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| NTRODUCTI ON

The factors affecting the brackish to freshwater estuaries of Back

Bay, Virginia, and CQurrituck Sound, North Carolina, have been a

subject of considerable controversy for almost half a century. The
primary concern has been a reported decline in waterfow use of the
area. The reason nost frequently suggested for that decline has

been a reported decrease in production of waterfow foods, particularly
the subnerged aquatic species. There is concern also for the pres-
ervation of the fine freshwater fisheries of the area.

No less than 50 reasons for the present conditions have been
suggested, several of which seemed plausible. Studies of certain
environmental conditions have been conducted sporadically for

short periods in the past, but an aura of indefinite explanations
shrouded this conplex ecological problem The controversy continued.
No conplete docunentation of all the principal conponents of the
existing waterfow and fish habitat, the fish and waterfow popu-
lations, nor major factors affecting the ecol ogy of the area was
done prior to the initiation of this study.

None of the previous studies inquired deeply into the needs, food
requirements, and carrying capacity of the habitat for waterfow
and fish. They were prinmarily oriented to physiological studies
of the plants

Herein- is the reason for this study and this "basic data" report--
To docurment these factors as fully and as accurately as possible
with the hope of answering three basic objectives.

(1) To identify the primary physical, chenical, and
bi ol ogi cal factors responsible for the reduction
in waterfow use of the Back Bay-Currituck Sound
Area.

(2) To determ ne procedures for increasing waterfow
use of the area while retaining or inproving
fishery values.

(3) To determine the feasibility of applying these
procedures on an operational basis.

This voluminous data report is not a publication. These data wll

be prepared for publication within a few nonths' tine. The data
report nerely overcones one of the obvious objections to past studies
of the area--that basic data could not be found for reinterpretation

or historical record. Some repetition wll be found, and the
narrative shoul d be considered for what it is=-a.very rough, -incomplete,
first-draft. The data have not all been fully analyzed, nor have

varying interpretations of the investigators and their agencies
been fully resolved.

The four volumes in this data report are entitled Introduction and
Vegetation Studies, Waterfow Studies, Fish Studies, and Environnental
Fact ors.



Neither pages nor tables have been nunbered in this report and it
is necessary to refer to the rather gross table of contents on
specific subjects.

ORGANI ZATI ON CF THE STUDY

The study was conducted by fish and waterfow biologists of the US.
Fish and WIidlife Service, the North Carolina WIdlife Resources
Commission, and the Virginia Commission of Game and Inland Fisheries.
The overall scope and admnistrative coordination of the study were
the responsibility of a six-man conmttee, represented by two persons
from each of the three agencies. This Back Bay-CQurrituck Sound
Coordinating Committee generally net twice a year to review general
progress and needs of the five to six man study team of biologists.
The chief Federal biologist assigned to the study served-as

principal investigator and coordinator of the study.

Certain facets of the study were started in My 1958; however, several
nont hs el apsed before conplete studi es were designed and the study
was reasonably well staffed.

Although full staffing of a waterfow biologist and a fisheries
biologist from each of the 3 agencies was never fully achieved,
the work from 1958 through 1964 represents approximately 36 man=-
years of effort.

Mbst aspects of the study were termnated in January 1962 after
almost 4 years of studying the area under the prevailing fresh to
slightly brackish water conditions. On March 7, 1962, the
so-called "Ash Wdnesday" Storm one of the worst to ever hit the
Atl antic Coast, forced ocean water across the narrow barrier beach
and increased the salinity of the freshwaters to a degree that
was being considered for reconmended managenent---13 percent of sea
strength.

As one biologist expressed it: YTt was an opportunity that cones
once in alifetinme--to have 4 years' prior data, your recommen-
dation fulfilled by natural events, and.to follow up on the
results.” Naturally, the study was continued in almost full
detail through April 1964. Certain primary studies wll be
continued indefinitely to nonitor nore recent nanagenent of

the area by punping of ocean water into Back Bay, which was
started in My 1965.

Throughout its stormy and sonetines dubious history, certain

"coi nci dences” have beclouded any easy identification of cause and
ef f ect relationships. This difficulty has not dissuaded nost
persons from conjecture nor concl usions.

Simlarly, the menories of specific conditions in forner vyears by
long-time residents were invaluable for overall understanding of
the current conplaints.
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However, these 'recalled" data were often too poorly known in the
first place to be of much use in reconstructing a factual account
of the history of vegetation, fish, or waterfow abundance.

Certain sources of data were found that enlightened our understanding
of the area. Awong the nore inportant were the publications of
Citcher, Chanberlain, and Bourn, the hunting club records of water-
fow Kkill, certain records and correspondence of the Corps of
Engineers, nonthly salinity records from 1924-1937 by the Back Bay
Protective Association, certain early vegetation maps by Hotchkiss,
and mscellaneous records of the River Basins Ofice of the US

Fish and WIldlife Service in Raleigh, North Carolina.

Wi | e many ecol ogi cal explanations still elude us, the presentation
of these data serves to establish a quantitative record for the
first time; perhaps, to be of ultinmate value in the future.

LOCATION OF FIELD STATIONS

Two field stations were maintained in the area throughout the study;
one was located at the VMirginia CGame Conmission Wirden's Headquarters
on Back Bay near Nawney Oreek, and the other was on the causeway to
Churchs Island in CQurrituck Sound. The seaplane belonging to the
Virginia Gane Commi ssion was avail able for aerial inventories of
waterfow, marsh napping, boat counts, etc.

MAJCR ENVI RONMENTAL CHANGES | N THE AREA

Dunbar (1956) presents a map showi ng the period during which four
inlets were open into Qurrituck Sound. These were: (1) Musketo
(1585=1671), (2) "Ad" Qurrituck (1585-1731), (3) Carthys (or
Caffey's) (1585- ? and 1798-1811), and (4) New CQurrituck (1713-
1828).

The last inlet into Qurrituck Sound closed in the period 1828 to
1830. After that time salt water entered the area only fromthe

Al benmar| e and Chesapeake Canal ,fromthe south end of Currituck
Sound, and occasionally directly across the low lying barrier beach
during stornms. A nore detailed account of the history of salinity
in the area will be given in the discussion of water chem stry, but,
briefly, since 1830 the area has changed from a saline condition to
a brackish condition, and since the late 1930's some upper reaches
have been virtually fresh. Sone reports near the turn of the
century refer to certain portions of the area as fresh. However ,
one:-should consider that nost people can not detect salt much

bel ow 7 percent of sea strength, and these references based on
taste may have msrepresented the facts.

During the period 1914 to 1919 an estimated 10 mllion cubic

yards of bottomwere dredged fromthe A and C Canal and the North
Landing Rver. Dredging of certain marshes and canals was conducted
in Back Bay from 1923 to about 1926. Dredging activities in the
general vicinity of the North Landing Rver and Qurrituck Sound;
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have been conducted every 2 to 4years since 1923, although not as
great as in the period 1914 to 19109. In Back Bay, filling of the
Sandbri dge Marshes at the northern end of the area was started in
1963 and has continued through 1965.

In addition to these major dredging activities, many hundreds of
mles of lateral farmditches now connect with the Back Bay-CQurrituck
Sound Area

The turbidity of the waters of Back Bay and CQurrituck Sound was
apparently never quantitatively determ ned prior to Bourn's study

of the area from 1926 through 1930. Several references nention

the clearness of the water in the period prior to the extensive
dredging activities. Bourn (1932), however, described the waters

as extrenely turbid and concluded: "The results of field deter-
mnations and |aboratory experiments show conclusively that the
turbidity of the waters of Back Bay and Qurrituck Sound has probably
been the chief factor responsible for the destruction of the
subnerged seed plants.”

Chanberl ain (1948) studied the Back Bay area in 1947 and he al so
described the waters as very turbid and concluded that turbidity
was the primary factor linmting aquatic growh.

The A and C Canal (part of the Intracoastal Waterway), which was
constructed by a private conpany in 1859, connects Norfolk Harbor
with the North Landing Rver. In 1912 the Federal Governnent
purchased this canal and the lock at Geat Bridge, Virginia

After April 1, 1917, the lock was | eft open and not operated until
new |ocks were constructed and put into operation on August 10, 1932.
Bourn (1929 and 1932) stated that during that time "salty, polluted
turbid water flowed into Qurrituck Sound." After reconstruction of
the locks this water no longer entered the area.

Chanberl ain (1948) mentioned that the causeway between the mai nl and
and Knotts Island was built in the latter part of the last century,
whi ch prevented exchange of water between Back Bay and the North
Landing River, until Corey's ditch was put in, about 1915.  Bourn,
however, referred to construction of the causeway in the' early 1920's

The conpletion of sand fences, or man-made sand dunes on the beach
between 1933 and 1935, further prevented the entrance of salt water
into Back Bay and northern Qurrituck Sound.

However, in the period 1951 to 1955 small quantities of ocean water
reportedly came across a |low place in the beach opposite Mnkey
Island in Qurrituck Sound

The first major introduction of ocean water since the nid-1930's
occurred on March 7, 1962, when an extra-tropical storm hit the
coast .



HISTORICAL, ACOOUNTS F CHANGES IN HABITAT AN WILDLIFE VALLES

[t is not knownwith certainty whether waterfow wuse of the area
increased significantly after the closing of the Currituck Inlet in
1830. No doubt the area had certain waterfowm values as well as salt-
water fishing values, even when strongly saline. The subnerged
aquatic vegetation prior to 1830 most certainly was different, and
probably was conposed of eelgrass (Zosteramarina), W dgeongrass
(Ruppia maritim), nuskgrasses (Chara spp.), and possibly marine
algae. The marsh vegetation probably was predomnantly conposed
of brackish water species, e.g. needlerush (Juncus roemerianus),
saltmarsh cordgrass (Spartina alterniflora), saltgrass (Distichlis
spicata), saltmeddow cordgrass (Spartina patens), and was [ess
productive for waterfow and nuskrats than it 1s now

Forrest (1853) stated that the shores of the sound were "very
remarkable for extensive fishing operations" and apparently greatest
at the inlet. Dunbar (1956) stated that "with the freshening of
the sound, the saltwater fish disappeared and freshwater f£fsh™
took~their- plaee.

Market hunting for waterfow became a leading occupation after
the Civil VMar and continued until 1918, when the Mgratory Bird
Treaty Act made the sale of mgratory waterfow illegal.

Although no quantitative estimates of fish, waterfow, or
vegetation can be found much before 1930, there can be no doubt
that the Back Bay-Currituck Sound Area was a principal wintering
ground for waterfow by the nmiddle of the last century. The
area still should be regarded as one of the nost valuable water-
fow habitats on the Atlantic Coast.

Weiland (1897) in a paper aptly entitled "Currituck Sound,
Virginia and North Carolina--A Region of Environmental Change,"
stated:  "One of the nost inportant geological changes which has
taken place along the Atlantic coast in recent time was the
closing up of the Currituck Inlet, North Carolina, by drifting
sands in 1828. Previous to that year this inlet formed such a
passage from the ocean through a narrow outer beach into the
waters Of Qurrituck Sound as is fornmed by either the new or
Ccracock Inlet to Pamico Sound now.  Wth the closing of the
Currituck Inlet there was the conversion of upwards of one hundred
square mles of shallow salt to brackish water area to fresh water;
and it is wthin the nenory of nen now living that the resultant
changes were immediate and striking.

"Previously the sound had been a valuable oyster bed. Wthin a
few years the oysters had all'died out and their shells may now
be seen in long rows where they have been thrown out in the
dredging for a boatway in the Coinjock Bay, a southwestern
extension of the Sound. Further, there were such changes in
vegetation as brought countless thousands of ducks of species
that had been only occasional before. The salt water fishes
were driven out and fresh water fishes took their place."



In 1909, McAtee (1917) made sone of the first recorded observations
on the vegetation in Qurrituck Sound. He stated that sago pondweed
(Potarmpbgeton pectinatus) was the donminant plant and extrenely
abundant; bushy pondweed (Najas flexilis) (possibly N. _puadal unensis)
and wildcelery (Vallisneria spiralis) (mow Val lisneria americana)
were abundant; redheadgrass (Potanpbgeton perfoliatus) was comon;

wi dgeongrass (Ruppia naritima) was scattered; and leafy pondweed
(Pot anoget on foliosus) was scarce in the Sound. Chara spp

bl anketed the bottom of alnost the whole of Qurrituck Sound

Al'though the correspondence about the denmise of the "grass" after
1918 is staggering, it seldom distinguishes the types of plants.
Even today many residents of the area do not know nost of the
conmon aquatic plants.

Jadwin (1929) in Senate Document No. 23 stated that it was
reported that "mgratory birds have been reduced in CQurrituck
Sound" and further that "the fresh fish catch in Qurrituck Sound
is reported to have dropped from 2,000,000 pounds in 1920 to
300,000 pounds in 1927."

O'Conner (1929) presented testinony at this same Senate Hearing
that summarized the opinion of those questioned that‘: "There
has been a steady, progressive dimnution in the nunber of ducks
in Back Bay since about 1920, and it is the opinion of those
questioned that the decrease is due to, and conpares wth, the
decrease in the anount of duck food. The decrease in the nunber
of ducks in the south part of Qurrituck Sound or [lower Qurrituck
Sound, as it is called, has not been so great, and information
has been given that they were present in as great numbers.. as ever,
but that the duck food was scarce and the ducks apparently went
sonewhere else to feed...."

Jewett (1929) submtted further testimony at the hearing that:
“In Qurrituck Sound and Back Bay during the hunting season of
1926-27, while the hunting was reported as only fair or poor
during the early part of the season, during the latter part of
the season it was reported that ducks were nmore plentiful in
Currituck Sound than they had been for many years, and the season
ended with nany very good bags.'" He nmade reference to the fact
that the opposite opinion could |ikewise be found among sone
residents.

In April 1951, 25 long-tine residents of Back Bay-Qurrituck
Sound Area sent notarized letters to the District Engineer
US Arny Corps of Engineers in Norfolk pertaining to their

I ong-tine observati ons of changes ip:the habitat and the fish
and waterfow populations. The thene of all these letters
deplored the prevailing waterfow, fish,and habitat conditions
at that time and related the forner, better conditions that
existed in the era 1900 to 1935. These letters frequently
referred to the destruction of aquatic vegetation by dredging
activities, and al so to the better conditions that existed
prior to exclusion of the ocean water by the sandfences

6



Several interesting opinions are contained in these letters:

(1) One states that 21 years ago [1930} the water in front of his
home on the North Landing Rver looked like an alfalfa field.
"Ducks and geese were so thick in those days that when they flew
over they gave the appearance of clouds."

(2) Aletter froma former Coast Quardsman refers to the ocean
water flow across the barrier beach causing him to mss patrols

prior to 1924 and he states: "The general effect of the salt
water on the grass was definitely very favorable since it would
grow back to its normal thickness the following summer. Generally
speaking, | have seen the grass in the mddle of Back Bay so thick

that yellow shanks walked on top of it the same as if they were on
land. There is no grass growing in the bay at the present tinme
and the water opposite....Morse's Point, Qurrituck Sound, N C,
is fresh enough that | could drink it." He further nentioned the
trenendous reduction in waterfow and estimated less than 5
percent geese and 2 percent of nost species of ducks in conparison'
to 35 to 40 years ago [1911-1916].

(3) Another letter states that before 1924: "The grass, sago. and
wildcelery, was so thick that before the hunting seasons we woul d
make several trips using a battery boat which had a big wheel on
her, to nmake a path for the little boats to go in and out. A so
before 1924 there were about 200 people fishing plenty of the tine
in the sound and bay. At that time they were known to catch such
fish as flounder, a few spot, croakers, and trout." This letter
also nentions that "people in this area have always been bothered
occasionally by high water--even twenty-five to fifty years ago--
but the water did not do so nuch damage because the waters did
not stay as high as long."

(4) Another Coast Quardsman, who patrolled the beach from Cape
Henry to Hogs Head during his tenure, stated: "Regular fall north-
easters used to bring salt water from the ocean into Back Bay and
Qurrituck Sound three or four times a year between 1902 and 1920."
He expressed the belief that the salt water inproved the growh of
aquatic vegetation and based his conclusion partly on the fact that
aquatics grew in the North Landing R ver near Mnden, Virginia,
during the time the |ocks were out at Geat Bridge, stating further
that the "grass" disappeared when the water becane fresh.

(5 Aletter froma 74-year-old nman in 1951 stated "that sone

tine during the fall and winter of three years in suctession-=1893,
1894, 1895, severe storns brought so nmuch salt water in the big

bay [Back Bay Area] that the grass was killed near that shore,

but within one year it had grown back to al most the same as before
t he three. storm years."

(6) A 66-year-old minister, who earlier had engaged in farming and
fishing, recounted the former abundance of grass, waterfow, and
bass. He stated: "A lot of dredging some years ago caused the
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wat er to beconme nuddy and thick and hel ped kill the grass, and then
the absence of salt water caused by the building of the lock at
Geat Bridge had the final danmaging effect." He mentioned that in
his young days "there were 32 fishing crews working and at tines
they averaged about 1,000 |bs. per week per crew"

(7) One letter froma 77-year-old man in 1951 nentioned a crab
factory at the site of his home at WIlians Landing when he was a
young boy.

The average age of these life-long residents who wote in 1951
was 67 years.

In the absence of specific data on the waterfow and fish populations
and the abundance of aquatic vegetation, those observations by life-
long residents, who had nade their living from fishing and hunting,
shoul d recei ve due consideration. The consensus of their observations
would be interpreted by all as relating the follow ng:

(1) waterfow, bass, and aquatic vegetation were relatively scarce
in 1950-51. Carp were nore abundant than formerly;, the waters
were fresh and turbid.

(2) waterfow , bass, white and yellow perch, flounder, spot, rock,
croakers, and trout were far nore abundant prior to 1924, and
apparently prior to 1935 than in 1951.

(3) They strongly believed that the exclusion of salt water by
construction of the sandfences prior to 1935 and the restoration
of the locks in the A and C Canal, were instrumental in destruction
of the aquatic vegetation.

(4) They further, alnost to a nman, contended that the private
dredging in the marshes and governnental dredging in the A and C
Canal were the cause of the turbidity that they contended destroyed
the vegetation. They contended that the turbidity was nade worse
when the waters freshened.

(5) The nunerous references to salt water entering across the

beach around the turn of the century, and frequently thereafter
until conpletion of the sandfences, inply that the waters were

brackish at times, even though other incidental reports referred
to the waters as fresh.

(6) Vegetation reportedly did grow in the deeper portions of
Back Bay, and in the North Landing R ver there was vegetation
until restoration of the locks at QGeat Bridge in 1932



M. C C. Sperry, Assistant Biologist of the Bureau of Biol ogical
Survey, inspected duck food conditions in COctober 1924 and reported
the follow ng:

Back Bay, Mrginia

"Aguatic  Vegetation. By far the greater part of the open water in
Red Head Bay, Sandy Bay, and Big Bay was entirely bare of submerged
plant growth. A good stand of sago pondweed _(Potanpbgeton pectinatus),
locally known as old-fashioned Bay grass, was seen in the southern
end of the great Narrows while scattering plants of sago as well as
of wdgeon grass (Ruppia naritima), and bushy pondweed (Naias
flexilis)=-- nostly young growh, were found in the lower end of
North Bay. A few plants of the above kinds together with sone of
wild celery(Vallisneria spiralis) and coontail (Ceratophyl|um
denersun) also were observed at the nouth of Nawney Ceek. In the
shoal water bordering Ragged Island a young growh of sago, celery,
and wi dgeon grass extended sonme 50 yards out into the open water
whil e one of the Ragged Island ponds contained a good stand of
these 3 plants mixed with bushy pondweed and redhead grass
(Potanogeton perfoliatus)--locally known as Turkle grass; the sago,
w dgeon grass, and redhead grass bore mature seeds.

"The bottom was a mixture of soft nud and sand in nost of North
Bay, Red Head Bay, and Big Bay but farther to the east it was
harder and nostly sand.

"Theories to explain the cause of scarcity of vegetation were
plentiful and varied. The following ‘'explanations' wll be
discussed in the order naned:

1.  \Water too salt.

2. \ater too fresh.

3. \Vegetation destroyed by carp.

4. \ater stagnant, due to Knotts Island causeway.,
5. Pollution frominlet streams.

Qurrituck Sound, North Carolina

"Aguatic vegetati on was abundant over practically the entire

Sound being |l ess plentiful, of course, in the nain channels and
totally lacking on sone of the hard sandy shoals. Sago  pondweed
was by far the dominant plant in the Sound. It was found widely
distributed both in deep and shoal water, onmud or sandy bottom

in open and in protected bays; often the plants were close enough
to the surface to nake the water smooth or 'slick’ over considerable
area. Patches of sago bearing a good crop of seed were frequent.

"Wdgeon grass was locally abundant in alnost pure stands and
occurred in scattering quantity over nost of the Sound but its
proportion to sago was probably as low as 1 to 10. Mature fruit
was present although plants in flower or bearing inmature fruit
were the general rule.



"Musk grass (Chara spp.) was present over nuch of the bottom of
the Sound, formng a carpet 3 or 4 inches in depth in some of
the bays. Cogonia were numerous.

"Bushy pondweed was nowhere abundant or even comon although its
distribution was quite general. Mst of the plants were young
and tender; no seeds were found.

"Redhead grass was scarce everywhere | went and nearly all
plants seen were young. However, the guides reported beds of
sonme size in landward protected bays.

"WId celery was locally abundant in large beds--usually in
shoal water, and was common as a'shallow water plant along sone
of the island shores but was scarce or absent throughout the
great expanse of open water. It was especially rare toward the
southern end and also along the eastern side of the Sound.

Young plants were plentiful on the bars forned i n dredgi ng
channel s. Seed pods containing inmature fruit were abundant

in the big beds while nmost of the celery fringing the shore was
.compesed of young plants. Celery plants, entire and fragnentary,
were scattered over the water's surface and windrows of them were
banked along the wave washed shores but no other plant was thus
washed up in quantity.

"Barnacl es were present but nuch | ess numerously than in Back
Bay.

"Carp were reported to be nore than plentiful and natives blamed
them for the floating celery as a like condition prevailed
throughout the summer when there were no geese or diving ducks
present."”

H, P. Baily of New York in a letter dated Decenber 15, 1924,
reported no “grass" at all in lower Back Bay, that the water
was salty, fishing nearly destroyed, and that ducks were few

Sperry again inspected the Back Bay-CQurrituck Sound Area from
August 16 to August 20, 1926, in response to clains of rotting

of duck foods in Back Bay, Virginia. Hs field report nentioned
the following: "The waters were high. The water in Back Bay
was everywhere fresh to the taste. The water in CQurrituck was
nmore bracki sh than in Back Bay yet not disagreeable to the taste
although a sanple from near the south end of Knotts Island tested
ten percent sea water. In Back Bay there were pratically no
subnerged plants in the deeper water except in sections of North
Bay and even there the growh was restricted to a patchy car pet
of young plants of Naias flexilis. The few plants of wildcelery
and wi dgeongrass observed were |ikew se very young and only a
few inches in length. No sago pondweed or redheadgrass was seen.
Further search in Ships Bay, Redhead Bay, Sand Bay, and nost of
Big Bay revealed only an occasional subnerged plant. One little
patch of sago and wi dgeongrass, possibly two or three acres in
extent, was located in Big Bay (just north of Pellitory Point)
but the brown and unhealthy appearing plants held a very poor crop
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of matured seeds. Some of the island ponds supported a good
growth of sago, wdgeon, Naias, and celery while on shoals,
e.g. near the island shores, along the sandy beach, bordering
the channel through the Geat Narrows, and in the inland coves
there was a narrow fringe of submerged plant growh,. chiefly
sago, some of which was well seeded."”

Sperry reported that grass was plentiful in upper Currituck

and he saw "several large beds of wvarious species of subnerged
plants, although the water was so high that few 'slicks' were
in evidence." He stated that "reports from the sound were that
the grass was 'beautiful' and 'it's the best grass we've had

in ten vyears'." He concluded, however, that: "Duck food plants
in Back Bay and upper CQurrituck Sound, are in very unhealthy
condi tion. Sago is probably in the worst shape but w dgeongrass
and redheadgrass also are in a bad way. Wildcelery and bushy
pondweed are not much affected while nmuskgrass is undanaged."

Sperry nmentioned long slicks of redheadgrass immediately east of
the north end of Churchs Island. He nentioned that bushy pondweed
was not abundant in either Back Bay or upper Currituck and inplied
that it was relatively new to the area. He nentioned also the
Silicateremains of hydroids, particularly on sago pondweed, a root
rot, and another malady in the form of loss of vitality of Ieaves
when the roots were seemingly not affected. He concluded that:
"Salt water is certainly not the direct cause of damage for sago
and widgeongrass, plants which ordinarily wthstand a high
concentration of salts,:are the ones nost affected.” Because

the diseased plants were noticed to be first affected near the
nmouth of the North Landing R ver he stated "the | ogical con-
clusion is that the pollution, or whatever. is causing the
trouble comes into the sound via the Chesapeake and Al benarle
Canal .

Bourn's study from 1926 to 1930 was the first najor investi-
gation of the aquatic plants of the area. In 1932, he
presented a list of the aquatic plants in order of abundance

as follows: "Sago pondweed dom nant and conprising over 60
percent of the total aquatic plant growh; bushy pondweed,

wi | dcel ery, redheadgrass, wi dgeongrass, coontail (Ceratophyl|um
demersunm), and leafy pondweed. In addition to the seed plants,
Chara spp. and Nitella spp. occurred in appreciable quantities
in North Bay and along a few sandy shores."

Bourn (1932) made a few general statenments about plant

abundance as follows: "In 1926 the larger and deeper parts of
Qurrituck Sound and Back Bay, constituting about two-thirds of
the total area, were barren. The growh of subnerged angiosperns
was limted mainly to the waters of North Bay, the southern part
of Qurrituck Sound, the shallow coves and the nargins of the
larger bodies of water, and the ponds and ditches in the narshes.
Pl ants had di sappeared fromthe nmain and deeper parts of Back

Bay and CQurrituck Sound."
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Bourn (1932) further stated: "At the end of 1929, however, about
90 percent of the total water area was observed to be barren of

seed plants. The relatively small quantities of plants, the nost
inportant of which were Potanogeton pectinatus, L, [sago pondveed],
Pot amogeton perfoliatus, L. [redheadgrass], and Ruppia naritins L.

[widgeongrass] remaining at that time was limted to clear, shallow’
waters in relatively isolated sections along the shores of the
larger bodies of water."

No reasonably reliable estimates of waterfow populations could be
found prior to the nmdwinter inventories in 1937, but the hunting
club records attest to extensive waterfow use of the area even
during periods when conplaints about destruction of the habitat
were occurring in the 1920's.

M. W L. McAtee (1927) conducted a field inspection of Back Bay
and CQurrituck Sound during the period Novenber 20-23, 1927, and
reported as follows:

Back Bay, Va. .

"Food conditions. = To show the' extent to which inspection was
carried, localities visited wll be nmentioned in detail; a
summary to be presented |later.

"Back Bay proper from Public Landing sone niles northward; has
plenty of sago pondweed.

"Redhead Bay: = A stretch of water wth chiefly hard sand bottom
that never has had a good stand of wld duck foods has only a
little sago pondweed now.

"QGeat Narrows: = The southern end has sone wild celery, bushy
pondweed, nusk grass and sago pondweed.

"Ship's Bay: = Here plenty of bushy pondweed, nusk grass, and
sago pondweed were found, together with sone wld celery.

"North Bay: = Mich bushy pondweed, sone sago pondweed and a
little wild celery were found.

"Sand Bay: = Traces of sago pondweed and wild celery found but
the bottom nostly bare as always so far as ny know edge goes.

"Cedar Island Channel: = Plenty of well devel oped sago pondweed
here.

"Capps's COeek S ough: = Contained nuch nusk grass, and bushy
pondweed, besides plenty of healthy sago pondweed.

"Buzzard's Bay: = Reported by M. Bourn of the Boyce- Thonpson

Institute to have widgeon grass and sago pondweed comon, also
some wld celery.
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"Batteries: = On Nov. 21the follow ng nunbers of battery rigs
wer e observed, Back Bay 9, North Bay 5, and Sand Bay and Cedar
Island Slough 12, a total of 26. None appeared to be violating
the 700 yard provision.

"WIldfowl seen: - Novenber 20, a rest day, and therefore better
for observing the birds, the following nigratory game birds
(approximate numbers) were seen on Back Bay as a whole: Swans
300, geese 3000, canvasbacks 2000, Marila sp. 500, ruddy ducks
1200, wigeon 4000, pintails few, black ducks few, coots 5000.

Currituck Sound, N (.

"Food conditions: = Reported on by separate localitites
summarized later.

“"Muth of Albemarle and Chesapeake Canal; not hing.

"About 1/2 nmile fromnouth of canal toward Mackay |sland: =
There is a little bushy and sago pondweed, nostly rotted.

"About 1 mile fromnmouth of canal: - The sago pondweed is
somewhat better and a little redhead grass, bushy pondvweed,
and wild celery were found.

"About 2 mles frommouth of canal; = Sone rotted wild celery
and sago pondweed were found.

"Near nouth of Back Ceek: = Here there is considerable
drai nage from nmarshes, and the sago pondweed, and sone redhead
grass and wild celery [|ooked good.

"Near mouth of Indian Oeek: = Sago and bushy pondweeds were
fair in anount conditions.

"The Lunp: = [Between Churchs and Knotts Island] Healthy sago
and bushy pondweed and sonme wild celery were seen here; this
fanous ducking locality is reported to have been covered with
water plants in Qctober, nore so than for vyears.

"Johnson's Shoal: = Mich healthy sago pondweed.

"South Channel Shoal: = Plenty of good sago pondweed with a good
crop of seeds; also a little celery.

"Swman Island Shoal: = Sago pondweed abundant.
"South Side of Qeat Shoal: = Plenty of well seeded sago pondweed.

"North of Monkey Island: = Dense sago pondweed wi th plenty of
seed.;.some wild celery and nusk grass.

"South of Mnkey Island:, = Dense sago pondweed, well seeded.
Here a 'slick' a nile or nore in diameter remnded one of the
"old days'.
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"Lighthouse Bay: = Dense sago with seed;, little redhead grass.
"Southeast of Mrgan's: < Plenty of sago pondweed with seed.

"Currituck Club Channel: = Good sago and bushy pondweed, and
nmusk grass, and a little wld celery and redhead grass.

"Upper end of the Narrows: - Plenty of sago pondweed and nusk
grass, and more wld celery than seen elsewhere.

"Narrow Shore: = Mich nusk grass and a little sago pondweed.

"Mouth of Powell Creek': o Considerable nusk grass and a large
bed of wigeon grass; this locality connected by a small canal
with the main Abemarle and Chesapeake Canal has only salt
resistant plants.

"Gull  Rocks: = Dense beds of sago pondweed well seeded;
sparse wild celery.

"Channel near upper end of Church's Island': « Plenty of sago
pondweed and a little wld celery.

"Batteries: o (nly two batteries were seen on upper Qurrituck
Sound, Nov. 22.

"Wldfowm: =~ A special trip was nmade Nov. 23 to see wldfow
and the territory from south end of Swan Island Marsh to

Li ghthouse Bay was covered. The following approximate nunbers
were seen:  Smans 2350; geese 7600, wigeon 7500, redheads 25,
ruddy ducks 335 and coots 2200. A guide reported flushing
about 200 canvasbacks and 500 redheads earlier in the norning.

Summary

"Food conditions: « These are vastly inproved over what was
observed season before last. The crop of sago pondweed is large,
mostly healthy and well seeded. There is enough of this plant
to feed a large nunber of waterfow should they visit the area.
However nonerof:'the other plants have recovered to the sane
extent as has sago pondweed and there is a lack of variety in
the stand of water plants in great contrast to what prevailed
years ago. Unhealthy conditions are apparently local and the
malign influence of salt water is plainly evident. Inproved
conditions this year are due to prevailing southerly winds which
help to prevent influx of salt water from the Abenarle and
Chesapeake Canal, and to abundance of rain during the grow ng
season.

"Batteries: - Back Bay has a limt of 100 batteries, far too

many for a body of water of its size, while upper Qurrituck
Sound has a linit of 30. Mich nore battery shooting is done

in the former than in the latter body of water.
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"Wldfow: = Back Bay, Va., and Currituck Sound, N C, certainly
do not have the numbers of wldfow visiting them that could
formerly be observed there.

"Swan: = The nunber of swans, in the long run, renains about the
same, a conclusion agreed to by some of the nmost experienced
wildfomers of the region. In ny opinion there’is no reason for
considering an open season on these hirds.

"Geese : - Canada geese are more abundant if anything than in
former years.

"Marsh ducks: = The nunmbers present are fairly satisfactory,
wigeon being unusually numerous this: vyear.

"Diving ducks: - The vast flocks of bluebill, redheads, and
canvasbacks formerly frequenting these waters have not been
seen in recent years. This year there have been, from the
veteran wildfower's point of view almst none of them
Canvashacks have been numerous on the Potomac and Susquehanna,
however, and my reach the Currituck region later on."

