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U.S. ENVIRONMENTAL PROTECTION AGENCY

CHESAPEAKE BAY PROGRAM - .

In response to Congressional directive,  the U.S..Environmental Protection
Agency established the Chesapeake Bay Program (CBP) to conduct an in-

. depth study of the Chesapeake Bay and its resources. The Program- was
initiated in 1976 as a five-year, $25,000,000 program to conduct
interdependent scientific and management investigations addressing the
environmental quality of the Chesapeake Bay. Major responszbllltles

are defined as follows:

to assess the principal factors having adverse env1ronmental lmpact,nj
_to direct and coordinate research and abatement programs, :
to collect research data and institute & monitoring ‘program, and
to define Bay management structures

0000

Within EPA, the Chesapeake Bay Program is .a coordinated effort between
the Office of Research and Development and the Mld—Atlantlc Region III
- Office and is administered from a field station in Annapolls, Maryland

Initial CBP efforts established strong worklng relataonshlps with the
Bay area States, the scientific community and the citizenry. The Programf‘
involves active participation from Maryland Vlrglnla Pennsylvanla and
Bay region citizens.

Programs are underway to research toxic substances, submerged aquatic
vegetation (SAV), eutrophication (excessive enrichment), and environmental
management. To support all Program efforts, including the 1nterpretatlon
of data, computer modeling, and long-term data storage and retrieval -

a data management system capable of meeting CBP needs is being developed.

The products of the four program areas will provide important tools
aiding in defining management alternatives to improve the environmental
quality of the Chesapeake Bay. Citizens, managers, scientists and Bay
users will all input to the development of alternative control strategies.
The coordinated efforts of the Chesapeake Bay Program provides a founda-
tion of interdependent scientific and management criterion important to
managing the environmental health of the Chesapeake Bay.



DISCLAIMER

This report has been reviewed by the Chesapeake Bay Program, U. S.
Environmental Protection Agency, and approved for pubh’cation. Approval does
not signify that the contents necessarily reflect the views and policies of
the U. S. Environmental Protection Agency, nor does mention of trade names- or - '
commerma] products constitute endorsement or recormnendatwn for use.”




FORWARD
A major objective of the Chesapeake Bay Program submerged aquatlc o
vegetation study is to ascertain if a decline in baygrass’ populat1ons has”
occurred over time and if natural populat1on cycles can be identified.
The biostratigraphic technique may represent a tool by which submerged-

~ aquatic seeds can be detected in bottom cores and through presence/absence
seed ana1y81s, aquatic plant cycles identified. :

This project was conducted to demonstrate the feasibility of thls
“approach and to develop preliminary 1nformatlon concerning the historical
trends of aquatic grass populations in the Chesapeake Bay.} .
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ABSTRACT

Seeds of submerged aquatic vegetation (SAV), diatoms and.pollen of ter-
restrial plants, extracted from sedimentary cores 1 to 1.4 m Tong in -estuarine
tributaries, yield information regarding changes in SAV popu1at10ns eutro-
phication and sedimentation s1nce European settlement <

Geres taken from und1sturbed depos1t1ona1 areas represent regional con-
ditions with-respect-to eutrophicationzand=sedimentation, because diatoms and
pollen are affected by estuarine transport processes in such a manner that
tocal=patchiness=is=erased-but=regional=differences=arernot-obliterated. Vey-
$ical(historical)~changess=in-diatom=and=pollensdistributions=therefore.can:be
described: tfor~a~‘wh01e~regwonwﬁh*zoﬂy‘"a few=cores because the data from one
‘sample at a locale is representative of the whole locale.. - )

. SAV=seeds, however, are not transported as far because they are #arger
and=are=less~buoyant. Hence their spatial=distributions=are=highty-variable,
representing: Jocai*frathen—,than?regmnarlakpepu}&t«m&s . In reconstructing .the
" history of SAV, this requires that a few locales where environmental changes
are well documented be studied in detail, thus allowing gener:&hza%mns@au%
‘theeff ect*on“SAV’*popui at‘rons:sefmchangesvanwturb td*rt)&and«water“chem stey .

_ "SAVzseeds extracted from cores in the aljppeneBa@/, even though highly vam—
able, consdstently=reflectsthe-demnise-of=SAv=after=the-1972=Hurricane=Agnes

14

Poldem of terrestrial plants extracted from 12 cores in fivestributaries
and one from the Bay=proper indicate that sedmewtatmnwa%vary from
approximatedy=0=2-cmiyr=-to-approximately.2cmbyr-between=coressin:d lifferent
areas, and vary"mthmvaxcore#rom%@e%‘gcm/yr‘ftoﬂ F-9=cmiy¥, indicating azhﬂgh
: degreeﬁ =ofzvardabidity=in-sedimentation=rates=both=spat¥ aislyﬁand&temporaﬂ%y
~ This variabiddty: appears= =towbe=related=totand=uses- but is influenced=aiso=by -

: themswzeeoﬁ “the-drainag ezwareayandgthees«mrphometryf 0fs theﬂrtr J:bu tany.

Piatoms extracted from cores in the <Upper«zChesapeakerBa)m show a. decxaease

and show major=changes=in=populations=of=some=species=since=furopeanzsettiar’ '_ S

in-theztotal=number=of-taxa, the number-of=epiphytic=speciess and—in-abundance>

with=-thezonset=of: agmculture The number-of:-species=preferring —«erganacak}»y o
" enriched-water=increased-from=the-}820:s=to=the=present, reflecting the influ-
.ence of increased human occupation of the watershed on the aquatic environment.

~iv
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SECTION 1

INTRODUCTION AND OBJECTIVES

INTRODUCTION

The vegetation occupying a watershed, its-land use, and: the ‘transport’ -
and rate of sediment deposition have an important influence on the biological
and chemical composition of the receiving water body, determining in large- -

- measure the amount and frequency of runoff, chemical.and:nutrient input and
“turbidity. Any assessment of the effects of:-current land.use, runoff and
“‘sedimentation is difficult to evaluate without comparing=present—tand-use
-andﬂextstvngsbierbgicaiwand:chemrca%yeendailgns:ofvthe:estuary<w1$h¢4and=use‘
prao-£0:humaﬁ:3isturbanca . , . . , '

‘There are very fewzhistorical=data, unfortunately, that can be used for
.such comparative studies. Even where biological and chemical .parameters have
been monitored, standard procedures have not been used in all cases; cover- .
~age has been limited to a few specific problem areas and in-very few instan- -
ces have the data been collected for more than a decade. Even where the
records are reasonably complete for a‘particular tributary; the information
‘cannot be generalized to all other tributaries because the:-soils and drain-
:age of the watershed and the morphometry of the. tributary are. specific to
‘the tributary and its watershed. Very few tributaries are sufficiently simi-
‘lar so that interpretations based upon data collected from. one.can be applied
to others, much less to the main stem of the Bay ;

Neverthe]ess, a comp11at30n~oﬁwchanges~orﬂtrendSranwatershedruse%and
tnewnaoLogyzanavcnem1stry ofstributariyessover=fong=time=intervaks would pro-
vide an everald=view=0 fwtheseffects»oﬁzwatershedxusezon*¢hexestuarane*systew
and would indicate whether present conditions.are unique, a repetition of :
recurrent cond1t1ons or are cont1nuous w1th the past ;

: Although h1stor1ca] records are not adequate- for such an. eva]uatlon,
the straxagnaphTtTmethodscan be used to provide such a data base. The
.stratigraphic method is valuable also because the sediments can extend the
-record beyond the time of human settlement: so that it is possible to cempare
conditions=in=the~aquatic=enviroment=before and af ter “human-occupation of
the watershed. ;

The stratlgraph1c method shou]d be fea51b1e for comp111ng long histor=
:ical records of the Chesapeake Bay because the Bay and its tributaries are
depos1t1ona1 basins in which are entrapped and- preserved some. aquatic organ-
" jsms (e.g., diatoms, cladocerans), parts- of organisms. (e.g., .sponge spicules,
po]]en and seeds of .terrestrial and aquat1c plants) and metabolic products s T

;f,.
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of organisms (e.g., chlorophyll degradation products, amino acids). These
fossil organisms and remains of organisms represent a portion of the estu-
arine biota at the time of deposition. Historical changes in the composition
of the biota as well as in biomass can be quantified by identifying and
enUmerating the fossil remains. Thus ehanges=in=the-presence=or=absenee and
in the species—composition=of-submerged-aquatics=preserved at different
- stratigraphic horizons represent=changes—in=SubmergedsAquatic-Vegetation-
(SAV) at the time of deposition. Similarly, changes=im=cencentrations=ofs
chdorophyild=products where preserved can yield. estimates-ofsbiomass=or=pre-
ductiviby and hence are potentiat=indicators-of-eutrophic=conditions.
Ghanges—in=specieszcomposition: and-quantity~of=algae that lend themselves to
preservation also provide guantitative—datazon-eutrephication-and-water
quality because many of those specieszare=sensitivesto=changes=in-watey
chemistry €hangesTin=terrestrial=poilenccomposition are an indicator=of -
watershed=¥and=use, e.g., a change from high percentages of oak to high per-
centages..of ragweed pollen indicates that the land has been cleared of for-. -
ests. In many watersheds this results in increaséd runoff. Such changes=in
terrestrial-pollen=composition=canzbezdated=from=historical=records.  Sedi- -
meﬂtatqvmfnateSMcan:then“be:ca}cu}atedzfrem:dated*sednmentaryshonxzons§to
provide a measure-ofi-turbidity-andssiltation at different times..--Rates of
sedimentation are necessary also for calculating the quant1ty of .organisms. -
deposited per unit time. :

In additibn.to providing sedimentation rates,'polTen of terrestria]
plants can be used to measure the distance some sediment is transported in
estuaries. Polien, as a particle, falls within the range of Stokes law:of - -~ .
resistance and can be expected to behave similarly in water to particles
with small Reynolds numbers, such as fine-grained sand and silt.  Where the ... ...
vegetation adjacent to the river differs fundamentally in generic composition .. - : -
with distance downstream, the pollen produced by these different genera.can
be considered labeled particles because they are distinguishable. Direct
measurements can be made of the distance these pollen grains:are moved in ... - .~~~
the tributary from their source by observing their distributions in the sur-
face sediments.  One can infer that particles similar hydrodynam1ca]1y w1]1
be transported approx1mate1y the same distance. .

The:path, distance and rate of sediment transport and deposition provide
necessary information for estimating. the rate of transport and ultimate fate
of toxic and other substances that assoc1ate w1th f1ne gralned sed1ments 1n
the aquatic environment. : Do ,

The stratigraphic method has met with reasonable success;in describing‘_iffw -
the effects of land use and human disturbance on lakes (e.g., Davis 1973,
Birks et al. 1976, Brugam 1977). The results, however, are. complicated due - *
to variations 1mposed by differential sedimentation (Davis 1973, Davis and o
Brubaker 1973). Similar studies have not been carried out for reconstruct1ng
the history of estuarine systems even though estuaries too .are depos1t1ona1 -
basins.. However, estuaries differ from lakes because the'sediment ‘s trans-’-”
ported fluvially, and stratigraphic interpretations must take 1nto account
the dynamics- of estuarine transport. R




ST Ihis study was undertaken -to investigate the feasibility of the strati-
graphic method for describing-changes -in SAV, eutrophication and sedimenta-
“tion rates in the Chesapeake Bay estuary over long periods of:time.

OBJECTIVES
' ~~~-The obJect1ves of the study were: - {--~w"w;---l~«~-f--~wma

1. to identify the organisms and parts or products of organisms that
are the bes#=fossil—indicators-ofs SAV“and”EUtTOPhTCGtTOQ by observing which
fossils are present most consistently from cores taken in several tribu-
taries, and to- 1denttfy:the*changes~1n~p04leﬂ:ﬁopulat1ons that would serve
to=datex strat1graphrc~hornzons, ‘

2. to ﬂetermqne:theunumber»af~coresrnecessagyzfor,obta;nrng~representar
tive=datas by observ1ng variations in spatial distributions in closeély spaced
samples taken in surface sediments of the fossils chosen as indicators;

=3, to determqne whether or not there are areferabie depas1¢¢0nai:zones
;for*”da ff er~erit"f (S EEH and ‘ : ‘

) 4. to deﬁmne*the*resoiut;enﬂofﬁthe~1nformataoamwtthzregatdziorthe
' spat1a1:area$ﬁepnesentedzby?a~core;(or series of cores) taken at a location
by studying one area in some detail. :

The manner in which each of these questions is addressed is described
in the following sections on Submerged Aquatic Vegetation, Sediment Trans-
port and Deposition Rates, and Eutrophication. Laboratory methods that are -
‘the same as those described in the Quality Assurance report for this project-
‘are not repeated here., However, methods which have been modified are. '
‘described in Appendix A. ' o .




SECTION 2

" CONCLUSIONS AND DISCUSSIONS

, The record left by organisms and parts of organisms in estuarine sedi-
ments is sufficiently complete to provide adequate data for reconstructing
-some of the chemical, physical and biological conditions of the estuary over
‘long time intervals. The fossidszused:as-indicators of these parameters must
be chosen=carefuldy=in=terms=of their ability=to—preserve, their sensitivitys
;¢0“envixonmenta&:change, and thezknowledge—ofi=their=ecotogy. Once a particu-
:1ar indicator is chosen, sampling-design-must—takezinto—accousb the varkabids
: gtycharacteristiczof=thezpopulation=it=represents and the effects-ofrestua

i rineztransport-processesy on its final distribution in the sediments. £ores !
-tocations must- be selected also from areas of- undlsiutbedzdeposttaon>so that
;the historical record is not distorted by scouring, erosion and mixing, :
“including resuspens1on and b1oturbat1on

_ In this study we attempted to 1dent1fy the fossil indicators and estab- .
-1ish sampling designs to describe regional trends or changes over long time
‘periods in SAV, eutrophication and sedimentation rates. In order to accomp-
‘lish this objective, we used the Upper Chesapeake Bay ‘as a study area because
:it has a diverse depositional environment, thereby allowing us to compare the
ib1ostrat1graphy of different depos1t1ona1 basins in the same area. |

; The<best;fossa§:xepresentatxveswoerAM“aresseeds di-atoms=are=a=usefub
i1md1cator*of*chemTea%:andaeutropth*cond¢twon9 Lolden-ofzterrestrial=piants
: aveztised:-toxdatesstratigraphic=horizons in order to-obtain—sedimentation
 vatespand=to=calculate-seed=and-diatom=flux. The sediments also contain fos-
:sil indicators of other=zpopulations, e.g., species of sponges and carapaces
:0f cladocerans. These populations can provides=informationzwithsregard=te |
satinity-and<the=biology—of-the-waters A more detailed and complete history
ican be compiled by studying fossils of a greater number of different popu]a-,
‘tions. However, since the analysis of a sedimentary core is time-consuming,
i careful consideration should be given to the kind of information being sought
‘and to the knowledge of the ecology of the organisms represented by the fos- .
!sils. If nothing is known of the existing distributions and ecological
grequirements of a particu]ar organisms, it will be difficult to interpret
tfossil distributions in terms of their response to environmental change
‘until their present day distributions, requirements. and 11m1tat1ons are
understood | g i : -

* Sedlmentaryfiayers~dated sthus= farfby~poiﬂen~anaTySES*qndwcate that the
,sedwmentat1on~rates varyuiwomrew%sﬂcm%yr.te%approxxmateay~2~cm/yra A com-
' par1son of pollen distributions in surface sediments with distributions of
;trees in a wide band adJacent to an estuary sampled for po]]en 'suggest that__




estuarine processes disperse the polien in the estuary to a greater or
lesser extent depending upon the settling velocities of the individual
grains. Estuarine-dispersion=serves=to=erase=some=of=the=tocal=variations
due to patchiness of tree distributions, uneveness of pollen production, etc.
that were not eliminated by atmospheric dispersion, but ‘it dees=net=mask
regional=distributions-of=vegetation. Since.pollen-behaves in water simi- ,
larly to particles with small Reynolds numbers such as silt and clay, results
suggest that fine-grained sediments are transported similarly within the
estuary. That is, sediments are not 1ikely to move very far from their
source, except when and where conditions are extremely turbulent, such as
during intense storms and at the mouths of the tributaries. Consequently, in
most cases, it can be expected that sedimentation-rates-are.governed-by-drain-
age-area—and=local-land-use. Our data, though preliminary, substantiate this
expectation. The large degree of variation in sedimentation rates between
cores suggests that local sediment inputs are not homogenized into an even
deposition of sediment throughout a tributary. Within the cores we have
studied, sedimentation rates are much higher during agricultural periods in
tributaries with large drainage areas than in tributaries draining small
- areas; in the latter, there is little fluctuation in rates.

The above observations are preliminary in that they are based upon data
from a total of 12 cores from five tributaries and one core from.the Bay
proper. It is necessary to measure the rates in most of the major tribu-
taries in order to delineate the importance of all factors involved in the
transport and deposition of sediment in the estuary as precisely as possible.

The simitarity=in=verticalz=diatom=-assemblages between cores taken in
Susquehanna=Flats=and=FurnacezBay indicates that water—quality=is-governed=by
reg1ona1wcond1taonszwn~the~watersheé The settling velocities of diatoms are
such that it is un]1ke1y the populations of the two-areas are mixed. More
likely, they represent in situ populations which may have been transported
short distances within each area. Susquehanna Flats and Furnace Bay are
quite different from each other hydrologically. However, water chemistry in
both areas is probably influenced more by the character and use of the water-
shed and therefore may be similar in both places. The diatoms, which are

- . sensitive to water chemistry., appear to be responding predominant|y to a more

regional pattern of water quality. Thus, we can expect to obtain historical
data representative of the effect of watershed use on regional water quality
by studying vertical diatom distributions in one or two cores from a good
depositional area.

