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DEPARTMENT OF TH~ ARMY
WATERWAY S EXPERIMENT STATION. CORPS OF ENGINEERS

VICK8SURG. M~~ SIS9IPPI 39180

~ mEPLV NI~~~N ~~~~ WESYV 28 November 1977

SUBJECT: Ttansmittal of Technical Report D—77—23 , Appendix C

TO: All Report Recipients

1. The report transmitted herewith represents the results of one of a
series of research efforts (work units) undertaken as part of Task 4A
(Marsh Development) of the Corps of Engineers’ Dredged Material Research
Program (DMa?). Task 4A is part of the Habitat Development Proj’~ct ,
which has as one of its objectives the development of environmentally and
economically feasible disposal alternatives compatible with the Corps ’
resource development directive.

2. Marsh development using dredged material is being investigated by
the Habitat Development Project under both laboratory and field condi-
tions. The study reported herein was an integral part of a series of
research contracts jointly developed to achieve Task 4A objectives at
the Windmill Point Marsh Development site , James River, Virginia, one
of eight marsh development sites located in several geographic regions
of the United States. Interpretations of this report ’s findings and
recommendations are best made in context with the other reports in the
Windmill Point site series.

3. This report , Appendix C, “Environmental Impacts of Marsh Development
with Dredged Material: Acute Impacts on the Macrobenthic Community ,”
is one of six appendixes published relative to the Waterways Experiment
Station Technical Report D—77—23 , entitled “Habitat Development Field
Investigations, Windmill Point Marsh Development Site, James River ,
Virginia.” The appendixes to the main report are contract studies that
provide technical background and supporting data and may or may not
represent discrete research products. Appendixes that are largely data
tabulations or that clearly have only site—specific relevance are repro-
duced on microfiche ; those with more general application (such as this
appendix) are published as printed reports.

4. The purpose of this study,  identified as Work Unit 4A11K , was to
document the effects of marsh island construction on the preexisting
macrobenthic community . Macrobenthos displaced by the new habitat or
otherwise affected (e.g., by siltation from dredged material suspended
in the effluent) was studied . Aspects of macrobenthos abundance ,

L .1
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WESYV 28 November 1977
SUBJECT: Transmittal of Technical Report D—77—23 , Appendix C

cosmunity structure , bto.aas, and colonization are discussed by way of
comparison. between field collscttona made before and a f te r  marsh con-
struction activities .

5. A major conclusion L. this report is that there was an acute impact
within the habitat d.v.lopmant sits and in the area dredged for material
to construct the dike . Any acute impacts beyond the imediate vicinity
of the habitat development or borrow pit were undetectable six months
after construction .

6. Data from this report will be combined with results of studies of
the benthos at habitat development sites at Bolivar Peninsula , Texas
(4A13) , and Miller Sand s, Oregon (4B05) , to describe trend s of benthic
conmiunity development in dred ged material marshes. This information
will be presented as part of a Waterways Experiment Station Technical
Report entitled “Up land and We t land Habitat Development with Dredged
Material : Ecological Impacts (2A08).”

JOHN L. CANNON
Colonel , Corps of Engineers
Consoander and Director
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EXECUTIVE SUMMARY

In December 1974 , the U.S.  Army Engineer Waterways Experiment

Station, with the cooperation of the U.S. Army Engineer District,

Norf olk , directed the experimental construction of a wetlands habitat

from dredged material in the James River, Virginia, near Windmill

Point. Chemical and biological studies were conducted in order to

assess the effects of construction on the preexisting ecosystem.

The benthos was stressed as the most susceptible biotic component

because of the direct alteration of benthic habitats by habitat

construction and indirect effects caused by sedimentation. This

report covers the results of assessments of the distribution and

structure of macrobenthic communities before and after habitat

development.

The benthos in the area of habitat development is overwhelmingly

characterized by freshwater invertebrates even though this reach of

the river is tidal. The macrobenthic communities were dominated by

the introduced Asiatic clam, Corbicula manilensis; the tubificid

oligochaetes, mainly of the genus Liinnodrilus; and the larvae of

dipteran (mainly Coelotanypus scapularis) and ephemeropteran

(Hexagenia mingo) insects. Although sediments in this study area

varied from silts and clays to fine sands, the dominant species were

broadly distributed with respect to sediment type.

Acute effects were felt by the benthos at the habitat site,

where bottom topography was altered and organisms were buried by

construction, and at the site excavated for dike construction material.

2
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Rowever , when the area was surveyed b months after habitat development

the only changes in the benthos found were in areas where sedime n t

types had been changed by construc t ion activities . This is be l ieved  t o

be due to t t w  res i l ience of the benthic  co~~ u ni ty  in the  t idal f resh-

water James Rivet a t t r ibu tab l,  to  the extramely opportunistic nature of

the fauna in th is  natural ly  stressed system.

A key question lies in long—term impac t assessment related to the

relative product ivitv and resource value of the  art Ificlal marsh

versus the previous sh~iL low henth i e  h ab i t a t  . This i8 the  subje ct

of subseque nt p ostopcr at  ton invest igations.

I
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PREFACE

Thi s  repor t  presents  the r es u l t s  of an inves ti gation to assess

the impacts of the James River Windmill Point marsh development site

on the macroben th ic  communi ty .  This stud y forms a pa r t  of t h e  Dredged

Material Research Program , Environmental Effects Laboratory (EEL),

U. S. Army Eng ineer Waterways Experiment Station (WES) , Vicksburg,

Mississippi. The investigation was conducted under Contract No. DACW6S—

75—C—0053 to the Virginia  I n s t i t u t e  of Marine Science , Gloucester

Poin t , Virg inia. Contracting was handled by the U. S. Army Engineer

District , Norfolk (NAO); LTC Ronald H. Routh , CE , NAO, was Contracting

Off icer .

The report was written 1w Robert J. Diaz and Donald F. Roesch ,

Divis ion of Bio log ica l Oceanograp hy .  The f o l l o w i n g  V i r g i n ia  I n st i  t ot e

of M ar ine  Sc ience  personne1 are acknowled ged fo r  t h e i r  a s s i s t a n c e  in

the s t u dy :  Robert  W. V lr n s t e i n  and Kenneth  A. Die rk s f o r  t he i r  work

in the  f i e l d  and Joby Hatter and Cci leen Stone for  process i n~ sample s .