M. E R Johnson (1927) presented a statenent of 24 residents
of Currituck County at a meeting in Washington, D. C, which was
held to discuss the proposal for a lock in the A & C Canal. The
statement was as follows: "The decrease in the nunber of canvas=
back, redhead, and broadbill, ducks that dive for their plant
food, became very apparent about five years ago. Previous to
that time vast flocks of ducks, containing from twenty to fifty
thousand in a flock, could be found scattered throughout this
locality., W estimate that the yearly total of such flocks was
in excess of a half mllion and we believe that frequently they
exceeded a mllion.

"At the present time we do not believe that in all this locality
of say 100 square mles there are 10,000 such ducks." He went
on with the quote 'The ducks that arrived would not remain.  Last
year great-masses Of canvasback arrived and all but say five
thousand left wthin a few days.'

Neil Hotchkiss, biologist with the UWited States Fish and
Wldlife Service, prepared a field mp of the vegetation in
Back Bay in 1929, and also a map of the vegetation in northern
Currituck Sound the same year. These mps have been redrafted
for inclusion in this report. In mny respects they are simlar
to the vegetation distribution when this study was started in
1958.

Hotchkiss' report on his field examination on June 20-21, 1929,

of the North Bay and Back Bay area nentioned poor hunting the
last year (1928); the water when examned was practically fresh;

15



the nmarshes north of Redhead Bay and west of the Geat WNarrows
werelargely Typha angustifolia, wth some Spartina cynosuroides,
mich Eleocharis sp., a little Scirpus validug, S. robustus, and
S. americanus.

He stated: "The principal aquatic plants are Potanbgeton pectinatus,
Vallisneria, and scattered Naias flexilis. Al the plants noticed
appeared to be healthy. In Redhead Bay, sago pondweed (Potanogeton
pectinatus) is quite abundant and in fairly good flowering and
fruiting condition. W Ildcelery (Vallisneria) is fairly common
there, also. Aguatics are few in Sandy Bay. On the southwest

side of Ragged Island there is considerable sago pondweed, the
plants being abundant only where the bottom is soft. Their

devel opment here is said to be nmuch better than last vyear. Plants
apparently fluctuate in abundance and distribution a great deal
from year to year.

"The marsh bays north of Redhead Bay have few plants. In the
western part of Ships Bay there is considerabl e sago pondweed and

wi | dcel ery, the latter much dug up--by carp (?).

"Plants in North Bay, except wihdcelery, are few  There is mch
floating wildcelery. Sago pondweed occurs in the northernnost
bays. It grows also just inside the muth of the nearby enclosed
bay southwest of Porpoise Point and near the south end of the
Geat Narrows.

"Naias is scattered nearly everywhere.

"In Nawney Ceek are a number of aquatics not generally noted in
the region: Potanmbgeton perfoliatus (flowering and fruiting),
some _Ceratophyllum Zannichellia, Uricularia sp., Spirodella (a
little), Castalia odorata, etc."

Hot chkiss' general remarks in the 1929 report nentioned "the
marshes just north are among the least used by hunters in Back Bay;
Canvasbacks frequented the large bay in the narshes just west of
the Geat Narrows (QGeat Cove) last vyear."

He stated further: "The general reputation of Back Bay for
waterfow is well-known, but the abundance of food and the

nunmber of birds haveapparently fluctuated nore in recent years
than before. For instance, there were few enough last year so
that one or two clubs did not operate at all. Some form of
pollutiom—~generally considered to be by salt water--is apparently
responsi bl e for the poor devel opnent of aquatic plants in certain
years."

He stated that the Chief Warden of the Eastern Shore Ganme
Protective Association of Virginia "believes that the use of many
automatic guns is largely responsible for driving ducks away from
Back Bay."
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A field report by Hotchkiss and Ekvall based on inspection of
tipper Qurrituck Sound on June 23-24,1929,. states that (about
the Swan Island Area) "the water is very slightly brackish to
taste and is somewhat cloudy in appearance. Sago pondweed
(Potanmbgeton pectinatus) is the most abundant species.  Con-
siderable Naias flexilis, some Vallisneria, sonme Chara, and a
little Potampbgeton perfoliatus also occur. Sago pondweed was
very common off the south end of Knott's Island and eastward.
On shoal s east of the south end of Knott's Island Chara covered
the slightly nmuddy, sandy,bottom near the marshes on the east
side of the Sound. Wth it was a little sago pondweed and

Val |i sneri a. They all appeared in good health. Swan are
reported to feed here. . .. Considerable sago pondweed occurred
northward and eastward toward the marshes on the east: side

of the channel, and on the shoals west of Swan Island. Off

the marsh southeast of Swan Island was considerable Naias
flexilis, sonme Vallisneria, and a little Potanmogeton perfoliatus.
Sago pondweed plants were not so healthy appearing here, having
quite a little hydroid growth on them  Sago pondweed was
scattered on down the Sound off the marshes to Jenkins Cove,
fromwhich it was fairly abundant two or three mles out toward
the north end of Church's Island--scattered from there to a

poi nt west of Swan Istand.

"Westward fromKnott's |sland Landi ng was consi derabl e sago
pondweed and wildcelery, Vallisneria, broken up and-floating. A
little sago pondweed was seen in Bellows Bay. North Landing

River apparently had little aquatic vegetation. Sone Potamogeton
perfoliatus: occurred at Minden. Many barnacl es were observed
there and elsewhere in the Sound. Sone wildcelery occurred just
inside the nouth of Tull Bay.!'

Hotchkiss (1929) stated: "O. H. Bonney of Knott's Island, N C,
says that aquatics are best in years followng the comng of
storm tides over the beach. He thinks also that the |arge amount
of plants (especially wild celery) shipped from CQurritnck affects
their abundance. He said that 90 percent of last year's bass
were caught west of Mckay Island.!"

Unl er inspected the Sandbridge Marsh and the north end of North
Bay on June 18-19, 1932, and his field report nentions: "Vater
bracki sh to the taste throughout the whole area. Normally this
water is reported to be fresh. Aguatic vegetation (with the

exception of white water lily and lotus) very limted in the
ponds and channels. Tremendous concentration of ducks after
close of last shooting season, (till late March) reported to
have cleaned it out, because illegal shooting on Back Bay, North

Bay, etc. concentrated the birds in these protected marshes.

"The widgeon grass, sago pondweed and redhead grass were thrifty
and abundant in adjacent North Bay. Carp plentiful and probably
are a serious handicap in attenpting to get aquatic vegetation
to grow"
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In a nenorandum dated January 1935, Hotchkiss stated that the
food supply in Qurrituck Sound was slight at the present ting,
due to the great influx of salt water in the 1933 storm

A statenent by Hall, Bourn, and Cottam (not dated--but presumably
early 1940's) nentions "that the opening of the locks (at QGeat
Bridge) during periods of ebb tide wll result in destruction of
the valuable plant and animal life of these waters may be shown
from the fact that an experinent of the Arny Engineers carried

on from July 1934 to January 1935 (7 nronths) caused a regression
in the recovery of the flora and fauna of these waters.  Subsequently,
studies made during the winter and sunmer of 1935 showed conditions
markedly worse than in July 1934." They stated further: "\t erfow
and fish food conditions are rapidly inproving in these waters

and as a consequence nmore wldlife are now attracted to these
areas than has occurred at any tinme since the destruction of these
resources in the late 1920's."

Bourn inspected the Back Bay and CQurrituck Sound Area with M.
Roland Halstead during the period My 24-31, 1945, In his report
he nmentioned that: "Wile traveling from the refuge headquaters
to Ragged Island in December 1944, considerable difficutly was
had in clearing the boat propeller from sago pondweed, the growth
of which at that time far surpassed any stand of the plant to be
found, in those waters during the period 1925-1931, inclusive.

| agreed then and | concur now with the refuge manager that there
was a surplus of plant food on the refuge | ast season, a suppply
exceedi ng the needs of the ducks and geese that visited Back Bay
| ast season. There is no question, however, that a shortage of
vegetation in the general area of Back Bay and Currituck Sound
has existed for the past few seasons." Bourn nentioned further
that there was a normal growh of wildcelery, naiad, w dgeongrass,
muskgrass, sago pondweed, and redheadgraxs in nost places except
in places of excessive depth.

h Cctober 20, 1948, a public hearing was held in Princess Anne,
Virginia, to discuss recommended nethods of nanaging the |ocks at
Geat Bridge and various proposals for new canals to decrease |oss
of crops by flooding and management of Back Bay and CQurrituck
Sound. M. Perkins, then refuge manager of the Back Bay National
Wldlife Refuge, refuted the claim that there was no aquatic
vegetation and stated: "I have only been here for six years but
each year | have been here, there has been a very decided increase
in the amount of waterfow foods in the bay. And this year, by
far, is the best year we have had in the past six, that | know of."
Wien asked what area, he responded: "The whole of Back Bay, North
Bay, all up in the area in the vicinity of the refuge and as far as
I can determne from talking to nen located along the coast, the
whole of CQurrituck Sound is in nuch better condition than it has
been any tine in the last six years.”

The mdwinter waterfow inventories in 1937 were the first
guantitative estimates of any value to document use of the Back
Bay Area; no records can be found for CQurrituck Sound until the
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mdw nter inventory of 1942, No one doubts the fact that around
the turn of the century trenmendous nunbers of waterfow used the
Back Bay-Qurrituck Sound Area and other inportant areas.

However, it is wunfortunate that the Ilocal populace has always
identified the drastic reduction in use of the Back Bay-Qurritnck
Sound Area with the coincidental decline in the quality of that
habi t at . Fromthe preceding statenents of Perkins, it could be
inferred that conditions in 1942 were less productive than in
1948, for he nentioned a progressive improvement in the habitat.
However, during this sane period the recorded waterfow popul ation
on the mdw nter inventory declined from1,135,000 waterfow to
about 300,000 waterfow .

Another apparent conflict in the logic of assuning that "less

grass" always nmeans “fewer-ducks" can be illustrated in the
conparison of the club records of waterfow kill and several of
the estimates already quoted on the status of habitat. Bourn

made nmention in 1926 that two-thirds of the area was barren of
vegetation, and in 1929,90 percent of the area was barren. The
club records based on 671 nan-days indicated a kill of 12.9

wat erfowl per man-day of effort in 1926, and in 1929 the record
of 636 man-days indicated a kill of 11.2 per nan-days of effort.
And this occurred when only 10 percent to 33 percent of the area
was productive of vegetation!

Chanberl ain (1948) prepared a map showi ng the distribution and
relative abundance of aquatics in the Back Bay Area in Cctober
1946 and Cctober 1947. In conparison to 4 survey by Mshby (1946)
in the summer of 1946, Chanberlain's study indicated certain

i nprovenents. Msby indicated the order of'abundance was wildcelery,
bushy  pondweed,  widgeongrass, Chara, Nitella, and sago pondveed.
Chanberlain indicated the order of abundance as bushy pondweed
(Naj as guadalupensis), wildcelery, sago pondweed, wi dgeongrass,
Nitella, and redheadgrass. In conmparing the forner domnance of
sago pondweed in 1932 from Bourn's estimate, Chanberlain suggests:
"The decrease in Potanbgeton pectinatus may well be due to the
decrease in salinity since construction of the sandfence, and

the present position of Najas guadalupensis due to the fact that
it is nore tolerant of turbid water than are the other species."

Chanber| ai n, incidentally, was apparently the first one"to
identify the bushy pondweed as Najas guadalupensis rather than
Ndjasxilis, as it was called by all forner investigators. In

the period of study 1958-1964 all that we observed was Naj as
guadal upensi s.

The salinity of the water averaged only about 2.3 percent of sea
strength from June through Septenber 1946, as shown by Chanberlain's
study. He nentioned also "salinities of 4.1 percent at the north
end of Knott's Island Channel, 7.5 percent in Qurrituck Sound,

and 21.4 percent in Abemarle Sound were found during the sunmer."”
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Chanberl ai n discussed the turbidity of these waters at |ength
and concluded that turbidity was the primary factor liniting
plant growh; and that the chief cause of turbidity was due to
wave action.

Bourn, in a nenorandum of January 1952, stated: "Periodic
surveys of biological conditions in Back Bay and Qurrituck
Sound show such inprovements increasing progressively from year
to year since the closing of the locks in 1932 that there have
been annual surpluses of waterfow food in those waters since
1943; the nmaxinmum production of subnerged aquatic plants in
1951."

Roseberry (1952) undertook a study of the rel ati onshi ps of
comercial and sport fishing in Back Bay in 1951. He estimated
a total comerical harvest in the 1950-51 season of 235,648
pounds, of which 61.7 percent were carp, 20.6 percent were
white and yel | ow perch, 7.1 percent were channel catfish, and
rock bass made up about 1,0 percent. Shad, herring, etc.
conprised the remainder of the harvest. The comercial value
of the harvest from Back Bay was $15,000.

Roseberry estimated that anglers exerted a fishing pressure of
26,428 hours on Back Bay, or 11.5 fishing hours per acre for
the 1951 fishing season. They harvested 7,835 bass and 13, 610
fish of all species. Based on tag returns it was estinmated
that anglers harvested 7 percent of the legal size bass. The
tagged bassrecaptures did not indicate a nass novenent of bass.
Roseberry recomended that an attenpt should be made to increase
the harvest of fish by both sport and commercial fishermen. He
nmentioned that the water |evel fluctuations that occur in Back
Bay nmay affect the reproduction of carp, largenouth bass, and
punpki nseed.

In April 1953, Dr. Cottam, Assistant Director of the y, S. Fish
and Wildlife Service, reported on a public nmeeting at O eeds,
Virginia, held to discuss proposals for dredging of oyster shells
in the North Landing River. He stated: "Maj or J. L. Mirphy,
vice president of the United Sportsnmen's Cdubs of North Carolina,
and formerly a high official in the Corps of Engineers who
supervised much of the dredging of the Intercoastal \Waterway

t hrough Currituck....pointed out that much of the dredging was
done under his direction and he had occasion to watch it, and
there was no question in his nind that dredging was primarly
responsible for the killing of the vegetation because the whole
Bay becane highly turbid and the plant |ife disappeared. He
pleaded that a simlar mstake be not nade again.”

In response to a report from the Virginia Commssion of GCame and
Inland Fisheries that duck foods and fish were virtually non-

existent in the North Landing Rver, Carence Cottam inspected
that area on June 6, 1953. He reported "that upstreamfromthe
southwest point of Mckay Island across the river southwesterly
to the west bank about mdway between the town of Qurrituck and

20



the nouth of Tull Bay, almpst no submerged aquatics were found
in North Landing River and its broad estuary.'," He nentioned
the high turbidity and referred to secchi disc readings of

12 to 16 inches above Pungo Rver Bridge, and 16 to 28 inches
in lower parts of the river. Reference was also nmade to dying
out of normal heavy growh of plant life in Buzzards Bay
adjacent to Corey Canal, which connects with the North Landing
River.

Shortly after Cottam's visit, the Corps of Engineers, the
Virginia Comm ssion «of Gane and Inland Fisheries, and the Fish
and Wldlife Service conducted a short-termstudy to determine
the effect of opening the bypass valves in the locks at Geat,
Bridge on "cleaning" up the water in the North Landing R ver.,

Bar ber (1955) nentioned the food conditions for waterfow in
North Carolina, stating: "The four severe hurricanes which )
struck the coast of North Carolina during 1954 and 1955 caused °
noderate to severe danage to the aquatic plant beds in practically
every coastal sound and river. Damage was probably lightest in
Qurrituck Sound. Aquatic plants were already in poor condition

in the lower Sound, possibly as the result of salt water intrusion
during three dry summers, but nmore likely as the result of
extensive hydraulic dredging operations carried on by a |ocal
hunting club. Heavy intrusions of salt water during the late
summer hurricanes destroyed nuch of the remaining vegetation below
the Narrows. Above the Narrows, damage was nuch | ess and on Sedge
Island Shoal and northward there appeared to be little or no
damage to celery, sago, redheadgrass, and widgeongrass. The
abundant growh of nmuskgrasses, however, which usually is to be
found in nuch of the Sound was greatly reduced."”

Martin, Hot chkiss, and Lawson (1956) fairly well sunmarize the
opinions about the area in the followng statements:

"Among the various factors that have been held responsible for
plant  destruction, none seens to have been clearly proved as a
primary or nmajor cause. Parasites and disease doubtless played
a part but-whether their role was primary or secondary is not
known. Pol lution has been suggested as an inportant factor,
but sewage has been found beneficial to plant growh in other
places and its harnful role here does not appear to have been
‘demonstrated. Nor has there been proof that industrial wastes
caused the destruction. The extremes of 3% and 20% of sea
salinity recorded in 48 consecutive nonths from 1925 to 1929
in Back Bay are well within the tolerance lints of nost of
the waterfow food plants of the Bay and are cl ose to opti num
for sago pondweed, redheadgrass, wigeongrass, Wwldcelery, and
leafy pondweed, as determned by the Boyce Thonpson Institute.
Furt hernore, the harnfulness of the water entering North Landing
Rver from the open canal is challenged by a nunber of reports
indicating that "grass" was plentiful in that locality after

it had died out elsewhere. It has been testified by several
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reputable residents that before a new lock was installed a

nunber of hunters moved their shooting sites into the upper

part of North Landing R ver because of good growths of aquatics
t here.

"Turbidity has been and still is (Back Bay was very turbid

during a high wind at the time of this inspection) an inportant
factor, though just what caused or started it is another mtter,

Once unfavorable conditions elinmnated or reduced plants in any
| ocation there was nore opportunity for wind and waves to agitate
the mucky bottom and littlé opportunity for plants’to'become , -
re-establ i shed. Carp have contributed to the turbidity but

reports from different sources do not indicate that they have

been a nmajor factor.

"In recent times there have been nmajor shifts of opinion regarding.
conditions in the Back Bay area. Before 1932, nany residents
protested the absence of a lock in the canal whereas now they
blame recent flooding of farnms largely or partly on the lock."

Al so, whereas navigation interests formerly opposed installation

of a lock on the grounds that it would hinder boat traffic, they
now regard its renmoval as undesirable because of dangerous currents
that tides and wind would bring into the canal. The prevailing
attitude about salinity has also been reversed. Prior to 1932,
general opinion was that the canal was adnitting too nuch salti-
ness into Back Bay but now the concensus seens to be that
insufficient salinity is responsible for the shortage of vegetation'.

"One support of the idea that nore salt is needed is w despread
testinony that ocean water which has occasionally washed over
the barrier beach has proved beneficial to vegetation after an
initial setback. In addition, it is known that salinities of
about 10% of sea strength clear up nuddy water and stinulate
the growth of inportant Back Bay duck foods, such as sago pond-
weed, widgeongrass, and redheadgrass. Some residents point to
conditions from 1950 to 1956 as further evidence of need for
more salt in Back Bay. In the fall of 1950, an overflow from
the ocean into Qurrituck Sound approxinmately doubled the |[ow
salt content of both CQurrituck and Back Bay and the next vyear
the "grass" was said to be more abundant than in 19 years.

Later overflows conbined with several years of low rainfall ,
kept the salinity about the same wuntil the arrival of hurricanes
in the fall of 1955. Heavy precipitation then and normal rain-
fall in 1956 returned the salinity of Back Bay to its recent
low average and vegetation this year is reported to be nuch
reduced as conpared to 1955."
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In response to reports that ducks were starving in the Back Bay
Area, Mrtin (1956) investigated the conditions on Decenber 22,
1956, reported finding an abundance of excellent duck=food plants
in at least two-thirds of Back Bay, and prepared a map show ng
its distribution. He nentioned the direct relationship between
water depth and quantity of vegetation as the "increased barrier
to light." During the inspection he found healthy growths of
bushy pondweed and sago pondweed abundant in shallow water of

2 to 4 feet depth, and noted that Nitella, redheadgrass, and
wildcelery were locally common. He stated: "The limted food
resources and poor hunting in deeper parts of the bay this

winter are particularly disappointing because of the contrast
with last wnter when the "grass" and hunting were exceptionally
good in this zone. Reliable local testinony indicates that |[ast
winter the subnerged growths were the best in nore than 30 years."

Dckson (1955), North Carolina WIdlife Resources Conm ssion
Fisheries  Biologist, started ecologicalstudies of Qurrituck
Sound in April 1955, and he reported water salinities in percent
of sea strength at various stations ranged as follows from April
to October: Qurrituck GCourthouse, 4 to 11 percent; Coinjock
Landing, 7 to 12 percent; Poplar Branch, 7 to 19 percent; Gandy,
7 to 23 percent; Wight Menorial Bridge, 9 to 52 percent on the
west side, and 7 to 80 percent on the east side. He stated:

"By late June the plant growhs were so luxuriant that all parts
of the water surface were covered. Only those parts of the
water where boat traffic was heavy l|acked the heavy growths

of plants. The area of the sound south of Poplar Branch
maintained a growh of only one species of plant, sago pondweed
(Potamogeton  pectinatus). The northern section of the sound was
characterized by a variety of plant species. Sago pondweed
predomnated the plant growth; but large quantities of wildcelery
(Vallisneria spiralis)y "(americana)", pondweed (Potanogeton
foliosus) Raf., redheadgrass (Potanogeton perfoliatus) L,, and
Chara spp. were found.'

Dickson nentions that the hurricanes of August 12 and 17 danaged
about 70 percent of the aquatics in some nmajor sections to the
south with little recovery later in the year, but in the northern
part of the sound excellent stands of plants were found until
November  1955.

Dickson (1956 and 1957) continued his observations in 1956
and 1957 and found average salinities lower than in 1955. In
comparison, the average salinities (in percent of sea strength)
at the sanple stations throughout the summer were as follows:

1955 1956 1957

Currituck  Courthouse 7.29 3. 46 3.38
Coinjock Canal 9.18 5.62 5.12
Poplar  Branch 12.22 6. 52 5.18
Grandy 15.73 6. 88 5. 65

Wight Mnorial Bridge (west) 21.10  19.01 9.60
Wight Mnorial Bridge (east) 29.50  14.38 11.00
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He found no evidence either year of stratification of salinity
with increasing depth.

Dickson's (1956) statements about aquatic vegetation were that:
"During 1956 the growth of aquatic vegetation in CQurrituck Sound
was not as good as has been observed in past years, except for
those areas where shallow water was present. Poorest growh
of plants was found in the deeper water throughout the sound.
It is evident that certain habitat changes have occurred which
prevented the growh of plants in water over three feet deep."

, Dickson stated: "It is not likely that the salinities found
in Currituck Sound during the 1956 growi ng season would have
any detrinental effect on most of the common aquatic plants
unless it was that the salinities were below the optimm for
the plants and this retarded growth to Some degree."

He further stated: "It is most probable that the paucity of
plants in the Sound during the 1956 season can best be
attributed to the great destruction of plants by the hurricanes'
whi ch occurred in the fall of 1955." He conjectured that the
lack of vegetation permtted increased turbidities that limted
growt h.

Di ckson (1957) recounted the events of 1955 through 1957 and
nmentioned that in 1956 the Sound renai ned very turbid through-
out the year. D ckson expanded the study of Currituck Sound
sonewhat in 1957 and included turbidity measurenents. He
mentioned a significant reduction in turbidity in the southern
part of the Sound, and conjectured that the sandy bottons and
the precipitation of suspended matter by higher salt content
mght be responsible. Secchi disc readings averaged 13 to 19
inches in ithe northern part of the Sound in the spring of 1957,
and 12 to 32 inches in the southern part of the Sound.

Water salinities were slightly lower in Qurrituck Sound in
1957 than they were in 1956;

Dickson reported in 1957 "The growhs of aquatic plants were
rated as good in nost areas of the Sound. The best stands of
vegetati on were found al ong the eastern shore fromKnott's
Island down to Caffee's Inlet. Particularly good growhs were
noted in the Swan Island portion and near the Big Narrows with
scattered patches of plants found throughout nmost of the other
areas. W/l dcelery, sago pondweed, and widgeongrass were
predom nant . It should be noted that wildcelery was found in
abundance only north of the Waterlily area in previous years but
in 1957 good growhs of this species were observed down into
the Narrows." He concluded "that there was a general increase
in the anount of aquatic vegetation during the 1957 growing
season. The increase of vegetation was sonewhat restricted,
however, when conpared to seasons of maximum abundance."
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A report in August 1958 by the Branch of R ver Basin Studies

of the TJ. S Fish and WIldlife Service, states: "Thr ee
hurricanes in August and Septenber 1955 wought considerable
damage to the aquatic plant resources of the Back Bay-Qurrituck
Sound area. Poor growing conditions in the spring of 1956
conpounded this damage. Wth sonewhat better growing con-
ditions in 1957 and early 1958 there has been substantial
recovery by the plants, although in general neither the thrift
of the plants nor the degree of bottom coverage is equal to

that occurring before the hurricanes of 1955."

The foregoing account represents all information known about
the abundance of aquatic vegetation in Back Bay and Currituck
Sound prior to this study. A few further indices and accounts
of waterfow and fish populations are discussed in the
respective volumes of this basic data report.

Despite the claim that the area has been studied for many

years and that both professional and lay opinions of-conditions
have been offered, it is obvious that the 2- or 3-day visits

by biologists or hunters could not begin to adequately acquaint
them with conditions or reasons for the conditions. This is
particularly true of estuaries where the nmere factual docunen-
tation of existing vegetation is a difficult, tine-consum ng
task.

The need for quantitative assessment of the habitat, wldlife
use, and environnental factors was obvious.
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QUANTI TATI VE SURVEYS OF AQUATI C VEGETATI ON, 1958- 1964

Transect  Survey (bjective

The objective of the transect surveys was to deternmne trends in
kinds and amounts of aquatic vegetation throughout Back Bay,
Virginia, and CQurrituck Sound, North Carolina, for the purpose of
evaluating the area for fish and waterfow. After the "Ash
VWdnesday" St orm of March 7, 1962, the objective included the
evaluation of the effects of the ocean water intrusion.

Field Pr ocedur es

During the sumer of 1958, 20 transects were sel ected across the
Back Bay-CQurrituck Sound Area according to an approximately
systematic sanpling plan. Acconpanyi ng maps and tabl es indicate
locations and the nunber of sanples per transect |ine. In the
Back Bay Area, 264 sanples were taken on each survey, and 420
sanpl es were taken in the Qurrituck Sound Area.

Twenty-three transect surveys were conpleted of the entire area
between May 1958. and Novenber 1964. Approxi mately 900 man-days
of effort were used in field work and tabulation of the data.

Normally, the transects were sanpled four times each year, in
February, My, August, and Novenber. At stations |ocated every
500 yards along the transect, three sanples of the bottom each
2 square feet in size, were taken wth nodified oyster tongs.

The 12 foot oyster tongs had a metal plate welded on to the
"teeth" of the tongs-and the |ower "biting" edge was shar pened
so that it effectively dug into the soil and root systemof the
aquatics.

Initially the sanpling locations were staked wth poles. However ,
when the investigators becane nmore famliar with the area, blind
locations, marsh points, and constant running tine by the boat
between stations were used to |ocate sampling stations. Ice,
storns, and human di sturbance nade it difficult to maintain

mar ker s.

Each sanple was placed in a wire basket, made of one-fourth

inch hardware cloth, suspended over the side of the boat. The
basket was noved vigorously through the water to renove the
soil. Al vegetation fromeach sanple was renoved fromthe

basket and spread | oosely on the deck of the boat, so that an
ocul ar estimate could be nade of the percentage that each species
constituted of the total volune. Any aquatic plant conprising
less than 1 percent of the total volune was listed as a trace.
Oiginally the muskgrasses were not separated to genera, but
after Novenber 1959, they were distingui shed as Chara spp. and
Nitella spp.
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After conpleting the ocular estinates the vegetati on was squeezed
into a ball and shaken to renove excess water on the plants. Care
was taken not to actually crush the plants, particularly the musk-
grasses, and release the plant fluids. The ball of wvegetation

was then submersed in a water displacenent neasuring device.

Readings were taken on a 10 m. pipette attached to the measuring
devi ce and they provided an index to true volune. Al three sanples
at each station were recorded and neasured separately.

Gher data obtained in conjunction with the transect survey of
vegetation were water depth, secchi disc readings of turbidity,
bottom type. Normally the water sanples for chemcal analysis
were taken at the same tine.

Recordi ng and Cal cul ati on

A series of standard fornms were used to record the ocular estimates
of each species of aquatic, the total volume of the sanple, the
percent frequency on each transect, the calculations of volume

per transect-line, the conversions to oven-dry_ weight, and the
expansions of total area represented by each transect.

The surface acres of water represented by each transect, transect
|ocations, and nunber of stations and sanples were as follows:
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Tran- Number Nunmber Number Area

sect Location Stations Samples So. Ft. Represented

A North Bay; Muirden's Club to 7 21 42
poi nt on’ Beach Marsh L

B Shipps Bay; Lovitt's Ditch 10 30 60 2,234
to Little Is. Coast Quard Sta.

C Geat Cove and Fishernman Cove, 6 18 36 1, 663
Back Bay Refuge (3 in each cove)

D Redhead and Sand Bay; Nawney 15 45 90 3,571
Ceek to Black 1s. through
Little Narrows

E Back Bay and Sand Bay; Wite- 15 45 90 5, 346
hurst Pt. to Barbers HIIl Landing

F Back Bay and Sand Bay; 17 51 102 5,193
Pellitory Pt. to Geen Pt.
passing south Little GCedar Is.

G Back Bay and Sand Bay; East 10 30 60 2,785
point of Egg Is. to Horse Is. Q.

Gy Buzzard Bay; Public Landing to 8 24 48 1,316
Slover  Landing

A-G]1 Total for Back Bay, Virginia 88 264 528 23,222

H Virginia-North Carolina State 6 18 36 1, 653
Line, Knotts Is. Ch.

| Knotts |s. Bay, Bel ow Marsh 6 18 36 2,469

J Knotts Is. Landing to Swan Is. 7 21 42 3,591

K North Landing Rvr; Tull Bay to 15 45 90 15, 988
Knotts Is. near Cory's Ditch

L North end Churchs Is. to 11 33 66 18, 274
Beach Marsh

M  Coinjock Bay; Maple to Cedar Bay 13 39 78 5,816

N \Waterlily Bay to Corolla 19 57 114 7,244
Li ght house

0 Aydlett to east side Sanders Bay 14 42 84 9,958

P Gandy to road landing on Beach 12 36 72 8, 356
Mar sh

0 Jews Island to Caffey Inlet 14 42 84 8, 632

R Thoroughfare Island to Duck 13 39 78 10, 376

S Parallel to Wight Menorial .10 30 60 5, 601
Bridge

HS Total for Qurrituck Sound, N.C. 140 420 840 97, 959

A-S Total: Back Bay and 228 684 1,368 121,181

CQurrituck  Sound
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Each transect was assumed to represent the area half the distance
to the adjoining transect, with the exception of transects C and
G in Back Bay. These two transects obviously were representative
only of the shallow cove areas and the respective adjoining

acreage to each of these was thus assigned. In Back Bay the pond
acreage of Ragged Island was included in the area represented by
transect C

Estimates of total volunme and weight of vegetation for Back Bay,
Currituck Sound,and the total area were based on the sum of the
wei ghted totals of the transects, rather than the unwei ghted
averages shown on sonme of the acconpanying tables.

The ratio of wet volume to oven-dry weight varies for nmost species
of aquatic plants; the ratio may also vary slightly wth each
species between sanples, and possibly at different stages of
maturity. However, it was believed to be relatively constant, so
that the following ratios of wet volunme to oven-dry weight were
used throughout the study:

Ratio wet volume (cc>/

Speci es dry weight (grans) cc_per 1b.
Sago  pondweed 11.0 4990

W | dcel ery 16. 8 7620
Redheadgr ass 11.3 5126
Chara spp. 5.5 2495
Nitella spp. 8.4 3810
Bushy  pondweed 10.9 4944
W dgeongr ass 11.0 4990

El eocharis parvul a 12.0 5443
Sapittaria  subul ata 15.3 6940
Pot anpget on ber cht ol di 11.0 4990
Anacharis canadensi s 11.3 5126
These ratios, incidentally, contribute to a better. understanding

of why wildcelery, Sagittaria subulata, and E eocharis parvula
with their relatively shallow root system tend to float to the
surface and windrow., The greater densities of Chara spp. and
Nitella spp. nmight also contribute to the adaptability of these
poorly anchored plants to survive turbul ence and remai n attached
to the soft bottonms of the bay.

Because of the varying speci es conposition between transect

surveys, and the different density ratios, it is possible that a
certain volume of all vegetation on one survey can have a greater
or lesser total dry weight than an equal volume on another survey.

