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S U M M A R Y

‘l’Iio 1t I mt d mit  i i  1 i’ o m t  mis t  sit  dt ’ Vt . lo pmt ’nt  s I t o  Is , 9. 3—h a dredge’ d

111.1 to r t , t  1 1 S I ItItI I c I t ’S t~~eI i i i  I h It ’ J t l i f l O s  R i  Vt’ r , I) . 4 ktmt we’s t o I W i n d m i l l

Pu! itt  I’ r l i t  0 Ce’or~~ e’ C ou n t y  , V i  rg i i t i~ 1. ‘l ’htc ma r sh S i t  C C ellis I (~eit ~ I toll

he’g~in i n  N i I v t ’mhe’ r 1 ‘ ii  and  e O u t  I nue? ci il l  con j u n 0 1  i ot t w i t  hI rou t  I

1 11 .41  I t t  t ’ I i . l i i S e ’ 1J rt ’d g I i tg  I i t r o u ghi Febru ,i  ry  19 7 ’) , I’h t e ’ i s l a n d , a t  the

00111!) It’t l oll  01 C O I I S I  m c t  it ’l l , c on s i s t e d  of  a sand d i k e ’  1 or mu l ttg a

re ’ i t  an g u  Ia r p o l  I itt ’ I e’ i’ I ‘) .~ x 3 91i ii , sec u i ’  v i  it g I . ha a bove’ t iies 11 h I g h

WS It ’ r , ~
‘ o u t  m u g  511 ,~ r eet a bou t  ‘) . 7 h~ o t wit I cii 4. 9 h I d  W JS  t n t  e r I I ti .i  1

subs  I r a t  e’ e OilI !t e)Se t el 01 d i k e  .411 1 d t e ’d ged ttui t c r 1  a I.

At t e r  co n s t r u e ’ t b I t  • two breaches  sec u r re d  on the ’ sou t i t  s i d e .  One

hri’ac’it wa s  S l u c e’ e’s s t e l l lv r e p a i r e d ;  t h e  o t h e r  r e p a i r  d i d  not  h o ld  and now

I unc I I outs  as one o t the ’ ins i It C hanne  I s  ot l id s  I w a t e r  exc l ia i tge

A f t e r  g r a d i n g  I n  Ju l i e ’ and J u l y  197 ’) t o  p r ov i d e  ~u smooth g ra d i e nt

I rou m t h e’ up land  ( e m e r g e n t  a t  mean b i ght t i d e )  t o  i n t e r t i d a l z t r e ’ ,ls , t he

i s l a nd  w as  t’x t e ’n s i v e ’Iy  se’eded and sp r i gged w i t h a numbe r 01 p l a nt s .  i n

Set p t e t t mlhe r 1 9 i’’ , .l l t e ’r n a t  ing  b ands  were  t er t I l i z e d .

In  s umme r 191t - . , a s e r I e s  ot o b se r v a t  ton s  and m e a s u r e m e n t s  ot

b e nt  h i l c  b l o t  a , t I sit , w i  Ed l i t  e’ ( p r i n c i pa l lv  b i r d s)  , p l a n t s , and sot  I s

was In I t is t e d  t o desc r i he changes  t h a t  we re’ t sk i  ng p l aC e’ on an d .i r o u n d

the ’ i s l a n d , p a r t  i e t t l a r l v  w i t h  regard  to  b l o t s .  To b e t t e • r u n d e r s t a n d

obse’ rv,t t I oti s a i td iiIt ,~ l S U  r eint ’ it I s ob t , l  I no d t rom t h e  e x p e r i m e n t a l  s i t e ,

r e t  e ren ce  a re~ts were s e le c t e d  t rum a n e ar b y  ui i . trsh and up land sv st e’m a t

t h e  itto u t It ot  tie r r lu g  C r eek , (t j ’1) r e) x t itta t e l  v 3. .~ kin ci p r 1 Vt ’ I’ f rom t h e

‘x p e ’r i in e n t a l  s i t e ’ .

M u c h  o t  t h e  ( l i l t  l , t l ve g e t at  ion t h a t  was seeded or sp r i gged wa s

de’s t r ove ’d w i  t i t  i n  .t ye’S r a t  t e r c o n s t  rue t Ion , Pt’ i tna r l i v  by a n i ma l

~~ t i  v i  t v , most not  a b ly  Canada geese , w h i c h  a te  seeds , I ol (age , and

r e m t s .  (‘or t  t o ns  of tile ’ h i g h e r  i nt e ’r t  I d a l  e l ev at  t o n s  at  t e et e d  t’~’ , in i ina l

d itm iago we’re co b it t ?ed by 11,11 l ye’ vege t a t  i o n ;  t he’ low Into rt ida  1

0 l t ’v a t  ( e l l i S  were exposed to eros ive ’  w i n d  and wave e n e r g ie s  ot  t h e’
( li d in s t r eam .1 ames R i v e r , 0 , 11151 fl~ e h~tnges  in  ho t it t h e  s i z e  anti sita ~C 

—~~~~~~~~~~~~~~~~~~ - -- -‘-~~~~



i t t ’  dre ’d~~e ’ 1  i t i t O t ’  1 , 1 1 t s

‘~ , I i  i i t b e ’t i t  I l l s  w . l s  qua I i t a t  i Vt ’  l v  . 1 1 1 t h  q u an t  I t a t  I ye’ i s  d o m i n a t e d  by

t e l b i t i t ’id  ‘1 t g t te ’ iltl e ’t e ’s , l tS3  1, I r v , l l e’i t t r e ) n e ) m l d  I n s e c t s .  The b i v a l v e ’