Dr. Sc lwv n Rohack and Mr .  Samuel L . H .  F’ul I cr , b oth  of he V \ & . .
~~~~ em\~

of N at  oral Sc iences , Phi  l ade iph i a  , identified or ~‘onf i m e d  spec m oos of

ch ironomids , and moll uscs and t u r be 1l ar i a t~s , r e s p e c t i v e ly .

The s tud y was conducted  t inder the d i r e c t i o n  of EEL p e r s on n e l .  The

con t rac t  was managed by Mr.  J .  D. Lunz , N at ur a l  Resources Development

Branch , under the supervision of Dr .  Wa~ t Gal latter • Branch Chie f  • and

Dr. C. J . K i rby, Ch ief , Env ironmen tal Resourc es D i v i s i o n . The s t u dY

was under the genera l supervision of Dr. H. K. Smith , Habit at

Development P ro jec t  Manager , and Dr.~~John H ar r i s o n , Chief , E E L .

4
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Directors of WES during the conduct of the study were COL C. H.

Hilt , CE, and COL J. L. Cannon, CE. Technical Director was Mr. F. R.

Brown .
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15 Distribution of dominant taxa at the 12 stations
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tub if i c ids , 3 — chironomids, 4 — Hexagenia , 5 —
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CONVERSION FACTORS , U. S. CUSTOMARY TO METRIC (SI)

UNITS OF MEASUREMENT

U. S. customary units of measurement can be converted to metric (SI)

units as follows :

Multiply By To Obtain 
—

feet 0.3048 metres

miles (U. S. statute) 1.609344 kilometres

acres 4046.856 square metres

cubic yards 0.7645549 cubic metres

cubic feet per second 0.02831685 cubic metres per
second

pounds (mass) 0.4535924 kilograms

10
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HABITAT DEVELOPMENT FIELD INVESTIGATIONS,

WINDMILL POINT MARSH DEVELOPMENT SITE,

JAMES RIVER, VIRGINIA

APPENDIX C: ENV IRONMENTAL IMPACTS OF MARSH

DEVELOPMENT WITH DREDGED MATERIAL : ACUTE

IMPACTS ON THE MACROBENTHIC COMMUNITY

PART I: INTRODUCTION

Background

1. The Dredged Material Research Pvogram (DMRP) of the U. S. Army

Engineer Waterways Experiment Station (WES) was initiated in 1973 in

order to investigate problems related to the environmental management

of dredged material. One task of the D~~P was to evaluate and

determine the feasibility of creating desirable habitats , such as

wetlands or tidal marshes, from dredged material. Habitat development

sites were chosen around the country; discussed herein is the site

located at Windmill Point on the James River , Virg inia.

2. The Windmill Point habitat development site was constructed

over a shoal resulting from historically (beginning in the 1890’s)

unconfined pipelined disposal of dredged ma ter ia l  and is loca ted in a

comp letely freshwater portion of the tidal James River. From 1968 to

1971, 241 ,100 cu yd* of dredged material was pla ced on the shoal;  by

the end of 1971 , a small 1.57—acre island developed that persisted up

to the time the habitat development project was initiated in late 1974.

* A table of factors for converting U.S. customary units of measurement
to metric (SI) can be found on page 10.

11 
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3. In December 1974, the Norfolk District and the Environmental

Effec ts Laboratory (EEL), WES , began an experimental project to create

an artificial marsh—island complex using dredged material produced

from the maintenance dredging of the James River navigation channel

below Hopewell , Virg inia (Figure 1). Retaining dikes were constructed

with sand dredged from nearby Buckler ’s Point, and very f ine sediment

h y d r a u l i c a l l y  dredged from the nearby channel was placed wi thin the

diked enclosure. An experimental program was undertaken to artifi-

cial l y propaga te various we t land plants in the habitat , but most of

the dredged material within the dikes was rap idl y colonized na turally

by emergent vegetation .

Scope and Objectives

4. In order to assess the effects of construction of the marsh—

island habitat on the preexisting ecosystem , several biological and

chemical studies were undertaken as part of the Corps ’ research program .

Considerable emphasis was placed on chemistry of the dred ged material

pore water and effluent surface water. Botanical investigations

considered vascular plants of both the preexisting 1.57—acre island

and the new marsh—island . Macrobenthos, which was d i s p l a c e d  by the

new habitat or which might have been otherwise affected , e.g., by

siltation from escaping dredged sediment , was studied and is the

subject of this report. The macrobenthos was selected for study

because: (1) it would be most directly affected by displacement ,

habitat modification , and siltation ; (2) it includes mainly relatively

long—lived and sedentary organisms ; and (3) it can be sampled with

12
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gre ater a c c u r a cy  and precision than other components , i .e .  p l a n k t o n

and nekton .

5. This report  p resents  the r e s u l t s  of surveys of macroben th os

in the vicinity of the Windmill Point habitat development site.

Colle ctions were conduc ted V iUS t bef ore and , on two occasions, alter

site construction . Emphasis in the interpretation of these data is

on assessment of the effects of marsh habitat construction . It is

also hoped that these studies will significantl y contribute to

• knowledge of the poorl y known ecology o f tidal freshw ater ecosy stems

and the e f f e c ts o f dred ged material disposal and siltation on these

systems.

~ p~~reach_ t~ Ob jec t ives

6. A fixed samp l ing desi gn was emp loyed in which the same

sta ti ons were reloca ted each samp ling period . These stations were

mainly arranged in a grid or series of transects c o v e r i n g  the  area

of marsh— island construct ion . Al though su f f e r i n g  some disadvan tages

from nonrandomized sample allocation , the design was selected in

order to accurately describe areal extent of impact and to r educe

the Interference of spatial with tempora l variability.

7. As with most studies , the design was a compromise be tween

V 
the theore ticall y ideal and the pr act ically feasible , g iven cons t rain ts

of t ime and funds. Extensive samp ling was p lanned jus t before and

after construc t ion activities in order to describe acute effects and

focus attention for monitoring of recovery . Longer term dynamics could

then be monitored at f ewer stations. Unfortunately , it was impossible to

14
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load comes from Richmond , which releases over 40,000 lb of municipal

domestic biochemical oxygen demand (BOD) per day. Oxygen sags are a

commo n occurrence during the summer in the main channel of this region

because of this heavy organic loading (Virginia Division of Water

Resources 1969, 1970).

11. The lower tidal freshwater region is also a f f e ct ed by hi gh

organic loading , most ly from Hopewell ’s indus tr ial plants. SOD

averages 80,000 lb/ day ,  but coliform counts are lower than the upper

reg ion , ranging from 100 to 10,000 bac teria/100 ml. Since the river

has a much larger volume in this region , it has greater assimilative

abili ty and water quality improves grea t ly with distance downstream

from Hopewell (Virg inia Division of Water Resources , 1969 , 1970).

Tidal influence

12. The tidal influence felt throughou t the James below Richmond

is an important feature of the environment. Currents generated by

tides are much reduced from the nontidal currents in the free—flowing

Jame s above Richmond . This allows the deposition of fine alluvial

sediments brought down by the river , such that all available benthic

habitats are muddy except In areas of concentrated wave or current

energy where more sand and gravel are found . In comparison , diverse

assortments of sand , gravel , and boulders are found In the  lotic

por tion of the river. This severely restricts the composition of

the bio ta in the t idal Jame s, since suitable substrates are not

available for the diverse epifauna and crevice—dwell ing fauna of

16
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fas te r  f lowing  f resh wa te r s .

13. Tidal ebb and flow increases residence time of pollutants

in this segment of the river. It typically takes an average of 7 days

for a particle of water to traverse the 50 miles of the tidal fresh-

water zone. During floods this residence time may decrease to 3 days

but under extreme low—flow conditions may increase to 17 days (Virginia

Institute of Marine Science 1973a).

14. The exac t position of the boundary between the lower tidal

freshwater region and the oligohaline region is variable and diffuse

depending on the magnitude of freshwater inflow into the Jame s River.

The boundary shifts up or downriver several miles seasonally, but the

sal ini ty typ ically does not exceed 2 °/oo at Swanns Point , 20 miles

downstream from the Windmill Point marsh—island .

15. Only during periods of drought will measurable salinity

penetrate into this typicall y freshwater segment. This event last

occurred in the mid—1960’s when the flow of the James at Richmond

was 10 c f s , the lowest eve r measured . Sa l in i ty  in t ruded  a lmost  to

Hopewell , a l lowing fo r  considerable overlap and rep lacement of the

freshwater fauna by estuarine species ( V i r g i n i a  Inst itute o t  M a r i n e

Science l973b).

16. DurIng this drought the typical tubificid—chironomid commun—

ity,  charac teristic of the lower tidal freshwater reg ion , was probably

displaced uprive r as the salinity advanced upstream. The fauna 10 to

15 miles below Hopewell In the vicinity of Windmill Point must have

been very much like that typical of the oligohaline region (usually

17
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found around Hog Island) and was probably domina ted by the polychaete

Scolecolepides viridis, the bivalve Ra ngja cuneata, and estuarine

species of the amphipod genus Gammarus. With the return of normal

salinities of less than 0.5 
0

/00 the estuarine fauna returned to its

former composition except for Rangia cuneata. Although the adults of

this species have survived in the freshwater zone, no known spawning or

recruitment has taken place there. Cain (1972) concluded that salini—

ties of near 5 o/ac are required for spawning and survival of larvae. V I

The Rangia populations, composed basically of the 1—year class, have

persisted below Jordan Point for about 10 years , but only few very large

clams remain.

18
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PART 11: MATERIALS AND METHODS

Samp l i n g  S t a t i o n s

17. Samples of macrobenthos were obtained from 51 stations

(Fi gure 2). Forty stations were aligned in four transects of 10

sta t ions , each extending from the south shore across the habitat

• developmen t site to the edge of the channel. Two contro l stations

(42 and 43) were located on the old dredged material shoal to the

west, away from the immediate vicinity of the development site. A

third control station (41) was located to the east of the development

site on the same shoal. Eight stations (A through H) were positioned

in two transects adjacent to and in the excavation near Buckler ’s

point. Two 0.05—rn2 Ponar grab samples were taken at each station

26 November and 2 December 1974. All stations were resatnpled 28—30

Jul y 1975 , with the exception of those stations (5, 6, 7, 15, 16, 17 ,

25 , 26 , 27 , 35 , 36 , and 37) covered by the development. Stations

8, 13, 14, 24 , 28, 38, 41, 42, A , B , C, and D were resampled for a

third time on the anniversary of the development . 15 December 1975.

These stations were selected because they were in areas most likely

to be affected by development.

Fauna

• Sampling 
V

18. Water depth and Ponar grab volume were measured at each

station in November 1974 , Jul y 1975 , and December 1975 (Table 1).

Most of the stations were shallower than 1 m except for those on the

19
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edge of the channel and in the borrow pit. The Ponar grab operated

well, filling completely In softer sediments and to about half capacity

(4.5 9.) in sandy sediments.

IdentificatLn and enumeration

19. The contents of each grab sample were sieved through a 0.5-

mm screen, relaxed with 1 percent solution of propylene phenoxetol for

half an hour , preserved with 5 to 10 percent buffered formalin, and

stained with a vital stain (phioxine B). Later , the samples were

microscop icall y examined , and the animals presen t were sor ted into

major taxonomic groups and p laced in 70 percent ethano l for identi-

fication and enumeration .

20. Several meiofaunal taxa were recovered from the samples but

were exc luded f rom analysis because the sample processing procedures

were not quantitative for meiofauna . Among the meiofauna found were

(in order of decreasing abundance) nematodes , copepods , cladocerans

and ostracods.

21. Wet weight biomass after preservation was determined after

blotting organisms on absorbent towels. Individual species hiomass

was determined for Corbicula manilensis and Hexagenia mingo. Oli go—

chaetcs and chironomids were weighed as groups. All other taxa were

weighed as one group . Corbicula larger than 10 mm were removed from 
V

their shells for weighing ,  bu t small Corbic ula were we ighed after

decalcification of the  s h e l l s .

Numerical Analyses

22. Species diversity was measured by the commonl y used index of

L - 
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Shannon (Plelou 1975) , which expreose’s the inf orma t ion con ten t per m d i —

v idual .  The index denotes th e uncertainty in predicting tile spe~’if Ic

iden t i ty o f a randomly chosen Individual front a multispecies assemblage.

The more spec Los t he re  ar e ’ and the more evenly they are represented , t.he’

higher this uncertainty . The Shannon index IL~ I T -i given by:

V 
- 

i~~1 
~1 li g,~~1 (1)

who t o  s number of  s pot - los In a samp it ’ and 
~~ 

p ropo r I ion o I t he ’ I — t It

spec ’ I es IVfl the sainp it’ . Spec I i-s ti I ye’ rs  I t y 
• p a r t  I c u  1 a I v a ox r

isv t he  Shannon rne ’as t l ro , is w i d e l y  used in impac t  assessments  OUch nov

correlate well with e n v i r o n m e n t a l  st ~~~~ ( W I  1km , i t td  Pour  t o  1 ‘)65

Arm st rong ot a I . 1971 , Boese’h j o  72 ’) . Mor e’ adverse ’ and st ross t cii

en v i ron m e n t  a I cond f t  ions of - ten exh Lb 1 t l owe r spot ’ I os dive ’ rs I t V It ho~cig ii

thi s response is often not so simp le (Jacobs 197 5 , Coodman I °) 75’) -

23. As cons idered  above , spec Leo d i v e r s i ty  is ,i c o m p o s i te  of  two

components ’. sp e c ’ I e ’S r i chness  I. t h e  numb e t- of spec ’ i~ s tic a conulitifl it V )

and evenness (how t h e  m d  iv Idea is art ’ distribu ted among the spc’c too ’)

Two measures o f spec los r i chnes s  were used : t h e’ number of spot ’ l e’s per

unit a rca (in this cast ’ 0. 2 m ’V ’ ) or a i- ca I r I t’hneso , ~~~~ .1 m ea su r e

standard  ized on the  ha~ is  of t h e  si .‘e ’ is I the ’ s,tn ~’ it’ in to rms is

numbers of individ uals or n u mer t : o i  r t e l m e s s  ( S R I

SR ( S— fl/ inN, (2 ’ )