Accuracy of the Transect Surveys

As described in the section on statistical analysis procedures,
confidence linits at'95 percent confidence for volume conputations
on Back Bay ranged from plus or mnus 26 to 51 percent of the
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Tabl e . Thousands of Pounds (oven-dry weight.) of Each Species of Aquatic Vegetation in Back Bay, Virginia, and
Currituck Sound, North Carolina, as Determined by Each Transect Survey from August 1958 to Novenber 1961,
L . Back Bay

Aug.58 Oct.58 Nov.58 My 59 Aug.59 Nov.59 Feb.60 My 60 Aug.60 Nov.60 Feb.6l Aug.6l Nov.6l
Sago 1,342 829 479 3 652 487 20 3 48 422 10 623 30
Wl dcelery 450 568 58 69 1,925 1,037 0 131 2,621 744 3 3,474 507
Redheadgr ass 0 35 12 45 239 337 45 188 265 794 148 1,912 785
Muskgrass 785 867 629 15 279 1,325 199 8 714 761 22 846 762
Chara¥* a- == we o= ve T 0 0 629 276 22 197 393
Nitella* -= e e o= oo - 199 8 85 485 0 50 369
Naj as 3,713 4,740 3,849 841 4,574 7,085 4,463 2,214 5,456 7,640 2,542 7,647 3,997
W dgeongrass 0 10 15 19 ’104 654 373 79 182 681 268 107 98
El eochari s 0 18 0 Tr. 253 245 106 49 197 257 23 16 51
Sagittaria 0 4 9 0 0 52 7 0 98 54 60 115 263
P.  berchtol di. 0 0 0 0 . _0. 0 0 0 0 0 0
Tot al 6,290 7,071 5,051 992 8,026 11,222 5,213 2,672 9,581 11,353 3,076 14,740 6, 493

Currituck  Sound

Sago 3,650 2,746 3,257 2,987 1,793 2,948 426 470 3,290 3,717 1,846 4,629 3,062
W ldcelery 941 3,175 281 255 2,246 409 10 947 5,032 1,555 16 5,059 1,402
Redheadgrass 105 349 200 454 1,463 3,338 451 1,659 2,560 4,150 517 3,464 2,588
Muskgrass 5,760 9,528 6,621 0 7,787 14,083 800 70 2,792 3,630 150 2,929 4,528
Chara* o an .- @ -- .- 96 0 2,298 1, 644 132 2,718 3,375
Nitella* se ce - ca - - o= 704 70 494 1,984 18 211 1,153
Naj as 6,777 11,598 8,039 4,463 6,952 12,424 4,054 4,161 15,538 16,674 5,124 12,171 11,455
W dgeongr ass 320 4 0 544 2,678 4,673 1,606 2,831 2,571 2,573 1,676 786 1,572
El eocharis 0 0 0 0 0 149 17 44 160 338 22 186 74
Sagittaria 0 0 0 0 0 0 0 0 90 175 11 53 127
P. _ berchtol di 0 0 0 0 0 0 0 0 129 6 0 0 0
Total 17,553 27,400 18,398 8,703 22,919 38,024 7,364 10,182 32,162 32,818 9,362 29,277 24,808
* Chara and Nitella not sSeparated- until February-1960.



Tabl e

Thousands  of

( Pounds
Vegetation on Back Bay,

(oven-dry-weight) of

Each Species of
Virginia and CQurrituck Sound,

Aquatic

North Carolina
as Determined by Each Transect Survey from May 1962to August 1963.

Ma. August November February Ma August
Soﬁfies LS%EQ 19%229 1962 1963 19%3 1963
Back Ba
Sago Pondweed 118 1,449 862 187 360 Trace
Wl dcel ery 103 35559 318 Trace 81 1,611
Redheadgr ass 516 2,698 2,148 142 50
Chara Trace 180 670 Trace 1 463
Nitella 56 - 7
*¥Muskgrass Trace 236 670 Trace 1 L70
Naj as 1,711 o
W dgeongrass 188 1,809 5,1%% 3,019 1,188 1350
El eochari s 62 b
Sagittaria 59 419 139 24 43 133
P.  Dberchtoldii Trace Trace Trace - Trace -
92
Tot al 2,787 14,093 11,019 4,225 2,771 3,802
Currituck Sound: o
Sago  Pondweed 3,046 5,14 9,600 2,726 3,201 4,487
Wildcelery 1,031 6,157 452 4 1,811 11,474
Redheadgrass 2,764 vyasi L, 497 1,210 2,916 5, 887
Chara 585 5,488 567 226 190 5,274
Nitella L9
#luskgrass 585 50776 268 5,064 226 190 2,323
Naj as 59181 10,535 10, 308 6,060 6,211
W dgeongr ass . s
El eocharis L, 131 60 54 4 5L,
Sagittaria 49229 11,008 3,184 4,610 3,028 17,867
P.  berchtoldii Trace 6,019
Tot al 17,321 48,481 31,416 14,932 179379 519197
Grand Total 20,108 62,574 429435 199157 20,150 549 999

Trace equals |ess than 500 pounds

# Muskgrass total includes Chara and Nitella speci es.



Tabl e . Thousands of Pounds (oven-dry-weight) of Each Species
of Aquatic Vegetation on Back Bay, Virginia, and
Currituck Sound, North Carolina; as Determned by
Each Transect Survey from Novenber 1963 to Novenber
1964,

1963 1964
Speci es Novenmber November
W dcel ery 61 8
Redheadgr ass Trace 0
Chara 11 172
Nitella Trace 80
Muskgrasst/ 11 253
Naj as 73 28
W dgeongrass Trace 3
El eocharis 20 Trace
Sagittaria 132 Trace
Total Back Bay 297 291
Sago  Pondweed 3,259 2,729
W | dcel ery 1,143 1,562
Redheadgrass 4,587 3,544
Chara 2,393 742
Nitella . 117 397
Mus:kgrass.l./ 2,510 1,139
Naj as 12,873 21,076
W dgeongr ass 5,110 2,157
El eocharis 120 66
Anacharis 0 44
Sagittaria 41 0
Total Currituck Sound 29, 643 32,317
Grand Total 29, 940 32,608

Trace equals less than 500 pounds
1/ Miskgrass includes Chara and Nitella Species.



Table . Percent Frequency of Aguatic Vegetation on. Each Transect on Back Bay, Virginia, and Qurrituck Sound,
North Carolina, from My 1958 to November 1961

o 1958 - : 1959 1960 1961
Transect Sayngles May July Aug. Oct. Nov.| My ~Aig. Nov. | Jan. Feb. May  Awg. MNov .| Feb. Aug. Nov ,

A 21 100 100 100 100 100 §1 100 -100 100 100 100 100 76 86 71 76
B 30 90 100 100 100 100 j 1200 100 100 | 100 100 100 100 100 97 100 100
c 18 100 100 100 100 100 | 100 100 100 | 100 100 100 100 100 | 100 100 100
D 45 44 41 67 47 24 33 42 49 49 36 78 62 71 84 51

E 45 33 47 20 11 20 18 20 20 18 11 29 51 47 47 60 31
F 51 47 47 53 33 24 33 35 45 33 47 39 73 63 57 61 43
G 30 100 70 70 57 33 53 73 70 63 70 63 80 93 73 80 73
G1 24 o= 100100 92 96 { 100 100 100 95 100 100 100 100 | 1200 100 100
Rack Bay 264 62 68 68 57 51 55 61 63 60 60 68 78 76 75 73 63
H 18 100 83 100 100 100 83 100 100 X 94 100 100 100 | 100 94 100
| 18 100 100 100 100 100 y 100 83 100 X- 100 100 100 100 | 100 100 100
J 21 100 100 86 71 100 j 100 100 100 X 100 100 100 100 | 100 100 100
K 45 [ 0 0 0 0 0 0 0 X 2 11 0 0 0 0 0
L 33 69 78 67 63 63 52 64 54 X 82 76 90 52 82 94 51
M 39 85 100 69 69 56 36 79 74 X 74 97 87 62 74 69 66
N 57 89 79 63 95 47 54 93 93 X 98 98 91 91 96 86 93
0 42 92 93 86 100 81 76 86 81 X 79 86 98 16 81. 93 88
P 36 92 82 67 85 86 83 71 81 X 94 86 89 67 94 72 83
Q 42 79 93 50 36 43 45 60 57 X 53 69 62 62 76 83 71
R 39 23 31 15 15 26 21 49 43 X 49 31 13 23 28 15 15
S 30 10 9 9 15 9 3 8 3 X 0 23 3 0 0 [ 0
Currituek 420 67 67 54 59 57 49 63 61 X 66 70 60 58 66 65 65

Sound



Table . Percent Frequency of All Species of Aguatic Vegetation on Back Bay,
Virginia and Qurrituck Sound, North Carolinaj; as Determned by Each
Transect Survey from May 1962 1o August  1963.

Number 1962 , 1963
Transect Samples May August  Novemher Pebruory May August
57 62

A 21 87 97 iy 10 81 100 86 100 57
B 30

C 18 58 U
D 45 13 62 87 8 69 bl
B L5 164, 160 160 Y 184 56
" 51 63 *71 61 51 82 45
G 30 93 97 97 30 93 67
1 2L 100 100 100 100 100 100
Back Bay 264 11 78 81 67 87 65
H 18 100 100 100 #4100 100 10C
| 18 100 100 100 89 100 - 100
J 21 100 100 100 100 100 100
K L5 9 0 4 7 2 4
L 33 73 70 85 76 91 88
M 39 95 97 95 90 90 92
N o7 95 93 100 96 100 96
C L2 81 83 100 86 90 93
P 36 97 100 94 92 83 100
Q L2 88 93 88 93 86 100
R 39 33 51
S 30 L7 I & It 0l 13 6 43
Currituck 420 74 72 76 FFFETL 74 78

+* Eased on 45 sanples.

s+ Based on 258 sanples.

#%%  Based on 12 sanples
dedeleds Based on 414 sanples.



Tabl e . Percent Frequency of Al Species of Aquatic Vegetation
on Back Bay, Virginia, and CQurrituck Sound, North
Carolina; as Deternmined by Each Transect Survey from
Novenber 1963 to Novenber 1964.

Number 1963 1964
Transect Sanpl es Novenber Novenmber
A 21 29 5
B 30 87 10
C 18 83 6
D 45 411/ 2
E 45 29 4
F 51 53 10
G 30 87 47
g 24 92 42
Back Bay 264 592/ 14
H 18 67 78
| 18 100 100
J 21 100 100
K 45 0 0
L 33 76 82
M 39 92 77
N 57 100 100
0 42 95 67
P 36 86 94
Q 42 90 76
R 39 72 49
S 30 33 27
Qurrituck  Sound 420 75 69
1/ Based on 39 sanples
2/ Based on 258 samples



Tabl e . Percent Species Conposition of the Total Dry.Wight of Vegetation on Each August and Novenber
Transect Survey, 1958 to 1964, for Both Back Bay, Virginia, and Qurrituck Sound, North Carolina.

Tot al
Transect Survey of Veget ati on Percent
(Dat €) in Thousands Sago Celery Redheadgr ass Muskgrassl/ Naj as W dgeongr ass
of - -Pounds

Back Bay
August 1958 6,290 21 7 0 12 59 0
Novenber 1958 5,051 9 L 0 12 76 0
August 1959 8, 026 8 24 3 3 57 1
Novenber 1959 11, 222 4 9 3 12 63 6
August 1960 9,581 1 27 3 7 57 2
Novenber 1960 11, 353 4 7 7 7 67 6
August 1961 14, 740 4 24 13 6 52 1
Novenber 1961 6, 493 0 8 12 12 62 2
August 1962 14,093 10 25 19 2 34 6
Noverber 1962 11,019 8 3 19 6 46 14
August 1963 3, 802 0 42 1 12 43 6
Novenber 1963 297 0 21 0 4 25 0
Novenber 1964 291 0 2 0 87 10 1

Qurrituck  Sound
August 1958 17,553 21 5 1 33 39 2
Novenber 1958 18 ,398 18 2 1 36 44 0
August 1959 22,919 8 10 6 34 30 12
Noverber 1959 38,024 8 1 9 37 33 12
August 1960 32,162 10 16 8 9 48 8
Novenber 1960 32,818 11 5 13 11 51 8
August 1961 44,017 11 11 8 7 28 2
Novermber 1961 31,301 10 4 8 14 37 5
August 1962 48, 481 20 11 13 12 22 23
Noverber. 1962 31,416 31 1 9 16 33 10
August 1963 51, 197 9 22 11 10 35 12
Novermber 1963 29, 643 11 4 15 8 43 17
Novenber 1964 32,317 8 5 11 4 65 7

1/ Includes Chara sp. and Nitella sp.



estimate. For CQurrituck Sound the range was from plus or m nus
21 to 39 percent of the estinate. Normal |y the greater variance
occurred, during seasons or years, when the | east anount of
vegetation was found.

Confidence limts for percent frequency ranged from plus or
mnus 5 percent to 6 percent for Back Bay, and from3 percent to
4 percent for CQurrituck Sound.

Aside fromthe statistical analysis we cannot recall any instance
in which our intensive field observations of the quantity of
vegetation differed from the results of the transect survey.

The survey was, in our judgnent, very representative of the area

The striking conparison of the percent frequency of each species
on the transect survey and the master survey, which involved over
7,000 well-distributed sanples, also attested to the representa-
tiveness of the transect survey.

Transect Surveys of Back Bay (1958-64)

In the foll ow ng discussion of plant abundance, and the acconpanying
tables, it should be borne in mnd that plant abundance does not
necessarily imply production of waterfow foods. Production of
seeds, tubers, winterbuds, roots, etc.,is of wvital inportance if

many of these plants are to be of value to waterfow. Qher
sections of this report will discuss these characteristics and
producti on. The total mass of the plants, including seeds, tubers,

roots, stens, and l|eaves was sanpled on the transect surveys

As can be readily seen, discussion of abundance, frequency, rank,
variation, and distribution of 10 aquatics, on 20 transects, on
23 surveys would be endless.

To sinplify annual conpari son we consi der the Novenber surveys
as the ones nost indicative of the conditions for waterfow.

Total Aquatic Production of Back Bay

In total dry weight we calculated approximately 5 mllion pounds
of vegetation in Novenber 1958 in the Back Bay area. Thi s
increased to slightly over 11 nillion pounds in Novenber 1959,
and Novenber 1960. In Novenber 1961, productiondropped to

approximately 6.5 nillion pounds. In Novenber 1962, it increased
again to about 11 nillion pounds. It declined drastically to
slightly less than 300,000 pounds in Novenber 1963 and 1964,

and from all indications Novenber 1965 will be about the sane

Statistical significance of these changes was denonstrated at
the 99.5 percent level for the 1958 to 1959 i ncrease, and the
1962 to 1963 decrease; significance at the 95 percent level was
denonstrated for the 1960 to 1961 decrease; significance at the
90 percent level was denonstrated for the 1961 to 1962 increase
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No important significance ecould be dononstrated for the slight 2
percent increase from 1959 to 1960, or the decrease from 1963 to
1964.

The percent frequency of all vegetation on each Novenber transect
survey from 1958 through 1964 for Back Bay was 44, 58, 73, 58,

79, 56, and 13 percent. The consecutive changes from year to year
were all significant at the 99.5 percent level of confidence

Total Agquatic Production of CQurrituck Sound

Total dry weight of all species of aquatics in Qurrituck Sound in
Novenber 1958 was approximately 18 nillion pounds. Production

nore than doubl ed by Novenber 1959 to 38 mllion pounds. It

remained relatively the same in Novenber 1960 at 33 mllion pounds,

but a slight decrease to 25 mllion pounds was indicated in

Novenber 1961. The estinmate was approxinmately 31 mllion pounds

in Novenber 1962. Production remained relatively stable in

Novenber 1963 and 1964, at about 30 and 32 nillion pounds, respectively.

The maj or increase of 106 percent between Novenber 1958 and

Novenber 1959 was significant at the 99.5 percent |evel of

confi dence. The other relatively mnor changes were not significant
even at the 90 percent level of confidence.

The trends in total production for CQurrituck Sound, including
the reduction in Novenber 1961, were nearly identical .to_that "
of Back Bay wuntil 1963. Wereas CQurrituck Sound naintai ned
production at a fairly constant level in 1963 and 1964, the
production in Back Bay suffered a drastic decline.

The percent frequency of all vegetation on each Novenber transect
survey from 1958 through 1964 for CQurrituck Sound was 49, 54, 49,
52, 70, 69, and 69 percent. In sequence, only the percent
frequency change from52 to 70 percent between Novenber 1961 and
Novenber 1962 was significant at either the 90, 95, or 99.5 percent
level of confidence.

Agquati c Pl ant Speci es Abundance on Back Bay and Currituck Sound
1958- 1964

Aquatic Plant Popul ati on Characteristics

The quantity of each species of aquatic plant and changes in

rel ati ve abundance are inportant in assessing the val ue of “the
area to waterfow and in the interpretation of environnental

i nfl uences. The data for all species on each survey are contai ned
in this report, but the quantity of each species on each Novenber
survey best reflects the food conditions for waterfow.

In the tables included in the narrative, the dry weight, percent
frequency, and percent that each species conprises of the total
wei ght are shown for each Novenber survey for Back Bay and
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Qurrituck Sound. The relationship between the weight and the
frequency is of particular interest, in that an increase in

wei ght without a corresponding gain in percent frequency inplies
greater growth of the plants without extension of distribution.

The percentage that each species conprises of the total weight
is of interest in deternmining domnance and, in sone instances,
seens to reflect conpetition between species. For nobst species
of aquatics in the Back Bay-Qurrituck Sound Area zonation is
poorly defined. Mxtures of several aquatics are nost commonly
encountered at favorable sites. Sone relatively pure stands of
certain species are encountered where they are nore tol erant

or suited to, the conditions of turbidity, soil type; salinity,
wave action, etc.

Major Environnental Changes

In exam nation of the following trends in quantities of each
aquatic in Back Bay and CQurrituck Sound, certain ngj or changes
in environmental factors should be kept in mnd.

The Back Bay area was virtually a fresh body of water from 1958
through 1961. In nost vyears, turbidity was relatively high
from Cctober through June, with noticeable clearing of the water
in July through Septenber.

In Novenber 1961, a persistent stormapparently damaged the
aquatics on both Back Bay and Currituck Sound.

On March 7, 1962, the "Ash Wednesday"” Stormraised the salinity
of the Back Bay-Currituck Sound Area to an average of 13 percent
of sea strength and the salinity remained relatively stable
throughout the growing season. Light penetration of the water
increased in some areas.

The salinity of the water decreased on Back Bay to its forner
low |l evel early in the growi ng season of 1963; it renained at
about 2 percent of sea strength throughl963 and 1964.

Dredging activities were underway at the northern end of the
Back Bay area in 1963, 1964, and 1965. Turbidity was greater
during this tine.

CQurrituck Sound had greater salinitiesthroughout the study than
did Back Bay. Light penetration of the water was al ways greater
in Qurrituck Sound. Qurrituck Sound underwent nmuch the sane

maj or envi ronnent al influences, except it did not freshen as
mich in 1963 as did Back Bay, nor did the dredging activities
at the north end of Back Bay appear to affect average turbidity
readings in CQurrituck Sound from 1963 through 1965.
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W do not presune to be able to interpret the reasons for al
the changes in population characteristics of each species of

aquatic. For purposes of this data report certain suggested
rel ationships that seem logical are discussed, these, and other
relationships, wll be nore fully examned prior to publication.

Changes in Total Oven-dry Wight, Percent Frequency, and Percent
of Total Aquatic Vegetation, of Each Species on Back Bay, 1958-1964

Sago bohdmeed popul ation characteristics on each Novenber survey
of Back Bay have been as follows:

Dry Wi ght Per cent Percent of Tota

Year in_Pounds Frequency Wi ght of Aguatics
1958 479, 000 6 9

1959 487,000 11

1960 422,000 7 4

1961 30,000 3 Tr.

1962 862,000 11 8

1963 0 0 0

1964 0 0 0

Wth exception of 1960, significant decline in abundance occurred
each year between the August and Novenber surveys of Back Bay.
The decline was nornally nmore pronounced in Back Bay than in
CQurrituck Sound.

O particular interest are the decline in sago pondweed between
August and Novenber 1961; its resurgence to a peak in August
and Novenber 1962 when the area was brackish; and its al npost
total absence in 1963 and 1964, when the area had freshened and
dredging activities had increased the turbidity of the water

August 1965, sago pondweed was neither sanpled nor seen
during a transect survey.

As wll be discussed more fully, sago pondweed on Back Bay has
a very poor production of seed. and virtually no production of

t ubers. During years when the water was fresh,most of the sago
pondweed becane chlorotic in August and Septenber and the dead
plants fell to the bottom of the bay. In 1962, when the area
was brackish, seed and tuber production were enchanced, the
plants appeared healthier, and the die-off was not as severe.

W dcel ery popul ation characteristics on each Novenber survey
of Back Bay have been as follows:
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Dry Weight Per cent Percent of Total

Year in_Pounds Fr equency Wight of Agquatics
1958 58,.000 23 1
1959 1,037,000 30 9
1960 774,000 41 7
1961 507, 000 40 8
1962 318, 000 43 3
1963 61, 000 45 21
1964 8, 000 6 2

The standing crop of wildcelery each Novenber, after a great
increase between 1958 and 1959, has progressively declined.
However, the August surveys indicated a progressive increase
from 1958 through 1962. In conjunction with the percent
frequency, this suggests the dimnution was nore the result of
poor survival in the fall, than of poor growh or restriction
in distribution. This fall disintegration of wildcelery is not
uni que to the Back Bay-CQurrituck Sound Area but is frequently
observed el sewhere. The buoyancy, |eaf shape,and relatively
shallow root system make wildcelery susceptible to uprooting
by water turbul ence or carp action. The carp food habit study
indicated that the seed pods constitute a principal part of
their diet late in the sumrer. Local fishernen frequently
fish the wildcelery beds for carp.

Redheadgrass popul ati on characteristics on each Novenber survey
of Back Bay have been' as foll ows:

Dy Wi ght Per cent Percent of Total
Year in Pounds Fr equency Wight of Aguatics
1958 12, 000 4 Tr.
1959 337,000 13 3
1960 794, 000 18 7
1961 785, 000 25 12
1962 2,148,000 30 19
1963 Tr. 3 Tr.
1964 0 0 Tr.

The trend in all three characteristics of the population of
redheadgrass indi cates a progressive increase in dom nance from
1958 through 1962. In 1958, 1959, and 1960, redheadgrass al so
increased in abundance between the August and Novenber surveys.

Redheadgrass seemed to be anong the early domnants each spring.
It seeded early in June, appeared to die-back somewhat in md-
sunmer, and then had a resurgence of growh and abundant seeding
in late summer.

It seens possible that the strong resurgence of redheadgrass nmay
be related to the die-back of wldcelery. Conpetition for suitable
sites by these two species of plants may be reflected in these
contrary popul ation dynami cs. -

The muskgrass popul ati on characteristics on each Novenber survey of
Back Bay have been as follows;
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Dry Vi ght Per cent Percent of Total

Year in_Pounds Fr equency Wight of Agquatics
1958 629, 000 23 12
1959 1,325,000 19 12
1960 761, 000 19 7
1961 762, 000 19 12
1962 670, 000 14 6
1963 11, 000 7 4
1964 253,000 6 87

As previously mentioned the muskgrasses, Chara spp. and Nitella spp.,
were not recorded individually on the transect surveys until

February 1960. Two species of each genera-were known to occur.
Further discussion of each genera is also presented.

Muskgrass reached a peak production in both Back Bay and Currituck
Sound in Novenber 1959. It declined-nost drastically in Back Bay
in 1963, along with nost other aquatics, when the production
dropped from 470, 000 pounds to 11,000 pounds dry wei ght between
August and Novenber. Normal ly it increased each year between
August and Novenber.

In all vyears nuskgrass was very scarce during the spring.
In Novenber 1964, it was the nost abundant aquatic in Back Bay.

The popul ation characteristics of Chara spp. and Nitella spp. on
each Novenber survey of Back Bay have been as follows:

Chara spp.
Dy Wi ght Per cent Percent of Total
Year in Pounds Frequenc Wi ght of Aguatics
19591/ (17)23
1960 276, 000 8 2
1961 393, 000 16 6
1962 670, 000 14 6
1963 11, 000 5 4
1964 172,000 5 59
Nitella spp.
Dy Wi ght Per cent Percent of Total
Year in Pounds Frequenc Wi ght of Aguatics
19591/ (NZ
1960 485, 000 16 4
1961 369, 000 12 6
1962 0 0 0
1963 .. 1 Tr.
1964 80, 000 5 27

1/ Not recorded by genera (see nuskgrass)
2/ Percent frequency from August 1959 Master Survey

Dr. R D Wod identified muskgrass specinens sent to himfrom
Back Bay and CQurrituck Sound in Septenber 1962 as:

Nitella hyalina

Nitella furcata (possibly wvar. _capitellata)
Chara zeyl ani ca (approaching var. _diaphana)
Chara fibrosa
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Chara fibrosa was not noted in the Back Bay-CQurrituck Sound Area
during the study until August of 1962 after the increase in
salinity. At that tinme it was widely distributed in Qurrituck
Sound, but still scarce in Back Bay.

In Back Bay, Chara spp. apparently declined in 1960 from peak
abundance in 1959, as shown by the total weight of nuskgrass

i n Novenber 1959 and the percent frequency of Chara spp. on the
master survey. The agreement between the transect and nmaster
survey data on percent frequencies pernits this assunption for
1959 when the nuskgrasses were not recorded separately.

Chara spp. declined nmarkedly between August and Novenber 1963
in Back Bay.

As shown by the August 1959 naster survey, Nitella spp. had a
frequency of occurrence of 9 percent in Back Bay. After the
increase in salinity to 13 percent of sea strength in 1962,
Nitella spp. was not encountered on the transect surveys in its
former  abundance. It was totally absent in Novenber 1962
February and My 1963, and only a trace was found in Novenber
1963. Some recovery was noted in Novenber 1964,

During years when fresh water conditions existed in Back Bay,
Nitella spp. normally exhibited a great increase in growth
between August and Novenber. It would die-back considerably
by February of each year and be very scarce or absent by My
of each year.

Bushy pondweed, or naiad, popul ation characteristics on each
Novenber survey of Back Bay have been as follows:

Dry \Weight Per cent Percent of Total
Year in Pounds Fr equency Wi ght of Aquatics
1958 3,849,000 35 76
1959 7,085,000 52 63
1960 7,640,000 72 67
1961 3,997,000 58 62
1962 5,117,000 67 46
1963 73, 000 45 25
1964 28, 000 6 10

Nai ad was the donminant plant at all seasons on the 18 transect
surveys from August 1958 through My 1963. Acconpanying the
drastic decline in total vegetation and in nost species, naiad
dropped to secondary inportance in August 1963

Frequently naiad i ncreased between August and Novenber, and in
later winter and early spring there was no question of its dom nance

Al t hough the ocean water intrusion in March 1962 caused sone
pl asnol ysis on nai ad early in the summer, there was good grow h
late in the sunmmer and in early fall.

Seeding was alnost totally absent on the naiad in this area.
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Widgeongrass popul ati on characteristics on each Novenber survey
of Back Bay have been as follows:

Dy \ight Per cent Percent of Total
Year in Pounds Fr equency Wight of Aguatics
1958 15,000 3 0
1959 654, 000 10 6
1960 681, 000 9 6
1961 98, 000 ) 2
1962 1,590,000 14 14
1963 Tr. 4 0
1964 3,000 1 1

The increase in widgeongrass in 1962 was to be expected with
the increase in salinity that year. The die-back in 1963 and
1964 corresponds to the general decrease in nost of the doninant
pl ants. In the period 1958 t hrough 1962, wi dgeongrass nornally
increased substantially between the August and Novenber surveys
of Back Bay.

Dwarf  spi kerush, E eocharis parvula, population characteristics
on each Novenber Survey of Back Bay have been as follous:

Dy Wi ght Per cent Percent of Total
Year in_Pounds Fr equency VWight of Aguatics
1958 0 3 0
1959 245,000 9 2
1960 257,000 8 2
1961 51, 000 5 1
1962 175, 000 8 2
1963 20, 000 5 7
1964 Tr. 4 Tr.

This spikerush was also a mnor constituent of the aquatic plant
producti on. It was frequently seen to be uprooted in the cove
areas in late sumer and early fall.

Sagittaria, Sagittaria subulata, population characteristics on
each Novenber survey of Back Bay have been as follows:

Dy Wi ght Per cent Percent of Total
Year in Pounds Fr equency Veight of Aquatics
1958 "9,000 6 Tr.
1959 52j 00 4 Tr.
1960 54, 000 5 Tr.
1961 263, 000 11 4
1962 139, 000 6 1
1963 "132,000 7 44
1964 T¥, 3 Tr.
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Sagittaria was a mnor species in the area, except during the
period of drastic die-back of the doninant species in 1963. It
then becanme the domnant plant, even though it was also reduced
i n abundance fromthe year before, when it conprised only 1
percent of the total weight

The growth formon this particular variety of Sagittaria
subulata was very small, and simlar in size to Eeocharis

parvul a.

Changes in Total Oven-dry Wight, Percent Frequency, and Percent

of Total Aquatic Vegetation of Each Species on CQurrituck Sound,
1958- 1964

Sago pondweed popul ation characteristics on each Novenber survey
of CQurrituck Sound have been as foll ows:

Dry Vi ght Per cent Percent of Tota
Year in Pounds Fr equency Wi ght of Aguatics
1958 3,257,000 28 18
1959 2,948,000 18 8
1960 3,717,000 16 11
1961 3,062,000 " 13 10
1962 9,600,000 26 31
1963 3,259,000 14 11
1964 2,729,000 14 8

The maj or distinction in annual abundance of sago pondweed in
Qurrituck Sound occurred in 1962, when the yield tripled in 1
year. The percent frequency from 1958 through 1961 indicates

a gradual shrinking in distribution. Throughout the course of
the study sago pondweed was healthier, nore productive of seeds
and tubers, and |ess disease-ridden in Currituck Sound than in
Back Bay. In Qurrituck Sound it appeared to grow earlier in
the spring and to stand erect longer in the fall, than at Back
Bay.

W dcel ery popul ati on characteristics on each Novenber survey
of Qurrituck Sound have been as follows:

Dry Wi ght Per cent Percent of Tota
Year in Pounds Fr equency Wight of Aguatics
1958 281, 000 22 2
1959 409, 000 16 1
1960 1,555,000 45 5
1961 1,402,000 32 4
1962 452, 000 33 1
1963 1,143,000 31 4
1964 1,562,000 40 5
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Wiereas wil dcel ery declined progressively on each Novenber
survey of Back Bay after 1959, no simlar decline occurred on
Qurrituck Sound. The tenporary decline in 1962 possibly resulted
fromthe sonewhat higher salinities in Qurrituck Sound than in
Back Bay. The August surveys on both areas denonstrated a
progressi ve increase through 1962; however, the increase in
Currituck Sound continued through August 1963, but it did not
continue in Back Bay. This appears to denonstrate further that
climatic factors were not responsible for the decrease in Back
Bay in 1963, but, some |localized factor, namely turbidity, was
responsi bl e.

W/ dcel ery reached a peak of about 11.5 nillion pounds dry

weight in August 1963. Survival rate between August and Novenber
survey varied between 4 percent and 53 percent in Back Bay, and

9 percent and 31 percent in Currituck Sound. _The najor exception
to a simlar pattern in the survival rate between August and
Novenber in the two areas occurred in 1959 when 53 percent of

the wildcelery survived in Back Bay, but only 18 percent survived
in Qurrituck Sound. In all other years the survival rate was
slightly higher in Qurrituck Sound. The reason £pr this one
exception is not known.

Redheadgrass popul ati on characteristics on each Novenber survey
of Qurrituck Sound have been as follows:

Dry \eéight Per cent Percent of Tota
Year in Pounds Fr equency Wi ght of Aquatics
1958 200,000 5 1
1959 3,338,000 20 9
1960 4,150,000 21 13
1961 2,588,000 19 8
1962 2,777,000 32 9
1963 4,587,000 33 15
1964 3,544,000 26 11

Al though no trend in dry weight of redheadgrass on the Novenber
surveys of CQurrituck Sound is apparent, nor are the fluctuations
clearly related to nmajor environnmental factors, the August survey
wei ghts denonstrate an increase from 1958 through 1963. As is
shown by the Novenber percent frequency values this increase was,
at least in part, due to extension of its distribution in
Qurrituck  Sound.

It is interesting to note that redheadgrass increased each year
in both areas between August and Novenber of 1958, 1959, and 1960,
however,it declined in both areas between August and Novenber of
1961, 1962, and 1963. This suggests that a climtic or other
maj or environnental factor, common to both areas, was involved

(hce again the simlarity in pattern of growh prior to 1963,
and the disparity in the growh of redheadgrass in Back Bay in
1963, points to the turbidity of the Back Bay area as the najor
cause of decline
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The muskgrass popul ation characteristics on each Novenber survey
of Qurrituck Sound have been as follows:

Dry \Weight Per cent Percent of Tot al
Year in Pounds Frequency Vi ght of Aguatics
1958 6,621,000 35 36
1959 14,083,000 35 37
1960 3,630,000 20 11
1961 4,528,000 23 14
1962 5,064,000 33 16
1963 2,510,000 24 8
1964 1,139,000 20 4
As previously mentioned nuskgrass reached a peak in both areas
in Novenber 1959. It has declined in dom nance in CQurrituck
Sound since that tine as shown by all three of the popul ation
characteristics. In 1962, there was a slight increase in

abundance and distribution.

Miuskgrass normal |y i ncreased each year between August and
Novenber in Qurrituck Sound, as it did in Back Bay. However,
it decreased between August and Novenber 1963.

The general decrease in nuskgrass in Qurrituck Sound may be
related to increased conpetition wth other species.

The population characteristics of Chara spp. and Nitella spp.
on each Novermber survey of CQurrituck Sound have been as follows:

Chara spp.
Dry \Wéight Per cent Percent of Total
Year in_Pounds Frequenc Wi ght of Aquatics
19591/ - (20)2/
1960 "1,644,000 12 5
1961 3,375,000 20 11
1962 4,497,000 28 14
1963 2,393,000 22 8
1964 742, 000 14 2

Nitella spp.

