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INTRODUCTION 

The Back Bay area has long been recognized as one of the 

more important winterin~ grounds for waterfowl in the eastern 

states. As such, it is important to the Commonwealth of 

Virginia, \he Fish and Wildlife Service, and to numerous pri-

vate interests. Considerable sums of money are invested in 

hunting clubs, marshes, and equipment, and the income derived 

by providing various services to hunters is very important to 

the local people. 

~rior to 1918 the growth of submerged aquatic waterfowl 

food plants in Back Bay apparently was usually 'lt.'lexcelled any-

where Li the East. But between 1918 and 1926 these plants died 

out to such an extent that vast areas were practically barren 

(Bourn, 1932). Conditions seem to have fluctuated in the past 

16 years, never approaching the pre-1918 level, but usually 

better than those of 1926-1932. 

The purposes of the present investigation are four-fold. 

The first, a botanical survey of the Back Bay National Wildlife 

Refuge, in addition to its importance Eer ~) is essential to 

successful waterfowl management in that it shows what plants 

are present. The second objective is to deter:nine the abundance 
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and distribution of the more important waterfowl food plants. 

This information is neceBsary to other phases of the problem, 

and is valuable i~ determining the trend of conditions in the 

area, which in turn affect management measures. The third pur-

pose is to try to determine the factor or factors now limiting 

the growth of submerged waterfowl food plants in Back Bay-, and 

responsible for the fact that the present productivity is con-

siderably less tha~ the potential. The fourth, and final aim 

is to recommend such management practices as seem feasible under 

conditions now extant. 



-5-

DESCRIP'l'IOi'J OF lREA 

1. General Description. 

The area of marshes and open water known as Back Bay is lo-

cated in Princess Anne County in the extreme southeast comer 

of Virginia, a,proximately between 360 41 1 and 36° 45 1 north 

latitude and between 750 53' and 76° 00 1 west longitude. It 

is the most northern of the series of inland waters which in-

cludes Currituck, Pamlico, and Albemarle Sounds in North Carolina. 

The south limit of Back Bay is roughly the Virginia-North Carolina 

boundary line. It is about eleven miles long in the north-south 

axis, five miles wide at the south end, and two miles wide at the 

north, which gives it an area of some 50 square miles. Back Bay 

is separated from the ocean only by a narrow barrier beach, but 

there is no direct connection with the sc~ north of Oregon Inlet 

in North Carolina, some 70,miles to the south. 

~hYS}ographically, PrL~coss Anne County lies in the Atlantic 

Coastal Plain, and in that section of Virginia spoken of as Tide-

water. The land is very n6arly a level plain, though it actually 

consists of two terrcccs. Both are of marine origin, no fluvial 

deposits having been recognized within th0 county. The Pri.~c~ss 

Anne Terrace, on which Back Bay is located; is generally considered 
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to range in €levation fro:n sea level to an altitude of about 15 

f e;et, though sand dunes of greater heig11t than this can be found. 

The base of this terrGce is below sea level, but the whole terrace 

is not considered to be more than 15 to 20 feet thick. It is 

supposed to have fomed in the Quarternar-1 Period of the Cenozoic 

Era. 

Since no part of the county is more than eight miles from 

a point which lies at sea level, most of the natural drainage-

ways are comparatively short. However, some large areas have 

no naturGl surface drainage, so incomplete is the system. The 

drainage in the northern part of the county is into Chesapeake 

Bay, and in the southern part into Currituck Sound, through Back 

Bay, North Landing River, or Northwest River. In addition, a 

small area some ten miles north of Back Bay drains into the 

Atlantic Ocean through Rudy Inlet, a very small inlet just south 

of the town of Virginia Beach. That the land is sinking ap-

parently is borne out by the fact th&t remains of trees and 

foundations of curlier Coast Guard Stations can b~ scbn on what 

is now the front bt:a.ch, wGll below high tide mark. 

2. Soils cmd Water Areas. 

Within thE:i county as a whole, tho soils havo been mapped as 
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24 types and phases in four groups according to drainagE; con-

ditions, and ten separations classed as miscellaneous land 

types (Simmons and Shulkcum, 1945). Of these units; seven occur 

within the Refuge boundaries. Only two of the seven are definite 

soil types, the other ~ive being rather classifications of ma-

terial. Hoycck fine sandy loam occurs on a small area at the 

south end of Long Island, while Sassafr&s fine sandy loam was 

found through the central and northern parts of Long Island, on 

Ragged Island, and about the immediate vicinity of Refuge head-

quarters. On the barrier bec:ch between the ocean and the Bay 

are found the five miscellaneous land types, Arzell sand (pri-

marily a quicksand), mobile and stabilized dunes, coastal beach, 

and marsh. Marsh also occurs extensively over other sections of 

the Refuge, Indeed, it comprises 10.2% of the total area of the 

county (Simmons and ShulkcUin, 1945)) and some 35% of the Back 

Bay area. 

The Back Bay National Wildlife Refuge is a roughly tri-

angular area of about 12,000 acres, As l1gure 1 shows, it is 

located somewhat north of the central part of the Back Bay area, 

and extends fro~ the front beach across the Bay to the west 

shore. The frontage along the Atlantic Ocean is a little over 

four miles, while that on the west shore is very short, only 
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about one-half mile. The portion of the Refuge located on the 

barrier beach consists, as mentioned above, of coastal beach, 

both types of dunes, a limited amount of Arzell sand, and marsh. 

The coastal beach, of course, fronts on and parallels the ocean, 

Inunediately behind this are the mobile dunes, another rather 

narrow zone which usually does not exceed 75 yards in width. 

Between the dunes and the Bay occurs an area of marsh, low sta-

bilized dunes, and a limited amount of hrzell sand. This area, 

as before stated, is a little over four miles in length, and 

varies fro~ about one-quarter mile wide at the north end to 

slightly over one mile wide at the south. The marsh is irreg-

ularly inundated, depending on water level in the Bay and on 

rainfall. A very low, natural levee exists along the Bay edge 

of this marsh. The stabilized dunes are low, one to four feet 

or so. In addition to herbaceous species, trees and shrubs are 

supported in a stabilized dune area of one-half by one-quarter 

mile near the south boundar-1 of the Refuge. Also, near the 

south boundary, between the sand dunes and the Bay, is an &rea 

of practically barren, sandy, "salt flats." Within the Refuge, 

these so-called Wash Flats are about one and a quarter mile long 

and from one-quarter to three-quarters of a mile wide. Long and 

Ragged Islands, the two largest on the Refuge, are mainly marsh, 
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but have some highland, consisting of the Moyock and Sassafras 

fine sandy loams. Scattered through the remainder of the Refuge 

are extonsiye marsh islands. The water area, some 7500 acres or 

about 6:d, of the Refuge, averages three to four feet in depth, 

though a r~w spots ten feet deep were found. Considerable areas 

less than three feet deep occur. 

Actually, the water areas within the Refuge boundaries are 

not owned by the Federal government as the marsh and highland 

are. These latter areas were purbbased by the Federal govern-

ment from the Ragged Island Club, Inc, (812.00 acres) and the 

Princess Anne Club (3,776.76 acres), both private shooting clubs, 

in 1937. The Refuge was established by Executive Order No. 7907 

on June 6, 19J8. The water areas, however, were not given into 

Federal ownership. Chapter 388, of the Laws of the State of 

Virginia, ar,proved March 31, 19.38, merely transfers from the 

Commonwealth of Virginia to the United States all rights, 

authority, and control concerning wildlife, except fish and,oysters, 

on the designated areas. 

3. Climate. 

The climate of Princess Anne Cou11ty is sufficiently mild 

to be considered of the Austroriparian Zone, and is in the only 
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part of the State in which this zone is found, The summers are 

long, but very hot days are few. Winters are mild, with little 

below-freezing weather. J~t the Cape Henry station of the U. S. 

t:eather Bureau, which is the closest to the Refuge and supplied 

all climatological data, the average frost-free season is 245 

days (March 20th to November 20th). Rainfall is moderate and 

well distributed. At least some wind is generally to be expect-

ed, and velocities of.JO mph are not at all uncommon. The normal 

monthly, seasonal, and annual temperature and precipitation at 

ca,e Henry are given in Table 1. The Cape Henry weather station 

is 17 miles north of Refuge Hec:dquarters. 



TABLE 1 

NORMAL HC!-lTHLY, SEi,SONAL, AND J.NNUJ.L 
TEHP.filiATUii.E .AND PRECIPITkTIOiJ AT CAPE 
HENRY, VIRGINIA. ELEV AT ION, 16 FEET. 

Honth Temeerature Preci;eitation 
Mean .Absolute Max. Absolute Min. Mean Total, Dry- Total, \"iet- Average 

est Year test Year Snowfall 
",F OF OF Inches Inches Inches Inches -

Dec. 43.7 78 7 J.44 1.35 5.28 1.5 
Jan. 40.2 79 6 3.15 4.39 5.59 2.0 
Feb. 41.2 84 ;5 ,2.,21 1.29 1.06 2.2 

Winter 41.7 8~ 5 9.90 7.0,2 11.92 2-8 I 
1--' 

March 46.6 90 12 3.87 1.02 6.29 1.3 I\) 
I 

April 54.6 97 26 3.30 .93 6.89 Tl-
May 64.2 98 41 2-27 2-2° 2.88 0 

Spring 22•1 98 12 10.74 2-25 16.06 l.J 
June 72.9 102 48 3.96 3.14 4.61 0 
July 77.5 102 55 5-37 2.57 6.48 0 
Aug. 7.6.9 102 57 4.86 1.21 2-:~2 0 

Summer 'J.2 .8 10,2 48 14.19 6.92 14.41 0 
Sept. 71.8 99 47 2.86 .. 46 10.04 0 
Oct. 62.1 92 35 3.01 2.73 6.79 0 
Nov. 22.1 86 19 2.26 .8,2 2-44 Til-

Fall 62.0 99 19 8.2,2 4.02 22.2T Til-
Year 58.7 103 5 43.06 23.22 64.67 7.1 

{A~-z 1881} {leb. 2 1889~ (In 1915} {In 1877} 
Records from U.S. Weather Bureau. 
~race 
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Stonns which could force ocean water across the barrier 

beach and into Back Bay are important because of the effect 

such ocean break-throughs into the Bay would have on the sal-

inity. Winds of sufficient velocity to. cause this would almost 

always result from _a northeast gale, or a hurricane. ~ieather 

Bureau records show that between 1915 and 1945, nine hurricanes 

struck the area. This averages three and one-third years be-

tween storms. There is no reason to believe that this average 

has undergone any great chan~e. Therefore, it is likely that in 

former times, some ocean water enter.ed the Bay at least once 

eve-ry three years. And since northeast gales could also cause 

this, the average was probably nearer once in two yeara. 

4. A. and C. Canal. 

Several man-made structures have had considerable effect 

on conditions in Back Bay. The first of these is the Albemarle 

and Chesapeake Canal, a sea level canal connecting Norfolk harbor 

with the northwest end of Currituck Sound. It was completed a-

bout 1860 and operated until 1912 by a private company. During 

this period, the canal had a tidal guard lock a.t its northern 

end to equalize differences in water level caused by the presence 

of lunar tides in Norfolk harbor and their absence in Currituck 
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Sound. This lock prevanted any great amount of water from flowing 

south from Norfolk. In 1912 the U.S. Government purchased the 

canal and made it a part of the Intracoastal 1,:atcrway System. 

The tido guard lock was removed in 1918 and work begun on 

enlarging and deepening the canal.. This was completed in 1922. 

After tho lock was removed, water was observed to flow south-

ward through the canal regardless of lunar tides at Norfoll: for 

as long as 22 hours and 40 minutes, and with a velocity of two 

mph (Bourn, 1932). The conclusion has been made (Bourn, 1929 

and 1932) that pollute:d, turbid water from Norfolk harbor, re-

sulting from the opening and enlarging of. the A. and C. Canal, 

was responsible for the great loss of submerged waterfowl food 

plants in Back Bay in the years 1918-1932. Any waters reaching 

upper Currituck Sound from Norfolk harbor would, of course, with 

a south wind flow into Back Bey. Such waters reach Back Bay via 

the natural channel, or via an artificial canal (Corey's Ditch, 

dug 1912-15) past Knotts• ·rsland (Figure 2). Followi~g complaints 

of this damage fro;n owners of waterfowl shooting properties, the 

locks were replaced in June, 1932, and have since remained closed. 

5. Sand Fence. 

I.long the line of natural dunes on the beach separating Bay 
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.... il•f--,e. 
ei .. _ .• , .. , 

Figure 2. :'he Back Bay Heg1on, Sho•in:~ qelations of 

the A. & c. Canal with Locks (1), Knott•s Island 

Cause"ay ( 2) , llortolk Harbor, Corey's Ditch ( 3) , 

Back Bay, and Send Fence (4). 
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and ocean, a sand fence was built between 1933 and 1935. This 

was done by erecting long fencbs of grass-work panels to catch 

and build up the drifting sands, and was designed to raise and 

make complete tht! barrier between Back Bay and "the ocam. Prior to 

this, stonn waters at times flowed across the b~ach and into 

Back Bay. Such an occurranco would naturally increase the sal-

inity in the Bay, but apparently only tc~porarily. Freshness 

was maintained because these waters fairly promptly moved on 

into Currituck Sound through the channel between Knott 1s Island 

and the be&ch and across Great Marsh, between Knott's Island and 

the west shore. In the latter part of the lGst century, however, 

a causeway was built across this marsh which prevented the passage 

of water until a ditch was put in, about 1915. Loc&l inhabitants 

who remember the times when ocean water crossed the beach into 

the Bay, claim that the submerged aquatic growths benefitted tre-

mendously thereby. In this, Boum (1932) concurred. Plants 

close to the break througl1 would be killed, but the following 

year's growth was more luxuriant than before. The last time any 

salt water crossed the beach was in 1936 when a storm swept some 

through a low spot in the sand fence, This spot was later re-

pc:.ired, and since th&t time there has apparently been no salt 
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water entering Back Bay directly from the ocean. The salinity 

of Bay water is now ver-; low, averaging about 2.1% sea strength, 

This is in marked contrast to conditions ii1 1926-30, when ex-

tremes of 3.0% and 20% were reported (Bourn, 1932). After the 

hurricane of August, 1933, salinity rose from 12.5% to 32%, and 

after that of October, 1936, from 2.5% to 18.5% (Mosby, 1946). 
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. REVIEW OF LITERATURE 

J, most co,:i.prehensive investigation of the problem of de-

cline in the submerged aquatics of Back Bay was made by Dr. W. S. 

Bourn from 1926 through 1930, and the findings published in 1932 

(Bourn, 1932). He made studies of the physicc:l, chemicc:,l, and 

biological conditions of the water, sought varieties of plants re-

sistant to existing conditions, end experimented with methods of 

replanting;, Also, the history of conditions in the area is re-

viewed, the physiology of aquatic angiosperms dealt with at some 

length,and an extensive literature cited. Certain pertinent 

material fro~ this report has already been mentioned, and further 

references will be made to it. The ecological investigations 

which Dr. Bourn made at that time led him to make a series of 

laborc.tory experiments to detennine the factors limiting the 

growth of submerged angiosperms (Bourn 1934 and 1935). Another 

possible factor L~ the decline of aquatics was presented in a 

report on a fungus disease (Bourn and Jenkins, 1928). And at 

the Sixteenth American G&ne Conference, the situation to date was 

reviewed and certai..11 corrective measures odvoceted (Bourn, 1929). 

The same author later made a report on general conditions in Back 

Bay (Bourn, 1945). A still more recent report (Mosby, 1946) is 



on an overdl investigation of the waterfowl food plant sti::tus 

c:nd problems on the Bay. ThesG works see~ to be the only reports 

which deal directly with the problem of decline in submerged 

aquatic waterfowl food plnnts in Back Bay. Others, mainly of 

interest fro,n a historical point of view, will be found in the 

bibliography. 

The plant life of the r~gion has received considerable Dt-

tention in aspects other than its importance to waterfowl. In 

1898 Kearney made a botanical survey of Dismal Swamp and adjacent 

parts of North Carolina and Virginia (Kea.rn:oy, 1901). Though he 

did not actu~lly work in the Back Bay section, his work is of 

interest as one of the e~rlier studies of the vegetation of a 

large area, and for its treatment of tho geology, soils, plant 

formations, notes on plnnt anatomy, catalogue of plants of the 

region, and especially for the section on the relation of plant 

growth to the character of the soil. A much more recent floral 

study, but again one which is outside of the Back Bay section, 

is a ~heck list of species found on the State Park at Cape Henry 

(Egler, 1942). In e.ddition to its rnnotatcd list, this work dis-

cusses geomorphology, clirnatej soils, life zone relationships, 

and plc:nt communities. The greatest mnount of botanical work in 

Princess Ai1ne County, however, has been done by Dr. M. L. Fernald 



and reported upon in a series of e.rticles in Rhodora (Fernald 

1935; 1936; 1940; 1941; 1947; and'Fernald and Griscom, 1935). 

This work has been primarily taxonomic and has resulted 

in descriptions of many new vari.eties, several new species, and 

numerous range extensions, The phytogeographical discussions 

of the same author are of interest, as are his comments on con-

ditions which he found on his trips to the Back Bay Refuge 

(Fernald, 1940). These will be considered later. 

Aside from the literature mentioned here, which bear more 

or less directly on the problem at hand, there are numerous 

works which deal with related subjects, Some of these titles, 

at least, are listed in Appendix II. 
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BOTt.NICP.L SURVEY 

As stated in the introduction, a botanical survey of the 

Refuge has, in addition to its intrinsic value, mucn worth in 

considerations of waterfowl ma.'1agement. L1 areas such as t:1is, 

which are used by t:1e birds primarily as resting grounds a'1d 

wintering range, waterfowl management consists aLnost \<>holly of 

ve6etation management and water level control. It is desirable, 

therefore, to know what plants are present, and the relative 

abundance and distribution of the more important ones. 