: The dissimidarity=betweenzvertical=profites=of=SAV=seeds=in=cores from
Susquehanna Flats and Furnace Bay as well as the wariabid-ity=between=cores
within each-area recognizes the high=degree=zofspatchiness characteristic of
SAV. SAV is represented best in the sediments by seeds. Because of their
size (1 to 3 mm) and low buoyancy, they usually are not- transported far from
the parent beds. Since these beds can change position from year to year,
they are characterized by a temporal patchiness as well -as spatial patchi-

ness. In contrast to diatoms and pollen, the variability that characterizes 7;'ﬁ5;3*i‘-

SAV and.the ineffectiveness of transport processes to.erase this local

var1ab111ty requ1res that a few strateg1c locations., where spec1f1c impacts .=
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are documented clearly, be sampled intensively. ~Past regional conditions ™~
can then be inferred from observations of changes in populations in a few
‘areas that are.obtained from a sufficient number of samples that regional
changes can be separated from natural variability and local effects.




SECTION 3
STUDY AREA

Cores: were extracted from Eastern-Bay, Hungaris=Creek, Susquehanna-Flats
and Furnace=Bay (Figure 1). The decision was made to do a detailed study of
one area in order to determine the resolution of the information contained in
the sediments. After examining cores from all of the areas listed above, the
Susquehanna Flats-Furnace Bay area in the Upper Chesapeake Bay was chosen
because depositionally it comprises two entirely different zones: one an
undisturbed depositional basin and the other a zone characterized by scouring.
and redeposition. This study was to determine whether the history of changes
in SAV, eutrophication, and sedimentation in the Susquehanna Flats and the .
Upper Chesapeake Bay--where the depositional history is complicated by scour-
ing and redeposition--would be reflected accurately in a small embayment such
as Furnace Bay, where the sed1ments once deposited.remain essentially undis-
turbed. :

DESCRIPTION

The Susquehanna=Ftats is a broad shallow estuary of rough]y 90 km2 '
Jocated at the juncture of the Susquehanna River and Chesapeake Bay
:(Figure 2). -

@ The average depth of water at mean low t1de is 1.2 m. The Flats are
.influenced very 1ittle by the tide and receive a ¥argesfreshwater=flow from
“the Susquehanna River. Consequently, the water is essentially fresh except
‘during very dry periods. High=flows from the Susquehanna River during storms
result in periodiesscouring.and. redepositionszof=sediments. Since the Flats:
‘are dominated by the Susquehanna River, their history should reflect the
historical effects of events in the Susquehanna watershed or, at least some
‘part, on the water of the Upper Bay.

: furnacesBay is a small embayment on the northern edge of the Susquehanna
Flats and is fed by Principco Creek (Figure 3). Unlike the Susquehanna
‘Flats, it is an exceldent=depositionad=basim with a substrate consisting
:entirely of silt and clay. It experiences minimal scouring and redeposition.
The eastern side of Furnace Bay's watershed is forested to a larger extent
:than the western side which is cleared mostly for agriculture (Figure 3).
:The water is uniformly shallow, never deeper than 2 m. Furnace Bay may be
:somewhat more enriched than Susquehanna. Flats because of local sewage dis- .
jcharge into M1]1 Creek and subsequently into Furnace Bay.
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SUSQUEHANNA FLATS'

'Figure.z. Locations of cores taken in Susquehanna Flats (map from Bayley et
. al., unpublished manuscript). Broken lines represent MBHRL SAV
survey . transects. - o S
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HISTORY

In this section, we present synopses'of trends and -events-in the
Susquehanna River Basin and Furnace Bay watershed which relate directly to
“the stratigraphic records from Susquehanna F]ats and Furnace Bay.

The Susq;ehanna R1ver Bas1n

The Susquehanna River drains a 25,510 mi? basin which extends well into
New York State (Figure 4). Despite its size, practically every acre of the
watershed has been altered at some point in the past 3 centuries to meet
demands for food, lumber, coal, residential and industrial space (Susquehanna
River Basin Study Coordinating Committee 1970)

The land-use history of the watershed is extremely complicated. The -
task of reconstructing that history has -been simplified by focusing upon
major statewide trends in the lumber and anthracite coal industries. The
analysis of agriculture in the watershed emphasizes ‘those counties.in the
southern basin which are adjacent to the Susquehanna River- (Table 1).

TABLE 1. AGRICULTURAL STATISTICS FOR SELECTED YEARS IN THE SOUTHERN
SUSQUEHANNA RIVER BASIN*:

' “Acres in - '
Acres of 4 principal % of
~ improved landt . % of.total.area .. field crops* ‘total area
1844 2,448,160 51.3 . not available  ----
18845 2,958,510 61.9 5 1,266,010 . . 26.5
1925 2,482,920 52.0 . - . 1,195,570 25.0
1964 2,524,812 529 . . :ﬂiAiﬁléi,7so 2.3

* Includes Federal Census data for Harford and Cecil Counties, Maryland,
plus the following counties in Pennsylvania:  Chester, Cumberland,
Dauphin, Juniata, Lancaster, Lebanon, Mifflin, Montour, Northumber]and,
Perry, Snyder, Union and York.

+ Includes total cropland, pastureland;'orchard]and,lvineyard55 etc.
¥ Corn, wheat and oats. = B
§ Average of 1880 and 1890 census data. -~~~

We have d1st1ngu1shed for purposes of th]S study, ‘the following maJor";”?zﬁ
periods and events which are described in the accompanying text. -

mn
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7. The Lumber Industry:

Hardwood Lumbering in the Pennsylvania Piedmont for

1700-1840 -
cropland and charcoal.
-1830-1860 -~ Peak production of white pine from West Branch and upper
watershed
1869-1900 - Peak product1on of eastern hem]ock in upper watershed
1910-1930 - Decline of American chestnut in eastern Pennsylvania.

2. Anthracite Industry: _ ,
1803-1850 - Development of the industry.

1875-1885 - Beginning of coa] part1c1e dep051t1on in Upper Bay
sediments.

1890-1915 - Peak production. - - - wm — o o e
1920-Present - Acid mine drainage in central-eastern watershed.

3. Agriculture:

1700-1760 - European occupation of southeastern Pennsylvania.
1760-1820 - Estab]ishment of stable agricu]tura] system.

]790-1820 - Rise of ragweed in Upper Bay pollen record.

1870-1890 - Peak number of farms and peak crop acreage in south- -

eastern Pennsy]van1a Farm abandonment in the Upper
Basin. ,

1950-Present - Suburbanization of river watershed w1th modest
‘ . decrease in farmiand.

4. Major rloods: ’ o 4
October 1786 , March 1904

March 1846 'i. " March 1936
March 1865 éA ' May 1946
| June 1889 | § . ‘March j964"
5 May 1894 S dune 1972

i March 1902




The Lumber Industry—-
Lumber1ng in the state before 1700 matched the need for cropland. Indi-
ans and pioneer settlers typically girdled trees to clear one or several acres

“for planting.. Fires were occas1ona]1y set -to drive out game and to create
forage (Defebaugh-1907). . _

Between 1700 and 1760, an expanding population. of European immigrants
spread northward and westward from Philadelphia. The area into whi¢h they
migrated-contained mixed deciduous forests (white oak, red oak, black oak, _
chestnut. pignut hickory, and black walnut) interrupted by occasional stands
of yellow pine and, on steeper river .banks, hemlock (Lemon 1972). During
this time, scattered sawmills sprang up as far west as the Susquehanna River
to provide Tumber for developing towns and homesteads. BDuring this period,
iron furnaces fired by hardwood charcoal consumed substantial tracts of for-
est outside the towns and in rural areas (Bining 1938). Nonetheless, in
1760 large tracts of open forest still characterized most of the watershed.

During the next 40 years, ex1st1ng farms and towns in- the southern ba51n_ :
expanded considerably. The valleys east of the Allegheny Mountains were set-
tled at densities of 20 to 40 persons per mi? (Lemon 1972). Deforestation ‘
for cropland, charcoal and lumber continued, but it was p1ecenea1 and thus
difficult to assess. .

Charcoal manufacturing_declined quickly when charcoal was rep]aced by
coal and coke (c. 1840) as the fuel for blast furnaces (Bining 1938). By the
- mid-19th century, much of the timberland of the Piedmont valleys and flood-

.- plains was cleared for agr1cu1ture, and up]and slopes were cut for fuel and
pasturage. , B .

Softwood lumbering in the Midd]e‘and.Upper'Basin; especia]]y-a]ong»the
West Branch of the Susquehanna, was systematic and devastatingly thorough
(Tonkin 1940). Between the late 18th century, when speculators first began
" buying up tracts along the West Branch, and 1900, white pine and eastern .
hemlock were harvested faster than they could regenerate on both sides. of the
. Allegheny Mountains. Pine production declined stead:ily after reaching its.
peak during the 1850's. Hemlock grew scarce within another 40 years but not
before Pennsylvania had led the nation in ]umber product1on for- near]y two
decades (Steer 1948). ;

,_:i The demise of Pennsylvania's forests wh1ch can be 1nferred from o
Figure 5, is reported by the state forester in the 1880 U. S. Census:

. "Merchantable pine has now almost disappearea.from the State,
and the forests of hardwood have been replaced either by second -
growth or have been so generally culled of:their best trees that
comparatively little valuable hardwood timber now.remains. Large -
and valuable growths of hemlock, however, are st11] standlng 1n o
northwestern Pennsy]van1a " -

' .The -spread of the chestnut blight (Endothia paraszttca) from an eptcen- L
: ter near Philadelphia was so rapid that by 1930 nearly every tree in the w":f‘;
State was infected, and the majority of trees east of the Allegheny Mountains ¢
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Flgure 5. Reported Tumber production in Pennsylvania for selected years_(Steer 1948).




were dead. Infection rates of 77 percent in 1912 ‘and 88 percent in 1913
‘were reported for 1,637 trees examined in the vicinity of Philadelphia
“(Commonwealth of Pennsy]van1a ‘1915). -Because infection rates were high in
the southeastern corner of Pennsylvania by 1910, it seems 1ikely that chess-
nut=polten began declining at this time in the pollen assemb]ages of the
Upper Bay and probably dzsappeareé a]together by #836.

The Anthrac1te Coal Industry-- ' Co Co e
The anthracite coal industry in Pennsylvan1a was centered on depos1ts

in Lebanon, Dauphin, Schuylkill, Northumberland and Luzerne Counties--in
‘other words, the centra1-eastern section of the Susquehanna watershed. From
its beginnings in the early 19th century to its peak and subsequent decline

in the early 20th century (Table 2), coal mining had prodound effects on the
culture and the landscape of this region. The urbanization of northeastern.
Pennsy]van1a accompanied anthracite output. Mining was also responsible for
- "acidic streams, scarred landscapes, u underground fires, land subsidence, and

abandoned mine buildings and breakers" (Susquehanna River Basin Study
Coordinating Committee 1970).

TABLE 2. PRODUCTION OF PENNSYLVANIA ANTHRACITE FOR CERTAIN SELECTED VEARS
uﬂ(from Susqueharina River Basin Coordinating Committee 1970)

Year ‘ v ’ Production (million of tons)
1825 I R D 0.04

ey

SE T L | o e

1917 o o 996

21923 - A; - S 3.3

%1933" S | - 49.5

04s S | | 63.7

1960 o | | | 18.8

1964 | - | 17.2

The anthnacmtem&ndustny is reflected. in the sediments of the Upper Bay
Anthrac1¢efpart4cleSwdemzﬂateesomeehorazens in the Susquehanna Flats sedi-
... ments. They began accumulating sometime in the second half of the 19th




century, probably around 1880 (S. Lintner, personal communication), thus
providing a dateable horizon in the sediments of the Susquehanna Flats.

Agriculture-- _
The earliest farms in Pennsylvania appeared over 300 years ago It was

not until the 18th century, however, that settlers spread out from the U;'

Delaware River basin and .Philadelphia westward into Lancaster County. By
1760, settlers had occupied land east of the Susquehanna River at average

densities of 20 to 29 persons per mi?., The best farmlands west to Cumberland

County were only slightly less populous. During the next 40 years, the-occu-
pied lands were cledred for farmland and fuel and were connected by roads

and political institutions. Despite movements of persons westward towards
Ohio, the population densities east of the A]]eghen1es doubled between 1760
and 1800 (Lemon -1972).

Benjamin Latrobe's map of the Susquehanna River, the product of a
survey performed in 1801 between Columbia, Pennsylvania and Havre de Grace,
‘Maryland, provides a general impression of the extent of farmland along the
River. At that time, long reaches of river are still enclosed by dense
forest, but cropland dominates other stretches, particularly along the
approach to Columbia (for a summary description of the map, see Lintner,
unpublished manuscript).

Apparently, enough land was cleared in the southern Susquehanna water-
shed in the latter 18th century to promote the rise of Ambrosia (ragweed)
pollen in the pollen assemblage borne by the river. We have assigned rough
.dates of 4790=and=1820 to the firsts appearance“andzr1sento"prom1neneeﬂof oo
ragweed~pe%%en in the po11en record of the Upper Bay.

Table 1 (shown previously) shows trends in the acres of improved land
in selected counties of the Susquehanna Basin since 1844 (U. S. Census 1844,
‘1884, 1924, 1964). These Census data suggest that the amount of improved
land is roughly the same now as it was in 1844. Land in crops, orchard,
- pasture and other improvements (i.e., improved land) peaked during the 1880's
and then declined gradually to approximately 2.5 million acres in 1920
\uoh..son ]929) Seventy-five percent of the reduction between 1880 and 1920
is in.orchards, vineyards and pasture]ands The number of farms and the -
average size of 1nd1v1dua1 ‘farms a]so drops apprec1ab1y during thlS time.

The -1ate 19th and early 20th century was an era of widespread fann
abandonment throughout the Piedmont, largely due to soil exhaustion
(Trimble 1974, Craven 1926). Though there was abandonment in the upper
Susquehanna watershed, the farms of the Pennsylvania Piedmont were excep-
tionally stable. This stability was partly due to the unusually fertile
soils of the area and to its topography, as well as its proximity to major
marketplaces such as Philadelphia (James 1928). Corn, wheat, oats and hay
are the principal .crops of the region much as they were dur1ng the ear]y
years of agriculture in southeastern Pennsy]vanla (Lemon 1972) ‘

Floods--
' The dates of major floods in the basin since 1784, as recorded at a
gauging station at Harrisburg, Pennsylvania (70 miles from the mouth of the
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river), are listed on page 13. The six largest floods which havé occurred
at Harrisburg since 1889 are those of June 1972, March 1936, June 1889, May
1894, March 1964 and May 1946 in order of decreasing intensity.

Furnace Bay Watershed

The name Furnace Bay refers to a furhace built by the Principio Iron
Company in 1724. This company operated one of the region's first iron works
on Principio Creek between 1724 and 1787 (Bining 1938).

Some of the Tlocal historical events which might have affected the bio-
stratigraphic record in Furnace Bay sediments are outlined below:

Pre-1900

1658 George Simcoe built a small farm on the western shore of
Furnace Bay. Other settlers probably established themselves
on Perry Point. Certainly some forest acreage was cleared
for crops (Johnston 1881).

1724 “The Principio Furnace was completed, along with a grist mill
and housing for colliers and other employees. Large tracts
of hardwood must have been cut for charcoal to fuel the
furnace. Cropland was probably developed to provide food
for company employees (Miller 1949).

1750 Some plantation homes were established on Perry Po1nt around
this time, notably the Thomas mansion.

1750-1900 During most of the 18th century, the principal source of
income for local inhabitants was trapping and fur trading.
These were generally replaced as an economic base by agri-
culture around the turn of the century. In particular, the
western shore of Furnace Bay was continuously planted in
corn, wheat, hay and other crops throughout the 19th century
(County Directors of Maryland 1956).

Post-1900

1918 The Tocal population remained small and agriculturally based
until 1918, when an ammonium nitrate (explosives) plant was
built on Perry Point adjacent to Mill Creek. The construc-
tion included "water, sewer and stream underground conduits,
streets, railroads, large machinery .installations, a village
of more than 300 houses and theatre" (County Directors of :
Maryland 1956).

In 1922, the entire complex was converted to a U.S.
Veterans Hospital. Sewage from the-faci]ity, as well as
from a rapidly expanding population in Perryville, was (and
still 1s) d1scharged into Mill Creek, and was probab]y

18



1952

responsible for the substantial organic enrichment of Mill
. Creek and Furnace Bay still evident today (Upper Chesapeake

Watershed Association 1970).

Beginning in 1952, sand and gravel were excavated from four
locations in the Furnace Bay watershed (Figure 3, page 10).
One pit was situated against Principio Creek at the head of

" Furnace Bay.

Excavation for sand and gravel has now exposed extensive
areas of the Furnace Bay watershed, and undoubtedly affects

-both the character of sediments and their rate of deposition

into Furnace Bay.




SECTION 4
SUBMERGED AQUATIC VEGETATION (SAV)

INTRODUCTION

Extensive beds of submerged aquatic macrophytes (SAV) have been a famil-
iar, and variously appreciated, aspect of most tributaries and shoal areas of
Chesapeake Bay. Though they can be a nuisance to recreational boaters, the
beds provide food and/or shelter to a wide variety of organisms, including
waterfowl, fish and a host of invertebrates. Additionally, SAV communities
remove some toxins from the water, stabilize sediments and dampen waves
responsible for shoreline erosion (Stevenson and Confer 1978).

Research on SAV ecology and distribution in the Bay has been sporadic.
Dramatic events such as the spread of water chestnut (Trapa natans) throughout
the Potomac in the 1920's, or the decline of eelgrass (Zostera marina) in the
southern Bay during the 1930 s, have drawn attention to SAV communities.
Waterfowl biologists have provided descriptions of and investigations into the
grasses since the turn of the century.