( i i U t t i t ( t j t (  m d i i i  } e ’ i i s i s  w . i s  ~~ls o  v e ry  . ih u n d a t t t .  O l i g o c h i s e t e s  u t  t u e

g e n u s  L l m i i n o d t ’ t l us we ’re ’ ( ti e ’ n u n m l ’ r i e , I l t ln d  h i o m a s s  d on i l n an t s  In  most  of

t i l e ’  h a b i t a t s .

l s t ~~l densi  Lv t~nd b i o r na s s  were Il i g ile st in the low ntars tt and

s u b ti d a l ch~u n t i e l s  o t  t he  e x p e r i m e n t a l  s i t e .  I n t e r m e d i .’ite d e n s i t y  and

b i o m as s  we’re t o u n d  in (t i e  h i gh e r u i a r s l t  a t  bo t h  s i t e s  a n d i n io~ ma rsh

~i t  t h e  r e t e r e n c e  s I t e ’ . Lower  v a l u e s  w e r e  f o un d  outside of the  m a r s h e s

on ad l s ce ’t l t  t ida  1 I Is Is and  on suh t  ida  1 hot t oms used by the  p r o j e c t

The d i t t e ’rences  were  m a i n l y  due to  d i f f e r e n c e s  bu t  p o p u l a t i o n s  of
1) 1 i g s e t t a t ’t es.

The’ dells i t  V .111th h i  omass ot  mae r o b e n t h o s  were  h i g h e s t  in summe r and

I i t w e ’st i n  wi n t e r .  Sp ec ie ’s d i v e r s i t y  was h i g h e r  a t  thi t ’  r e f e r e n c e  s i t e  
A

t h a n  t h t ’ e x p e r i m e n t s  I site due to  b o t h  a greater numbe r of spec les and

less  d o m i n a n c e  by a few spec ies  a t  r e t e r en c e  s i t e  s t a t i o n s ,

P r o t e c t i o n  of t i d a l  f l a t  mac roben thos  fr o m  p r e d at i o n  by use O
I an

e ’xe l os t i r e ’  cage  r e s u l t e d  in  ti 3 — f o l d  increase  in  d e n si t y  and a 4 4 — f o l d

i n c r ea s e  i n  h iomass  over s u r r o u n d i n g  areas  i n d i c a t i n g  t h a t  p r e d a t i o n  by

f i s h  and b i r d s  p l a y s  a k ey  r o l e  in b e n t h i c  c o m m u n i t y  s t r u c t u r i n g .

The pe ’rm t lnt ’n t  m e i o b en t h o s  WSS compr i sed  p r i n c i pa l l y of t lematodes ,

e’ l , l d e l c e r k l ns , ost ra cods , and copepods.  The d e n s i t y  of m e lo b e n t h o s  was

gr e atest i n low mar sh , s u b t i d al  c h a nn e l , and t i d a l  f l a t  at  tile

experimental site. Estimated biomass Wa S greater at comparable

reference sites princip a lly becaus e of greater density of crustaceans.

Se’condarv pr odu ctton estima tes sh ow t h a t  mn eioben thos were nearl y

,us important as producers ,is mua crob ent lto s in the reference site , but

macroben thos production was much greater in experimental sites.

Be nth ic organisms were .1 m aj o r  p a r t  ut the diet of the dominant

t i sh e s .  Mei ob en thi c organisms , e s p e c i a l ly small crustaceans , were ver y

important in this respect. Larger macrob enth ic organisms such as

oli got’haete ’s were not  nume r l call ~’ i mportant food for the small f i s h



( i tS t l1l ,td ( ’ up  mo st  1) 1 ( lie ’ st imi t i t  l e  • Ove ra 1 1 e r u s t  , le ( S i t s  wer e ’ t h e  most

a hu i t da  i t t  I ood , t o l l  owed I n  dec re’s s I mig o rder  by in s et ’ t s , p 1,a ii t seeds

m ol  l u u s . ’ s , .i i i t i  I I s h  and t i s h i  e’ggs .

‘lile ’ re’ h e ’ r e n t  e’ s i t e ’ had st go I t  t~ ’ a itt b y  m o r e  t I ~ii S ~~~~ I t ’s ,l li e! .1