During this survey, which extended fro::i May 1 to December 

15, 1947, the aim was to cover the various associations weekly, 

in so far as possible, and to collect such plants on each oc-

casion a~ were in condition for identificatim. As a result of 

this activity, about 330 species and varieties of 198 genera 

fro1ri 76 families were collected on the Refuge. These are pre-

sented as an annotated list in Appendix I. Names are based on 

the seventh edition of Grey I s Manual, though more recent revisions 

have caused some deviation. Splitting to varieties has been 

avoided as completely as possible. In those few cases where the 

descriptions ia Gray I s l,Ianual obviously do not fit, more recentlv 

describe0. varieties, or rarely s:oecies, have been used. 
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1. Vegetative Associations of the Refuge. 

Within the boundaries of the Refuge, seven as-

sociations can be separated on the basis of their 

vegetation. These are the aquatic, dune, low marsh, 

high marsh, sand woods, loam woods, and barren flats. 

a. The Aquatic Association. 

This association includes isolated ponds 

in the marsh, ·open Bay, and ponds and sloughs 

contiguous with the open BcliY• Depth, there-

fore, variJs from a few inches to ten feet. 

This latter extreme was found oi1ly in two 

ver; restricted spots, however, and the 

greatest depth over any area larger than a 

few hundred square yards is five and a half 

to six and a half f e..:·t. The CN er all average 

is three to four feet, and there are large 

areas less than three feet deep. Little 

zonation of species exists, the relatively 

few members of this association m.tngling fair-

ly closely. However, Lemma minor and Zanni-

chellia palustris are confined to the isolated 
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ponds and to sloughs. The most important species, which are 

found in the open Bay and connecting ponds and sloughs, are 

Najas guadalupensis, Pota.mogeton pectinatus, P. perfoliatus, 

Ruppia maritima, Vallisneria americana, and Nitella sp. Type 

of bottom, in itself, does not seem to affect the distribution 

of these species. All, too, can be found in extremely shallow 

water, though the better growths are in depths of two to four 

feet. Practically none of these species grow where the depth 

is five and one-half feet or over. A few poorly developed, 

stuntec Najas plants may be found at such deptl1S, but :riothing 

else. It is interesting to note that all the aquatics of the 

open Bay or of its contiguous ponds and sloughs are of the com-

pletely- submerged type. N_o species whose leave.s float on or 

reach above the surface, such as the Nymphaeaceae, were found. 

The aquatic association is the largest in area of any 

association found on the Refu6e, and at present that of greatest 

concern to the local people and to most other interested parties. 

'fhe majority of plants found here are important waterfowl foods, 

and their decline fro,,1 a former great abundance to their present 

state has caused a very real hurt locally. Many people living 

about the Bay depend for a large part of their income on guiding 
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or otherwise servir8 hunters, and prospe:c in r&tio to the amount 

of shooting available. Most of the hunting is from blinds in 

the Bay, .with the diving ducks being the favored game species 

so that the· submerged food plants are most important. The 

history of the decline of these plants has already been out-

lined, so that only a few of its points will be emphasized here. 

Natives who remember conditions prior to 1918 say that often the 

"grass," as all submerged aquatics are called, was thick enough 

to cause a boat trouble by fouling the propeller, and the boat 

wake could be traced as much as two days later. Birds (probably 

Semipalmated PloYers) are said to have walked about on the "grass" 

when it grew to the surface of the water. After 1918, however, 

conditions changed. It is stated (Bourn, 1932) that in 1926, 

two-thirds of the area were barren. Nore recently, conditions 

have been somewhat better, though the improvement has been fluctu-

atin6 rather than steady. Durll1g the past three years there ap-

parently has been some avs.ilable food still remaining at the end 

of the winter. This might indicate th&t there was then enough 

food present, but it surely does not mean that a production 

nearer the potential would not be entirely desirable. Such 

an incrt.1ase in food plants would meet the demands of a:ny increase 
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in the waterfowl population, distribute any birds present more 

evenly over the Bay, and minimize eat-outs, In October of 1946 

a survey was made to determine and record the relative abun-

dance and distribution of the submerged waterfowl food pluits 

(Hesby, 1946). A similar survey and map were made during the 

present work, and though there was some difference in methods, 

for all practical purposes the reall~s are comparable. In the 

1946 survey a rake was used to take samples, and visual esti-

mates of relative abundance made. In the present study, a 

scoop was used which picked up half square foot samples of the 

bottom, so that tho density of the plants could be determined 

by counting. This latter method permitted comparison of dif-

ferent areas on a rather exact basis. The ratings shown in 

Table 2 were used in preparing the map (Figure 3), and by com-

paring this with the map for 1946 (Figure 4), it can be seen 

that the growth of submerged aquatic waterfowl food plants was 

more extensive in 1947 than in 1946. Here it may be pointed 

out that October is felt to be too late in the year for this 

kind of work, More accurate results and a truer picture could 

be obtained in September, for by the latter half of October 

most of the plants have begun to sink to the bottom, and many 
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celery leaves have died and become detached. The increased 

turbidity of the water makes extensive, rapid surveys difficult. 

Occasionally, too, a late growth, as of Nitella this year, will 

tend to obscure the presence of other more valuable waterfowl 

foods, such as celery rhizomes and winter buds. In addition, 

by th0 second week in October, there is usually enough utili-

zation by the birds to be significant. 
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TABLE 2· 

.AREA RATING, SUBMERGED tJATERFOWL FOOD 'PLANTS 

Species Area Rating by Number of Plants per Square Ft. t1) 

Excellent Good Fair Poor 
(Red)( 2) (Purple)( 2) (Yellow) ( 2) (Green)(2)' 

Potamogeton 
pectinatus 10 /. 5 - 9 2 - 4 1 

E! per1"ol1at us 18 ,[ 10 - 17 4 - 9 1 - 3 

Najas 
guadalupensis 175 /. 90 - 174 20 - 89 1 - 19 

VaJ..lisneria 
americana 20 ,' 12 - 19 4 - 11 1 - 3 

Ruppia 
maritima 10 t 6 - 9 3 - 5 1 - 2 

(l)In this scheme, lea.f clusters, e.s of Vallisneria americana, 
and separate stems, as of Najas guagalupensis, are counted 
as plants. 
Area has rating of most abundant species, if one is dominant• 
When no one species is dominant, then if three most abundant 
are in the same class, area has next higher rating than these 
three species hold singly provided a fourth species is present. 
If all species present rate as poor, area is rated as poor. 

( 2)Refors to color plotted on Figure J. 
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The most abundant species in this aquatic association was 

formerly Potamogeton pectinatus (Bourn, 1932), after which rank-

ed Na,jas flexilis ( guadalupensist), Vallisneria americana, 

Potamogeton perfoliatus, and Ruppia maritima. But in 1946, 

Vo.llisneria americMa was first, followed in order by Na.jas 

flexilis (guadalupensis?), Ruppia meritima, and Nitella 

_sllP •. , and Potamogeton pectinatus. In 19h7, however, Na.jas 

guadalupensis was easily the most abundant, with Vallisneria 

american& second, Potamogeton pectinatus and Ruppia maritima 

about equal thirds, Nitella sp.. fourth and Potamogeton perfoli-

fifth. The decrease of Potamogeton pectinatus may well be 

due to the decrease in salinity since construction of the sand 

fence, and the present position of Na,jas guade:lupensis due to 

the fact thE.t it is more ,tolerant of turbid Wc·ter than are the 

other species. 

The progress of growth shown by celery (Vallisneria ameri-

cana) wc:s followed more closely than w,,s that of any other 

member of the aquatic association. In early May, leaves were 

only two to four inches long and the clusters were found in 

densities up to 12 per square foot. By mid-May, leaves were up 

to ten inches long, end densities up to 24 per square foot. At 
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the first of June, leaves 20 inches long could be found, and 

some areas had 30 plants (actually leaf clusters) per square 

foot. In early July, the better creas still ~veraged 25 plants 

per square foot, with le~ves up to 26 inches long. Conditions 

continued quite favorable for growth of celery and by the 

middle of the month a few spots had as many as 58 pl2.nts per 

square foot with leaves 30 inches long. Also during July, the 

density of Nr,.jas guadalupensis in one area increased from en 
I 

average of six to 200 plants per square foot, and celery ap-

peared in several previously barren localities. By August some 

celery leaves were as much as 42 inches long, but the density 

of even the best areas leveled off at about JO plants per square 

foot. Throughout the summer, older leo,ves are lost and new, 

young leaf clusters and plants are observed. These spring from 

either seeds or rhizomes, pr:iJncrily the latter. Growth continued 

through most of Sept0mber .snd irregularly in October. During 

the le.st two weeks of November, celery leaves over 24 inches 

long were not found, some areas had only half as many plants as 

in the surruner, end leaves were dying back. 

Pistillate flowers of celery first appeared on the surface 

of the water June 17, but steminat0 flowers and pollen did not 
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show up until August 2. After this, pollen was fairly ab\ll1dant 

through the end of the month and small amounts were noticed oc-

casionally during September, The last pollen was seen October 

2, and the last pistillate flowers seen at the water surface 

October 9. Because of the great difference in the t~ne of ap-

pearance, a sample of pistillate nowers was examined in late 

August to est~ate the extent of fertiliz,ation. Apparently, 

slightly over 95% were fertilized. An examination of 25 fruits 

'showed a variation in size from 130 by 4 mm. to 25 by 2 mm., 

and an average of 100 by 3 mm. The seeds averaged 2 by 0,5 mm., 

cylindric but tapered from the base with longitudinal striations, 

They are embedded in a clear viscous jelly, creamy white in 

color, becoming brown with age. From this examination, it ap-

pears that the seeding of celei--y was satisfactory during the 

past summer. 

b. The Dune Association. 

This term is here used to designate the vegetation found 

on those dunes which form a naITow belt parallel with the front 

beach and between it e.nd the low marsh. These dunes are the 

site, and fonn a part, of the sand fence. Generally, their 

width does not exceed 75 yards, nor their height 25 .feet above 
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the marsh lying behind them. Uniola paniculata, 'Ammophila 

breviligulata, Panicum amaI'Uln, P. a.marulum, Cenchrus tribuloides, 

Cakile edentula, Oenothera bumifusa, Diodia teres and Iva imbricata 

are the principle species of the dunes. Of these, Uniola panicu-

lata, Cakile edentula and Iva isnbricat& are commonly found on the 

seaward slopes or crests of the dunes, while Cenchrus tribuloides, 

Oenothera humifusa, and Diodic teres usually occur on the reverse 

slopes. Ammophila breviligulata, Panicum amarum, and P. a.marulum 

seem equally at home on either slope and on the crests. In all 

cases, the vegetation occurs in open formation, so that large 

sand surfaces are visible between plants or clumps. Wind erosion 

works constantly on the dunes, and their shifts in size and lo-

cation are frequent and rapid. The members of this association 

are generally regarded as unimportant to wildlife, but o~ Back 

Bay Refuge both Canada Geese and Bob-white were observed to feed 

on the seeds of Panicum amarulum. 

c. Barren Flats Association. 

Near the south boundary of the Refuge, between the sand dunes 

&nd the Bay, is a practically barren, sandy area called Wash 

Flats. Presumably, this repr3sents land swept clear when ocean 

water lE.st flowed across the bsrriGr beach. Within the Refuge 
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the flats are about one and a quarter m.ile long, and from one-

quarter to three quarters of a mile wide. Bolow the Refuge line, 

their area is of sL'7ri.lar extent. Between the flats and the dunes 

is a belt of low marsh, and between flats and Bay is a narrow 

strip of high marsh. When water level is high in the Bay, or 

following heavy rains, th~ flats may be under water, from one 

or two inches at the east side to eight or ten E,t the west. At 

no tL~e do they beccme entirely dry, and free soil water can be 

reached at depths of one-half to threo feet. This weter is quite 

saline, running from 13.7% to 38.5% sea strength. Composite soil 

samples show tho pH to average 7.55 at the surface, 7.95 at four 

inches, 8.18 at eight inches, and 7.65 at 12 inches. hVailablo 

magnesium is considered high (17.5 - 22.5 ppm), calcium low (312.5 

- 475 ppm), phosphorus low (0.75 - 1.50 ppm) and potassium low 

( 25 - 45 ppm) at the surface, oti1erwise medium ( 225-450 ppm) • 

Dr. E. M. Dunton, Jr., Soil Technologist at the Virginia Truck 

Experiment Station has stated (personal correspondence, 1947), 
11 In view of the rather high pH and conductivity of these soils 

and th6 rather low tests for phosphorus and cclcittm, I believe 

th&t th(, concentration of the; solution must be due to sodium 

chloride. Thu conductivity readings show & r2.ther high concen-

tration of salts in this soil, the highest concontretion being 
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in the 811 and 12" depth and the lowest concentration at the 

Vegetation on the flats is sparse to absent. Along the 

east side, bordering the low marsh, is a narrow, disrupted belt 

of Salicornia mucronata. On the west side ere broad areas 

spcrsely covered with Eleochcris parvula. A few sc.s.ttered 

plc.nts of Spnrtina alterniflore. occur on both sides as do some 

patches of Distichlis spicatc?. Otherwise, the only vegetation 

on the flats is mi alt,el cost which covers most of the ground 

surface. But scattered about on the flats are old, low, stabil-

ized dunes which are well vegetated. These are discussed in the 

following section. In their present condition the Wash Flats 

are of value to waterfowl only as resting space. 

d. Smid Woods Association. 

The common factor among the severE.l different types of 

vegetation which will be discussed jn this section is that all 

are situated on old, stabilized dunes. Some of these are low, 

only ten or twelve .inches high, while others reach three or 

four feet above the general level. Isoleted dunes ere scattered 

irregularly through the low marsh and on v!ash Flc:ts. When low, 

these dunes generall;/ r.re covered by Spartina patens. Species 
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commonly found on the higher dunes are Quercus virgini2na, 

Myrica cerifera, H. carolinensis, Bnccharis halimifolia, 

Diospyros virginiana, Panicum amarulum, Hudsonia tomentos~, 

Lechea maritima, Hieracium gronovii, and Senecio tomentosa. 

The best development of this association is found in an 

area of cbout one-hclf by one-quarter mile, next to the Bay, 

at the south boundary of the Refuge. In this section, the 

dunes are old and rather well leveled off. Quercus virginiana 

and Pinus taed~ are the principal species, both reaching tree 

siz,e. In lower, damp spots are Acer :rubrum, Salix nigr& and 

I{yricc1 cerifera. Rhus toxicodendron and R. cooD.llinn are fre-

quent, D.s is Rubus vndrewsianus. Among those species which 

were found only in this section of the Refuge are Gelsemium 

sernpervirens, Vaccinium mr..riruium, Amelanchier oblongifolia Md 

a single speciman of Pinus virginicna. As f&r rs could be ob-

served, this association is of no value to waterfowl except thet 

the low isolated dunes are used LS roosting places by geese. 

e. Low Mursh J.;.ssociation. 

This association occurs as a band, varying in width from a 

hundred yards to perhaps half a mile, i1mnediately behind the 

zone of mobile dunes. It blends, in various places, into the 
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high marsh, dune woods, and barren flats associations. The 

term low marsh is used because most of its member species do 

not reach heights of over three feet, and because it has much 

of its ground surface covered with ·a few inches of water at 

irregula.r interva~s. This is due to heavy rainfalls, since no 

areas of this type were noted to be imundated directly by high 

water in the Bay. However, a high level in the Bay may be a 

factor in that it would tend to slow up the run-off. A great 

number of plant species occurs in this association, since the 

soils here i..r1cluded vary -widely in water content, texture, and 

organic content. The more abundant plants are Scirpus americanus, 

Spartina patens, Juncus scirpoides, Cyperus haspan, C. ferax, 

Andropogon glomeratus, Eleocharis olivaceae, E. ovata, E.palustris, 

Hydrocotyle umbellata, Diodia virginia.na, Rhexia mariana, Fluchea· 

camphorata, and Lycopus sessilifolius. 

So far as wildlife is concerned, this association is one 

of the more valuable on the Refuge. Both Snow and Canada Geese 

feed here regularly and extensively. The lower stems and rhizomes 

of Scirpus americanus are apparently the most sought after food, 

but several other species are also fed on considerably. The geese 

feed in flocks, working outward from any small opening in the marsh 



-38-

when there is an inch or two of water over the ground surf ace. 

By working their feet up and down, the birds "puddle" out 

rhizomes, roots, and lower stems. Ducks, especially Pintails, 

often feed along with the geese, taking fruit and seed as well 

as bits left by the geese. As Figures 5 through 8 show, an 

area. may be almost devegetated by such feeding. But on the 

Refuge, at least, recovery during the following growing season 

seems to be complete, and such denuded 11eat-out 11 areas normally 

are entirely revegetated. 

f. High Marsh Association. 

Like the previous association, the name of this one is 

based on the height of its more abundant members. Plants charac-

teristic of this association grow, on the whole, more then three 

feet tall. The soil surface is not always under water, but is 

inundated more frequently and for longer periods than is the 

low marsh since high marsh areas may be subject to flooding 

wnen the Bay water level is high. Here the commoner species are 

Spartina cynosuroides, Scirpus robustus, s. olneyi, 1zE!:!! 
angustifolia, T. truxillensis, and Juncus roemerianus. This 

last plant makes its best and most extensive growth between the 

low marsh and the Bay on the barrier beach. The others, while 
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Figure 5 . Low Mar sh Prior to Feeding by Geese . 

Figure 6. Eat-Out in Low Marsh Due to Feeding by Snow Geese . 
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Figure 7. Eat-Out in Low Marsh Due to Feeding by Canada Geese. 

Figure 8. Detailed View, Goose Eat-Out in Low Marsh, 
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abundant in this same section, reach their peak in the marshes 

of Long and Ragged Islands and all over t:1e numerous other 

islands on the Refuge. Spartina c;v:iosuroides is most partial 

to the outer section of a marsh, while the other plants occur 

in more or less mixed stands over the inner portions. One or 

another will sometimes form fairly pure stands, however. On 

the whole, this association is extremely valuable to wildlife. 