Dry \éight Per cent Percent of Total

Year in Pounds Frequenc Wi ght of Aquatics
19591/ (1627

1960 1,984,000 11 6

1961 1,153,000 15 4

1962 567, 000 6 2

1963 117,000 5 Tr.

1964 397, 000 10 1

1/ Not recorded by genera (see nuskgrass)
2/ Percent frequency from August 1959 Master Survey
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In Qurrituck Sound, Chara spp., after its presumed peak in Novenber
1959, declined in 1960 but increased through August 1963. Its
yield and frequency of occurrence were somewhat less i n Novenber
1963 and in Novenber 1964, the lowest frequency of occurrence

and yi el dwererecorded for that season of the year.

Normal |y, some Chara spp. could be found in My of each year
and it appears to reach peak abundance in August and Septenber
prior to the period of peak abundance of Nitella spp

Nitella spp. was also retarded in Qurrituck Sound in 1962, but
the lowest yield and frequency of occurrence for the fall season
occurred in Novenber 1963

Bushy pondweed, or naiad, popul ation characteristics on each
Novenber survey of Qurrituck Sound have been as foll ows:

Dry \éight Per cent Percent of Tota
Year in Pounds Frequency Wi ght of Aguatics
1958 8,039,000 41 44
19599 12,424,000 47 33
1960 16,674,000 52 51
1961 11,455,000 54 37
1962 10,308,000 59 33
1963 12,873,000 68 43
1964 21,076,000 62 65

O the 23 surveys, nai ad was the dom nant vegetation on al
except three surveys. It was second in abundance to the conbined
muskgrass species in August and Novenber 1959, and second to
. widgeongrass in August 1962. Najas reached its peak abundance

in Novenber 1964. The rather progressive increase in percent
frequency and its percent of the total weight of aquatics
attest to ifts increase and role of dom nance.

In CQurrituck Sound, naiad either increased between each August
and Novenber survey or renmained relatively constant, with the
exception of a decrease between August and November.1963. This
characteristic increase of naiad between August and Novenber
also occurred in nost years in Back Bay.

W dgeongrass popul ati on characteristics on each Novenber survey
of Qurrituck Sound have been as follows:

Dry Wi ght Per cent Percent of Tota
Year in Pounds Fr equency Wight of Aguatics
1958 0 0 0
1959 4,673,000 31 12
1960 2,573,000 30 8
1961 1,672,000 20 5
1962 3,106,000 37 10
1963 5,110,000 38 17
1964 2,157,000 27 7
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W dgeongrass reached its peak production of 11 million pounds in
August 1962, however, it died-back considerably prior to Novenber
of that year. A simlar decline did not occur that year in Back
Bay.

A good, enduring stand of w dgeongrass occurred in CQurrituck
Sound in 1963, but as noted with several other species, it
virtually disappeared in Back Bay that year.

Wth exception of the August 1962 increase its erratic
production does not readily correlate wth the nore obvious
envi ronment al factors.

Dwarf spi kerush, El eocharis parvul a, popul ati on characteristics
on each November survey of CQurrituck Sound have been as follows:

Dy \éight Per cent Percent of Total
Year i n__Pounds Fr equency Wi ght of Aguatics
1958 0 0 0
1959 149, 000 6 Tr.
1960 338,000 6 1
1961 74,000 2 Tr.
1962 60, 000 3 Tr.
1963 120, 000 3 Tr.
1964 66, 000 5 Tr.

Dwarf spi kerush was al so a mnor constituent of the aquatic
vegetation in CQurrituck Sound. It wasnot encountered in
Qurrituck Sound wuntil Novenber 1959, but it occurred in all
surveys thereafter. Nornmally, peak production of dwarf

spi kerush occurred between August and Novenber.

Sagittaria, Sagittaria subulata, population characteristics in
CQurrituck Sound have been as follows:

Dry \éight Per cent Percent of Total
Year in Pounds Fr equency Vi ght of Aguatics
1958 0 0 0
19-59 0 0 0
1960 175, 000 3 1
1961 127, 000 3 Tr.
1962 34,000 3 Tr.
1963 41,000 2 Tr.
1964 0 0 Tr.

Sagittaria was not encountered in Qurrituck Sound until August
of 1960, and it appears to have declined since that time. It

is confined prinmarily to the shallow water areas in the northern
part of CQurrituck Sound.

It reached peak abundance in Qurrituck Sound in My 1962, and
declined through the renmainder of that vyear.
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TRANSECT ANALYSI S BY SO L TYPE AND DEPTH

The transect survey of Back Bay on Novenber 8, 1968, was
arbitrarily chosen for nore detailed analysis of yield by soi
type and depth. The data on volume-per square foot are
presented in tw fashions; first, by the volume per occupied
sanple, and second, by the %olume from all sanples taken

Sago pondweed yield was reduced beyond 41 inches in water
dept h. Yield was about equal at depths from 24 to 41 inches.
It occurred in greatest frequency at depths of 24 to 29 inches,

Wildgelery production increased from24 to 36 inches, and the
depth range from 36 to 65 inches was nmobst productive. WIldcelery
had reduced yield at depths of 66 to 71 inches and only a trace
was produced in water over'.72 inches deep. It occurred nost
frequently at depths of 42 to 47 inches.

Redheadgrass was nost productive in depths of 24 to 29 inches,
and declined progressively thereafter. iy a trace was
encountered in depths of 60 inches.

Chara spp. also was nost productive in depths of 24 to 29 inches
and also tended to decline with increasing depth. None was
found in depths greater than 60 to 65 inches.

Nitella spp. was nost productive in those areas where it occurred
at depths of 30 to 35 inches, but it declined in production
sharply thereafter, and was not found in waters nore than 65

i nches deep.

Nai ad increased its yield progressively fromdepths of 24 inches
to 53 inches, with the 48 to 53 inch interval being the nost
producti ve. At greater depths production was somewhat erratic,
but even at the 66 to 71 inch interval production was tw ce

that of the 24 to 29 inch, or 30 to 35 inch interval. Oily a
trace of naiad occurred in depths of 72 to 77 inches.

W dgeongrass was nore frequently encountered in the 24 to 29
inch depths, but its yield was greatest between 36 and 41 inches.
At the 42 to 47 inch depth the yield was greatly reduced, and

it was not encountered in greater depths.

El eocharis parvula was nost productive at the 30 to 35 inch
interval, and tended to decline fairly progressively to

maxi num depths of 59 inches

Sagittaria subulata occurred in abundance only at the 36 to
41 inch depth, although a trace was found at the 60 to 65 inch
interval .

Coontail .was scarce in the area and only encountered in the
30 to 35 inch interval
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STATI STI CAL ANALYSI S:  TRANSECT SURVEYS

A statistical analysis of the data conpiled in the transect
surveys of May 1958 through Novenber 1964 was done to deternine
the confidence of the estimates. The analysis was divided into
two distinct portions; nanely, an analysis of all volune.
estimate& and an analysis of all percent frequency estinates.
Standard error. and confidence limts at 95 percent confidence
were conputed for all estimated total in the aforenentioned
surveysZ/. Addi tionally, the true mean value for all volumes
and percent frequencies was conputed

For all volume estimates, the surveys were analyzed on the basis
of a stratified random survey. Three 2-square-foot sanples were
taken at each 500 yard interval along each transect line. For

the purpose of the volune analysis, however, the three sanples
taken together were considered to be one 6-square-foot sanple
This was done because it was assunmed that the variability between
the three sanples taken in essentially the same area would be

far less than that for the entire transect |line.

Wth the above procedure adopted, the nean value was conputed

for each transect line, and the totals of transect lines A-Gj

and HS were weighted by area represented and individually

averaged to derive a nean for Back Bay and Currituck Sound
respectively. Fromthis mean of average cubic centinmeters per
sanple, expansions were made to thousands of Iliters and thousands

of pounds total vegetation. Variance was conputed for each
individual transect line and these values were weighted by the

area represénted dnd sanpl e-size; and variance for the entire suryey
was conputed by the method outlined by Freese (1962:30).

Essentially the same process was followed for the analysis of the
percent frequency of aquatic vegetation; however, sanple size was
considered to be each 2-square-foot sanple taken. Wile this nay
seem to be a severe extension of the rules of statistical technique,
vegetation within each transect area i s honobgeneous enough to

allow this procedure. The variance of each transect Iine was
computed and weighted, and variance was conputed for each

transect survey by the nethod outlined by GCochran (in Snedecor
1956:510).

Confidence limts at 95 percent confidence were conputed by the
standard nmethod of multiplying the standard error by the "t"

value for n-1 degrees of freedomat the desired confidence

level . Degrees of freedomwere 87 for Back Bay and 139 for
Currituck Sound for all volunme conputations; and 263 for Back Bay
and 419 for CQurrituck Sound for all-percent frequency conputations.

1/ Volume estimates discussed here are for total vegetation;
however, the same procedure was followed in all volune

conputations (i.e., tuber production).
2/ Conputations for volune estimates were made only on surveys

of August 1958-November 1964, inclusive.

44



TELEPHONE = Area Coda 301
T76-6760 (Maryland Exohange)
UNITED STATES
DEPARTMENT OF THE INTERIOR TELEGRAMS
FISH AND WILDLIFE SERVICE Bureau of Sport Fisheries and Wldlife
BUREAU OF SPORT FISHERIES AND WILDLIFE Vashington, D C. 20240
PATUXENT WILDLIFE RESEARCH CENTER

LAUREL, MARYLAND 20810

June 17, 1966

M. Jerry Stegnan, Chairnan

Back Bay-Qurrituck Sound Coordinating Committee
2104 Hllsboro Street

Ral ei gh, North Carolina 27600

Dear Jerry:

Copies of the third and .fourth volunes of the data report are being
sent to the followi ng persons:

Roland Halstead

H A Hochbaum
Harold Irby (Dr.)
Kenneth  Johnston
Janmes A Kerwin
WI!liamD, Lawson
Robert  Martin

Jim Mys

Harvey  Nel son

Cyde Patton

Chester  Phel ps

J. M Pritchard
Thomas Quay (Dr.)
Royston R Rudol ph
John L. Sincock
Paul F. Springer (Dr.)
Jerry  Stegman

David Stick

Valter 0. Stieglitz
Lionel A Walford (Dr.)
Gark \Wbster

Robert E Wollitz

Donal d  Anbrosen

Ed Carlson

E. B Chanberlain, Jr.
N cholas Chura (Dr.)
Joe Coggin

Arthur W Cooper (Dr.)
J. Harry Cornell

Wl ter (Orissey

T. Stuart Oitcher

R chard Coss

Tom O ovel

Arthur W Dickson
Summer  Dow

Eugene Dustman (Dr.)
DD E Hlis (D.)

Ray FErickson (Dr.)
Qto Florschutz

Ilra Gabrielson (Dr.)
Peter A Gl

Charles QGlchrist
Leslie Qasgow (Dr.)
John Qandy, IV

el e e e e e e S e o S T SN NN N NN REY
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M. W R Ashburn 1 M. |, T. \Valke, Jr. 1
Smth-Douglass Co., Inc. P. 0. Box 665

P. 0. Box 419 Nor f ol K, MVirginia

Norfolk 1, Mrginia

M. L. B. Rocke 1 M. Robert L. O oner 1
243 Ganby Street 215 Boul evard

Norfolk 10, Virginia Logan, UWah



M. A G Gllup
2120 Chi cken

Virginia

Beach,

Gty Manager

Virginia

A few additional
i f

avai |l abl e
Vol une 3.
Vol une 4,

cc:
Reci pi ents

Beach,

of

Vall ey Road
MVirginia

Virginia

needed,
V¢ are nost

report

District  Engineer 1
US Any -Engineers District,
Corps of Engineers

Foot of Front Street

Norfol k, Virginia 23510

Patuxent  Library 1

copies of the Waterfow Studies, Volune 2, are
are copies of the Environmental Factors,
limted in copies of the Fish Studies,

and have only 1 extra copy of the Vegetation Studies.

Sincerely yours,

/%T Sincock

Chief, Section of Wtland Ecology

Nor f ol k



Tabl e . Average cc. Per Sq. Ft., Estimated Thousands -of Liters-of Vegetation, and Estimated
Thousands of Pounds Vegetation (oven=dry weight) with’ thé Standaid Error-and Confidence Limits
at 95 Percent Confidence for Each Transect Survey of Back Bay, Virginia, from August 1958 through
November “ 1964,

Estimated Standard Confidence Esti mat ed Confidence Esti mat ed Confidence Limts
Transect Survey Aver age Error as Limts at 95% Thousands Limts at 95% Thousands "at 95%. Confidence
cc Per 8q. a Percent Confidence as of Liters Confidence in of Pounds in Thousands of
Ft.l/ of the a Percent of of Thousands , of Veget ati on Pounds (oven-dry..
Aver age ATl Estimates . Vegetation Liters (oven-dry wt,) Weight)
August 1958 30. 62 14% 27% 30, 980 + 8, 364 6, 290 + 1,698
Cct ober 1958 34. 60 2 0 %  39% * 35, 000 + 13, 650 7,071 + 2,757
Novenber 1958 23.78 22% 43% 24, 060 + 10,345 5,051 + 2,172
May 1959 5. 02 22% 447, 5, 080 + 2,235 992 + 436
August 1959 44. 05 14 % 2 8 % 44, 560 + 12,477 8, 026 + 2,247
Novenber 1959 55. 62 13% 26% 56,270 + 14,630 11, 222 + 2,917
February 1960 25. 35: 25% 50% 25, 650 + 12,825 5,213 + 2,606
May 1960 13. 48 25% 50% 13, 640 + 6,820 2,672 + 1,336
August 1960 52.50 15% 29% 53, 110, + 15,402 9,581 + 2,778
Novenber 1960 56. 79 14% 28% 57, 450 + 16, 086 11, 353 + 3,179
February 1961 15.13 21% 41% 15, 310 + 6,277 3,076 + 1,261
August 1961 79.89 15% 29% 80, 820 + 23,438 14, 740 + 4,274
Novenber 1961 32.41 15% 29% 32,790 + 9,509 6, 493 -I- 1,883
My 1962 14. 22 17% 34% 14, 381 + 4,890 2,787 + 947
August 1962 79. 25 15% 30% 80,165 + 24,049 14,093 + 4,228
Novenber 1962 53.92 19% 38% 54,542 + 20,726 11, 019 + 4,187
February 1963 20.81 23% 46% 21, 051 +:9,683 4,225 + 1,943
May 1963 14.72 21% 41% 14, 887 +:6,104 2,771 + 1,136
August 1963 21.99 20% 40% 22,250 + 8,900 3, 082 + 1,233
Novenber 1963 1.87 26% 51% 1,890 .+ 964 297 + 151
Novenber 1964 0.94 67% 133% 951 + 1, 265 291 + 387

1/ Average weighted by the areas represented by the val ues conprising the .average.



Tabl e Average cc. Per Sq. Ft., Estinmated Thousands of Liters Vegetation, and Estimated Thousands of Pounds
Veget ation (oven-dry -weight) With the Standard Error and Confidence Limts at 95 Percent Confidence for
Each Transect Survey of Qurrituck Sound, North Carolina, from August 1958 through Novenber 1964.
Esti mat ed St andar d Conf i dence. Esti nat ed Conf i dence Esti mat ed Confidence Linits
Transect Survey  Average Error as Limts at 95% Thousands Limts at 95% Thousands at  95% Confidence
cc Per Sq. a Percent Confidence as of:Liters Confidence in of Pounds in Thousands of
Fe.l of the a Percent of of Thousands  of Veget ati on Pounds  (oven-dry
Aver age Al  Estimates Vegetation Liters (oven-dry wt.) weight)

- August 1958 18.59 18% 36% @ + 28,559 17, 553 + 6,319
Cctober 1958 29.84 13% 25% 127, 320 + 31,830 27,400 + 6,850
Novenber 1958 18.79 14% 27% 80, 180 + 21,649 18, 398 + 4,967
May 1959 10. 27 20% ©39% 43,820 + 17,090 8, 703 + 3,39%

- August 1959 25. 07 13% 25% 106,970> + 26,742 22,919 + 5,730
Novenber 1959 38.72 17% 33% 165, 220 + 54,523 38, 024 + 12,548
February 1960 8.32 16% 31% 35, 510 + 11,008 7,364 + 2,283
May 1960 12. 49 18% 35% 53, 310 + 18,658 10, 182 + 3,564

- August 1960 39. 20 14% 27% 167,290 + 45,168 32, 162 + 8,684
Novenber 1960 37.52 17% 33% 160, 110 + 52,836 32,818 + 10,830
February 1961 10. 86 18% 36% 46,340 + 16, 682 9, 362 + 3,370

“August 1961 35.70 13% 25% L. -152,350 + 38,087 29, 277 + 7,319
Novenber 1961 27.60 13% 26% 117,772 + 30,621 24, 808 + 6,450
May 1962 20. 69 13% 25% 88,290 + 22,072 17,321 + 4,330

- August 1962 56. 69 12% 23% 241,899. + 55,637 48, 481 + 11,151
Novenber 1962 34.23 15% 29% 146, 072 + 42,361 31,416 + 9,111
February 1963 17.31 13% 26% 73,869 + 19, 206 14,932 + 3,882
May 1963 21.37 14% 27% 91, 173 + 24,617 17, 379 + 4,692

® August 1963 63. 87 11% 21% 272, 538 .2 + 57,233 51, 197 .+ 10,751
Novenber 1963 33.99 13% 25% 144, 947 + 36,236 29, 643 + 7,411
Novenber 1964 38.09 16% 32% 162, 529 + 52,009 32,317 + 10,341

1/ Average weighted by the size of areas.



Tabl e . Test of Significance ("T" Test) Conparing the Voluretric Estinates of Vegetation
from Successi ve Transect Surveys from August 1958 to Novenber 1964 of Both Back
Bay, Virginia, and Currituck Sound, North Carolina.

Back Bay Qurrituck  Sound

Transect Surveys Conpar ed Per cent Signi fi cance Per cent Si gni ficance
(Interval A to B) Changel/ LevelsZ/ Changel/ Levels2/

August 1958 to October 1958 +13 +61 *%
CQctober 1958 to Novenber 1958 -31 -37 H
(August 1958 ta Novenber 1958) -22 +1
Novenber 1958 to May 1959 -79 Fkk -45 sk
May 1959 to August 1959 +89 Fkk +144 Fekdk
August 1959 to Novenber. 1959 +26 +54 %*
Novenber 1959 to February 1960 -54 Fik -79 *ek
February 1960 to May 1960 -48 * +50
May 1960 to August 1960 +289 Fokk +214 Fedkek
August 1960 to Novenber 1960 +8 -4
Novenber 1960 to February 1961 -73 Fhk -71 Jekk
February 1961 to August 1961 +428 Sekeok +229 *h%k
August 1961 to Novenber 1961 -59 Fek -23
Novenber 1961 to My 1962 56 Fekdk -25
May 1962 to August 1962 +457 ek +174 Fhk
August 1962 to Novermber 1962 =32 +40 %3k
Novenber 1962 to February 1963 -61 dekek -49 ok
February 1963 tp May 1963 =29 +23
May 1963 to August 1963 +49 +199 ok,
August 1963 to Novenber 1963 -901 Yedee "A7 ek
Novenber 1963 to Novenber 1964 -50 +12
_ . B~ A X :
1/ Percent conputed =x— (see *heading colum 1)

Z/ One asterisk indicates significance only at 90 percent confidence; two indicate significance
only at 90 and 95 percent; three indicate significance at 90, 95 and 99.5 percent; and a
blank indicates non-significance at the indicated Ievels.



Tabl e

Test of Significance ("T" Test) Conparing the Volunetric Estimates of Total

Vegetati on from Each August Transect Survey of Back Bay, Virginia, and
Currituck Sound,

North Carolina.

Back Bav Qurrituck  Sound
Transect Surveys Conpared Per cent Significance Per cent Significance
(Interval A to B) Changel Levels= Changel Levels=
August 1958 to August 1959 +44 * +35
August 1958 to August 1960 +71 *% +111 Fdek
August 1958 to August 1961 +161 Fek +92 wkk
August 1958 to August 1962 +159 Fvk +205 Wk
August 1958 to August 1963 -28 +244 wkk
August 1959 to August 1960 +19 +56 *%
August 1959 to August 1961 +81 *% +42 *
August 1959 to August 1962 +80 *k +126 *oksk
August 1959 to August 1963 -50 Fokek +155 ok
August 1960 to August 1961 +52 wok -9
August 1960 to August 1962 +51 o +45 ok
August 1960 to August 1963 -58 e +63 ek
August 1961 to August 1962 -1 +59 %
August 1961 to August 1963 -72 Feded +79 Fk
August 1962 to August 1963 -72 Fedek +13
1/ Percent conputed-w (see heading colum 1).
2/ One asterisk indicates significance only at 90 percent confidence; two indicate significance
only at 90 and 95 percent confidence; indicate significance at 90, and 99.5 percent
confidence; and a blank indicates non-significance at indicated Ievels.



Tabl e , Test of Significance ("I" Test) Conparing the Volunetric Estimates of Total

Vegetation from All Novenber Transect Surveys, 1958 to 1964, of Both Back Bay, i
Virginia, and Qurrituck Sound, North Carolina.

Back Bay Qurrituck  Sound

Transect Surveys Compared Per cent Signi ficance Per cent Significance
(Interval A to B Changel/ Level s/ Changel/ Levelsz/

Novenber 1958 to Novenber 1959  +134 el +106 Fedkedk
November 1958 to November 1960 +139 FFk +100 %
Novenmber 1958 to November 1961 +36 , +47 *
Novenmber 1958 to November 1962 +127 Fk .+82 k%
Novenber 1958 to Novenber 1963 -92 kkk +81 Fkk
Novenber 1958' to Novenber 1964 -96 ek +103 *kk
'Novermber 1959 to November 1960 +2 +3
November 1959 to November 1961 -42 Fok -29
November 1959 to November 1962 -3 -12
Novenber 1959 to Novenber 1963 -97 Fkk -12
Novenmber 1959 to November 1964 -98 *kk -2
Novenmber 1960 to Novenber 1961 - 4 3 *% -26
Novenmber 1960 to November 1962 -5 -9
- November 1960 to Novenber 1963 -97 Fokk -9,
Novenber 1960 to November 1964 -98 Fkk +2
Novenber 1961 to Novenber 1962 +66 * +24
Novenmber 1961 to November 1963 -94 ok +23
Novenber 1961 to Novenber 1964 -97 Fkk +38
Novenber 1962 to Novenber 1963 =97 Fokk -1
November 1962 to November 1964 =98 *kk +11
Novenmber 1963 to Novenmber 1964 -48 +12

1/ Percent conputed E—H (see heading.column 1)

Z/ One asterisk indicates significance only at 90 percent confidence; two indicate significance
at 90 and 95 percent; three indicate significance at 90, 95 and 99.5 percent; and a blank
indicates non-significance at the indicated |evels.



Tabl e . Test of Significance ("T" Test) Conparing the Volumetric Estinmates of Both
W dgeongrass and Sago Pondweed fromthe August and Novenber Transect Surveys
from 1961 to 1963 of Both Back Bay,

Carolina

Virginia,and Currituck Sound, North

Back Bay Qurrituck  Sound

Transect Surveys Conpared Per cent Signi fi cance Per cent Si gni fi cance

(Interval A to B) Changel/ Levels—/ Changel LevelsZ.
Sago Pondweed
August 1961 to Novenber 1961 - 95. * -34
August 1961 to August 1962 +33 +109 *
Novenber 1961 to Novenber 1962 +2764 ** +214 *%
August 1962 to Novenber 1962 -41 -1
August 1962 to August 1963 -100 *k -54 *
Novenber 1962 to Novenber 1963 -100 ek - 66 *k
August 1963 to Novenber 1963 0 -27
August 1961 to August 1963 -100 % -3
Novenber 1961 to Novenber 1963 -100 +6
W dgeongr ass
August 1961 to Novenber 1961 -9 +100 *%
August 1961 to August 1962 +656 Kk +1199 Fekeke
Novenber 1961 to Novenmber 1962 +1541 F +98 *kk
August 1962 to Novenber 1962 +97 -72 *%
August 1962 to August 1963 -73 ¥ -45 *
Novenber 1962 to Novenber 1963 -100 Fededk +65
August 1963 to Novenber 1963 -100 ek -15
August 1961 to August 1963 +108 +665 Feiek
Novenber 1961 to Novenber 1963 -100 * +225 ok

1/ Percent conputed iLirA (see heading. .column 1)
'2/ ne asterisk indicates significance only at 90 percent confidence; two indicate significance
three indicate significance at 90, 95, and 99.5 percent
indicated |evels.

only at 90 and 95 percent

confi dence;
confidence; and-a blank indicates

non-si gni ficance at
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Tabl e . Conparative Values of Estinated Percent Frequency of Aquatic Vegetation and
Esti mat ed Thousands of Pounds of Aquatic Vegetation with the Confidence Limts
at 95 Percent Confidence on August Transect Surveys of Back Bay, Virginia, and
Qurrituck Sound, MNorth Carolina.

Esti mat ed Esti mat ed
Per cent Confi dence Thousands Conf i denc
Transect Survey | Fr equency Limits= of Pounds Limit's-z-
Back Bay
August 1958 63 t 6 6, 290 + 1,698
August 1959 55 t 6 8, 026 + 2,247
August 1960 74 6 9,581 + 2,778
August 1961 70 + 6 14, 740 + 4,274
August 1962 76 + 6 14, 093 + 4,228
August 1963 62 + 6 3,082 + 1,233
Currituck Sound
August 1958 50 T4 17, 553 + 6,319
August 1959 57 T4 22,919 ¥ 5,730
August 1960 61 T3 32, 162 + 8,684
August 1961 61 +3 29, 277 4+ 7,319
August 1962 64 T 4 48, 481 + 11,151
August 1963 72 3 51, 197 + 10,751

1/ Expressed in percent 'frequency
2/ Expressed in thousands of pounds



Tabl e .  Precent Frequency of Al Species of Aguatic Vegetation and Esti nmated Thousands
of Pounds of Aquatic Vegetation with the Confidence Limts at 95 Percent on A
Novenber Transect Surveys of Back Bay, Virginia, and Qurrituck Sound, North

Carolina
Esti mat ed Est | mat ed
Per cent Confi dence Thousands Confi dence

Tr ansect Survey Frequency Limitsl of Pounds Limitsg/
Back Bay

November 1958 44 +5 5,051 + 2,172

" November 1959 58 t 6 11,222 + 2,917

November 1960 73 T 6 11, 353 + 3,179

November 1961 58 + 6 6, 493 + 1,883

Novenmber 1962 79 T5 11, 019 + 4,187

November 1963 56 + 6 297 1 151

Novenber 1964 13 T4 291 + 387
Qurrituck  Sound

Novenber 1958 49 t 4 18, 398 + 4,967

November 1959 54 T4 38,024 + 12,548

Novenber 1960 49 T4 32,818 + 10,830

November 1961 52 + 4 24, 808 .+ 6,450

Novenber 1962 70 +3 31, 416 + 9,111

November 1963 69 t4 29, 643 ¥ 7,411

November 1964 69 t4 32, 317 + 10,341

1/ Expressed in percent frequency
2/ Expressed in thousands of pounds



Tabl e . Test of Significance ("T" Test) Conparing the Estimates of Percent Frequency of
Aguatic Vegetation fromA | August Transect Surveys, 1958-1964, 0f Both Back Bay,
Virginia, and CQurrituck Sound, North Carolina.

Back Bay Qurrituck  Sound

Transect Surveys Conpared I ncr ement Si gni fi cance | ncr ement Signi ficance
(Interval A to B) During Level2/ Duri ng “Level2/
Intervaly Intervall

August 1958 to August 1959 -8 * +7 *%
August 1958 to August 1960 +11 ek +11 sk
August 1958 to August 1961 +7 +11 e
August 1958 to August 1962 +13 *kdk +14 Fek
August 1958 to August 1963 -1 +22 *kk
August 1959 to August 1960 +19 Fhk +4
August 1959 to August 1961 +15 ek +4
August 1959 to August 1962 +21 Fkk +7 wk
August 1959 to August 1963 +7 * +15 FAk
August 1960 to August 1961 -4 0
August 1960 to August 1962 +2 +3
August 1960 to August 1963 -12 %k +11 vk
August 1961 to August 1962 +6 +3
August 1961 to August 1963 -8 % +11 dekk
August 1962 to August 1963 -14 ke +8 k&

1/ Expressed in percent frequency, not percent change.

2/ One asterisk indicates significance only at 90 percent confidence; two indicate significance
only at 90 and 95 percent; three indicate significance at 90, 95 and 99.5 percent; and a
blank indicatesnon-significance at the indicated |evels.



Tabl e . Test of Significance ("T" Test) Comparing the Estinates of Percent Frequency of
Aquatic Vegetation fromA | Novenmber Transect Surveys, 1958-1964, of Both Back
Bay, Virginia, and CQurrituck Sound, MNorth Carolina.

Back Bay Qurrituck  Sound

Transect Surveys Conpared I ncrement Signi fi cance | ncr ement Si gni fi cance
(Interval A to B) During " Level2/ During Level /
Intervall/ Interval—/

Novenber 1958 to Novenber 1959 +14 Fkek +5
Novenmber 1958 to November 1960 +29 *h%k 0
November 1958 to November 1961 +14 ek +3
Novenber 1958 to November 1962 +35 Kk +21 kX
Novenmber 1958 to Novenber 1963 +12 Fkek +20 ek
Novenber 1958 to November 1964 =31 ik +20 sk
November 1959 to Novenber 1960 +15 ke -5
November 1959 to Novenmber 1961 0 -2
Novenber 1959 to Novenber 1962 +21 Fkek +16 ok
November 1959 to November 1963 -2 +15 dekek
Novenber 1959 to Novenber 1964 -45 Fk +15 Sk
Novenber 1960 to Novenber 1961 ~15 Fekek +3
November 1960 to November 1962 +6 +21 ¥k
Novermber 1960 to November 1963 -17 ke 420 T
Novermber 1960 to November 1964 -60 *kk +20 k%
Novenber 1961 to November 1962 +21 ek +18 k%
November 1961 to November 1963 -2 +17 ek
Novermber 1961 to November 1964 -45 ke +17 Fkk
Novenber 1962 to Novenber 1963 -23 %k -1
Novermber 1962 to November 1964 -66 ek -1
Novenmber 1963 to November 1964 -43 Fkk 0

1/ Expressed as the change in percent frequency.

2/ One asterisk indicates significance only at 90 percent confidence; two indicate significance
only at 90 and 95 percent; three indicate significance at 90, 95 and 99.5 percent confidence;
and a blank indicates non-significance at the indicated |evels.



Tabl e . Percent Frequencyl/ of Al Species of Aquatic Vegetation with Confidence Limts at 95%
Confidence for Back Bay, Virginia, and Currituck Sound, North Carolina, for Each
Transect Survey from My 1958 through Novenber 1964.

Back Bay Currituck Sound
Transect Survey of Per cent Confi dence Per cent Conf i dence
(Date) Fr equency Linmits in Fr equency Limts in
% Fr equency %  Frequency ,

May 1958 62 +6 61 + 4
July 1958 64' +6 62 + 4
August 1958 63 +6 50 + 4
Cctober 1958 51 + 6 52 + 4
Novermber 1958 44 +5 49 +4
My 1959 49 + 6 44 + 4
August 1959 55 +6 57 + 4
Novermber 1959 58 +6 54 t 4
January 1960 54 +6 . T
February 1960 54 + 6 61 + 4
May 1960 63 +6 64 ¥4
August 1960 74 +6 61 +3
Novenber 1960 73 +6 49 + 4
February 1961 72 + 6 60 +3
August 1961 70 +6 61 +3
Novenber 1961 58 +.6 52. +4
May 1962 76 + 6 66 + 4
August 1962 76 + 6 64 4
Novenber 1962 79 +5 70 3
February 1963 63 Z6 65 + 4
May 1963 86 +5 69 3
August 1963 62 + 6 72 + 3
Novenber 1963 56 + 6 6 9 + 4
Novenber 196% 13 t+ 4 69 + 4

1/ Percent frequency (an average) value weighted by the size of areas.



Tabl e , Test of Significance ("T" Test) Conparing the Percent Frequency of Vegetation
Esti mates from Successive Transect Surveys from May 1958 to Novenber 1964 of
Both Back Bay, Virginia, and Qurrituck Sound, North Carolina.

Back Bay CQurrituck  Sound

Transect Surveys Conpared I ncr ement Si gni ficance I ncrement Signi ficance
(Interval A to B) in Percent Level s/ in Percent Levels2/
Frequencyl/ Frequ'encyl/

May 1958 to July 1958 +2 . 41
July 1958 to August 1958 -1 - <12 ok
August 1958 to Cctober 1958 -12 k% +2
Cct ober 1958 to Novenber 1958 -7 * -3
(August 1958 to Novenber 1958) -19 S -1
Novenber 1958 to My 1959 +5 ‘=5
May 1959 to August 1959 +6 +13. ko
August 1959 to Novenber 1959 +3 - 3
Novenber 1959 to January 1960 -4 No January Survey
January 1960 to February 1960 0
Novenber 1959 to February 1960 -4 +7 Sk
February 1960 to May 1960 +9 w5k +3
May 1960 to August 1960 +11 sk -3
August 1960 to Novenber 1960 -1 -12 Kk
Novenber 1960 to February 1961 -1 +11 FHRK
February 1961 to August 1961 -2 +1
August 1961 to Novenber 1961 -12 %% -9 sk
Novenber 1961 to My 1962 +18 ek +14 Fhek
May 1962 to August 1962 0 -2
August 1962 to Novenber 1962 +3 +6 ik
Novenber 1962 to February 1963 -16 ek -5 *
February 1963 to May 1963 +23 Fekk +4
May 1963 to August 1963 -24 Fkek +3
August 1963 to Novenber 1963 6= -3
Novenber 1963 to Novenber 1964 -43 ek 0

1/ Expressed as a change in‘the percent frequency.