where S — number of  spec - Los and N number  of Int l  lvldua is In a samp I t ’ .

Evenness J ’ was expressed as:

I )

-V —- — - — -- —--



.1’ II’ / l o g 2 S  (P I e l o n  1975)  ( 1)

2~.. Nu mor I e ’O I o lass  I t  I e’a t ton was used in order to d e tec t  and

express changes In spec ’ los  compos I t  Ion ,it  s t a t i on s  th rough  t imi’ . A

s Im I  l , t  c i t y  measur e ’ , the ’ B r a y — C u r t  Is (or Czekanowsk I)  Ooi ’ { f Ic lent

(Cooth a 11 1973) , was o ,t i t -u I it  od

• ~ x ~ 
—

S )k~~~~l —  I J ’ r-, (4)
V 

~ (x~ 1 + Xkj )

whe re Sik  is the  s i m I l a r i t y  between c o l l e c t  Ions a t  s t a t  ions and k ;

x Is t Ito abundance o I t he  I— t ii s pe ’ 0 los at stat I on ; and xk i the

abundance  of the  m — t h  spec’ Los at station k

25 . Tic.’ t roust orntat ion of o r i g i n a l  da t  a is suggested because of

t he’ l a r ge  nu inh o I~$ of a few Sp ec ’ I os and snial 1 numbers ol many spec los.

j f l  t ’~’c s l  og I o ’, i I t erms  t r a n s  fo rma t Ion r educes  the r e la t i ve  c o n t r i b u t i o n

of very ~b u n d a u t  spot ’ los to  inters ta t ion s imi lar i ty  and the relative

contr [but Ion c i t  h i g h  d en s I t y  occurrences  to interspecies similari ty.

C l i f f o r d  and Stephenson (1975) present a detailed discussion of the

t’ I t t ’ ot  5 0 t
V 

t colts  f o r m a t  Ion on commonly cise’~I s int l lar  It y mea s u r e s .

1 n order to dampen t itt’ sons it lvi t’v of the  Bray—Curt is index to the’

nunte r lea t h y  dom inan t  spec Lo s , a l l  ab so lu te  abundances  were log

tr.lnsto )rmvd as:

y — In (x  + 1) (5)

26. TIte relat ioct sh ip s  between the dist ribut ion pat 1 e m s  of pa i r s

of species we’re studied by computation of the Bray—Curtis index as given

23
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above , al lowing ins tead the to represen t the s i m il a r i t y  be tween

species j and k and the x 11 to represent the t ransf ormed abund ance of

species j at the i—th station . The entities , i.e., stat ions or

V species, could then be clustered based on the r e s u l t i n g  similarity

V matrices using various strateg ies tha t express rela t ionships in the

form of a dendrogram. The dendrogram graphically dep ic ts the inter—

rela t ionships of the samp les (normal analysis) or species (inverse

analysis) to form a collection In a hierarchial fashion. The clusters

or groups prod uced by the cl uster ing a l gorithm do not have an objective

ex istence but are rather a prop er ty of the numeri cal pro cess and da ta

set (Will iams 1971). C lus te r  creat ion and i n t e r p r e t a t i o n  mus t consider

the above factors. Even though the technique is objective , its appli-

cation and interpretation can be rather subjective . The flexible

sorting strategy was chosen because of its mathematical properties

and proven usefulness in ecology (Boesch 1973 , C l i f f ord and Step henson

1975). The cluster intensity coefticient 3 was set at —0.25, which

e f f e c ts modera tely intense clustering.

Sed imen t Samp les

27. From each grab sample a small quantity o f  surface sediment

was removed for grain—size analysis. Percen t sand , silt , and clay was

determined by sieving and pipette analysis f oll owing pr ocedures of

Folk (1968). Sand fractions were dry sieved using —2 , — 1 , 0, and 2 phi

American Society of Testing Materials (ASTM) standard sieves shaker by a

V Ro—Tap shaker to determine average size, uniformity , and skewness of the

V 

sediments (Folk 1968). The grain—size frequency distribution was broken

24
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into eight arbitrary class intervals (>—2, —2 to —1, —l to 0, 0 to 1,

1 to 2, 2 to 4, 4 to 8, and 8 to 14 c~) and factored according to pro-

cedures of Klovan (1966).

28. Since factor analysis compares the entire distribution of

particle sizes by reducing interrelationships to a smaller set of

factors or components, it thus provides a truer and more objective

method for describing the relationship of sediment samples based on

their complete grain—size distribution rather than the usual summary

statistics such as mean and median particle size. Sediment descrip~-

dons refer to the Udden—Wentworth classification (Pettijohn 1957).



PART Ill : RESULTS

Sed imen ts

Charac teriza t ion

29.  Typ ica l l y ,  sediments  in the  t i d a l  f r e s h w a ter  .lame s c o n s i s t

V 

of f i v e  t e x t u r a l  types : sand , s i l t y  sand , s a n d — s i l t — c l a y ,  silty clay ,

and c l ayey  s i l t .  S i l t y  c lay  and c la ycy  s i l t  are the  p redominan t

sediment types  (N icho l s  1972) .  The area  around W in d m i l l  Po in t i s

deposi t ional except for the southern shoreline , which tends to be

erosional. Wind—genera ted waves , t i d a l  c u r r e n t s , and a l l u v i a l

sed imenta t ion  are the main fo rces  m a i n t a i n i n g  the  sediment  s t r u c t u r e

in the study area .

30. When the percentages of sand , silt , and c’1~ty (Table 2) were’

plotted on t r i angu la r  coordina tes wi th 100 per cen t sand , silt , and

clay at the angles (Figur e 3) , most of the stations fell along a

band running from sand to s i l t y  c l a y  and c layev  s i l t .  Sediments

sampled in July exhibited greater scatter with fewer stations falling

in the sand—silt—clay classification. Before the habitat was con-

s t ruc ted , there  was a small  patch of f i n e  sandy sed imen ts to the  west

of the e x i s t i n g  island . The onl y o ther  si g n i f i c a n t ly  sandy  sed imen t s

were located on the south shore l ine (Fi gure 4 ) .  A f t e r  d i k e  con-

st ruc t ion , areas immedia tel y adlacen t to the habitat became sandier.

There was also an increase in sand at the d owi-ist roam station (-41’)

and the stations near the southeast corner of the habitat (Figure 5) .

Deeper s t a t i o n  sediments  and areas to the west of the h a b i t a t  were

apparen t ly  una f fec-ted by d ike  c o n s t r u c t i o n .

26
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ii. In order t o  char,ic’terizt ’ the sediments more’ objectively and

to make full cis ’ ot the entire grain—size analysis (Table’ 3), fac tor

analysis was employed . Communa l i t  ic’s were h i gh: fo r  ~i l l  bu t  t ’ of  86

samp les , in dic ’j t ing  t h a t  the  th ree’ r ot a t ed  fac t ors were’ ,i good d e s c r ip —

ton of the  stat ion data. When the  t h r e ’e’ fa ct o r s  were no rma l i zed  by

squaring each f a c t o r  score and dividing by the factor ’s corresponding

communality, samples from all collections tended to concent ra te  w i t h

high loadings on Factor 1 and , to a lesser degree , Factor II. Stations

with high loadings on Factor I were muddy with small median and mean

grain sizes. They t~ nde’d to be very closely grouped because the fines

we’re even ly  d I s t r i b u t e d  between s i l t  and e’l ay .  S t a t i o n s  away f rom the

main  group had d i f f e r e n t  r a t i o s  of s i l t  t o  c lay . The ~‘lusPeriilg of

LUt i St of the  s t a t  ions around Factor  1 i n d i c a t e d  the homogeneit  ~‘ o f

sed Iments  in t lte W I n d m i l l  Point a rea .  In November there’ was a sm,il 1

c l i f f  US e’ group o t s t a t  Ions w i t h  I n c r e a s i n g  med ian  (Md ) ,tncI mean (M i
)

grj t  In s I zt ’ and inc r e,is  ing kur tos is (K u ) t ha t  I oa5led h i g h  1 v on Fact  or

I I (lab Ic 2) - In J u ly  t he re’ we’ re th ree  stat Ions w i t h  high load ing s

on Fac to r  I t  w i t h  s i m i la r  s i ze  s t a t i s t i c s .  December s tat  Ions t h a t

loaded on Fa cto r  I I h~ ci coarser  med ian and mean gr~i in s i z e ’ than

November and Ju l  v s tat  ions .  S t a t  Ions w i t h  hI gh loadings on F a c t or  I I

represent medium to t Inc sand that are re’ I at  iv e  lv well sorted . Sta-

tions with hi gh loading on Fac to r  I I I  were coa r se r  sands , excep t

station 41 from December and station 25 from November (Table’ 1).

Based ti~~ t h e i r  sed iment stat 1st it’S • s t a t i o n  -‘4 1 should have 1 oade’d

11 
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more on Factor U and station 25 more on Factor I. In general , stations

had increasing median and mean grain size and were increasing ly wel l

sorted with higher loading on Factor 111.

32. An environmen tal interpretation of these results suggests

that  F ac tor  1 represents  areas where s i l t s  and c l a y s  are be ing

deposi ted or areas t h a t  are not influenced by scouring tidal currents

or wave ac t ion . Fac tor  I I I  represen ts  a reas where wave energy is

concentrated , preventing the deposition of f iner f r ac t ions . The se

areas 5-ir e erosional and are the  most d ynamic envi ronments  in the

Windmi l l  Point  area. Factor II is intermediate to Fac to rs  I and I I I ,

represent ing areas where some f ines  are depos i ted  under c o n d i t i o n s  of

reduced wave energy . I f  the amount  of In f l u en c e ’  t ’f  t he  t h r e e  f a c t o r s

is plotted on the habitat site map, the patterns of thi s interpreta-

t ion  become obvious (Fi gures 6 , 7 , and 5) .  The shoreline and

habi ta t  dike are the areas where wave energy  is h i g h e s t .  T h e  north—

west corner  of the  habi ta t  dike is the least  s t a b le  area and loads

hi gh ly  on Factor I I I .  The area to the  west  of t he  p r e e x i s t i n g  i s land

was an in te rmedia te  energy area wi th wind waves s o r t i n g  the sediments

as they passed over the  shal low f l a t .  The deeper  s t a t i o n s  and s t a t io n s

away f rom the  ex i s t i ng  Island were d e p o sit io n a l  areas where th e  wave

energy had min imal  e f f e c t .

B a t h y m e t r i c  Change s

33. Based on bathymetric surveys by the Norfolk  District ,

greatest  changes in depth a t t r ibu tab le  to habi ta t  development oc-

curred at stations in the excavation and between the south shores

32
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of the ’ htab I tat and tita in I au th . The’ gt e ’a t e’s t i tic t’t’ase’ in de’p ( i t  at C h i t ’

t ’xe ’av.i t Ion was 17 .7 t t wit ii I. lie’ avt’rage’ t i i c ’ 1e ’ase’ be lug about ii f t

At t h e ’ h ab i t a t  site there was ge ’t t e ’r.i I ly a d c c  rt ’ . Ise ’ In depth at the

s t a t  ions iLIUui ’eI I at e  l y a round the luahi t a t  d i ke • t’xe’e’pt. s l a t  I o t is  1 1

and 13 , Whi Ch  deepened sli ght. ly - C f t au :g t ’s e’an be’ summat’ I ze ’d as

fo l  lows :

S t a t  I on I I -‘ I,’ 1,’ l~~ ~ ha un t ’ I socit h
Dee’ i- e ’ ,t~~~’ in depth , It 5.0 1.8 1 . ~ I . (i of  ft.ih i t i t

St at ion I I I I I A !  oiit~ ~ s ’uit Ii shioi’ e
i)ee ’ re’ , us t ’ I i i  dep th , ft 0. ’-~ 0. ” 0 . . ’ — 0 . -’4 c i t  h u , i h f  t a t

S t a t  ton 3 18 13 18 Al oiig ui~’ 1 t Ii shio it ~
De’e’ ~~~~~~~~~~~~ i l l  dep th , f t  f ) _ ‘4 D _  1 (1 , 1 — ( 1 - t ’ of  h ,il i  I t  . it

— ‘l’h ’ rcdtie ’ t i on In dept  it around f lit ’ bali I t  ‘ i t  ~,- I ~~; ch it ’ hot it to

tIle’ ev e r  I low of I ( l i t ’ ci i’eei c~e ’eh %II , I  t e’ I ’ (a I ~i u impeth j i l t s ’ t lit ’ Is  I - u t i~i , i i i e i  t lie

out wa ret t r an spor  t ti I dl k ’  m.i t ct-i .i I . WIt l I t ~ t ic t e’ut’ i-cut s swt’p I tiuos t of

the  overf  low m a ter i a l  down r iver and around Windmi ll Po tnt , subs t au t  ial

amount  were’ de’pos it e’d in t h e ’ e ’f i . i f l n e ’ 1 to he’ ~ouu t h of  t i l t . bali  it at —

1” ,itin a

(~ f i , i  1 . 1 5 1 t ’F I ,~~, i t  I c l i i

V 
IS . From t h e 102 gr ab samp I es t , ik ’ti in Novc’mbe’r I’- ) 7-’4 * 

,‘0 ,SiJ

mac roben th Ic m d  iv t,dutt is i t ’l l I e ’sen t lug L’ t’cc ogn I - ib he t a xi we’re’

re’e’ove i- eel ; t lie 78 gl ib samp I t ’~~; t aken ,Iu lv 1’) 75 t ’e ’il  t a I ned  I I ,

Intl I v  idua I in 15 t . i x , i  ; . i i i e l  ( lit ’ .‘-‘4 e~i , i f i  ~; , I I i i I 1  I t ’~~ t akt ’n Dt’e’t’mhe’r It) 75

t’t~nc ,tint ’d .‘ , _ ‘‘~~
‘
~ lndl v hdii ,i ls I i i  _ ‘ 1 ( l x i (Appendix ,V~~~l) , in  t ot a l , the

10” 4 g rab  s ;imp it ’s v 1 I  tied 1 * ,080 m d  iv idua l s  and -e~1 t , i x , i  (Appendix  A ’) -

For ,i 1 1 t hiet ’ samp I hu g pt’ i I oti s • I l it ’ o1 i gec - h it ’ t t ’  t ~iUL I I  v V t~tih I t  I t ’ I elat ’

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -‘- _~~--~~~~~~~~-

was numer ica l ly dominant  followed by the  b ivalve Corb icula  man ile
~!~~

(Corbiculidae) and the dipteran insect fami l y Chironomldae (Table 4 ) .

The remaining 15 famil ies  represented in the  collections were repre-

sen ted by onl y one species each , excep t the Sphaeriidae of wh ich there

were two . Corbicula manilensis was numer i ca l l y very impor tan t  and

individuals were separable into  two d i s t i n c t  ecological forms based

on size. Small Corbicula (< 10—mm l eng th)  were t reated separately from

those larger .  It was f e l t  tha t  while  the larger  clams were a persist—

ent component of the communi ty ,  smaller c lams were ephemeral and the ir

overwhelming densi ties would obsc ure the d istribut ion and biomass

patterns of the adults. Corbicula also becomes mature around 10 mm .

Large numbers of small Corbicula were taken during all sampling

periods and , from the shell length—frequency distributions of the

populations (Fi gures 9 , 10 , and 11), it is very doubtful that

more than a fraction of a percent survived from one sampling to the

next. The family Chironomidae was represented by the most species ,

at least 17. Nine species of Tubiflcidae were identified (Appendix

B’).

36. Four genera (Limnodril us, Corbicula, Ilyod rilus, and

Coelotanypus) composed 97 percent  of the ind ividuals in November

1974 , 90 percen t in July 1975 , and 87 pe rcen t  in December 1975

(Tables 5, 6, and 7). The slight decrease in their dominance

in July was due to the recruitment into the area of the more sea—

sorially abundant insect larvae , such as the ep hemerop teran Hexagenia

that increased from 0.5 percent of the individuals in November to 1,6

37
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percent in July . The reduction in the domination by these four genera

in December was a reflection of the sediment changes that occurred at

the habitat site. When the percentages of each taxa were calculated

for only the 12 stations that were sampled three times, there was even

a more pronounced decline in the proportions of these genera (Tables

7, 8, and 9). Of these , Limnodrilus and Corbicula were mainly

represented by immature individuals comprising 84 , 73, and 61 percent

of the total individuals from November, July, and December samplings,

respectively. Adults comprised only the following percentages of the

total :

November July December

Lij onodrilus 2 .77  4 .47  2.15
Corbicula 0 .24  0.10 0.08

37~ Hexagenia and Procladius were the next most abundant genera

comprising the following percentages of the total:

November December

Hexagenia 0.49 1.55 4 . 7 3
Procladlus 0.49 1.75 2.61

Hexagenia was the second largest animal in the collections, and when it

occurred , it usually had a large influence on biomass. Procladius is a

chironomid that preys on oligochaetes and also feeds on microflora