The muskrat is largely confined to this ty~e of marsh and the 

adjacent water. Typa spp.and Scirpus spp. make up a large part 

of its food (Dozier, 1947; Krummes, 1940; Steams and Goodwin, 

1941), and its houses are built of these and the other conman 

species of the association. Scirpus robustus and S. olneyi, as 

well as many of the less abundant species, are valuable waterfowl 

food plants (Martin & Uhler, 1939; HcAtee, 1939). The value of 

the association in this respect, however, depends on how well 

the birds can reach these foods. In solid stands these plants 

grow too tall and thick to be accessible to the birds. Hence, 

it is highly desirable to ha.vc this type of marsh interrupted 

and broken up by ponds and pot-holes to perr.tit waterfowl to 

utilize such areas in feeding. The feeding and burrowing ac-

tivities of muskrats are important in making such openings in 

the marsh. On the Refuge, a marsh burning program is followed 
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which makes it possible for the birds to get into the marsh. 

The removal by burning of t.11e dense stand of vegetation es-

pecially favors geese which feed on rhi2omes and rootstocks. 

g. Loam Woods Association. 

This, the most restricted association, is found on Long 

Island, and to a very slight degree, Ragged Island. It is here, 

and around Refuge .headquarters, the' t the only t ru;;: soil types on 

the Refuge, Sassafras and Moyock fine sandy loams, have been 

mapped (Simmons and Shulkcum, 1945). Here the characteristic 

species are trees. The most common species are 'Pinus taeda, 

Celtis missis~ippiensis, Diospyros virginiana, Sassafras albidum, 

Morus rubra, Ilex opaca and Crataegus crus-galli. Smilax glauca, 

S. bona-nox, Lonicera japonica, Teccma radicans, Vitis cinerea, 

and rarely Berchemia scandEl'ls and Zanthoxylum clava-herculis oc-

cur with them. A large part of the land fonnerly occupied by 

this association on Long Island has long been clear·ed, and now 

is cultivated to provide food for Canada Geese. Consequently, 

numerous weed species are now found about these field edges. 
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2. Relation to Other Floras. 

The phytogeography and relationships between this and other 

floras have been discussed at length by Kearney ( 1901) and Fernald 

(1937 and 1940). They will be but briefly recapitulated here, 

since the actual area covered in this investigation is relatively 

very small. It has alrea~y been said that Princess Anne County 

is in the Austroriparian Zone. It may be further pointed out 

that here in Virginia occurs the northern extremity of this zone, 

that within the Connnonwealth this zone is quite narrow, and that 

it"••• does not greatly exceed the bounds of the Dismal Swamp 

region" (Kearney, 1901). Southward, the Austroriparian Zone 

constantly widens, so that it includes about one-third of North 

Carolina and one-half of South Carolina, in both ceses comprising 

the eastern portions of the two states. While some species of 

plants usually considered Austrori;)arian range north of the mouth 

of Chesapeake Bay, the more predominant ones reach their northern 

limit in southeast Virginia. Kearney lists 33 such speci~s. Of 

these, the following eleven occur on Back Bay Refuge: 

Erianthus giganteus Zanthoxylum clava-herculis 

Sacciolepis striata 

Uniola paniculata 

Berchemia scandens 

Cornus stricta. 
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Fimhristylis spadicea 

Quercus virginiana 

Eupatorium capillifolium 
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Gelsemium sempervirens 

The seven plants in the left coltnnn above are not confined 

to the Austroriparian Zone, but extend south into the Tropical, 

thus emphasizing the kinship of the Refuge flora to southern 

rather than northern floras. However, since this is at the north 

border of a Zone, it would be ex.pected that some northern forms 

also would find their southe.rn limit here. Of nineteen such 

species listed by Kearney, only three, Ammophila breviligulata, 

Lechea rnaritima, and Hudsonia tomentosa, were found on the Refuge, 

agall1 pointing out the essentially southern character of its 

flora. Of the nine species Kearney cites as being found in 

southeastern Virginia a.nd in the Tropical Zone of both hemis-

pheres, four, Cype rus ha span, Hyc-l rocotyle umbellata, Cen tella 

asiatica, and Bacoea monniera, grow on the Refuge. Of fifty 

species common to the New ·world Tropics and to Virgjnia, the 

following nineteen were found on the Refuge: 

Triglochin striata 

Sacciolepis striata 

Samolus floribundus 

Gelserniu.~ sempervirens 
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Uniola paniculata 

Eleocharis ochreata 

Fimbristylis spadicea 

Quercus virginiana 

Lepidium virginicum 

Parthenocissus guinguefolia 

Oenothera laciniata 

Proserpinaca palustris 

Linaria canadensis 

Oldenlandia uniflora 

Ambrosia artemisiifolia 

Eupatorium capillifolium 

Erigeron can&dense 

Pluchea camphorata 

Gnaphlium nuroureum 

It nrust be pointed out that Fernald (1940) lists Triglochin 

striata as also being found in New Zealand, Australia, and South 

Africa. 

On the other hand, of the thirty-one species occurring iJ1 

southeast Virginia and in the North Temperate Zone of Europe and 

Asia, as listed by Kearney (1901), only the following eight were 

found on the Refuge. 

Osmunda regalis Spergularia marina 

Ludvigia palustris 

L;rcopodium inundatum. Bidens cernua 

Typha angustifolia Potentilla monspeliensis 

This again emphasizes the southern quality of the Back Bay flora, 

and points to an equatorial origin for its characteristic elements. 
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However, as Fernald (1940) has pointed out, there ere 

several species present in the Coastal Plain which are boreal 

rather than tropical in nc:ture. These possibly spread outward 

fro:n the Appalachian Upland as it becc1..rne elevated in late Cre-

taceous time. Yet, as regards the Back Bay flora, he agrees 

(Fernald, 1940: 507) that " •••• the species whtch characterize 

the fresh to but slightly brackish shores and pools about Back 

Bay are largely plants of highly restricted and localized oc-

currence, and they belong for the most part to genera or species 

with the characteristically severed geographic occurrence of all 

pantropical and subantarctic groups•" To explain this distri-

bution, Fernald postulates a condition along the entire east 

coast similar to that obtaining in Back Bay, Pamlico, Albemarle, 

and Currituck Sounds today. That is, an extensive series of 

landlocked sounds with fresh to slightly brackish water, along 

the shores of which the plants in question could spread. This 

state existed when the continental shelf was elevated as a 

nearly continuous outside ridge, and ended with the sinking of 

the shelf in post-Miocene or post-Pliocene time. As Fernald 

presents it, the evidence supporting this theory sounds good. 

But it must be admitted that one of the species he considers as 
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restricted to river-marshes (Sagittaria subulata) was found on 

Back Bay during the present survey, and that an outstandingly 

suba~tarctic species (Lilaeopsis carolinensis) which he found 

on the Refuge was not located during the past year. These de-

tails do not detract from the theory, however. 
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ECOLOGICAL INVESTIGATION 

The decline in abundance of the submerged aquatic waterfowl 

food plants on Back Bay has already been outlined, the probable 

causes suggested, and the importance of the situation mentioned. 

In the Introduction, it was stated that one of the present ob-

jectives was to seek the factor or factors nCM limiting the growth 

of thoso food plants in the Bay, and responsible for the fact that 

the actual production is so much below the potential. Working 

through the comparatively short period of one growing season, 

it was felt that best results could be obtained by comparing 

areas of good and poor growth on the basis of several factors 

which might affect the growth of submerged aquatics. In this 

wcy, the critical factor or factors might be isolated. 

The first step, then, in this investigation was to locate 

the areas of growth within the boundaries of the Refuge and com-

pare each with the others. This comparison was ma.de on the num-

ber of plants per square foot, as outlined in the section describ-

ing the aquatic association. The s&~pler scoop (Figure 9) oper-

ates like a set of oyster tongs. Tho jaws of the sheet metal 

bucket are nine inches wide and are chained to open only eight 

inches, so that at each grab a one-half square foot section of 
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Figure 9. E~uipment Used in Ecological 

Investigation. Top Row: Secchi Disc and 

Plankton Net . Lower Row: Water Collector, 

Water Bottle, and Bottom Sampler. The sheet 

metal bucket of this sampler has jaws nine 

inches wide, chained to open eight inches, 

The oak handles are eight feet long. 

Photograph courtesy Dr. H. s. Mosby. 



-50-

bottom is picked up. This sample is dropped into a sieve rig-

ged over the side of the boat at about water level (Figure. 10) 

and the plants counted. This method and equipment proved to be 

entirely satisfactory. 

During the first month of field work (May, 1947) all the 

water areas of the Refuge _were sampled in this way and the 

various growth areas located. One hundred and one stations 

were established. At these stations, the plant growth was de-

termined, the depth recorded, Secchi disc readings taken, type 

of bottom noted, wave action estimated, and the locations indi-

cated on work maps. Later, forty-nine other stations were sur-

veyed in the same way, though thirty of them were off the Refuge. 

These were investigated primarily to check the Refuge against the 

outside areas. All the plants were small during May, but on the 

whole the areas of better growth could be fairly well distinguish-

ed from those of poor or no growth. However, a few are~s ma.de 

fair to excellent growths later in the summer after appearing 

as poor in May. Ten test stations were set up in early J\lile on 

the basis of the May survey, five in good and five in poor areas, 

Five others were later added to take care of the areas which 

showed late growths, All these test stations were designated 

by letters, and the location of each station is indicated on 
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Figure 10, Bottom Sampler and Sieve in Use. 
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Figure 11: by its title letter. For each station, the average 

depth, type of bottom, and seasonal sumnary of growth are shown 

in Table .3. From the time each station was set up until the 

opening of the waterfowl shooting season (Deceni:>er 8), weekly 

tests were run to give points for comparison. These tests and 

results will be discussed in the following sections. 
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TABLE 3 

AVERAGE DEPTH, TYPE OF BOTTOM, AND GROWTH AT TEST STATIONS 

TYPE( l) G_ll)WTHC 2J _NO. PLANTS PER-SQUARE FOOT STATION AVERAGE 
DEPTH BOTTOM May July August October 

A 31111 SM 5N 6N 275N 200N 
1.2W 20c 8C 

B .31411 SM 24C;5S 18C;30N 23C;55W 
46N;lR 30W 65N;JR;2S 

C 4' 7" S}1 l~6N 6C lC 
14C 50N 55N 

D 4 '4" BSi 24N 17N 13c 
lOC ?ON 

E 3 '4" s 14C 15C;4R 16C;50W 
_,,_,-......._. ...... 4N;1S 3W;4N 38M 

F 71311 BSi None None None None 

G 61 211 BM 1N None None 1N 

H 5' 2 11 BSi None None None 1N 

I 4' SM 40N;5S 28C 35C;l5W 
26C 40N lOON 

J 2 11011 BSi 13c .28C J8C;60M 
8N lON 

K 21 5" BSi None None 

L 219" SM 6C lOC 
65N 

M 3 I 5" SM 20C;4S lOC ;9S 
60N 55N 

N 21 211 SM l.2C lOC 
200N 

0 1 19" BSi None None None 
(!)Bottom Symbols: S-Sandy; BM-Black Mud; SM-Sandy Mud; BSi-Soft 

(2)Growth Symbols: 
Black Silt 
C-celer;(Vallisneria americana); S-Sago(Potamo-
-geton fectinatus); R-Redhead(P. perfoliatus); 

N-Najas Na as adalu ensis); ~·!-Widgeon Grass 
(Ruppia maritima; M-Muskgrass(Nitella SE.) 
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l. later Relations. 

'lbe following water properties whioh might attect the growth ot 

submerged aquatics were considered in this study: salinity, dis80lve4 

oxygen eontent, tree carbon dioxide content, hydrogen-ion oonoentra-

tion, temperature, depth, and turbidity. All water 88111ples were taken 

in 2SO oo. ground glass stoppered bottles with a specially designed 

deep •ter collector at approximately one toot above the bottom. 

Tests tor salinity, diasolved oxygen, tree carbon dioxide, and lfi 

were run in the laboratory, usually within two hours attar the su-

ple was taken. 

a. Salinity. 

Tests tor salinity were .made with a La!lotte 

Chemical Products Co. set dosignod tot boiler 

water analysis. 'lbe method employs titration with 

silver nitrate in the presence ot potassium 

chromate indicator. Dilution ot the sample with 

distilled water was necessary, S01118thing ot a 

bother, but as a consequence the end point was 

rather fine. All results are given as per centagea 

ot sea strength, using 35000 ppm total chlorides 

as norllal sea strength. Throughout 



TJJ3LE 4 

SALLHTY A'f T~T ST.ATio,s 
J.11 Figures are Per Cent Sea Strength 

\'!EEKLY STATIONS 
TESTS A* C D Ell- F G- H- I* J* K- L- M N 0----------------

June 1 2.5 2.2 2.0 2.0 1.6 1.6 2.2 2.3 1.7 
2 2.3 2.3 2.2 2.4 2.0 1.8 2.1 1.9 1.8 
3 2.2 2.2 2.2 2.1 1.8 1.8 2.1 2.1 1.8 
4 2.2 2.2 2.1 2.1 2.0 1.9 2.3 2.3 2.2 

Ju~ 5 2.7 2.4 2.4 2.5 2.1 2.1 2.3 2.2 2.0 .I 
6 2.2 2.2 2.1 2.1 1.9 2.1 2.1 2.1 2.0 
7 2 • .3 2.2 2.2 2.2 2.1 2.1 2.4 2.2 2.1 I 

8 2.4 2.4 2.3 2.2 1.8 1.9 2.3 2.1 1.9 
9 2.3 2.2 2.2 2.2 l.'9 1.8 2.2 2.2 1.8 2.2 2.1 

Aug. 10 2.3 2.2 2.2 2.2 1.9 1.8 2.2 2.1 1.9 1.9 2.1 2.1 2.0 2.2 2.1 
il 2.3 2.3 2.3 2.2 1.9 1.9 2 . .3 2.2 1.9 1.8 2.3 2.3 2.2 2.2 2.0 
12 2 . .3 2.3 2.5 2.4 1.9 2.2 2.3 2.2 2.0 1.9 2.3 2.3 2.2 2.3 2.4 
13 2.5 2.4 2.3 2.5 2.2 2.1 2.3 2.2 2.2 2.3 2.2 2.2 2.2 2.3 2.3 

Sept. 14 2.3 2.4 2.4 2.3 2.2 2.2 2.3 2.2 2. l- 2.2 2.2 2.3 2.2 2.2 2.2 
15 2.1 2.1 2.1 2.1 2.0 1.9 2.1 2.2 1.9 2.2 2.0 2.1 2.2 2.0 2.2 
16 2.1 2.1 2.1 2.2 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 
17 2.2 2.1 2.1 2.1 1.9 2.1 2.1 2.0 2.0 2.0 1.9 1.9 1.9 1.9 1.9 
18 2.0 2.0 2.0 2.1 2.1 2.1 2.0 2.1 2.0 1.9 2.0 · 2.0 2.1 2.0 2.1 



TJJ3LE 4 (-ContJd) 

WEE.1U.Y STJ,TIONS 
T:CSTS A* BA' C D .Elf" F G- H- I* J*. K- L- M ---------------- .1L 2=.... 
Oct. 19 2.1 2.0 2.1 2.1 2.1 2.0 2.0 2.1 2.0 2.0 2.0 2.0 2.1 2.1 2.1 

20 2.1 2.1 2.0 2.0 1.9 2.0. 2.0 2.0 2.0 2.0 2.1 2.1 1.9 2.2 2.1 
21 2.J 2.2 2.3 2.3 2.1 2.0 2.1 2.1 2.1 2.2 2.2 2.2 2.0 2.1 2.1 
22 2.3 2.2 2.1 2.2 2.1 2.2 2.1 2.1 2.1 2.2 2.2 2.1 2.1 2.1 2.2 

Nov. 23 2.1 2.1 2.1 2.2 2.0 2.1 2.1 2.0 2.1 2.1 2.0 2.0 2.1 2.1 2.0 
24 2.0 2.1 2.1 2.0 2.0 2.0 2.0 2.1 2.1 2.0 2.0 2.0 2.0 2.0 2.0 • V, 

25 2.0 2.0 2.0 2.0 2.1 2.1 2.0 2.0 2.0 2.0 1.9 2.0 2.1 2.0 2.0 --1 
t 

26 1.7 1.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.8 1.8 1.9 1.9 1.9 

Dec. 27 1.8 1.9 1.9 1.9 1.9 1.8 1 .. 9 2.0 1.8 1.8 1.9 1.9 1.9 1.9 1.9 

Max. 2.7 2.4 2.4 2,5 2.2 2.2 2.4 2.J 2.2 2.J 2.3 2.3 2.2 2.3 2.4 
Min. 1.7 1.8 1.9 1.9 1.6 1.6 1.9 1.9 1.7 1.8 1.8 1.8 1.9 1.9 1.9 
J.ver. 2.2 2.2 2.2 2.2 2.0 2.0 2.1 2.1 2.0 2.0 2.1 2.1 2.1 2.1 2.1 

~tations of good growth. 
-Stations of poor growth. 
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the period, salinities at all the test stations were quite uni-

form and fluctuated but little, as can be seen in Table 4- No 

correlation can be found.between salinity and regions of good 

and poor growth. The range of salinities, 1.6% to 2. 7%, is 

entirely within the tolerances of the plants in ·question (Bou:rn 

1932, 1934, and 1935). The obvious source of salt water in the 

B~ is the sounds to the south, which eventually communicate 

with the oce_an through Oregon Inlet in Nort.h Carolina. For 

example, salinities of 4.1% at the nort.h end of Knott•s· Island 

Channel, 7.5% in Currituck Sound, and 21.4% in Albemarle Sound 

were found during the summer. In agreement with this, the 

higher salinities in Back Bay were found to _result from periods 

of south winds and/or low rainfall, the lower salinities from 

north winds and/or high rainfall. The possibility of seepage 

of ocean water through the barrier beach is generally regarded 

as nil., but this. source of salinity is at least suggested by 

the already mentioned high salinities of the Wash Flats free 

soil water (13.7% to 38.5%), by the restriction of the strongly 

halophytic plants to the barrier beach marshes and flats, and 

by the fact that waters of sloughs extending into the barrier 

beach generally had slightly higher salinities than did the open 

Bay. It may also be interesting to note that the water of a 



deep well at Refuge headquarters tested 4. 5;t sea strength. It 

is to be repeated, however, that in so far as the growth of 

submerged aquatics was concerned, salinity in itself could not 

be considered a critical factor. Its connection with turbidity 

will be considered in discussing that factor. 

b. Diesolved Oxygen Content. 