Not until 1958, however, with the initiation of a SAV survey in the
Susquehanna Flats (Bayley et al. 1978), has there been systematic monitoring
of grass beds. Since then various investigators (Anderson 1972, Southwick
and Pine 1975, Steenis et al. 1962, Stevenson and Confer 1978) have docu-
mented the explosive spread and sudden decline of Eurasian milfoil
(Myriophyllum spicatwm) throughout the Maryland tributaries during the late
1950's and early 1960's, and the startling disappearance of grass beds
throughout the northern Bay in the wake of Hurricane Agnes in 1972. The
post-Agnes decline of SAV beds in the Upper Bay coincided with the rapid
deterioration of eelgrass beds in the Lower Bay (Orth 1976).

At present, the most extensive SAV communities occupy the tidal rivers
of the central Eastern Shore. Vegetation is gradually returning to a few
Western Shore rivers, notably the Severn, Gunpowder, and the Bush Rivers, but
so far it is not recolonizing extensively the Susquehanna Flats, the Elk,
Bohemian or Sassafras Rivers. SAV is conspicuously absent from the Patuxent
River and most of the Potomac River. In Virginia, eelgrass beds remain
greatly reduced compared to 1971, but there have been no significant declines
in the past 2 years. ‘ ' : '

The recent record suggests that SAV commun1t1es are unpred1ctab]e and
prone to large swings in abundance and in species composition.

: Our T-year feasibility study grew out of a desire to know more about the
broad h1story of SAV popu]at1ons in dlfferent tr1butar1es of Chesapeake Bay

20



It was felt that such information would complement ongoing ecological studies
in providing perspective -on the behavior of grass beds over the course of
decades and centuries, rather than months or years. Biostratigraphic=tech~
niques=have=been=explored=to=provide-answers=to-questions=such=as: dhat-were,
the-SAV-comunities=kike=inzthezpre=colonial-Bay~ecosystemn? How=has—SA¥%;
varied=inzresponsezto-massdvezwatershed=zdisturbances==lumberings—agricultures
etcs—of--the—past=3-centurdies? Is=the-current—dectine—in=SAV-anomalous=op
has—-it-ocecurred=before=in=the=Bay? Are-population=fluctuations=cyclicai?

In order to address these questions, an attempt was made this year to
determine (1) the parts of SAV that are best preserved in the sediment and
that are most readily identifiable and whether or not there is selective
preservation, and (2) the amount of variability in the spatial distribution
of the seeds in the sediments.

THEXSAV=FOSSIIE"RECORD

The biostratigraphic record of SAV in Bay sediments includes pollen,
leaf and rhizome tissue and seeds. Depending upon their state of preserva-
tion, the leaves of Elodea canadensis, Vallisneria americana , Myriophyllum
spicatum, Zostera marina, Potamogeton perfoliatus, P. crispus and
Ceratophyllum demersum may be identifiable. Leaves of the genus Najas are
also recognizable. Unfortunately, leaves are often fragmented beyond recog-
nition, and they are difficult to quantify. Nonetheless, leaves present a
record of presence or absence which may provide the best available informa-
tion for some species.

Seed and pollen production of major SAV species is summarized in
Table 3. Note that only five species produce pollen with a persistent exine.
Members of the genus Potamogeton and Myriophyllum spicatwn produce aerial
~flowers and the po]]en is wind-dispersed. Pollen of Elodea canadensis and
Vallisneria americana is released at the water surface and distributed
locally. None of the SAV species produce enough po]]en to figure signifi-
cantly in the pollen assemblage, although pollen grains of Myrmophyllum and
Potamogeton appear consistently in some of the cores anaiyzed..

Seeds-providezthesmostsconsistent-information-on=the-histerical-distrib-
utionzof=SAV:-conmunities, and they tend to be well preserved in most sedi-
ments. Fragments are recognizable to genus and usually to species. However,
seed profiles in the sediment are not easily interpreted. - As underlined by
Watts (1967), épéc1e5aare¢d1f$erent1aliy;represented)1n the fossil record so
that the prolific seed producers and those whose seeds are well preserved are
overrepresented compared to those species which produce few seeds or do not
preserve well. There is variation in the distance over which different seeds
are transported and in the palatability of different species to waterfowl,
fish and invertebrates. Finally, the ecology of a macrofossil community must
be known in order to draw meaningful inferences from the fossil record. :




TABLE 3. SAV SEEDS AND POLLEN IN THE BIOSTRATIGRAPHIC RECORD _

Pollen with -

Salinity persistent Representation
range:(ppt) Pollination exine in seed record
Zostera marina 10 - 35 hydrophily - ?
Potamogeton pectinatus 0- 8 anemophily + _ poor
Potamogeton perfoliatus 2 - 25 anemdphi]y + poor
Rupptia maritima 5~ 35 ephydrophily - good
'Zannichellia palustris 0- 8 hydfophi]y : - : good
Najas qualalupensis 0-10 hydrophily - good
Najas flexilis 0-10 hydrophily - . . - . good
EZodea canadenstis 0-10 ephydrophiiy + poor
Vallisneria am;m;eana 0- 1 ephydrophily -+ good
. Myriophyllum spiéatum 0-20  anemophily + | poor

An example of SAV fossil assemblage is shown in Figure 6.. The core is
from Furnace Bay. Five species occur in the profile. The assemblage suggests
that:

1. None of the species provide consistent records of seeds, pollen and
leaf tissue.

2. Myriophyllum spicatum and Vallisneria americana show good agreement
between seed and tissue presence, while Najas spp., Potamogeton spp. (in
this case predominantly P. gramineus) and Elodea canadensis show a poor cor-
relation.

3. Of the four genera, Potamogeton is most poorly represented in the
seed record. This is probably due to poor preservation or the exceptional
palatibility of Potamogeton seeds to waterfowl and not to low seed production
(Stark 1971). Leaf fragments are the best markers of former beds of this
genus. .

4. Pollen is not a useful parameter in the SAV record, since the species
represented are anemophilous, making it difficult to identify the location of

former beds. Also, the pollen records show poor agreement with seed and leaf . e

:records.
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5. For most species, seeds afford the best fossil parameter for study-
ing the past history of SAV. .

DISTRIBUTIONS OF SEEDS IN SEDIMENTS

In order to interpret the occurrence of seeds in the sedimentary record,
the decision was made to investigate the distribution of seeds in surface.
sediments and to try to relate the seed populations to populations of SAV in
existing beds. . . )

- SAV reproduce asexually by rhizomes, turions, tubers and in many genera
(e.g., Myriophyllum and Elodea) by any fragment of the plant axis bearing a
dormant lateral bud (Sculthorpe 1967). Typically, senescent plants fragmen-
tize at the end of the growing season and drift in rafts that may accumulate
against the shore. Seeds may travel and settle with such rafts, or they can
become detached to be moved by waterfowl, wind and water currents (Stevenson
and Confer 1978, Sculthorpe 1967). The unique productivity, palatability and
dispersal mechanisms of the seeds of each SAV species suggest that it may be
difficult to make many generalizations about the transport of seeds. However,
empirical evidence from this study, described below, as well as that of Stark
(1971), Birks (1972), Praeger (1913), and Ridley (1930) suggest that seeds of
many SAV species do not travel far from the parent bed.

Area of Study

teeds=Creek is a tidal tributary of the Miles River (Figure 7). It is
approximately 5 km long and its width decreases from about 500 m near the
mouth to 125 m near the head. A channel running up the center of the creek ‘
rises from a depth of 4.5 m near the mouth to 2.4 m just south of the Tunis
Mills Bridge. o

The SAV of Leeds Creek has been surveyed during the summers of 1976, 1977
and 1978 by the Youth Conservation Corps in collaboration with the Chesapeake
Bay Foundation (Fenwick, unpublished manuscript). Additionally, an aerial
survey outlined the location of SAV beds dur1ng the 1978 grow1ng season
(Figure 7) (Anderson et al., in press). ,

, Since 1976, the distribution and composition of SAV communities in Leeds
Creek have rema1ned relatively stable compared to other SAV commun1t1es in the
-area.* .

Leeds Creek was chosen for a study of -the dispersal and deposition of the
seeds of a few SAV species because of the work described above. In March
1979, surface sediments were collected from 77 locations along nine transects

inside the creek and from three locations just outside the creek (Figure 7). =~

The spatial distribution of seeds was compared to the distribution of SAV beds
in the previous growing season to see how far seeds of different species were
~ transported and whether they were concentrated at certain water depths. The

75'fFenwick, G;‘1979. Personal communication. «;.;;””L;;”}“;;':'“
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Figure 7. Locations of surface sediment transects in Leeds Creek. Black areas _
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1978 ground cover estimates for each SAV species were checked also against
seed data to see how the different species were represented in the sedimentary
seed record.

The results of the study are used in interpreting SAV biostratigraphic
profiles and in designing future studies. o :

Methods

The surface samples were collected with a piston corer 5.4 cm in diameter
that was des1gned for th1s project. A short core was drawn from which all but
the upper 28 cm® (+ 3 cm®) were discarded. Samples were stored in plastic
bags and refrigerated as soon as possible.

The methodology for seed extraction and enumeration has been descr1bed in
detail in the EPA Quality Assurance Report for this project.

Samples were located by transect and water depth (Figure 7). At loca-
tions A, B and C paired samples on a line from the creek channel into the
Miles River were taken. Along transects D through G, samples were collected
under 0.6, 1.2, 1.8 and 2.4 m of water as well as in the deepest part of the
channel (approximately the center of the creek). These four transects were
separated by 122 m in an area that had extensive SAV beds the previous summer.
Along transects H through L samples were collected from 0.6, 1.2, and 1.8 m
water depths as well as in the center of the creek. .

Results

Seed data for Zannichellia palustris, Ruppia mavitima and Potamogeton
pectznatus are 111ustrated in Figures 8, 9, and 10. Table 4 lists the sample
data in seeds/cm® of sediment for each species.

Homogeneity of Seed Distributions-- -

Data for Zannichellia palustris and Ruppia maritima are used separately
to test two hypotheses: (1) seed concentrations do not .vary between water
depths, and (2) seed concentrations do not vary between transects.
Potamogeton pectinatus is not included in the analysis because 68 percent of
the samples do not contain Potamogeton seeds.

Seed concentrations are strikingly low in the channe] sediments.
Zarmnichellia seeds occur in 58 out of 60 (97 percent) of the nonchannel
samples and in 8 out of 20 (40 percent) of the channel samples. Ruppia seeds
- are present in 58 out of 60 (88 percent) of the nonchanne] samp]es and 3 out
of 20 (15 percent) of the channel samples.

The Kruskal-Wallis nonparametric test (Hollander and Wolfe 1973) was used
to determine whether the seed concentrations of the seven populations from the
sediments at 0.6 m, 1.2 m, and 1.8 m water depths on both sides of the creek
and from channel sediments vary with depth of water.

- The Kruskal-Wallis test is similar to a rank-sum test for more than two
populations. It tests the probability, in this case, that the seed data are
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TABLE 4.

SAV SEED CONCENTRATIONS MPLEEDS CREEK SURFACE SEDIMENTS

Seeds/cm® at water depths sampled

West side.of creek

East side of creek
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derived from the same population using a statistic that is chi-square distrib-
uted.

Based upon this test, the hypothesis is rejected that seed concentrations
at 0.6 m, 1.2 m, 1.8 m and channel depths and at 0.6 m, 1.2 m and 1.8 m depths
are derived from the same population. The hypothesis is accepted that seed
%oncentrgtions at 1.2 m and 1.8 m are derived from the same population

Table 5).

Results of the test are the same for seed.concentrations of both Ruppia
and Zannichellia.

In order to test the second hypothesis that seed concentrations at all
transects are derived from the same population, transects D through K includ-
ing data from 0.6 m, 1.2 m, 1.8 m and channel depths were compared again using
the Kruskal-Wallis test. The hypothesis is accepted for both Zarmichellzia and
Ruppia, although not as strongly for Ruppia (Table 5).

The test results for the first hypothesis indicate that seeds are depos-
ited more consistently in sediments between 1 and 2 m of water than at 0.6 m,
where there is a lot of variability in concentrations, or in the channel where
they are virtually absent. Their absence in the channel suggests that the
seeds are not transported far in a lateral direction from their source because.
the channel is the farthest location from the parent beds.

The results of the test for the second hypothesis, that seeds from all
transects are from the same population, suggest that either the plants are
uniformly distributed along the creek, thus producing uniform seed distribu-
tions, or that the seed distributions were homogenized longitudinally by
transport process. The distribution of plants for 1977-1978 is not suf-
ficiently detailed to indicate how uniformly the beds were distributed.
Aerial photographs and field data from 1978 indicate that the parent beds may
have been patchily distributed with denser beds below transect J, suggesting
that Tongitudinal transport mechanisms are responsible for the similarity of
seed populations between transects. The presence of seeds at transect L,
where no vegetation was mapped in 1978, supports this expectation.

“The data from transects D through G were used to calculate the number of
samples needed to estimate (+ 10 percent) the mean seed concentration in sur-
face sediments of that area at three different levels of confidence for each
species (Table 6). This is one way of examining the amount of variability in
seed concentrations among the samples from a small area of the creek. The
large sample sizes recommended by the test emphasize the degree of scatter in

the data. Sampling only at 1.2 m and 1.8 m depths, where the seeds are depos-
jted more consistently, reduces the necessary samp]e size, but still many .
samples are required. ,

If the spatial variabi]ity in seed flux is the same roughly from year-to-
year, then there is little chance of obtaining quantitative trends in SAV pop-
ulations by observing seed concentrations in only a few cores. Spatial vari-
ability in seed flux could obliterate any temporal trends in SAV populations.
On the other hand, the samples are sufficiently similar in the presence and

31



Gl

S i

e

i

“TABLE 5.
AND WOLFE 1973)

~ANALYSIS OF LEEDS CREEK SAV SEED CONCENTRATIONS USING KRUSKAL-WALLIS NONPARAMETRIC TEST (HOLLANDER.

;g g Hypothesis

Species

Sample

Result

;_«x -t

1. [Seed concentrations do not
vary between depths.

Zannichellia palustris

Transects D-K
0.6m, 1.2 m, 1.8 m,

-and channel . . . .. ..

reJect (p <o0. 01)

'
!
i
3

0.6m, 1.2 m, 1.8 m,
and qhanne]

i
i
i

ti
i .

(p

Transects D-K reﬁect (p < 0.01)3
0.6m, 1.2m, 1.8 m : | |
Transécts D-K accept (p = 0.30)
1.2m, 1.8 m i
Ruppia maritima Transects D-K reject (p < 0.01):
0.6 m, 1.2 m, 1.8 m, . :
- - . and channel
......... Transects D-K reject (p < 0.01)!
"""" 0.6m, 1.2 m, 1.8 m a o
. { : i
Transetts D-K accept (p = 0.20)!
1.2m, 1.8 m Lo 0
| ‘
2. |Seed concentfations do not Zannichellia palustris Transects D-K ' accept (p-= 0.80)!
i vary between transects. 0.6m, 1.2 m, 1.8m, ; :
' and channel : |
Ruppia maritina Transects D-K accept (p = 0.70)!

]
1
t
i



absence of major SAV species, especially samples from 1.2 m and 1.8 m, that
presence-absence records of dominant SAV species in Leeds Creek could be

assembled from a much smaller number of samples.

TABLE 6. NUMBER OF SAMPLES REQUIRED TO BE 80, 90, and 95 PERCENT CONFIDENT OF
ESTIMATING (WITHIN 10 PERCENT) MEAN SAV SEED CONCENTRATIONS IN TRANSECTS D-G

(SNEDECOR AND COCHRAN 1976)

Level of

Water depths Mean confidence zgﬁp?ZS

Plant species included in mean .seeds/cm3 Variance (%) necessary
Zanmichellia 0.6 - 1.8 m + channel 0.309  0.079 95 331
Zannichellia 0.6 - 1.8 m + channel  0.309 0.079 90 223
zannichellia 0.6 - 1.8 m + channel  0.309  0.079 80 138
tanvichellia 1.2 - 1.8m 0466  0.074 95 137
Zannichellia 1.2 - 1.8 m  0.466  0.074 90 92
Zannichellia 1.2 - 1.8 m 0.466  0.074 80 57

' Ruppia 0.6 - 1.8 m + channel  0.139 0.025 . 95 518
Ruppia 0.6 - 1.8 m + channel  0.139  0.025 90 - 348
Ruppia 0.6 - 1.8 m + channel 0.139  0.025 80 215
Ruppia 1.2-1.8m 0.215  0.029 95 251
Ruppia 1.2-1.8m 0.215 - 0.029 90 169
Ruppia 1.2 - 1.8m 0.215  0.029 80 105
Potamogeton 0.6 - 1.8 m + channel  0.037  0.005 - 95 1461
Potamogeton 0.6 - 1.8 m + channel  0.037  0.005 90 983
}otamogeton 0.6 - 1.8 m + channel 0.037  0.005 80 608
Potamogeton 1.2 - 1.8 m 0.056  0.007 95 893
?btamageton 1.2-1.8m 'd.osa 0.007 90 600
Potamogeton 1.2 -1.8m 0056  0.007 80 372




250 m upstream from the nearest reported beds. Potamogeton pectinatus seeds
,,,occurred as far as 3.5 km from the beds at the mouth of the creek, though the

Comparxsons of Seed D1str1but1ons in Surface Sed1ments w1th the 1978
Vegetation Survey--
The results of 1978 field sampling at five locations (Figure 7) in Leeds

a Creek are summarized in Table 7 (Fenwick and Maldeis, manuscript in prepara-

tion). Five SAV species are recorded in Leeds Creek in 1978. Three of the

. five species are present in the seed record. These three species (Ruppia

maritima, Zannichellia palustris and Potamogeton pectznatus) account for 98.9
percent of the ground cover (as visually est1mated) in the areas samp]ed in
1978. Data in Table 7 suggest that Zammichellia is overrepresented in the
seed record (compared to Ruppia) since Zamnichellia seeds occur in consis-
tently higher concentrations than Ruppia seeds, despite 87.3 percent ground
coverage by Ruppia and only 8.5 percent by Zannichellia. The 1978 ground
cover data may underestimate the extent of Zannichellia in the creek since
they were collected in July, and Zannichellia populations often decline by
late June (Stevenson and Confer 1978). Additionally, Zannichellia beds may
have a higher seed output than Ruppia beds, or the seeds may suffer less
predation by waterfowl and other organ1sms than Ruppia seeds. Both species
preserve well in the sediments.