(Roback 1953).

38. The total for all other genera combined comprised 0.19, 0.27,

and 0.44 percent of the fauna for November, July, and December , 
V

respectively.

41 V
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Biomass

39. The majority of the biomass in the macrobenthic communities

around Windmill Point was in the form of large Corbicula and oligo—

chaetes. These two categories constituted 89.96, 85.16, and 28.81

V percent of the total biomass for November , July, and December,

respectively. The decline in percentage in December was due to

the absence of larger Corbicula; only two individuals (15 and 16 mm)

were taken (Table 10). Large numbers of Corbicula shells, 32 to 47

mm, were observed washed ashore at the habitat site and mainland

shoreline in March 1976. The mortalities are unexplained but may

account for the lack of large specimens in the December 1975 collec—

tions. The contribution of small Corbicula to the biomass was slight

in November and July despite their great abundance. In December there

was a greater proportion of specimens in the 4— to 6—mm shell length

range , which increased their contribution to the biomass (Table 11).

40. The oligochaetes composed a fairly constant percentage

(around 20 percent) of the faunal biomass. Chironomid biomass was

low in all collections , but the percentage contribution in December

was fairly high due again to the absence of large Corbicula. The

Hexagenia biomass pattern was similar to that for chironomids. Even

though there were more Hexagenia in July (185) than November (100) or

December (107), their percentage contribution -‘as lowest. The July

specimens were small , newly recruited that summer , while the November

and December populations were composed mainly of larger individuals

that would emerge the forthcoming summer , Tables 11 , 12 , and 13

42
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show the breakdown of biomass at each of the sampling sites for all

collections .

41. There was a variable relationship between sediment classifi-

cation and biomass. In November , silty sand had the highest biomass

averaging 54.5 g/m2 due to hi gh densities of large Corbicula. Sand—

si l t—clay , clayey silt , and silty clay stations had 36.5 , 34.8 , and

36.6 g/m2., respectively. Sand stations had the lowest biomass (6.4

g/m2). In July silty clay areas had the highest biomass (19.3 g/m2),

followed by sand (13.2), clayey silt (11.3), s i l ty  sand (8.2), and

sand—silt—clay (5.0). In December, sand—silt—clay areas were highest

with 20.5 g/m2 and clayey silt (4.6) and sand (4.0) were lowest. In

general, biomass measurements were greatly influenced by the occurrence

or absence of large Corbicula.

Communi ty struc ture

42 . There were concordant changes in diversity between collec—

t ion periods that  corresponded to seasonal fluctuations (Tables 14,

15, and 16). From November to July diversity increased at all but

two stations and decreased again at all but two stations in December. 
V

The increase of diversity in July was due more to an increase in

evenness of species than an increase in species richness. Although

there was a slight increase in the number of species taken in the

July collection , it was not sufficient to cause the overall increase

in diversity (Figure 12). The decrease in d ivers i ty  again in

December corresponded to lower evenness and richness components.

The increase In the proportion of insect species and individuals

43
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showed s trongest  seasonal trends with hi ghest values, because of

seasonal recruitment , in July. Branchiura sowerbyi and 1.Jrnatella

gracilis, the only noninsect taxa that exhibited a clear seasonality ,

were more abundant in July .

43. Grain size of the sediments had a great influence on commun-

ity structure. The mean diversity of sand, sand—silt—clay , and mud

(clayey—silt and silty—clay) stations was as follows:

November December

Sand 0.85 1.86 1.59
Sand—Silt—Clay 1.15 1.70 2.12
Mud 1.28 1.92 1.57

44. Sand sites generally had lower diversity, except in July .

The higher sand value for July was caused by the reduction in the

number of small Corbicula at the sand sites, which increased evenness. V

Muddy sites, which composed the majority of the stations, tended to

have the highest diversity except in December, when sand—silt—clay

sites were higher because of high species richness. Abundances of

~-:“~-ie5 inhabiting the muddy sites were in general more evenly

d - st~ibuted . There were also more species occurring at muddy as

opposed to sandy sites . Ablabesmyia sp. E , Chaoborus punctipennis,

}iexagenla mingo, Peloscolex multisetosus , Limnodrllus profundicola,

and Branchiura sowerbyi were species primarily found in mud , while

tubificids with capillary setae and Enchytraeidae were primarily

sand species. Many other species that occurred once or twice in

the collections are not included in the mud—sand categories because

of lack of distributional information.

45
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C l a s s i f i c a t i o n  r e su l t s

45. The inverse classificatory analysis of all collections

together produced four interpretable species groups (F igure  13) .

The f i r s t  s p l i t  in the dendrogram .- -~ems to have been based on

commonness. A large group of less common species was forme d tha t

could not be broken down any further into ecologically meaningful

groups. The common soec ies could be further divided into very common

species , those preferring fine sediments and deep—water species groups.

Hydroliinax ~~~~~~~~~ and Sphaerii~rn transversum were included in the muddy

species group; even though they occurred once or twice in sand y areas ,

the majority of t h e ’ i r  p o p u l a t i o n s  was in mud . S i m i l a r l y ,  although

Peloscolex multisetosus and Chaob orus p u n c t i p e n ni s  did have s c a t t e r e d

occurrence in shallow water , t he i r  main populations were at the deepest

stations. The very common group can be further divided into p r i m a r y

and secondary douiinants with Limnodrilus spp. and small Corbicula as

primary domin~ints. Among the secondary dominants were L. hoffmeisteri

and Ilyodrilus temp letoni and three ehironomids that are known to be

ol igochu ete  p reda to r s , Coelotanypus scapularts, Frocladius bellus, and V

Cryptochironomus spp .

4o. Because ol  the homogeneity ot  the fauna and near p r o x i m i ty

of s t a t i o n s , the norma l ana l ys is of the’ cut ire’ collections data was

not e co l o g i ca l ly  i n f o r m a t i v e  and w i l l  not be i n c l u d e d . However ,

normal analysis of only those stations samp led t h r e e  times ~as

instructive. The first dichotomy reflected sediment type dividing a

large group o f mud stations and a smal l  group of sand s ta t ions . The

46 
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f u r t h e r  c l a s s i f i c a ti o n  of  the  sand s t a t i o n s  sepa~ ated those sand y

stations at the borrow pit siteV’ be fo re  d redg ing and those stations

adjacent to the habi tat dike 1 year a f t e r  cons t ruc t ion .  There were

• several stations with sandy sediments (in particular , 28 and 38 from

Jul y) grouped with the mudd y stations because of the  o c c u r r e n c e  of

several species that are generally f ound only in mud (e.g. Hexagenia

mingo) . The muddy stations were divided into those in the borrow p it

af ter cons tru ct ion , those in the borrow pit area disturbed by dredging,

those at the habitat site before construction , and those at the habitat

site a f t e r  construct ion.  These groups are not exclusive since some

s ta t ions  from d i f f e r e n t  areas or times are mixed toge ther  (Figure 14) .

Faunal changes following construction

47. Fauna at stations located in deeper (~ 2 in) water was most

persistent , with the intrasite similarity coefficient (complete

similari ty is 1.0) from November to July rang ing from 0.69 to 0.79

(Table 17). This was due mainly to the uniformity of the oligochaote

F fauna . Least similar assemblages for the same period were at the

borrow pit and along the habitat dike . At the borrow pit there were

general increases in abundance of oli gochae tes , ch ironomids , and

Corbicula (Figure 15 and Table 18) as the sediments became finer and

I 
depth increased from 1.5 to 5.5—6.1 in.  Stations along the habitat dike

also experienced major dominance changes with a reduction in oligo—

chaetes and chironomids as sediments became coarser from dike

construction . Similarity at these stations ranged from 0.17 to 0.70.

Other  stations throughou t the area had s imilar it ies ranging from 0.47
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to 0 .74 from sampling period to samp ling period .

48. Similarity from July to December at the stations near the

dike was generally low ranging from 0.30 to 0.57. The annual simi—

larity at the sand stations from November to December was lower except

for s ta t ions  8 and 38 (Table 18), indica ting little recovery of the

• fauna along the dike perimeter to preconstruction conditions.

49. The stations that  experienced decreases in depth from

deposition of overflow dredged material had fairly high similari ty

from November to July , except stations iS and 38. There was a drastic

reduction in the species of oligochaetes and an increase in the species

of chironomids at both these stations. The increase in chironomids

was most likely seasonal but the reduction in oligochaetes cannot be

completely explained . Station 38 did change from silty clay to sand ,

a less preferable habi tat for oli gochae tes , excep t tubificids wi th

cap illary setae . The reduc t ion in oligochaetes at station 18 is

unexp lainable .

50. The area covered by the habitat development site was approx-

imately 22 acres. An average of 4500 macrobenthic animals/rn2 were

destroyed , 85 percent of which were immature Limnodrilus and Corbicula.

At the site from which the dike fill was taken , approx imate ly  1700

individuals/m2 were destroyed , 97 percent of which were immature

Limmodrilus and Corbicula. These are the two areas at which an acute

impact was certainly f e l t .  The areal extent of this impact beyond

the immediate confines of the island and borrow pit is unknown .

Before the sites were resainpled , 8 months had elapsed , allowing time
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for substantial recovery of populations of the opportunistic dominant

species. It appears that any acute impacts must have been short—lived ,

except in the habitat development , dike perimeter , and borrow pit , where

the habitats have been substantially modified .

51. Seasonality was mainly responsible for changes in the pattern

of taxa occurrence . However , there were also changes a t t r i b u t a b l e  to

the creation of the habitat site , mainly those induced by the gross

alteration of sediment characteristics . Of the stations sampled three

times, sediments at stations 8, 14 , 24, and 38 changed from mud to

sand after the habitat site was constructed . At all these stations ,

the numbers of oligochaetes declined greatly (Figure 15). Small

Corbicula were apparently favored by this change in substrate. Abun-

dances of the mud—dweller Hexagenia declined greatly from November to

December. Sediments at stations 13, 41, 42 , and A were apparen t ly

unaltered by habitat construction , yet there was also a decline in

tubificids at these stations. However, their general dominance was

maintained , except at stations 42 and A in December (Figure 15 and

Table 18). In general, there were no widespread concordant changes in

the fauna, other than expected seasonal changes, except for oligochaetes

F and Hexagenia.

52. When only the faunal assemblages at the 12 stations samp led

three times were considered (Tables 7, 8, and 9), it was apparent

that proportional representation in abundance had sh i f t ed . Again ,

the oligochaetes declined and Corbicula increased in importance due

to sediment changes d i r ec t ly a t t r i b u t a b l e  to h a b i t a t  dev e lopmen t,  in
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general, the insects increased in importance , possibl y because of a

successful summer recruitment season.

53. This section is included only to give a gross idea of wha t

the hab i t a t  development site i n t e r io r  was like soon a f t e r  cons t ruc t ion.

A detailed evaluat ion of the develop ing macrobenthic communities is

the subject of ongoing work under con t r ac t  DACW76—C— 00 4 0 Postcon—

struction Studies at the Windmill Point Marsh Development Site.

Habi ta t si te interior

54. The interior of the habitat development sit e provided  a

d i f f e r e n t  type of substrate  than the surrounding river bottom. Thiring

the f i r s t  growing season , the in te r io r  was t h i c k l y vege t a t ed  w i t h

pickereiweed (Pontederia cordata) and arrowhead (Sa&ittaria

l at i foli aj ,  which increased the organic content  of sediments and

provided a grea ter  d ivers i ty  of hab i ta t s  for  ep i fauna  (most of the

Naididae) and epifaunal grazers , such as Physa. The most striking

difference between the habitat and the surrounding river bottom was

the unexplained absence of Corbicula from the habitat ( o n l y  one

individual  was taken) . This may be due to a combination of exposure

to greater  f l u c t u a t i o n s  in t empera tu res  caused by the  shal lowness  of

the interior or the fineness of the sediments. C o r bi c u l a  iloos set V

p referen tially on sandier sediments (Sickel and Burbanck 1q74). There

may also be more intense predation pressure in the habitat from the

large numbers of Fundulus observed uti] lzlng the site.

55. The dominant species in the habitat were oli goeliaetes , most Iv

Limnodrilus spp. and Naididae . Limnodrilus cervix was more abundant
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than L. hoffmeisteri, whereas the opposite was the case outside the

habitat. The chironomids were also abundant , with Trichocladius

sp. and Orthocladinae found only within the habitat. Tanypus

neopunc tipennis was the most abundant species followed by Chironomus

spp. Coelotanypus scapularis,  the dominant chironomid in the James

River , was absent. The only unionid taken alive during the study was

found in the hab i ta t  interior (Table 19) .

56. In general , the fauna in the hab itat in terior had a fair

resemblance to that of the rest of the river bottom. Even though

seven species were found only within the habitat , they may als -’ occur

outside the habitat.
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PART IV. DISCUSSION

Natural History

57. The turbellarians were represented by the sing le spe c ies

Hydrolimax ~risea. Not much is known about this species. I t may be V

undergoing a resurgence or rediscovery on the east coast. It is always

found in association with fine sediments and silty environments such

as the tidal James River, Hydrolimax may feed on small bivalves or

meiofauna . Diaz (1972) found it associa ted wi th small Corb icula and

the oligochaete Peloscolex multisetosus.