The dissolved oxygen content was detennined by the Rideal-

Stewart Modification of the Winkler Method (Theroux, Eldridge 

and Kallman, 1943) using a LaMotte test set. Results of the 

weekly tests at all test stations are shown in Table 5. Also 

shown are the maximum, minimum and average figures, with the per 

cent saturation for the average, at each station. This latter 

value is determined after correcting for the average temperature 

at each station. Compared'with Bourn 1 s (1932) results, these 

waters have a considerably increased dissolved oxygen content. 

During one month only did his per cent saturation reach 80, for 

all others it averaged about 60. This might indicate that the 

closed A. and C. Canal locks (See Figure 2) effectively pre-

vent pollution of Back Bay by Norfolk harbor waters, since the 

dissolved oxygen content is considered as reflecting the degree 

of pollution. All results of the present tests show that Back 



TABLE 5 

DISSOLVE.) OXYG~ CONTENT AT TI'ST STATIONS 
· All Figures are Parts Pf'::r Million 

i•EEKLf STATIONS 
. TESTS A4 Bi C D El- F U- H- I* J* K- L- R at 0-___ ......_ ________ ---------
Jme 1 1.2 9.0 7.4 ';/.2 8.2 7.1 7.6 6.7 6.8 

2 7.8 7.6 8.0 1.2 1.2 6.6 6.3 7.2 
3 7.0 7-4 7.1 7.1 7.3 7.0 6.2 7.0 7-5 
4 

July 5 I 
6 7.0 7.1 6.8 · 6.5 5.8 5.8 7.6 7.6 5.3 . J 7 7.9 7.1 7.3 6.6 7-4 7.2 5.9 t.8 7.3 
8 6.6 6.9 6.6 7.1 6.3 7.2 6.1 t.2 7.4 6.2 
9 

Aug. lQ 
11 
12 6.4 l.2 5.8 5.8 7.1 6.6 6.4 
13 5.1 6.3 6.4 6.7 7.2 6.6 5,8 5.7 7.2 5.4 6.2 5.4 6.~ 5,2 

Sept.14 6.2 7.8 6.8 7.1 7.6 6.2 5.5 5.8 6.4 7.6 5.6 6.2 5;6 6.0 5.7 
15 5.2 6.2 5.2 6.1 6.0 6.0 6 .J 6.2 5.8 6.8 5.4 6.2 3.2 4.8 3.2 
16 6.8 6.4 6. 5 4.9 6.2 6.8 5 • .3 5.0 6.8 5.8 5.7 5.8 6.2 6.0 6.0 
17 7.8 8.0 7.2 7.2 9.6 7.6 6.6 6.8 8.8 7.9 7.0 7.4 7.1 6.3 7.0 
18 7.6 7.6 8.2 7.6 8.0 7.8 7.2 7.4 8.4 9.8 8.4 8.6 9.2 8.3 7.8 



TABLE 5 (Cont'd; 

vr.EEKU STJ..TIONS 
TF.sTS .A*. Bit C D F G- E- I* J* K- L- M N 0----------- - -------

Oct. 19 7-4 7.3 7.6 7.0 8.0 1.2 7.2 6.8 7-7 7.8 1.0 1.2 1.1 6.~ 6.9 
20 6.0 7.0 7.2 6.7 8.0 7.4 6.6 6.8 7.9 7.8 6.5 7.2 8.2 7.0 7.5 
21 8.0 8.0 8.4 8.0 8.0 
22 

Nov. 23 7-7 8.5 7,8 8.4 8.4 7.6 8.4 8.0 8.1 7.6 8.0 7.6 8.2 7-9 8.4 
24 7.9 5.6 6.6 8.0 8.2 8.0 8.9 7.3 8.4 8.J 8.6 8.7 9.2 8.9 8.9 I 

25 9.7 10.6 9.6 10.4 8.5 9-7 9.4 8.C 8.6 8.6 9.4 9.0 9.0 9.0 9.0 {1; 
26 8.8 9.6 8.8 8.8 8.3 8.6 9.0 8.f 8.7 8.4 8.J 9.5 9.0 9:2 9.4 I 

Dec. 27 10.6 11.2 10.9 10.8 10.0 9.J 8.7 .9.l 9.8 10.7 10.2 10.8 10.7 10.0 9.4 

Max. 10.6 11.2 10.9 10.8 10.0 9.J 9-4 9.6 9.8 10.7 10.2 10.8 10.7 10.0 9.4 
Min. 5.1 5.6 6.4 4-9 · 5.8 5.8 5.3 5.0 5.3 .,5 .. 8 .5.4 I 5.8 J.2 ..4.8 J.2 
Aver. 7-4 7.8 7.5 7-4 7.7 7.3 7.1 7.0 7.6 7.9 7.2 7.6 7.6 7.4 7.2 
% Sat.· 85 •'87 87 84 88 82 81 80 86 86 78 83 84 82 '/9 
it-Stations of good growth. 
-Stations of poor growth. 
% Sat.: % Saturation after correction for temperature. 



Bay is not now suffering from any pollution, and further that 

the three to five ppm of dissolved o.xygen required by warn 

water game fish (Ellis, \iestfall, and Ellis, 1946) · are present 

in all waters. Keeping in mind the decreasing solubility of 

o.xygen in water as temperature increases, examination of Table 

5 shows that waters with a good growth of submerged aquatics 

generally had a higher oxygen content than did those with a 
' 

·poor growth, especially during the summer and early fall, This 

condition, though correlated with a difference in the amount of 

aquatic growth, is rather a case of effect than of cause. The 

higher OJcy"gen content (most readily seen in the average and per 

cent saturation figures) of areas of good growth is due to the 

vegetation, and is not a cause of it. This is so because the 

plants in photosynthesis release oxygen to the water, raising 

its content above that of areas having no plants. In any event, 

all stations, good and poor, had dissolved OJC;Ygen contents en-

tirely adequate for plant needs. Therefore, it may be concluded 

that dissolved oxygen content is not a limiting factor with sub-

merged aquatics in the Back Bay Refuge. 



c. Free Carbon Dioxide Content. 

The free carbon dioxide test was essentially that of the 

American Public Health Association (Theroux, Eldridge, and 

Mal.lman., 1943), though performed with LaMotte equipnent. Re-

sults of weekly tests., maximum., minimum and average values for 

each test station are shown in Table 6. In general, these tests 

show less free carbon dioxide than did those of Bourn (1932), who 

gives contents of two to ten ppn for North Bay and four to thirty 

ppn for Back Bay and Currituck Sound. This shitt is doubtless 
' due to the present conditions of increased vegetation and 

greatly decreased industrial and municipal pollution. As is 

the case with the dissolved oxygen content., the free carbon 

dioxide content almost alwqs varied with the amount of vege-

tation present in the water. However, variations in the dissolv-

ed carbon dioxide content are the result rather than the cause 
• of the observed good and poor plant growth, Areas in which plants 

were numerous and actively photosynthetic usually gave a negative 

test for free carbon dioxide since it is ecntinually used up 

by the plants. Thus, in Table 6., most stations in areas of good 

growth show more zeros than do those in areas of poor growth. 

While a somewhat higher carbon dioxide content mq be beneficial 



TABLE 6 

FREE CARBOiJ DIOXIDE CONTENT AT TEST STATIONS 
All Figures are Parts Per Million 

WEEKLY STA'l'IONS 
Tl!§TS A* . C D EM" F G- H- I* J* K- L- M N 0-

__________ ._.._._ 

June 1 4 3 4 2 3 3 2 ,.. 3 ;(, 

2 I+ 2 4 2 2 4 3 4 
3 4- 2 2 2 2 2 2 "J 2 ., 
4 2 2 1 1 2 2 l 1 

July 5 0 2 1 2 2 1 1 2. 1 
6 3 2 1 3 1 2 1 1 1 I 

°' 7 0 1 3 3 1 2 1 l 2 ·~ I 

8 0 0 0 2 0 0 l 3 0 
9 0 0 0 0 0 1 1 l 0 3 2 

Aug. 10 0 0 0.5 0 1 1 1 l 0 0 1.5 0 3 0 0 
11 0 0 2 0 0 0 0 0 0 0 1.5 0 0 2 0 
12 0 0 0.5 0 0 0 2 2 0 0 2 0 0 1 2 
13 0 0 0 0 0 2.5 0 2.5 0 0 3 2 4 4 2 

·Sept.14 0 0 0 0 0 0 0.5 1 0 0 4 0.5 2 2 2 
15 2 0 0 1 2 1 1 1 0.5 0 2. 5 1 1 4 0 
16 1.5 O 0 0 0.5 1 0 1.5 0 0 2 1.5 5 2 3-~ 
17 0 0 1.5 1.5 2 4 l 1.5 2 0.5 2 2.5 1 2 3 
18 0 1 0 0.5 1.5 4 2 2 2 0 2.5 2 1 2 1 



TABLE 6 (Cont'd) 

WEEKLY STATIONS 
TESTS A* Bit C D p F G- H- I* J* K- L- M N 0---------------------

Oct. 19 2 0.5 1.5 1.5 1.5 2.5 2 . 1.5 J.. 5 1 1.5 2 2 1 1 
20 2 1.5 1.5 1 1.5 2.5 1.5 2 2 0 2 1.5 2 2 0 
21 2 0.5 0 0 0 0 0 0 (. 0 1 2 1 4 1 
22 0.5 0 1 1.5 1 2 1.5 1.5 1.5 0 2 0.5 l 2 1.5 

Nov. 23 1 2.1 1 1.5 -1 1.5 1.5 1 1.5 2 1.5 1.5 1 1.5 1 
24 1.5 1.5 2 1.5 2 2 2 2 1 2 3 2 2.5 2.5 2 
25 3 3 4 2 2.5 4 2 2 2.5 2.5 5 4 5 4 4 
26 2 2 3 2 3 3 2 2 4-5 3.5 4 3 J.5 J.5 3.5 I 

(1' 

"' Dec. 27 2.5 2.5 3 3 2 3 3 2.5 4 2 2 2 3 3 2 I 

Max. 4 3 4 3 3 4 3 4 4-5 3.5 5 4 5 4 4 
Min. 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Aver. 1.4 1.1 1.4 l.J 1.2 1.9 1.4 1.6 l.J 0.9 2.4 1.6 2.1 2.4 1.6 
~tations of good growth. 
-Stations of poor growth. 



-66-

to the plants, the.values as shown in Table 6 are about what is 

to be expected in natural, unpolluted waters (Bourn, 1932 and 

Whipple, 1927). Hence, it does not seem that the free carbon 

dioxide content of the water is in itself responsible for the 

present distribu~ion and condition of submerged waterfowl food 

plants on Sack BS¥. 

d. Hydrogen-Ion Concentrftion. 

All hydrogen-ion tests were colorimetric, using a LaMotte 

block comparator and indicator solutions of chlorphenol red 

(pH 5.2-6.8), bromthymol blue (pH 6.0-7.6), Jiienol red (pH 6.8-

8.4) and thymol blue (pH 8.0-9.6). Results of all weekly tests, 

the maximum, mini.lllum, and average pH values at all test stations 

are shown in Table 7. It can be seen that a:11 stations were 

usually alkaline, and the pH values were generally higher in 

areas of good growth, especially during periods of active photo-

synthesis. This is true because the plants use free carbon diox-

ide from the water which if present would cause an acid condition. 

ThGrefore, while the pH value is related to the amount and con-

dition of submerged aquatic growth, it is an indirect relation-

ship, depending on the amount of froc carbon dioxide present and 

on certain other factors of water quality. The worth of a series 



TABLE 7 

HYDROGEX-ION CONCEmRATION AT TEST STATIONS 
All Figures are pH Values 

WEEKLY STATIONS 
_'£BSTS A* B-11- C D Eil- F G- H- I* J* K- L- M N 0----------------June 1 7.6 7-9 7.5 7.4 7-5 7.5 7-5 7-4 7.5 

2 7.6 7.9 7-4 7-5 7.9 7-5 7.4 7.4 7.4 
3 7-5 7 .8 8.0 7.8 7.8 7.5 7-4 7.3 7.7 
4 8.1 7.5 7.5 7.8 8.2 7-~ 7.8 7.8 8.2 

I 
. July 5 8.4 8.0 7.8 8.3 7.9 8.0 7-7 7.7 7.9 0--

6 7.8 8.0 7-4 7.6 7.4 7.3 7.8 7.7 7-4 i2 
7 8.4 8.2 7.8 7.8 8.2 8.0 7.7 7-4 8.0 
8 8.4 8.3 8 . .3 7.6 8.4 8.4 7.8 1., 8.4 
9 8.4 8.4 8.4 8.4 8.4 8.2 8.2 7.8 8.4 7--3 

Aug. 10 8.4 8.4 8.1 8.4 8.2 7.8 7.4 7.6 8.3 8.4 7-4 8.3 8.4 7.6 8.4 
11 8.7 8.4 8.2 8.4 8.7 8.7 8.3 6.3 8.7 8.4 7.6 8 . .3 8.7 8.7 7.6 
12 8.7 8.7 8.2 8.4 8.7 8.4 7.8 7.7 8.7 8.7 7.6 8.4 7.5 8.4 7.7 
13 8.7 8.9 8.6 8.7 8.4 7.2 8.4 7.4 8.4 8.7 7.2 7.4 7.3 7.0 7.1 

Sept. 14 8.7 8.9 8.6 8.7 8.4 8.4 8.0 7.7 8.3 8.9 7.2 8.0 7.6 7.8 7.6 
15 7.5 8.4 8.3 7.7 7.5 7.8 7-7 7.6 8.0 8.3 7-4 7.8 8 . .3 7.4 7.2 
.16 7.2 8.3 8.7 8.3 7.9 7.8 8.3 7.8 8 . .3 8.7 7.4 7-5 7.1 7.0 7.4 
17 8.4 8.6 8.0 8.0 7.8 7.0 7.4 7.3 7.4 8.0 7.3 7.2 7.0 7.6 7.4 
18 8.7 7.8 8.5 8.J 7.4 7.1 7.4 7.6 7-4 8.6 7.1 7.2 7.6 8.0 7-~ 



TABLE 7 (Cont 1d) 

WEEKU STATIONS 
TiSTS A* C D Elt F G- H- I* J* K- L- M N o----------------~--___, 
Oct. 19 7.3 8.0 7.8 8.0 7.6 7.1 7.7 7.6 7.3 7.6 7.2 7.3 7.7 7.3 7.6 

20 7.4 7.6 7.4 7.4 7.4 7.0 7.3 7.2 7.4 8.6 7.3 7.4 8.J 7.4 7.4 
21 8.0 8.2 8.6 8.4 8.7 8.J 8.6 8.6 8.3 8.5 7.4 7.2 7.5 7. 5 7.0 
22 7.9 8.3 7.8 7.6 7.8 7.6 7.6 7.5 7.6 8.3 7.4 7.9 7.4 7-4 7.3 

Nov. 23 7.7 7.2 8.0 7.8 7.4 7-3 7.6 7.6 7.3 7.3 7.3 7.4 7.6 7.4 7.8 
24 7.2 7.3 7.0 7.2 7.6 7.3 7.3 7.3 7-4 7.1 7.0 7.2 7.2 7.1 7.1 
25 6.8 6.8 7.0 7.2 7.2 6.8 7.1 7.1 7.0 7.0 6.6 6.8 7.0 6.8 7.0 I 26 7.0 7.0 6.8 7.2 7.1 7.1 7.1 7.3 6.8 7.1 7.1 7.0 7.0 7.0 7.1 O"-

'f 
Dec. 27 6.8 7.0 6.8 7.1 7.0 7.2 7.1 7.0 6.9 7.0 7.0 7.1 7.1 7.0 7.1 

Max. 8.7 8.9 8.7 8.7 8.7.8.7 8.6 8.6 8.7 8.9 7.6 8.4 8.7 8.7 8.4 
Min. 6.8 6.8 6.8 7.1 7.0 6.8 7.1 7.0 6.8 7.0 6.6 p.8 7.0 6.8 7.0 
Aver. 7.9 8.0 7.9 7.9 .7-9 7.6 7.7 7.5 7.8 8.1 7.3 7.5 7.6 7.5 7.4 
--Stations of good growth. 
-Stations of poor growth. 



of pH readings, then, is that they are symptomatic of water 

conditions. Practically all pH tests at the Back Bay stations 

during this study were within the range pH 6.0 to pH 8.7, so 

that none can be considered indicative of disturbed and unfavor-

able wnter conditions (Ellis, Westfall, and Ellis, 1946). The 

limiting factor of the Back Bay aquatic waterfowl food plants, 

then, apparently is not directly associated with any condition 

of pH values observed in this investigation. 

e. Temperature. 

Weekly water temperatures were taken just below the sur-

face, and about one foot above the bottom at all test· stations, 

and daily observations were read just below the surface at Refuge 

headquarters boathouse. The maximum water temperature recorded 

was 32°c, taken JulY 1st and 31st in midaftemoon at headquarters 

station. On December 15, this same station was frozen over, the 

ice being one-half to three-quarters of an inch thick. For the 

period June 1 through December 7, the averages of all test stations 

fall in the range 21.5°c - 23°t:. Through quite a length of time, 

then, the water temperatures are favorable to plant growth. This 

period probably actuallY begins in April, for when the present 

field work started May 1, some plants had already made a few 



inches of growth. During May, temperatures ranged from 17°c 

to 290C and growth went along at a moderate rate. From the 

first week in Jtme through the third week in September, temper-

atures above 30°c and below 25°c were rare, and this was the 

time of most growth of the submerged aquatics., w:tth July and 

August the best two months. On September 22nd and 23rd the area 

was brushed by the northeast winds of a tropical hurric&ne. In 

24 hours, both the mean air temperature and the average water 

temperature fell 7.3°c. From then through the end of October, 

water temperatures at all the test stations ranged from 15°c 

to 25°c, and growth of the submerged aquatics continued irreg\1-

larly. During Novomber and th{; first week in December, these 

temperatures varied from 17.2°c to 2.8°c, averaging about 12°c. 