2/ One asterisk indicates significance only at 90 percent confidence; two indicate significance

~ only at 90 and 95 percent; three indicate significance at. 90, 95, and 99.5 percent; and a
blank indicates non-significance at the indicated |evels.



Table . Test of Sgnificance ("T'" Test) Conparing the Percent Frequency Estimates of Both -
Wdgeongrass and Sago Pondweed from the August and Novenber Transect Surveys from
1961 to 1963 of Both Back Bay, Virginia, and Currituck Sound, North Carolina.

Back Bay Qurrituck Seund.

Transect  Surveys  Conpared I 'ncrement Significance [ 'ncrement Significance
(Interval A to B) in Percent Levels2/ in Percent Level s/
Frequency&/ Frequ'encyl

Sago Pondweed
August 1961 to Novenber 1961 =0 dokk -5 *
August 1961 to August 1962 +8 ok +4
Novenber 1961 to Novenmber 1962 +9 ek +13 dokek
August 1962 to Novenber 1962 -5 * +4
August 1962 to August 1963 -15 Fkk -6 k%
Novenber 1962 to Novenber 1963 -12 Kk -12 Kk
August 1963 to Novenber 1963 -2 Fk -2
August 1961 to August 1963 -5 Kook -2
Novenber 1961 to Novenber 1963 -3 *% +1
W dgeongr ass
August 1961 to Novenber 1961 0 +4
August 1961 to August 1962 1+ wkk +20 Fkk
Novenber 1961 to Novenmber 1962 +8 ok +17 Fhk
August 1962 to November 1962 -1 +1
August 1962 to August 1963 -3 -4
Novenber 1962 to Novenber 1963 =10 Fedek +1
August 1963 to Novenber 1963 -7 Kk +6 ok
August 1961 to August 1963 +6 ok +16 Fodek
Novenber 1961 to Novenber 1963 -2 +18 Fek

1/ Expressed as change in percent frequency of the species.

2/ (ne asterisk indicates significance only at 90 percent confidence; two indicate significance
only at 90 and 95 percent confidence; three indicate significance at 90, 95 and 99.5 percent
confidence; and a blank indicates non-significance at the indicated levels.



Tabl e . Test of Significance ("TI" -Test) Conparing the Percent Frequency Estinmates of Both
Naj as guadalupensis and Cel eryfromthe August and Novenber Transect Surveys from
71961 to 1963 of Both Back Bay, Virginia, and Qurrituck Sound, North Carolina.

Back Bay ) Qurrituck  Sound

Transect Surveys Conpar ed | ncr enent Signi ficance I ncrement Signi ficance
.(Interval A to B) in Percent Level s/ in Percent Levels2/
Frgugncy_ﬁ Frequencyl

Najas
August 1961 to Novenber 1961 ~16 Jededk -2
August 1961 to August 1962 -10 ek -9 ek
Novenber 1961 to Novenber 1962 -12 ke 45 *
August 1962 to Novermber 1962 +7 +12 Fkk
August 1962- to August 1963 -16 Fekek +20 ek
Novenber 1962 to Novenber 1963 -24 ek 49 Fkk
August 1963 to Novermber 1963 -1 +1
August 1961 to August 1963 -27 deked +11 Fedek
Novenber 1961 to Novenber 1963 -12 *% +14 k%
Celery
August 1961 to Novenber 1961 -3 -15 el
August 1961 to August 1962 +11 Kok 0
Novenber 1961 to Novenber 1962 0 +1
August 1962 to Novenber 1962 -14 ik -14 Kk
August-1962 to August 1963 43 +16 Tk
Novenmber 1962 to MNovenmber 1963 +1 -2
August 1963 to Novenber 1963 -15 el -32 *dk
August 1961 to August 1963 +14 fekk +16 Fekk
Novenber 1961 to Novenber 1963 +1 -1

1/ Expressed as -a-change in the percent frequency 5f-the species.

2/ One asterisk indicates significance only at 90 percent confidence; two indicate significance
only at 90 and 95 percent; three indicate significance at 90, 95 and 99.5 percent; and a
blank indicates non-significance at the indicated |evels.



Tabl e . Test of Significance ("T" Test) Conparing the Percent Frequency Estinmates of Both
Redheadgrass and Chara sp. from the August and Novenber Transect Surveys from 1961
to 1963 of Both Back Bay, Virginia, and Qurrituck Sound, North Carolina.

Back Bay Qurrituck  Sound

Transect Surveys Conpared I ncr ement Si gni ficance | ncr enent Signi ficance
(Interval A to B) in Percent Levels2/ in Percem[- Level s/
Frequencyl Frequency—/

Redheadgr ass
August 1961 to Novenber 1961 +5 sk +3
August 1961 to August 1962 +11 Fkk +6 %
Novenber 1961 to Novenber 1962 +5 * +183 Fekk
August 1962 to Novenber 1962 -1 +10 ks
August 1962 to August 1963 -16 ok +11 ok
Novenber 1962 to Novenber 1963 -24 ke +1
August 1963 to Novenber 1963 -9 wkk 0
August 1961 to August 1963 -5 ok +17 ek
Novenber 1961 to Novermber 1963 -19 Fhde +14 Foekk
Chara
August 1961 to Novenber 1961 +2 +6 %%
August 1961 to August 1962 - 3 +8 Fkk
Novenber 1961 to Novenber 1962 -3 +8 sk
August 1962 to Novenber 1962 +3 +6 Fesk
August 1962 to August 1963 +5 * 0
Novenber 1962 to Novenber 1963 -10 Sk -6 *k
August 1963 to Novenber 1963 -1 3 Fk% 0
August 1961 to August 1963 +2 +8 ek
Novenber 1961 to Novenber' 1963 -13 ok +2

1/ Expressed'as a change in the percent frequency of the species.

2/ One asterisk indicates significance only at 90 percent confidence; two indicate significance
only at 90 and 95 percent confidence; three indicate significance at 90, 95 and 99.5 percent
confidence; and a blank indicates non-significance at the indicated Ievels.



Additionaly, a test of significance ("t" test) was performed to
compared individual volume estimates and to conpare individual
percent frequencies in cases where proof of a significant
difference, or lack of it, was desired. This was done by the
standard nethod of dividing the difference of the estinated
means (d) by the standard error of the difference (S8d).

Resul t's

Al results of the tests of significance and vol ume and percent
frequency conputations are listed in the acconpanying tables.
The tests of significance showed that val ues ranged from highly
-significant (t wvalue> 2.81) to highly insignificant

(t valued 1.00). In general, confidence limts at 95 percent
confidence for volume conputations concerning Back Bay ranged
from plus or mnus 26 percent of the estimate to plus or mnus
51 percent of the estimate. For CQurrituck Sound, however, the
range was from plus or nminus 21 percent of the estimate to
plus or nminus 39 percent. Corresponding confidence limts for
percent frequency conputations ranged from plus or mnus 5
percent frequency to plus or ninus 6 percent for Back Bay,

and fromplus or mnus 3 percent frequency to plus or mnus 4
percent for Qurrituck Sound.

Justification for Method

In general, an analysis of a systematic sanpling program such
as was conducted for this report is extremely difficult. In
fact, according to many statistical experts, there is no way
to analyze a systematic survey except as a random survey.

Also, it has been noted by Freese (1964:61) that in nost cases
a systematic survey, analyzed as a random survey, provides a
hi gher degree of accuracy than a random survey would provide.

This is the method that was followed in the analysis of the
data for both volunetric and percent frequency estinmates. For
volume estimates, astratified random sanpling techni que was
used. This was necessary due to the fact that for all practical
purposes a systematic survey was conducted on each of the strata
of a totally systematic survey.

For the percent frequency data, the same type of analysis was
performed, and for the same reasons. Additional justification
for the percent frequency analysis is found by perusal of the
data obtained in the master surveys of 1959, 1960, and 1962.
In the master surveys, it was found that percent frequency
estimates al nost exactly equal ed those whi ch were obtai ned
from individual transect surveys.
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Sago Pondweed Tank Studies

An anal ysis of variance ("F" test) was performed on the results

of the Sago Pondweed tank studies to ascertain any significant
differences in growh at the various salinities. [t was determned
that for purposes of the analysis there were eight replicates

at each of the four salinity levels. Four of the replicates at
each level were from salinity tests and four were from disease
tests. The replicates fromboth the disease tests and salinity
tests were conbined due to the presence of extensive |esions

on both sets of plants, including the controls in the disease

st udy.

The anal ysis of variance was perforned by the method outlined
by Snedecor (1956), and“a highly significant "F'" val ue was
obt ai ned. Subsequent to this operation, Duncan's multiple
range test was performed to determine individual differences.

In general, the growh differences at each of the four salinities
were significant.:

RELATI VE ABUNDANCE COF AQUATI C VEGETATI ON | N BACK BAY AND CURRI TUCK
SCUND TO OTHER GCOASTAL HABI TATS

Because of the great concern expressed about the |ack of aquatic
vegetation in Back Bay and CQurrituck Sound the inpression could
be created that this is an area now virtually devoid of aquatic
plants, or that it rates poorly in conparison to other sinilar
habitats.

In many years, nothing could be further from the truth.

To ny know edge no simlar habitat has been so thoroughly

studied and quantitative conparison to data from other areas is

i npossi bl e. Therefore, based solely on ny experi ence of having
seen many habitats throughout the United States,I would rate
Back Bay and CQurrituck Sound anong the nost productive during

its good years, However, from 1963 through 1965, Back Bay mnust
surely have ranked anong the least productive. The years of non-
productivity plus certain large areas which are consistently
devoi d of aquatics are the real crux of the probl emof aquatic
plant production in Back Bay and Currituck Sound.
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THECRETI CAL MAXI MUM AQUATI C PLANT PRCDUCTI ON | N BACK BAY AND
CURR TLICK  SOUND

Better evaluation of the known quantities of aquatic vegetation
is possible if they are conpared to a theoretical maxinum quantity.
Several nethods could be used to estimate the maxinum quantity
of aquatic vegetation that would be possible. Two nethods are
empl oyed here. In the first nethod, certain assunptions are
made that are hopefully realistic. The second nethod would
represent the theoretical maximum if our first assunptions

are incorrect.

The first nethod assumes that a realistic nmaximumyield in dry
weight of aquatic vegetation is about 1,100 pounds per acre

This is about the average of the peak production of each transect
in the productive areas. It is further assunmed that only 14,000
acres in Back Bay and 67,000 acres in Qurrituck Sound have the
potential for aquatic plant production wunder any known manage-
ment technique. This assunes that much of the void area in

Back Bay Proper, the North Landing Rver, and the south end of
Qurrituck Sound cannot be made nmore productive. The “realistic
t heoreti cal maxi num is therefore 15 nillion pounds in Back Bay
and 74 nillion pounds in CQurrituck Sound

The second nmethod, and a very liberal one, is to assume that the
entire 23,222 acres in Back Bay, and 97,959 acres in CQurrituck
Sound could potentially produce aquatics. Aso on the libera
side, it could be assumed from the acconpanying table on vyields
per acre that the maximum production of the nost productive
transect in the period 1958-64 be used for the estimte. The
maxi munproducti on was 1, 767 pounds dry weight per acre on
transect G7 in August 1961

The theoretical maxinuns based on these nost |iberal estinates
are 41 mllion pounds in Back Bay and 173 mllion pounds in
CQurrituck  Sound.

The following table presents the estimates of a realistic

maxi mum and a theoretical maxi numand the conparison to the
hi ghest annual quantities known to exist from 1958-64.
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Back Bay

Percent of
Esti mat ed Real i stic Theoretica
Quantity Maxi mum Maxi mum
Peak (mllions |bh.,) (15 nillion 1Ih.) (41 nmllion 1Ih.)
Cct. 1958 7 47% 17%
Nov. 1959 11 73% 27%
Nov. 1960 11 73% 27%
Aug. 1961 15 100% -37%
Aug. 1962 14 93% 34%
Aug. 1963 4 27% 10%
Nov. 1964 0.3 2% 1%
Qurrituck  Sound
Percent  of
Esti mat ed Real i stic Theoretica
Quantity Maxi mum Maxi mum
Peak (mllions 1b.) (74 mllion 1b.) (173 -mllion 1bh.)
Cct. 1958 27 37% 16%
Nov. 1959 38 51% 22%
Nov. 1960 33 45% 19%
Aug. 1961 29 39% 17%
Aug. 1962 48 65% 28%
Aug. 1963 51 69% 30%
Nov. 1964 32 43% 19%

Under the stated conditions of either method,it is seen Back Bay
from 1958 through 1962 approach itspotential production to a
greater extent than did Qurrituck Sound. The opposite was true
in 1963 and 1964.

The "realistic" maximumyield of aquatic vegetation was actually
attained on Back Bay in August 1961, and al nost reached i n August
1962 when the estinmated quantity of 14 mllion pounds was 93
percent of the maximum  The drastic decline in 1963 and 1964 is
obvious, and the bay was truly a non-vegetated mudhole.

As inplied, if the stated assunptions in calculating the
"realistic" estimate of maxi mum production are only partially
correct, then the percentages that the annual peak crop nade up
of the potential would be less. However, the “"theoretical'
maximum is considered exorbitantly high. It seens virtually

i npossi ble that the entire area could yield 1,767 pounds dry
wei ght per acre
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Table . Pounds (oven-dry weight) Per Acre of Al Species of Aguatic Vegetation on Each Transect
Area of Back Bay, Virginia, and Qurrituck Sound, North Carolina; as Determned by Each
Transect Survey from August 1958 to November 1964.

1958 1959 1960

Transect Aug. Oct . Nov. May Aug. Nov. Feb. My Aug. Nov.
A - 133 851 512 36 954 1,250 761 265 930 237
B 541 710 112 280 935 1,432 581 329 577 666
C 1,115 1,038 832 99 1,463 978 647 242 1,431 1,463
D 109 278 52 0 228 453 375 214 525 589
E 66 11 34 0 5 0 0 0 28 149
F 144 69 (67 0 50 256 46 6 199 2 9 4
G 110 171 66 4 89 315 23 54 217 518
] 478 706 467 115 848 895 222 222 930 1,005

Back Bay 271 302 218 43 346 483 224 115 413 489
H 707 1,277 670 303 704 894 108 143 1,060 1,146
| 922 994 1,010 641. 1,142 1,166 425 610 1,186 1,026
J - 607 520 497 138 458 904 194 254 1,078 795
K 0 0 0 0 0 0 0 0 0 0
L 113 215 184 16 217 167 57 65 266 500
M 38 116 45 26 111 110 67 63 264 263
N 87 268 221 121 228 639 137 184 283 346
0 443 489 323 29'7 503 499 81 274 809 422
P 339 876 377 180 523 1,439 239 206 624 537
Q 149 44 90 56 46 471 24 18 158 109
R 46 154 0 0 115 100 0 3 51 262
S 0 44 124 0 9 0 0 0 -0 0

Currituck Sound, 179 280 188 89 234 388 75 104 328 335

Gand Total 197 287 194' 80 255 406 104 106 BZZ 365



Tabl e . Pounds (oven-dry weight) Per Acre of Al Species of Aguatic Vegetation on Each Transect
Area of Back Bay, Virginia, and Qurrituck Sound, North Carolina; as Determned by Each
Transect Survey from August 1958 to MNovenber 1964--continued.

1961 1962 1963 1964

Transect Feb.  Aug. Nov. May  Aug. Nov. Feb. May Aug. Nov. Nov.

A 60 187 315 79 148 204 119 '52 72 4 4

B 234 957 447 113 970 771 270 312 295 36 0

C 224 1,723 753 237 1,574 1,176 164 263 49 0 0

D 207 468 265 70 286 532 116 45 178 5 0

E 113 158 51 134 473 51 97 32 6 0 0

F 65 490 102 59 369 528 202 136 160 4 2

G 67 779 351 113 700 264 330 54 261 0 100

Gy 202 1,767 890 350 1,368 1,120 255 295 572 131 0

Back Bay 132 635 280 120 607 475 182 119 164 13 13

H 220 917 445 268 1,688 640 246 88 323 37 215

I 307 973 567 487 1,223 927 622 469 959 522 476

J 162 605 356 400 1,243 1,174 392 327 1,026 633 140

K 0 0 0 0 0 0 0 0 | 0 0

L 88 354 236 146 495 428 93 106 552 230 534

M 147 96 251 364 475 340 157 116 560 233 166

N 138 356 301 121 255 359 289 218 609 377 475

0 252 729 578 212 565 356 101 274 544 428 520

P 149 304 610 455 1,270 372 276 548 1,320 806 819

Q 48 420 292 280 811 525 382 3711 972 661 351

R 2 13 .8 21 127 27 25 19 141 117 79

S 0 4 0 4 0 0 2 0 93 41 42

Cur rSi t udck 96 299 253 177 495 321 152 177 523 303 330
oun

Grand Total 103 363 258 166 516 350 158 166 454 247 269
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As frequently inplied in this report the peak quantity of
vegetation is not the sole standard whereby final assessnent

of the area for waterfow ends. Survival of the standing crop,
seed and tuber production, and aquatic plant species conposition
are all inportant. If in fact, the potential production was
reached in Back Bay in 1961 and 1962, better seed and tuber
production and nore favored waterfow foods would have further
enhanced the potential for waterfow.

As nentioned el sewhere in this report, and as | interpret the
hi storical account of vegetation abundance in the area, Back
Bay fluctuates nore widely in the production of aquatics than
does Currituck Sound. Back Bay varied between: 2 and 100
percent of its potential, whereas Qurrituck Sound was nore
stable at 37 to 69 percent of its potential production.

This relatively greater stability coul d have influence on
wat erfow use by establishing the habit of w ntering where
the food supply is nore dependable.

NONF VEGETATED AREAS |IN BACK BAY AND CLIJRRITUCK SOUND

In the discussion of theoretical naxi mum production of aquatic
vegetati on, reference was nade to certai n non-vegetated "probl enf
areas that nmy never again be vegetated. The four naster surveys
clearly illustrate the location of these areas. Athough there
are certain snaller units that are non-vegetated the nost
inportant are Back Bay, referred to here as Back Bay Proper

to distinguish it from the entire area, the North Landing R ver,
and the southern end of CQurrituck Sound.

Fromthe few historical accounts of the vegetation of the Back
Bay-CQurrituck Sound Area, one could assume that at |east Back
Bay Proper and the North Landing R ver were productive of aquatic
veget ati on. However, no reference can be found that would
indicate that the deeper waters at the south end of CQurrituck
Sound -eves 'were productive. Because of the 9-11 feet depths

of the water, the predom nantly sandy soils, and the long fetch

of the wind through the southern end of CQurrituck Sound,it is
nost unlikely that the area ever did support much aquatic

veget ation.

Aside fromthe years of poor aquatic growth over the entire
area, the problem areas are then, in essence, the North Landing
River and Back Bay Proper. These two areas have many simlar
characteristics. They both receive the greatest quantity of
drai nage of any subdivision of the area; silt deposits are
excessi ve as shown in the acconpanying tables and maps; silt

is the predonminant soil in both areas; water depths are greater
than nost other areas; the water quality, in particular the
turbidity, is least desirable for the growh of aquatics; the

fetch of the wind is relatively great in both areas. The North
Landing Rver, which is the |east productive of the two problem
areas, is subjected to the added adverse factor of repeated
dredging of the Intracoastal Waterway and the passage of |arge
ships that continually create turbidity and disturb waterfow.

49



I have no doubt that if a simlar dredging and shipping
operation is put through Back Bay nmost, if not all, of the
area would be rendered as non-productive as the North Landing
River.

It is interesting to note that the soft, sem-liquid silt soils
that cover Back Bay Proper and the North Landing Rver are the
nost productive for aquatic plants when they are used as the
soils in tank studies. This was clearly illustrated in the

bi oassay of aquatic plants in 1960. As shown in the tables,

484 sago pondweed tubers were produced in the silt soils

taken from the non-vegetated areas as conpared to only 38

tubers in the loam soils ‘taken from the productive areas. Al so
the yield of total vegetation of all species was approxinately
twice as great in the "non-productive" silt soils.

The reasons that these silt soils are potentially, but actually
not, productive are fairly obvious. Approximately 80 gallons of
extrenely turbid water-were collected from Back Bay Proper and
the suspended silts were pernitted to settle for several days.
The textural and organi c carbon anal yses by the Soil Survey
Laboratory revealed that these sediments were conposed of

0.4 percent sand, 32.7 percent silt, 66.9 percent clay; the
organic carbon was about 7,7 percent.

A textural anal yses of sanples taken fromthe bottom of Back
Bay in August 1959 showed that the bottom surface soil was
62.8 percent silt, 23.4 percent clay, and 13.8 percent sand;
the organic carbon was 3.74 percent.

Therefore, of the bottom soil conposition, a relatively
greater proportion of the clay contributes to turbidity than
does the silt or sand.

These fine soil particles, plus: the relatively high organic
carbon, contribute to a fairly high cation exchange capacity
whereby nutrients are nore readily available to aquatic

pl ants. As seen in the table,the soil sanple from Back Bay
had the highest cation exchange capacity of the 12 Samples
collected to represent nmajor subdivisions of the entire area.
It is considerably lower on the North Landing R ver but
believe that sanple was not conpletely representative '5£ the
area

On both areas the original and third pH reading after drying
and rewetting were higher than all other sanples.

It is an oddity that sonme of the soils that are potentially

the nost productive are in actuality the least productive. They
contribute nore directly to turbidity which is the primry
limtation to aquatic plant growh.
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If it were not for the turbidity, created primrily by the wind,
these problem areas would support lush growhs of aquatics as
they apparently did prior to the heavy continued siltation of
the area.

In years of warm springs and early sunmmers wthout excessive
winds, increased aquatic plant growth occurred in these problem
areas and in adjoining areas that are affected by the turbidity
created in the problem areas. Canversely, when cold, windy
weat her continues through May and June, aquatic plant production
in the problem areas and adjoining areas is severely limted.
Herein is the primary natural cause of the great fluctuations
in plant production in Back Bay and CQurrituck Sound. However,
other causes exist and are inportant. Salinity fluctuations
and prevalence ' of plant diseases cannot be ignored as factors
affecting aquatic plant production.

Turbidities caused by the activities of man can be even nore
devastating to aquatic plant production than the | esser turbidities
created by the wind. Dredging of canals and ditches has been a
primary cause of poor aquatic plant growh in certain years.

MASTER SURVEYS OF AQUATIC VEGETATION IN BACK BAY AND CURRITUCK
SQUND

The master surveys were conducted in August of 1959, 1960, and
1962. They were designed to provide a nmore conpl ete mappi ng of
the distribution of each aquatic ., Maps of the distribution of
each aquatic acconpany this report.

Field Procedures on the Master Surveys

The entire area was gridded into quadrates, 1,000 yards on

each side. In each quadrate that was entirely an open water
area, 10 one-hal f foot square sanples were taken systenatically
with oyster nippers. Proportional sanpling was used in
guadrates that were not conpletely open water areas. The oyster
nippers were nodified with a netal plate simlar to the nodifi-
cation on the oyster tongs used on the transect survey, but they
were only one-fourth of the size.

The nunber of sanples taken on each area was as follows:

1959 1960 1962

Back Bay 1,463 1,469 1,426
Currituck Sound 5,304 5, 465 5, 591
Tot al 6, 767 6,934 7,017

Water depth, soil type, and presence of each aquatic plant were
recorded for each sanple. Staff gauge readings were recorded
each day that field work was conducted, and water depths were
corrected to the average water |level during the survey. No
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quantitative nmeasurement was made of the vegetation because of
the great nunber of sanples taken, and the time that would have
been required to wash and neasure them An arbitrary rating of
trace or nore than a trace was assigned to each aquatic plant;
however, because of the accuracy of the transect survey data

these quantitatitve ratings were never tabulated for the naster
surveys. Machine data processing was used for the 1960 data.

Three or 4 crews of 2 or 3 men normally conpleted each naster
survey in about 3 week's tine. The master surveys were
initiated inmediately after conpletion of the transect surveys
in the first week in August.
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Conpari son of the Percent Frequencies of Each Aquatic Plant on
the 1959, 1960, and 1962 MNaster Surveys wth Corresponding
Transect  Surveys

Conmparison is made in the acconpanying tables of the percent
frequency of each species of aquatic on the August master surveys
with the corresponding transect surveys.

As indicated by the sanpling intensity,the nmaster survey was
approximately 5 1/2 tinmes as intense on Back Bay as the transect
survey and 13 times as intense on Qurrituck Sound as was the
transect survey.

There is remarkable agreement of the data from the two surveys
in all 3 years. Assunming greater accuracy of the master survey
it is concluded the the transects on Back Bay sanpled the

veget at ed areas sonewhat nore intensively than the non-vegetated
areas. However, for the expansion to total weight the transects
were weighted by the area represented and this served to increase
the accuracy.

Percent Frequency of Each Aguatic in Each of the Waterfow Areas,
1959, 1960, 1962

The naster survey data for 1959, 1960, 1962 arepresented for
each of the 20 subdivisions of the entire area on which waterfow
popul ations were deternined. Area nunber 8 was not sanpled in
1959:  however, as shown for 1960 and 1962,only about 1 percent
of the sanpl es .was. vegetated and it was virtually the sane in
1959. Area nunber 1 was not sanpled in 1960 or 1962 but it also
was about the same as in 1959.

These master survey data are related to waterfow use in graphs
depicting food conditions, disturbance factors,and waterfow
use on each of the 20 areas.

Maps of the D stribution of Each Aguatic in 1959, 1960 and 1962

The maps from the master surveys depict the percent frequency of
each aquatic in each quadrate. Thus,10 dots represent: 100
percent frequency, 9 dots represent 90 percent frequency, etc.
Soil types, and the sanples containing no vegetation are simlarly
shown. In sone instances, the dots appear on the adjacent |and
area on the map but these apply only to the water area in that
quadrat e.

The three large areas: Where vegetation was scarce are obvious.
They are the south end of Currituck Sound (Section A), the North
Landing River (Section C), and Back Bay Proper (Section D).
Excessive depths seemto be the primary factor responsible for
the void area in Section A and silt soils, turbidity, and depth
are the primary factors in Section C and Section D
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Tabl e Percent Frequency of Each Species of Vegetation on the Back Bay and
Qurrituck Sound Area Encountered on the August-Septenber 1959 Master
Survey and Conparison to Frequencies from the August Transect Survey.
Currituck Sound Back Bay
Master Survey  Transect Survey Master Survey Transect Survey
No. % % No.
Sago 744 14.0 17 141 9.6 12
Celery 1828 34.5 37 538 36. 8 41
Redheadgrass 671 12.7 13 78 5.3 8
Chara 1065 20.1 -- 247 16.9 --
Nitella 756 14.3 - 136 9 . 3
(Musk  Grass) (1349) 25. 4 27 (272) 18.6 18
Naj as 2180 41.1 43 665 45.5 45
W dgeongr ass 1255 23.7 26 83 5.7 1
El eocharis 58 1.1 0.5 65 4 . 4 7
Sagittaria 0 0 .0, 8 0.6 0
Anachari s 1 0.02 0 | 0.1 0
No  Vegetation 2247 42. 4 37 598 40.9 39
Veget at ed 3057 57.6 63 865 59.1 61
No.  Sanpl es 5304 420 1463 264




Tabl e . Percent Frequency of Each Species of \Vegetation on
the Back Bay and Qurrituck Sound Areas Encountered
on the August 1960 Master Survey; and Conparison to
Frequencies from the August 1960 Transect Survey.

Currituck  Sound Back Bay
Mast er Transect Mast er Transect

Sago 14. 4 11 4.6 8
Celery 40.1 40 41.6 . 55
Redheadgr ass 14.2 14 7.6 15
Chara 15.6 14 14.2 23
Nitella 6.2 6 7.8 11
Naj as 54. 4 56 57.2 68
W dgeongrass 24.9 25 5.9 10
El eocharis 2.0 3 3.7 11
Sagittaria 1.3 2 2.3 b
Anachari s 0.1 0.3

Pot anmoget on 1.0 1 0.2

berchtol di

No Vegetation 35.9 34 34.2 22
Veget at ed 64.1 66 65.8 78

No.  Sanpl es 5465 420 1469, 264




Tabl e . Percent Frequency of Each Species of Vegetation oOn
"the Back Bay and Currituck Sound Areas Encountered
on the August 1962 Master Survey; and GConparison to
Frequencies from the August 1962 Transect Survey

Qurrituck  Sound j  Back Bay
Mast er Transect Mast er Transect
éago 22.0 22 6.6 16
Celery 47.8 47 43.8 517
Redheadgr ass 23.6 22 27.3 31
Chara 22. 6 122 10. 4 10
Nitella 1.3 L 0.1 3
Naj as 45.3 47 49.9 62
W dgeongr ass 32.3 36 9.8 16
El eocharis 2.0 3 3.5 7.
Sagittaria 1.5 | 3.2 | 8.
Anacharis 0.1 0 0.2 0.4
Pot anoget on 0.2 0.4 0.4 1
bercht ol di
Cer at ophyl I um 0 0 0 0.4
Uni dentified 0 0 0 0
No Vegetation 30.9 28 33.3 22
Veget at ed 69. 1 72 66. 7 .78

No.  Samples 5591 420 1426 258.




Table . Percent Frequency of Each Species of Aqu;;tic Vegetation In Each Véterfow Area from the Master Survey,
August - Sept enber 1959,

Redhead W dgeon Eleo- Sagit-~ Vege- NO Vege-

Area Samples Sago Celery grass Chara Nitella Naj as grass charis taria tated tation
1 9 0 78 0 22 0 100 0 0 0 100 0
2 9 5 3 86 11 35 14 87 16 5 4 98 2
3 99 12 85 5 36 18 86 24 4 2 100 0
4 281 16 48 5 15 7 66 2 5 0 81 19
5 592 8 6 0 1 1 11 0 0 20 80
6 2'92 8 46 8 31 25 58 14 - a-- 77 23
7 113 7 63 22 39 18 80 3 32 4 96 4
. .

9 71 48 89 61 37 31 96 38 0 96 4
10 177 35 87 52 49 34 76 7 2 0 9 8 2
11 22 0 50 36 / 36 23 32 0 36 0 77 2 3
12 37 0 0 0 0 0 0 0 0 0 - 0 ‘100
13 671 0 7 -n | 1 -3 3 - 0 7 93
14 536 9 21 13 12 5 21 15 2 0 29 71
15 329 - - 42 16 30 14 53 1 0 8 0 64" 36
16 426 33 69 12 59 43 52 34 1 0 99 1
17 917 12 33 9 24 22 55 16 1 0 63 27
18 734 3 6 66 29 30 15 67 51 1 0 95 5
19 352 22 33 14 13 -18 58 41 0 66 24
20 1015 1 9 3 4 ' 2 23 15 0 a 30 70

6768

Less than 0.5%
Area #8 not sanpled but this is a northerly extension of Area #13 and is simlarly-vegetated.



Table . Percent Frequency of Each Species of Aquatic Vegetation in Each Wterfow Area from the Mster Survey,
August  1960.

Pot . No

Number Redhead- Widgeon- Eleo- Sagit- Ana- berch- \ege- Vege-
Area Sanples Sago Celery erass Chara Nitella Najas  Qrass charis taria charis toldi tated tation
2 104 5 89 17 20 12 82 11 16 5 0 0 99 1
3 120 1 88 16 31 15 80 23 11 8 1 0 97 3
4 256 7 60 10 18 9 84 4 10 3 0 94 6
5 596 3 6 - " 0 19 0 0 0 0 0. 21, 79
6 280 5 50 7 29 18 83 13 0 4 0 97 3
7 115 4 76 32 19 12 83 1 11 20 0 2 96 4
8 159 0 1 0 I 0 0 0 0 0 0 | 99
9 102 2 67 41 30 81 9 4 0 0 92 8
10 186 12 78 53 16 14 84 49 10 3 2 1 95 5
11 3 0 33 0 0 0 33 ' 100 -0 "0 0 0 0 100
12 54 0 11 0 6 6 70 0o .2 0 0 1 89
13 732 0 7 1 l " 4. . 3 0 0 0 8 92
14 551 9 33 11 15 5 29 22 2 2 0 0 40 60
15 285 3 53 15 21 8 69 3 10 8 0 0 76 24
16 385 45 68 23 50 31 79 44 3 1 0 1 99 1
17 1101 16 57 8 19 6 83 30 1 0 1 90 10
18 675 34 63 32 27 3 82 39 2 1 0 4 93 1
19 378 19 40 " 14 9 3 17 28 1 1 0 1 82 18
20 1011 5 12 6 2 1 29 24 0 0 0 1 41 59
7093

Less than 0.5%
Vaterfow Area #1 not sanpled.



