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ABSTRACT _

WOO, H.J.; CULVER, S.J., and OERTEL, G.F., 1997. Benthic foraminiferal communities of a barrier-lagoon system,
Virginia, U.S.A. Journal of Coastal Research, 13(4), 1192-1200. Fort Lauderdale (Florida), ISSN 0749-0208.

Foraminifera have a fundamental role in the trophic structure of marine communities and may be used to assess
primary stresses affecting environmental quality. In coastal barrier lagoons their distribution can provide a framework
for future assessment of environmental quality. To establish a baseline for the barrier-lagoon system of the southern
Delmarva Peninsula, 20 subenvironments were sampled and proved to contain 44 species of living benthic foraminif
era. Densities of species were related to variations in substratum, salinity and organic-matter content. Not all of the
20 subenvironments could be recognised based on variations in foraminiferal community composition; only seven
subenvironments were distinguished on the basis of the distribution of dominant living species. Foraminiferal com
munity composition appeared to be closely tied to the natural variations of physical stresses produced by the inter
relationship of landscape and flow dynamics.

ADDITIONAL INDEX WORDS: Environmental quality, marsh.

INTRODUCTION

Along the middle Atlantic coast of the United States, coast

al barrier lagoons and associated marshes are important hab

itats for a wide variety of organisms including benthic fora

minifera. In common with other coastal environments, rising

land values along the margins of Virginia barrier lagoons are

increasing the pressures for seaside development. Thus it is

timely to provide a baseline useful for assessing future

changes in lagoonal community structure and/or composition

that might result from development activities. The benthic

foraminiferal populations that inhabit the Virginian lagoonal

environments occupy a low trophic level. Given the role of

foraminifera as both predators and prey in shallow marine

communities te.g., LIPPS and VALENTINE, 1970; BUZAS, 1978:

BUZAS and CARLE, 1979: LIPPS, 1983), changes in community

composition and structure may reflect early stages of ecolog

ical impacts caused by development stresses. Indeed, benthic

foraminifera have proven to be sensitive indicators of organic

and inorganic pollutants (e.g., BOLTOVSKOY et al., 1991; YAN

KO et al. 1994: ALVE, 1995; CULVER and BUZAS, 1995) and

so can provide information on geographically-restricted,

point-source disturbance as well as broader, community-wide

perturbations.

Although over 700 papers (CULVER, 1980) have been pub

lished on the modern benthic foraminifera ofthe Atlantic con

tinental margins of North America, Woo (1992) provided the
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first detailed work on the distribution of foraminifera in Vir

ginia barrier-lagoon systems. The distribution of total (Jive

plus dead) foraminiferal assemblages in this region was de

scribed and analyzed in CULVER et al. (in press). That work

built upon earlier studies of marginal marine foraminifera

along the North American Atlantic coast (e.g., PHLEGER,

1952; PARKER and ATHEARN, 1959: ELLISON and NICHOLS,

1970; KRAFT and MARGliLES, 1971: SCOTT and MEDlOLI,

1980: GOLDSTEIN and HAJ{BEN, 1993; see CllLVER and Buz

AS, 1980 and included references) and was designed to test

the utility of modern benthic foraminiferal assemblages as

palaeoenvironmental indicators.

The purpose of this paper is to document the foraminiferal

communities of the Virginia barrier-lagoon system, and the

distribution of individual species adjacent to lagoonal shore

lines. These data will provide an important baseline for fu

ture assessments of environmental quality.

METHODS

The study area was located between Smith Island and Par

ramore Island in the southern Delmarva Peninsula (Figure

1). Twenty subenvironments were defined based on differ

ences in landscape characterization (sediment texture, tidal

inundation, flora, wave exposure, apparent flushing, current

flow, salinity) and were sampled between 1989 and 1991. A

minimum of two replicates were taken at each station for a

total of 57 samples. Seven of the stations were specific to the

upper part of the tidal zone. Six upper tidal zone stations
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Figure 1. Location map of th e st udy area showing sample statio ns . Numbers on th e ma p represent sta tions at specific subenvironments . DL, Delaw are;

MD, Maryland ; NJ , New J er sey: VA, Virginia.

occurred in different marsh landscap es. Ter minology for the

lagoonal marshes follows O E RT E L and Woo, 1994. The sev

enth upper tida l zone station occurred on a was hover fan.