h t I ghe’ r I i sit s 
~~~~~~ 

ic’s dive rs it s - than t lit ’ e’X pe r i f l t e l t t  ,~ 1 s i t e ’ . Tite

e S I t e i i n l e i lt  .41 s i t e  was i e ’ i t r e ’se ’f l tt ’d  b~ g i e ’,It o r ap p ar e ’I t t  t ibell i dil nce ’ tIl tel

b u c t i t i .l s s  I ban ( l i e ’ r e’ I t ’ relict ’ s i l t ’ h e it  t h e tse d i i  I t  re ’i le ’e’s W ere ’  1101

sign it je ~i i t t . The g re a  I t ’  r t tu mhe’ r of spec ies  .tnd i i i  ghe r spec i e s

d i v e r s i t y  is a t t r i b u t e d  to Il greater diversity ol s u b i t a h i t a t s  (de ’h r i s ,

h r . l i t e ’ht ’s , e t c . )  at  t i t e’  ret e’re’nct’ site ,

In  e t t i ~ip a r i s o n  w i t h  .td )a~’ent  open bottom , t h e  c l e a t  Ion  ot t h e ’ m a r s h

h i s s  u m t d e i u h t  ed ly In c  reased a h e in d an e’e’ and  d i  Vt’ rs I t v  ot  I I s it  i n  t tie a t e ’ ,I

‘rho 111,1 r sh i  ht . i ~ re’ st i l t e d  I Ii inU re’ toot ! ~ nd prot eel ion (o r  11,4 iv I i s i t .  Th e’

.~ h t i n d an e ’ c o t I t ipor  t a n t  I orage s p e e  le’~ l ike’ (lie’ metmmn I ehog ~and spot  t a t  1

sit I t ie ’  r W ,ls p r o b a b l y  In c  r ease’d s i nc e’ t hey  e’xh i h i t  ~a st  rong d e p e n d e n t’ c oh

l i t t o r a l  a r e a s,  ‘l’wo spec it ’ s 01 some’ eomme r c 1,1 1 and ret rest ton. tl

i m p o r t  .11104 ’ • t h e ’  e ’ 11, 1 lUte ’ 1 e . l  t I I shi Sit e ! t h e  wh i I t  ~ ~
-le’ rcit use t h e  stios I

t t r e’as ,td ~~.ice ’n t  t o  t ile’ i s l a n d  b r  n o c t u r n a l  f e e d i n g .

The mos t  inipor t . In I  I I sh spec los  i n  t e r m s  of a bu i n da  l i c e’, hi  om ass

.tit d I r eq ue l te  v ot  .1 hipe ’S r , i nc  e , n t h e t ’ ross tog o r d e r , we’ re ’ tiit’ spot t a il

sit I lIt’ r , wit  i t  e p e r c h , Amer i e .in e’e I , t h r e a d  I i it shad • m mt u timm I ehog , t I dews t e’ r

s i i  ve’rs I do , g I z z,i rd sits d , c hi s  o m I t ’ i C a t t  I sit , s i l v er y  ml  itilow , and spo t

rh is corresponded tel the  gen e r a l  c o n d i t i o n  ot t h e  I e’It t l t v o t  anna  in  t h i s

se’ct  t o n  o t  t h e  .Iame’s River.

1’ii&’ b o ta n i c a l  s t u d io s  i n d i ca t e d  t h a t  p l a n t ’s were grouped  i n t o  t o u r

iit .l t s r  ZOflt ? s .111 .1 r r o w i t e ’ a d— p  ic’ ke re Iweed Zeitle tie ’e’ t lpV I itg I he low , broad

i n t e r  Ie)r ot the’ i s l a n d ;  a begg ar tick zone at  h i g h e r love Is ot  tite

ma rsh .i patt i c gr . t  ss .‘one , t he r e m n a n t s  ot  1 lie p 15111 1 ngs ot h eachgr . is  s

.10th sw it eli g rass which rai t In  an I n t c r r u p t e ’d  hand a r o u n d  the isl and ;

, lnd t h e  o ni y  wooded are ’s , .1 black w i llow .‘eiil e’ c o n s i s t i n g  ot  bl a ck

willow , e ot I onwood , a tiei e’ otnmon 1 Ide’ r on the ’ C ’S s t e r n  por t  ion  et I I lit’

i s l a n d .  Th t’ rema i nder  oh t he  p I . i l t t .‘.ones were heterogeneous m i x t u res

st  two oi’ more specie ’s .  
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A I l1 t r , i  1 i l v e t t t e j r v  ot  t i t ~ c .x l t e.r j ii t & ’it t .4 1 , l r e , l  i n  19 7 ’-e I t ie ! i t’ ti t ed t h a t

p r i o r  to  d ike ’  c e l n s t r I ( c t  ion  , i h e i u t  ‘t~~ spe ’~’ ie’5 t e e u r r e d  t a i r i s ’  ev en l s ’

,j i s t r i b u t e e l  h o t w t ’e ’n r t . l r s h t  .I i id  s u l l r , l t  j d . I l h a b i t a t s .  Al t e r  c o i t s t r u c t  b i t ,

by Jei l s- i t )  2 “m , t h i s  it uiibe ’ r roug h 1 don b l~ tl liv its t u r h I i nva t 1e~ rs hIll e l tile’ I’

s p e e l  ~~ a r t  i t i e 1,1 1 l v  l o t  m - s d t i t ’ed .  The n u m b e r  ot  new spec  i t ’s d e c 1 1  ned

~~ t we’e’ n Ju I v  I ‘~ I ’, ,t i i d ~~‘ ~I I  t - m h e  r 9~’ I , hut  ( l i e ’ ti Ike ’ lull ~ r I g i n s ! i s l a n d

t i t ’ v t  1, 1 l e d  .1 hi I g il t’ r d i  Vt ’ r s i t  s- t i t .tn t he m a r s  I t .

~~~ ‘t ’ l I e’s U i s t  r i hu t  I WI .1 m i d z o m t a t  i t) il .~1’ )‘e’.t r t o  he p r i m a r i l y  ,l

I one t i si t  01 0 l ev at  ion  and  t i t e ’ e lose  is ’ c o r r e  1, 11 eel t ida  1 i nund s Ii on ,

e’spe ’e is 1 lv  in  I n t t ’r t  Id~ 1 areas. it .lppe ’.1 r s  t h a t  t lie

.i r t o w h e a d — p t  e k ore  lweed  ,lt tel beggar  t I ek / on e ’s .t re ~t pp  r o , ie  l i i  ng c I m a x  or

n e a r — c  I i mtt ax c sod i t  I o n s  iii t h e  ins rs h i a re,i  s . In t lie i i i  g he r a ross 01 t h e’

0 rig I us I i s l a n d  and  t h e  d i k e , til t’ i mtc  r t ’.a s I  t g  gr o w t  hi of trees w i t  it

c h a n g ing  s h a d e  cond it i sit s  w i l l  con t  m o e  t o  cxli i b i t  eh an g  I mig spec l os

S i s t r i b u t  i o n .