TABLE 7. RESULTS OF THE 1978 LEEDS. CREEK SAV SURVEY (FENWICK AND MALDEIS,

- MANUSCRIPT IN PREPARATION).

Stations
" ‘with ____Ground Cover '
; Stations Vegetation Ruppia Zannichellia Potamogeton EZodea Potamogeton
" Area (n) (%)  maritima palustris pectinatus canadensis perfoliatus
1 38 58 83.9 1.8 - 4.1 0.2
2 48 8 724 120 . 156  meem -
3 57 79 95.6 3.3 ——- 1.1 .
4 28 79 8.3 14.7 EEEE I
5 3% 50 99. 0.9
é Average: 69.8 87.3 8.5 3.1 1.0 < 0.] :

‘ Pbtamogeton perfoliatus and Elodea canadensis are minor components of
the 1978 plant community. They do not appear in the seed record of the sur-
face sediments. é : g

i Because Ruppia and Zannichellia beds were scattered through the creek,
it was difficult to estimate the distances over which their seeds might have |
been transported by water currents. Seeds did occur in appreciable numbers




\ |
e The methodo]ogy for seed extraction and enumeration is prov1ded in the 0y
EPA Qua11ty Assurance Report. Results are plotted as seeds per. cm?® of sedi- -+ D

- - CONELUSTONS

maJor1ty of seeds occurred along the four transects (D- G) in prox1m1ty to
where the speciés was growing in 1978, Waterf0w1 may have played a role in

- the broad dispersal of Potamogeton seeds.

“Distributions of SAV seeds are htghﬂy:varrab%e:jnrsurface~sed1men§§ but”
seed=concentrationsrare~higherzands= 1e539varﬂab1e§ﬂnfsed1ments—whegewtherwatgr
is—from=lz2-to=1z8-m-deep. The distributions are not unexpected in view of
the fact that distributions of SAV- species are extremely patchy and the size
of the seeds (disregarding floating mechanisms) determines that they are not
Tikely to be transported any great-distance by estuarine processes. The varir
abiddty that is characteristic of these distributions suggests—that data from
a largesnumber=zofzcoreszwouldzbeznecessany=to=ebtainzcomparativezgianti-tative
data-with-any=significantzdegree~of=confidence. However, majorstrendszinz=dom-
inant-vegetationzcanzbe=observed=byx= cempartngsthe“presence/absencezoﬁ:seeds~oﬁ

mes%wspec&esgfrom*on}yma~feWmcet§§
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SAV BIOSTRATIGRAPHY OF UPPER CHESAPEAKE BAY

l
: The Susquehanna Flats was chosen as a site for a study of SAV b1ostrat1g-
raphy because the area has had a diverse and extensive SAV community, in the
past. Also, since 1958, the vegetation has been sampied along 37 km of tran-
sects by scientists from the Migratory Bird Habitat and Research Laboratory
(MBHRL) The resu]ts of this survey are summarized by Bayley et al. (1978).
: Three-cores from the Susquehanna~£ﬂ3t9 and fourzcores, from furnace=Bays
were analyzed for SAV seeds. Our objectives were: (1) to see how variable
the seed record is between cores within each area, (2) to compare the SAV
records of two areas closely related spatially but different hydrodynamically,
(3) to test the SAV record of recent sediments against the distribution of SAV
beds during those years as established by the MBHRL Survey, and (4) generally,
to gain some measure of the resolving power of the b1ostratwgraph1c approach
as applied to SAY populations while examining trends in SAV populations of the

Upper Chesapeake Bay before and after European settiement.

The Susquehanna F]ats

: Core 10cat1ons in the Susquehanna F]ats are in the vicintiy of the MBHRL
sampling transect which ran between Havre de Grace and Spesutie Island (see
Figure 2). It was hoped that the locations would be far enough south of the
Susquehanna River so sediments would be free from periodic scouring, as im-
plied by the U. S. Army Corps of Engineers (1975). Using a piston corer
5.42 cm in diameter two cores from site 1, two from site 2, and one from !
site 3 were col]ected ‘(Figure 2). One core from each site has been analyzed
(F1gure 11). : {
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ment 1n ‘Figures 12 -through 16.
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The cores conta1ned seeds from 10 spec1es out of 18 SAV spec1es reported
for this area (Bayley et al. 1978). Najas quadalipensis, Heteranthera dubia,
... Ceratophyllum demersum, Potamogeton pectinatus and P. pusillus each occurs
- only once, Najas flexilis, P. gramineus, Vallisneria americana, Elodea
canadensis and Myriophyllum spicatwn appear more regularly.

7 The greatest seed concentrations in Cores 1 and 2 coincide with a thick
band of coal particles.” The Core 1 band lies between 32 and 42 cm; the Core 2
band is between 24 and 32 cm. In both cores, this coal zone occurs directly
above a band of coarse sand and below a layer of silt and terrestrial detri-
tus. This pattern has been interpreted as the product of a major storm event,
most likely the 1972 Hurricane Agnes. SAV seeds that were resuspended with
upstream sediments apparently settled with the coal particles, producing a
distinct peak in the seed profiles. The peak is especially prominent in the
prof11es for Najas flexilis (Figure 12).

: In Core 3, the largest concentrat1on of coal particles occurs between 3
and 7 cm though coal part1c1es are apparent in all sediments above 98 cm. _
There is no abrupt climb in seed concentrations comparable to those in SF-1
and SF-2. “Najas flexilis and Vallisneria americana appear consistently =~ ~— =
throughout the core. Seeds of Potamogeton spp. and Elodea canadensis occur
sporad1ca11y, and Myriophyllum is limited to the top 12 cm.

: The major shifts in local SAV popu]at1ons which have been documented in
field surveys since 1958 are not cons1=tent1y depicted in the SAV record of
the Susquehanna Flats. The dominant species are the same in both (Najas sp., -
Myriophyllum spicatum, Vallisneria americana, and Elodea canadensis), but
‘there is nothing in the cores comparable to the simultaneous rise of ;
Myriophyllum and decline of native grasses described in the MBHRL Survey dur-
ing the ear]y 1960's. The disappearance of SAV after Hurricane Agnes, on the
other hand, is indicated by the absence of SAV seeds in surface sediments of
a]] three cores. ;

g It has been conc]uded that azdynamn%garéaﬁﬁ%«e&ﬁhefSusqﬁeﬁﬁhna*F%ﬁfsens
noemamenab+eﬁ¢e%§AVFbTesira%*gﬁaph%eas%udy because:-

1. Sed1men¢ataenﬁpatterns appear to vary=greatiy=over=smati=distances.
As seeds would not be deposited uniformly under such conditions, an unrealis-
tically large number of cores might be needed to reconstruct the long- term :
behav1or of SAV. ;

? 2. At a s1te, sedwmen&a%%en%naieSWalso 43uctuatewdramatqcaﬂdy makxng it
d1ff1cu1t to distinguish changes in seed concentrations due to changing sedi-
mentation rates from changes which reflect trends in SAV populations. The i
possibility of periodic scouring of sediments at a ]ocat1on makes interpreta-
t1ons of seed assemb]ages still more difficult. . i

I
!

§ 3. Pe%&ehﬁoceﬂrsﬁqmwsuchﬁﬂOWaconcen%vataoms that palynologically der1ved -
sed1mentat1on rates are difficult to obtain, and hence it may not be possible

~to compute a SAV flux in this area. i
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. SAV strat1graphy

S1m11ar1ty of d1atom strat1graphy of the Susquehanna F]ats and Furnace
Bay implies that water quality is comparable in the two areas (Section 6).

- Furnace Bay is a good depositional area making it appropriate for biostratig-

raphic studies. Thus there may be indirect information on trends in SAV of
the Flats which are related to changing water quality that can be inferred

:{-q,from Furnace Bay data. This is true only if SAV, which contribute to the

Furnace Bay seed record, is respond1ng to changes in water quality in a way B
that is representative of SAV in the area as a whole. T i

furnace=Bay

Furnace Bay is a broad, shallow embayment north of the Susquehanna Flats
and east of the Susquehanna River (see Figure 3). Sediment enters Furnace
Bay via Principio Creek, Mill Creek, Chesapeake Bay, and small streams which

. drain the immediate watershed The sediments in all six cores taken from

Furnace Bay are fine-grained (99 percent silt and clay) and relatively rich
in organic matter. Unlike the sediments from the Susquehanna Flats, there is
very little variation in sediment character with depth, which suggests that
the cores are taken from und1sturbed depos1t1ona1 areas.

: Four of the six cores were analyzed. FB-I and FB-II were taken at

sites 1 and 2; FB-III and FB-IV were taken less than 3 m apart at site 3
(F1gure 3). A11 cores were collected with a 5.4 cm diameter piston corer.

FB-I11 and FB IV were X-rayed by the Maryland Geological Survey, core -
sections X-rayed in FB-III showed banding patterns suggestive of undisturbed
stratigraphy. Comparable sections in FB-IV had no distinguishable zonation. -
When all of the cores were split for subsampling, the gross structures of
FB I, FB-II and FB I1I were generally s1m11ar but differed from FB-IV.

: FB-I and FB IV were divided into slices 2 cm thick and two slices were
analyzed within every 10.-cm along the core. Because seed concentrations were
low, FB-II and FB-III were divided into 4 cm slices. In this pair of cores
every sample was analyzed (Figure 11).

i The mnfhodg1nnv for seed extraction and enumeration is described in our )
Qua11ty Assurance Report. FB-I and FB-II were analyzed for pollen and dia- .
toms as well as seeds (Sect1ons 5 and 6) FB-III was partially analyzed for
po]]en _ . . ;
i - The seed data are presented as seed flux per 10 cm® per year in
F1gures 17 through 22. The seed flux is obtained by multiplying seed con-
centrations by sedimentation rates wh1ch were established through polien
ana]ys1s |
1 i
' Seed data for FB-IV have been included and are adjusted to a sedimenta- -
tion rate of 0.6 cm per year, even though sedimentation rates were not actu-
al]y obtained for this core. Because FB-IV unquestionably has been mixed

vertically, it js not included 1n the following discussion of Furnace Bay
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Vallisneria americana-- .

Seeds of Vallisneria americana occur regularly in relatively high con-
centrations in FB-I, FB-II and FB-III. There are few sediment depths at
which Vallisneria seeds are low in all three cores.

No=seeds=occursinrthezsurface~sediments=(0-3-cm) -reflecting-the-disaps
pearancezofzVallisneria-after=-Hurricane-Agnes. Seed=concentrations—are
suniformly=low-at-depthszcorresponding=to=the-years=1925-1930-=(30=34=cm)=and
1897=1902=(47=50=cm)5==intervals=roughly=coinciding=with=the-major=fioods—o&
1936-and--1.889. Total pollen flux in FB-I and FB-II does not change apprec--
iably at these depths, so the drop in Vallisneria seed concentrations is

probably not a function of sedimentation rate.

In 41 of 80 Furnace Bay samples, Vallisneria seeds occur in concentra-
tions comparable to a flux rate of 0.5 seeds/10 cmz/year or more. If these
figures are representative, then over 500 seeds per m? per year have been
deposited more or less regularly at the Furnace Bay coring sites during the
past 300 years. In view of the relatively low seed production and localized
~dispersal patterns of SAV. it is believed that such a seed record could on]y
derive from dense beds of Vallisneria growing inside Furnace Bay. S

In general it appears that Vatilisneria-has<grown-continuously (or nearly
s0) in=the-area=since  the=late=17th~century. This implies that the species
has persisted across periods of increased sedimentation (e.g., the late 19th
century) and increased nutrient levels (following the onset of sewage dis-
charge into Mill Creek). Steenis (1970) has found Vallisneria to be tolerant

of "muddy roiled water" (Stevenson and Confer 1978).

Nagas spp.-

‘ The data for Najas fZeszzs and N. quadalupenszs are grouped together in
Figure 18 even though seeds of the species are easily distinguished. The pro-
files of the two species in FB-I, FB-II and FB-III are very similar, and their
seeds occur in roughly equal numbers. Another reason for lumping the data is
that field surveys usually group the .two species since they are difficult to
tell apart unless fruits are present.

Najas=seeds are presentin-the=oldest=sediments of all three cores. They
disappear simultaneously in the cores around=1840={(75-80 cm). They do not
appear in concentrations comparable to pre-1840 until 1910 (above 42 cm). The
failure of Majas to recolonize former habitats after Hurricane Agnes is shown
by the absence of seeds from the mostirecent-sedimentss

_ The Najas seed profiles could be interpreted several ways depending upon
the dispersal characteristics of the seeds. At one extreme, the Furnace Bay
sediments could collect seeds from the Susquehanna Flats, Mill Creek and
Furnace Bay itself, in which case a decrease in seed concentrations at a par-
ticular sediment depth would most likely describe a general decline of the
species in the area. At the other extreme, the source of seeds could be vege- ...
tation in the immediate vicinity of the coring sites, in which case the seed
flux would change dramatically with shifts in the distributions of Najas beds
- as well as with decreases in abundance in local beds. e 7
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Severa] observat1ons suggest that the trendeobsetved:rn—the—FurnacezBay
coreszare-productszof-morerthan-a-decal-—reshuffidingsof SAV beds, and that

.- species of Najas wereless abundant between 1840 and 1910 in an area at least

l'" o

O

as large as Furnace Bay. These observations are:

; 1. The same trends in the Najas seed flux are apparent in all three
Furnace Bay cores.
2. If the Najas record were extremely local, one would expect some
amount of reciprocity in the seed records of Najas and Vallisneria. In fact,
the seed records of Najas spp. and Vallisneria act independently or similarly,
probably as a function of changing sedimentation rates.

3. Najas flexilis reproduces primarily sexually. It therefore produces
many seeds that are capable of being dispersed over large distances (Birks
1972, Stark 1975). . guadalupensis apparently behaves similarly (Stevenson
and Confer 1978). Thus in spite of high sedimentation rates in the
Susquehanna Flats, the cores from that area (Sf-1 and SF-3) contain
N. flexilis seeds in relatively high concentrations. The moderate to low con-
centrations of Najas spp. seeds in Furnace Bay sediments lead us to suspect
that Najas spp. if present, have not dominated the vegetat10n in the vicinity
of the coring sites. Consequently, the seeds could be coming from a more
distant part of Furnace Bay or perhaps floating in from the Susquehanna Flats.

4. The dééfEase in Najas seed flux continues for 70 years.

; In c1rcumspect the Najas profiles might represent the disappearance from
and eventual return to Furnace Bay of small local populations. They also
could represent a decline in the species over a larger area than furnace Bay--
perhaps over an area extending into the northern Susquehanna Flats.

? The dec11ne in the abundance of NaJas spp. coincides with a period when
suspended sediments were probably at high levels in the Susquehanna River as a
result of extensive deforestation in the watershed. We know of no data that
suggest Najas spp. are espec1a1]y intolerant of increases in turbidity. In
fact, Najas spp. can grow in lower 1light conditions than many other SAV
species (Martin and Uhler 1939). There may have been associated changes in
water or sediment quality of the area which adversely affected the Najas pop-
ulations. Spec1es of Najas occur on a wide variety of substrates, a]though '
they thr1ve in predom1nant1y sandy sed1ments (Stevenson and Confer 1978).
E’Zodea canadensts-- i :
| With the exception of one seed at '8-12 cm in FB- I11, the recent sed1ments
of Furnace Bay do not conta1n any seeds of Elodea (F1gure 19). Seeds occur
consistently in low numbers in FB-II until 1780 (95 cm), sporadica]ly until
1890 (55 cm), and then disappear altogether. In fB-III, the species d1sap- ?
pears from the record by 1760 (97 cm). No Elodea seeds are contained in FB-I.

(Sediments from this core are younger than 1810.) L aoTTo

i !
! l 4 i
- ; Elodea was a prominent member of SAV communities of the Susquehanna Flats -
g"*~between 1958 and 1971 (Bayley et al. 1978). Judging by the seed profiles, the ,
p]ants which grew din.the Flats. dur1ng that time did _not _contribute much to Fi
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Furnace Bay seed assemb]ages ThlS is probab]y due in part to EZodea s low .
seed output (the species reproduces primarily asexually). Thus the seed
record from 18th century sediments probably describes relatively dense beds
of Blodex in or near Furnace Bay which declined=around=the=time=the=sur=
rounding=area=was-"cleared=for-agriculture, This is somewhat enigmatic since
 Btodea=generalkly=does-well=in<areas:: oth1gh~sed1mentat1om (Stevenson and
Confer 1978).

Potamogeton spp.=--

The Potamogeton species have been grouped because fragments of seeds are
not always identifiable to species. Most of the seeds which can be identified
belong to P. gramineus (Figure 20).

Seeds are probably not a good indicator of former Potamogeton beds, since
they suffer high rates of predation by waterfowl and may not preserve well in
the sediments. There are no sediment depths which show consistent trends in
all cores. However, the leaf record indicates that P. gramineus may have had
a Tong tenure in the area.
MyrwphyZan spzcatum-- ST T T e T T T T T o ot o T e e
: Myriophyllum did not f1gure prom1nent1y in the SAV communities of the
Upper Bay until the late 1950's, despite its introduction into the United
States in 1895. Between 1957 and 1959, the percentage of sampling stations
at which Myﬁtophyllum was recorded Jumped from 0 to 47 percent (Bay]ey
et al. 1978

: The first Myrzophyllum seeds appear in FB-II at 30 cm and in FB-I and
FB-III at 26 cm and 24 cm (the Myriophyllum seed at 64 cm in FB-IV is taken

as further evidence that this core has been vertically mixed). If 1959 is
considered as the year Myriophyllum first appeared, then the seed record from
Furnace Bay implies a sedimentation rate of 1.3 cm/year which is twice as

high as the rate determined for Furnace Bay by pollen analysis. If we accept’
the sedimentation rates provided by pollen analysis, then Myriophyllum would
have occurred in Furnace Bay as early as 1930.