Eight stations were located on flats in the lower intertidal to

subti dal zones . Five stat ions were on the floors of tida l chan

nels, ebb deltas and on the upper shoreface.

Samples were collecte d using a push corer during low wa

ter except at depths of greater than two meters where a box

Jo urnal of Coastal Research, Vol. 13, No. 4, 1997
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Table 1. Proportions for the living foraminiferal populations in surface samples from 57 stations (expressed as percent abundance per sample).

a priori subenvironment 1 1 1 2 2 2 3 3 3 4 4 5 5 6 6 7 7 8 8 8 9 9 10 10 11 11 11 11 11

Habitat Zone 1 1 1 4 4 4 4 4 4 6 6 4 4 6 6 6 6 4 4 4 6 6 3 3 2 2 2 2 2

Station No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Deplh(m) (MSL datum) 0.6 0 -0.6 -0.3 -0.3 -0.3 -0.2 -0.2 -0.6 -0.8 -0.5 -0.3 -0.3 -0.4 -0.4 -0.9 -09 -0.2 -0.1 -0.1 -0.4 -0.4 0.6 0 0.6 0 0.9 0.2 0

# Species 8 8 10 9 2 5 6 5 3 3 3 4 7 2 1 1 10 7 8 10 6 11 5 3 1 2 6 5 10

# Individuals per traction picked 41 26 52 337 43 225 12 30 25 18 18 6 62 11 2 10 94 83 455 248 57 215 294 27 34 2 37 127 171

Ammoastuta inepta 15.4

Ammobaculites exiguus 5.8 0.6 0.4 1.1 0.4 0.4 50.0 8_7 0.6

Ammonia beccsrii 34.6 52.8 46.5 65.8 8.3 6.7 56.0 22.2 50.0 16.1 13.8 31.3 49.5 56.5 22.8 12.1 58.8 70.4 2.7 50.4 52.6

Arenoparrella mexicana 17.1 3.9 5.8 16.2

Bolivina stneune 5.6

Eggerella advena

Efphidium bartletti 0.6 1.8

Elphidium erticutstum 1.2 7.2 1.5

Elphidium disco/dale

Elphidium exeavatum 17.3 43.3 53.5 31.6 50.0 63.3 20.0 72.2 88.9 16.7 74.2 81.8 100 100 54.3 45.8 43.1 32.3 61.4 68.8 2.4 3.7 50.0 2.4 24.0

Elphidium galvestonense

Elphidium gunteri 0.3 5.6 0.5 0.6

Elphidium mexicanum

Elphidium poeyanum 8.3 3.3 3.2 2.1 2.4 0.9 2.4 2.3 3.5

Elphidium subareticum 0.5

Fissurina faevigata 0.8

GlabratefJa sp. A 8.3 3.3 5.6 1.6 1.1 9.6 3.1 1.2 1.9

Glabratellina sp. A 0.4 1.6 6.4 1.8

Haplaphragmoides wilberti 9.8

Haynesina germanica 1.9 0.6 16.7 23.3 16.7 1.6 18_2 1.1 1.2 4.8 1.4 38.1 2.3

Hetenis andersen;

Jadammina macrescens 9.8 3.9 37.8

Miliammina esttsnai 8.1

Miliammina fusca 15.4 1.9 0.3 24.0 2.4 1.3 25.9 100 2.7 36.2 4.1

Miliolinelfa fichte/iana

Miliofinella microstoma

Nonionella atlantica

Ouinquetocultne dimidiata 1.8 7.9 0.3 1.2

Quinquefoculina jugosa 0.5

Ouinqueloculina seminula 0.3 16.0 0.8 10.5 3.7 0.3 7.0

Oumquetocuuns ct. 0. seminise 3.2

Quinquelocufina seminufa jugosa

Quinquelocuflna sp. 0.5

Reophaxsp.