11-1 coi ip ar  i ssn w i t h  t h e  re’ t e r en c e  m ar s h e s  , I m i s e e  t damage  w,t s

re’ l a t i v e l v  I i .~~I t t  on tile’ i s i s nd .  M u s k ra t s  we ’re ’ r e s p o n s i b l e  t o r

~
‘ s i t s  ide ra hi e 1 oc t 1 1  zed dam age , h u t  once t h e  ito sk r a t s  moved on sr were

r emoved , ( l ie  . l r t ’ . ls ~a p p e a r e d  to  r e c o v e r .

Severe winds in N77 resulted i n  a s har p  decrease in beggar  t i c k

lie I g li t s • d t m ) t .I rod t o  1 ‘~ 2 . Shore e’ ros ion , p a r t  I co l a  r 1 v’ oii the  west

d i k e , was  s eve re .  I~v l a t e  19 7 1 , o n ly  a n a r r o w  sand berm p r o t e c t e d  t h e

int e r i l  r i i i  r sIt . The p l a n ted  p a n i c  grass  was undernt i ned by wave act ion

a m i d  ~‘, t 1i d v  p l i n t  s su ch as wi I lows were uprooted.

The e’xperime’ nt~i 1 sIt e ’ supported .i g r e a t e r  n cminhe r  of b i r d  spec i e s

t h a n  t l i ) V  of t tie ’ r e t  er e ’m t e ’t’ s it e s .  lil t’ gr e ’.i t er number of birds ta t the

e’xp er in i e ’n t . i l s i t e ’  wa s  p r i m . i r l  l v  due  I t )  g u l ls , toru s si -ad w a d i n g  b i r d s

t h a t  were stIr ~‘te d  to  in t e ’r t  Ida I f l a t  a reas .  E o u r  spec los , t he  r im i g

necked gui  I , r e d — w i n g e d  b l a c k b i r d , l.a ug h t i n g  g u l l  and i . t i i a d a  goose

comprised (We > t h i r d s  t i  .11 t h e ’  i n d i v i d u a l s  ~at  tite e x p e r i men t a l  S i t e ’.

( l i l l y  the mallard , ki I Ide ’er , red—winged blackbird ,t u d poss  th Is ’ the

song sparrow nested on t h e  i s l a n d .  Breeding c o u l d  sn l ~’ he eom tt i rmed

tsr the ’  ma! lard and red—w i nge’d bl ackbird , l’re’eist ion  hs’ 11811 crows and

5

-. —-  
_ _ _ _  

__
~_ —- -—__- — —~~~



rice’ rats was considered to have a major impact on nest success of

r e d — w i n g e d  b l a c k b i r d s .

O t h e r  t h a n  the  rice rats , the only mamma l to impact the island is

t h e  m u s k r a t , w h i c h  after birds , was the dominant wildlife on the

is land .  by t h e  end of the stud y period , there were 11 m u s k r a t -  lod ges

on t h e  i s l a n d .

Th~ t~l n d m k I 1  P o i n t  e x p e r i m e n t al  s i t e  is a h a b i t a t  u n i q u e  to  the

a re a , by v i r t u e  of i t s  l a rge  t i d a l f l a t s  and b a s i n , sand beach

perimeter and openness relative to surrounding woodland communities.

It t unctions as a bird motel , drawing mi grants f rom many groups ,

especially those associated with intertidal environments.

Soil studies demonstrated extreme spatial heterogeneity of soil

characteristics at the experim ental site. The d i k e  area was generall y

sand and sandy  loam so i l s , w h i l e  the  i n t e r i m  d ike  and m a r s h  areas were

c l a y  and s i l t y  loam. Marsh h a b i t a t s  at the experimental area were

g e n e r a l l y  s a n d i e r  t h a n  c o r r e s p o n d i n g  r e f e r e n c e  areas.

There was significant and positive correlation between %

s i l t — c l a y , % volat iles , and organ i c  ca rbon .  Cat ion exchange c a p a c i t y

was related significantly to these measures. Reference site soils were

g en e r a l l y  hi g her  in  % v o l a t i l e s , o rgan ic  carbon , soil n i t r o g e n , and

cation exchange capacity. The soil measures generally related to plant

growth and decomposition indicate that the soil system at the

experimental site is still develop ing. Field observations also

indicate that there is mixing of dike material with the marsh material

w h i c h  Is i n f l u e n c i n g  f i n a l soil c h a r a c t e r i z a t i o n .

Changes in soil characteristics (particularly higher nit rogen and
cation exchange capacity in the reference marsh) are thought to account

for significantl y h ig her pickere lweed height at the reference site

dur ing the 197b growing season. With this exception , little causal

soil—plant relationshi p was discernible from this study. Plant

d istribution appeared to be controlled more by physical environmental

factors such as elevation and tidal inundation than differences in soil

characteristics.

6
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In summary , the Windmill Point marsh development project has

res ulted in creation of an area which has provided an excellent habitat

for the bird and fish species in the area and has generall y had a
beneficial effec t in terms of the local environment. There is ,

however , some concern that because of high eros ion on the wes tern side

o f the is land , the island will erode away and the beneficial effec t

wil l  be lost .

A t this point in time , approxima tely three years af ter

cons truct ion, the experimental site is still changing . Disregarding

the threat of erosion for a moment , the interior of the island appears

to have stabilized into an arrowhead—pickere lweed and beggar tick

dominated marsh. The more up land areas are in transition from

essen t ially low open vege tation to the more typ ical wooded shore areas

in that region of the James River. As this occurs and as the soils

con tinue to nature with tne addition of more organic material , the

differences be tween the reference site and the experimental site should

be reduced.