. CONCLUSIONS _
SAV seed assemb]ages in sed1ments from Leeds Creek, the Susquehanna Flats
and Furnace Bay reflect former beds of. dominant SAV. The assemblages are a
function of the species composition of former beds as well as the local hydro-
logical patterns influencing seed deposition. The data show that the SAV :
record represents local populations and that there is large variability in the
annual SAV seed flux within a locale. ‘ o
; i : {
In designing a sampling program to study past distributions of SAV,
there is a trade-off between the number of cores that can be studied from !
an area.and the resolution at which any s1ng]e core can be analyzed. This | 50
is so because considerable time is involved in the ana]ys1s of any one core
_for SAV seeds. Since spatial variability may mask any minor temporal trends, .
~the recommendation is to take several cores from a locale and divide each —i:
'core 1nto a pract1ca1]y small number of samp]es so .the major trends.in. ;




dominant SAV over time are defined. The number of samples needed to divide

the core into such time intervals will vary with the sedimentation rates
characteristic of the study area. '

The resuits also suggest that an impractically large number of cores
would be required to study the history of SAV populations using a sampling
program designed on a regional scale. Instead, sites should be chosen within
a tributary that are likely to reveal responses of local SAV populations to
regional changes in water quality due to increased sedimentation, eutrophica-
tion, etc. This means that cores should be taken from good depositional
areas strategically located within the tributary (e.g., upstream and down-
stream from point sources of nutrients, in areas now devoid of SAV which had
good SAV populations in the past, etc.). If the same dominant SAV popula-
tions show similar trends in a few local areas subjected to similar regional
impacts, some conclusions may be drawn about the effect of different kinds of
watershed disturbance (land use) and water quality on SAV.
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SECTION 5

SEDIMENT TRANSPORT AND DEPOSITION

INTRODUCTION

The fate of toxics and other substances transported into the tributaries
and main stem of the Bay are governed to a large extent by the transport of
sediment and its rate of deposition. Sedimentation rates indicate which areas
are filling in, how rapidly, and the influence of land use in different water-
sheds on the amount and rate of sediment deposited in the receiving water.
Sedimentation rates are necessary’ also for ca]cu]at1ng the true deposition
rate (flux) of seeds and diatoms.” T T T T T T e e

Sedimentation rates can be obtained by measuring the decay rates of
2“’Pb and '*C in the sediments. They also are calculated from exact dates
assigned to sedimentary horizons where there is a major change in the com-
pos1t1on of the pollen assemblage originating from terrestrial plants. Pollen
grains of terrestrial plants are well preserved in sediments and reflect
major changes in-the composition of the vegetation caused by climatic change,
disease and land use. Since the time of European settlement layers of sedi-
ment deposited that exhibit vegetational changes resuiting from changing land
use often can be dated from historical records. Where the land use has been
manifold, several horizons may be dated in a core if it extends to presettle-
ment time or includes sediments deposited since early settlement. While the
maximum resolution of 2'°Pb is approximately 1 to 100 years and *“C approxi-
mately 500 to 100,000 years, pollen does afford a means of dating sediments
too old or too young to be dated radiometrically. In this study, all sedi-
mentation rates were based upon pollen analyses. Cores are being ana]yzed

~also that are dated by %*°Pb from both the Potomac River and Chesapeake Bay

1n order to compare the two methods of dat1ng

; In this study, two of three questlons were addressed, more or less
fundamental to establishing a data base of sedimentation rates for the
Chesapeake Bay system. It was sought ‘to determine (1) the number of cores at
a location and throughout the length of an estuary necessary for obtaining i
data representative of the pollen deposited at a given time, and (2) the
jntegrity of the vertical distributions of pollen as well as the number of
horizons that can be dated using changes in sedimentary pollen assemblages.
So far, the question of the effect of compaction of estuarine sediments on
sedimentation rates has been left unanswered. This problem is being inves-
t1gated with the object of determining whether or not correction factors for
compact]on of different sediment types are necessary for describing a true




“"In addition to providing information on the variability between samples,
the data obtained for determining the necessary number of cores also provided
~information on the distance some sediment is transported within the estuary.

" SPATIAL DISTRIBUTIONS OF POLLEN IN ESTUARINE SEDIMENTS

- Pollen distributions and hence the spatial variation of pollen in estua-
rine sediments are governed by (1) the distribution, pollen production, time
.of flowering and pollination mechanisms of the source vegetation, (2) the
processes operating in the atmosphere and within the river including the
dynamics of transport, deposition, resuspension and redeposition, and (3) the
physical characteristics of the pollen controlling its susceptibility to the
transport phenomena

: An 1nterpretat1on of pollen assemblages in surface sediments in terms of
:the interaction of these three factors will allow a-better understanding of
-what a pollen assemblage at any one locality in the estuary represents in
:terms of vegetation type and land use. Thus, this would provide a basis on
‘which to interpret vertical changes -in pollen assemblages with respect to -
-vegetation and land use in the past.

In order to accomplish this objective, the spatial distribution of
pollen in surface sediments in the tidal stretch of the Potomac River is
described in order to (1) identify the best depositional locations and the
.number of samples necessary to obtain data representative of the vegetation,

- (2) determine the area of source vegetation represented by pollen in the sur-
. face sediment at any one location including the accuracy of the representa-
:tion so that we might know the area for which historical records are needed
-to date changes in the vertical pollen profile, and (3) determine the effect
-of estuarine transport processes on the pollen distributions.

; In order to accomplish the first objective, comparisons were made of the
- total number of grains per gram dry sediment in the channel and nonchannel
‘samples, the percent of total pollien of all the tree pollen types identified
:in channel and nonchannel samples; the degree of similarity with respect to
percents of all pollen types between all channel samples was examined, and
:the amount of variability that occurs between samples taken at the same loca-
‘tion was tested. Addressing the second objective, the degree of abundance of
:the pollen types whose source vegetation occurs far upstream of the surface
‘sediment samples was observed, percents of total pollen were compared with
i the respective percents of total basal area in the adjacent vegetation and
efforts were made to detect any spatial trends in the pollen and/or vegeta-
t1on F1na11y, with regard to the third objective, the degree of scatter i
‘observed in the polien of the surface sediments was compared with the degree
iof scatter in the vegetation and the distribution of the pollen in relation
to their phys1ca1 characterlst1cs was 1nvest1gated g

i The tidal Potomac R1ver was chosen for this phase of the study because
‘additional support was obtained from the U. S. Geological Survey. for the b
A r%study, including collection of samples, which required 1 week of boat time, _' -

OF TEXT and ana]ys1s of samples. It was felt that results from the tidal Potomac
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R1ver w1th regard to the movement of sma]] particles such as po]]en and the1r
spatial distributions in the sediments would be applicable generally to all
tributaries, and it would at the very least provide guidelines for sampling
in the other tributaries.

Surface sediments were collected with a Shipley sediment sampler at 139

"locations in 28 transects across the Potomac River from Alexandria, Virginia

to Point Lookout where the river enters the Chesapeake Bay. “This stretch =~
includes almost all of the tidal Potomac. Triplicate samples were taken at
two transects. Of the samples collected, 48 from 13 transects and one set of .
triplicates were analyzed (Figure 22).

Vegetation data used were collected in 1974 for compilation of a map of
the woody vegetation of Maryland (Brush et al., in press). The data consist
of basal area measurements of trees greater than 2 cm dbh* in 132 400 m?
plots Tocated in 43 7-1/2 minute quadrangles (Figure 22). Plots are located
more or less randomly within the quadrangles; the number of plots in each
quadrangle is given later in Table 13 (page 66). The area chosen as a
source for the pollen is adjacent to the stretch of the river studied and :
extends "eastward to the Chesapeake Bay (Figure 22). Forest associations are ™
separated by the presence or absence of loblolly pine, basket oak, willow
oak, blackjack oak, post oak, tulip poplar, river birch and sycamore. (See
Brush et al., in press, for the distributions and species composition of
forest associations throughout Maryland.) Although many of the forest asso-
ciations are separated on the basis of different species of the same genus
and most pollen are not identifiable to species, the potential exists for
identifying in the pollen assemblages those associations that are character-
jzed by different genera. For example, sweet gum is closely associated with .
loblolly pine. Both types drop out of the vegetation further north and west
where the forest associations include entirely different genera such as bass-
wood, hemlock and sugar maple. The latter do not occur in our designated
source area. Unfortunately, similar data do not exist for the Virginia side

. of the Potomac, but the major species are more or less similar. The area

studied is approxwmately 40 percent forested Pollen types are plotted in
F1gure 23. , :

The first attempt was to assess whether there is a difference between

the channel and nonchannel zones of the river with respect to pollen depo-

sition. Out of the 20 channel samples analyzed, all contained sufficient

pollen grains to produce pollen assemblages while 19 out of 28 (68 percent)

of the nonchannel samp]es contained an adequate amount. An arb1trary number

of 5,000 to 10,000 grains per gram dry sediment was chosen as the minimum {

amount of polien upon which to compile an assemblage. In one case, 5,000 was

adequate because numerous types were present; in other cases 8,000 to 9,000

were considered inadequate because the assemblage included only one or two !

types and the grains were broken. A1l samp]es conta1n1ng greater than 10,000 .5ryny; o
grains were included in the study. e
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Figure 22. Locations of surface sediment transects for pollen distributions
in the Potomac River and locations of quadrangels used as the

vegetation source for the pollen.
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The next test was whether there is selective deposition of the tree :
polien between channel samples and those nonchannel samples with adequate
numbers of pollen for the compilation of assemblages.

The results of a rank-sum test (Hollander and Wolfe .1973) performed for
- each-tree pollen type, where the null hypothesis is that the percent of
total pollen of each type in the nonchannel samples is from the same popula-
tion as the percent of total pollen for each type in the channel samples,
indicates that percents of total pollen of hickory, beech, holly and cherry
are higher at the 0.06 significance level in the nonchannel samples. The
percent of total pollen of ironwood-hazelnut is lower in the nonchannel
samples at the 0.09 significance level. For the remaining types the null
hypothesis is accepted, i.e., there is no significant difference between
populations in channel and nonchannel samples.

The observation that only a few pollen types may be selectively
deposited, along with the consistent occurrence of large numbers of polien
grains in the channel samples, indicates that the channel is the favorable
zone of deposition in the estuary for most pollen grains. Consequently, we
rest¥1ct all analyses relating pollen to vegetatlon to data from channel
samples

The degree of similarity between pollen assemb]ages in the channel
samples when considering all of the identified pollen types from Tables 8 and
9 together, irrespective of their frequency of occurrence was next considered.
Table 10 shows Sorensen's similarity jndices, which range between 0 (no
similarity) and 100 {complete similarity). For values greater than about 75,
the gwo samples may be considered replicates {Mueller-Dombois and Ellenberg
1974).

Since the index of similarity between all the channel samples taken
within the same transect (boxed values in Table 10) are greater than 75, it
is inferred that it is not necessary to take more than 1 sample at any one
transect. Furthermore, most of the similarity indices between samples from
Transects I through XVI and between samples from Transect XVI through XXVII
are greater than 75. Thus, taking only two samples. one in the vicinity of
Transect I - XVI and one in the vicinity of Transect XVI - XXVIII, would
yield a fairly adeauate picture of the pollen assemblages in this stretch of
the river. Local effects, such as sporadic pollen input from the vegetation
or localized deposition, do not, to any great extent, mask the pollen repre-
sentation of the regional vegetation at any one locality and thus would not
mask regional changes in land use. Therefore, pollen in the tidal portion of
an estuarine depositional basin may provide an overall view of the regional . -
vegetation without the necessity of analyzing numerous samples.

The degree of similarity that occurs between samples taken at the same
location was then tested. Three sets of four samples were taken at

Transect VII by running the boat across the transect three times and attempt- - ivoes o

ing to sample each of the locations at the identical place each time. The
two triplicate samples taken in the nonchannel zone did not contain an
" adequate number of pollen grains to analyze. The indices of similarity for
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TABLE 8. PERCENT OF TOTAL POLEN IN CHANNEL SAMPLES AND PERCEI\"OTAL BASAL AREA IN THE DESIGNATED SOURCE
AREA OF ALL TREE SPECIES WITH > 0, 001 PERCENT BASAL AREA

Total Total
Freauency in pollen (%) basal area (%)

. eos channel _ (n=20) , (n=20)

‘ Scientific name Common name samples (%) Mean  S.D. Mean  S.D.

Acer rubrum ° , red mapie 40 0.2 0.3 5.7 9.9
Acer negundo, A. saccharinum maple 55 0.6 0.8 1.1 . 78.1
Ailanthus altissima tree-of- heaven 0 -0- 9.2 7.0
Betula nigra : birch 100 3.6 1.6 2.9 11.5
Carpinus caroliniana, Corylus americanat ironwood-hazelnut 95 1.1 0.9 0.9 4.0
Carya cordiformis, C. glabra, C. illinoense, hickory 95 2.5 1.3 2.4 5.4

C. laciniosa, C. ovalis, C. ovata, o ‘ :

C. pallida, C. tomentosa : . : : : o
Celtis occidentalis hackberry 35 0.2 0-4 -0- -——
Cornus florida dogwood 15 0.1 0.1 1.1 2.3
Fagus grandifolia : beech 65 0-3. 0.4 3.8 9.9

. Franxinus americana, F. pennsylvanica, ash 90 1.4 1.7 1.0 4.3
F. pennsylvanica var. submtegerrma -
Ilex opaca holly 35 - 0.1 0.2 2.1 4.3
Juglans nigra walnut 100 0.8 0.4 <0-1 -
Juniperus virginiana red cedar 65 0.4 0-5 0.1 0-5
Liquidambar styraciflua sweet gum 95 1.1 0.9 - 9.1 13.9
Liriodendron tulipifera tulip poplar 0 -0- --- 11.2  22.2
Magnolia virginiana magnolia 0 ~0- --- 0.1 0.9
Morus rubra mulberry 30 0-2 0.3 -0- -—-
Nussa sylvatica ~ black gum 40 0.2 0.3 3.3 5.5
Pinus taeda, P. virdiniana - pine 100 19.4 8.0 14.6 23.8
Platarus oceidentalis . sycamore 100 2.7 2.2 1.0 4.0
Populus grandidentata - S aspen 0 -0- -0- 0.1 0.7
Prunus serotina, P. virginiana, - cherry 25 0.1 0.3 0.6 2.4
' Quercus alba, Q. coceinea, Q. faleata, oak 100 ' 26.4 4.8  33.1 2-.1

Q. marilandica, Q. michauxii, Q. nigra, ' ’

Q. palustris, Q. phellos, @. Prinus,

Q- rubra, Q. stellata, Q. velutinea - :
Robinia pseudo-acacia bltack locust 0 -0~ -—- 1.3 5.6
Sassafras albidum sassafras 0 -0~ --- 0.4 1.7
Ulmus americana, U rubra elm - 100 1.8 1.5 1.7 6.9
Tilia americana basswood 20 8.1 8.§ -0- --=

3 . ~-0- -—-

‘Tsuga canadensis

hemlock

60

*A11 of the spécies oCcurring'ih the source vegetation > 0.001% of total basal area are Tisted.
be identified to species generally.

listed that occur outside of the designated source area.

tarnima and Morulus were comhined because the pollen is difficult to separate.

Pollen cannot

Therefore a pollen type (gqenus) can include species other than those



- TABLE 9. PERCENT OF TOTAL POLLEN OF AL SHRUB AND HERBACEQUS TYPES _

Total pollen (%)

Frequency in (n=20)
Scientific name Common name channel samples (%) Mean S.D.
Ambrosia . --....—.. ...ragweed ... ... _._......100 .. _.._.__16.1 ... 4.5
Caprifoliaceae honeysuckle family 5 0.02 0.09
Caryophyllaceae  pink family 10 0.02 " 0.06
Chenopodium pigweed 100 1.0 0.3
Cruciferae mustard family 45 0.2 0.3
Cyperaceae sedge family 50 0.17 - 0.2
Drosera sundew 5 0.01 0.04
Equisetum horsetail 5 0.01 0.04
Ericaceae heath family 15 0.04 0.11
Filicineae . ferns 30 0.2 0.35
Galium bedstraw 5 0.01 0.04
Gramineae : grass family 100 5.0 3.3
Impatiens .. __. . __ jewelweed .. __ . . __ ___15_.__ __ _ __0,07. 0.2 .
Leguminosae . legume family 25 0.09 0.16
Ligustrum - privet 45 0.2 0.3
Ligulifloreae composites 20 0.9 3.6
Lonicera : honeysuckle 5 0.015 0.07
Lycopodium /2 club moss 25 0.06 0.1
Myriophyllum © milfoil 40 0.14 0.3
Nympheaceae ; water-1ily family 10 0.05 0.11
Osmunda j flowering fern 10 - 0.025 0.08
Plantago i plantain 100 1.0 0.5 :
Polygonaceae ; buckwheat family 30 0.18 0.3
Potamogeton =~ ' pondweed 15 0.04  0.09
Papaveraceae § poppy family 5 0.01 0.04
Primulaceae i primrose family 10 0.1 0.5
Ranunculaceae buttercup family 25 0.09 " 0.17
Rhamrus ‘ buckthorn 60 0.3 0.4 .
Rhus ; sumac 35 0.15 0.2
Rosaceae % rose family 45 0.4 0.5
Rumex . sorrel 85 0.7 0.5
Sambucus ; elderberry 5 0.03 0.13
Saxifragaceae |  saxifrage family 5 0.015 0.07
Salix ’ willow 85 0.5 0.4 .
Solanaceae i nightshade family - 15 0.06 0.16
Solidago i goldenrod ; 5 0.02 0.09
Sphagram ) ‘ sphagnum moss 40 0. 11 0.15
Tubuliflorae i composites 75 0.6 0.5 .
Typha . cattail 45 0.2 0.2 -
Umbelliferae ; parsley. family 55 0.2 0.2
Urtica . nettle 5 0.02  0.09
Vaceinium ' blueberry 5 0.01  0.04 :
Viburnum | viburnum 15 0.03 0.07
violet family 20 0.16 0.4 =
! corn 15 0.05  0.13




2W/A+B, WHERE A = SUM OF ALL VALUES OF PERCENT OF TOTAL POLLEN FOR ALL TYPES,

BOXED VALUES INDICATE THAT THE INDEX OF SIMILARITY IS BETWEEN SAMPLES TAKEN IN THE SAME

'MATRIX OF INDEX OF SIMILARITY IN PERCENT FOR CHANNEL SAMPLES
. TRANSECT. )

(INDEX OF SIMILARITY
. SMALLER OF THE TWO VALUES OF THE PERCENT OF TOTAL POLLEN FOR ALL TYPES IN THE TWO SAMPLES BEING COM-

B = SUM OF ALL VALUES OF PERCENT OF TOTAL POLLEN FOR ALL TYPES IN SAMPLE BEING COMPARED. W = SUM OF
* PARED.