58. The nemerteans , which have few freshwater species , were

represented by the only species occur r ing  in Nor th  America , Prostoma

rubrum. Prostoma is found in associat ion wi th  a q u a t i c  vege ta t ion  on

which it searches for oligochae tes , crus taceans , insects , and proto—

zoans (Coe 1959). It was found around the outside perimeter of the

habitat site on bits of plant matter.

59. Molluscs were represented by six species , fo ur b ivalves

and two gastropods. The gastropods were Physa sp. and Coniobasis

virginica. Physa, a pulmonate or air breather , is the common pond

snail. It was found only within the habitat development site , for

Physa p re fe rs  vegetated hab i ta t s  in which it grazes on aufwuchs.

Goniobasis, a prosobranch , was found alive only twice at  s t a t i on  F

in November and station 1 in July. Large numbers of eroded shells

were found in sandier areas indicating that in the recent past it

was more abundant. Wass* found many specimens around Hopewell in the

* Personal communication , February 1976, Dr. M. L. Wass, Virginia Insti-
tute of Marine Science.
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early 1960’s. The sphaer i id bivalves , f ingerna i l  clams , were

represented by Pisidlum sp. (possibly casternatum) and Sphaerium

transversum.

60. Generally, sphaeriids have been thought intolerant of

pollution , but as more is learned about the ecology of the group ,

many species have been seen to be toleran t of polluted conditions.

Both of these species are favored by organic enrichmen t and are the

most common sphaerifds in North America (Fuller 1974). Pisidium and

Sphaerium represen t the only indigenous bivalve fauna taken in the

collections outside the habitat site. One unionid , freshwater

mussel , probably Elliptio complanata, was taken in the habitat site

in December . It was small (20 mm) and was most likely transpor ted to

the site in the dredged material or dike material. In the recen t pas t

unionids appeared to have declined in numbers. Elliptio and Anadonta

are still the most abundant unionids in the tidal James River ,

preferring sandy and muddy habitats , respectively. The remains cf

large Ellip tio popula t ions are sca ttered throughou t the en tire tidal V

freshwater region, with largest densities of shell in shallow sandy

areas. This reduction may be attributable to an increase in organic

or toxic pollution as unionids are quite sensitive to  poll utan ts

(Fuller 1974).

61. The dominant bivalve in collections was the Asiatic clam

Corbicula manilensis. It has recently become established throughout

the tidal freshwater James River (Diaz 1972). Corbicula is an

opportunistic species that in a short period has dominated the benthic
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communit ies in terms of numbers and biomass . i t  is not known what

c f f ~~ct  C or b i c u l a  w il l  have on the alread y depauperate mol Iuscan fauna.

b2 . The En t op r o ct  a were represented by the o n l y  spec les known

from Nor th America freshwa ter areas , Urnatella gracilis. It is a small

colonial t

V

O~~~~l ( - V S mm long) t ha t  grows attached to hard substrates such

is leaves , stones , or shells. Not much is known about its ecology .

63. The annel ids , or segmented worms , were  w e l l  r ep r e sen ted  in

the collections. Most were oligochaetes , which presen t some t a x on o r n i c

problems not found among the o t h e r  f auna  in t i l t  c o l l e c t i o n s :

a. L i t e r a t u r e  on the Ench y t r a e i da e  is scarce , the o n ly  av~i i l i h i c
be ing European.

b. The Naldidae are very  d i f f i c u l t  to work w i t h  when p r e s er v e d
in fo rmaldehy de.

c . Some of the Tubif  ic idae (which make up the  m a j o r i t  v of the
ol igoch ae tes  in the  James River )  cannot be p o s i t i v e ly
i d e n t i f i e d  to spec ies unless the i n d i v i d u a l has liii lv
m a t u r e d ;  t h i s  is exemp lified by the Limnodrilus spp.
grouping.

As stated earlier , Limnodrilus spp . comprised the  ma jorit y ol all the

oligochaetes. The other species comprised only a small perc.~’nt i~~ 01

the fauna . Branchiura sowerbyf, an i n t r o d uc e d  Eur opean  spec los  t h a t

is found associated w i t h  therma l e f f l u e n t s  and sha 1 ~ow areas wh ere

tempera tures can become h i gh , was sparse lv scattered over the’ ;t udv

area . Aulodrilus pigueti and Potamothrix vejdovskvi were rare and

were found only in the November collection . Il yodri lus t emp lt ’ton i was

widespread and had s i m i lar  d i s t r i b u t i o n  p a t t er n s  is the genu s Li mno—

drilus, which preferred the finer sed iments. The onl~’ ol i gochlletes

to prefer sandy substrates were the F.nchytraeldae, which were i - c-

stricted mainl y to the sandy shore zone . Many Fnchytra eid ae’ are
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semiaquatic , preferring damp soils. As a group , the oligochaetes are

considered selective deposit feeders deriving most of their nutrition

from microbes. The partitioning of the sediment mic rob ia l  resources

may allow many closely related species to coexist (Brinkhurst and Chua

V 1969 , Wavre and Br inkh urst 1971 , Brinkhurst , Chua , and Kaushik 1972 ,

Chua and Brinkhurs t 1972 , and Brinkhurst 1974a.

64 . The onl y leech to occur was Helobdella  e l on g a ta .  I t  is a

small thin species with small suckers and is not  restricted to hard

substrates. It is mainly predaceous , most likely feeding on all com-

ponents of the fauna (Sawyer 1974).

65. The peracarid crustaceans , which are generally well repre-

sented in f resh  wa ter , particularly the ganimarids . were represented by

only Gamznarus fasciatus, a small amphipod that feeds on detritus.

Distribution of this species was obscured by i ts  sparse densities, but

it most likely prefers vegetated areas or plant debris.

66. Insecta was the best represented class with three orders

(Tr ichoptera , Ephemeroptera , and Diptera) and 21 species. The trichop—

terans (or caddis flies) were sparsely represented by two occurrences

in Jul y (stations D and 38) of Oecetis sp. The trichopterans , as a

whole , are found in all types of sediments , but Oecetis forms a sand

gra in  tube and is general ly found on f ine  sandy s u b s t r a t e s .  Tr ichop—

terans , as well as the epheineropterans , are regarded as beneficial

insec ts, since the larvae form an important element in the diet of

many fishes. These two orders of insects are better represented in

more lotic environments than in tidal freshwaters. Koss , Jensen , and
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Jones (1974) found six species in the t ida l  f r e s h w a t e r  James Rive r

while Kirk (1974) studying a Piedmont section of the James River found

58 species.

67. The ephemerop ter ans in th is study were represen ted by

Stenonema sp. and Hexagenia mingo. Stenonema is a small frag ile

spec ies tha t l ives crawling abo ut the sedimen t surf ace fe eding on

algae and detri tus . Hexagenia on the other hand is a large robust

burrow ing species tha t prefers  mudd y environments. It is well adapted

for burrowing with large plumose gills for ventilating its burrow and

hi ghl y spe c ial ized f r on t legs , head , and mandibles.

68 . Dipterans  were represented by two fami l ies , Chaoboridae and

Chironomidae . The Chaoboridae (or phantom midges) were represented by

only one spec ies , Chaoborus punctipennis, which is predaceous , feed ing

on zoop lank ton in the wa ter co lumn at n ight. During the day they are

found in the shelter of the sediment substrate. The Chironomidae was

the best represented family in the collections wi th species f ro m two

subfamil ies , Tanypodinae and Chironomlnae. The Chironomidae are among

the most important components in the diet  of many f i sh  spec ies , in—

cluding ca tfish , striped bass , and alosids in the James River .  Most

of the larvae live in tubes cons t ruc ted  of mud or d e t r i t u s  held

together  w i t h  secre t ions  f rom silk glands. The tubes generally

protrude from or lie flat on the sediment surface. Some of the

predaceous species do not construct tubes but wander through the

sediments in search of prey. Tanypodin larvae are generally considered

preda tory , feeding on other ch ironomids , oli gochae tes , and meiofauna .
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the group prefers brack i sh  w at e r s .  Fundu lus  is an omnivore that

burrows in mud for prot ec t ion and possibly in sesr ~-h of food .

V 
l~coIogv elf T i d a l  Freshwater  Benthos

7 1.  On~ of the  more st r iking f ea tures of the  t i d a l  f r e s h w a t e r

hab i t a t  is the  low number  of species  when compared to  n o n t i da l  f r e s h —

w a t e r  h a b i t a t s .  The’ number  of spec ies repor ted  f rom fou r  s tud ies  In

the f r e s h w a t e r  James River is as follows :

No. of
Stud y Ar e s Sp~~~kes 

—~~~~~~~~~~~ A u t h o r

Entire tidal zone 49 Diaz (1977)

Chesterfield area (tidal) 69 Koss , Jensen , and Jo nes
(1974)

Windmill Point area (tIdal) 46 This report

Bremobluf area (nontidal) 147 Kirk (1974)

72. The reason for  the  l owe r n u m b e rs  in th e’ tidal areas is lack

of d iverse  habitat s . The deposit ion of the bulk of the all civ i il

sediments cut or in g  t h e  James in the t i d a l  t r c shw a t  or  ~ e t f l e  ( N i c h o l s

1972) r e d u ce s  t h e  a v a i l a b l e  h a b i t a t s  to  mostl y muddy ones w i t h  i s ola t e d

sandy suhst rate’s where wind and wave  energy k e e p  t lie’ I ines I corn

a c c u m u l a t I n g .  Ross , Jensen , and Jones (197-i) ex uiui ned t h e ’ l a r g e s t

number of diff e rent liab Itats , and their spec it’s l i s t  i s  more repre ’—

sent at lye 01 t i d u l  f r e sh  water as a tot al eeosVstCW than this study

or Diaz (1977), which exam ines main l y the muddy h a b i t a t s .  The

m aj o r i t y  of species repor ted  f rom the nontida l  James River  (Ki rk
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1974) are associated with swift currents and h ard substrates (such as

stones). These habitats do not occur in tidal fresh water so specie’s

assoc iated with them do not occur .

73. Tidal freshwater fauna Is most similar to that of large lakes

(such as the Great Lakes system , Johnson and Br inkhur s t  1971) or the

profundal zone o - smaller lakes, poll ut ed harbors , or near river mouths

where sediments usually cons ist of sil t, clay , and organic mud

(Brinkhurst 1967, 1970; Johnson and Matheson 1968). Tidal freshwater

fauna is also widel y distributed . Among the tubificids , Limnod r ilus

hoffrneisteri, L. profundicola, Branchiura sowerbyi, and Aulodrilus

pigueti are cosmopolitan in distribution. Limnodrilus cervix and

Peloscolex muitisetosus are Pan—American species and Potamothrix

vej dovskyi and Il yodrilus temp le toni are widespread Eastern North

Ame rican species (Brlnkhurst and Jamieson 1971). The may f lv  genus

f-Iexagenia is generally dis tributed throughout North America (Needham ,

Traver , and Hsu 1935). The chironomids in general are very widel y

distributed being the most ubiquitous of all aquatic insects (Roback

1974). The turbeliarian Hydrolimax grisea may prove to be a spe’cies

more characteristic of t ida l  f r e shwa te r  f auna  than any other spec ft ’s

once enough ecological data have been gathered. I t s  f a v o r e d environ-

ments are ’ s i l t y — m u d d y  li ib it ats. ilydrol  ima x has been found in o the r

tidal freshwater rivers: the Mattaponi River , Virginia (Diaz

1977); several rivers in Georgia (Fuller *); and possibly in

* Personal Communication , December 1975, Mr. S.L.R. Fuller , Philadel-
phia Academy of Science.
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the Delaware River (Hyma n 1938). Johnson and B r i n k h u r s t  (1971) also

found Hydroliniax in Lake Ontario.

74. Among the spec k’s that do o c cu r  in t id - i l  f r e s h  w at e r , the re

is a hi gh degree of eu ry topy  w i t h  ve ry few species  e x h i b i t i n g  any qual-

i t a t ive  preferences .  The g reate s t  sediment  p r e f e r e n c e  is shown by the

Enchytraeidae and ephemerop terans , which prefer sandy (enchytrachaeids

and Stenonema) or muddy (hlexagenia) habitats. Basically, t idal fresh

water is dominated by mud—loving species that are opportunistic and

rather resilient to perturbations. The Agnes fresh e t (June 1 9 7 2 ) ,

which set high flow records for the James River , had little or no

effec t on the tidal freshwater communities (Boesch , Diaz , and

Virnstein 1976).

75. Compe tition between species has not been studied b u t  appears

to be minimal .  The recent  i n t r o d u c t i o n  of C o r b i c u l a  ma ni l e n s i s  has

not altered the composition of the f a u n a  in any apparent way except

tha t  Corbicula is now the most a b u n d a n t  s p e c ie ’s in the t i d a l  fresh-

water James River (Diaz 1972, 1977). To date no species have been

eliminated by Corbicula ’s population explosion. The large amounts

of food entering the James and available living space were apparently

underutilized before Corbicula ’s invasion and it appears that these

resources are still not limiting .

76. The ease with which Corbicula has populated t h e tidal

freshwater James River may be a clue as to how I i t t I t ’  b i o l o g i c a l ly

structured and how greatly physicall y controlled t idal freshwater

H conununities are. If interspecific - competition and competitive
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exclusion were intense , the spread and proliferation of Corbicula

should not have been as dramatic . Even so, the evidence of food

resource partitioning among cooccurring tubificids (Brinkhurst and

Cook 1974) suggests tha t even in this physically rigorous env ironmen t

there may be biological accommodation .

-
- - 77. The chironomids of the genera Coelotanypus, Cryptochironomus,

- - Procladius, Ablabesmyia, Glyptotendipes, Tanypus, Polypedilum, and

Chironomus are the major benthic predators occurring in the tidal

freshwater James River , and there is some question as to whether they

- 

- 
are totally predaceous. Gut content analysis by Loden (1974), Wirth

and Stone (1956), Roback (1953) , and this study found no chironomid

to be consistently carnivorous, although Ablabesmyia seemed to be

the most consistent predator . Roback (1953) found it to be completely

predaceous in the Savannah River, Georgia, but in the James River

Ablabesmyia also contained quantities of algae in their guts. Preda-

tion by benthos on benthos is most likely insignificant when compared

to predation by fishes, which in the James River are mainly omnivorous

bottom feeders.

78. The more important benthic feeding fish in tidal fresh water

are catfish, striped bass, carp, perch , eel, and cyprinodont minnow ,

all of which are opportunistic feeders (Markle and Grant 1970,

Pfitzenmeyer 1973, Clady 1974, Massengill 1973, Heard 1975). In

general , the composition of the benthic fauna found in f ish guts gives

a qualitative picture of what is in the bottom (Pfitzenineyer 1973,

Heard 1975). Oligochaetes , due to their l i fe  style , are general ly

67 