If the western side of the Island does not wi ths tand  erosion , and

the dike is breached to the inner marsh , an entirely different

community much more s imilar  to surrounding open bottoms will likely

res ult. - f
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HABITAT DEVELOPMENT FIELD INVESTiGATIONS

WINDMILL POINT MARSH DEVELOPMENT SITE, JAMES RIVER, VIRGINIA

APPENDIX D: ENVIRONMENTAL IMPACTS OF MARSH DEVELOPMENT

WITH DREDGED MATERIAL: BOTANY, SOILS

AQUATIC BIOLOGY , AND WILDLIFE

PART I: INTRODUCTION

M. P. Lynch -

1. The Windmill Point Site, James River , Virginia (Figure 1) is

one of the sites where technical information on the feasibility of
using dredged material for the development of marsh habitats is being

evaluated for the U. S. Army Corps of Engineers.

2. The Windmill Point marsh development site is a 9.3 ha dredged

material disposal island located in the James River below Hopewell,
Virginia , 0.4 km west of Windmill Point, Prince George County,
Virginia. The island consists of a sand dike forming a rectangular

perimeter of 152 by 396 m , occupying approximately 1.2 ha above mean

high water, The dike confines an area of about 5.7 ha, consisting of

an estimated 0.8 ha above mean high water and 4.9 ha of intertidal

substrate composed of dike and dredged material.

3. The marsh development site construction began in November

1974 and continued in conjunction with routine maintenance dredging

through February 1975. Prior to the 1974 disposal operations , the site

existed as a small, about 0.7 ha, horseshoe—shaped island , which
resulted from historically unconfined disposal of channel sediments

dredged from the Windmill Point and Jordan Point navigation channels.

— 4. The dike was constructed from sand dredged from a borrow area

approximately 2740 in west of the original island. Approximately 62,320

in3 of sand went into the dike. During channel maintenance operations ,

approximately 166,680 m3 of dredged material entered the disposal site

at the northwest corner with effluent discharged at the southeast

corner. An elevation gradient consequently developed from the high

influent (NW ) end to the low effluent (SE) end. Fines suspended in the

13 
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e l  I luent slai rr ” settled over and adjacent to the ori ginal island ,

causing an intertidal mudf 1st to develop at  the eastern end of the

o r i g i n a l i s l and .

5. After construction , two breaches occurred on the south side .

One breach was successfully repaired. The other repair did not hold

and that breach now f u n c t i o n s  as one of the m a i n  c han n e l s  of t i d a l

water exchange . The dike was graded in June ami d J u l y  1975 to  provid e ’  a

smooth  t r an s  it  Ion  f r o m  the up land (emergent at mean h i g h  w a t e r )  th rough

the intert idal elevations. By sprIng 1975 , vegetattion on the

p r e — e x i s t i n g  i s l a n d  w h i c h  was des t royed  or d i s t u r b e d  by c o n s t r u c t i o n

and d i s p o s a l  o p e rat i o n s  had begun to r e g e n e r a t e .  A d d i t i o n a l species

i iwaded the s I t e  h~’ means of see’d and v eg e t aa t i ye p ropagu les  , which

resul te ’d i n  a m total of some 72 species by Jul y.

• l i-ate r ior up land p o r t  ions  of the dike and the upland  area

within the dike were seeded w i th tall le scu e (Festuca elatior var.

,traimtd inacea), or chard grass (Dacty l i s  glomerata), and Ladimia white

c l o v e r  (Trifolium repens). Exterior up land portions of the dike were

seeded with at mixture of switch grass (Panicum !~~~~ t!~
m) and coas t a l

pan i c grass (Panicum smarulum ). The i n t e r t i d al  zone on the  e x t e r i o r  u I

the  d i k e s  was p l a n t e d  w i t h  a mixture of three—square bu l rush (Scirpus

amer icanus )  and smooth cord grass (~j~~r t i n a  a l t e rn i f l o r a ).  Sp r i g s  ot

water willow ~J aistieiaa americana ) were planted along the upper

intertidal zone along t u e  west dike. On the origina l island and the

disposal —created mudf lat east of the dike , experimental blocks were

es t ab l i shed  in which  several  species (b i g cordgras , ~Rartina

cy~osuroides; smooth cordgrass; seacoast bulrush , Scirpus robustus ; and

arrow arum , Peltandra virginica) were spri gged. Add itionally, li-a

September 1975 , intertida l and up land elevations of the dike were

fer tilized in a pattern of 4 5 . 7 — m  bands altern a ting with 15.2— rn

unfertilized areas.

7. M uch of the p lan ted vegetation , however , wa s destroyed within

a year  a f t e r  c o n s t r u c t i o n  by anima l a t c t i v i t y ,  most n o t a b l y  Canada

geese , which ate seeds and foliage and dug i n t o  the sediments to  feed
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on roots. As a result , almos t all of th~ Spar t ina and Sc irpus
plantings on the exterior of the dikes , as well as the p lantings on the

unconfined dredged material , were destroyed. The upland p lants were

a ls o gr azed , hut not as heavily. Portions of the hig her intertidal

elevation affected by anima l damage were colonized by native

vegetation. Artificial plant ings were soon overshadow ed by invad ing
native species. The most consp icuous naturall y inv ad ing p lants within

the dik e were arrowhead (Sag ittaria latifolia) and pickere lweed

(Pontederia cordata).