Veey little, if ·any, growth took place during this time. In-

deed, it is during the latter part of October and in November 

that the plantsdi5tlPpear from the upper levels of the water 

because of both sinking and dying back. Of course, other 

factors are important in limiting this growth period, but tem-

perature is doubtless operative. 

On the whole, the range of temperatures encountered at 

Back Bay seems favorable to aqu&tic plant growth. Only on one 

or two occasions in water less than one foot deep_was any 
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11 scorch:L,g11 of plants seen. Differences between surface and 

bottom tem~eratures greater than 1,5°c were almost never found, 

unless there was a dense bed of submerged aquatics present. In 

one such situatio~, a difference of 3.2°c 1n two feet was noted. 

But since water temparatures over the whole area wer~ generally 

uniform, they can hardly be held accountable for differences in 

the amount of aquatic ulant growth. 

f. Depth. 

The depth at each test st&tion was noted when the weekly 

tests were taken, and the mon1ing and afternoon water levels 

as shown on a gauge 6et up at Refuge headquarters boathouse were 

recorded. It would be desirable to base these variations on 

mean sea level, but the altitude of a U.S. Coest and Geodedic 

Survey triangulation point· at Refuge headquartors has not yet 

been determined. Still, the information on fluctuation gi¥en 

by this series of readings is extremely worthwhile. The maxi-

mum fluctuation of the period May 1 through December 15 was 29 

inches. Monthly fluctuations varied from 6 3/4 inch0s (August) 

to 26, inches (November) and averaged 17 3/4 inches. The great-

est fluctuation in any twelve hour period was 8t inches. These 

variations are due primarily to chanieS in wind direction and 



velocity, southeast, south and southwest winds raising the level 

and their opposites lowering it. Now and again, however, there 

were slight changes in water level which did not correlate with 

wind action. These are probably due to the influence of lunar 

tides in the sounds to the south though such tides there are 

termed 11neglig•i!.ble 11 in most tide tables. 

Plartts growing in the shallower areas were, of course, ex-

posed during the times of very low water. Such periods, fortu-

nately, seldom exceeded three or four d~s and occured during 

the cooler months. As a result, very little damage to the sub-

merged aquatics could be seen. Still, such exposure is hardly 

beneficial since the better growths were found in depths of two 

to four feet, where the effects of fluctuation in water level are 

considerably minimized. Little growth was found in depths over, 

five and one-half feet, but depth alone cannot be responsible 

for this since in other sections of the country the same species 

of plants as occur at Back B~ thrive in deeper water than this. 

g. Turbidity. 

Turbidity readings were taken weekly with a 20 cm. Secchi 

disc at each test station and daily at Refuge headquarters boat-

house. These readings are the depth at which the disc becomes 



indiscernible, and permit the comparison of different turbidities, 

though there are several drawbacks to the method. Among these 

are the possibility of personal error, variations with varying 

light conditions, and the fact that the percentago of light 

transmitted is not determined. Still, it is the most conunon 

method in use and does givo figures by which the turbidity of 

one area can be compared with that of another, the important 

thing in this investigation. It was found too, that the read-

ings varied less than expected with varying conditions of 

cloudiness. Thus, on one occasion, a Secchi disc reading of 

22 inches was taken with the sky heavily and completely clouded. 

Twenty minutes later the sun was shining brightly and the read-

ing in the same spot was 23 inches. 

Differences in turbidity from one area to another could 

clearly be seen, apparently due to several factors. Their re-

lationships were not always obvious, but could usually be worked 

out. In the first place, the clearer waters were usually found 

over sandy or sandy mud bottoms. Also, the water was clearer 

when the Bay had little wave lction. This indicates that the 

turbidity is due mainly to suspended matter stirred up by waves 

from the soft biack silt bottom. Turbidity was also greater in 

areas of poor growth. as shown by Figure 12. This graph compares 
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the average turbidity of five good stations with that of five 

poor ones. Here the percentage of the total depth at which 

the Secchi disc disappeared rather than the actual reading in 

inches ie used so that the values of deep and shallow stations 

will be proportional. As to the relationship between turbidity 

and the amount of submerged aquatic growth, it seems cause and 

effect are so closely linked that it is not always easy to say 

which is which. In the spring, areas which have sandy and sandy 

mud bottoms become less turbid ·earliest. Here the first aquatics 

appear at the beginning of the growing seas~. As these plants 

grow, they lessen turbidity by mechanically reducing the move-

ment of water and bJ binding the bottom. As the season progress-

es, the amount of wind decreases, with a resultant decrease in 

wave action in all areas. This causes decreases in turbidity, 

and plants begin to grow on at least some silt bottoms. If 

the water is not over about three feet deep, these plants like-

wise so effectively reduce turbidity that the water b~comes as 

clear as that over sandy bottoms. However, if the water is over 

about five and a half feet deep, the turbidity is never reduced 

enough for plant growth. For this reason, large sections of 

Sand Bay, Redhead Bay, and Back Bay proper have no submerged 

waterfowl food plants. Two examples will indicate the 
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importance of turbidity, to sub!llerged aquatics. At the north.,,. 

end of Great Narrows, near Statio:1 F, within 50 feet the depth 

drops from two or three feet, where there is a good growth of 

celery and dajas, to eight or nine feet, 'tbere there is no growth. 

No differences in water quality could be detected between the 

shallow and deep spots, and the Secchi disc readings were the 

same. The critical thing here was that sufficient light for 

plant growth could reach the bottom in the shallow water, but 

not in the deep. In the other case, it was noted that najas 

and celery grew densely all around an unused boathouse at Refuge 

headquarters, but stopped abruptly at the area which was shaded 

by the roof. Here the water was equally clear and deep both in-

side and outside the boathouse. It could only be the lack of 

light which prevented plants from growing inside the house. In 

•this connection, it may be noted that Bourn (1932) found the 

average percentage transmission of total solar energy by the 

waters of the center of Back Bay to diminish from slightly over 

15% at one foot below the surface to about 1.6% at six feet. 

Further, the minimum required for growth by Potamogeton pecti-

natus was detennined to be between 2.5% and 3,5% total solar 

energy. It is obvious, then, that turbidity of the water re-

stricts plant ~rowth by preventing their receiving the necessary 



amount of light for photosynthesis, and that turbidity seem 

be the factor now limiting the growth of submerged waterfowl 

food plants in Back Bay. It was found by experiment that this 

turbidity could be reduced by adding enough clear ocean water 

to the Bay water to bring the latter up to about 9.5% sea stren~th. 

This will be discussed later in this paper. 

On several occasions in July and August, there were notice-

able fluctuations of turbidity in such areas as Buck Island Bay 

which did not tie in with wind or wave action, but-seemed due 

to fluctuations in the quantity of plankton. No standard 

plankton net was available, but with a rather large meshed 

substitute, noticeably greater amounts of material could be 

collected in very turbid areas than in moderately turbid ones. 

But between these latter and the clear areas, little difference 

could be seen. However, in all cases the condition seemed to 

be more or less temporary, lasting for only a few days. 

2. Climatic Relations. 

Data on climate was kindly furnished by the Fort Story (Cape 

Henry) Station of the U. S. Weather Bureau in their Monthly Clima-

tological Summaries (U. s. \leather Bureau, 1947). In addition, 

daily records were kept at the Refuge of morning and afternoon 
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air temperatures, wind direction and approximate velocity and 

general state of the weather. The general climate of the region 

has already been discussed; here only such climatic factors as 

relate to the submerged aquatic waterfowl food plants will be 

considered.· 

Rainfall might affect these p+ants by influencing both the 

water level and the salinity in the Bay. In the case of the 

former, it was found that the effect of wind was more marked 

than was that of rainfall. Furthemore, as already pointed 

out., the fluctuation of water level was relatively unimportant. 

As to the other question., it was found that the periods of 

higher salinity (July, hugust and October) do correspond with 

periods of low rainfall. The ·mean precipitation for July was 

3.01 inches, the normal 5.)7 inches. August had received only 

1.16 inches until the 28th when 4.70 inches fell in 24 hours. 

This brought the total to 5.86 inches. The normal is 4.86 

inches. October, with only O. 75 inches, was the dcyest since 

1934. But since salinity itself has been shown not to be a 

critical factor with the submerged aquatics of Back Bay, rain-

fall must also be considered not critical. 

Air temperatures were found to be reflected quite closely 

in water temperatures, which have already been discussed. 
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However, water temperatures did not go to the extremes which 

air temperatures did. During the summer, the maximum water 

temperature noted was 32°c, and the maximum air temperature re-

corded at Cape Henry was 36°c. On December 14th and 15th when 

one-half to three-quarters of an inch of ice fonned in the 

sloughs and along the shore, the air temperature was -l.6°c. 
Thus, water temperatures were generally close to, but less ex-

treme than, air temperatures. As a consequence, air temperature 

cannot be reckoned as of other than minor importance to the sub-

merged aquatics. 

Tropical hurricanes or "northeast" storms severe enough to 

put sea water into the Bay would doubtless have great effect on 

the submerged food plants. But since no such stonns hit the 

area in the past year, no estimate of such effect can be made. 

One light hurricane brushed the area in September (wind velocity 

42 mph), but caused only a temporary lowering of water level in 

the Bay. Salt spray brought in from the ocean by east winds 

perhaps contributes to the salinity of Bay water and affects 

the barrier beach vegetation as described by Wells and Shunk 

(1938). At Refuge headquarters it was noted that potted ferns 

were killed, apparently by salt spray, if placed on an open 

porch on the east side of the house. And in October, following 



two days of east wind ranging from 24 to 33 mph, leaves on the 

east side of the taller pines on Long Island appeared to be 

damaged by salt spray. The effect of such spray on the sub-

merged aquatic~ would only be ve-r,, very slight, however. 

The real importance of wind, which is an outstanding ele-

ment of Back Bay weather, is its effect on water level and wave 

action in the Bay. The former has already been discussed. In 

considering the latter, it must be remembered that Back Bay has 

large areas of open, shallow water. Here considerable wave 

action results from comparatively light wind velocities. It 

is this wave action which roils the water, stirring up silt and 

other material from the bottom, causing the turbidity which seems 

primarily responsible tor the present limited growth of submerged 

aquatic waterfowl food plants in Back Bay. Of course, there are 

some factors which restrict this wave action. The protection 

. yielded to small water areas by surrounding marsh or trees iB 

quite evident. Even a narrow strip of marsh gives a surprising 

amount of opposition to waves. A dense growth of submerged 

aquatics likewise is remarkabiv effective in inhibiting wave 

action. Whe~e beds of sago, najas or celery reach the surface, 

the water remains calm though waves may be running all around 

these so-called· 11 slicks." 
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3. Soil Relations. 

Composite soil samples from the bottom at eight test stations 

were taken with the help of, and kindly tested by, Dr. E. M. 

Dunton, Jr. of the Virginia Truck Experiment Station near Norfolk. 

Results are shown in Table 8. 

As can be seen, there is no correlation between the pH-

values of the substrat:um and the amount of growth. And there 

seems little direct correlation between the amount of growth and 

available nutrients, organic matter, or type bottom. However, 

it will be noted that no areas are ·without growth having a sandy 

substrata. This again indicates that turbidity is the limit-

ing factor in the growth or the plants in question. In most 

cases where the bottom is salty, wave action keeps the water 

muddy. The resultant exclusion of light outweigbs the benefits 

which should be derived from a substratum rich in nutrients. 

Here it mq be pointed out that Na,.ias flexilis and Potamogeton 

perfoliatus have been found (loum., 1932) to make their best 

growth in a soil substratum, but that they will grow well and 

remain green and healthy when rooted in quartz sand if supplied 

with adequate nutrient solution. Water samples from Station K 

(a station of poor plant growth with a soft black s~lt substratum) 

tested very slightly higher in both phosphorus and potassium 



TABLE 8 

HUTRIENTS, ORGANIC MATTER, pH, I.ND TYPE BOTTOM AT TEST STATIONS 

STATIONS 
Bil" • J* Hit G- H- K-

pH 4.42 4.95 4.48 4.6 4.95 4-75 5.3'2 

Organic I 
1-1atter 2 . .3 0.60 4.9 3.56 3.50 .3. 70 7;45: (» 

I\) 
I 

Available 1.50- 0 - 0.75- 0.75- 1.50- 0.75- 1.50-
Phosphorus 2.25 0.75 1.50 1.50 2.25 1.50 2.:25~ 

Available 225.- 225.- 450. 450. 450. 450- 450. 
Potash 450. 450. plus plus plus. plus plus 

Type Sandy Sand Soft· Sandy Black Soft Soft 
Bottom Mud Black tiud Mud Black Black 

Silt Silt Silt 

ilStations in areas of good growth. 
-Stations in areas of poor growth. 
Figures for nutrients are ppn i.11 soil, these for organic matter are percentages. 
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content than did samples from Station B (a station of good plant 

growth with a sandy mud substratum). This again emphasizes the 

importance of the texture of the substratum., and the importance 

or turbidity. Those areas which have a substratum that tends to 

promote clear water, even though low in nutrients, will have better 

growths than do those, higher in available nutrients., that en-

courage turbidity. Similarly, those areas of rich substratum 

which because of protected situation or shallow water are not too 

turbid for adequate plant photosynthesis produce the most luxur-

iant growths. 

4. Animal Relations. 

The effect on the submerged aquatic plants by waterfowl aid 

fish., which are the anilllals most affecting them,' is difficult 

to measure exactly. Yet., these effects are very real. Cahn (1929) 

describes a lake one\mile long by one-quarter to three-quarters 

of a mile wide which was completely devegetated by the "rooting" 

or feeding of rough fish, mainly carp (CYPrinus carpio). In Back 

B~, carp are abundant enough to support a large scele fishery, 

and evidence of their damage to the waterfowl food plants can 

easily be seen. From the first of the season, uprooted plants, 

especially celery, were commonly found. Their effect in roiling 
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the water could hardly be noticed in the open Bay, but in the 

shallow, sheltered ponds of Ragged Island the water was always 

extremely muddy. In these ponds carp were abundant. They were, 

perhaps, as abundant in the open Bay, but they and their work 

could be most easily seen in the restricted ponds, Thero seems 

no doubt that tho presence of carp in Back Bay is a definite 

detriment to the submerged aquatics, because of both their up-

rooting and consuming plants and their contributing to the general 

turbidity. 

As to the waterfowl, perhaps their effect on the submerged 

aquatics should be called utilization rather than damage since 

these plants are of interest primarily as foods for the birds, 

At times, though, this feeding does become unduly detrimental. 

Thus, in the summer of 1946 there were excellent growths of sub-. 
merged food plants in certain ponds on Ragged Island. That fall 

and winter heavy concentrations of ducks (10,000 to 12,000 birds) 

fed in these areas. In the 1947 season, practically no pa.ants 

grew here. This is believed due to a combination of factors. In 

the first place, the birds fed so heavily that vecy little propa-

gative stock remained. Secondly, the areas have soft black silt 

bottoms, so that once the plants were gone, wave action and carp 

kept the water so turbid that revegetation could not be accomplished 

in one year. 
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Usually the birds follow a fairly regular pattern in feed-

ing over the Bay, with the fortunate result that these eat-outs 

occur only irregularly. The first migrants arrive in September 

or even late August, but are not present in numbers till October. 

During that month fairly he;vy concentrations build up. Ruddy 

ducks first concentrate on the east side of Shipp 1 s Bay, later 

spreading south to Sand Bay. All other species of ducks then 

present and the Canada geese first concentrate along the east 

shore o~ Sand Bay, centered about Widgeon Point Island, and in 

the adjacent marsh and sloughs. This area provides food, sand 
I 

bars for resting, and both exposed and sheltered water. By 

the end of the third week in October, about one-third of the 

submerged aquatics in this section had been eaten, so that the 

birds began spreading to Buck Island Bay, Deep Creek, Bryant's 

Cove, Fisher's Cove, and the Ragged Island ponds. Sand Bay was 

extensively used as a rest area. At the very end of October, 

both ducks and geese were feeding in Shipp's and North Bays, 

the latter off the Refuge, By moving about in this way, the 

birds worked over one of the better areas after another, but 

not to excess. By the end of November two-thirds of the food 

plants in Fisher's Cove had been taken, as had a like per-

centage of those in the east half of Shipp's Bey. At the same 



-86-

time, one-quarter to one-third of the food had been eaten in 

Buck Island Ba, and North Bay. ·This led to further spreading 

so that by late November the birds were pretty well distributed. 

There were, of course, exceptions. Redheads and scaup fed 

largely in Horth Bey and l'ested in Sand Ba,. Ring-necks also 

fed in North Bay, but rested in numbers in the ponds on Ragged 

Island. In their feeding, the birds took celery, najas, sago, 

widgeon grass and redhead grass. or these, it appears that during 

1947 najas was the most valuable submerged food plant on the Bay 

since it doe·s not die back as early as celery, was the most 

abmdant of the lot, and was taken most frequently by the ducks. 

5. Miscellaneous Adverse Factors. 

A_brackish water hydroid, Cord.ylophora lacustris Allman, 

has been described (Bourn, 1932) as seriously affecting the 

submerged aquatics in the Bey. This hydroid is not parasitic, 

but damages the plant mechanically and by leaving on the plant 

a gelatinous material in which other harmful organisms live. 

Mosby (1946) considered it definitely detrimental, especially 

to sago. However, in 1947 hydroids seemed unimportant. None 

were found until the very end of July, when a few light infes-

tations were found in the Ragg~d Is1and ponds and about the 
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headquarters boathouse. Subsequently, other very light infes-

tations were found in various other sections through the and of 

October. 

Also described as severely detrimental to the submerged 

aquatics ie a fungus, a strain of ~zoctonia solani Kuhn (Bourn 

and Jenkins, 1928). This parasite is supposed to cause first 

dark lesions on the plant stem, especially at the point of at-

tachment of a hydroid colony, or at the point of emergence from 

the substratum. The stem later decays and becomes detached. 