Rosalina floridana 8.3 0.2

Textularia ear/andi 2.4 1.6 1.1 0.4 1.8

Tiphotrocha comprimata 1.9

Trochammina advena 4.9

Trochammina int/afa 24.4 23.1 3.9 0.4 32.4 2.4 4.1

Trocnemmine /aevigata 3.9

Troehammina ochracea 16.7

Trochammina 'squemete: 24.4 11.5 11.5

Trochammina sp. A 7.3 23.1 15.4

Indeterminate calcareous hveune
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Table I Continued

a priorisubenvironment 12 12 13 13 13 13 13 13 14 14 14 14 15 15 16 16 17 17 17 18 18 19 19 19 19 20 20 20

Habitat Zone 4 4 2 2 2 2 2 2 3 3 3 3 4 4 6 6 5 5 5 6 6 7 7 7 7 7 7 7

Station No. 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57

Depth(m) (MSL datum) 0.6 0 0.6 0 0.6 0 0 0 -0.6 -0.6 -0.6 -0.6 -4.2 -12 -14 -14 0.6 0 -0.6 -17 -7 -4.1 -13 -7 -3.7 -12 -7 -4

# Species 9 4 4 10 11 11 10 6 1 7 4 7 6 3 3 3 0 7 10 2 1 2 1 3 1 5 2 2

# Individualsoer fraction oicked 357 30 38 259 177 159 136 60 3 157 19 72 13 4 9 9 0 305 245 3 2 6 1 9 1 26 3 2

Ammoastuta inepta

Ammobaculites exiguus 0.6 2.6 5.4 1.7 45.3 5.9 3.3 11.1 0.8

Ammonia beccstii 588 43.3 84.2 39.0 18.6 23.9 21.3 73.3 100 66.9 52.6 15.3 15.4 25.0 3.6 42.9 33.3 11.1

Arenoosrretts mexicana 6.2 0.6

Bolivina strietute

Eggerella advena 0.6

Efphidiumarticufatum

Elphidium bartlett; 1.1 0.8

Efphidium discoidale 7.7

Elphidium excavatum 35.3 26.7 8.1 3.1 10.3 10.0 11.5 31.6 11.1 53.9 50.0 77.8 77.8 2.0 30.2 66.7 100 66.7 100 22.2 100 46.2 66.7 50.0

Elphidium galvestonense 0.4 2.9 7.7

Elphidium gunter; 0.8 1.9 2.8

Elphidiummexicanum 0.8 0.4 0.6 2.0 66.7 34.6 33.3 50.0

Elphidium poeyanum 0.4 0.6 10.5 7.7 0.3

Elphidium suoercticum

Fissurina faevigata 0.7

Glabratelfasp. A 3.3 2.6 7.7 11.1

Glabratef!ina sp. A 0.6 0.7

Haplaphragmoides wilbert;

Haynesinagermanica 1.7 26.7 5.3 15.1 0.6 14.7 5.3 36.1 7.7 11.1 11.1 3.9

Heleniaandersen; 2.7

Jadamminamacrescens 1.1 0.6 07

Mifiammina earlandi

Miliamminafusea 0.3 7.9 26.6 9.0 22.6 4.4 3.3 1.3 22.2 1.6

Miliolinelfa fichteliana 0.3

Mifiofinelfa microstoma 0.6

Nonionella atlantica 11.1

Quinqueloculina dimidiata 18.7 2.0

Ouinqueloculina jugosa

Quinqueloculina seminate 0.6 2.6 25.0 71.2 16.3

Ouinqueloculina ct. Q. seminula

Quinque/oculina seminate jugosa 3.9

Ouioouetocuunesp.