8. The selected reference site , composed of a natural marsh and

u p l an d  areas at the mouth of hlerriiig Creek , was located approximatel y

3.2 km uprive r from the experimental site. The low marsh at the

reference site was dominated by arrow aruni , w i t h  lesser amounts of

p ickereiweed , water smartweed (Pol ygonum p u n c t a t u m ), and wi ld  r i c e

(Zizaria aguat ica) . The hi gh marsh was more diverse and was general1~’

characterized as an arrow arum—jewelweed (Impatiens capensis)—

t e a r t h u n ab  (Pol ygonum a r i f o l i u m )  a s s o ci a t i o n .  The use of a reference

site in conjunction with - a an experimental site (the Windmill Point sit e ’)

enabled observations and/or measurements taken at the experimental sit e

to be evaluated in terms of observations and/or measurements taken at a

s i m i l a r , n a t u r a l  s i t e .  Because of the  lack of a r e f e r e n c e  s i t e  w i t h

t h e  same expos u re and sediment characteristics as the experimental

site , t he compa r isons co u ld a t  bes t be semi qu a nt i ta tiv e. W i thout t he

t s e  of a reference site , however , trends or changes in measured or

observed blo ts or c h a r a c t e r i s t i c s  a t  the experimental site could not he

evaluated in terms of man—forced trends or changes.

9. For wildlife (primaril y bird) studies , a s e c t i o n  of v e g e ta t e d

grave l beach s t r a n d  e x t e n d i n g  u p r i v e r  f r o m  the  mouth  of Herr ing Creek
was selected. This area (approximatel y 1 h a )  was named the James River

Berm reference site. It consists of a uatrrow , densely vegetated strand

and an a d j oin ing swamp domin a ted by a few large bald cypress (Taxodium

d i s t i c h i u m ) .  More numerous and smaller ash t rees (Fraxinus sp.)

comprise the remainder and grow on fringing banks. La rge t rees on the
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berm proper include sycamore (Platanus occidentalis), tul i p—tree

( ‘ ~~~~ n t u l i~p i ier a ) ,  bla ck gum (Ny ssa sy lvat ica), sweet gum
t,1~i q~aieuamha r styracifl ua), and black walnut (~~~~ ans ni gra ). Smaller
trees and shrubs ~t re the buckthorn (Rhamnus caroliniana ),

r o s e — u t — s h a r o n  (Hibiscus syriacus), swamp dogwood (Cornus strfcta), and

common s p i c e  hush  (Lindera beuzoin). Ground cover is scarce in the

open t ida l swamp . On the be mm , hae .iv y growth of 1 ianas 1 a rge ly pr ec hide

g r o u n d  c o ver ,  In  order of dominant cover , they are gree nbr iar (Smilax

spp .), grapes ( V i t i s  spp.), VirgInia creeper (Parthenocissus

q,u1iiq~m e t u1iam ) , t r u m p e t  vine (Ci~~p~sis  radlcans), virgin ’s bower

t,Clema ti s virginia ), amid p o i s o n  ivy (Rhus  t o x i c o d e n d r on ) .

10. The research object ives of the  s t u d i e s  d iscussed  in  t h i s

~appen dix were to:

a. Document the growth -a and development process of both
p l a n te d  and  n at u r . i  l i v  i n v a d i n g  wet l and  ve’ge’ t at f u n .

b. Re late t he  h o t a m i i c , i  i g r o w t h  aim - ad development process to
v.1 rv  I mag chem lea 1 and p it y si  cal prope  rt les of the
e x p e r i m e n t a l  s i t e .

c. Re 1.1 t e I . iuua 1 pat  t e m s  o t L i s t ’ to  t he p h y s i c a l
cla.t r .mcteri st ics ot the dredged material and vascuLa r
p l an t  communit y .

d. Descr the the’ changes in .zquat Ic b l o t a m  f o l l o w i n g  the
d i s p o s a l  ot  dr edged mat erial and site development.

e. Document the concent rat Ion of se l e c t e d  m e t a l s  Iii  v a r i o u s
p l a n t s  and a n i m a l s  assoc i a it e d  with - a the dredged material
suhst rate.

I I .  The stud it ’s c o n d u c t e d  by the V i  r g f n i ~i lust! tute ot Ma r i n e ’
Scienc e’ ( V I K S ) were grouped in t o  t Lye areas , B e n t h i c  Studies , N e k t o n

Studies , Botanical Studies • W I Id  l i t  S tud  fe’s (p r i t i c  i pal lv avi f a u n a ) ,

and  S oi i s  S t u d i e s .  The VIMS studies were complemented by geochemical

and water qua lity studies conducted by Old D o m i n i o n  U n i v e r s i  t v

topographic monitoring conduc ted by the Corps o I E n g i n e e r s , and

pollutant mobi ii z , m t  ion studies (princ i pal th y involv ing c h l o r i nat e d

hydr ocarbons) conducted by the U. S. Army Engineer Waterways Experiment

Stat ion (WES) . The rema i nder  ot  this appendix dea ls with these

elements of the over.t 11 st udv conduct t’d h~ V I MS. 
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12. The studies at the Windmill Point site are only part of the

Dredged Mater ial Research Program ’s (DMRP) Habitat Development Project

(HOP). The overa l l  HOP is testing and evaluating concepts of marsh

development  and land amid wate r  h a b i t a t  development  as e n v i r o n m e n t a l l y

benef ic ial , d isposal alternatives. The studies described in this

append ix focus on a freshwater tidal marsh system. Other studies tocus

on d ifferent habitats. When taken as a whole , even though different

techniques and study protocol had to be employed at different sites ,

th e overall Habitat Development Program should provide strong guidance

as to the beneficial use of dred ged material for habitat development

and enhancement of wildlife resources.
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PART 11: AQUATIC B I O L O G Y — — B E N F H O S

R. J. I)ia~’, 1). I”. l e s -im , .1. L .  H a m m e r , C.  A .  Stone ,
aai id  K . Miiiasomi

introduction

1 ~~. Benthic organisms .ire key secondary producers in marsh

ecosys t ems . They serve In  t h e  p r i n c i p a l p a t h w a y  of energy  flow from

pri mima ry producers to carnivorous fishes and i n v e r t e b r a t es  and

ultimat el y to certain wildlife in the marsh com munity. Benthic animals

were u l s o  important constituents of the shallow water c o m m u n i t i e s

pre— existi mi~; in the area of ti-i c marsh—habitat development at W i n d m i l l

Point (Uiaz and Boesch 1977a). Thus , in the assessment of macrobenthic

communities in the vicinity of the Windmill Point experimental site

ami d the Herring Creek reference site , uni que opportunities are

present ed to: (a) relate benthic organisms to the productivity and

f o o d  c h a i n s  of ti-i c marshes and (b) compare the benthos of shallow water

and w e t l a n d  h a b i t a t s .

