wave action on coastal areas and prevent beach
erasion, No cost evaluation of that method is presently avail-

abl e,

but it deserves further consideration.
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Back Bay

1.9 inches

Figure. . Average Depth of Silt in Three Areas of Back Bay,
July 22, 1560, Fach Area Based on 50 Samples.




Average_Depth of Silt in Three Areas of Back Bay = July 22, 1960-

Table
Each Area Based on 50 Ssmples¥,
P Ton AVOTEED WOPLA Renge in Depun
(inches) (inches)
1, North Bay 3.5 0,25 » 7,0
2. Shipps Bay 2 0.75 = 4.0
3. Back Bay 1.9 0,5~ 3.0

*Readings were taken by observer diving to hottom wth SCUBA equipment and
lightly pressing a triangular engineer's rule through top layer of soft silt.
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Section C

Figure + Average Lepth of 311t in Areas 5-6 of Ourrituck Sound, N, C,

September 13, 1962 and July 23, 1962. BEach Area Based on
Fifty Randomly Selected Samples. Back Bay - Curritusk Sound
Cooperative Investigation.



Tabl e . Average Depth of Silt in Six Areas of Back Bay, Virginia, and Currituck
Sound, North Carolina = Jul y-Septenber 1962. Each Area Based on Fifty
Random y Sel ected Sanpl es. *

Avg. Silt Range in Aver age Aver age

Dept h Silt Depth Secchi Disc Wat er Depth % Sanpl es

Ar ea (I nches) (I nches) (I nches) (Feet) Wth Silt
1. North Bay 2.1 0.0-5.8 30 4.8 82
2. Shipps Bay 1.0 0.0-3.5 45 4.7 72
3. Back Bay 2.7 0.0-4.5 24 6.5 92
4. N Landing River 2.1 0.0-8.0 26 6.2 92
5. N Qurrituck Sound 1.4 0.1-3.5 44 6.7 100
6. Coinjock Bay 0.4 0.1-1.0 - 5.0 100

* Readi ngs were taken by observer skin diving to the bottomand lightly pressing a
triangular engineering ruler through the top layer of seni-liquid silt.

Coment s: The average secchi disc readings include bottom readings.