TABLE 10.
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the tr1p11cate samp]es at the two channe] ]ocat1ons are a]] greater than 75
{see Table 10), indicating that the data from one sample at a location may be
representative of the pollen assemblage at spot.

Relationship Between Pollen in Sediments and Source Area

~ Only tree species were used in analyzing relationships between pollen
assemblages and source vegetation because the vegetation data are restricted
to tree and shrub species.

In order to estimate the areal extent of the source vegetation, the ob-
servation was made that the distributions of the pollen of maple (other than
red maple, the pollen of which is easily distinguishable from other species),
basswood and hemlock occur in very low frequencies in the pollen assemblages.
These trees are not present in the area chosen as the source vegetation

(Table 8). This indicates that pollen is not being transported into the tidal
Potomac from the Upper Potomac which drains the Appalachian province in
Maryland where sugar maple constitutes approximately 35 percent of large for-
ested areas, hemlock approximately 17 percent, and basswood approximately
7 percent (percent basal area of total basal area of these particular associ-"
ations). Maple pollen, not identified as red maple, probably represents sil-
ver maple which grows on floodplains in the area studied. Although sediments
have not been sampled in the Upper Potomac in the vicinity of the sugar
maple - basswood and hemlock - birch forests, sediments from the Upper
Chesapeake Bay draining similar forest regions in Pennsylvania (via the
Susquehanna River) contain large amounts of maple , hemlock, and birch pollen
(described later in this section). In the Potomac sediments, birch pollen _
occurs in low numbers, although consistently, comparable to the percent basal
area of river birch growing along the river. Thus the pollen occurring in
the sediments appears to represent fairly closely the vegetation of the area
chosen as the source. This provides justification in the expectation that
the vegetation of the study area bears some relation to the pollen in the
sediments, and it would constitute the area where changes in the vegetation
due to land use would be reflected by changes in the stratigraphic pollen
assemb]ages. :

i Tables 8 and 9 listed all of the po]len types occurring in the channel
samples with their frequency of occurrence and percents of total pollen. Per-
cents basal area for each tree species greater than 0.001 percent of total
basal area are listed. Frequency of occurrence and percents of total pollen
of shrub and herbaceous pollen are listed in Table 9. Total grains per gram
dry sediment and percents of total pollen of pollen types occurring in at ,
1east 90 percent ofthe channel samples are plotted on Figure 23. ;
H {
2 Except for tu11p poplar and sweet gum there is a reasonably close cor-
respondence between percent basat area of many of the species occurring in i
the source area and percent of total pollen of respective pollen types in-the
sediment. Some of the less abundant trees are over and underrepresented gngTC
(Tab]e 8). The result is surprising in the light of differential pollen pro-
_duct1on both between and within tree types and the differential transport and
?depos1t1on of pollen grains (Brush and Brush 1972, Davis, Brubaker and —
Be1swenger ]971) ..A comparison of these values with those shown. for. otherm__q

i jv\,




depos1t1ona1 env1ronments (e d., Dav1s and Good]ett 1960, L1v1ngstone 1968
Crowder and Cuddy 1973) indicate that R-values (pollen-tree ratios) are rela-
ted strongly to depositional environment as well as to pollen production. The
generally lower standard deviations for the mean percents of total basal area
are an indication that the mixing process, either in the river or in the at-
mosphere or in both, smoothes out the variability in the pollen distributions
compared to the distributions of the trees.

Next the spatial variations in the total number of pollen grains per
gram dry sediment and percents of the tree pollen were compared with the
spatial variation in total basal area and percents basal area of the respec-
tive trees to observe whether similar gradients corresponded in the tree types
and their respective pollen types. A gradient is considered a true gradient
if both the t-value and the correlation coefficient are significant. Table 11
presents results from regressions of total number of pollen grains per gram
dry sediment and percents of total pollen for the tree species present in the
channel samples. There is no significant correlation between distance down-
stream and total number of pollen grains per gram dry sediment or on percents
of beech, ironwood-hazelnut, birch, hickory, blackgum, oak, walnut, red cedar,
dogwood, holly and cherry, while there is&@ significant correlation for per- -
cents of elm, ash, sycamore, sweet gum, maple, red maple and pine. The
t-values for the latter types show that distance does have an effect on the
percent of total polien (the slope of the lines is different from 0). Ac-
cording to the slopes of the regression lines, the distance effect is slightly
negative (percent of total pollen decreases with distance downstream) for elm,
ash, sycamore, maple and red maple, slightly positive (percent of total pollen
increases with distance downstream) for sweet gum, and relatively much more
pronounced in the positive d1rect1on for pine.

Table 12 shows the resu]ts from regress1ons of mean total basal area and
percents of total basal area of each tree type for each latitudinal section
on longitudinal distance from north to south, and it shows the regressions of
mean total basal area and percent of total basal area of each tree type for
each longitudinal section on latitudinal distance from west to east. These
mean values are presented with their standard deviations and numbers of obser-
vations in Table 13. There is no observable trend, i.e., significant t-value
and correiation coefficient, in the vegetation in either the iatitudinal or
longitudinal direction except for pine which increases relatively greatly
from north to south, sweet gum which increases slightly from north to south,
hickory which decreases slightly from west to east, and red cedar which
decreases from west to east and increases from north to south, in both cases
very slightly. The southward increase of pine and sweet gum in the vegetation
is observed also in the pollen distributions (Figures 24 and 25) but the i
eastward decrease in hickory and red cedar is not present in the pollen dis-
tributions because the grad1ents in the vegetation probably are very slight.
The differences that appear in the pollen assemblages of all other types which
show no vegetational gradient must be attributed to the differential effect of
transport and depos1t1ona1 processes. , i
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TABLE 11.

REGRESSION OF PERCENT OF TOTAL POLLEN (y) IN THE SURFACE SEDIMENTS

(n=20) ON DISTANCE DOWNSTREAM IN NAUTICAL MILES (x)

Total pollen

[

grains per gram -Regression Equation r t-value
dry sediment (%) = 61426.8 + 222.8 x 0.182 1.45
Acer y =1.14 - 0.013 x -0.473* - 3.55+
Acer rubrum y = 0.43 - 0.005 x - 0.568% - 5.23+
Betula y = 3.79 - 0.002 x -b,223 - 0.30
Carya y = 2.45 + 0.001 x 0.017  0.19
Carpirus - Corylus y = 0.92 + 0.004 x ' 0;]51 1.17
Cormus y = 0.05 + 0.00006 x 0.014 0.1
Fagus y = 0.29 + 0.001 x ’o 103 “'0:53
 Frazinus y = 2.97 - 0.034 x -0.608F - 6.06¢
ITles y = 0.05 + 0.001 x 0.245  1.77
Juglans y = 0.905 - 0.002 x 0198 1.28
' Juniperus y = 0.26 + 0.004 x -0.255 2.06
Liquidambar y = 0.392 + 0.015 x 0.527*  4.98+%
Nyssa y = 0.16 + 0.0004 x 0.042 - 0.37
Pirus ¥ =9.16 +0.22 x | 0.88af 12.32¢
Platanus y = 5.01 - 0.05 x -0.7137 - 7.98¢
Prumus y = 0.08 + 0.0008 x 0.092  0.76
Quercus y = 24.10 + 0.05 x 0.324.  2.675
Ulmus y = 3.62 - 0.029 x ~0.800% -10.23t

*corre]ation coefficient is significant at 0.05 level

+t-va1ue is significant at 0.01 level indicating that the slope of the negres-
sion line is significantly different from zero -

o :J¢corre1at1on coefficient is s1gn1f1cant at 0.01 level

§t-value is significant at 0.05 level

64




59

TABLE 12. REGRESSION OF MEAN BASAL AREAS IN LATITUDINAL AND LONGITUDINAL SECTION (y) IN THE VEGETATION ON
DISTANCE OF SECTION FROM NORTH TO SOUTH OR WEST TO EAST IN MILES (x) .

Regression equation Regression equation
of mean basal areas of mean basal areas
‘ ; in longitudinal sections _ : in latitudinal sections
i Total basal on distance from ' : on distance from
area g%) . west to east (n=9) , r t-value north to south (n=10) r t-value
(cm?) y = 11078.4 + 1.7 x 0.018 0.09 y = 10928.0 + 9.3 X 0.176 -1.68
- Acer y = 0.95 - 0.008 x -0.100 -0.50 "y = 1.83 - 0.026 X -0.392 = -2.23
Acer rubrum y = 4.46 + 0.023 x 0.153 0.76 y = 5.563 - 0.014 x -0.16 -0.60
Betula y = 2.26 - 0.007 x -0.069 -0.33 y =1.91 + 0.029 x 0.191 1.04
Carya y =7.56 - 0.152 x - -6.36* -4.03% y = 1.88 + 0.002 x 0.037 0.19
Carpimus-Corylus y = 0.118 + 0.022 x 0.490 2.76f © y =-0.38 + 0.012 x 0.272 1.48
Cornus y = 0.56 + 0.009 x - 0.310 1.54 y=1.39 - 0.012 x -0.462 -2.79%
Fagus y = 2.43 + 0.012 x 0.093 0.46 y = 4.30 - 0.035 x -0.291 -1.61
Fraxinus y = 0.73 - 0.0002 x -0.005  -0.02 y=1.45 - 0.014 x -0.312 -1.68
Ilex y = 3.87 - 0.042 x -0.512  -2.91% y = 0.81 + 0.028 x 0.454 2.64%
Juglans y = 0.004 + 0.001 x 0.274 0.08 y = 0.02 + 0.0002 x 0.058 -0.02
.Juniperus y = 0.57 - 0.010 x - -0.599*  -3.64+ y = 0.004 + 0.003 x 0.547* -3.24%.
Liquidambar y = 7.54 + 0.024 x 0.100 0.49 y = 5.39 + 0.089 x 0.572* 3.68+
‘Nyesa y = 6.35 - 0.063 x -0.266 -1.34 y = 3.38 + 0.020 x 0.246 - 1.37
‘Pinus y = 6.12 + 0.303 x 0.569 3.37¥ y = 2.53 + 0.378 x 0.7325§ 5.64+
Platanus y =1.15 - 0.011 x -0.160 0.83 y = 0.63 + 0.010 x 0.207 1.08
' Prunus y = 0.56 - 0.004 x -0.188 -0.90 .y =0.34 + 0.002 x 0.106 0.60
Quercus y = 40.58 - 0.068 x - -0.114 -0.01" y = 35.61 - 0.051 x -0.169 -0.90
Ulmus y = 0.438 + 0.026 x 0.262" 1.32 y = 1.52 - 0.009 x -0.153 0.83

*correlation coefficient is significant at 0.10 1e"e1

tt- va]ue is significant at 0.01 level, 1nd1cat1ng that the slope of the line is different from zero

*t value is significant at 0.05 level

scorrelation coefficient is significant at 0.05 level
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TABLE_13 (Continued)

5 : &
¥ BY LONGITUDINAL SECTION &
' 1,6,10, 2,7,1,
Quad Nos. in each 12,17, 4,13,18 5,9,14,19 15,20,26, 16,21,27, 3,8,35,
longitudinal section 28 22,29 23,30 24,31 25,32,36 33,37 34,38,40 39,41 42,43
Distance of section '
west to east in miles 0 6.8 13.6 20.4 27.2 34.0 40.8 47.% 54.4
Number of Plots 1 6 10 16 26 29 N 1" 2
Mean total basal area (cm?) 7492.0 12858.0 12924.9 10838.1 12905.4 11421.4 11106.6 10028.6 10553.5
S. 0. R 2755.3 2991.9 4559.6 5118.7 3890.2 3240.3 3083.5 2117.8 .
Mean % Acer ~0-~ - -0~ -0- 3.2 3.4 -0- -0~ -0- -0~
S. D. - -0- -0- 12.5 17.5 -D- -0- -0- -0-
Mean % Acer rubrunm 1.0 2.3 7.7 9.8 5.0 6.7 4.1 6.2 3.0
S. D. - 2.9 9.0 16.5 16.1 12.6 6.6 8.6 4.2
Mean % Betula -0- -0~ 4.2 4.6 3.8 2.5 2.9 0.6 -0-
. D. ——- -0- 12.3 n.7 14.6 11.6 12.6 2.1 -0-
~ Mean % Carya 15.0 2.2 1.6 3.7 2.4 2.3 1.8 1.9 -0-
S. D. .- 5.3 4.1 9.8 4.5 5.0 3.9 3.7 -0-
Mean % Carpinus-Corylus -0- 0.2 0.2 0.8 0.5 1.3 0.8 2.6 -0-
S. D. , - 0.4 0.6 1.6 1.3 6.9 3.0 6.3 -0-
Mean % Cornus -0- 0.8 0.8 0.7 1.2 0.8 1.3 1.7 -0-
. S. D. : ——— 2.0 1.1 1.6 1.8 1.5 2.7 2.8 -0-
Mean % Fagus -0- 0.2 3.9 6.0 3.0 6.1 3.6 2.0 -0-
S. D. - 0.4 10.8 14.5 7.9 12.6 9.1 6.6 -0~
Mean % Fraxinus -0- 0.8 0.1 2.4 0.4 0.7 2.1 -0- -0-
S. D. -—- 2.0 0.3 6.6 1.6 3.9 6.5 -0~ -0-
Mean % Ilex 6.0 2.5 3.9 1.9 2.0 0.5 2.3 3.0 2.5
S. D. ——- 2.9 7.7 6.8 4.5 1.2 3.3 4.3 3.5
Mean % Juglans -0- -0- -0- -0- -0- -0- 0.2 -0- -0-
s. D. --- -0- -0- -0- -0- -0- 1.1 -0- -0-
Mean % Juniperusg 1.0 0.2 0.4 0.1 0.2 0.5 -0~ 0.3 -0-
S. D. -0- 0.7 0.8 0.3 0.8 0.5 -0- 0.9 -0-
Mean % Liquidambar -0- 11.0 14.1 5.8 10.1 8.3 8.2 12.7 3.5
S. D. -—- 19.7 11.9 8.0 14.5 17.4 1.2 16.9 5.0
Mean % Nyssa . 1.5 1.8 2.1 1.8 5.3 3.1 3.3 1.3 8.0 .
S. 0. -—- 2.1 3.1 2.0 8.1 4.3 | 6.4 1.5 1.4
Mean % Pinus 1.0 16.5 13.7 5.7 ‘17.3 17.4 15.9 6.4 35.5
S. D. -—- 16.6 25.1 9.8 26.9. 27.4 25.9 9.9 20.5
Mean % Platarnus -0.0 -0- 3.3 2.0 0.1 0.5 1.9 -0- -0-
S. D. --- -0- 2.8 8.6 0.6 1.9 5.0 -0- -0-
Mean % Prunus -0- 1.3 0.1 0.5 0.5 0.6 0.7 0.3 -0-
S. D. ——- 3.3 0.3 1.4 2.2 2.6 3.3 0.9 -0-
Mean % Quercus 58.0 45.0 .« 29.0 28.3° 29.0. 35.3 28.9 48.2 47.0
S. D. -— 35.1 29.2 30.8 26.2 29.2 30.1 30.2 21.2
Mean ¥ Ulmus -0- -0~ 0.2 -0- 3.8 1.6 4.7 -0- -0-
CSe Dy eee . -0- 0.6 -0- 6:3 5.5 13.4 -0- -0-
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o c1ty re]at1ve to _many other_pollen types. Observations for oak are in

Effect of Transport on Po11en D1str1but1ons

The distance a pollen grain is transported in an estuary is dependent

- upon the depth of the water, the degree of turbulence in the water column,

and the settling properties of the pollen once it enters the water. For a

T,,:river such as the Potomac, it is assumed that turbulence immerses the pollen
completely within a few meters of downstream transport. Once immersed, pol- ™~

Ten will behave 1ike similar particles with small Reynolds numbers and fal- "~

1ing within the range of Stokes law of resistance. Some differentiation is
to be expected because size and specific gravity differ among pollen types,
not all grains are spherical and size and shape can change with immersion

(Brush and Brush 1972). Based upon the behavior of small particles in tur-

bulent flow (McNown et al. 1951, Brush 1965) and data obtained from a labora- -

tory study of pollen transport in a small sediment-laden flume (Brush and
Brush 1972), some interpretat1ons were made regarding the effect of transport
on polien d1str1but1ons in the Potomac surface sediments.

IO

The effects of transport were 1dent1f1ed by the selective deposition of

pollen ‘types in channel and nonchannel sediments and by the value of the cor-
relation coefficient for percent of total pollen versus distance downstream.
A high correlation coefficient indicates less scatter in the data than a low

regression coefficient. A lot of scatter means that very little dispersion
of the pollen has occurred and the pollen is deposited close to its source
or that differential deposition is operating after the pollien becomes mixed
in the water co]umn resulting in a secondary uneven distribution.