Tabl e

Percent ‘Frequency of Each Species of Aquatic Vegetation in Each Waterfow Area fromthe Master Survey, August 19¢

Per cent of - Sanpl es Cont ai ni ng

Redhead- Ni- , W dgeon- Eleo- Sagit- Ana- tF:Ztr'ch- Cerato-- Un- Vege- Nc
Area Sanples Sago Celery grass Chara tella Najas grass charis taria charis toldi phyllum ident. tated Veg
2 129 8 75 35 22 0 46 19 9 9 0 0 0 86 1L
3 99 4 99 39 33 0 46 31 6 0 0 0 0 96 L
4 246 8 65 79 11 0 62 12 3 1 0 0 0 92 £
5 595 2 9 1 1 0 28 1 0 0 0 0 30 7c
6 250 18 56 16 18 0 79 18 - 0 0 0 0 98 g
7 108 6 81 58 9 1 81 6 22 28 2 0 0 0 91 ¢
8 143 0 1 0 - 0. 0 0 0 0 0 0 0 1 9s

9 143 7 80 57 38 71 31 1° 4 1 2 0 0 97
10 161 34 83 69 43 7 60 71 6 8 0 0 0 0 98 4
11 32 .0 63 47 28 3 47 22 6 13 -0 0 3 0 69 - 3
12 83 0 8 0 18 1 5 1 0 4 0 0 0 1 12 8¢
13 723 8 2 3 3 5 1 0 0 0 0 9 91
14 559 6 34 16 12 0 30 20 1 2 0 0 0 45 5¢
15 313 61 29 45 13 81 15 11 12 1 0 0 90 1
16 414 43 65 30 60 - 17 57 2 0 0 0 94 £
17 1093 24 76 20 23 64 37 2 0 0 0 0 90 1(
18 624 62 73 47 48 53 54 5 0 0 0 94 ¢
19 436 48 56 42 12 2 72 52 0 0 0 89 11
20 1010 9 16 10 4 0 45 24 0 0 0 0 58 42

7161
-- Less than 0.5%

waterfow Area #1 not Sanpl ed.



Tabl e, Percent Freguencyof Each Species of Vegetation by Section Encountered on the August-
September.1959 and 1960 }aster Surveys of Back Bay and Currituck Sound.

- Section — A Section = B Section -~ C Section = D Total Areg
Yoar No, % No., % ggég % g;aa % gogkf %
. & Sq "6, 1959 1366 1654 i T
omles” 2T %8 T 1715 2463 1505 7003
Sago 1959 57 4. 17 398 24,406 298 12,22 132 10,09 885 13.08
1960 109 7.73 453 26. 43 228 9.26 67 4., 45 857 12.08
Cel ery 1959 215 15.74 807 48.79 908 37.23 436 33. 33 2366 34. 96
1960 284 20,14 1001 58. 37 997 40. 48 518 34.42 2800 39. 48
Redhead G ass 1959 62 be54 _277 16. 75 367 15. 05 43 3.29 749 11.07
1960 115 8.16 303 17. 67 386 15. 67 84 5.58 888 12,52
Chara 1959 70 5,12 468 28. 30 609 24. 97 165 12.61 1312 19. 39
1960 52 3.69 384 22. 39 462 18. 76 161 10,70 1059 14,93
Nitella 1959 49 3.59 383 23.16 383 15.76 17 5.89 892 13,18
1960 20 142 83 4,84 274 11,12 17 5.12 454 6440
Naj as 1959 405 29.65 1017 61.49 858 35.18 565 43. 20 2845 42,04
1960 564 40,00 1436 83.73 108} 43. 89 735 48. 84 3816 53.80
Widgeon G ass 1959 291 XL. 30 567 34.28 41" 17.10 63 482 1338 19.77
1960 3R 27.09 536 31.25 465 18. 88 63 4.19 V46 20,39
El eochari s 1959 8 0,48 87 3.57 28 2.14 123 1.82
1960 32 1.87 82 3.33 48 3.19 162 2428
Sagittaria 1959 88 0.61 8 0.12
1960 17 0.99 61 R.48 26 1.73 104 1.47
Anacharis 1959 1 0.06 1 0.04 2 0.02
1960 é 0.24 4 0.27 10 0,14
PotiBerchtoldi 1959
1960 1 0.99 34 1.98 5 0.20 2 0.13 55 0.78
No Vegetation 1959 804 58. 86 231 13.97 1222 50.10 588 44,96 2845 42.04

1960 673 47.73 11 8,22 152 46. 77 658 43.72 2624 36.99

Veget at ed 1959 562 41,1, )43 86,03 1217 49.90 720 55405 3922  57.96
1960 737 5227 1574  91.78_ 1311 53.23 847__ 56.28 1469 53 01




It will be noted that in 1962, Section A was nore heavily
vegetated than in 1960 or 1959. Section B also was slightly
more heavily vegetated in 1960 and 1962 than in 1959, The
non-vegetated areas near Coinjock and Aydlett on Section B
were primarily the result of hard packed sand.

Section C maps indicating distribution of sanples wth no
vegetation, remained about the same in all 3 years, with only
slightly nore vegetation west of Churchs Island in 1962 than
in the other 2 years. The large non-vegetated area is
normal |y turbid and contains soft, flocculent silts. The
Intracoastal Waterway passes through that area.

The Section D map indicating distribution of sanples with no
vegetation also is basically the same. In 1959, the upper
North Landing River was not sanpled, but it was 'about the
same as in 1960 and 1962. North Bay, just below the area
marked Sandbridge Qub, contained sone non-vegetated sanples
in 1962 that were not encountered in 1960 or 1959. In both
1962 and 1960, the Sand Bay hrea (coordinates R and S, 3-9)
was nore heavily vegetated than in 1959.

Sago pondweed has a wider distribution in Section A in 1962
than in the other 2 years. In Section B, sago pondweed was
about equally distributed in all 3 years but nuch denser in
1962. In Sections Cand D, it had sonewhat wider distribution
in 1959 than in 1960 or 1962. In the latter years it was |ess
frequently encountered in Knotts Island Channel, along the
west side of Ragged Island, in the lower part of Back Bay,

and in Redhead Bay.

W/ dcel ery appeared about equally distributed in all sections

each year, but its frequency increased each year in all

sections. In Section D, it was slightly nore abundant each

year in the upper part of Sand Bay (Coordinates R and S, 9 and 10).

The progressive increase in redheadgrass from 1959 through 1962
can be discerned on all sections. The increase is particularly
noti ceable in the Back Bay area (Section D).

Nai ad was simlarly distributed in 1959 and 1960 but it was
more frequently encountered in 1960 in all sections. However,
it was largely absent fromparts of North and Shipps Bays in

1960. In 1962, after the intrusion of ocean water, naiad was
somewhat nmore widely distributed and abundant in the deeper
waters in Section A It was retarded on the eastern side of

Section B and Section C from Ppinter HII north to 'Swan Island.
This is particularly interesting because this is the region
that the greatest quantity of ocean water flowed into the area
on March 7, 1962.



Nai ad was nore widely distributed in Section Din 1962 than in
1959 or 1960. It was encountered more frequently in the deep
waters of Back Bay.

Wdgeongrass was slightly nmore wdely distributed each vyear;
the increase was particularly noticeable in Sections B and C
in 1962. As nentioned in the discussion of the transect surveys
it produced a much greater yield in 1962 than in other years.

Chara spp. was simlarly distributed-in all sections in all 3
years, but in 1962 it was less widely distributed on the western
side of Section C and less frequently encountered in Buzzards
Bay (in Sections C and D). It was nore frequently encountered
in 1962 than in 1959 or 1960, except in Section D.

Nitella spp. was the nost seriously affected of all aquatics

by the ocean water intrusion in 1962. No map is presented for
the distribution of Nitella spp., in Section D for that year

it was not encountered. It was virtually elimnated from all
other Sections in 1962, but was nobst abundant in Coinjock Bay

in Section C the area farthest renoved from the point of ocean
water intrusion. Some reduction was noticed in 1960 in Section: B.

Dwar f spi kerush (El eocharis parvula) did not occur in Section A
in 1959 or 1960 and no naps are presented for that area. It
appeared to be nore widely distributed each year in all sections,
but was slightly reduced in Shipps Bay in 1962.

In 1959, Sagittaria subulata occurred only in Section D. It
occurred in Sections B, C and D in 1960 and 1962. The
distribution increased-considerably in 1960. In Section C and
D, it remained about the sane in 1960 and 1962. In Section B
in 1962, it was restricted to the Coinjock area.

Pot anbgeton berchtoldi  was not encountered in 1959. It was
found in all sections in 1960, and was particularly abundant
near Martins Point in Section A In 1962, it was nore

restricted in all sections.

Anachari s canadensis was encountered only twice in 1959. It
occurred only in Sections C and D in 1960 and Sections B and
C in 1962.

Cerat ophyl lum sp. was encountered only in Section C in 1962.
It occurs in sone of the nmarsh ponds on Mckay Island.




Opti mum Dept hs for Each Aquatic as Determined by the 1959 and 1960
Mast er Survey

The depth at which each aquatic was nost frequently encountered
can be discerned from the acconpanying tables for the entire area,
for each of four subdivisions, and on each mjor soil type

Conbining the 1959 and 1960 surveys the peak frequencies for
each species occurred at about the follow ng depths:

Sagp pondweed 3.0 = 4.0 ft.
W/ dcel ery 2.5 = 4.0 ft.
Redheadgr ass 2.5 = 4.5 ft,
Nitella spp. 1.0 - 2.5 ft.
Chara spp. 2.0 = 3.0 ft.
Nai ad 3.0 = 5.0 ft.
W dgeongr ass 2.0 = 4.5 f¢t.
El eochari s parvul a 2.5 = 4.5 f¢t,
Sagittaria subulata 3.0 = 4,5 ft.

Total 2.0 - 3.5 ft.

The few sanples taken at depths less than 1 foot tend to skew

the data and should be ignored.

It will be noticed that naiad was nore tol erant of depth than
all other species, occurring in 10 and 12 percent of the sanples
at 10 to 10.5 feet in 1959 and 1960, respectively.

Most ot her species fell below 10 percent frequency at depths
greater than 6 feet, but wldcelery was tolerant of depths to

8 = 8.5 feet..

Nitella was found in fair abundance to depths of 7.5 feet in
1959, but in 1960 was retarded at depths in excess of 4 feet.
Chara al so appeared to be retarded nore at simlar depths in
1960 than in 1959.

However, in 1959 the percent frequency of vegetated sanples
declined nore rapidly at depths in excess of 5 feet than it did
in 1960.

The 1960 master survey data were transferred fromfield sheets
to International Business Michine data cards to facilitate nore
detailed analysis of the frequency-depth-soil type-geographica
distribution rel ationshi ps.

As nentioned el sewhere the |ight penetration normally was
greater at the southern end of the area than at the northern
end. Thus in comparing Section A at the southern end, with
Section D, at the northern end, we see that the frequency of
veget at ed sanpl es on the dom nant soil types was greater in
Section A than at all corresponding depths in Section D Thi s
is equally true when conparing Section A and Section C and
generally true in conparing Section B and Section C
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Tabl e . Average Depth of Quadrats in Each Frequency (ass of Total Vegetation (all species) (Master Survey,
August  1959).

Percentage Frequency of Total Vegetation by Quadrats

100 90 80 70 60 50 40 30 20 10 0 All Frequencies
Section A
Av. Depth (ft.) 3.95 4,28 5.98 457 6.30 547 6.78 6.33 6.40  8.06. 7.93 6. 06
No. Quadrats 42 5 9 6 8 14 5 13 12 10 44 168
Section B T
Av. Depth (ft.) 4,28 5,08 5.65 5.38 7.03 7.10 7.27 5,60  5.77 6.88 2.78 4.78
No. Quadrats 144 11 15 12 4 9 b 1 3 4 5 214
Section C T e e e o e e e e e e e
Av. Depth (ft.) 3.19 4,00 4.28 '4.23 458 4.49 508 6.35  5.98 6.31 7.34 4.94
No. Quadrats 139 4 15 6 4 10 4 4 15 11 95 307
Section D T e
Av. Depth (ft.) 3.41 4,99 4,21 4.84 513 568 " 49 577 58 595 5.73 4.56
No. Quadrats 71 9 1 5 8 4 11 6 6 10 32 169
Al Section Average
Av. Depth (ft.) 3.71 4. 77 5.05 4,88 5.74 5.63 5. 86 6. 16 6.09 6. 77 7.07 5.04
No. Quadrats 396 29 46 29 24 37 26 24 36 35 176 858
Percent Quadrats
in each class: 46. 15 3.38 5,36 338 2.80 431 3.03 2.80 4.20 4.08 20.51 100
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Table . Percentage of Sanples in Each Depth Interval Containi ng Each Species of Vegetai'ion from Al Sections of the
Master Survey, August-Septenmber 1959 (Back Bay, Virginia-Qurrituck Sound, Korth Carolina).

Per cent
Water Sago Eleo- Sagit- Per cent Non- Number
Dept h Pond- Redhead- Widgeon- charis taria Vegetated Vegetated of
(ft.) weed Celery grass Nitella Chara Najas gr ass parvula subulata Samples Samples Sanpl es
0 -0.49 0 50 0 0 0 100 50 0 0 100 0 2
0.50-0. 99 33 92 0 42 33 83 25 0 0 . 85 15 12
1.00-1. 49 5 56 10 25 217 38 19 8 0 86 14 63
1.50-1.99 6 67 \ 18 35 42 55 22 4 0 93 1 125
2.00-2.49 19 i 24 36 19 50 41 5 0 96 4 345
2.50-2.99 28 80 ‘1 36 28 50 59 42 6 0 94 6 499
3.00-3.49 31 - 75 34 15 38 61 39 5 0.2 92 8 595
3.50-3.99 30 67 28 9 21 64 40 4 0.7 86 14 451
4.00-4.49 24 59 17 11 20 65 37 2 0.2 81 19 442
4.50-4.99 13 39 1 10 20 48 23 0.7 0 66 34 442
5.00-5.49 10 36 3 13 19 50 18 0.6 0.4 64 36 474
5.50-5.99 11 23 1 16 9 44 16 0 0.2 56 44 477
6.00-6.49 9 10 0.2 19 11 37 9 0.2 0 46 54 497
6.50-6.99 5 5 0.2 8 8 25 -5 0.2 0 26 74 485
7.00-7. 49 2 6 0 10 10 34 4 0.2 0 42 58 444
7.50-7.99 0.5 4 0.2 3 3 19 2 0 0 20 80 438
8.00-8.49 0.2 0.2 0 3 2 20 0.8 0 0 22 78 455
8.50-8.99 0 0.4 0 0 0.4 13 0 0 0 14 86 256
9.00-g. 49 0.7 0 0 0 0 12 0 0 0 12 88 136
9.50-9.99 0 0 0 0 0 8 0 0 0. 8 92 5 0
10.00-10.49 O 0 0 0 0 0 0 0 0 0 100 28
10.50-10.99 O 0 0 0 0 0 0 0 0 0 100 14
11.00-11.49 O 0 0 0 0 0 0 0 0 0 100 11
11.50-11.99 O 0 0 0 0 0 0 0 0 0 100 17
12.00-12.49 O 0. 0 0 0 0 0 0 0 0 100 1
15.00-15.49 O 0 0 0 0 0 0 0 0 0 100 2



Table « Percentage of Samples in Each Depth Interval Containing Each Species of
Vegetation from AIll Sections of the Master Survey, August 1960 (Back Bay,
Virginia « Currituck Sound, North Carolina).
Water .
Depth Sago Redhead- Widgeon- Eleocharis
(ft.) pondweed Celery grass Nitella Chara  Naj as grass parvula ,
1.00-1. 49 0 17 0 33 33 50 0 0
1.50-1.99 0 70 11 44 44 63 7 0
2.00-2.49 ‘13 57 14 31 48 61 31 1
2.50-2.99 16 68 2 23 43 65 38 3
3.00-3.49 24 71 28 20 40 68 43 5
3.50-3.99 26 68 36 10 31 72 34 6
4.00-4.49 2 65 28 6. 22 67 35 6
4.50-4 .99 23 63 0 4 18 72 31 4
5.00-5.49 16 51 11 4 9 67 26 4
5.50-5.99 14 47 9 3 10 67 23 3 .
6.00-6.49 8 32 3 3 8 58 13 1
6.50-6.99 5 17 1 3 5 48 12 0
7.00-7.49 3 18 1 2 5 37 8 0
7.50-7.99 2 17 2 1 4 37 4 0
8.00-8.49 1 9 1 0.4 1 30 3 0
8.50-8.99 1 2 1 0 0 25 2 0
9.00-9.49 0 1 1 0 0 36 3 0
9.50-9.99 0 0 0 0 0 13 3 0
10.00-10.49 0 2 1 0 0 10 3 0
11.00-11.49 0 0 0 0 0 0 0 0
11.50-11.99 0 0 0 0 0 0 0. 0
12.00-12.49 0 0 0 0 0 0 0 0
12.50-12.99 0 0 0 0 0 0 0 0
13.00-13.49 0 0 0 0 0 0 0 0
13.50-13.99 0 0 0 0 0 1QO 0 0
14. oo- 14.49 0 0 0 0 0 0 0
15.00-15.50 0 0 0 0 0 0 0 0



table . Percentage of Sanples in Each Depth Interval Containing Each Species of
Vegetation from Al Sections of the Mster Survey, August 1960 (Back Bay,
Virginia - CQurrituck Sound, North Carolina), continued.

\\at er Per cent Percent Non-

Dept h Sagittaria Pot. Veget at ed Veget ated Nunher
(fe.) subul ata berchtol di Anachari s Sanmpl es Sanpl es Sampl es
1.00-1. 49 0 0 0 50 50 6
1.50-1.99 0 0 0 85 15 21
2.00-2.49 2 3 0 92 8 138
2.50-2.99 4 2 0 93 1 388
3.00-3.49 3 1 1 92 8 545
3.50-3.99 4 2 0.5 87 13 620
4.00-4. 49 3 0.2 0.2 86 14 493
4.50-4.99 2 0.2 0.4 82 18 492
5.00-5.49 4 0.2 0 75 2 5 480
5.50-5.99 0.4 0.4 0 12 28 466
6.00- 6. 49 0.2 0.4 0 61 39 561
6.50-6.99 0 0.3 0 50 50 624
7.00-7.49 0.2 1 0 39 61 616
7.50-7.99 0 1 0 39 6 1 448
8.00-8. 49 0 1 0 31 69 515
8.50-8.99 0 0.4 0 28 72 269
9.00-g. 49 0 0 0 37 63 151
9.50-9.99 0 0 0 16 84 11
10. 00- 10. 49 0 0 0 12 88 125
11.00-11.49 0 0 0 0 100 28
11.50-11.99 0 0 0 0 100 8
12.00-12. 49 0 0 0 0 100 8
12.50-12.99 0 0 0 0 100, 1
13.00-13. 49 0 0 0 0 100 3
13.50-13.99 0 0 0 100 0 1
14.00- 14. 49 0 0 0 0 100 1
15.00-15. 50 0 0 0 0 100 1
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Al species declined in production with increased depth of water.
W assume light penetration was the primary factor responsible,
for the decline occurs on all soils in all geographical sub-
divisions of the area.

In the table that presents the average depth of quadrates in
each frequency class. in 1959, the quadrates with the |ower
frequencies generally occur in deeper water, except for some
variation in Section B. Fromthis table it can be deternined
that 46 percent of the quadrates were in the 100 percent
frequency class. The other 10 percent frequency class
intervals occurred in only 2.80 percent to 5.36 percent of
the total quadrates. The zero frequency class occurred in
20.51 percent of the quadrates. This denonstrates that areas
were generally either well suited to grow aquatics or not
suited to support them few sparsely vegetated areas occurred.

Rel ati onship of Soil Type to Agquatic Plant Frequencies on the
1960 Master Survey

As--shown in the master survey tables and maps of soil types
distribution, the order of abundance of each doninant soil type
in each section was as follows:

Sections and Nunber of Sanples

A B C D
Sand (1108) Sand (895) Sand (1318) | Silt (972
Loam (198) Loam (497) Loam (749) Sand  (295)
Silt (60) Silt (250) Silt (184) Loam (152)
Shell (36) Shell  (40) day (122) Muck (30)
Muck (5) ay (22) Shell (56) Peat ' (28)
Muck (8) Mick (19) Cay (26)
Peat (13) Shell (2)
Tot al 1407 1712 2461 1505

For the entire area it will be noted that at any specific depth
the nuck and peat soils were nost poorly vegetated. Jay and
shell soils were also generally poorly vegetated. O the -3

dom nant soil types at depths less than 5 feet, silt was slightly
nore frequently vegetated than | oam and they both were
considerably nore frequently vegetated than sand. At depths
greater than 5 feet, loam was nore frequently vegetated and the
preference varied between silt and sand at the different depths.

In Section A generally the silt soils were nost frequently
vegetated, followed in order by loam sand, and shell.

In Section B, the order was silt, loamsand, shell, clay, and
muck.
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In Section C, the silt soils were nost frequently vegetated
at depths less than 5 feet, but atgreater depths |oam was
more frequently vegetated. At depths over 6 feet the order in
which the domnant soils were nost frequently vegetated was
loam sand, and silt. Cay was generally about fourth in
order, but between 6 and 7 feet it was the nost frequently
vegetated in Section C

In Section D, at nost depths silt was slightly nore frequently
vegetated than loam Either | oamor clay mght rank as

second, and sand was about fourth in order of frequency with
which the sanples were vegetated.

Sago pondweed occurred with fair regularity on shell and muck
but was generally infrequent on clay and peat. WIdcelery
occurred frequently in all soil types.

Sago pondweed and wildcelery occurred wth about equal
regularity on sand, silt or loam at all depths.

Redheadgrass and nai ad general ly occurred nore frequently, at
most depths, on loam and gilt.than on sand. Naiad occurred

in abundance on all soil types, but redheadgrass was infrequent
on shell, mck, and peat.

W dgeongrass generally occurred with greatest frequency on
sand, followed in order by shell, loam and silt. It was
generally infrequent on clay, nuck, and peat.

Chara spp. occurred nost frequently on sand, followed in order
by shell, clay, and [oam It was generally infrequent on peat,
muck or silt.

Nitella spp. was generally nost frequent on sand, followed in
order by clay and |oam, It was generally infrequent on silt,
shell, and peat. It did not occur on muck soil.

El eocharis parvul a showed a distinct affinity for clay, and
i n general descendi ngorder it occurred on rnuck, |oam sand,
and silt. It did not occur on shell soils.

Sagittaria subulata occurred with greatest frequency on clay,
followed in descendingorder by loam silt, and sand. It did
not occur on Shell or peat.

Pot anoget on berchtol di occurred with greatest regularity on
loam followed by silt and then sand. It did not occur on
clay, shell, mck or peat.
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Seed Production of Sago Pondweed and Redheadgrass

Because of the frequently reported | ack of seed production on sago
pondweed in the area and the potential inportance of seed production
as a source of waterfow food, several seed production surveys were
conducted from 1959 through 1963. M. Roland Halstead reported

that many years ago when the area was nore brackish the sago pond-
weed seed was so abundant that it was readily collected by the
bushel ful and sold. Because of nunerous other jobs of higher
priority and the lack of a truly good method of determ ning-the
annual crop of seeds, the surveys were sonewhat cursory and,

perhaps, only provide an index to local differences. Seeds
nornmal |y begin to formon redheadgrass in early June and on

sago pondweed in late June. This production continues throughout
the :summer and fairly frequent surveys of intensive nature would

be required to deternine total annual vyield

Bet ween 1959 and 1963 three different nethods of assessing
differences in sago pondweed seed production were used.

The first nethod was to cast a floatable 34 inch hula hoop at
random over stands of surfacing sago pondweed and collect, count,
and neasure the volune of the seeds in the ring sanples. In late
June 1959, a total of 127 such sanples were taken in 6 locations
in the study area. As shown in the acconpanying table there was
ani ncrease in seed production fromnorth to south in the Back
Bay-Qurrituck Sound Area; no seeds were found in 27 sanples in
North Bay, while about 42,000 seeds occurred in 9 sanples in

the sourthern part of CQurrituck Sound

In 1960 a simlar survey in late June through md-July again
showed higher sago pondweed seed production in Currituck Sound
than in Back Bay; 5.12 seeds/sanple and 2.98 seeds/sanple,
respectively. This production conpares to 1603.0 seeds/ sanpl e
in CQurrituck, and 2.46 seeds/sanple in Back Bay in 1959.

In Qurrituck Sound an identical survey was conducted on

August 2, 1960, and it indicated a decline in seed production
at that time to 1.49 seeds/sanple
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Also in 1960 a second nethod used to assess seed production was
to randomy collect a quantity of sago pondweed that conpletely
filled our vegetation neasuring device used on the transect
surveys. This was equivalent to 1440 cc. Personal bias in
selecting plants with or wthout seed was elimnated by using
SCUBA equiprent and nmaking the collection from beneath the
surface where seed production was not discernable. Plants

were collected as encountered

The rel ationship of seed production to vol une of vegetati on by

this second method would permt rough calculation of total seed
production based on the estimates of vegetative yield from the

transect  surveys.

One conposite sanple was taken at four |ocations in Back Bay
and nine locations in Qurrituck Sound. The greater seed
production was again denonstrated in Qurrituck Sound, with
about 959 seeds per sanple conpared to only 5 seeds per sanple
in Back Bay.

In 1961 no conparable survey of seed production survey was
conducted because nuch time was devoted to the collection of

1,000 sago pondweed sanples for the study of plant disease

A seed survey of a third type was conducted in conjunction wth
that survey. In August and early Septenmber, 1,000 sago pondweed
plants were collected from a total of 19 strata from pre-selected,
random sanpling points. The strata were nunbered 1-18 north

to south in the study area; stratum 19 was in Kitty hawk Bay

south of the study area.

Based on estimated plant densities and area in the strata it
was cal cul ated that there were roughly 738 million sago pond=
weed plants in the 19 strata. The nunber of seeds was counted
on each of the 1,000 plant sanples and calculations were nade
that there wereroughly 1% billion seeds, equival ent to about
21,000 pounds wet weight.

It is again shown in conmparing seed production by locations
that Qurrituck Sound produced a higher vyield of sago pondweed
seed than did Back Bay.

In 1962 after the study renewal because of the ocean water

i ntroduction the second nethod, of seed production in relation
to plant volume, was used. The third nethod just nentioned

m ght have been superior but the single objective of nmeasuring
seed yield would not justify the tine and effort.

The survey was conductedat |ocations in Back-Bay and 16 |ocations
in Qurrituck Sound. The average nunber of seeds. per sanple was
10,332 in Back Bay and 3,964 in Currituck Sound. This was the
first survey to indicate greater sago pondweed seed production

in Back Bay. The seeds per sanple in 1960 from Back Bay were

5 and from Qurrituck 959. The phenonenal increase in Back Bay

in 1962, when the water salinity was about 13 percent of sea
strength, was quite readily observable and it was by far the

best seed crop seen
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In July 1963 sago pondweed was scarce in Back Bay and sufficient
sanple size was obtained in only one location. That one sanple
elded 4,684 seeds. In CQurrituck Sound 15 sanples vyielded
9,680 seeds for an average of 645 seeds per sanple. Both areas
had poorer production than in 1962.

Redheadgr ass seed production was first sanpled in June 1960 in
three locations in Currituck Sound.using the floatable ring

net hod. Forty sanples were taken in each |ocation and the
average nunber of seeds per sanple was: North CQurrituck 87,
Md-Currituck 101, and South CQurrituck 127. As seen in the
acconpanyi ng table this was nuch greater than the yjeld from
sago pondweed, which averaged only 1.49 seeds per sanple 'from
the 3" areas.

O July 12, 1960, the second nethod of assessing seed production,
seed vyield-plant volune, was used on redheadgrass. This indicated
60 seeds per 1440 cc. sanple in Back Bay and 2,358 seeds per
sanple in CQurrituck Sound.

No survey of seed yield on redheadgrass was conducted in 1961.

In 1962 six 1440 cc sanples in Back Bay yielded 8,113 seeds

per sanple. The yield per sanple from 15 |l ocations in CQurrituck
Sound was 3, 369.

In July 1963 only 1 sanple was taken in Back Bay because of
insufficient volume of redheadgrass; 117 seeds occurred in the
one 1440 cc sanple. Fifteen sanples in Currituck Sound reveal ed
22,809 seeds for an average of 1,521 seeds per sanple.
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Summary of Sago Pondweed and Redheadgrass Seed Production Surveys

The phenol ogy of -the annual yield of seed by sago pondweed and
redheadgrass was too poorly known to be able to relate the
results of a survey at any one nonent to the total yield of
seed during an entire growing season. Wat we did achieve was
a rough index to gross difference in various |ocations and
maj or changes from year to year

Two facts of greatest inportance were denonstrated: During the
period 1959 to 1961 when Back Bay was fresh the seed production
of sago pondweed and redheadgrass was nuch |lower than it was in
most of Qurrituck Sound. This nmay have resulted primarily from
the higher salinities in Qurrituck Sound, or possibly froma
relatively greater increase in water depth in the northern part
of the area fromw nd tides during the period when these pond-
weeds were normally flowering. The bioassays in 1960 and 1961
denonstrated greater seed production in the higher salinities

A third reason nmight be greater light penetration in Qurrituck
Sound stinulated earlier growh and enhanced seed production
Hodgson and Otto (1963) found that under |aboratory conditions
sago pondweed cul tured under 400 ft-c of light and a 14-hr,
photo period required approxi mately 900 degree-days over a

49 F. threshold to reach flower-bud stage

The second fact of inportance was the trenendous increase in
seed production, particularly on sago pondweed in Back Bay
and Currituck Soundwhen the water salinities were increased
to 13 percent sea strength in 1962

Three: methods of assessing seed production were used, and a
fourth method was rejected. The fourth nethod attenpted to
measure total seed deposition on the bay soils by washing

out soil sanples. Seeds were readily obtained by this method
but it was inpracticable to attenpt to distinguish the yield
fromthe current year fromthat of previous years.

The second nethod described, of relating seed yield. to a

standard vol une of randomy coll ected vegetation, was probably
the nost practical, rapid nethod.
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Tuber Production of Sago Pondweed

Reportedly low yields of sago pondweed tubers and their potential
as a favored waterfow food caused our inquiry into tuber
production in Back Bay and Currituck Sound. Sinilar to the seed
production surveys it was a job of relatively low priority, but
unlike the seed surveys tuber production was not so easily

measur ed.

The only nethod attenpted was to take 50 ‘two-square-foot
bottom sanples in specified sago pondweed sites in severa
areas in Back Bay and Currituck, deposit the soils in large
cans, and finally wash the soils through small mesh screen
franes at our headquarters. Sanples would normally include
the top 5-7 inches of soil

Annual surveys from 1958 to 1961 of four to five locations in
Back Bay revealed no sago pondweed tubers. However, in
Novenber 1962, 3 areas sanpled with 25 sanples per area
yielded 8, 38, and 73 tubers.

In Qurrituck Sound on Novermber 6, 1959, two areas were sanpled
as described and one tuber was yielded fromeach area. In
Novenber 1960, four sanple sites in Qurrituck yielded 0, 1, 2,
and 3 tubers

In 1961 no individual tuber study was conducted but they were
searched for in conjunction with the transect survey. In
Qurrituck Sound 46 two-square foot sanples contained sago
pondweed but no tubers were found.

In Novermber 1962, 25 sanples revealed 1.5 tubers per area in
Qurrituck Sound. In February a 200-square-foot sanple
revealed 4 tubers of sago pondweed and 419 of wildcelery.

One 2-square-foot sanple on the transect survey discl osed

9 sago pondweed tubers. Simlar reports of greater tuber
production in Back Bay in 1962 in the presence of increased
salinities were made by biologists working in the area

Summary  of Sago Pondweed Tuber Production Surveys

The nethod enployed to obtain sanples was not considered
adequate for, while using SCUBA equipnent, biologists dug

by hand along the root system of several sago pondweed plants
and found sone root systens extended to depths beyond arm

length. If tubers were formed below 6 inches in soil depth,
we were not sanmpling them  From-a practical point of view
however, if tuber production was occurring at soil depths

greater than 6 inches, the tubers would be largely inaccessible
to waterfow .
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Coviously the sanpling effort was inadequate to calculate
total vyield of sago pondweed tubers; however, the al nost
total absence of tubers in the period 1958 through 1961

and the subsequent increases in 1962 indicate tuber production

increased in response to higher salinities in the habitat
just as it did in the 1960 and 1961 bioassays.

Tuber Production of WlIldcelery

No i ndividual survey was conducted to assess w |l dcel ery
tuber production, but in conjunction with the transect

surveys of My and Novenber 1962 and 1963, in Back Bay
and the transect survey of Novenber 1961 in CQurrituck

Sound, the tubers in each sanple were recorded.

In the acconpanying tables these estimates were expanded

to total nunbers, volume, and wet weight by the same
procedures used for the vegetation transect survey estimates.
The estimates indicate sonme increase in November 1962 and
May 1963 over sinilar periods the year before but these
differences are not statistically significant.

The root system and depth at which wildcelery tuber
production occurs aremuch shallower than that of sago
pondweed. The sanpling nethod seemed entirely adequate
for wildcelery tubers.
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Tabl e . Total Number of Celery Tubersy on Each Transect area of Back Bay, Virginia, and
CQurrituck Sound, North Carolina; as Determ ned by Each Transect Survey on Wi ch
They Were  Measured.