Durins May of the present study, slightly less than 10% of the 

celery plants s&~pled showed lesions-similar to Bourn's symptoms 

of Rhizoctonia infection. But by the early part of June, this 

passed more or less completely, and most plants appeared nonnal 

and healthy. If this actually were a Rhizoctonia infection, its 

effects were neglig,1 .ble. 

In the latter part of June, a red discoloration of the leaves 

and stems was noticed in celery and najas. This was found especi-

ally along the mid-veins and at the tenninal ends of the branches. 

These red leaves appeared otherwise normal under the microscope. 

Following the red state, however, some of the leaves at least be-

come yellow, lose turgor, and rot off. In July, about 51% of the 

celery examined had several yellowed leaves, and the red coloring 
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was quite noticeable. By the end of August, and through September, 

a dull red or brownish color replaced the previous definite red. 

No satisfactory explanation has been developed for this coloration. 

In 1une and July, 1945, there was a period of high water level 

in the Bay (Bourn, 1945) due to long caitinued south winds and 

heavy rainfall (18.98 inches in July). This water, standing for 

several weeks over tho peaty swamp lands in the drainage area north 

of Back Bay, became very dark and also picked up much oil from oil-
' soaked bags of sawdust placed as mosquito controls in the maze of 

drainage ditches about military establishments in the area. When 

water levels in the Bay went down, this dark, •Oily water drained 

in. Almost all plants in North Bay were killed as it flowed 

through Great Narrows into Redhead Bay and south to Currituck 

Sound. In 1946, North Bay remained practically barren. In 1947, 

there was until the end of July only a light growth of celery and 

sago around the eastern end and a few najas plants in the west 

and along the south side. During August and September, however, 

these spread and grew so well that by October all the central 

part of North Bay had a good stand of najas and some excellent 

stands of sago. This shows the length of time required for re-

vegetation, again emphasizes the importance of turbidity, and 

demonstrates the uncontemplated and disastrous results of some 

ditching and mosquito control programs. 
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DISCUSSION 

The various factors ccnsidered in this investigation have 

been discussed individually. But to gain a better understanding 

of the situatioo, it is necessary to consider their relations 

with each other. 
I 

Salinity at present is not a critical factor in the growth 

of Back Bay aquatics, since its concentration is entirely within 

the tolerance range of the plants in question. This concentration 

is at the same time too low to have any great effect on turbidity. 

Were the salinity 8% to 9. 5% instead of the present 2% sea strength 

it is thought that a marked clearing up of the water might occur. 

Such an increase 'WOUld tmdoubtedly benefit the growth of sago, 

widgeon grass, aid redhead grass, but would hinder najas and 

probably celery. In any case, as long as the sand fence remains, 

any change in the salinity of Back Bcq seems unlikely, maintained 

as it is by a balehce between rainfall, northerly and southerly 

winds. 

Both dissolved oxygen ccntent and free carbon dioxide con-

tent are about what -would be expected in natural, unpolluted 

waters. This indicates that pollution is at present of no con-

sequence in Back Bey. So far as the requirements of the plants 
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are concerned, enough oxygen seems to be liberated in photosyn-

thesis to meet all needs. Increased quantities of free carbon 

dioxide would aid the growth of the submerged aquatics, but this 

compound is almost always in short supply for this group of 

plants everywhere •. The content of Back Bay waters seems about 

nonnal. No_ alkalinity or acidity of sufficient concentration 

to cause damage to the submerged aquatics was found. In fact, 

practically all pH values recorded were of such range as to 

indicate a normal, balanced state for the waters of Back Bay. 

Likewise, nothing detrimental could be seen in the water temper-

atures found at Back Bay. 

The turbidity factor is more com:,lex. All evidence and all 

indications point to turbidity as primarily responsible for the 

present limited growth of submerged aquatic waterfowl focxi plants 

in Back Bay. Turbidity of the water operates against the plclnts, 

of course, by preventing the required anounts of light from 

reaching them. The primary cause of this turbidity appears 

to be wave action engendered by wind. Throughout the period of 

field work it was observed that turbidity varied directly with 

the wave action in all areas of open water. The relationship 

between wind action md turbidity is further brought out by 

Figure 13. Th€: graph clearly S1ows thc:t when most of the winds 
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are less than ten mph, and the average hourly velocity is low-

est, the water becomes clearest. As the average hourly wind 

velocity increases, and most of the winds have velocities of 

ten mph and above, the water becomes ioo_re and more turbid. 

But while wave action due to wind is the pri.11B.ry cause of 

this turbidity, other contributing factors must not be over-

looked. The texture of the bottom is quite important. Water 

over sand or sandy mud is not made turbid by waves nearly so 

easily as is that over soft black silt bottoms. The vegetation 

itself both depends on and contributes heavily to clarity of the 

water. Its main effect is in raiucing wave action, though its 

binding of the bottom is a close second, 

Carp affect the submerged aquatics both directly by uproot-

ing and consuming the plants and by ccntributing to water tur-

bidity. Their actions, especially that of roiling the water, 

can be seen especially in the smaller, partially enclosed, shallow 

bodies of water such as th~ Ragged Island ponds. Since carp are 

abundant enough to support a sizable local fishing industry, they 

doubtless work over the open s.reas like Redhead and Sand Bays too, 

but being more dispersed are less noticeable. Considering the 

size of the area involved, it is believed that carp are definite-

ly secondary to wind in causing turbidity. 
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Waterfowl, while feeding, do uproot and waste some plants, 

but usually seem to move to another feeding area before doing 

excessive damage. On occasion, however, the birds concentrate 

and apparently feed so heavily in certain restricted areas as 

to cause eat-outs. Revegetation is doubtless hindered in these 

cases by the actions of carp, but in any event at least two years 

seem required for recovery. 

To sum up, the present condition of submerged aquatics in 

Back Bay appears to be the result of a lengthy interplay of 

factors. After the A. and C. Canal was opened and enlarged, 

the Bay was subjected to inflows of turbid, polluted, salty 

water. It is true that both before and after the opening of 

the Canal, the Bay received additions of salt water when the 

ocean crossed the barrier beach. But prior to such artificial 

changes as the causeway across Great Marsh, high salinities were 

not maintained in the Bay, and the plants apparently were bene-

fitted by such temporary additions of sea water. But with the 

more or less constant increased salinity, pollution, disease, 

and turbid water the submerged aquatics declined badly in the 

years 1922-32. As the plants decreased, conditions for their 

growth and recovery became progressively worse. Plants had re-

tarded roiling by wave action, but as the submerged aquatics 
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decreased the wind caused waves ... ~ich increased turbidity. This 

turbidity hindered further growth. Thus a vicious circle was 

started. Even after the closing of the A. & C. Canal locks in· 

1932, there could be no quick recovery. It was a question of 

slight progress some years, none others. It is thought that a 

gradual betterment of conditions can be expected, the concensus 

of local opinion being that the 1947 ses.son was better than any 

of the last several. During the past few years at least, there 

apparently has been sufficient food to meet the needs of the 

waterfowl population. However, any marked increase in the popu-

lation would doubtless find the present quantities of food inade-

quate. Even with no increase in the number of waterfowl, a greater 

production of submerged aquatic food plmts would have two im-

mediate good effects. First, it would tend to reduce such eat-

outs as now occur, and second it would tend to distribute the 

birds more evenly over the area and so improve shooting. 
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MANAGEMEUT RECOMMENDATIONS 

The desirability of increasing the growth of submerged 

aquatic waterfowl food plants in Back Bay has been indicated. 

The factor presently limiting this growth has been shown to be 

turbidity. Any method of management for increasing the produc-

tion of the submerged food plants must therefore reduce turbidity. 

To do this, its causes must either be eliminated or counteracted. 

But considering the causes in this case, it seems i~possible to 

recommend any ~ractical, feasible scheme. The 'turbidity is due 

:;nainly to wave action caused by wind. It is obviously not prac-

tical to control the wind, and in an area of this size no system 

of dams or breakwaters is thought to be feasi.ble. The introduc-

tion of sea water to reduce the turbidity has frequently been 

suggested by owners of shooting properties and other hunters on 

the Bay. That sea water will do this, has been indicated by 

laboratory experiments·. However, the difficulties of applying 

this method on a large scale prohibit its recommendation, In 

the first place, the salt content would have to be controlled 

to a rather fine degree over a great area. Secondly, the in-

crease necessary to affect turbidity wouJil. definitely be detri-

mental to najas and probably so to celery, the two most abundant 
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and valuable submerged food plants in the area. Thirdly, a 

system. of pumping stations md pipe lines of forbidding expense 

would be required. 

Carp are held to be a secondary cause of turbidity, and some 

management can be applied to them. It is not thougqt that they 

can ever be eliminated from the Bay, nor is that advocated. A 

local carp fishery already exists which is very important to the 

residents. They should be encouraged to keep the carp population 

at the minimum. 

It would be desirable to prevent eat-outs by the waterfowl, 

perhaps by breaking up feeding concentrations which are great 

enough to be detrimental. But ga-ierally speaking, methods to 

accomplish this are unsatisfactor~ Night feeding can sometimes 

be limited by the use of revolving search lights or beacons, 

and daytime feeding by continual disturbance or noise. None of 

these are infallable, however, and all more or less expensive 

or time consuming. 

No ot~er management practices to encourage the growth of 

submerged aquatics can be suggested, except that pollution and 

inflows of oil similar to that of 1945 should always be pre-

vented. The management of marsh s.!)ecies of food plants, how-

ever, offers more possibilities. If is felt that were any 
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money to be put into waterfowl food plant management on Back 

Bay, it could be more profitably spent in this phase, The 

botanical survey of the Refuge showed twenty-four recogn!zed 

waterfowl food plants (Martin and Uhler, 1939; McAtee, 1939) 

occuring in the marsh, These are listed in Table 9, and their 

relative importance indicated, Some 35% of the Back Bay area 

is composed of marsh, and a goodly part of this could be 

managed, So far as the Ref'uge is concerned, that marsh most 

susceptible to management lies on the barrier beach between 

headquarters and the south boundry, Its main deficiency a:t 

the present time is that it is too dry for good food plant pro-

duction and utilization, being only irregularly inundated. How-

ever, if a low dike were built along the line of natural levee 

at the Bay edge of the marsh, tied in with the sand fence at 

the north and south ends, and water control structures put in 

at several of the sloughs, a large acreage of worthwhile marsh 

would result from relatively little diking. \~ater from high 

levels in the Bay and from run-off could be held, and the usual 

practices with controlled water levels followed. Similar 

measures would be effective in other sites of the barrier 

beach marsh, As for the marshes of the islands in the BSiY, 

any improvement is largely a question of controlling the moro 
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TABLE 9 

WATERFOWL FOOD PLANTS OCCURING 
IN THE MARSHF.S OF BACK BAY REFUGE 

SPECIF$ RELATIVE ABUNDJ.NCE VAWP 
Sagi ttaria. f alcata Frequent Slight 

..§.: subulata Uncommon Slight 

Distichlis spicata Common Locally fair 

Spartina altemiflora Infrequent Locally fair 

Leersia oryzoides· Infrequent Fair 

PaspalurJ boscianum Frequent Locally fair to good 

Echinochloa walteri Infrequent Excellent 

Setaria lutescens Uncommon Slight 

Eleocharis spp. ColllllOn Fair to good 

Scirpus americanus Abundant Good 

~- olneyi Frequent Slight to good 

S. robustus Abundant Good to excellent -
..§_. validus Infrequent Slight to fair 

Rynchospora corniculata Infrequent Slight 

Pontederia cordata Infrequent Slight 

Myrica spp. Conmen Slight 

Polygonum hydropiperoides Infrequent Good 

P. pennsylvanicum Frequent Good to excellent 

P. nunctatu.~ Frequent Good to excellent 



· SPF.CIES 

Salicomia mucronata 

Proserpinaca falustris 

Hydrocotyle umbellata 

Bacopa moMieria 

8idens _spp. 
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TABLE 9 (Cont'd) 

RELATIVE ABUNDANCE VAUJEII-

Frequent Locally fair to good 

Infrequent Slight 

abundant Slight; locally fair 

Frequent Fair 

Infrequent Slight 

*From ~art.in and Uhler, 1939. 
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\D'ldesirable species and opening up the marsh, perhaps by burn-

ing, blasting, and manipulation of the muskrat population. 

Several benefits would result from any such marsh improve-

ment. The feeding pressure on the submerged food plants w:>uld 

be reduced, thereby bettering conditions for further grCMth of 

these plants. More waterfowl could be supported by the area, 

and they could be well distributed. In this connection it 

should be pointed out that even the diving ducks, which are 

held in highest esteem and are most sought after by hW1ters 

on the Bay, derive some 18.7% or their diet from marsh food 

plants, as against 28.9% from submerged aquatics (Cottam, 1939; 

Martin and Uhler, 1939). Therefore, it is not abandoning the 

diving ducks to suggest marsh improvement. Considering, then, 

the extreme difficulties of applying practical management meas-

ures to the submerged food plants, and the greater possibilities 

offered by oore feasable marsh managEl!lent practices, it is 

recommended that any waterfowl food plant l!Uinagement in Back 

Bq be first applied to the marsh species. 
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CONCWSI0NS 

1. The vegetation characteristic of the Back B~ area is l~rge-

ly Austroripari8.!!l. On the Back B~ National Wildlife Refuge 

about 330 species and varieties of 198 genera from 76 families 

were found. 

2. Of these plants, five are important submerged aquatic water-

fowl foods and twenty-four are emergent or marsh food species. 

3. The present production of submerged waterfowl food plants is 

much below the potential for the area, though somewhat greater 

than in past years. 

4. The factor now most responsible for this limited growth is 

turbidity of the water. 

5. The chief cause of turbidity is wave action due to wind. 

The action of carp is a secondary cause. 

6. In view of the extreme· difficulties and expenses of con-

trolling turbidity, no management practices can be reconunend-

ed for increasing the growth of submerged aquatics other 

than continued prevention of pollution and maintainence of 

as low a carp population as possible. 

7. Marsh management., on the other hand, is thought to offer 

good possibilities for benefitting waterfowl conditions on 
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the area. Therefore. it is believed that any management 

efforts to improve waterfowl food plant conditions on Back 

Bq can be more profitably applied to- marsh and emergent 

species than to submerged aquatic species. 



A~PPNDIX I 

ANNOTJ.TED CATALOO OF "DlJi.NTS COLLECTED 
ON BACK BAY NATIONAL WIIDLIFE REFUGE 

PRlNC:mB ANNE COUNTY, VIBG:mIA 

May - Deeeimer, 1947 

THALU>PHYTA 

CHARACF.AE 

Chara wlgaris. Infrequent - submerged, Shipp's Bay. 
1.3-5* 

Nitella hyalina. Abundant - submerged. Fisher's Cove, 
11-3 

DWRYOPHYTA 

BRYOPHYTA 

MUSCI 

Sphagnum sp. Uncommon, low damp spots. Marsh south of head-
1-7 

quarters. 

PTERIDOPHYTA 

YOLYPODIACEAE 

Asplenium platyneuron (L.) Oakes. Un~onmon ,.. woods. Long Island. 
4-19 

Asplenium platyneuron (L.) Oakes f. serratum (E. S. Miller) Hoffm. 
15-.3 

Frequent - dry soil, in woods, Long Island. 

if-Speciman number. These specimens are deposited in the Virginia 
Cooperative Wildlife Station herbarium. 
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Woodwardia virginica (L.) J. S.n. Infrequent - open areas. 
2-13 

Marsh north of headquarters. 

OSMUMDACUE 

Osmund.a regalia L. Unccmnon - medium dry soil. Marsh north of 
2-23 

headquarters. 

LYCOPODIACFJ.E 

~copodium 'inundatuaL. var. adpresswn Chap•• Frequent - damp 
20-17, 22-10 

soil. Marsh north of headquarters. 

SPEHIATOPHYTA 

PINACEAE 

Pinus taeda L. Frequent - dry soil. Woods south of Black 
2-29 

Island Slough and on Long Island. 

Pinus virginiana Mill. Very rare - dry sandy soil. Woods south 
19-1 

of Black Island Slough. 

TYPHACEAE 

Typha anguitifolia L. Abundant - wet soil and emergent. All 
5-7 

marshes. 

'fypha latifolia L. Frequent - wet soil and emergent. East side, 
· 10-16 

Long Island. 

Typha _truxillensis HBK. Frequent - wet soil and emergent. All 
11-7,11-8,12-4 

marshes. 
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NAJ ADACFA E 

Najas guadalupensis · (Spreng) Horong. Abundant - open water, 
9-5.,ll-1,15-ll 

submerged. Deep Creek., Buck Island Bay, Shipp's 

Potamogeton pectipatus L. Common - submerged. Shipp I s Bay, 
J0-2.,8-U..,6-28,15-14,5-2,3-3 

Buck Island Bay. 

Potamogeton perfoliatus L. Frequent - submerged. Buck Island Bq. 
15-1.3 

notamogeton pusillus L. Infrequent - submerged - mud bottom, 
12-6,3-2 

shallow water. Marsh south of headquarters. 

Poti.mogeton richardsonii (Benn. ) Rydb. Frequent - submerged • 
.3-5,9-9 

Buck Island Bay. 

Potamogeton zosterifonnis Fernald. Infrequent - small ditch in 
6-9 

marsh - submerged. Long Island. 

Ruppia maritima L. Common - open water, submerged. Shipp's Bay. 

9-6, 15-12 
Zannichellia palustris L. Frequent - submerged, ponds and 
9-7,12-7,5-18 

sloughs. Ragged Island, liarsh north of headquarters. 

JUNCA-GfflACEAE 

Triglochin striata R & P. Infrequent - emergent - 311 water. 
12-24 

Marsh south of headquarters. 
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ALISMACEAE 

Sagittaria talcata Pursh. Frequent - wet soil and emergent. 
10-14 

East side, Long Island. 

Sagittaria graminea Michx. Unconmon - submerged. Marsh north 
9-10 

of headquarters. 

Sagittaria subulata (L.) Buchenau. Uncommon - wet sand. Black 
18-1 

Island Slougi1. 