Reophaxsp. 1.4

Rosa/inafloridana 0.6

Textulariaear/andi 1.3 40.4 3.3

nonotroctie comprimata 2.3

Trochammina advena

Trochammina infJata 57.6 0.6 14.0 5.7

Trocnemmme /aevigata

Trochammina ochracea 7.7 33.3

Trochammina «squamata" 1.5

Trochammina sp. A 1.7

Indeterminatecalcareous hyaline 0.4
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Fi;:ure 2. Dendrogram resulting from cluster analysis of foraminiferal

population data from twenty a priori subenvironments and showing seven

groups (habitat zones). A, Habitat Zones: B, a priori subenvironments (see

Table 2),

number of live individuals per 70 ml of sediment varied from

o to 4,880 specimens over the study area. Species densities

were low on the ebb delta and the shoreface (stations 49-57)

with an average of 0.25 specimens/em", whereas the greatest

number of living individuals generally occurred in restricted

bays (stations 4-6) with an average of 30 specimens/em". The

highest number of specimens occurred at station 47 (70 spec

imens/em"; washover fan) where the genus Quinqueloeulina

dominated.

The dendrogram (Figure 2) could be interpreted as con

taining various numbers of groups (four, seven, or nine).

Analysis of the foraminifera populations in those three sets

of groups indicate that seven groups (indicated on Figure 2)

is the most ecologically meaningful. These are referred to be

low as "habitat zones". The seven habitat zones were char

acterised by distinctive foraminiferal communities (cooccurr

ences of abundant species) (Figure 3; Table 2).

Habitat Zone 1 (Figures 2, 3; Table 2) occurred along the

mainland side of a coastal barrier lagoon. This habitat zone

is in small watersheds that drain into coastal lagoons. The

valley marshes in these watersheds are protected from open

lagoonal conditions and have muddy substrates. The upper

part of the marsh is brackish and has salinities < 10 ppt.

This subenvironment is a transitional zone between the near

marine conditions of the barrier lagoon (30-32 ppt) and the

fresh conditions of terrestrial creeks. The foraminiferal com

munity of Habitat Zone 1 was characterized by the calcareous

Ammonia beccarii in the brackish channel and the aggluti

nated Trocliamminu inflata and Trochammina "squamata" in

the brackish marsh, where the fauna consisted entirely of

agglutinated specimens. The low salinity in these areas prob-
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Geographic Distribution of Foraminifera

Forty-four living benthic foraminiferal species were iden

tified in the study area. The species proportions (expressed

as percent of the living populations) are listed in Table 1. The

RESULTS

corer was used. Samples (70 ml volume) were scraped from

the upper one em of sediment. Thus, deeper infaunal fora

minifera are excluded from this study. The sediment was

shaken in a 5% buffered formalin and seawater solution to

preserve live foraminifera. In the laboratory the sediment

was washed over a 63 urn-mesh sieve to remove silt, clay and

excess formalin. The residue was stained with rose Bengal

(WALTON, 1952) and preserved in isopropyl alcohol. Forami

niferal tests were concentrated using a soap flotation tech

nique (HOWE, 1941). Foraminiferal concentrations in 70 ml

samples are expressed as the number of specimens per cubic

centimeter. Sample concentrations greater than 1 specimen!

em" were rounded to the nearest whole number.

Following the approach of BUZAS (1990), approximately

300 specimens oflive and dead foraminifera were picked from

randomly split wetted aliquots of each sample. Live forami

nifera were recognized by the presence of pink-stained pro

toplasm visible through the aperture or the chamber wal1s of

individual specimens. Identifications were confirmed via

comparisons with type and figured material in the Cushman

Collection, National Museum of Natural History, Smithson

ian Institution, and in the collections of The Natural History

Museum, London.

Because rare species cannot be used reliably as indicators

of faunal patterns (e.g., KOCH, 1987), we utilized distribu

tional variations of the dominant species (those comprising

50/, or more of the population in anyone sample) as a tool for

distinguishing and characterizing subenvironments. We had

hypothesised that 20 subenvironments (defined on the basis

of variations in lagoonal landscape characteristics) could be

distinguished based on differences in foraminiferal commu

nity composition and structure. To test this hypothesis, clus

ter analysis (normalized abundance data, Pearson correlation

coefficient, complete linkage method) was used to identify

groupings of subenvironments.