1961 1962 1962 1963
Transect Novenber May Novenber May
A 11 11 9 23
B 42 27 39 41
C 14 1 24 12
D 8 27 40 17
E 0 9 0 6
F 3 4 1 10
G 5 4 1 0
a 9 4 12 12
Total Back Bay 92 87 126 121
H 1
I 3
J 10
K 0
L 2
M 4
N 8
0 '5
P 3
Q 8
R 0
8 0
Total Qurrituck Sound 44

1/ Sago pondweed tubers counted at the same time reveal ed only one on Transect B in May 1962;
and in My 1963 = one on Trasect E, one on Transect H, and one on Transect N



Tabl e . Thousands of WIdcelery Tubers on Each Transect Area of Back Bay, Virginia, and

CQurrituck Sound, Carolina, as Determined by Each Transect Survey on Wich
They Wre Measured.
1961 1962 1962 1963
Transect November May Novenmber May
A 12, 596 12,596 10, 173 26, 644
B 68, 133 43,800 63, 267 66, 186
C 28, 253 2,173 48, 538 23,907
D 14, 000 46, 666 68, 444 29, 555
E 0 23, 289 0 16, 302
F 6, 787 9, 049 2,262 22,622
¢ 9,707 8,493 2,427 0
a 10,893 4, 587 14, 333 14, 333
Total Back Bay 150, 299 150, 653 209, 444 199, 549
H 2,160
I 8, 604
J 37,547
K 0
L 23,880
M 12, 617
N 22,089
g 26, 027
Q 7,600 1450
R 0
S 0
Total Currituck Sound 185, 084



Tabl e. . Thousands of Liters of Celery Tubers on Each Transect Area of Back Bay, Virginia,
and CQurrituck Sound, North Carolina; as Estimated from Each Transect Survey -on
Whi ch They Were Measured; Wth the Confidence Limts of the Total at 95 Percent

Confi dence,
1961 1962 1962 1963
Novenber Confidence May . Confidence Novenber Confi dence May Confidence

Transect Limitsl Limits= Limitsl Limits=/

A 1 1 1 2

B 6 4 6 6

C 3 Tr. 4 2

D 1 4 6 3

E 0 2 0 1

F 1 1 Tr. 2

G 1 ‘1 Tr. 0

G1 1 Tr, 1 1
Total Back by lé& + 38% 142/ + 67% 192/ +117% 17 + Th0% {1440

H Tr.

I 1

J- 3

K 0

L 2

M 1

N 2

0 2

P 1

Q 3

R 0

S 0
Tot al 162/ + 45%

Qurrituck Sound

1/ Expressed as a percent of the total,
2/ Includes Trace.
Trace equals less than 500 liters
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Algal  "Slur" on Aguatic Plants

The locally termed "slur" on aquatic plants in Back Bay and
Qurrituck Sound has occasionally been accused of being
responsible for the aquatic plant die-off.

On August 5, 1958, two specinmensof the “"slur;" which is
algal growh, were collected on sago pondweed plants in
Buzzards Bay and sent to the Botany Department of the

North Carolina State College. Dr. L. A Witford,

identified the colonies of ‘algae as being conposed primarily
of Nostoc spongioforme and R vularia gl obiceps. He was of
the opinion that neither would normally be expected to cause
die-back of aquatic plants; it seemed nore likely that their
occurrence mght follow die-back, and also be associated wth
the fertility from the comon brackish water hydroid,

Cor dyl ophor a lacustris, which attached to the aquatics.

Gher algal species in these colonies included: Oscillatoria

| emrermanni,  Cosmarium sp., QGedogonium sp., Synedra pul ehella,
Cocconei s placentula, Chroococcus |limeticus, Gonphosphaeria
aponina, Merisnopedia sp., Eunotia sp., Scenedesnus quadricauda,
Pediastrum tetras, Staurastrum sp., Spirulina sp., _Achnanthes
sp., and Tetraedron sp. Qhers were also present.

O ose observation throughout the area for about 6 years |eads
us to concur with Dr. Whitfordlsopinioms. The slur did not
appear to be a mjor problem nor a direct cause of the late
summer die-back of sago pondweed or other aquatics. In a
few instances these algal slurs, particularly in conbination
with silt from the turbid waters, served to weight snall
stands of sago pondweed to the bottom In most instances
these isolated occurrences followed decreased vitality and
apparent plant death resulting from lesions on the plant
stems. The lesions were believed to be a result of fungal
di sease.

In conjunction with the field collection of 1,000 sago
pondweed sanples in 1961 for study of the occurrence of
fungus disease, observations were nmade on the presence of
algae on each sanple. This is nentioned in greater detail
in the discussion of plant disease.
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MARSH VEGETATION OF BACK BAY AND CURRITUCK SOUND

Although the marsh vegetation contributes approximtely one-fourth
of the-food for the total waterfow population of the area, no
intensive studies were conducted on the ecology or conposition

of the marsh vegetation. The reasons for this were: (1) The
principles of marsh ecology are better known than are the principles
of estuarine ecol ogy. (2) The dynamics of the submerged aquatic
vegetation were obviously the least stable characteristic of the
waterfow  habitat, and, -hence, nost denmanding of our tine.

However, because of the inportance of the marshes to waterfow
and the fine potential for nanagement of many of the marshes
of Back Bay and Qurrituck Sound,generali.zed cover nmaps were
prepared by aerial reconnaissance and photograph interpretation.

The U S.-Marine Corps at Cherry Point, N, C, photographed all
of the area for us in 1958.  Photographs were taken at 20, 000
ft. with a 12 inch focal length. These photographs provided

base maps for nore detailed description of the vegetation by

nmeans of ground inspection and low flying, small aircraft.

The Piper Super CQub P-18 on floats was particularly useful for
this cover mapping. Vegetation types were mapped as long as

| could definitely recognize the donmnant vegetation. \Wen a
sizeable unit of unrecogni zed vegetati on was encountered | woul d
land the seaplane adjacent to the nmarsh and walk into the
unrecognized wunit to determine its identity and characteristics.
that would permt recognition fromthe air.

This rapid mappi ng procedure permtted conpletion of first-
draft cover maps of the entire area in about 2 days of flying.

Back Bay and portions of upper Qurrituck Sound have an extremely
heterogeneous Marsh that defies snall-scale illustration.. This
het er ogeneous marsh is normally dominated by cattail, three-
squares, spikerushes, nmarshnallow, and smartweeds.

Frequent burning every 2 or 3 years, and use by snhow geese are
major factors in deternmining annual domnance. The succession
after a set-back appears to be from Cyperus spp., Eleocharis
palustris, and Polygonum spp., to _Scirpus _olneyi, S._anericanus,
S. robustus, and S. wvalidus, to a climax of Typha spp. and

H biscus sp. When many of these heterogeneous marshes becorme
domnated by rank growhs of cattail the nuskrat-trappers burn
them and the succession starts anew.

Because of the relatively dynamc character of this heterogeneous
marsh, and their conplexity, they were so illustrated on the
acconpanying maps. The maps may thus be considered as generally
depicting domnant narsh types during the period 1958-1964.
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The marshes of CQurrituck Sound, south of Church's Island and
Mnkey Island, are nore homogeneous than those to the north.
They are conposed primarily of needlerush (Juncus ronerianus),
big cordgrass (Spartina cynosuroides), wth some cattail, and
s-awgrass (dadium jamaicense). These narshes are far less
productive of waterfowl foods than are the heterogeneous
marshes to the north.

Chanberlain (1947) and WIson (1962) discuss -certain aspects
of the marsh conposition and wildlife value of Back Bay and
Qurrituck Sound, respectively, in sonewhat greater detail.
Further reference to marsh conposition and nanagenent aspects
will be found in this report in the volume dealing wth
wat er f owl .
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EXPER MENTAL STUDI ES OF AQUATI C PLANTS

If our attenpts to conduct experimental studies in this estuarine
habitat did nothing else they did make us acutely aware of the
difficulties of such experinents, particularly wth limted
budgets and equi prent.

Several apparently well conceived studies involving considerable
effort and ingenuity resulted in disappointing failure;

frequently, the failures resulted from destruction by wave

action in the bay or ocean. Anmong our nore notable failures

were the attenpt to maintain water salinities in the Sandbridge
ponds, the destruction of carp exclosures and encl osures by

wave action, the destruction of a large test box in Back Bay
designed to permt studies of turbidity, the drowiing of severa
waterfow in enclosures by abnornally high wind tides, the |oss

of a continuous water level recorder and the the data by hurricane
wave action, the breaking of several 500-gallon test tanks nidway
in a 5-month vegetation bioassay, the loss of several soil transfer
boxes fromwave action mdway in a study, and several others not
worthy of nention. The objectives, designs, and data from these
studies are not presented or discussed further in this report.

The assistance of all who participated in those studies was,

nevert hel ess, greatly  appreciated

The principal experinental vegetation studies that were whol ely
or partially successful were the 1960 and 1961 bioassays of
aquatic plantsinvarious water salinities, the soil-vegetation
transfer study, the depth-vegetation yield study, the artificial
light-vegetation vyield study, the fungus disease study, and
related aspects of these

Al though we cannot take credit for the ocean water introduction
resulting fromthe March 7, 1962, Ash Wdnesday Storm it nost
certainly provided the finest possible experinental study of

the effects of ocean water on this habitat, and it could be
thought of as an experinental study.

The large-scale ocean water punping operation conducted by the
Gty of VMirginia Beach started in My 1965 and continuing to the
present tine is truly the nost extensive experinental study
attenpted in the area. This habitat managenent attenpt is
presently being evaluated by our transect surveys and prelimnary
discussion is nade in the section dealing with transect surveys
and nmajor environmental factors.
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Ccean  Water Introductions Into Sandbridge Marsh Ponds

In March 1959 experinental introduction of ocean water into 110
acres of ponds on the Sandbridge nmarsh was attenpted to determne
its effect on aquatic plants. The Sandbridge @n dub generously
permtted the construction of gut plugs in canals between the
ponds and the punping of ocean water into them  Several Virginia
Game Conmission officers assisted the study personnel in gut

plug construction, and the month-long job of pumping 2 mllion
gallons of ocean water across the beach. The Gty of Mrginia
Beach assisted greatly in the loan of punps, pipe, etc

Numerous tables were prepared on water chemstry, plant

abundance, etc., and has been presented in past quarterly reports.
Because~of extrenely high water in North Bay and a nmarsh fire
that permtted fresh water access across the marsh and also
damaged key gut plugs, our attenpts to naintain the desired
salinity of 10 percent sea strength were futile. For this

reason the study was inconclusive and the data drenot repeated
in this report.

During the nonth-long period of punping ocean water, study
personnel distributed live boxes containing large nouthed black
bass, punkinseed, white crappie, and carp in several of the
connecting ponds where they were exposed to various concentrations
of ocean water. The results of this exploratory study are
discussed in the volume on fish.
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Bi oassays of Aquatic Plants in Water Salinities of O to 40 Percent

Sea Strength

The history of ocean water as a factor in the ecology of the area
was frequently referred to in the literature review Ccean water
introduction into Back Bay and CQurrituck Sound has been damed by
some, and reconmmended as a panacea by others. It was of paranount
inportance to determine the optimum and tolerance linmts of the
principal aquatic plants of the area to various concentrations of
ocean water. These studies were conducted on the site, at Nawney
Creek, where it was possible to nost closely sinulate |ocal
conditions of «climte, soil type, water chemstry, and planting
st ock.

Initial-studies in 1960 sought to determ ne plant response in a
fairly broad range of 0 to 40 % S8 (percent of sea strength).
Later studies in 1961 sought to refine the tolerance estimtes
in a nore practical range of management from 0 to 17 % SS

The study in 1960 i nvol ved testing plant response fromO to 40
% SS on 2 types of soil: loam soil taken from the bottom of
the productive Salingers Cove area, and silty soils from the
non-productive area in the niddle of Back Bay.

One hundred twenty 24 gallon plastic cans were buried in the
ground to the top of can. This proved successful in maintaining
tenperatures within 1 or 2 degrees Fahrenheit of the adjoining
bay.

There were 6 double rows of cans with 10 cans to the row
Approxi mately three gallons of loamsoil was placed in the cans
on one side of each double row  About two and one-half gallons
of silt soils, which had been collected with the oyster tongs,
were added to the other rows of cans. (One week after water
levels and salinity concentrations were attained two quarts

of specially collected soft surface silt were added to the silt
cans , This process helped to duplicate the natural conditions
in the nmddle of Back Bay.

Water was punped directly fromBack Bay into all 120 cans and
ocean water from Sandbridge was used to adjust salinity con-
centrations. Each doubl e row of 10 cans was used to test an
aquatic plant. The first 4 tanks in each double row were
control tanks of bay water designated as 0 percent, but actually
the water tested about 1.86 % SS. The successive cans, in
each row after the controls, were adjusted to 5 %SS increnents
from5 % 8S to 40 % SS. Bay water was added as needed during
the summer to maintain the salinities specified. Sheets of
clear polyethelene were suspended in a framework over the rows
of tanks to prevent excessive dilution by rainfall, or
contanmnation of wvarious types.
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As seedling stock of sago pondweed, wildcelery, southern naiad,
redheadgrass, and widgeongrass became available in My, 100
uniformsize plants of each species were selected. The seedlings
were only 2 or 3 inches in size and were considered, as a-negligible
quantity in later conputation of yields. Plantings of mbst species
were made between My 7-9, 1960, but sago pondweed was not

planted until My 31, and the nuskgrasses were not planted unti

m d- Jul y.

Each plant species was tested in 20 cans in water salinities in
5 percent increments from 0 to 40 % SS, on siltand |oam soils.
Ten plants of the test species were planted per can, except only
five Chara and five Nitella plants were planted in one series of
cans.

Nunerous  observati ons, phot ographs, and water and soil chenical
deterninations were nade throughout the summer and fall. Specific
notes were made on aquatic fauna, plant coloration, plant vitality,
seeding, conpetition, -and water clarity. Miny of these incidental
observations are interesting but not significant enough for
repetition here. It is worthwhile noting that a few test cans,

particularly tw used for redheadgrass, were ruined because
rodents drowned in the tanks. Even though these were renoved
within 24 hours the pH was | owered and the ammoni cal nitrogen
increased; algal growh increased and the test plants died out
in a few days tine.

Conpetition from invading species was a problem even though
every effort was made to renove plant parts from the soils when
the study was started. Qogonia of nuskgrasses and seeds of
several other plants could not be renoved. The subsequent

bi oassay in 1961 used sand soils to alleviate conpetition from
invading speci es.

Each of the 120 cans was renoved on Decenber 5, 1960, and the
contents were washed out over a one-fourth inch wre nesh rack
Al plant. parts were neasured by volume displacenent. The nunber
of tubers and winter buds of certain plants were determned and
individually neasured by volune displacenent

Results of 1960 Bi oassay

Tabular naterial acconpanies this narrative; graphs depicting
yields are in the appendix.

Sago  Pondweed

The silt soils that were non-productive in the bay were by far
the nmost productive of sago pondweed, and nost other species,
in the still waters of the test cans. Considering the high
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Tabl e

Volunes _of' _Each Species of Vegetation Gown in Various Salinities on lLoam a&Silt

Loam:

%t ro gngte ﬁ Sago  Najas  Celery Kgdg;?gn RCS}:E:;:J Chara Nitella Tot al
# 0 7.0 350 1.0 83,0
£ 0 9745 1.0 98,5
#3 5% 5040 3.0 1.5 23.0 043 0,2 78.0
#4 10% 30,0 1.5 140,0  106,9 28,5 306.9
# 15% 13.0 2.0 1.0 16.0
#6 20% 4,0 10.5 210,0 6/0 230.5
#7 25%  30.0 3.0 17.0 150. 0 200.0
#8 30% 3.0 375 142.5 183.0
#9 35% 2,0 60.0 20.0 90.0 172.0
#1040% _65 _ _ 150.0 9,0 165.5
Tot al 48.5 269.5 18,0 478.0  493.5  197.2 28,7 1533. 4
Silt:

# 0 120.0 3.0 2.0  187.5 332.5
# 0 6.0 150.5 1.0 7.0 1025 12,0 150.0 429.,0
#3 5% 62.0 142.5 3.0 8.0 90.0 22.5 328.0
#4 10% 2,0 9.0 8.0 125.0 14440
# 15% 465  67.5 7.0 13.0 1050  60.0  20.0 441,0
#6 20% 135.0 45.0 10.0 90.0 25.0 35.0 340.0
$7 25%  69.5 4.0 150.0  115.0 338.5
# 30% 189.0 17:0 120.0 1200 446.0
#9 35% 174.0 30.0 135.0 75.0 414.0
#10 40% 167.1 30.0 12,5 105.0 414.6

Total : 851.1 534.5 113.0 759.5 1025,0 119.5  205.0 3607. 6




Tahle
Total Volune of Feeh Species of Vegetation_inloam and Silt Tanks.

{inclvdes).
LOAM:
% of Sed
Wdgeon Rednead Eleo- Sagit~ Berchw

Strength Sago Najas Celery Qass Grasilitella Chara charis taria foidi Tot al
#1 0 7.0 100.0 0.1 1.0 137.5 76.0 Tr. 52.5 374.1
# 0 162. 6 1.0 328.5 17.1 509. 2
#3 5% 350.0 7.5 .5 23.0 1.2 20.3 33.0 22.5 459.0
#4 10% R.8 1.5 10,0 357.5 256.9 17.3 Tr.  806.0
#5 15% 63.0 4.5 2.0 1.0 95.5 78.5 244e5
#6 20% 39.0 4.0 40.5 210.0 6.0 1.0 65.5 366. 0
#1 25% 30.0 5.0 17.0 150.0 90.0 202.5 494.5
#8 30% 3.0 0.5 172.5 142.5 7.0 117.0 LR.5
#9 35%47.5 0.8 127.5 20.0 |.42.5 215.5 553.8
#10 40% 34.5 170.0 9.0 62.0 159.5 435.0

Total : 161,0 712.4 60.4 700.5 493.5 921.2 654.7 905.9 75.0 Tr. 4684.6

SIIT:

a0 166.0 3.0 2.0 187.5 0.5 15.0 20.0 394.0
# 0 6.0 327.0 1,0 7.0 102.5 162.0 35,0 8.0 10.0 658. 5
#3 5%62.0 297.5 3.0 8.0 90,0 10,0 32.5 7.0 30.0 540. 0
#, 10%7.0 2Uu.5 8.0 11,0 125.0 22.0 0.5 17.0 402.0
# 15% 46.5 84,5 7.0 135.0 105,0 20.0 66.0 9.0 Tr, 473.0
#6 20% 135.0 49.0 10,0 90,0 50.0 35.0 29.0 1.0 399.0
# 25% 69.5 Tr. 4.0 150.0 115.0 10.0 348. 5
#8 30% 189.0 17.0 120,0 120,0 44640
#9 35% 174.0 30.0 135.0 75.0 414,0
#10 40% 167.1 30.0 112,5 105.0 3.0 W. 6

Total: 856.1 1135.5 213.0 770.5 1025.0 242,0 204,053.5 73.0 20.0 4492.0




Table _ -, Total Invasion by Eech Species 0.f Vegetation in all Tanks (excludes
Speci es_test tanks).

4 of Sea Widgeon Redhead Eleo~ Sagit- Berch-

Strength Sago Najes Celery Gass G ass Nitella Chara charis taria toldi Total
A 0 71.0 0.1 137.5 765 Tre 675 20.0 3726
B 0 24146 340.5 23.025.1 10.0 640. 2
#3 5% 455.0 4.5 11,0 30.0 40.0 52.5 593. 0
#, 10% 5.0 205.3 Tr. 110 329,0 172.0 17.8 17.0 Tr. 757.1
#5  15% 67.0 4.5 95.5 6.0 87.5 T 260.5
#6 207- 390 4.0 30.0 16.0 100 94.5 1.0 X94. 95
#1 25% 2.0 100.0 202.5 304.5
#8 30% 0.5 135.0 7.0 117.0 259. 5
#9 35% 45.5 0.8 67.5 52.5 215.5 381.8
ﬁ_l_c; 40% 28. 0 20,0 6540 159. 5 272.5

Total: 117.5 1043.9 4R.4 233.5 0 9R9,5 542,0 9594 148.0 20,0 4036.2

Tabl e, Total Volume Of Bach Species of Vegetation in all Tanks (irl.Invasion)

#1 0 7.0 266.0 JL R0 188,5 137.5 76,5 Tr. 67,5 20,0 768,1

#2 0 6.0 489.6 1,0 7.0 103.5 490.5 35.0 251  10.0 1167.7
#3 5% 62,0 647.5 10,5 9.5 113.0 1L2 528 40.0 525 999. 0
# 105 7.0 244.3 9.5 11,0 265.0 357.5 278.9 17.8 17.0 Tr. 1208.0
#5 15% 46,5 147.5 11,5 137.0 106.0 115.5 66.0 87.5  Tr. 717.5
# 20% 174.0 53.0 505 300,0 60 510 350 945 1.0 765. 0
#1 25% 99.5 Tr. 9.0 167.0 265.0 100. 0 202.5 843.0
# 30%192.0 17.5 292.5 262.5 7.0 117.0 888. 5
#9 350 221.5 30.8 262.5 95.0 |-42.5 215.5 967.8
#10 40%201.6 . 30.0 282.5 114.0 6540 159.5 852. 6

Total: 1017.1 1847.9 173.4 1471.0 1518,5 1163.2 858,7 959.4 148.0 20,0 09177.2




Tabl e . Yeld of Sago Pondweed (in cc.) from the 1960 Bioassay from Late My to Early Decenber in Various
Concentrations of Sea Water to 40% Sea Strength on Loam and Silt Soils.

Percent Sea Number of Volume of  Volunme of Total Aver age Condi tion
Strangth Tubers . Tubers (cc.) Vegetation Volume Tuber Volume of Plants Plant Col or Renar ks
Loam Soi |
0 0 0 7.0 7.0 - Poor Chlorotic and Fallen to bottom
Yel | ow gr een
0 2 Trace Trace -= Poor Chlorotic
5 0 0 0 0 ee Dead Chlorotic
10 0 0 0 0 == No vegetation
15 0 0 0 0 - No vegetation
20 0 0 Trace Trace - Poor Yel | ow- green Small  sprig
25 1 Trace 30.0 30.0 ©o Poor Br own Sago standing; algae heavy
30 1 Trace 3.0 3.0 -- Poor Br own- gr een Partially standing, appears
spots dead, algae heavy
35 17 2.0 0 2.0 0.118 Fair Yel | ow- green Slight
40 17 1.5 5.0 6.5 0.088 Fair Yel | ow- green
St Soil
0 0 0 0 0 T - Dead - no vegetation
0 0 0 6.0 6.0 - Poor Chlorotic - few A surface, conpetition heavy
green |eaves
5 25 2.0 60.0 62.0 0.080 Good Pale green Medi um competi ti on
10 0 0 2.0 2.0 .- Poor Chlorotic to Very slight conpetition
pal e green
15 12 1.5 4.0 46.5 0. 125 Fair Pale green Saphrophytic fungus heavy
20 121 15.0 120.0 135.0 0.124 Excellent Geen-sone brown ne of best stands
25 26 2.0 67.5 69.5 0. 077 Poor Pale green Heavy al gae
30 113 9.0 180.0 189.0 0. 080 Excellent Geen-sone brown Heavy sago at surface
35 146 9.0 165.0 174.0 0. 062 Excellent Geen to brown Heavy sago at surface
40 41 2.1 165.0 167.1 0. 051 Cood Pale green with Mderate sago at surface

br own



Tabl e

L)

Yield of Wldcelery (in ce.) fromthe 1960 Bi oassay fromEarly May to Early Decenber in Various
Concentrations of Sea Vater to 40% Sea Strength on Loamand Silt Soils.

Percent Sea
Strength

Loam Soil
0
0
5

10
15
20
25
30
35
40

St Soil

10
15
20
25
30
35
40

Nunber  of
Tuber s

[EEN

N o1
O MNNWONOT o PN

25

37
66
39
88
32
134

Vol une of
Tubers (cec.)

Trace
Trace
3.0
0.5

0
6.5
3.0
Trace
Trace
0

=
[eNeoNoNoleoloNeNoNoNd;|

N
CONAEONOWRE

N

Vol une  of
Veget ation

(@]
o @

cCcoocohrOp Yoo
O oo o

1.5
Trace
Trace

0.0
Trace

0.0
Trace
Trace
25.0
10.0

Tot al Condi tion
Vol une Pl ants Renmar ks
Trace Dead
Trace Dead
3.0 Dead 1 seed pod; floating dead |eaf
1.5 Dead
0 Dead
10.5 Dead
3.0 Dead
Trace Dead
Trace Dead
0 Dead
3.0 Poor 2 seed pods
1.0 Dead
3.0 Dead
8.0 Dead
7.0 Dead 1 seed pod
10.0 Dead
4.0 Dead
17.0 Dead
30.0 Dead
30.0 Dead



* Conpetition in some tanks appears to limt growh.

Tabl e Yield of Wdgeongrass (in cc.) fromthe 1960 Bioassay fromEarly May to Early Decenber in
Concentrations of Sea Water to 40% Sea Strength on Loam and Silt Soils,
Percent Sea Volurme O f Condi tion
Strength Vegetaiion (cc.) 0L FPlanh Plante Sohon Remarks®
Loam Soi |
0 0.0 we == Naj as conpetition
0 0.0 -- o= Slight conpetition
5 1.5 Good Green Naj as conpetition
10 0.0 o -- Chara conpetition
15 2.0 .= -- Nitella conpetition
20 210.0 Excel | ent Yel | ow- Br own No conpetition
25 17.0 Good Pale Geen Slight conpetition
30 37.5 Good Pale Qeen to Yellow Slight conpetition
35 60. 0 Excel | ent Pale Geen No conpetition
40 150.0 Excel | ent Medi um G een No conpetition
Silt Soil
0 2.0 Good Green Moder at e Naj as conpetition
0 7.0 Good Green Moderat e Naj as conpetition
5 8.0 Fair Pale Geen Heavy Najas conpetition
10 0.0 Fair Pale Geen Heavy Najas conpetition
15 135.0 Good Yel | ow- Br own No conpetition
20 90.0 Good Yel | ow- Br own Seeds nunmerous, No conpetition
25 150. Good Yel | ow- Br own Seeds nunerous, No conpetition
30 120.0 Good Yel | ow- Br own Seeds nunerous; Heavy roots, No conpetition
35 135.0 Good Reddi sh-- Yel | ow Seeds numerous; Heavy roots, No conpetition
40 112.5 Good Reddi sh- Yel | ow Heavy roots, No conpetition



Tabl e » Yield of Redheadgrass (in c¢c.) fromthe 1960 Bi oassay fromEarly May to Early Decenber ip
Concentrations of Sea Water to 40% Sea Strength on Loam and Silt Soils,

Per cent Volume of Vol une  of Total
Sea Roots and Veget ati on Vol une Condi tion
Strength Winterbuds (oo, ) (cc.) {ec.) of Plant Col or Remar ks*
Loam T ' '
0 0.0 1.0 1.0 Fair Creen "Heavy Nitella conpetition
0 0.0 1.0 1.0 Fair Q eea Heavy Nitella conpetition
5 3.0 20.0 23.0 Good Green Medium Najas conpetition
10 65.0 75.0 140.0 Good G een
15 0.0 1.0 1.0 Poor Pale QGeen
20 Trace 6.0 6.0 Fai r Pale Geen Few roots,; Snal | | eaves
2.5 60.0 90.0 150.0 Good & een- Brown
30 75.0 67.5 142.5 Good Q@ een- Brown
35 Trace 20.0 20.0 Poor @ een- Brown
LO Trace 9.0 9.0 Poor Green- Brown Short stens
Silt
0 60.0 127.5 187.5 Excel | ent Green
0 20.0 82.5 102.5 Good Pal e Brow n-Geen
5 15.0 75.0 90.0 Good Pale  Brown-Geen
10 20.0 105.0 125.0 Good G een
15 15.0 90.0 105.0 Good Br bwn- G een
20 Dest royed - o o o Rat in Tank
25 10.0 105.0 115.0 Fai r Br own
30 45.0 75.0 120.0 Fai r Br own
35 30.0 45.0 75.0 Fair Br own

40 60.0 45.0 105.0 Fair Br own- Gr een



Tabl e Sago Pondweed Tuber Production from the 1960 Bi oassay (fromearly May to
late MNovenber) Under Indicated Conditions of Water Salinities and Soil Types.
1960 Bi oassay*
Per cent Tank Number. Tubers on Each Soi
Sea Strength No. Silt Loam Tot al Aver age
2% ! ; ’ (2) 0.5
5% 1 25 0 25 12.5
10% 1 0 0 0 0.0
15% 1 12 0 12 6.0
20% 1 121 0 121 60.5
25% 1 26 1 27 13.5
30% 1 113 1 114 57.0
35% 1 146 17 163 81.5
40% 1 41 17 58 29.0
Tot al 484 38

* 1960 Bi oassay i nvol ved two soi

types and water salinities

to 40 percent

sea strength
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cation exchange capacity of these silt soils this is not too
surprising; but it does denonstrate that the physical nature
of these soils and the conditions of turbidity where these
soils occur are nore suspect of limting plant growh than
the chemcal conposition of the soils.

In the proper receptacles, excluding invasion, the yield of
sago pondweed from all 10 cans with loam soil was 48.5 cc.;
however, 851.1 cc. were grown in the 10 cans with silt soils.
Also the total number of tubers was only 38 in the loam soils,
but there were 484 tubers in the silt soils. Tuber  production
also increased in the higher salinities; this conforms to
numerous observations and surveys of field conditions.

The volunetric yield of sago pondweed tended to increase on
the silt soils wth increased salinity. Several of the tanks
with loam soil between 0 and 20 % SS were non-productive; this
is believed to have resulted from a fungal disease.

Al t hough there were not suitable replicates,the evidence from
this range-finding bioassay indicated that plant and tuber
production were greatly enhanced by water salinities of 20 to
40 %ss. Water salinities of 5to 15 % SS increased plant and
tuber production of sago pondweed, although conpetition by

i nvadi ng speci es and possi bly fungal di sease are presuned to
have been of inportance and obscure definite conclusion.

As shown in the table docunenting invasion, sago pondweed
invasion tended to increase in all salinity concentrations
above 0 % SS.

Najas, southern naiad, or bushy pondweed

Najas production was 269.5 cc. on the loam soils and 534.5 cc.
on the silt soils. No najas survived concentrations of 25 % SS
or nore. Yield was progressively reduced in concentrations of
10 to 20 %SS.in the test tanks for that species.. However, the
invasion of najas in silt soils in other tanks was highest in
10 % SS, but nmuch reduced in higher concentrations. The high
cation exchange of the silt soils probably serves to buffer the
salts that might be harnful to the roots of najas and other
species nore than in other soiltypes.

Wl dcel ery

The yield of wldcelery was 113 cc. in the silt soil cans, but
only 18 cc. in the loam soil cans.
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In the series of silt cans the yield of wildcelery vegetation
and tubers tended to increase with increasing salinity. The
greatest nunber of tubers, 134, occurred in the can with 40 %

SS. | believe this increased tuber production of wildcelery
and sago pondweed in higher salinities may result from the
increased potassium level. Potassium contributes to the

storage of starches in plants.

Practically all wildcelery leaves disintegrated in late
Cct ober. Fragnentation of leaves of plants in loam soil
began in early June. Through August the best stand of
wi | dcelery occurred in the can with silt soils on 10 % SS.

On August 3 good healthy stands of wildcelery were recorded
on silt soils in cans with 0, 10, 30, 35, and 40 % SS. Fair
stands were recorded on silt soils in 0, 15 20, and 25 % SS,
and on loam soils in 5 20, and 25 9% SS Poor stands occurred
on silt soils in 5 % SS, and on loam soils in both fresh cans,
10, 15, 30, 35, and 40 % SS.

A red coloration of wldcelery leaves was first noted June 23
in cans of 15 to 25 % SS. By August 3 the red coloration of
[eaves was noted on loam soils in fresh water, 10, 20, and
25 % SS, and on silt soils in 10, 15, 20, and 25 % SS. The
red coloration was most noticeable in the 20 to 25 % SS but
some fresher and some nore saline cans contained normal green
wi | dcel ery. Possi bly a nutrient inbal ance, e.g.,phosphorus,
mght account for the odd red coloration.

Throughout the summer a definite dimnution in individual
plant size was observed in 20 % SS and above.

Invasion by wildcelery occurred on loam soils in all salinities
from 0 to 35 % SS, however, none invaded other test cans on
silt soils at any salinity.

W dgeongr ass

The yield of wdgeongrass from the silt cans was 759.5 cc.
compared to only 478 cc. from the |oam cans.

The vyieldsvery definitely increased at 15 % SS or nore, and
seeds were nmore numerous and root structure was heavier. On
July 26 only. 6 flowering heads' were seen in the 8:cans of

"10 % SS or less, but from 15 to 40 % SS between 95 and 500
flowering heads were counted per can with higher nunbers in
the higher salinities. Conpetition from invading species was
mich less at 15 % SS and higher.
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Mst of the invasion by w dgeongrass occurred in loam soil at
salinities of 30, 35 and 40 % SS

The peak vyield of widgeongrass, as both a test and invading
species, occurred in 20 % SS; however, this was not significantly
different from simlar yields in salinities up to 40 % SS

Quite possibly the optimum salinities for wdgeongrass are

higher than 40 % SS.