Correlation coefficients for percent of total basal area with latitu-
dinal and longitudinal distance are low for all species of trees indicating
that distributions of the source vegetation are highly uneven or patchy.

This is an accurate description of tree distributions because individuals of
a species occur most commonly as stands or in more or less discrete clumps.
Therefore, pollen distributions with low correlation coefficients are re-
flecting the local patchiness of the tree distributions, whereas those with
high correlation coefficients have had the vegetational patchiness erased
from their distributidns by depersion.

Five types of transport behavior are recognized in the distributions of

po]len described here: §
| 1. Hickory (40-45 u), beech {40-45 1), cherry (25-30 u) and holly (25-
30 p) occur more frequently in the nonchannel samples and show insignificant

correlation coefficients. Once introduced into the river, it appears that

{

they settle quickly and are deposited in shallower water. There is no 1nfor-f

mat1on ava11ab1e on the settling veloc1t1es of these grains,

; 2. Oak (25 30 u), black gum (30- 35 u), walnut (35-40 u), dogwood (35-
40 p) and red cedar (25 30 u) occur nonselectively in channel and nonchannel
samp]es and show a lot of scatter. They are not transported far in the

. water before being deposited. Atmospher1c transport may ensure their even

distribution across the channel. Once in the water they settle rapidly. 0Oak

#'has a specific gravity of 1.2 which does not indicate a high sett11ng velo—t-{ n“

‘1 3/
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:.tat1on appear 1n the pollen assemblage except tulip poplar. In spite of

Aol

agreement with 1aboratory results w where on]y 2 percent of the~dakwpp11en']oad

remained in suspension 15 minutes after entry into the water column (Brush

... and Brush 1972). The behavior of oak in the experimental study contrasted
" strongly with other pollen types which remained in suspension in much greater

numbers and therefore for a longer period of time. The settling properties
_.of red cedar pollen erase from the pollen distributions the very slight
grad1ents that appear in the d1str1but1ons of the trees

3. Ironwood-hazelnut, with an average size of 30 u, were se]ect1ve1y
deposited in the channel sed1ments where the water is deeper. However, the
data contain a lot of scatter indicating that although deposition occurred
in the deeper water, the pollen grains did not remain in suspension very long
and are probably deposited close to their entry. In the previously mentioned
laboratory study, hazelnut occurred in fairly large numbers in the bed al-
though not nearly approaching the deposition rate of oak.

4. Maple (40-50 u), red maple (49 u), ash (38-41 u), etm (37 u), and
sycamore (19-22 u) are deposited nonselectively in channel and nonchannel

sediments. They show less scatter than the previously discussed grains indi-

cating that they are deposited even]y and may be transported a greater dis-
tance. They decrease in frequency in the downstream sediments because they
probably remain suspended 1n this part of the river where the water is deeper
and more turbu]ent .

5. The po]]en type most affected by transport is that of birch (30 p).
It occurs in both channel and nonchannel samp]es and shows virtually no scat-
ter indicating that it remains in suspension for a long period of time and is.
tota]ly dispersed before being deposited. This observation agrees with the
previous 1aboratory observation where 71 percent of the birch pollen Toad
remained in suspension 15 minutes after entry into the water column. In
that study it was observed also that the size and shape of birch changed w1th
immersion in such a way as to decrease its settling rate.
i
: It is 1nferred from these results that transport processes disperse the
pollen to a greater or lesser degree depending upon the physical properties
of the individual grains. Thus, transport and selective deposition of po]]en
'serve to erase, for some tree types more than for others, some of the patchy
characteristics of tree distributions without altering the pollen assem-
blage's representat1on of the regional vegetation.
i [ :
Conclusions | i
f‘ 1. Adequate amounts of pollen for compiling pollen assemblages are
obtained more frequently in channel as opposed to nonchannel sediments in
the tidal Potomac River. The results are reproducible at any one location.
For an overall view of the pollen assemblages in the tidal Potomac, it is
necessary to obtain only two samples, one located in the upper region of the
tidal river and the other close to the mouth

| 2. The po]]en in the channel surface sediments are, for the most part,

trepresentative of the adjacent vegetation. Al1 types abundant in the vege- ___
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‘ d1fferent1a] product1V1ty and transport for d1fferent po]]en types, there is.
a fairly good correspondence between percents of total basal area and per-
... cents of total pollen with a few types being under- or overrepresented in
- the pollen. The southward increase in pine and sweetgum in the vegetation is
. reflected in the pollen assemblages of the surface sediments, while the west-
.-~ ward decrease of hickory and the westward decrease and southward increase of
red cedar are too s11ght to be recorded 1n the po]len d1str1but1ons '

3. Transport processes in the atmosphere and water erase some of the
localized patchy distributions of the vegetation types from the polien dis-
tributions. The degree to which this occurs is related to the physical
characteristics of each type of pollen grain.

4. Since the estuarine processes reduce local noise in the po]]en dis-
tributions without obliterating representat1on of regional gradients in the
vegetation, this depositional env1ronment is considered useful for stratig-
raph1c work.

YERTICAL'DISTRIBUTIONS'ﬁF'POLLEN IN £STUARINE ‘SEDIMENTS — ~— —= == == == — =

With respect to the dating of stratigraphic horizons for determining
sedimentation rates, this study concentrated on establishing rates in the
Upper Chesapeake Bay. Themmber of horizons that can be dated from a core
depend upon the time interval covered by the core and the number of land use
and vegetation changes during that time interval that are of a sufficient
scale both in area affected and in intensity to be reflected by changes in

- pollen assemblages. As indicated earlier, localized changes are likely to
be masked by the regional cond1t1on

: Two cores from the Susquehanna Flats (SF-2 and SF-3) were analyzed and
two (FB-I and FB-II) 1in detail and one (fB-III) partially from Furnace Bay
(see Figures 2 and 3 for locations of cores). The two cores from Susquehanna
Flats contained very low concentrations of pollen; consequently, these analy-
ses were not continued for this study.‘ It appears from the counts made that
by concentrating the pollen extracted from the samples (see Quality Assurance
Report), it may be poss1b1e to obtain sufficient data to compile vertical
prof11es showing changes -in the assemblages. This investigation is proceed-
ing. The cores from Furnace Bay contained well-preserved pollen in suffi-
cient numbers to provide sedimentation rates for different time intervals. i
i In cores FB I and FB II, all po]]en types were identified; Figures 26 ;
and 27 have been plotted w1th only those types that provide information re- |
garding sedimentation rates. In core FB-III, only the oak and ragweed pollen
_ were identified in order to identify the agricultural horizons. {
j ) ¥
Furnace Bay Core Number I (Figure 26)--
‘ This core is 96 cm .long and consists of silt and clay throughout. The
top 79 cm are dark grey while the zone from 79 to 92 cm is a light brownish
grey. Darker colored bands occur at 6 to 7 cm, and brown bands were observed
Zat-22 to 23 cm, 30 to 31 cm and 39 to 40 cm. The top 8 cm has a higher water :
“content than the remainder_of the core. ;
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. Tota] po]]en per gram dry sed1ment f]uctuates cons1derab1y between
levels. Except for a zone of no pollen between 40 and 50 cm, pollen con-
centrations are fairly high throughout.

B The oak-ragweed ratio, an indicator of clearing of forests for agri-
.., . .culture, remains less than 1 throughout the core except for the bottom 2 cm

-where it reaches 1.8. This large increase in oak pollen indicates that at
the time the area was mostly forested with some Tocal clearing. Historical
records show that at Furnace Bay the area of land cleared by 1840 remained
constant to 1960 (see Section 3). There are no records of area of land
cleared in 1820, but there are records indicating that agriculture was well
established by 1820. Since there is only one significant decrease in the
oak-ragweed ratio in the core, it is assumed it reflects the time of well-
established agriculture and that the area of land cleared in 1820 was essen-
tially the same as in 1840. Therefore, an 1820 date has been assigned to
the 94 cm level where the oak-ragweed ratio changes from 1.8 to 0.7.

; Although chestnut pollen is never ent1re1y eliminated, it decreases
rather dramatically at 30 cm. The chestnut blight began to infect trees
by 1910 and by 1930, most of the chestnut trees were dead {Anderson 1974).” -
In this core, a 1930 date has been assigned to the 30 cm level where the
chestnut decreases. It is believed that the decrease represents the demise
of the species and the reason the pollen persists throughout is probably due
to some mixing of sediments. Fluctuations in total pollen lead to surmising
that mixing may have occurred, but even if this were the case, it is not suf-
ficient to obliterate major changes in the pollen distributions. Based upon
~these dated horizons, sedimentation rates average 0.6 an/yr throughout the
core. Assuming a 0.6.cm/yr rate of sedimentation, the influx (numbers of
‘ gra1ns depos1ted;er gram of sediment per year) of the major pollen types
in the core, v1z., oak, ragweed pine, and hem]ock have been plotted.

Furnace Bay Core Number 11 (F1gure 27)——

v: This core, 123 cm long, is macroscopically very similar to core FB-I.

The top 84 cm are an homogenized dark grey siit and clay which becomes a

1ight brownish grey from 84 to 131 cm. - Brown bands occur at 23 to 24 cm

and 33 to 34 am. _ §

_ Total po]]en does not fluctuate nearly as much as in core FB-I. Total

pollen per gram dry sed1ment are almost twice as high at the bottom of the

core as at any other level. Total numbers decrease dramatically toward the

center of the core with a zone of no po]]en from 56 to 64 cm, v

§ The oak- ragweed ratio of 18 at the bottom of the core indicates that
ragweed essentially is absent in this part of the core which extends down to
92 cm. This zone represents presettiement time. At 92 cm, the oak-ragweed
ratio changes to 1.8 and decreases to well below 1 at 84 cm. The first de-

. crease was interpreted in the ratio to reflect initial settlement and clear-

ing, which occurred at about 1790 in the area (see Section 3). The second
decrease at 84 cm is identical to the decrease in core FB-I at 94 cm, which

BEGIN 1s 1nterpreted as represent1ng the t1me of well-established agr1cu1ture and
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"The chestnut prof11e fluctuates cons1derab1y. The low numbers in the
bottom of the core {(during presettiement time) probably are related to forest
... density. Chestnut flowers in late summer when trees are in full leaf. It is

.7 possible that in dense forests, prior to clearing, much of the chestnut pollen
.. is filtered out before reaching a depositional basin (see Tauber 1965 for a
Zi.... discussion of factors affecting the atmospheric dispersion of polien). After
e 1820, the numbers of chestnut pollen increase and then decrease in the center

of the core, but this decrease is coincident with very low concentrations of
total pollen. At 44 cm, the numbers of chestnut decrease by one-half; a 1910
date to this horizon has been assigned, which is believed to represent the
initial impact of the blight. At approximately 30 cm, chestnut pollen is no
_Tonger present; a 1930 date has been assigned, the time when the trees were
no longer existent, to this level. Chestnut pollen in the top 4 cm is pro-
duced by the oriental chestnuts which were p]anted throughout the eastern
Un1ted States 1n the early 1940's.

; Based upon these dates, sed1mentation rates average'o.s cm/yr for the
entire core, with average rates of 0.3 cm/yr from 1790 to 1820, 0.4 cm/yr
from 1820-1910, 0 7 cm/yr from 1910 to 1930, and 0.6 cm/yr from 1930 to the
present. e T ‘~ e e o e

Because changes in the sed1mentat1on rates in the real world probably
are more gradual than indicated by the average values, it was decided to
approximate the changes. To do this, it was assumed that the change was
Tinear and that the rate at the midpoint of the interval was'the average
rate. Accordingly, the midpoints of each interval were plotted against the
sedimentation rate for that interval. These points were connected by lines
the equations of which are used to obtain the intermediate sedimentation
rates. ' For core levels below the last dated horizon and above the first
dated hor1zon, it was assumed that the sedimentation rate from the previous
leve} remains constant through this sect1on

‘ Pollen, seed and diatom influx va]ues (i.e., the numbers of polien,
seeds, and diatoms deposited per gram or per cm? of .sediment per year)
are calculated by dividing the total counts at each level by the number
of years repnesented by each sample analyzed. :

o Based upon the sedimentation rates for core FB-II (Figure 27) the
pollen influx shows clearly that the major tree species, oak, pine and
hemlock all decrease dramatically with the advent and establishment of g
agriculture. The influx of pine and hemlock is particularly interesting i
because it does not reflect the presence of abundant pine and hemlock stands
in the Appalachian Plateau of Pennsylvania, approximately 100 km northwest i
of Furnace Bay. which were extensive as late as 1840 for pine and 1880 for |
hemlock (see Section 3). Although changes in the vegetation of the Piedmont -
section of the Susquehanna watershed caused by agriculture are documented in
the pollen assemblages from Furnace Bay cores, changes in the vegetation of
the Appalachian section of the watershed are apparently not reflected because ..
they are too distant. The large amounts of pollen of hemlock and pine that
are present in the bottom part of both cores must have originated from trees -
igrowing in the Piedmont which were cut at the time land was cleared for — DIMENSION
- agriculture.. _If the_pollien were derived from Appalachian vegetation, it i :oxvasics
i B
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shou]d be present in sedlments depos1ted after ]820 because the forests 1n
the Appalachian Plateau were not cleared for agriculture. Apparently pollen
cnme-- from the upper watershed was not transported into this area during any time
’ - interval. This is in agreement with the observations made on polien distribu-
tions in the tidal Potomac surface sediments where pollen of trees restricted
-~ - ... to the Appalachian province today are not present in surface sediments approx-
L 1mate1y 50 km downstream from the _source.

Furnace Bay Core Number III--

- Only oak and ragweed pollen from this core were counted and therefore we
have identified only the agricultural horizon. This occurs at 93 cm based
upon the change in the .oak-ragweed ratio. A date of 1820 was assigned to
this level. Based upon this date, the average sedimentation rate from 1820

" to the present is 0.6 cm/yr.

Other Tributaries-- '

; Table 14 summarizes all of the dates that have been ass1gned to dif-
ferent sedimentary horizons in a number of tributaries based upon polien
analyses. The rates average approximately 0.6 cm/yr from all cores, but

the range within a core is as great or greater than the range between cores
from the same tributary, or between cores from different tributaries. For
example, in one core from Back River rates range from 0.3 cm/yr to 1.9 cm/yr.
Rates appear higher during the agricultural periods for some tributaries with .
large drainage areas (e.g., Back River) than for some with smaller drainage
areas (e.g., Middle River), but the hydrodynamics of the tributaries is also
important. For example, the sedimentation rate in the middie of Back River
is much greater than at the mouth because Back River acts as a depositional
sink (Han 1972)..

Conc]us1ons

: 1. The c]ear1ng of land for agr1cu1ture and the decrease and demise of -
chestnut are the two major events that are reflected in pollen assemblages _
from estuarine sediments. Dates of 1910 and 1930 are assigned to the chest- .
nut horizons and anywhere from 1790 to 1890 to the agricultural horizon
depeno1ng upon the specific Tocation. 'Rapid urbanization where it has oc-
curred is reflected by increased concentrations of pollen in the sediments.

‘In some instances, farm abandonment can be detected by an increase in the i
rat1o of oak po]len to ragweed pollen. f

2. Sed1mentat1on rates average approx1mate1y 0.6 cm/yr 1in all of the
cores studied but vary from less than 0 2 cm/yr to approximately 2 cm/yr. :

3. The data gathered so far suggest the influence of land use on rates
of sedimentation is influenced by drainage area and the morphometry of the
rivers. However, specific relationships will not be studied until sedimen-
tation rates have been obtained for more tributaries.
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TABLE 'i4 SUMMARY OF SEDIMENTATIDN RATES BASED ON PALYNOLOGICAL INDICATORS THUS FAR OBTAINED FOR CHESAPEAKE BAY AND TRIBUTARIES
Location* Core Dated Horizons Stratigraphic Indicator for Date Historical Basis for Date Sedimentation Rate
Susquehanna 3 0 cm - 1978 " year core was collected 1.0 en/yr
Flatst 98 cm - 1880 presence of abundant coal particles anthracite industry in watershed well developed !
Furnace 111 0 cm - 1978 year core was collected 0.6 cm/yr -
Bayt 93 cm - 1820 large increase in ragweed pollen agriculture well established at ~ 1820 ' y
Furnace I 0 cm - 1978 year core was collected 0.6 cn/yr
Bayt 30 cm - 1930 absence of chestnut pollen by 1930, all chestnut trees eliminated by blight * Y
Furnace II 0 ch - 1978  year core was collected 0.6 cm/yr
Bayt 30 ecm - 1930 absence of chestnut pollen by 1930, chestnut trees eliminated by blight 0.7 cm/yr
44 cm - 1910 decrease in chestnut pollen at ~ 1910, chestnut blight attacked trees 0'4 cmlir
84 cm - 1820 large increase in ragweed pollen agriculture well established 0.3 cm/yr
92 ecm - 1790 moderate increase in ragweed pollen modest agricultural development : y
and decrease in tree pollen .
Middle M-2 0 cm - 1974 year core was collected 0.3 cm/yr
River 4 cm - 1960 increase in total pollen concentration large scale urban development 0’4 cn/yr
34 cm - 1980 large increase in ragweed pollen 1890 - time of maximum agriculture in Balto. Co. :
Back T 0 cm - 1974 year core was collected 0.8 cm/yr
River 38 cm - 1930 absence of chestnut pollen chastnut blight eliminated chestnut trees (0'4 en/yr)
(12-20 cin deposited in one year) pollen concentration greatly reduced but ’
preservation excellent 1.7 en/yr
70 ¢cm - 1910 decrease in chestnut pollen beginning of chestnut.blight '
Back B 0 cm - 1974  year core was collected 0.6 em/yr
River 8 cm - 1960 increase in total pollen concentration large scale urban development 0'3 cm/yr
18 cm - 1930 absence of chestiut pollen chestnut trees eliminated by blight 1'6 cm/ir
50 em - 1910 decrease in chestnut pollen beginning of chestnut blight 1.9 an/yr
88 cm - 1890 large increase in ragweed pollen maximum agriculture in Baltimore County e
Back R 0 on - 1974  year core was collected _ 0.2 cm/yr
River 20 cm - 1890 large increase in ragweed pollen maximum agriculture in Baltimore County ’
Potomac 1 0 cm - 1977 year core was collected 1.0 em/yr
River 66 cn - 1910 decrease in ragweed pollen some farm abandorment : y
Potomac 4 0 cm -~ 1977 year core was collected 0.4 en/yr
River 24 cm - 1910 decrease in ragweed pollen some farm abandonment 0.7 cm/yr
74 cm - 1840 large increase in ragweed pollen agriculture well established Y
Potomac 3 0 cm - 1977  year core was collected ' 0.5 cm/yr
River 30 cm - 1910 decrease in ragweed pollen some farm abandonment '
Chesapeake & 0 cn - 1978  year core was collected 0.150m/yr
Bayt 23 cm - 1820 large increase in ragweed pollen agriculture well established in many watersheds :