Stepwise regression analysis was used to predict the rela

tionship between species densities and environmental vari

ables. Twelve environmental variables (salinity, tempera

ture, water depth, percent organic matter, sand, silt, clays

mean grain size, sorting, distance from mainland, distance

from inlet, sediment bulk density) and the five most frequent

ly recurring species (those occurring at more than 30% of the

total stations) were included. The number of individuals in

70 ml of sediment was transformed to lntx + 1) to normalize

data where x is the number of individuals lBUZAS, 1969).

Grain-size distributions were determined using standard

sieving and pipetting techniques at half and one phi intervals

respectively (FOLK, 1980). Bulk density was calculated by di

viding the dry weight (g) of the sediment by its wet volume

(rnl). Organic content was determined by ashing samples in

a muffle furnace at 400°C for two hours followed by weighing

to determine the ash-free dry weight.

Journal of Coastal Research. Vol. 13, No.4, 1997
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Figure 3. Schematic diagrams of an idea lized barrier island sys tem illu strating th e distr ibution of seven habitat zones characterized by different

foraminiferal communities. Numbers refer to hab itat zones: (1) Brackish environments, Ammonia beccarii-Trochammina inflata-Trochammina "squa

mata" community , (2) Fringe marsh , Ammobaculites exiguus- Ammonia beccari i-Elphidiu m excavatum- Jadammina macrescens-Miliammina fusca-Tex

tularia earlandi- Trochammina inflate community , (3) Vall ey marsh and tid al cha nnel margins, Ammonia beccarii-Elphidium excavatum- Haynesina

germanica-Miliammina fusca community, (4) Inner and mid -lagoon environments, Ammonia beccarii-Elphidium excavatum- llaynesina germanica com

munity, (5) Washover fan, Ammonia beccarii- Elph idium excavatum- Quinqueloculina semi nula community, (6) Outer lagoon environments, Elphidium

excavatum community, (7) Shoreface and delta shoals, Elphidium excavatu m- Elphidium mexicanum community.

ably restricts calcareous species because of the decreased

availability of calcium carbonate (HADA, 1957) . This habitat

zone was quite distinct from the other subenvironments with

in the lagoon proper (Figure 2).

Habitat Zone 2 (Figu res 2, 3; Table 2) includes exposed

headland fringe marsh, and protected and exposed backbar

rier fringe marsh. Headland fringe marshes are exposed to

open-water lagoonal forces and are distinct from protected

counterparts. Ammonia beccarii, Elphidium excauatum to

gether with several agg lutinated speci es (Jadammina ma

crescens, Miliammina fusca and Trochammina inflata ), dom 

inate populations. Five different types of fringe marshes oc

cur along the back-sides of barrier islands (OE RTE L and Wo o ,

1994). Ammobaculit es exiguus, Textularia earlandi and Mil

iammina [usca dominate at exposed fringe marshes; a t pro

tected backbarrier fringe marshes, these three species domi

nate along with Trochammina inflata.

Habitat Zone 3 (Figu res 2, 3; Table 2) is composed of two

seemingly disparate but adjacent subenvironments (protect

ed vall ey marsh and tid al channel margin). Three of the four

dominant species, Ammonia becearii, Elphidium excauatum

and Haynesina germaniea indicate simila rity with inner and

mid -lagoon environments of Habitat Zone 4 (Table 2) but the

presence of abundant Miliammina fusca in both subenviron

ments resulted in clustering with the marshes of Habitat

Zone 2 (Figure 2). The mainland fringe marshes are shielded

from open lagoonal conditions by marsh islands and lagoonal

hammocks, thus preventing mixing of the water column and

substratum by wind-driven waves. Flushing is restricted to

small tidal creeks with long pathways to open-water areas.

High sediment porewater salinities (=40- 60 ppt), apparently

caused by significant evaporat ion rates from thin lenses of

water trapped on marsh surfaces, contribute to environmen

tal stress. The dominant species (Table 2) occur with less

common specimens of Quinqueloculina dimidiata. Similar

populations form important components offoraminiferal com

munities in hyp ersaline lagoons of the Middle East (SAID,

1950; MURRAY, 1991).