~~~~~~ - - J



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~ V .V~~

• underrepresented in fish stomachs. Cropping of macroinvertebrate

biomass by fish is obviously related to fish densities and seasonal

activity . Studies in nontidal fresh water indicate that the standing

stock of benthos reflects survival of fish predation at any particular

time (Brinkhurst 1974b, Macan 1966, Hayne and Ball 1956).

Community Structure of the Tidal Freshwater James River

79. The dominant and most diverse taxa in the tidal freshwater

James are t u b i f i c i d  oligochaetes and dip teran insect larvae of the

family Chironomidae . These two families are well represented in most

lotic and limnetic waters and their species composition and density of

• individuals  vary in r e l a t ion  to the degree of pollution (Br inkhurst

aad Cook 1974, Roback 1974) .  Other taxonomic groups t h a t  are impor t an t

in the benthic communities of the tidal freshwater James are the

oligochaete families Naididae and Enchytraceidae , triclads , Hirudinea ,

Amphipoda , Ephemerop tera , Odona ta , Trichop tera , Bry ozoa , and various

dipteran families.

80. Tubificids and chironomids have quite diffe rent life histo-

ries and modes of repopulation . Tubificids are aquatic throughout

their lives and disperse only by crawling thr ough the sedimen t or

being swept passively by currents. They are hermaphroditic but rarely

V 
self—fertilize , so they must find a mate and copulate. They do not

lay large numbers of eggs but typically deposit one egg at a time in

a cocoon (Br inkhu r s t  and Jamieson 1971).  However , they are able to

produce cocoons rapid ly as evidenced by the thick mats of worms tha t

can develop in a short period .
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81. Only the developmental stages of chironomids live in an

aquatic environment; adults are flying insects. This gives the

chironomids great powers of dispersal and is the main reason why

chironomids are generally the first benthic forms to recolonize

defaunated areas, although at times unfavorable winds may blow away

entire adult populations and cause repopulation failure . Larvae of

some species are motile and can crawl along the bottom or actively

swim, but most are sedentary tube dwellers. Larval movement plays

only a secondary role in dispersion and recruitment. The larvae are

generally short lived , and It is the egg laying of adult midges during

warm seasons that maintains populations. During cold seasons there is

• little or no recruitment and larval development is typically arres ted

until warmer temperatures prevail allowing further development and

metamorphosis.

82. The upper tidal freshwater region of the James River is

characterized by lower diversity and species richness (Koss et al.

1974 , Diaz 1977). The benthic fauna is most severely depressed just

below Richmond , with a general recovery in both diversity and richness 
V

nearing Hopewe ll (Figure 1). The composition of the benthic corn—

munity is rather uniform below Richmond . Before the introduction

of Corbicula, the dominant organisms were the tubificids Limnodrilus

spp., Ilyodrilus templetoni, and Aulodrilus pi&ueti and the chironomids

Coelotanypus scapularis and Procladius spp . The tubificids were

numerically dominant, but the chironomids were represented by more

species .
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83. The lower t i da l  freshwater James is composed of two biolog-

ical subsections . Species diversity and rlehnes-s are ’ a g a in  depressed

in the vicinity below Hopewell and the composition of the communities

is l ike tha t in the upper tidal freshwater segment. The d o m un a n t s  are

again var ious  Limmodri lus  species , Coelotanypus scapularis, and

Il yodr ilus tem_pletoni. The earliest quantitative sampling in this

area (in the fall of 1971) showed Corbicula to be an established member

of the community but not among the dominants. In 1971 the community

was espec ially characterized by Linulodrilus spp . and Coelotanypus

scapularis, but by late 1972 Limnodrilus spp. and Corbicula dominated.

84. Downstream from Hopewell the pollution load is assimilated and

diversity again increases to the highest levels for the entire tidal

freshwater James River. The pre—Corbicula dominants in this lower tidal

freshwater area were Limnodrilus spp., Coelotanypus scapularis, and

Rangia cuneata. Among the subdominant species were Ilyodrilus temple-

t , the chaoborid midge Chaoborus punctipennis, and the ephemeropteran

Hexagenia rningo. When Corbicula invaded this segment , it did no t become

as abundant as upriver , suggesting that the Limnodrilus—Coelotanypus—

Rangia community was more resistant to the invasion by Corbicula than

the communities in the upper tidal freshwater areas.

85. The heavy dominance of Limnodrilus spp. in the upper part of

the lower tidal freshwater region suggests poor water quality , but in

the lower part of this segment Lininodrilus is no longer the overwhelming V

dominant. The ratio of Limnodrilus to other species decreases greatly .

Here Limnodrilus shares dominance with other species in a complex
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community in contrast to its monocultural dominance in the simpler

community upstream .

86. The distribution of benthic communities of the tidal fresh-

water James reflects the location of pollution sources along the river.

Unfortunately, no historical data exist that would indicate the con-

di tion of the James before heavy industrialization and urbanization of

Richmond and Hopewell. Tidal conditions and the deposition of fine

sediments are natural factors that have always been important to

benthic organisms in the James, although some faunal changes have

occurred. For examp le , molluscs were more abundan t in the pas t as

evidenced by dense deposits of shells of unionids and Coniobasis.

Past dominants were most likely similar to the present dominants , with

sphaerids and unionids being the dominant bivalves. Thus , fauna of

the tidal freshwater James was never like that in the Piedmont section

above Richmond ; rather it was similar to the lower tidal freshwater

James but with more species represented . The fauna of the Piedmont

section has upwards of 200 species , represen ting abo ut 100 fam i l ies

(Kirk 1974). The tubificids are only a minor par t of the faun a and

are not as diverse as in the tidal freshwater James. The chironomids ,

on the other hand , are much more diverse in the Piedmon t Jame s with

over 40 taxa represented compared to 25 found in the t idal  sect ions .

Animal—Sediment Relationships

87. Generally the fauna of the tidal freshwater James is

eurytop ic , showing l ittle qualitative preference for sediment type .

The only very common species that did not exhibit this eurytelpy was

7 1
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the mud—dwelling may f l y Hexagenla; only one small (2.2 mm long)

individual was found at a sandy site (station 21) in July. The other

six most common species were found in all sediment types , bu t there

were quantitative differences between the sediment types (Figure 16).

The oligochaetes Limnodrilus spp.,  L. ho f fme i s t e r i,  and Ilyodrilus

templetoni and the chironomid Coelotanypus scapularis preferred silty

and clayey sediments. Procladius bellus tended to be more abundant in

finer sediments but was also commonly found at sand sites. Among the

other common species that preferred finer sediments were Peloscolex

mult isetosus,  Branchiura sowerbyi, Hydrolimax grisea, Sphaerium

transversum, Chaoborus punctipennis, and Ablabesmyia sp. E.

88. The only common species to show preference for sandy sediments

was small Corbicula manilensis. Sickel and Burbanck (1974) found that

larval Corbicula exhibited marked preference for settlement on fine to 
- 

-

coarse sand. Less common species inhabiting sandy substrates were the

Enchytraeidae , Aulodrilus pigueti, and tubificids with capillary setae .