*See Figure

for locations of cores

tAnalyses of these cores done under EPA {CBP) Grant Number

[y



SECTION 6

EUTROPHICATION

INTRODUCTION

Chlorophyll degradation products and diatoms were extracted from all of
the cores studied to be used as stratigraphic indices of eutrophication and
water quality. However, chlorophyll was abandoned because, in many cases, the
results appeared anomalous. It would be difficult to use any interpretations
of water quality based on chlorophyll distributions in a management program.
For example, a]though the 1mpact of nutrients from sewage effluent is re-
flected clearly by increases in sedimentary ch]orophy]] in Back River’ (Brush
and Smith 1974), the influence of sewage input in the Upper Potomac River is
not so clearly defined by the stratigraphic chlorophyll profile (Miller and
Brush 1979). The latter situation could be due to poor preservation, or it
could also result from biological recycling of chlorophyll in the water column
by grazers. Dispersion of -algal cells away from sources of nutrient also =
could distort the record preserved in the sediments. In any case, sedimentary
chlorophyll was considered unreliable as a consistent indicator of eutroph1ca-
t1on due to d1screpanc1es in the data. ;

D1atoms, on the other hand, are wel] preserved in estuarine sediments.
They are good indicators of water quality and of eutrophication both in bio~
mass and in species composition because many species are sensitive to the :
chem;ca],-physica] and biological properties of the environment (Patrick
1975 : ' !

i

v Although diatoms have not been used previously for reconstruct1ng the
history of water quality and eutrophication from sediments deposited in the °
estuaries, they have been used quite successfully for studying the effect of
human disturbance on the water quality of lakes (e.g., Stockner and Benson .
1967, Bradbury and Waddington 1973, Bradbury 1975 and Brugam 1978).

(
METHODS ‘ : ‘ %
.. A test of s1m11ar1ty was not performed between diatoms in surface sedi- o
ment samples and pollen (see Section 5) in order to determine the number of
samp]es necessary for representative spatial data. It was assumed that dia-
toms are affected by estuarine transport processes in a manner similar to
pollen, because as particles they fall within the Stokes law of resistance. :
__Therefore, it is .expected that their -depositional behavior is similar to thatﬁ
=of pollen, in which case only a few samples are necessary to obtain data rep-
"resentat1ve of . the spatial. d1str1but1ons.
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' fw_ The procedures for d1atom extract1on from sed1ments and s]1de preparat1on
can be found in Appendix A. Each coverslip was counted in its entirety (ap-

- proximately 50 transects) to provide estimates of total diatom concentrations

at each depth. Normally, each coverslip contained between 50 and 150 diatom
frustules. Attempts were made to identify at least 400 frustules at each

' -.._depth in order to obtain an accurate picture of the total diatom concentration

and percentages of genera and species present. For lack of sufficient time,
particularly on the longer cores which were sampled more recently, at least
100 but often not more than 200 frustules were identified for some of the
depths In this way, a more compiete stratigraphic sequence was achieved.

Core I from Furnace Bay (FB-I) was the most extensively analyzed. Dia-
toms were identified and enumerated at 10 cm levels with intermediate levels
analyzed between levels of major change in order to identify more precisely
the horizons where changes occurred. We also studied every 10 cm level from
68 cm to the bottom (130 cm) from the second Furnace Bay core (FB-II).

"' The amount of sand and other coarse material occurs in greater concen-
trations in the Susquehanna Flats cores than in those from Furnace Bay, _and
the concentration of seeds and pollien is much lower.” 'In Core 2 from ~ -
Susquehanna Flats (SF-2), diatoms were identified and counted at 20 cm inter-
vals and in Core 3 (SF- 3) at four levels: 79-81 cm, 102-104 cm, 126-128 cm,
and 134-136 cm. " This provided sufficient data to identify the major changes
in diatom assemb]ages and compare these changes with those observed in

Furnace Bay. - :

i The spec1es identifications were based upon Hustedt (1930), Hohn and :
He]lennan (1963), and Patrick and Re1mer (1966, 1975). §

; Data were p]otted to show total number of genera and species identified -
at different depths in the four cores (Figure 28). Additional data were
plotted to show absolute and relative abundances of the major genera identi- ..
fied (Figures 29 to 32). Graphs were drawn for only those genera comprising
at least 10 percent of the total diatoms at one level in one core. The abso-
lute abundance of the diatoms was plotted as diatoms per gram saved sediment
weight. The saved sediment is the material left over after the extraction
process and is similar in grain size to the diatoms. The saved sediment
weight eliminates coal, sand, and other coarse material as well as any or-
~ganics that were deposited with the diatoms, thus removing from the vertical
profiles of the diatoms some of the var1at1ons resulting from different
sed1mentat1on rates.

i
RESULTS

i
!

! !

i !

l

i

i

Five zones have been identified in Furnace Bay and three zones in
Susquehanna Flats (corresponding to three of the same zones in Furnace Bay) :
These zones are distinguished by differences in numbers of genera and species,
absolute abundance of diatoms, dominant genera, and ecological preferences of
_species (Table 15). Ecological preferences for the diatoms were obtained from
EPA report for NERC (Lowe 1974) and Patr1ck and Reimer (1966, 1975). ~— D
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JABLE 15. _SIRMMARY OF

RATIGRAPHIC DATA ON DIATOM Z0I _ IN CORES FROM FURNACE BAY AND SUSQUEHANNA FLATS




Date lines on the graphs are based upon sedimentation rates derived from
po]]en analysis of the cores.

Abundance and Distribution of Fossil Diatom Popuiations

Core II from Furnace Bay shows a high absolute abundance and a large num-
ber of genera and species of diatoms from the bottom of the core up to about
94 cm. Pollen analysis (see Section 5) shows this depth to be near the agri-
cultural horizon; it is dated approximately 1790. Above 94 cm, abundance and
number of taxa drops dramatically. This trend continued in both cores from
Furnace Bay until approximately 1885 (57 cm depth) (Figures 29 and 30). The
reduction in the diatom population at this time can be explained partially by
the higher sedimentation and siltation which in all likelihood occurred with
~ the clearing of the land during the 19th century. Patrick (1975) states that
homogenization of the habitat by siltation reduces not only substrate diver-
sity but also diversity of light patterns and of current patterns resulting
in a decrease in number of species. Other factors may be involved, such as
possible blooms of blue-green algae which compete with the diatoms for light
and nutrients (Brugam 1978).

In Core FB-I, many new species began invading after 1885 (57 cm depth)
and the number of taxa increased to the same numbers of genera and species as
before. The abso]ute abundance never recovered.

A large bloom of Fragilaria crotonensis is observed at the 17-19 cm depth
in Core FB-I, but overall diversity remains constant.

Two cores (SF-2 and SF-3) from Susquehanna Flats do not appear to predate
agriculture. For- this reason, they do not show any major decrease in abun-
dance and number of taxa such as the one which characterizes the agricu]tural
horizon in the Furnace Bay cores. The absolute abundance of diatoms in
Susquehanna Flats was found to be relatively the same as post agricultural
numbers in Furnace Bay. ,

The cores from Furnace Bay and Susquehanna Flats also show similar pat-
terns of change in the dominant genera (F1qures 29 to 30). This indicates
that the regional conditions governing both of these areas are similar. The
patterns reflect trends in the ecology of the Upper Chesapeake Bay and not
local effects within Furnace Bay or Susquehanna Flats.

Both Furnace Bay and Susquehanna Flats showed a dominance of spec1es of
Epithenia in the earliest parts of the cores up until about 1880 (57 cm in
Core FB-I and 98 cm in Core SF-3). Epithemia species showed highest relative
abundance in the preagricultural sediment in Core FB-I. After 1880, species
of Epithemia virtually disappeared from the sediments. The history of the
area showed that maximum agricultural clearance, maximum coal mining, and
maximum lumbering occurred on a regional basis between 1870 and 1900. Both
factors may be related to the subsequent shifts in diatom assemb]ages found
in Furnace Bay and Susquehanna Flats after 1880.

- Between 1880 and 1962 (57-12 cm depth in Core FB-I and 98-48 cm depth in
Cores SF-2 and SF-3), several genera codominate, including Gomphonema,
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CyMbeZZa: ‘Nitzechia, Navicula, and Eunotia. Around 1930, a major bloom of -
Fragilaria crotonenszs occurred in Furnace Bay. S

B Since 1962 (0-12 cm depth in Core ¥B-I and 0-48 cm depth in Core SF-2),

%77 there has been a dramatic rise in the number of taxa and absolute abundance

. -..of planktonic species in both core areas of which the three genera Cyclotella,
-Coscinodiscus, and Synedra became dominant. There was also a noticeable in- -
crease in species of Melosira and Stephanodiscus . -The rise in planktonic -
diatoms and subsequent decline in epiphytes may be correlated with the dec11ne
of SAV in recent times (see Section 4)

. Cocconets pZacentuZa is a dom1nant spec1es throughout all four cores at
all depths sampled. It has not been 1nc]uded in Table 15 since it does not
show much change. <

Eco]ogy of F05511 Diatom Popu]at1ons

: Species of d1atoms identified from Furnace Bay and Susquehanna Flats have
quite similar ecological preferences. Practically without exception, they are
known- to prefer alkaline water-of -high mineral content -and are insensitive to.
small amounts of salt. Basically they are indifferent to currents although
many prefer some movement of water. Most of the spec1es are found most often .
1n lakes and ponds with a few representat1ves from river habitats.

Ep1phyt1c spec1es occurred in greater numbers before 1880, and there have
'been more planktonic spec1es since 1960. Species of Epithemia were dominant
‘before 1880; these species are known to be ep1phyt1c on SAV. Their sudden
‘decrease after 1880 may be correlated with changes in species and number of !
‘'submerged aquatics or with regional factors which possibly affected both. As’
mentioned before, their disappearance may be related to the maximum agricul-
‘tural clearance, mining and lumbering which occurred in this region between
1870 and 1900, and the major floods of 1889 and 1894. Exactly what effects
‘these factors might have on Epithemia species is not known,

Since around 1880, species which are known to prefer water high in or-
gan1c material and wh1ch are favored by nutrient enrichment occur in greater .
.abundance, e.g., Nitzschia fonticola, Nitszchia amphibia, Navicula crypto- !
‘eephala, Navicula rhyncocephala, Melosira gramulata, Cyclotella stelligera,
Stephanodiscus dubius, Fragilaria crotonensis, and Fragilaria brevistraiata.
Th1s, along with the bloom of Fragilaria crotonensis in Furnace Bay, probably
:is related directly to 1ncreased human disturbance of the Upper Chesapeake
Bay watershed. : 3 A i
{ ! ! i
; P]ankton1c!species were in greatest abundance from 1960 to the present.
:Their increase may be adirect response to habitats made available as a result
of the recent dlsappearance of SAV from the Upper Bay Cocconeis placentula :
:is a species found in great abundance at all depths in the cores. C. placen-
"tuZa is a eurytopic species capable of growing on many substrates. (. pla-
 icentula and Synedra rumpens are the main epiphytes on p]ants growing today in fOTAC
BEGIN ;the Upper Chesapeake Bay. |
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A maJor except1on to the eco]og1ca1 patterns descr1bed above are the
species of Eunotia, a dominant genus in Furnace Bay from 1830 to 1920 (80-

.. 50 cm). Species of Funotia prefer low pH and cannot tolerate any salt. They

often are found in nonsutmerged habitats. Extensive acid drainage occurred
in the Upper Susquehanna watershed from 1860 to 1920 as a result of mining.
A poss1b1e explanation for the presence of species of Eunotia in Furnace Bay
cores is that they flourished in the acid conditions of the upper watershed
and were washed into furnace Bay during periods of high flow.

Species of Achnanthes occur in much greater abundance and diversity in
Susquehanna Flats than in Furnace Bay. The large amounts of -sand and coarse
material found in Susquehanna Flats may provide a possible explanation for
their presence. Achnanthes species are extremely small, usually measuring
between 3 to 15 microns. They prefer to grow on hard or rocky substrate.
The sand and coarse material in Susquehanna Flats (usually measuring about
1 mm in diameter) would provide a suitable substrate for these small diatoms.
This substrate is not as available in the siltier deposits of Furnace Bay.

Conc]us1ons - 'f"”"l?“zw T T

1. Most of the diatom species identified are probably growing and living
in the local area. Most of the species show similar ecological preferences
(except Eunotia spp.) and are normally found in lakes and ponds. Smayda
(1971) has shown that settling rates for diatoms range from 1 to 30 m per
day. The average depth of the water in Susquehanna Flats and Furnace Bay is -
1 to 2 m, so diatoms 1iving in these areas would not have time to move out
before sett]ing. Few diatoms would be brought in from other areas, except _
possibly in times of flooding when resuspens1on of ‘sediments and faster cur- -
rents are preva]ent : '

2. It appears that h1gher s11tat1on caused by land c]ear1ng results in
a decrease in numbers of species of d1atans.
; 3. Cores from Furnace Bay and Susquehanna Flats show a similar diatom
stratigraphy despite the fact that sedimentation processes are quite dif- i
ferent in the two areas. This indicates that regional conditions govern the
ecology of the Upper Chesapeake Bay, and therefore diatom populations are i
usefu] for reconstruct1ng the history of water quality for a regional area.
% 4. The 1ncrease in number of spec1es requiring water high in organic 5
material in both areas since the late 19th century suggests that this change
is related to increased human disturbance of the Upper Chesapeake Bay water-
shed including extensive land clearing and increased sewage input.
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A Carefully decant.

APPENDIX
MODIFICATION OF METHODS IN QUALITY ASSURANCE REPORT

Diatom Extraction Procedure

Materials: 50 m2 beakers
80-95% H,0, (hydrogen peroxide)
25% HCL
HNOs (concentrated)
K2Cr207
95% EtOH -
600 mL beakers
Method:
1. Weigh beakers (50 m& beakers).
2. Place one (1) mg sediment sample in beaker and reweigh.
3. Place in drying oven overnight and reweigh.
4, Add 25 mg H,0, and place watch glass over beaker.

a. Let stand for one hour to overnight; swirling occasionally to reduce
foam.

b. Warm over low heat (@80 C); be careful not to let it foam over; con-
tinue heating until the reaction begins to boil exothermically and
produce “"white smoke."

c. Remove from heat. When reaction is complete, add distilled H,0 and
let stand overnight.

(This step disperses the sampie and oxidizes some organiés.)
l5. Carefully decant.

6. Add 25 mg 25% HCL, and heat for 30 minutes. Remove from heat and add dis;
) tilled water. Let stand for 24 hours. ;

(This step removes carbonates and small fragments.)
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8: Add 25 mt concentrated HN03 and a p1nch ot‘KZCr207. Boil for two “hours.
Remove from neat add H,0 and let stand for 24 hours.

‘ (This step oxidizes organics.)

f.1>9. Carefully deeant.

10. Add distilled H,0 and let stand for 24 hours (Wash #1). ——— ~~——=wmrmoe
11. Carefully decant.
12. Wash #2.
13. Carefully decant.
14. Mash #3.
15. Carefu]]y decant :
16.“-SQUIRT in d1st1]1ed ‘H20 to the 40 me mark-and wait-30 seconds.- Pour -— ==
: supernatant into 600 mg beaker. Repeat this 9 more times. (Thws step
is used to remove the coarse fraction of the sample.)
a. After the 10th decantation, place the beaker and residue in the drying
oven., “After 24 hours weigh beaker and residue. Clean the beaker and
reweigh. '

b. Let the beaker with supernatant stand for 24 hours. -

17. Pour off supernatant carefully.

18. Transfer res1due to clean 50 mg beaker (pre-weighed). Use 95% EtOH. Put

in dry1ng oven. .
19. Allow to s1t at room temperature and then weigh
20. Add 10 mg d1st111ed water and stir w1th soft tip to disperse.

21. Transfer samp]e to storage bottle (premarked at 50 mg volume). (Use
; distilled H20 to store diatoms.)

Methods descr1bed above are a mod1f1cat1on by James Stasz of Funkhouser, John ?
W. and William R. Evitt (1959). Preparation Techniques for Ac1d-Inso]ub1e
Microfossils, Micropaleontology, Vol. 5, No. 3, pp. 369-375. :

3
|
!
i




'Diatom S1lide Preparation

Materials: Corning plain micro slides 3 x 1"
Corning cover glass No. 1 22 mm?
1 m& tuberculin syringes
1 mL graduated glass pipets
Warming plate and hot plate
Hyrax mounting medium

Method:

The diatoms are diluted in distilled water to desired concentration (dif-
ferent for every sample), and then 0.06 mg of this solution are measured onto
a cover slip using a graduated glass pipet attached to a tuberculin syringe.
The cover slips are heated over a warming plate until the water drop dries
(about 15 minutes). One drop of Hyrax is added to each cover slip and two
coverslips are permanently mounted to one slide.
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