1- ’.. This portion of the post—construction ecological study

attempts to describe the composition and structure of benthic

communities in the various habitats represented at the experimental and

reference sites , to compare the benthos of the experimental marsh wi th - i

t h a t  of the pre—exis ting shoal flat and the reference marsh , and to

relate the benthic Invertebrate community to the food habits of fishes.

15 . The primary focus of this stud y has been on the macrobenthos

because it has been previously studied in the area and was presumed

more important than smaller forms as food items of fishes. Preliminary

results of food habit studies indicated that meiobenthic animals were

important prey of some small fishes. Thus, add itional exploratory

research was conducted on the melobenthos later in this study.

18
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N u m e r i c a l  m e t h o d s

23. Species d i v e r s i t y  was measured by the commonl y used index of

Shannon ( H ’ )  ( P i e l o u  1 9 7 5 ),  which expressed the information con tent per

ind iv idua l (base 2 l o g a r i t h m s ) .  Species d i v e r s i t y ,  p a r t i c u l a r l y as

expressed by the Shannon measure , is widel y used in impact assessments

and may co r r e l a t e  wel l  w i t h  e n v i r o n m e n t a l  s t r e s s  ( W i l h m  and Dor r i s

1968 ; Arms t rong  et a l .  1971; Boesch 1972) .  More adverse and s t r e s s f u l

environmental conditions often e x h i b i t  lower species diversity although

this response is often not so simple (Jacobs 1975;  Goodma n 1975).

24. As considered above , species d i v e r s i t y  is a compos i te  of two

componen t s :  spec ies  r i chness , the  number  of species in a c o m m u n i t y ,

and evenness , how t h e  i n d i v i d u a l s  are d i s t r i bu t e d  among the species.

Two measures  of species r i chness  were  used : the  number of species ( s )

per unit area (in this case 160 cm2) or areal richness , and a measure

of numerical richness standardized on the basis of the size of the

sample  in t e rms  of numbers  of i n d i v i d u a l s  ( N ) :  S —i/ l o g 0  N.  Evenness

was expressed  as J ’ H ’/ l o g 2 S.

25 .  Numer ica l  c l a s s i f i c a t i o n  ( Boesch 1977)  was used to express

the relationships of the species assemblages among h a b i t a t s  and over
d

time . The Bray—Curtis (o r  Czekanowski) coefficient was used for both

normal  ( c o l l e c t i o n s )  and inverse  ( spec ies )  c l a s s i f i c a t i o n s  based on

log0 (x+1) t r a n s f o r m e d  d a t a .  The t r a n s f o r m a t i o n  was app lied to dampen

the otherwise overwhelming sensitivit y of the index to heavily dominant

species. The flexible sorting strategy was chosen to cluster

collections and species because of its mathematical prope rties and

proven usefulness in ecology (Boesch 1973; Clifford and Stephenson

1975).  The c lus t e r  i n t e n s i t y  c o e f f i c i e n t  B was set at — 0 . 2 5 , which

effects moderatel y intense clustering. Details of these techni ques may

be fo und in Clifford and Stephenson (1975) and Iloesch (1977).
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• viii c’ha im : m e l  scant ’  c m m ; m i a ; i m  p h ; m m i t  a ;

e m wI iig Iii I t • h iat t Ii I a~hm t ’ m m m hmea l mm m ( a; e a t  eht ’ I i l l  t i m ;  I I a , m m a  I l i ea m ;m ’ e a t I ii, ’

m i e a i i v e ’ a , t  d l  eel l u ’ s - e u  I I . m t  1, 11’ ” . S m m i a l  I e l m  I tech I m m i i’ uml ~; i i i  I l i i ’ i t ’ I • ‘ i O i l c ’ e ’ 
- •

u l m , m i  s i t  ( I  1)  i m ;mt i a ; h I g h a l  l v  le ’S’ i ’i h t m l  i i l c a t c  c ’ t a t i s i t l e m i t ; i m i i e a m m i i t  ma t~ t a l t ’t  i I t  u S

I ha;m ma I It , ‘a . , ’ , ‘I I iii ’ e a t  h u e ’ m i c I , ’ mi ’ l i e , ’ m ; I m . m t  ;i , e x c  t ’ ( ‘t t i i , ’ e ’ x (‘ e a a ; t ’ dl ‘; .1 aid v ha t’ m mii

-\ii~~’mid I ,e -\ , i .m hal em; I h i d  1- I ~‘ , a m m c ’ t a t

I ‘ . t ’l i e ’ t Os’ t ’X j I t ’  c l  mmm t ’i i t .1 i ru nt i m-chm h, i . ’ ) s’, m s  I ii , ’ taci iv .m m m ’ , m  I ei , ‘x i m  f l a i l

- I m e  .1 a.  ‘ ‘ m u _ a  I p .m I I ,‘ m m i  , ‘ t  dcl i i t  m m mc at i a mmumeh ; I  m i d ’ ,’ • w It Ii h I  c lam ; ti m m im m ma m ii mc ’ m - m m m c i  I ,  a a , a ;