HYDROCHARITACEAE 

Vallisneria americana Michx. Common - submerged. Shipp' s Bay, 
30-1, 27-3, 9-2, 9-1, 9-4, 16-2, 16-1, 15-12, 5-1, 3-1, 18-6,1-15 

Fisher's Cove. 

GRAMINEAE 

Agrostis hiemaliS (Uµt) B.S .P. Uncommon - medium dry soil. 
4-3 

Marsh south of headquarters. 

Ammophila breviligulata Fernald. Abundant - dry dunes. Front 
22-3 

beach. 

Andropogon glomeratus (Walt) B.S.P. Frequent - damp soil. Marsh 
24-1 

south of headquarters. 

Aridropogon virginicus L. Abundant - dry t·o damp soil. Marsh 
24-13,25-6 

south of headquarters. 

Avena sativa L. Cultivated for geese, escaped. Loog Island. 
4-.30 
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Bromus secalinus L. Frequent along woods edge, dry soil. Long 
10-4,4-31 

Island. 

Cenchrus tribuloides L. Frequent - dry sand and dunes. Front beach. 
19-11 

Cynodon dactylon (L.) Pers. Cormnon - dry soil. Headquarters yard. 
10-7 

Digitaria ischaemum (Schreb.) Muhl. Common on lawn - dry soil. 
24-2 

Headquarters yard. 

Digitaria sanguinalis (L) Scop. Infrequent - dry soil. Head-
24-3,17-28 

quarters yard. 

Distichlis spicata (L.) Greene. Common - wet soil and emergent. 
19-8,14-20 

Wash Flats. 

Echinochloa walteri (Pursh) Heller. _Infrequent - damp soil. 
20-2,24-4 

Marsh north of headquarters. 

Elymus riparius Wiegand. Common - dry soil, 'WOOds edge. Long 
15-4 

Island. 

Elymus virginicus L. Infrequent - dry soil - woods edge. Long 
10-9,12-31 

Island. 

Eragrostis spectabilis (Pursh) Staud. Frequent - dry sand. Marsh 
19-18 

south of headquarters. 

Erianthus giganteus (Walt.) Muhl. Frequent - damp soil. Marsh 
22-1 

south of headquarters. 
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Festuca octoflora Walt. Uncommon - damp soil. Marsh south of 
4-9 

headquarters. 

Holcus lanatus L. Frequent about headquarters - dry soil. 
6-27 

Hordewn pusillus Nutt. Frequent - dry soil, woods edge. Long 
4-28 

Island. 

Leersia oryzoides (L.) Swartz. Infrequent - wet soil. Width of 
25-13 

leaf and retrorse scabrousness intermediate w/L. 

hexandra. South of Black Island 3lough. 

Panicum agrostoides Nash. Infrequent - damp soil. Uarsh north 
20-3 

of headquarters. 

Panicum amarulum Hitche and Chase. Common - beach dunes. Front 
2-36 

beach. 

Panicum amarum Ell. Common - dry sand. Front beach. 
19-13 

Pa.nicum anceps Michx. Frequent - damp soil, woods edge, Long 
23-5 

Island. 

Panicum capillare L. Common - damp to dry soil. Marsh south 
27-1 

of headquarters. 

Panicu.'11 ciliatum Ell. Frequent - dry sand. Marsh north of 
14-17 

headquarters. 

Pa.nicum condensua Nash. Infrequent - damp soil. Marsh south 
22-7 

of headquarters. 
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Panicum microcarpon Muhl. Frequent - damp woods. Long Island. 
2.3-8 

Panicum roanokense .Ashe. Abundant - damp soil. Marsh south of 
25-4 

headquarters. 

Panicum scoparium Lam. Frequent - damp soil. South of Black 
25.;.5,1s-4,e-1 

Island Slough. 

Panicum virgatum L. Abundant - damp soil. Marsh south of head-
ll-6,12-.36,12-10,19-5 

quarters. 

Panicum webberianum Nash. Frequent - dry sand. Marsh north of 
14-18 

headquarters. 

Paspalum boscianum Flugge. Frequent - danp soil. Marsh north 
22-9 

of headquarters. 

Pa.spalum dilatatum Poir. Infrequent - dry soil. Headquarters yard. 
10-10 

Phragmites cozmnunis Trin. Scarce - wet soil and emergent. Ragged 
15-16 

Island. 

Poa pratensis L. Conmon about Hq. - dry soil. 
3-6 . 

Polypogon monspeliensis (L.) Desf. Cominon - wet soil and emergent. 
17-2,6-14,14-9,6-5,4~5 

Harsh south of headquarters. 

Sacciolepis striata (L.) Nash. Infrequent - danp soil. Marsh 
20-16 

north of he6dquarters. 

Setaria geniculata (Lam.) Beauv, Common - damp soil. Marsh 
25-2 

south of headquarters. 
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Setaria lut~scens (Weigel) F. T. Hubb. Uncommon - danp soil. 
17-1.,15-5 

Long Island. 

Sorghum halepense (L.) Pers. Infrequent - dry s.oil. Long Island. 
12-35 

Spartina alterniflora Lois. Infrequent - edges of Wash Flats. 
25-8 

Similar to S. cynosuroides (L.) Roth. var. poly-

stachya (Hichx) Beal. See Rhodora 49 (580): 

llJ-Femald. Differs in having smooth leaf mar-

gins. 

Spartina cynosuroides (L.) Roth. Abundant - wet soil. All marshes. 
23-19 

Spartina patens (Ait.) Uuhl. Abundant - dry to damp soil. Marshes 
10-2 

north and south of headquarters. 

Sphenopholis obtusata (Michx) Scribn. Conunon - dry to damp soil. 
4-6,3-7 

Headquarters yard, 

Triodia flava (L.) Smyth. Frequent - dry field edge. Long Island. 
23-10, 21-4 

Uniola paniculata L. Common - dry dunes. Front beach. 
19-12 

CYPERACEAE 

Carex suberecta (Olney) Britton. Uncommon - dry soil. Head-
6-4,4-1 

quarters yard. 

Carex wlpinoidea Michx, Infrequent - dry soil. Long Island. 
12-41 
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Cyperus fera.x Rich. Abundant - damp soi.l. Marsh south of head-
20-9 ,12-l 

quarters. 

Cyperus grayii Torr. Common - dry sand. Beach north of haad-
20-13,26-5 

quarters. 

Cyperus haspan L. Common - damp soil. Marsh north of headquarters. 
20-7 

Cyperus houghtonii Torr.. Infrequent - -wet soil. Marsh south of 
12-23 

headquarters. 

Cyperus lancastriensis Porter. Infrequent - wet soil. Long 
19-9 

Island1 southeast end. 

Cyperus riwlaris Kunth. Infrequent - damp soil. Hersh north 
.20-25 

of headquarters. 

Cyperus strigosus L. Frequent - damp soil. Marsh north of 
19-10,20-8,24-8,24-6 

headquarters. 

Di~hromene colorata.(L.) Hitche. Frequent - damp soil. Marsh 
7-1.3,12-15 

south of headquarters. 

Eleocharis acicularis (L.) R. & S. Frequent - wet soil and 
19-3,1-12 

emergent, Long Island, southeast end. 

Eleocharis ochreata (Nees) Steud. Common - wet soil. Marsh 
17-12 

south of headquarters. 

Eleocharis olivacea Torr. Abundant - wet soil. Marsh !DUth of 
12-29 

headquarters. 
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Eleocharis ovata {Roth.) R. & S. Frequent - wet soil, emergent 
2-28,1-4 

in water 211 to 3" deep. Marsh south of headquarters. 

Eleocharis palustris (L.) R. & S. Common - wet soil. Long Island, 
19-7,6-15 

southeast end. 

Eleocharis parvula (R. & S.) Link. Common - shallow pools, muddy 
18-3,.3-4 

shores. Black Island Slough. 

Eleocharis quadran 51.1lata (Michx) R. & S. Infrequent - emergent, 
12-21 

.3" water. Marsh south of headquarters. 

Eleocharis tuberculosa (Mich.x) R. & S. Common - wet soil. Marsh 
17-17 

south of headquarters. 

Fimbristylis puberula {Michx) Vahl. Frequent - dry sand. Marsh 
19-16 

south of headquarters. 

F:ilnbristylis spadicea (L.) Vahl. Infrequent - damp soil. Fernald 
19-4,17-27,14-10,12-26 

(Rhodora 37: p. 397) calls this F. castanea. Marsh 
north and south of headquarters. 

Fuirena squarrosa Michx. Frequent - wet soil. Marsh north of 
20-5,25-7 

headquarters. 

~chospora corniculata (La.n.) Gray. Infrequent - wet soil. 
6-10 

Marsh north of headquarters. 

Scirpus americanus Pers. Abundant - damp soil. Marsh north and 
2-15,6-25,1-2 

south of headquarters. 

Scirpus olneyi Gray. Frequent - wet soil and emergent. Ragged 
2-14 

Island. 
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Scirpus robustus Pursh. Abundant - wet soil and emergent. All 
17-11,7-16,6-18 

marshes. 

Scirpus validus Vahl. Infrequent - wet soil. Marsh south of 
2-21,12-5 

headquarters. 

LmNACEAE 

Lemna minor L. Abundant on pools in marsh. Ragged Island. 
5-19 

XYRIDACEAE 

Xyris 9aroliniana i':alt. Infrequent - damp soil. Marsh nort!l of 
20-4 

headquarters. 

COMMELlNACEAE 

Commelina virginica L. Infrequent - damp soil. Headquarters yard. 
'ZJ·-27 

PONTEDERIACEAE 

Pontederia cordata L. Infrequent -. wet soil and emergent. Long 
9-.3,8-1.3 

Island. 

JUNCACEAE 

Juncus acuminatus Michx. Common - slightly damp soil. Marsh 
6-12,7-.3,7-4,11-15 

south of headquarters. 

Juncus aristulatus :Michx. Abundant - damp soil. Marsh north of 
8-9 

headquarters. 
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Juncus balticus Willd., var. littoralis Engelm. Frequent - damp 
6-13 

soil, wood edge. Long Island. 

Juncus brevicaudatus (F.ngelm) Fernald. Abundant - slightly damp 
2-16,2-35 

soil. Marsh south of headquarters. 

Juncus dichotomus Ell. Common - damp soil. Long Island. 
6-20 

Juncus effusus L. Frequent - woods edge - only slightly damp. 
4-10 

Long Island • 

. Juncus gerardi Loisel. Uncommon - damr, sandy soil. Marsh south 
4-7 

of headquarters. 

Juncus greenei Oakes & Tuckenn. Col!l!Ilon - dam9 soil. Marsh south 
11-13 

of headquarters. 

Juncus m.ariti.1J1us Lam. Very extensive - dam;, ground and emergent, 
2-12 

1 to 211 of water. Marsh south of headquarters. 

Juncus nodosus L. Abundant - dry soil. Marsh south of headquarters. 
7-6 

Juncus robustus (F,ngelm.) Coville. Infrequent - damp soil. Marsh 
2-33 

south of headquarters. 

Juncus roemerianus Scheele. Abundant - wet soil. Marsh north 
2-2,6-16,1-9,1-6 

and south of headquarters. 

Juncus scirpoides Lam, Abundant - damp soil. Marsh north of 
20-14,7-9 

headquarters. 

Juncus setaceus Rostle. Common - damp soil. Marsh south of 
2-30,17-8,11-12,4-33 

headquarters. 
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ULIACEAE 

Allium vineale L. Common - lawn and field edges. Headquarters ya.rd. 
4-14,7-2 

Nothoscordum bivalve (L.) Britton. Uncommon - t.Qods, slightly 
4-18 

damp soil. Long Island. 

Smilax bona-nox L. Frequent - edges of woods, medium dry soil. 
31-4,4-26 

Long Island. 

Smilax glauca Walt. Frequent, edges of woods, medium dry soil. 
31-3,4-25 

Long island. 

s,nilax laurifolia L. Infrequent - dry soil. Marsh south of 
29-1 

headquarters. 

Smila.-.;: pseudo-china L. Uncommon - old dunes. Marsh south of 
2-34 

headquarters. 

Smilax walteri Pursh. Frequent - woods, dry soil. Long Island. 
28-7 

IRIDACEAE 

Sisyrinchium gramineum Curtis. Frequent - mediu."ll damp spots. 
2-4 

Marsh north of headquarters. 

ORCH IDACEAE 

Calopogon pulchellus (Sw.) R. Br. Infrequent - slightly damp 
7-20 

open area. Marsh south of headquarters. 
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Pogonia ophioglossoides (L.) Ker. Infrequent - slightly damp, 
7-21 

open area. Marsh sout:1 of headquarters,, 

Spitanthes cemua (L.) Richard. Infrequent - slight damp soil. 
7-7 

Marsh south of headquarters. 

Spiranthes odorata (tlutt.) Lindl. Rare - wet soil. Marsh north 
24-11 

of headquarters. 

SALICACEAE 

Salix longipes var. Wardii. (Bebb) Schneider. Scarce - damp 
17-13 

soil. Long Island. 

Salix nigra Karsh. Infrequent - damp woods edge. Long Island. 
2-1, 12-39 

MYRICACEAE 

Myrica cerifera L. Common dry soil. North and south of headquarters. 
2-17 

Myrica carolinensis Mill. Infrequent - dry soil. North and south 
6-26 

·of headquarters. 

FJ:GACEAE 

Quercus nigra L. Infrequent - dry soil. Ragged Island. 
5-11 

Quercus phellos L. Infrequent - dry soil. Ragged Island. 
5-15 

Quercus virginiana Mill. Frequent - low stabilized dunes. South 
2-26 

of Black Island Slough. 
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URTICACEAE 

Broussonetia papyrifera (L.) Vent. Common about house on Ragged 
5-13 

Island - dry soil. 

Celtis mississippiensis Bose. Common - dry soil. Long Isla~d. 
15-1, 4-39 

Celtis occidentalis L. var. crassifolia (Lam.) Gray. Few plants, 
6-11 

dry soil. Long Island. 

Maclura pomifera (Raf.) Schneider. Rare - danp soil - possible 
17-10 

escape. Headquarters yard. 

Moru.s ru.bra L. Frequent - slightly da:np woods. Long Island. 
28-6, 5-10 

Ulmus fulva Michx. Infrequent - slightly damp soil in woods. 
28-5 

Long Islanll. 

POLYGOOACEAE 

Polygonum hydropiperoides Michx. Infrequent - wet soil. Marsh 
12-30 

south of headquarters. 

Polygonum pennsylvanicum L. Frequent - damp soil. Marsh south 
11-14 

of headquarters. 

Polygonum persicaria L. Frequent - dry soil. Long Island, 
12-34 

Polygonum prolificum (Small) Robinson. Frequent - damp soil. 
50-4, 21-8 

Wash Flats Marsh. 



-118-

Polygonu.'11 punctatum Ell. Frequent - damp soil. Marsh south of 
J0-5,10-15,11-16 

headquarters. 

Polygonum sagittatu.T!l L. Infrequent - wet soil. Marsh south of 
20-15,12-14 

headquarters. 

Rumex acetosella L. Sparse growth - low dunes. Marsh south of 
1-10 

headquarters. 

Rumex conglomeratus Murr. Commoo - wet soit and emergent. Ragged 
6-17,5-6 

Island. 

Rumex hastatulus Baldw. Infrequent - dry smidy soil, low dunes. 
1-14 

Marsh south of headquarters. 

Rumex verticillatus L. Common - wet soil. Marsh north of head-
9-8 · 

quarters. 

CHl!NOPOD:UCEAE 

Salicomia mucronata Bigel. Frequent - damp soil. Wash Flats. 
21-11,11-2 

PHYTOLACCACEAE 

Phytolacca decandra L. Common - dry soil, near house, Ragged Island. 
5-16 

AIZOACEAE 

Mollugo verticillata L. Infrequent - damp soil. Wash Flats. 
19-15 

Sesuvium maritimUt11 (Halt) BSP. Common - 11 salt 11 flats. Wash Flats. 
14-11 
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CM~?OPHYIUCEAE 

Cerastium viscosurn L. Common - Headquarters yard - medium dry soil. 
2-8 

Spergularia marina (L.) Griseb. Infrequent - bare, sandy area. 
7-15,14-12,1-13 

Wash Flats. 

Stellaria media (L.) Cyrill. ,Infrequent - open field, damp soil. 
31-2 

Lon6 Island. 

LAUAACEAE 

Sassafras albidum (Nutt.) Nees. Common - woods. Long Island. 
4-27 

CRUCIFERAE 

Cakile edentula (Bigel.) Hook. Common - dry sand dunes. Front beach. 
13-3 ' 

Erysimum ·officinale L. Uncom.inon - field edges. Long Island. 
4-13 

Lepidium Virginicu.~ L. Common - headquarters yard - dry soil. 
2-6 

DROSERACEAE 

Drosera longifolia L. Frequent - slightly dam;., soil. l-tarsh south 
7-8 

of headquarters. 

ROSACEAE 

Agrimonia parviflora Ait. Infrequent - damp woods. Long Island. 
23-6 
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Amela.nchier oblongifolia (T&G) Roem. Rare - moist woods. South 
30-4 

of Black Island Slough· .. 

Crataegus crus-galli L, Frequent - field and woods edges - dry 
23-11,4-12,4-37 

soil. Long Island. 

Duchesnea indica (Andr.) Focke. Frequent along woods edges -
4-21 

medium dry. Long Island. 

Geum canadense Jacq. Scarce - dry soil. Headquarters yard. 
'15-18 

Potentilla monspeliensis L. Unco.:mncn - d~J soil. Headquarters yard. 
lJ-8, 17-21 

Prunus sp. (cultigen). Few trees around Ragged Isla11d house -
5-9 

dry soil. 

Prunus persica (L.) Stokes. Few trees about Ragged Island house, 
5-12 

dry soil. 

Prunus serotina Ehrh. Infrequent - medium dry soil. Long Island. 
2-18 

Pyrus malus L. Few plants about house on Ragged Island - dry soil. 
6-23 

Rosa palustris Marsh. Infrequent - damp soil. Marsh south of 
21-1, 7-17,12-9 

headquarters. 