Several inner and mid-l agoon subenvironments comprise

Habitat Zone 4 (Figures 2, 3; Table 2). The water that cir

culates through these areas has typical coastal lagoon salin

itie s (30- 32 ppt), These subenvironments are relatively well

flushed because water is mixed by lagoonal waves, and driven

by tidal currents. The extensive open-water areas in the mid

dle parts of the lagoon increases the potential for water ex

change and flushing. Shallow flats in the open-water areas

of the lagoons also have large wind fetches that permit the

development of wind-driven gravity waves. While wave pro 

cesses may stress the benthic community by constantly re

working th e bottom, the associated stirring of th e water col

umn also enriches the oxygen content of the benthic bound

ary and the upper layers of the sea bed . Ammonia beeearii

Journal of Coastal Resea rch, Vol. 13, No.4, 1997
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Table 2. Seven habitat zones (a priori subenvironments and groups of a priori subenvironments) and the characteristic species of each benthic foraminiferal

community (arbitrarily defined as the species that comprise .>20 percent of the population in one or more sample).

Habitat Zone

1. Brackish environments

2. Fringe marsh

3. Valley marsh and tidal channel margins

4. Inner and mid-lagoon environments

5. Washover fan

6. Outer lagoon (sandy)

7. Shoreface and delta shoals

Subenvironments

sa priori nos. in parcns.:

(1) Mainland valley marsh and Cbannel (brackish and

protected)

(11) Mainland fringe marsh (exposed headland)

(13) Back-barrier fringe marsh (protected and exposed)

(10) Mainland valley marsh (protected, low runoff)

(14) Tidal channel margin

(2) Tidal bays and flats (restricted circulation)

(3) Muddy sand flat (inner lagoon)

(5) Sand flat (inner lagoon)

(8) Mud flat (inner lagoon)

(12) Island marsh

(]5) Tidal channel (intermediate depth)

(17) Washover fan

(4) Muddy sand flat (mid and outer lagoon)

(6) Sand flat (middle lagoon)

(7) Sand flat (outer lagoon)

(9) Mud flat (outer lagoon)

(16) Deep tidal channel

(18) Ebb delta axial channel

(19) Ebb delta inlet shoals

(20) Shoreface

Characteristic Species

Ammonia beccarii

Trochammina inflate

Trochammina "squamata"

Ammobaculites exiguus

Alnmonia beccarii

Elphidium excacaturn

Jadammina macrescens

Miliammina [usca

Textularia earlandi

Trochammina inflaia

Ammonia beccarii

Elphidium excamtum

Huynesina germanica

Miliammina [usca

Ammonia beccarii

Elphidium excauatum

Haynesina germanica

Ammonia beccarii

Elphidium excavatum

Quinqueloculina seminula

Elphidium excavatum

Elphidium excavatum

Elphidium mexicanum

and Elphidium excauatum dominate low diversity populations

in Habitat Zone 4. Haynesina germanica occurs as an impor

tant subsidiary species in all subenvironments except the

muddy tidal flats of a priori subenvironments 2 and 8 where

it is less abundant.

Habitat Zone 5 (Figures 2, 3; Table 2) occurred in the sed

iment of the intertidal part of a washover fan on the back

barrier side of a barrier island. Quinqueloculina seminula,

Ammonia beccarii and Elphidium excauatum characterise

this subenvironment. The density of living Quinqueloculina

seminula was higher than elsewhere and was an effective tool

for distinguishing this from other habitat zones. The fan was

located on a topographically low section of an island that was

overwashed frequently during moderate storms. The sedi

ment on the surface of the fan was 93-97% sand. However,

thin lenses of mud separated beds below the fan surface. Dur

ing washover events the fan surface is stressed by turbulent

slurries of sand and water which surge across the island from

the marine side. During non-storm conditions the slow in

undation and drainage of lagoonal tidal-water is much more

quiescent. Thus, the distinct foraminiferal community in this

environment appears to be related to marine/outer lagoon en

vironmental conditions stressed by turbulent flows, periodic

exposure, and mobile benthic boundaries. Habitat Zone 5 had

a very distinctive fauna but clustered at a low level of simi

larity with Habitat Zone 4 because of the presence, albeit in

low abundance, of a few specimens of Quinqueloculina semi

nula in three Habitat Zone 4 samples.