89. Diversity, biomass , and community structure are all very

dependent on and controlled by the sediments. For example , a con—

trolling factor may be the available su r face  area for  grow th of the

bacteria that the oligochaetes feed upon . So, more oligochaetes are

found In fine—grained sediments where the amoun t of sur face  area is

highest. These fine—grained sediments may in turn regu la te the

distribution of oligochaete predators. The majorit y of the sedimentary

factors influencing the distribution of organisms are probably much

more subtle and have yet to be discovered .
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Effeccs of Habitat Development

90. Acute e f f e c t s  on the ben thos were witnessed in the immedia te

area of the artificial marsh—island development and in the area dredged

for dike material fill. Both the habitat and excavation interiors

sustained substantial faunal changes that lasted at least until

December 1975.

91. Preliminary samp ling of the habi tat in teriors seems to

indicate that  the fauna will continue to change and become less

similar to the surrounding river bottom as marsh succession proceeds.

The fauna of the borrow pit , on the other hand , will continue to have

a higher resemblance with muddy areas than sandy areas until the pit

re turns to its predred ging profile and surface sediments become sandy .

Any acute impacts outside the immediate vicinity of the habitat devel-

opment or borrow pit were short lived and undetectable by July 1975.

The outer face of the habitat development dike created what amounted

to a new high energy shoreline that was colonized by a faunal assem—

blage most similar to the southern shoreline of the James River

upstream of Windmill Point. Corbicula manilensis was the dominant

species in these higher energy areas , but oligochae tes and insec t

larvae were sparse.

92. The benthic fauna of the freshwater tidal James River is

extremely eurytopic with respect to sediment type and other environ-

mental characteristics. Furthermore , l i fe  his tory charac teris tics of

V 
dominant species suggest that they can rapidly re?opulate defaunated

bottoms , greatly reducing time required to bring a disturbed area back
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94 Recommendations of the study were as follows: -

a. Any use of dredged material for artificial marsh habitat V

creation should be weighed against the adverse impacts of the project

on the environment , The benefits of such developments may include

disposal of unwanted dredged material and creation of habitats suitable

for wildlife and beneficial to aquatic organisms. However, these must

be considered in light of the environmental costs: loss of shallow—

water benthic habitat and effects of activities associated with island

creation but not with required maintenance dredging, e.g. borrow pits

for suitable dike material .

b. Several assumptions usually made in such assessments deserve

questioning. One concerns the relative value of wetlands , both as a

wildlife habitat and as a resource for  the aquatic ecosystem. For

example, waterfowl populations may be limited by events outside

the region in question , such that creation of new wetland habitat may

not affect these populations. Also, some wetland types are more V

important to the aquatic ecosystem than others, and some may be less

in)portant than the shallow benthic habitats they would displace. The

James River site is an area where the artificial marsh , because of the

vegetation type and turbidity, is probably more beneficial to produc’-’

tivity of the aquatic system than the shallow bottom displaced, but

V one can think of other estuarine systems where the reverse would be

more likely.
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e. A major shortfall in understanding concerns the importance

in terms of nutrient dynamics, productivity , and trophic importance to

— fisheries of benthic subsystems . It seems that tn st attention is now

being focused on the effects on and recovery of benthic animal conmiuni—

ties, but l i t t le  effort is being devoted toward understanding the

functional role of the benthos in aquatic ecosystems. This knowledge

is needed to assist in gaging the importance of observed impacts and

in weighing trade—of fs of environmental modifications, e.g. marsh—island

vs. shallow benthic habitat or small deep excavation vs. no excavation .
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Table 3

Gx..iin-size !~nalysis Data Expressed ~~~ Particle

Size (p hi  units ) ~ii Which  a t h VcI ’)  l’s t’sr cent a9c

of t he  Sediment is Coarser

Cumulative Percent

Station 5 16 25 50 75 84 95

November 1974

1. —1.5 0.0 0.4 1.6 2.5 2.8 3.6
2 0.6 4 . 2  4.9 6.5 7.8 8.3 14~~~ 5

3 4.9 6.1 6.6 7.7 8.6 9.1 10.1
5 0.8 1.4 2.1 6.]. 8 . 5  9 .2 10.3
6 0.5 0.9 1.’ 4.1 8.3 9.8 12 .5
8 0 , 8  0 . 7  1.1 2 . 7  6 . 7  8 . 2  9 . 5
9 1.0 4 . 7  5 .6  7 . 5  8.8 9 . 4  10 . 4

10 5.3 6.5 7.0 8.1 ‘4.1 9.6
11 0.3 0.6 0.7 1.0 1.4 1.8
12 2.2 4.9 5.7 7.4 8.7 9.3 10.4
14 1.7 3.1 3 7  6.6 8.6 9.2
15 1.4 2.8 3~~5 6.3 8.3
16 0.4 0.9 1.1 2.8 6.7 8.3
17 — 0.2 0.5 0.8 1.5 2.8 3.7 66.1
18 0.2 0.8 1.0 2.2 ‘ .1 8.5
19 1.1 1.9 3.0 6.0 8.4 9 .0 1 0 1
20 2.3 4.1 5.0 7 . 2  8 . 7  ‘ 4 3  10.4
2]. —0.6 1.1 1.4 2 . 2  3 . 3  3 .8  ‘4 .0
22 4.9 6.0 6. 5 7.7 8.7 ‘4.2 1~~.4
24 2 . 4  4 . 7  5 .6  7 . 8  9 . 4  10 . 3  12 . 1
25 2 . 3  3 .0  3 . 4  4 . b  7 . 2  8 . 4  ‘4 .6
26 2 . 7  3.5 3.~8 6 . 6  8 .7  1LS 11.o
27 1.5 3.1 4.4 7.3 8.8 ‘4 .4 10.4
28 4.4 5.8 6.5 8.0 9.0 ‘ 4 6  10.6
29 4.3 5.7 6.4 8.0 9 . i )  9 .6
30 2.2 4.5 5.7 8.1 9.1 ‘4 . 7  10.7
31 0.6 1.1 1.3 1.7 2.5 3.1 7.1
32 4 .5 5.8  6 . 5  7 9  9 . 4  10.1 11 .4
33 4.1 5 .7  6 . 4  8.1 i ) 4  10.2 11.8
34 4.6 5.9 6.5 8.0 9.1 9 6  10.7
35 4.3 5.7 6.3 7.7 9.0 9.8 11.2

(continued)
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Table 3 (continued)

Cumulative Percent

Station 5 16 25 50 75 84 95

November 1974 (continued)

36 3.2 3.8 4.6 6.9 8.6 9.2 10.3
37 3.5 5.0 5.8 7.7 8.9 9.4 10.5
38 4 . 2  5.7 6 . 4  8.0 9 .0  9 .5  10.6
40 2 . 7  4 . 4  5.0 6 .4  7 .8  8 .5  9 .8
41 1.7 4.3 5.4 8.0 9.0 9.6 10.6
42 2.4 3.3 3.8 7.0 8.8 9.4 10.4
A 1.9 3.8 4.8 7.2 8.8 9.4 10.4
B ——— ——— — — — 1.2 1.6 1.8 4 . 2
C — 0 . 1  0 . 7  1.1 1.7 2 . 7  3 .4  5.6
E —— — 1.0 1.3 2 . 3  6 .6  8. 4 10.3
F 0 . 2  0 .6  0 .8  1.4 2 . 4 3 .2  8 .2
G 2.1 2 .5  2 .6  3 .0  3 .4  3.6 4 . 0
H — —— 1.0 1.2 1.5 1.8 1.9 3. 4

July 1975

1 0.1 0 . 4  0 .5  0 .8  1.3 1.9 8.6
2 2 . 7  4 .5  5.5 7 . 5  8.8 9 . 4  10.5
8 3.0 4 . 2  4 .8  6 . 2  7 .6 8 .3  9 .7
9 3.0 3.7 4.0 8.2 9.3 9.8 10.9

13 3.0 4.1 4 .9  6 .6  8 .2  9 .0  10.5
14 3.0 3.7 4 0  8 .2  9 . 3  9 .8  10.9
18 1.7 5.0 5.5 6 .8  7 .9  8 .5  9.8
19 3.4  5.0 5.9 8.0 9 .0  9 .6  10.7
21 ——— 0 .7  1.1 1.6 3.0 4 . 7  8. 4
22 5.0 6.1 6 .7  7 .7  8.9 9 . 4  10.5
23 3.9 5.6 6.4 8.1 9.2 9.8 10.9
24 1.8 2 .7  3.1 4 .0  5.6 6 .4  8 .0
28 — — —  — — —  — — —  — — —  1.2 1.7 3.8
29 3.7 5.5 6.2 8.1 9.4 10.0 11.2
30 3.0 4.2 5.1 7.1 8.7 9.4 10.6
31 — — — 1.0 1.2 1.6 2 .3  2 .8  3.8
32 3.6 5.3 6 .0  7 .7  9 .0  9 .6  10.6
38 — — —  — 2 . 0  —1.0  0 . 2  0 .8  1.2 2 .4
39 4 .8  5.8 6 . 3  7 . 4  8.5 9.1 10.2
40 2 . 7  4 . 3  5 .2  7 . 2  8 .6  9 . 2  10.3

(continued)
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Table 3 (concluded)

Cumulative Percent

Station 5 16 25 50 75 84 95

Jul y 1975 (continued)

41 0.3 0.6 0.9 4.6 6.8 8.0 9.1
42 3.7 5.0 5. 7 4.8 8.8 9.3 10.2
43 3.7 5.4 t . 1  7.6 8.7 ‘4 2  10.2

A 3.7 5 .4  6 .2  8 .0  9 .0  9 . 6  10.6
B 3 .3  4 . 7  5 . 6  7 . 6  8 .9  9 . 4  10. 5
C 2 .8  4 . .~ 5 .0  7 . 0  8 .5  9 . 2  10.3
D 1.2 2 .3  2 . 9 5 . 4  8 .0  8.8 10.5
E 2.0 3.5 5.0 8.7 9.7 10.2 11.1
F 3.3 4.7 6.0 7.8 ‘4 0  ‘4 .6 10.7
G 3. 7 5 .0  6 . 0  7~~’) ‘4 .0 9 . 6  l 0 . t
H 0 7  1.1 L3  1. 7 3 . 3  5 1  8 .3

December ‘~2~
8 — — —  — — —  — — —  1.2  0.b l t ’ s  3.0

13 2.6 3.9 4 . 7  7 . 0  8 .b  ‘4 .4  10.6
14 — —— — —— — —— 0 . 4  2 . 5 4 . 6  8. t.,
24 — — —  — — —  — — —  —0.8 0.5 1.2 5.0
28 — —— — —— —— — — 0 . 7 0.7 1.7 4.5
38 — — — — — — ——— 1.0 2 . 5  8 . 4
41 0 . 2  0 . 7  0 . 9  1. 7 3 . 7  5.1 8 3
42 3 .7  5 .4  6.1 7 . 8  ‘4 .0 9 . 6  10.7

A 1.4 2 .9  4 . 0  6 .1 8. 3 8. 9 10.2
B 3.2 4.7 5.5 7.5 8.8 9.5 10.5
C 1.9 4 . 4  5• 2 7.1 8.5 9.2 10.4
D ——— ——— —— — 0.3 1.8 2.9 8.0

‘4$
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— Table 5

Overall Abundance and Proportional Importance

of Species , November 1974

Number of
indivi du~1s Percent

Species (5.0 in ) of total

Limnodrilus spp. immature 13 ,353 65.02
Corbicula man ilensis (small ) 4 ,202 20.46
Ilyodrilus templetoni 1,227 5.97
Coelotanypus scapularis 509 2.48
Limnodrilus hoffmeisteri 445 2.16
Procladius bellus 101 0.49
Hexagenia mingo 100 0.49
Lixnnodrilus profundicola 76 0 .37
Cryptochironoinus spp. 73 0.36
Peloscolex multisetosus 70 0.34
Limnodrilus cervix 59 0.29
Ab1abesmyT~ ip. E 55 0.27
Corbicula manilensis (large) 51 0.25
Aulo&rilus pigueti 48 0.23
SpI-iaeriuut transversum 26 0.12
Enchytraeidae 20 0.10
Stictochironomus devinctus 18 0.09
Stictochironomus sp. 17 0.08
Chironomus spp. 16 0.08
Hydrolimax grisea 14 0.06
Branchiura sowerbyi 12 0.06
Gammarus fasciatus 11 0.05
Dicrotendipes nervosus 8 0 .04
Po1y~edi1um spp. 7 0.03
Naid].dae 4 0.02
Tubifici ds wi th capillary setae 4 0.02
Helobdella elongata 4 0.02
Pisidium sp. 2 0.01
Cladotanytarsus sp. 2 0.01
Potamothrix vejdovsk~’i - 