Rubus andrewsianus Blanchard. Common :in dry woods and open 
, 4-17 

sandy areas. Harsh south of headquarters. 
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LIDUMINOSAE 

Cassia fasciculata Uichx. Abumant - dam:;> soil. Long Island, 
14-7,6-21 

marsh north and south of headquarters. 

Cassia nictitans L. Cor,anon - dry soil. :Harsh south of h~adquarters. 
17-7 

Desmodium can~scens {L.) DC. Infrequent - damp soil. Marsh north 
20-20,19-6 

of headquarters. 

Desmodium paniculatum {L.) DC. 
19-2 

Frequent - dry soil. Ragged Island. 

Galactia· regularis (L.) BSP. Uncommon - damp soil. Marsh south 
17-5 

of headquarters. 

Gale.ctia volubilis (L.) Britton. Com.non - dry soil. Hersh 
12-19 

south of headquarters. 

Lespedeza capitata Michx. Infrequent - dry soil. Marsh eouth 
25-3 

of headquarters. 

Medicago sativa L. Scarce - dry soil, headquarters yard. 
5-3 

Melilotus alba Desr. Scarce - dry soil about heedquarters. 
15-15 

Melilotus officinalis (L.) Lam. Infrequent - dry soil. Head-
6-3 

quarters yard. 

Strophostyles helvola (L.) Britton. Conmen - damp soil. Marsh . 
20-1,17-4 

south of headquarters. 
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Strophostyles umbellata (Muhl) Britton. Frequent - dry soil. 
14-3 

Marsh north or headquarters. 

Trifolium incamatum L. R6re - field edge - possible escape. 
4-11 

Long Island. 

Trifolium repens L. Common _:.. '·medium- dry soil.. Headquarters yard. 
2-S 

Vicia angustifolia (L.) Richard. Few plants about headquarters, 
2-7 

medium dry soil. 

Vicia villosa. Infrequent - dry soil of field edges - escape -
12-32,4-.34 

cultivated as coter crop. Long Island. 

LINACEAE 

Linum floridanum (Pla'lch) Trel. Common - damp soil. Marsh north 
8-8 

of headquarters. 

Linum medium (Plan.ch) Britton. CoITJlllon - dry to damp soil. Marsh 
12-28,12-16,7-19 

south of headquarters. 

OXALIDACEAE 

Oxalis stricta L. Common - medium dry soil. Headquarters yard. 
2-11 

Oxalis violacea L. Few plants about headquarters yard. Dry soil, 
4-41 

escape. 

GERANIACBAE 

Geranium carolinianum L. Common -:- headquarters yard - mediu.11 <iry 
2-9 

B·oil. Fruit measure 1-1. 5 cm. ,someviat smaller than 

typical. 
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RUTJ.CEAE 

ZanthOJcylum clava-hercul.is L. Infrequent - dry soil. Ragged 
21-5,20-18 

Island. 

POLYGAU.CEAE 

Polygala ssnguinea L. Abundant - damp soil. Marsh south of 
12-8 

headquarters. 

EUPHORBIACEAE 

Euphorbia polygonifolia L. · Infrequent - sand dunea. Front Beach. 
14-15 

ANACARDIACEAE 

Rhus copallina L. Common - medium dry soil. Marsh south of 
2-27 

headquarters. 

Rhus toxicodendron L. Frequent - medium dry soil, in shade. ~a . 
South of Black Island Slough. 

AQUIFOLIACEAE 

Ilex o:'.'.)aca Ait. Common - damp woods. Long Island. 
4-23 

ACERACEAE 

Acer rubrum L. Infrequent - dan:1 soil, Long Island and woods 
2-32 

south of Black Island Slough. 
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RHAMNACEAE 

Berchemia scandens (Hill) Trel. Few plants - thick woods on 
6-7 

Long Island. 

vrrACEAE 
, 

Ampelopsis arborea (L.) Koehne. Common - slightly damp to dry 
4-.38 

soil. Long Island. 

Parthenocissus quinquefolia (L.) Greene.· Common - edges, medium 
2-19,6-22 

dry soil. Long Island. 

Vitia cinerea Ehgel?fl. Frequent - dry soil. Ragged Island. 
21-6,2-38 

Vitis riparia Michx. Infrequent - damp soil. Long Island. 
19-5 

MALVACEAE 

Hibiscus moscheutos L. Infrequent - wet so~l and emergent. 
1.3-4 

Long Island, east side. 

Hibiscus oculiroseus Britton. Common - wet soil. Marsh south 
14-21,12-17 

of headquarters. 

Kosteletzkya virginica (L.) Presl. Frequent - damp soil. Marsh 
2.3-18,18-2 

south of headquarters. 

Malva rotundifolia L. Infrequent - dry soil. Headquarters yard. 
13-1 
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HYPEBICACEAE 

Ascyrum hypericoides L. Infrequent - dry sand. Marsh north of 
20-11 

headquarters. 

Hypericum gentianoides (L.) BS!'. Common - dry soil. Long Island. 
24-9, 12-40 

Hypericttm Virga.tum La-n. Infrequent - damp soil. Marsh north of 
14-14 

headquarters. 

Hypericum virginicum L. Uncommon - wet soil. Marsh south of 
17-16 

headquarters. 

CISTACEAE 

Hudsonia tomentosa Nutt. Uncommon - dry sand. Marsh south of 
2-.31 

- headquarters. 

Lechea maritima Leggett. Frequent - dry soil. Marsh south of 
21-9,25-11 

headquarters. 

VIOLACEAE 

Viola lanceolata L. Common - damp black loam., in open areas. 
1-8 

Marsh south of headquarters. 

Pl.SSIFLORACEAE 

Passiflora incamata L. Dry sandy soil - frequent. Headquarters yard. 
10-17 

LYTHRACEhE 

Lythrum lineare L. Common - damp soil. Marsh south of headquarters. 
14-1 
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Rhexia mariana L. var. purpurea lUchx. Common - damp soil. 
14-4,12-18,12-38 

Marsh south of headquarters. 

Rhexia virginica L. Unconmon - damp soil. Marsh south of 
11-9 

headquarters. 

OOAGRt.CEI.E 

Ludvigia altemitolia L. Common - damp soil. Marsh south of 
24-7,8-6,12-2 

headquarters. 

Ludvigia palustris (LJ Ell. Frequent - damp soil - llash Flats Marsh. 
21-10 

Oenothera huilifusa Nutt. Common - dry soil and sand. Front beach. 
10-6, 7-10 

Oenothera lac1niata.111ll..oanmon.dry: soil about headquarters. 
2-3 

Oenothera muricata L. Frequent - dry soil. Marsh north of 
17-19,14-8,23-12 

headquarters. 

HALORAGIDACEAE 

Proserpinaca palustris L. Infrequent - emergent - pond in woods 
.30-6 . 

south or Black Island slough. 

UMBELLIFERAE 

Centella asiatica (L.) Urban. .Conmon - damp soil. Marsh north 
8-:3 

of headquarters. 



-127-

Daucus carota L. Uncommon - dry soil. Headquarters yard. 
13-7 

Foeniculu'!l vulgare Hill. Infrequent - dry woods edge. Long Island. 
12-37 

Hydrocotyle umbellata L. Abundant - damp soil. Marsh north of 
8-4 

headquarters. 

Ftilimnium capillaceu:.1l (Michx) Raf. Common - damp -soil. Marsh 
15-9,17-9,11-10,14-2 

south of headquarters. 

CORNACF.AE 

Comus stricta La:n. Few plants - marsh-field border on Long Island. 
6-6 

Iiyssa sylvatica Marsh. Frequent - damp woods. Long Island. 
4-24 

ERICACEAE 

Vaccinium marianum We.ts. Infrequent - medium dry soil. South 
25-14 

of Black Island Slough, 

PRIMUUCEAE 

Anagallis arvensis L. Common - dry soil. Long Island. 
12.:.33 

Samolus · floribundus HBK. Common - damp soil. Long Island. 
10-11 

EBENACEAE 

Diospyros virginiana L. Common - woods and field edgeE. Long 
4-36 

Island. 
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LOGANIACEAi 

Gelsemium sempervirens (L.) Ait~ 
- 30-3 

Frequent - medium dry woods. 

South of Black Island Slough. 

G»JTIJ.NACEAE 

Sabatia angularis (L.) Pursh. Uncommon - damp soil. Long Island. 
- 15-2 

Sabatia stellaris :OU.rsh. Common - damp soil. Marsh south of 
17-3,26-2 

headquarters. 

APOCYNACEAE 

Apocynum cannabinum L. Abundant - damp soil. Marsh north of 
8-10 

headquarters. 

ASCLE~IADACEAE 

Asclepias incamata L. Infrequent - field edges - this plant has 
2.3-16 

stem pubesent, follicle spar~gly so. Same character 

of var. pulchra. Long Island. 

Asclepias incamata L. var. pulchra.(Ehrh--). Pers. Fro-quon~damp soil. 
14-19 

Marsh north.or headquar.ters. 

CONVOLVULACEhE 

Convolvulus sepium L. var. pubescens(Gra,y) J\3mald. Oammon 
4-40 

along woods and field edges and about headquarters. 
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Cuscuta sp. Frequent - damp soil - on low plants. Marsh south 
12-11 

of headquarters. 

I:pomoea purpurea (L.) Roth. Frequent - dry soil. Long Island. 
2.3-2 

VERBFNACEAE 

Lippia nodiflora (L.) llichx. Abundant - damp soil. Infrequent-
7-14,15-10 

dry soil. Headquarters yard. 

Verbena scabra Vahl. Freqµent - dry soil. Headquarters yard. 
17-20 

Verbena urticifolia L. var. leiocarpa Perry & Fernald. Frequent-
10-1'.3,7-l 

dry soil. Headquarters yE-rd. 

Ll:BHTAE 

Lycopus sessilifolius Gray. Common - wet soil. Marsh south of 
17-14 

headquarters. 

Prunella vulgaris L. Uncommon - dry soil. Headquarters yard. 
13-6 

Teucriwn canadense L. var littorale (Bicknessj Fernald. Frequent-
11-11 

damp sand. Marsh south of headquarters. 

SOLANJ.CF.AE 

Datura tatula L. Infrequent - open field - dry soil. Long Is·tand • 
.31-1 

Solanum carolinense L. Frequent - dry soil - some flowers w/six 
6-2,7-12 

carolla lobes and six stamens. Headquarters yard. 
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SCROPHUIJ\RIJ,CEAE 

Bacopa monnieria (L.) ·wettst. var. cuneifolia (Hichx) Fernald. 
12-22,17-18 

Frequent - wet soil. Marsh south of headquarters. 

Gerardi& purpurea L. Frequent - field edges. Long Island. 
23-13, 26-1 

Linaria canadensis (L.) Dumont. Sparse - dry sand. Marsh south 
1-11 

of heulquarters. 

Pentstemon laevigatus Ait. Infrequent - d:cy soil. Headquarters yard. 
6-1 

Verbascun blattaria L. Frequent - about headquarters yard - dry soil. 
4-IJ+ 

Verbascum blattaria L. var albiflorum Ktze. Frequent-about head-
4-43 

quarters yard - dry soil. 

Verbascum thapsus L. Uncanmon - dry soil. Headquarters yard. 
10-5,13-2 

BIGNONIACEAE 

Tecoma radicans (L.) Juss. Frequent - woods and along edges. 
6-8,8-12 

Long Island. 

PLANTAGINACEAE 

Plantago virginica L. Common - headquarters yard - medium dry soil.-
2-10 

IIJBIACEJ.E 

Diodia teres Walt. Infrequent - dry sand. Harsh south of headquarters. 
12-25 
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Diodia teres Walt. var. hJetricina Fernald & Griscom. Frequent-
20-26,14-16 . 

dry sandy soil - flowers purple to purplish white. 

Marsh south of hec:dquarters. 

Diodia virginiana L. Common - wet soil. Marsh south of headquarters. 
14-5,12-12 

Galiwn claytoni Michx. Common in marsh - wet soil. Marsh north 
5-5,8-5 

of headquarters. 

Oldenlandia uniflora L. Corm!lon - damp soil. Marsh north of 
20-10 

headquarters. 

CAPRIFOLIACEAE 

Lonicera japonica Thumb. Common along edges. Lon6 Island. 
4-20 . 

Lonicera sempervirens L. Frequent - damp woods edges. Long Island. 
4-22, 5-17 

Sambucus canadensis L. Common about yard - Ragged Island - dry 
5-14 

soil. 

CURCURBITi.CEAE 

Melothria pendula L. Frequent - drJ soil - Ragged Island. 
21-7 

Specularia perfoliata (L.) ADC. Common - field borders - dry 
4-.32 

soil. Long Island. 
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CO}(t)OSITAE 

Achillea millefolium L. Comm.on - dry soil. Long Island. 
17-6, ll-5, 10-1, 4-42 

Ambrosia artemisiifolia L. Common - dry soil. Long Island. 
23-3, 23-15, 21-3 

Anaphalis margaritacea (L.) B & H. Infrequent - dry soil. 
10-8 

Headquarters yard. 

Anthemis cotula L. Common - dry soil. Long Island. 
15-8, 10-J, 4-16 

Artemisia caudata Michx. Infrequent - sandy soil. Marsh north 
20-24 

of headquarters. 

Aster ericoides L. Frequent - field etlges. Long Island. 
23-14 

Aster novi-belgii L. Rare - damp soil. Marsh north or headquarters. 
26-4 . 

Aster subulatus Michx, var. euroanster Fernald & Grisco:n. Comnon-
24-12 

~amp soil. Marsh north of headquarters. 

Aster surculosus Michx. Infrequent - dry to damp marsh edges. 
28-3 

Long Island. 

Aster tenuifolius L. Common - medium dry soil. Marsh north of 
22-11 

headquarters. 

Baccharis halimitolia L. Common - damp soil. Marsh south or 
6-24,25-9 

headquarters. 

Bidens cemua L. Infrequent - wet soil. Marsh south of headquarters. 
· 25-12,27-2 
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Bidens connata Muhl. Comn.on - woods - slightly damp. Long Island. 
28-4 

Bidens coronata (L.) Fisch. Frequent - damp soil, in "WOOds. 
23-4 

Long Island. 

B1:dens trondoaa L. Infrequent - drJ f'ield. Long Island. 
23-17 

Chrysopsis graminitolia {Michx.} Nutt. Frequent - dry aoil. 
25-1 

Marsh south of headquarters. 

Elephantopus carolinianus Willd. In.frequent - damp woods. 
23-7,21-2 

Long Island. 

Erigeron bonariensis L. C011111011 - dry soil. Long Island. 
15-6 

Brigeron canadensis L. Abundant - dry soil. Long Island. 
23-1,17-26 

Erigeron divaricatus Michx. Co111D0n - dry sand. ·Marsh south ot 
19-17 

headquarters. 

Erigeron ramoeus (Walt.) BSP. Conmon - d17 soil. Marsh south 
12-3 

of' headquarters. 

Erigeron vemus (L.) T & G. UncOJIIDOn - open, sandy, dry soil. 
4-8 

Marsh south of headquarters. 

Eupatorium aromaticum L. Conmon - damp soil. Marsh north or 
20-21 

headquarters. 

EupatoriUlll capillifoliu"'ll (Lam.) Small. Co111110n - d17 soil. 
24-10 

Long Island. 
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Eupatorium coelestinum L. Infrequent - damp soil. Marsh north 
20-22 

of headquarters. 

Eupatoriu'!l hyssopif'ollum L. Infrequent - dry soil. Marsh north 
24-.5 

of headquarters. 

Eupatorium purpureum L. Infrequent - damp soil. Marsh north of 
20-2.3 

headquarters. 

Gnaphalium polyeephalum Michx. Frequent - dry soil. Marsh 
22-1.3,28-1 

north of headquarters. 

Gnaphalium purpureum L. Common fairly dry areas. Headquarters yard. 
2-20 

Hieracium gronovii L. Common - dry soil. Marsh south of headquarters. 
17-15, 12-~ 

Hypochaeris radicata L. Conmon - dry soil. Marsh south of 
7-11 

headquarters. 

Iva f'rutescens L. Frequent - damp soil. Marsh north of 
20-19 

headquarters. 

Iva imbricata Walt. Infrequent - dry sand. Front beach. 
19·_14 

Krigia aaplexicaulis Nutt. Frequent - damp soil. Marsh north of 
14-6,17-.22 

headquarters. 

Krigia virginica (L.) Willd. Infrequent - dry sdil. Marsh south 
1-.3 

of headquarters. 

Lactuca canadensis L. CODlllO?l - dry soil. Marsh south of head-
22-2 

quarters. 
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Lactuca villosa Jacq. Common - field edge. Long Island. 
4-15 

Mikania scandens (L.) Willd. Conmon - wet eoil and emergent. 
14-13,5-4 

All marshes. 

Pluchea camphorata (L.) DC. Abundant - damp soil. Marsh south 
20-6 

ot headquarters. 

Pluchea toetida (L.) DC. Infrequent - damp soil. Marsh south of 
17-25 . 

headquarters. 

Polymnia uvedalia L. Infrequent - dr.y soil - woods edge. 
15-7 

Long Island. 

Pyrrhopappus carolinianus (Walt.) DC. Few about headquarters 
7-22,7-18 

yard - dry soil. 

Senecio tomentosus Mich.x. Conmon - dry sandy areas. Marsh 
1-1,2-22 

south or headquarters. 

Solidago altissima L. Frequent - dr.y field border. Long Island. 
2.3-9 

Solidago erecta Pursh. FrequEllt - dry soil, woods edges. 
28-2 

Long Island. 

Solidago graminitolia (L.) Salisb. Frequent - pine woods. 
28-8 

Long Island. 

Solidago puberula Nutt. Frequent • dey soil. Marsh north of 
20-12 

headquarters. 
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Solidago sempervirens L. Common - dry to slightl.7 nr:>ist soil. · 
22-4,26-3 

Harsh north ot headquarters. 

Solidago tenuitolia Purstl. Abundant - dry soil. Marsh north ot 
22-12 

headquarters. 

Vemonia noveboracensis Willd. Common - dam1) soil. Marah south 
17-24 or headquarters. 
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