Habitat Zone 6 is comprised of middle to outer lagoon sub

environments characterised by sandy substrates. This habi

tat zone experiences similar hydrographic conditions as Hab

itat Zone 4 but the foraminiferal populations are characteri

sed by the extreme dominance of Elphidium excauatum. The

result of stepwise regression analysis (see below) indicated

that the density of Elphidium excauatum was correlated with

organic content of sediment (Table 3). The open bays and tid

al channels of Habitat Zone 6 are characterised by sandy sub

strates (generally more than 70 percent sand) with very low

amounts of organic matter « 0.3 percent), probably reflect

ing the relatively regular wave stirring and current mixing

in these areas.

Habitat Zone 7 (Figures 2, 3; Table 2) encompassed ebb

delta shoals and the seafloor of the barrier island shoreface.

These sandy environments (> 95 percent sand) have low den

sity, low diversity foraminiferal populations dominated by El

phidium excauatum and Elphidium mexicanum. The ebb del

tas are one of the most dynamic areas of the coastal region

where the seafloor continuously responds to wave and tidal

current forces. The surface of the delta is generally rough

with numerous bedforms that migrate in response to revers

ing tidal currents in an inlet jet field. Wave currents are the

major agents of sediment transport in the farfield of the jet,
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Table 3. Results of stepwise regression analysis showint{ the relationship

between the significant environmental variables and densities of the fi"e

most frequently occurrint{ li [,int{ species at the 95'1, level (probabilities of

F-ratio (p) < 0.05S!.

Species Variables Fvratio P

Ammoboculiten exiguu« Bulk density 17.959 0.000

Sand 4.378 0.041

Ammonia beccarii Bulk density 37.748 0.000

Water depth 18.996 0.000

Salinity 4.517 0.038

Elphidium excacatum Organic ('1,) 4.060 0.049

Haynesina germonica Mean grain size 10.593 0.002

Miliammina [usca Salinity 30.309 0.000

Bulk density 23.427 0.000

Silt ('1,) 3.869 0.055

and tidal currents are the major agents of transport in the

nearfield of the jet. The high energy environment of the

shoreface also results in a highly mobile sandy substratum.

These conditions are harsh for foraminifera and result in the

very sparse population dominated by two species.

Influence of Environmental Variables

The five most frequently occurring species were Ammoba

culites exiguus, Ammonia beccarii, Elphidium excavatum,

Haynesina germanica and Miliammina fusca. The results of

stepwise regression analysis of the relationship between the

significant environmental variables and the densities of the

five species at the 95% level (P < 0.05) are shown in Table 3.

Two species, Elphidium excaoatum and Haynesina german

ica, correlate with a specific environmental variable. The per

centage of organic matter in the sediment was significantly

correlated with Elphidium excavatum, whereas mean-grain

size was significantly correlated with Haynesina germanica.

Elphidium excavatum generally occurred in high densities (3

17 specimens/cm"l at tidal flats consisting of fine sandy sed

iment with low percentages of organic matter (about 0.1

0.5%). This species occurred in lower densities at marshes

characterised by mud with a moderate percentage of organic

matter(> 1%).

Haynesina germanica occurred in maximum densities (2

specimens/em") at the inner protected fringe marsh (station

23) where the mean grain size was very fine silt (Mz = 7.6

phil. However, this species also occurred in lower densities

(0.3-0.6 specimens/em:'! at tidal flats and tidal channel mar

gins where the mean-grain size was coarse silt (Mz = 4.0

4.9 phi) (stations 7, 20, 39 and 41).