Redheadgr ass

The vyield of redheadgrass on silt soils was 1025 cc. conpared
to only 493.5 cc. on |oam soils.

Reasonably good vyields have occurred at all salinities tested
and no particular significance could be assumed for any of the
vari ations. The 20 % SS can with silt soil was destroyed by °
deconposition of a drowned rat.

Unlike all other species no redheadgrass invaded any of the other
test cans. This was surprising in viéw of the relatively good
seed production of redheadgrass in the bay and the Iikelihood of
contamnation of the test soils. It was also surprising that
there was no invasion of redheadgrass on silt soils by other
Speci es.

On June 23 the best stands occurred in waters of 5 to 25 % SS,
with the 15 % SS can rated as the best. The ratings remained
about the sane through md-July. However, the pH of the water
in the cans with loam soil and 15, 20, and 35 % SS dropped to
a low of 4.2 and a calcium precipitant appeared on the plant

| eaves. An iron-like brown spotting also appeared on sone

| eaves.

Between July 12 and July 25 the MQ alkalinity of the water

in the loam soil cans at 15 20, and 35 % SS dropped from an
average of 20 part per mllion (ppm) to 6 ppm The pH of the
water in these 3 cans remained very low until Cctober 11 when
it had clinbed to a pH of about 8.5. During the period of
July, August, and Septenber when these low pH readings occurred
in the cans, the pH averaged about 9 in the other cans.

Although the reason for the increased acidity is unknown, it
mght have resulted from a calcium precipitating bacteria.

By Septenber 9 the best stands were on silt soils fromO to
15 % SS, although good ratings were assigned to the 25 and 30
% SS cans on silt soil.

Cn Decenber 5 the observation was nade that redheadgrass appeared
to make the best growth on silt soils at salinities of 0 to 15
%SS; and it appeared only fair to poor on silt soils at 25 to
40 % ss.
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Miskgrasses (Chara_sp. and Nitella sp.)

An insufficient nunber of test receptacles was available for all
plant species, so in the last row of 20 cans 5 Chara plants and
5 Nitella plants were planted in each can.

These were identified by Dr. Zaneveld, of the College of WIIliam
and Mary, as Chara hydropitys (Reich.) and Nitella hyalina (D.C)
Ag.

Al'though the nuskgrasses readily invaded cans used for other
speci es, establishnment of Chara and Nitella in the proper test
cans was never very satisfactory. Turbid water developed in
this series of cans in md-sunmer and further conplicated results
by preventing observation on the plants.

Perhaps, the best index of the response of these tw plants is
found in the table showing total volune in all tanks including

i nvasi on. This indicates Nitella did not survive salinities

in excess of 20 % SS, and possibly it was retarded by salinities
above 10 % SS. Chara was also erratic but it survived salinities
of 0 to 40 % SS, with no significant preference denonstrated,
considering the variability.

El eocharis parvula was an invading species of all levels of
salinity on loam soils; it tended to occur in greater abundance
with increased salinity, but this my bhave resulted from |esser
conpetition in the higher salinities. On silt soils it invaded
water salinities of 0 to 20 % SS

Sagittaria subulata invaded loam soils at salinity levels of
0 and 5 % SS; it invaded silt soils in water salinities of 0,
5 10, 15, and 20 % SS, but decreased in quantity above 5 % SS.

Pot anbgeton berchtoldi invaded one fresh silt can to the greatest
degree; only a trace was found in a loam can at 10 % SS

Tot al Veget ati on

Including the invasion the greatest quantity of vegetation grew
in the loam soils, which apparently had much seed and root stock.
Considering 'the advantage of this there was not nuch difference
in total vegetation on the two soil types. However, the yields
from the proper test cans for each species show the silt soils
were nore than twice as productive as the |oam soils.
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Indeed, the |esser conpetition on the silt soils probably
contributed to higher vyields on those soils, but the fertile
character of the silt soils was denonstrated. Certainly the
chemical conposition of the soils was absolved as a factor

in their non-productivity in the habitat.

Including invasion the greatest yield of total vegetation
occurred in 10 % SS. W do not consider this to be significantly
higher than that of any other level tested

In attenpting to relate the results of the bioassay to what

m ght be expected to happen in the habitat under different
levels of salinity the first assunption would be that species
composition changes would be the nmpst dramatic result; changes
in total plant abundance would be secondary.

However, plant abundance is a function of nmany conplex ecologica
factors and the influence of salinity on these factors, e.g.

wat er turbidity, soil cohesion, etc,, cannot:be judged from this
bi oassay.

Spectrochem cal anal yses were nmade of the najor nutrientsin

most plant specinens from this bioassay. The results of those
analyses are discussed in the volune on water and soil chemstry,
in conjunction with discussion of chenmical content of plant
samples taken in the habitat.
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Bi oassays of Aguatic Plants in Water Salinities of 2 to 17 Percent

Sea Strength

Further tests were made of the response of the principal aquatics
to various concentrations of ocean water in 1961, following the
range-finding tests in 1960. The objective was to deternine
yields of aquatics from a conplete growing season in salt water
concentrations that were possibly conpatible with fresh water
fish mnagenent.

The 24-gallon plastic cans used in the 1960 study were again
used in 1961; they were set in the ground in double rows and
the rows were covered with franes of polyethelene plastic.

Each of 7 species ofaquatic was tested in 16 cans at ocean

wat er concentrations of 2, 7, 12, and 17 % SS. Four cans were
assigned to each concentration. The species .tested were sago
pondweed, widgeongrass, wildcelery, southern naiad, redheadgrass,
Chara sp. (Presumably Chara hydropitys), and Nitella hyalina.

Three gallonsof coarse sand collected near Nawney Ceek from a
natural levee were washed several times and placed in each can.
This helped to overcone the difficulty of invasion of other
species in the test cans; further, the sand soils were low in
all mjor nutrients and the direct response to salt water could
more clearly be determined than with other soils.

Ten uniformsize plants were planted per can in the first week
in My, except Ntellaand Chara were not planted until June 9
and 12, respectively.

Water salinities were maintained within 1 or 2 percent of the
assigned concentrations throughout the test. \ater t enper at ur es
were virtually the same as the adjacent bay. Water used in the
test was punped directly from Back Bay and hauled from the ocean.
The assigned concentration of 2 % SS was bay water that tested
1.87 % ss.

The tanks were renoved on Novenber 27, 1961, and the contents
were washed out over a one-fourth inch wire nesh frane. Vol ume
di spl acenent neasurenents were of individual plant parts.

The contents of certain cans were destroyed by deconposition

of rodents, as indicated in:the acconpanying tables, and these
are not included in the averages per test.
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Results of the 1961 Bioassay

Sago  Pondweed

Sago pondweed yield was highest in 17 % SS, but not significantly
different fromthat in 7 or 12 % SS. The average nunber of tubers
also increased in the higher salinities; averaging 10.5 18, 28.8,
and 30.5 in the cans of 2, 7, 12, and 17 % SS, respectively,

Seed production was heaviest in the cans of 17 % SS

W dgeongr ass

Wdgeongrass yield also was highest in 17 % SS. At least 1 can
at 2, 7, and 12 % SS was ruined by deconposition of rodents.

Rel atively good growt h was nade by wi dgeongrass in all concen=
trations and the plant condition was good. Seeding occurred only
in 17 % SS.

Wl dcel ery

Wl dcelery yield of tubers and vegetation tended to decline in
higher salinities, although the yields from 2 and 7 % SS are
not significantly different. Plant condition at 17 % SS was

distinctly worse than at lower salinities. It is interesting
to note the results from:this study with sand soil are converse
to the results of the 1960 bioassay with silt soil. The

wildcelery tuber and vegetation tended to increase in the

hi gher salinities in this general range on the silt soils. |
believe the high cation exchange of silt soils protects the
root structure from harnful salt concentrations, whereas sand
has little buffering effect.

Naj as

Southern naiad yield was about equal at 2 and 7 % SS, but
declined progressively at 12 and 17 % SS

Redheadgr ass

The yield of redheadgrass was about equal and highest at 12
and 17 % SS; yield at 2 and 7 % SS was about equal but
considerably lower than at the higher salinities. The volune
of the root structure and winter buds was obviously enhanced
at the two higher salinities. Plant condition also was better
at the higher salinities.
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Tabl e . Volunmes (in cc.) of Each Species of Vegetation Gown in Various Water Salinities
on Sand Scoil During the 1961 Bioassay Extending from My 2,

1961, to Novenber 27,

1961,
Percent
Sea Tank Total No. of
,  Strength No. Sago Wdgeon Celery Najas Redhead Chara Nitella Vegetation Tanks
2 L 1.5 19.0 17.0 21.0 3.0 Trace 0.0
2 5.5 9.0 15.0 7.0 5.0 0.0 0.0
3 4.0 18.0 7.0 87.0 5.0 0.5 2.0
4 5.5 _Q.0% 27.0 32.0 3.0 0.0 1.0
Total : 16.5 46.0 56.0 147.0 16.0 0.5 3.0 285.0 27
Aver age: 4,13 15. 33 14.00 36.75 4.0 0.13 0.75 10. 56
7 1 38.0 3.0 7.0 31.0 3.0 0.5 3.0
2 20.0 9.0 14.0 40.0 4.0 0.0 1.0
3 24.5 Trace 18.0 49.0 Trace Trace 0.0%
4 8.5 0.0 14.0 32.0 6.0 Trace 3.0
Total .: 91.0 12.0 53.0 152.0 13.0 0.5 7.0 328.5' 27
Average: 22.75 3.0 13.25 38.00 3.25 0.13 2.33 12.17
I 12 1 7.5 0.0% 5.0 19.0 16.0 0.0 6.0
2 49.0 23.0 13.0 23.0 42.0 0.0 0.0%
3 12.5 9.0 5.0 10.0 35.0 0.0 8.0
4 15.5 18.0 _8.0 11.0 0.0 1.0 1.0
Total : 85.5 50.0 31.0 63.0 93.0 1.0 15.0 338.5 25
Aver age: 21.38 16. 67 7.75 15.75 31.0 0.25 3.0 13.54
17 1 17.5 22.0 4.0 1.0 14.0 0.0 5.0
2 14.0 12.0 4.0 5.0 51.0 0.0 0.0
3 19.0 22.0 5.0 3.0 35.0 0.0 0.0
4 61.5 28.0 _6.0 4.0 46.0 0.0 2.0
Total : 112.0 84.0 19.0 13.0 156.0 0.0 7 . 391.0 28
28.00 21.00 4.75 3.25 39.00 0.0 1.75 14.00
* Destroyed by deconposition of rodents and not included in averages.



Tabl e Yield of Sago Pondweed (in cc.) fromthe 1961 Bioassay fromEarly May to Late Novenber in
Concentrations of 2%, 7%, 12%, and 17% Sea Strength.
Vol ume Vol une
Per cent Number of of
Sea Tank of Tubers Veget ation Tot al Condi tion Pl ant
Strength Number Tuber s (cc.) (ce.) Vol urme of Plants Col or Renar ks
2 1 10 1.0 0.5 1.5 Fair Pale Geen
2 11 1.0 4.5 5.5 Good Pale Qeen
3 6 0.5 3.5 4.0 Good Pale Qeen
4 15 1.0 4.5 5.5 Fair Pale Geen
Tot al 42 3.5 13.0 16.5
Aver age 10. 50 0.875 3.250 4,125
(0.083)*
7 1 13 1.5 36.5 38.0 Good Green
2 15 1.0 19.0 20.0 Good QG een
3 31 1.5 23.0 24.5 Good Green
4 13 1.0 7.5 8.5 Good Green
Tot al 72 5.0 86.0 91.0
Aver age 18.00 1. 250 21.500 22.750
(0.069)*
12 1 10 0.5 7.0 7.5 Good Green
? 59 6.0 43.0 49.0 Excel | ent Geen & tan
3 27 2.5 10.0 12.5 Good Green
4 26 2 13.6 15.5 Good Geen & tan
Tot al 115 11.0 73.5 84.5
Aver age 28.75 2. 750 18. 375 21. 125
(0.096)*
17 1 22 2.0 15.5 17.5 Fai r Geen & blanched
2 32 2.5 11.5 14.0 Fair Qeen & blanched
3 21 2.0 17.0 19.0 Fai r Green
4 47 6.0 55.5 71.5 Excel | ent Green Seeds  nunerous;
Tot al 122 12.5 99.5 122.0 about 60 seeds
Aver age 30.50  3.125 24. 875 30. 500
(0.102)*
* Average volunme {cc.) per tuber.
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Tabl e

Yield of Redheadgrass (in ez.) fromthe 1961 Bioassay fromEarly May to Late Novenber in

Concentrations of 2%, 7%, 12%, and 17% of Sea Strength.

Percent Sea Tank Volume of Roots Vol une of Tot al Condition
Strength Number and Wnter Buds {cz. ) Veget ation (cc.) Vol une (ec.) of Plants Color
2 | 1.0 2.0 3.0 Fair Li ght G een
2 1.0 4.0 5.0 Fair Light Geen
3 Trace 5.0 5.0 Fair Light Geen
4 Trace 3.0 3.0 Good Medium  Green
Tot al 2.0 14.0 16.0
Aver age 0.50 3.50 4.00
| Trace 3.0 3.0 Fair Light Geen to
Medi um G een

2 Trace 4.0 4.0 Fair Medi um G een
3 0 Trace 0.0 Poor Li ght G een
4 1.0 5.0 6.0 Fair Light Geen
Tot al 1.0 12.0 13.0
Aver age 0.25 3.00 3.25

12 1 5.0 11.0 16.0 Excel | ent Light Geen
2 13.0 29.0 42.0 Excel | ent Light Geen
3 6.0 29.0 35.0 Good G een & Tan
4 Dest royed i - - -
Tot al 24.0 9.0 93.0
Aver age 8.00 23.0 31.00

17 1 2.0 12.0 14.0 Good Medi um G een
2 13.0 48.0 61.0 Excel | ent Medi um G een
3 8.0 27.0 35.0 Good Light Geen
4 5.0 41.0 46.0 Excel | ent QG een
Tot al 28.0 128.0 156.0
Aver age 7.00 32.00 39. 00



M scel l aneous Bioassays of Aguatic Plants in 1961

In conjunction wth the aforementioned bioassays, and under
i denti cal procedures, certain niscellaneous aspects of the
study were explored and are presented in the acconpanying

tabl e.

Footnote No. 1 refers to the sago pondweed tuber production
from the regular bioassay.

Footnote No. 2 refers to an identical series of 16 cans with
sago pondweed to which we introduced the root rot fungus,
Rhi zoctonia solani. (One can at each concentration was free
from fungus introduction and served as a control. Conplete
results of this study are discussed in the acconpanying
publication by HEIlis, Lunmsden, and Sincock (1963). These
tanks were not established until early June and this my
explain the slightly lower tuber production than occurred in
the My series. Tuber production increased wth increasing
salinity from 2 to 17 % SS

Footnote No. 3 refers to a late introduction of ocean water
into 2 series of 4 cans wth established sago pondweed stands
growing in 2 percent sea strength water. Salinities were
raised to 12 and 17 %SS on August 20 to sinulate introduction
time of late sunmer hurricanes. The yields from the 4 cans
raised to 12 % SS were 2.5 cc., 30.0 cc., 23.0 cc., and 8.5 cc.
The yields fromthe 4 cans raised to 17 %SS were 3.0 cc.,

8.0 cc., trace, and 13.5 cc. The plant condition was poor on
all but the second and third cansat 12 % SS, which were rated
as good in Novenber 1961.

The average sago pondweed yield fromthe cans raised to 12 9 8§
was 16.cc. conpared to 4.1 cc. fromthe 2 %SS controls in

the regular bioassay. This yield of 16 cc. conpares to 22.8 cc.
yield fromthe cans nmaintained at 12 %SS throughout the

sumrer .

The average sago pondweed yield fromthe cans raised to 17 %
SS was 6.1 cc.; this could be conpared to the aforenentioned
2 % SS control yield of 4.1 cc., and the yield of 28.0 cc.
from the constant salinity cans of 17 % SS

Tuber production in this series was apparently not enhanced.
Sone plasnolysis seemed to occur to the plants within a week
after the late salt water introduction.

This small scale study would need to be repeated with nunerous
replicates and varying salinity concentrations before definite
conclusions could be made. However, at face value the late

introductions in August increased the total yield above that of
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the constant 2 % SS yield. Tuber production was neither
conclusively enhanced nor detracted from by the late intro-
duction of ocean water at 12 % SS, but was apparently
inhibited by the increase to 17 % SS. This inhibition nay
have resulted from plasnolysis of the plant tissue; some Slow
recovery in plant vitality was noted in the final 2 weeks.

The vyields from the cans at constant sunmer salinities of

7, 12, and 17 % SS were higher than those resulting from the
late introductions that increased salinities from 2 % SS to 12
and 17 % SS.

Footnote No. 4 refers to the 3 series of 2 tanks in which
potassium sulfate was added to bay water to increase the
potassium level to the quantity that would occur in ocean
water concentrations of 7, 12, and 17 % SS.

It was theorized that the potassium in ocean water was
possibly responsible for increasing tuber production. These
cans were set up in late June and satisfactory stands were
never attained; the results are inconclusive. The, yields
from the concentrations of potassium sulfate were: 30 ppm-=
trace and trace; 60 ppm= 16.5 cc. and trace; 90 ppm- 0 and
0 cc. Inthis instance as in all of the bioassays the extent
to which plant disease confounds the results is not know.
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A SURVEY OF FUNGI ASSOCIATED WITH LESIONED AND CHLOROTIC SAGO PONDWEED
(POTAMOGEI'ON PECTINATUS)!I '

R. D. Lumsden, D. E. Ellis, and J. L. Sincock?
Swamary_

Isolations from 1000 Potamogeton pectinatus plants collected from six major

stands in Back Bay, Virginia and 13 in Currituck Sound, -North Carolina yielded Pyth-

ium spp. consistently and in relatively high frequency. Although specific determina-
tion of these isolates was unsuccessful, they were separated into three groups accord-
ing to morphological and cultural characteristics. Rhizoctonia solani Kuehn was iso-
lated in rare instances. In inoculation studies, isolates of R. solani were pathogenic
to P. pectinatus, whereas inoculations with Pythium spp. proved inconclusive, even
though one group of isolates exhibited pathogenic tendencies.

Sago pondweed (Potamogeton pectinatus), an aquatic plant which serves as a source of food
for waterfowl, has undergone a severe decline in recent decades in Back Bay, Virginia and
Currituck Sound, North Carolina. It has been postulated that the decline of this species, agwell
as certain other duck-food plants, has been partially responsible for the reduction in waterfowl
populations in these areas.

In 1928 Bourn and Jenkins (1) described a disease of P. pectinatus from the waters of Back
Bay and Currituck Sound. Pure cultures of a physiological strain of Rhizoctonia solani Kuehn
were isolated repeatedly from diseased plants. Isolates of the fungus caused disease symptoms
identical with those seen under natural conditions when P. pectinatus plants were inoculated in
aquaria in the greenhouse.

During the summer and fall of 196 1, a study ‘of the Back Bay and Currituck Sound areas was
undertaken to determine the distribution and severity of P. pectinatus decline, the incidence of

R. solani_and certain other fungi associated with the disease, and the influence of different levels

of salinity on disease development.
MATERIAILS AND METHODS

A total of 1000 plant samples was collected from 19 areas representative of the major P-.
pectinatus stands in Back Bay and Currituck Sound. Collections were made at random jn’ each
area. The number of plants collected from each area was determined by the abundance of P.
pectinatus in relation to the total area of each stand. Plants were packaged separately and each
day’s collection was shipped without delay to North Carolina State College, Raleigh. Upon ar-
rival, each plant was thoroughly washed in tap water, and rinsed repeatedly in sterile distilled
water, after which stem sections were transferred aseptically to plates of potato-dextrose agar
(PDA) medium. Readings were made after 2 to 5 days’ incubation at room temperature and rep-
resentative cultures were transferred to test tubes containing PDA medium.

Salinity measurements were made in each of the 19 stands during the summer of 1961; us «
ing the field method of Denny (2).

In all inoculation studies, apparently disease-free P. pectinatus plants from comparatively
healthy stands in lower Currituck Sound were used.

R. solani_inoculation studies were conducted using P. pectinatus plants established in June
1961 in each of 16 tanks (20-gallon capacity) sunken in the ground at Back Bay, Virginia.
The tanks contalned bay water adjusted with ocean water to sallnlty levels of 2, 7, 12, and 17%
of sea gtrength3. Four inches of sand served as the substratum in all tanks. Nine plants in
each of three replicate tanks at each salinity level were inoculated in June 1961. One plant was
removed prior to inoculation to determine the initial presence of fungi. Inoculum consisted of

TA cooperative study conducted by the Plant Pathology Department, North Carolina State College;
the Bureau of Sport Fisheries and Wildlife, United States Department of the Interior; the Virginia
Commission of Game and Inland Fisheries; and the North Carolina Wildlife Resources Commaission.
2Graduate Assistant, Professor, Department of Plant Pathology, North Carolina State College.’
Raleigh, and Biologist, Bureau of Sport Fisheries and Wildlife, Laurei, Maryland, respectively*
Theassistance of Drs. J. N. CouchandC. S. Hodgesinidentificationoffungiis acknowledged.
30ne hundred percent of sea strengthequivalent to 19,381 ppm chlorinity.




Table 1. Frequency of isolation of fungi and bacteria from Potamogeton pectinatus plants and sa-
linity measurements from major Plant stands in Back Bay, Virginia and Currituck Sound,
North Carolina in 1961.

: No. plants : :  No. : No. plants from which fungi isolated : No. plants

<
Plot : from which : % : lesioned : ®ythpump . ° Rhizoctonia * Curvularia : Phoma : Pullulariz : Hyalo- : Misc. : fromwhich )
no. @ platings @ sea . plants . solani sp. : sp. . pullulang : florae : . bacteria -
: were made ! strength?® : T 12 3 : . : Dosp. : isolated -
2
e
Back Bay il
1 30 1.25 24 0 6 9 0 1 a 3 6 a 12 '.U
2 30 1.06 23 2 b 7 0 4 4 6 8 12 23
3 50 1.47 33 3 6 5 0 6 1 2 5 a 48 E .
4 30 1.52 22 0 39 0 2 § 2 4 11 12 =
5 30. 1.45 18 5 10 4 0 0 0 1 1 3 11 (=]
6 30 1.68 1 0 10 a 0 3 ! 3 2 13 19 g
Currituck Sound E )
7 50 1.68 26 2 14 16 0 9 1 0 -3 a 39 w
a 30 1.33 la 2 6 4 . 0 2 0 4 2 16 21 o
9 100 1.56 42 2 a la 1 12 10 2 11 16 a2 3
10 50 1.72 39 3 6 14 0 4 0 0 0 0 42 |
1 50 2.00 16 b 3 4 1 2 0 ! 0 3 43 e
12 100 2.48 52 3 9 18 0 | 5 7 0 5 ab i
13 100 2.48 22 2 20 21 0 | 4 2 0 4 85 &
14 100 2.86 43 2 10 33 0 0 0 0 0 19 ' 88 E
15 100 2.81 32 4 12 36 2 a 2 1 4 30 91 <
16 30 3.79 6 1 1 10 0 0 2 0 3 10 25 :5.‘
17 30 3.56 4 4 6 11 “0 6 0 1 0 3 28 -
18 30 3.93 4 0 4 11 | 2 0 0 o 11 7 o
19 30 5.82 7 3 6 13 0 1 0 0 0 3 23 o -
Totals: 1000 442 38 146 251 5 64 43 41 49 [ a3 790
% occurrence 44 4 15 25 0.5 6 4 4 5 18 79

a100% sea strength = 19,381 ppm chlorinity.
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Table 2. Influence of various salinity concentrations on vigor of Potamogeton pectinatus inocu-
lated in the summer of 1961 with Rhizoctonia solani in 20-gallon containers sunken in
the ground at Back Bay, Virginia,
: 0 . Presence : . No. : General : : : :
Tank : sea of : Seed : of : plant :  R. : Pythium ; :
no. . strength : lesions : production : tubers : condition : solani : ~ spp. : Mise : Bact.
! 4 P 0 6 Gooda P ADb P P '
2 2 P 0 5 Poor P P A A
3 2 P 0 10 Very poor =sC -- - .
4 2 P 0 6 Fair A P P P
(control)
5 7 P 0 16 Fair P P P P
6 7 P 0 Poor P P P P
7 7 P 0 9 Poor P P P A
6 7 P 0 16 Fair P P P P
(control
9 12 P 0 21 Fair P P P P ;
10 12 P 0 26 Good P P P P ot
11 12 P 0 23 Fair A P P P
12 12 P P 16 Poor A P P A
(control) b
13 17 P 0 37 Fair P P P A ‘
14 17 P P 39 Good A P P A :
15 17 P P 39 Good A P P P i
16 17 A P 32 Good A A P P
control) i

aGood o Green; Fair = Partly green, partly chlorotic; Poor = Entirely chlorotic; Very poor =
Plant collapsed.

bp = Present; A = Absent.

CPlantg not suitable for isolations.

certain conditions, thus confirming the studies of Bourn and Jenkins (1), but it appears from
this study that its importance is minimal and that some other factor or factors are involved in.
the disease complex.

One or more of the Pythium spp. frequently isolated from plant samples may be the pathogen
involved. Specific identification of these Pythium isolates was not achieved since no single
culture could be induced to produce both sexual and asexual fruiting structures. The three
groups appeared to be distinctly different from one another, especially groups 1 and 3, as evi-
denced by the strikingly different sporangial types, and the respective slow and rapid growth
rates on PDA. Group 2 produced only oogoniaand antheridia, but its intermediate growth rate
distinguished it from the other two groups. The frequency of natural occurrence of the third
group along with the results of one inoculation test suggests that it may be involved in the dis-
ease complex.

Unsuccessful isolation of Pythium from some lesioned plants may have resulted from either B
an advanced stage of deterioration of the plants and consequent inhibition of Pythium growth by L
secondary fungi, or possibly an inability to detect primary lesions. Colonies gf iron bacteria B Ly
growing at the base of many plants often made it difficult to distinguish lesions. Isolation of
Pythium spp. from apparently healthy tissue could have resulted from an early stage of infec-
tion when lesions were incipient, or from mechanical adhesion of mycelial fragments to plant
stems despite the disinfestation procedure. The possibility also exists that the Pythium spp.
isolated are saprophytic and some other unknown organism, or causal factor or factors, or both,
are involved.

A correlation between increased water salinity and improved plant condition was suggested B
from field survey, as well as Rhizoctonia inoculation data. Plants in lower Currituck Sound, e S
where average salinity was as high as 5.62% of sea strength, were generally more vigorous LT
than in northern Back Bay, where percentage of sea strength was as low as 1.06. Plants grown
in tanks also showed improvement with increase in salinity. Improved plant condition may have
been a consequence of increased resistance to disease due to more favorable environmental
conditions. Bourn and Jenkins (1) reported increased virulence of _R. solani in concentrations




Vol. 47, No.'lI--PLANT DISEASE REPORTER--July 15, 1963 693

from 7 to 20% normal sea water. In this study, however, R. solani appears-to.be irnhibited at
the higher salinity levels, since it was reisolated only occasionally from inoculated plants grown
at 12 and-17% of sea strength. Salinity increase did not appear to interfere with the isolation
of Pythium spp. either from natural material or plants in inoculation experiments.

e conclude from the study that_R. solani was not the primary causal organism ofthedisease!
affecting P. pectinatus during the summer of 196 1, but rather that one or more specie6 of Pyth~
ium in combination with environmental factors may have been responsible for plant decline.
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Transplant of Soil and Vegetation Boxes to Different Locations

As indicated by numerous vegetation surveys certain areas, e.g.,
Back Bay Proper and the North Landing R ver, consistently do
not produce aquatic vegetation. CQher areas consistently do
produce aquatics. The reason for the lack of production in
certain areas could result from a variety of factors, e.g.,
soil chemstry, water chemstry, turbidity, and physical
characteristics of the soil.

To clarify this, soils were transferred in boxes planted wth
i ndividual species of plants between productive and non-
productive sites. In My 1959, 4 wooden boxes neasuring

36" x 12" x 9" were filled with silt soil fromthe second
station of transect D in Back Bay. \ater depth averages
about 6% feet in this non-productive area.

Fifty plants of sago pondweed, busy pondweed, and wildcelery
were each planted in individual boxes. They were noved to a
cove at the north end of Back Bay that was normally heavily
veget at ed. The boxes were placed at the bottom in a depth of
approximately 3 feet of water. The fourth box was [eft
unplanted and nerely returned to the original site to determne
if disturbance of soils was a factor affecting plant growh.

At the second productive site an identical operation was
repeated and the, "so-called," productive soils were planted
and transferred to the; non-productive area.

Coservations were made at irregular intervals throughout the
summer using SCUBA equi pnent.

A though the boxes were eventually lost due to storms in late
sunmer and the vyields could not be neasured, the results were
that the soils from the non-productive site were very productive
of all three species in the shallower protected cove.

The so-called productive soils from the cove area did not support
plant life in the deeper site of Back Bay. Sago pondweed and
wildcelery both died back at the deeper site in about 2 weeks
time and bushy pondweed gradually dininished to a mnute

quantity by md-July. At the last check, prior to loss of the
boxes in August, no vegetation was found in any of the four

boxes at the deeper site.

At the shallow cove area, the unplanted box was invaded by various
species; however, the unplanted box at the deep non-productive
site had no vegetation.

A simlar test was conducted in the North Landing Rver area but
most boxes were lost in the first few days.

The conclusion was that the soil chenmistry was not the primry
factor affecting survival and growh of these three species.
Apparently lack of light was the principal limting factor.
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Transplant _of Soil _and Vegetation Boxes to Different Depths

The objective of this test was to determine the yield of redhead-
grass and wildcelery planted in boxes at one site in Back Bay at
three different depths. Soils from the site were added to three
boxes that measured 367 x 12”7 x 9". Paper erosion netting with
one-quarter inch mesh was tacked to the top of the boxes to
assist in anchoring the vegetation in the soils.

On June 8, 1961, 72 redheadgrass and 72 wildcelery seedlings
were planted in each of the three boxes. Each plant species
was separated to one side of each box.

The boxes were supported by wooden legs at both ends and

fastened securely in stepladder fashion against a 6-inch vertical
pipe that had been jetted into the bottom of the bay. The boxes
were placed at depths of 1 foot, 3 feet, and 5 feet.

Observations on August 3 were as follows:

Topo X » 30 wildcelery plants, yellow-green in fair
condition

e § redheadgrass plants, greenish-tan in fair
condition

Middle Box = Wildcelery side solid cover of plants in
good condition

+ about 75 redheadgrass. plants in good condition
Bottom Box » 1 wildcelery plant in good condition

On September 7, 1961, the boxes were removed and the yield from
each box was as follows: top box 8 cc. wildcelery, 1 cc. red-

headgrass; middle box 28.8 cc. of wildcelery, 302.4 cc. redhead-
grass ; bottom box no wildcelery and no redheadgrass.

On Back Bay the average precentages of total sunlight at the
depths of 1, 3, and 5 feetwere 49, 18, and 8 percent, respectively,
during the summer of 1961.

The conclusion was that the amount of light at the 5 ft. level
is insufficient for the growth and survival of wildcelery and
redheadgrass. The lower yield of the box at the 1 foot depth
than the one at 3 feet might be accounted for by increased wave
action uprooting the plant or by sun-scorch on a few occasions
when bay levels were lower.

Neither soil nor water chemistry were limiting factors for
production of these two species.
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Underwat er Lights and Aquatic Gowth

In further effort to deternine the reasons for the lack of aquatic
plant growth in the deeper waters of Back Bay, 2 300-watt under-
water lights were installed 200 yards southeast of Warden's
Headquarters in a non-productive site. The depth of the water
averaged 6 feet. The bottomsoils were the typical soft, gemi-
liquid silt that occurred over nuch of Back Bay. A two

| ocations underwater flood lights were nounted 18 inches above

the bottom and tilted at a 45 degree angle.

The soil beneath one light was planted with sago pondweed,
redheadgrass, widgeongrass, and wildcelery. The other site was
not planted. No aquatic vegetation naturally existed in the
general  vicinity.

The study was initiated during the first week of June 1961. The
lights were on between 7 am and 5 p.m each day.

Fi nal observati ons were nade on August 3, and no-vegetation
remained in the area under the light that had been planted, and
only a few small sprigs of bushy pondweed were growi ng under
the light 'that had not been planted. The surrounding area was
still lacking vegetation.

No subnmarine photoneter readings of the quantity of [light were
taken because of the potential harzard of electric shock.

One oObservation of inportance was nade during the process of
planting the various aquatics in the bottom of the bay. The
buoyancy of a handful of sago pondweed plants, or wildcelery
plants, was surprising and could be conpared to holding several
gas-filled ballons on a string. This fact, in relationship to
the extrenely soft, sem-liquid silt bottonms of the deeper bays
is limting growth of aquatic plants in the area. Even if a
plant was supplied with adequate light, it normally would not

be sufficiently well anchored in the soft soils to survive nornal
wave action.

In addition to that conclusion, the light study indicated sone
response by bushy pondweed to additional [light, and also further
confirmed the opinion regarding the relationship between
buoyancy of the plants and the bottom type.
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