2 0.01
Chaoborus punctipennxs 1 0.00
Urnatella gracilis 1* 0.00

20 , 538 100.00

* Occurrences.
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Table 6

Overal l Abundance and Propor tional Impor tance

of SpeciesL July 1975

Number of
individuals Percent

Species (3.8 iii ) of total

Corbicula manilensis (small) 4,521 37.77
Limnodrflus spp. 4,171 34.84
Coelotanypus scapularis 1,013 8.46
Limnodrilus hoffmeisteri 509 4.25
Ilyodrilus templetoni 497 4 .15
Procladfus bellus 210 1.75
Hexagenia mingo 185 1.54
Tubificids with capillary setae 127 1.06
Polypedilum spp. 119 1.00
Chironomus spp. 116 0.97
Cryptochironoinus spp. 74 0 . 6 2
Tanypus neopunctipennis 60 0.50
Peloscolex multisetosus 45 0.34
Chaoborus punctipennis 40 0.33
Sphaerium transversurn 36 0.30
H~dr~ Iimax grisea 34 0 .28
Dicrotendipes nervosus 32 0.27
\blabesmyia sp. E 30 0.25
iranchiura sowerbyi 27 0.23
Limnodrilus cervix 24 0.20
Pseudochironomus sp. 17 0.14
Dero digitata 16 0.13
Helobdella elongata 16 0.13
Corbicula manilensis (large) 12 0.10
Paracladopelma sp. 10 0.08
Urna te l l a  gracilis  8* 0 .07
Limnodrilus profundicola 5 0 . 0 4
Gammarus fasciatus 3 0 .03
Goniobasis virginica 2 0 .02
Stenonema annexum 2 0.02
Ocetis sp. 2 0.02
Xenochironomus sp. 2 0.02
Stictochironomus sp. 2 0.02

(continued)
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Table 6 (concluded)

- Number of
indivi du~1s Percent

Species (3.8 in ) of total

Anguilla rostrata 2 0.02
Unionid 1 0.01

11,970 100.00

* Occurrences.
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Table 7

Overall Abundance and Pro por tional Impor tance

of Species, December 1975

Number of
individuals Percent

Species (1.2 in2) of total

Corbicula manilensis (small) 722 31.98
Limnodrilus spp. 702 31.09
Coelotanypus scapularis 419 18.55
Hexagenia rni~~~ 107 4 . 7 4
Procladius bellus 59 2.61
Ablabesmyia sp. E 53 2.35
Ilyodrilus templetoni 52 2.30
Limnodrilus hoffmeis~eri 31 1.37
Limnodrilus cervix 25 1.10
Chironomus spp. 23 1.01
Cryptochironomus spp. 21 0 .93
Sphaerium transversum 13 0.57
Polypediluni spp . 8 0 .35
Chaoboru s punc tipennis 5 0 . 2 2
Pro sto ma rubrurn 4 0.17
Tubificids with capillary setae 3 0.13
Branc hiur a sower by i 3 0.13
S-tictochironomus sp. 2 0.08
Corbicula manilensis (large) 2 0.08
Glyptotendipes sp. 2 0.08
Limnodrilus profundicola 1 0.08
Gammarus fasciatus 1 0.04

2 , 258 100.00 4
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Table 8

Abundance and Proportional Importance of

Species Collected at Only the 12 Stations

Sampled Three Times~ November 1974

Number of
individ9ls Percent

Species (1.2 in ) of total

Limnodrilus spp. 3,335 76.74
Corbicula manilensis  (smal l)  371 8.54

— 
Ilyodrilus templetoni 250 5.75
Coelotanypus scapularis 111 2.55
Limnodrilus hoffmeisteri 100 2.30
Hexagenia mingo 31 0.71
Limnodrilus profundicola 28 0.64
Cryptochironomus spp. 22 0.50
Procladjus bellus 20 0.46
Ablabsmyia sp. E 15 0.34
Sphaerium transversum 14 0.32
Corbicula manilerisis (large)  11 0 . 2 5
Chironomus spp . 6 0.13
Peloscolex multisetosus 6 0.13
Gammarus fasciatus 6 0.13
Limnodrilus cervix 4 0 .09
Branchiura sowerb ii 3 0.06
Stictochironomus sp. 3 0 .06
Hydrolirnax grisea 2 0.04
Polypedilum spp. 2 0.04
bicrotendipes nervosus 2 0.04
Stictochironomus devinctus 1 0.02
Aulodrilus p~igueti 1 0.02
Helob~de11a elongata 1 0.02
Dero dig itata 1 0.02

4,346 100.00
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Table 9

Abundance and Proportional Importance of

Species Collected at Only the Three Stat ions

Sampled Three Times? July 1975

N umber of
individuals Percent

S2ecies (1.2 m2) of total

Limnodrilus spp . 1, 120 38.11
Corbicula mani lensis ( small) 681 23.17
Coelotanypus scapularis 410 13.95
I lyodrilus templetoni 144 4 .89
Limnodrilus hoffmeisteri 132 4.49
Polypedilum spp. 105 3.57
Hexagenia rningo 65 2.21
Procladius bellus 62 2.11
Chironomus spp. 35 1.19
Peloscolex multisetosus 26 0.88
Dicrotendipes nervosus 24 0.81

- : Ablabesmyia sp. E 23 0.78
Cr~’ptochironomus spp. 20 0.68
Hydrolimax grisea 17 0.57
Chaoborus punctipennis 17 0.57
Sphaerium transversum 15 0.51
Branchiura sowerbyi 8 0.27
Limnodrilus cervix 6 0.20
Pseudochir onomu s sp . 5 0.17
Tubificids with cap i l l a ry  setae 5 0. 17
Chironomidae 5 0.17
Chironomus attenuatus 3 0.10
Corbicula manilensis (large)  2 0 .06
Ganunarus fasciatus 2 0 .06
Oecetis sp. 2 0.06
Helobdella elongata 1 0.03
Paracladopelma sp. 1 0 . 0 3
Tanypus neopunctipennis 1 0.03
Tanypodinae 1 0.03
Anguil la  rostrata 1 0 . 0 3

2 , 939 100.00
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t t . ~~ -Curt . i~~ S iuultr i t~’ s’.t t t i s ’ j i’i~~t BeIW I’I’n S~uup1 i n~

P tr i o d s  for  Col ~ections Midi ’. it E~ich ~t t t i o n

Novt~inbt r to Ju l y t o Novt ntber to
St ttion J u l  V L St ’’ t ’n l’.t’r

1 0 I~~5 t

2 0 . 7 3
3 0.70
4 0. ( ‘ . 1
8 0.~ ’.2 0.42 0 , o 2

0. t 2
10 0. 7 .
11 0.48
12 0 . 7 4
13 0 . 7 0  0 .7 11 0 170
14 0. 61) 0. ~-.7 0. ~()
18 0 . 1 7
19 0 . t ’. 3
20 0.7-)
21 0.63
22
2 .3 0.50
2-1 0.66 0.54 0 . 5 ” .
28 0 4 7  0 3 7  0 . 3 ’)
2’) 0. 70
30 0 .7.3
31 0 . 4 7

— 32 0
33
34 0 ” .’)
38 0 . 2 6  0 . 3 0  0 . 4 1
3 )  0 .6 1
40 0 . 7 - )
41 0.74 0.62 0.51
42 0 .t ’ .9 0 .t8
43 0 . 7 4

0.”.”. 0.73
13 0.3’) 0.61
I__

I (1.37 0.117
0 .2 ’)  0.73

E - 0.~~5

(continued)
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Table 17 (concluded)

- November to July to November to
- 

Station July December December

F 0.13
G 0.17
H 0.54
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Table 19

Species Found in the Habitat Development Site*

Near Near
Station 7 Station 27

Sample 7/75 12/75 7/75 12/75

Branchiura sowerbyi 3 9
Ilyodrilus templetoni 13 31
Limnodrilus spp. 28 28 536 294
Limnodrilus cervix 5 5 7 16
Limnodrilus hoffme isteri 10 15

**Najdjdae 63 88
**Tubjfjcjds ? 15

Corbicula manilensis ( small)  1
Sphaerium transversum 1

**Unjonjdae 1
**Physa sp. 17
Chironomus attenuatus 25
Chironomus spp. 26
Cryptochironomus spp. 2
Dicrotendi?es nervosus 1
Glyptotendipes sp. 5

**Orthocladj nae 1
Polypedilum spp. 2 2
Procladius bellus 5
Pseudochironoii~us sp. 1
Tanypus neopunctipennis 57

**Trjchocladjus ~p 
12

**Fundulus luciae 1

*S~~p1es are semiquantitative representing approximately
0.05 m2 of bottom.

**Found only within the habitat development site.
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Appendix A ’ :

Summary of Collections from the James River,

Windmill Point Habitat  Development Project ,

1974 and 1975. (Abundances are reported by

species and are the combined totals from

two Ponar grab samples representing a

total of 0.10 m2.)
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Appendix B’:

Taxonomic List of all Species Taken in the

James River , Windmill Point Habitat Development

Project Collections , 1974 and 1975
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Phylum: Platyhelminthes
Class: Turbellaria

Order : Alloecoela
Family: Plagiostomidae

Hydrolimax g~ isea Haldeman

Phylum: Nemertea
Prostoma rubrum (Leidy)

Phylum : Mollusca
Class: Pelecypoda

Order : Heterodonta
Family : Corbiculidae

Corbicula manilensis (Philippi)
Family: Unionidae

Elliptio complanata (Lightfoot)
Family: Sphaeriidae

S~ haerium transversum (Say)
Pisidiurn sp.

Class: Gastropoda
Family : Pleuroceridae

Goniobasis virginica Gmelin (Walker)
Family: Physidae

Physa sp.
Phylum (or Class): Entoprocta

Family : Urnatellidae
Urnatella gracilis Leidy

— Phylum : Annelida
Class: Oligochaeta

Order: Plesiopora
Family : Tubificidae

Aulodrilus pigueti Kowalewski
Branchiura sowethyi Beddard
flyodrilus templetoni (Southern)
Limnodrilus cervix Brinkhurst
Limnodrilus hoffmeisteri Claparede
Limnodrilus immature spp .
Peloscolex multisetosus (Smith)
Potamothrix vejdovskyi (Hrabe)
Tubificidae (cap . setae)

Family : Naididae
Dero digitata (0. F. Muller)

Family : Enchytraeidae

Class: Hirudinea
Order : Rhynchobdellida

Family : Piscicolidae
Helobdella e1or~gata (Castle)
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Phylum: Arthropoda
Class: Crustacea

Order : Amphipoda
Family : Gammaridae

Gammarus fasciatus Say
Class: Insecta

Order : Trichoptera
Family : Leptoceridae

Oecetis sp. McLachlan

Order: Ephemeroptera
Family: Ephemeridae

Hexagenia mingo Walsh
Family: Heptageniidae

Stenonema annexum Traver

Order : Diptera
Family: Chironomidae

Ablabesmyia sp. E Roback
Chironomus spp .
Chironominae
Cladotanytarsus sp.
Coelotanypus scapularis (Loew)
Cryptochironomus spp .
Dicrotendipes nervosus (Staeg.)
Glyptotendipes sp.
Orthocladinae
Paracladopelma sp.
Polypedilum spp .
Procladius bellus (Loew)
Pseudochironomus sp .
Stictochironomus devinctus (Say)
Stictochironomus sp.
Tanypodinae
Tanypus neopunct~pennis Subl. (I

Trichocladius sp.
Xenochironomus sp.

Family: Chaoboridae
Chaoborus purictipennis (Say)

Phylum : Chordata
Class: Osteichthyes

Order : Apodes
Family: Anguillidae

Anguilla rostrata (LeSueur)
Family : Poeciliidae

Fundulus luciae (Baird)
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