Three other species, Ammobaculites exiguus, Ammonia bee

carii and Miliammina fusca, had strong relationships with

two to three environmental variables (Table 3). Bulk density

of the sediment appeared to be a significant environmental

variable influencing all three species. Sediment bulk density

and percent sand show a strong relationship with Ammoba

culites exiguus. Ammobaculites exiguus had maximum den

sity (4 specimens/em") at a backbarrier fringe marsh (station

35) which was characterised by low sediment-bulk density

(0.52 g/crn") and moderately high percentage of sand (65'7r).

Water depth, sediment bulk density and salinity show a

strong relationship with Ammonia beccarii. Ammonia becca

rii occurred in high densities (20-34 specimen/em") in a re

stricted tidal bay (stations 4 and 6), which was 30 em below

mean sea level and was composed of soft sediment with low

bulk densities (0.4-0.6 g/cm ') and normal lagoon salinities (=

31 ppt). Sediment bulk density, percent silt and salinity show

a strong relationship with Miliammina fusca. Mainland and

backbarrier fringe marshes (stations 28, 33 and 35) had high

densities of living Miliammina [usca (1-2 specimens/em:').

These stations were characterised by normal salinities (32

33 pptJ and low sediment bulk densities (0,38-0.67 g/cm').

DISCUSSION

Foraminifera have a fundamental role in the trophic struc

ture of planktic and shallow to deep benthic marine com

munities and can be used to assess primary stresses affecting

environmental quality. Coastal barrier lagoons provide hab

itats for abundant and diverse benthic foraminiferal faunas

and changes in community composition can, therefore, pro

vide an evaluation tool for the environmental health of these

regions. This research has attempted to provide a baseline,

at a relatively pristine locality, for future assessment of en

vironmental quality including identification of some of the

natural variations in community composition so they will not

be confused with any future anthropogenic change.

The lagoons contain a mosaic of different foraminiferal

communities controlled by the physical and geochemical

characteristics of each habitat zone. Initially, 20 different

subenvironments were identified within the coastal lagoon

and we considered the possibility of20 different foraminiferal

communities associated with the subenvironments. However,

while the foraminifera were quite sensitive to different com

binations of physical and geochemical characteristics, only

seven different communities and habitat zones could be dis

tinguished.

The seven habitat zones and associated foraminiferal com

munities (Figure 2.3; Tables 1, 2) are discriminated on the

basis of the associations of characteristic dominant species.

The most abundant species, Ammonia beccarii, was widely

distributed in the lagoonal environments, but the relative

abundance of this species decreased in the outer part of the

lagoon (sandy and high tidal energy environments) and it was

absent in the shoreface. Elphidium excavatum was dominant

in the outer part of the lagoon and outside of the inlet and

decreased in importance toward the inner part of the lagoon.

The ebb delta and shoreface were characterised by a sparse

living community probably as a result of the high-wave tur

bulence and tidal currents that sweep these areas. Elphidium

excavatum and Elphidium mexicanum were the dominant

taxa in these areas.

Generally, the faunas of normal salinity marshes were

characterized by the calcareous Ammonia beccarii and vari

ous agglutinated species. Trochammina inflata, Miliammina

fusca, Ammobaculites exiguus, Trochammina "squamata" and

Arenoparrella mexicana were restricted to marsh subenviron

ments. Hyposaline marshes (less than 10 ppt) were charac

terised by distinctive totally agglutinated populations. Quin-
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quloculina seminula was generally restricted to the distinc

tive washover fan habitat zone.

CONCLUSIONS

Although it is possible to define 20 subenvironments in the

barrier island-lagoon system of Virginia on the basis of land

scape characterization, only seven groups of subenviron

ments are recognised on the basis of the benthic foraminiferal

populations. These habitat zones contain distinctive cooc

currences of abundant species even though several of these

species are abundant in several habitat zones. Because the

study area has been little affected by human activity, the

foraminiferal distributions described herein provide a base

line for future environmental monitoring that will be neces

sary as the region is developed.
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