I i i  s I  m i l e ’  t • Iil l Iii mm a ; I m .11  t ori ;imi ch ta,’I We’i’ m i a; I i i  I at V . ;  i I ; i I I t a m a a ; vi ’!.’ a’, m , ’;m I c ’s I

. mI  ( l i t ’  . ‘a ~ s’u’ I nme ’ m i t  a I s i t , ’ s i t  ii l ilt ’ em e ’.iI 051 a mii ie a m m i i l  at c a l  ~li’t m I t  ai m ; I c a lim i ei ( m a

. l a m t v 1 d 1 , (el .m m i el mmi e . m ui  ‘ i  rt ’ I e ’ i ’ m m t  ‘I . h _ e m i l  l a a~ ’ I,’ve ’i a; I e a m m i a c t  1 mm ,l m m i v  h~~~
’

( m-’,m .mi id mli c ’a hlm a
’ t a t ’ m e t ’ m m (  ) 

• At l ii , ’ ret t ’ i e ’mi e ’ t’ m a l l e • (tat ’ g m ; m i i e l  mii , ’;h i i  S a l t ;

beai i t I . ‘ pe’ i’e ’ eta I l e a i a I I samm am p I I m ig a ;m ’ a m ; e a m a a ;

‘l’o( .il a n t I  v i a  I .m I I I e sea l I dat

~ ( • t e a t  c i t  a t e ’i I d l a t  e ’ m i i i t ’ t ’ i i t  i ; t (  I c l i i , c l i i I ii t l l c ’;lI h a n 01 w i t  ,~m et ’ui t ,’ia t

, ‘I  l iii ’ a;, ’ci h lii t ’tiI a; , w a s  c l i  i c ’c ’t  i v  i c ’ t a i l  0t h  t e a I I m o  c m m h i t a m m i i t e a t  a ; . m m m c h  i i i  l i m e ’

a ; m eh I mi i , ’ti t a ; . itt a’,hie, ;t I t a t  , u  1 t e a l  I c l i i  c c a m i e ’ , ’u i t  u ;m t I c a n s  Sc ’ l , ’ I e a t m i m c i  l i i  a ; e ’ ei I mi m e ’i i l  m c

I r’,’mmi a. I i t t _ i  I i i  I Ii , ’ l : lc m i , ’s H I  Vt ’ u - (I- ‘ a 
• 

Et a  
• 

I- ’ 7 • H ‘a ‘l sb (cii iici ,l I Ii , ’ aim, ’,; I

. . i m ~ l . ( m a  m u l ; m i  a ; i a  m ; , ’cl I n m c ’ u m t  at • ( c a t  c i i  m cc i i I ,lit le ’, ’ t t ’ I , as’, ’m , wIl ii v ; i  I m I e ’~ at  I lit ’

c , ‘i  ,- i c m m , - t ’ m i m a i m s ia a t i  I g l a t  l v  l caw, ’ r I i a ;mmi (bea st ’ c i t  t im e m ’x i u t ’i I m m m t ’ m m (  . m 1 m m t . a i s i i

W I I  im I i i  a ct l a t  mmmii .10th iii’ t W,’ c ’ii at (  t ; m  tam v i i -  l i t  1 ,m mc is’ ,’ i t ’ s i i i  I l am I :11 h e a l  Ii a; I l . ’  a;

(F’ I c ’ ,ttm. ’ l a ) .

L ~~~~~~~.
— 

- — , - - . --- 

_ _ _  ;



I s. Sti l l  i t ’ cle ’Iuc asI Cs ( L o l a  I ~ c m .‘ d ’imm ) si - I t ’ ‘,‘ i ’ t ’ , ’  w , i t  c i v  , u m meh

e ’ x i a i h i t t ’m.i t i t l x e a t  t e a l a t e ’ t m t a l ae ’ m ’t  (C’s W h e ’ti d ls t eimIae ’d (m a t ime ’ ( d i v  i i m , i i a , h m  ( I . ’ ,

N . ’) , a t e i h t  i~ I , a I , l t ’ e ’ , l t  s-I I i m l m m  ( hut ’  m n c i r s h m  (i- ’c , N -c ) .im me h m m mt md I Lit (1:1, , R b ) .

lime ’ smuF t , a e - e st ’ el t m m ie ’ m a t  ma i i i  l i m e ’ h I g h i m m i m a t h i  ( I - ~ I RI ) w e ’r e  ‘,‘e t  v p i~ i s (  i c  .m m m e l

i c ’se ’i mih  i t ’d so I t ’ i I e a t ’ ,~’ i ’ cl a c e ’  I

h a . ~‘c a i m I  u I t  m a c a t  m c I , .  e ’ , a m i c t ’ l i t  1 ,11 l e ,amm , a m a  t ’st i mmm,it e ’ e a t  c m l g , m l m l c ’ m im .u C 1, - I ’

I i i  a .c ’ el i mmm e ’ta l s , S OS , . l s  si Cii ( e ’ t ; t  stab It i s c ’ e a i l e e ’i i (  i . t t  ( c m i i , d ( m ’t ’ e ’t l v  r t ’ l , i ( m ’d

I c ’  t i l t ’ .u mm ie a t m ma l c a t  s .im ae h I n  t lie ’ ate ’th I mmae ’ma t .ammd .m I tta I ,a (lit’ . l lli c ) u i i i (  e a t

s i t ’ C i - I C  a i m , . ‘a , e  h . m t  a l i  ~, , a  1 a cha ; c , s m c e ’m a I 1 . a t  I c a a a s  We ’ t ’e’ Ia I g I l t ’ 1’ .1 1 t i l t ’  Fe ’ I t ’ m’ t ’ m a c e ’

m a t t e  t I~ uu .m  t t i m e ’ e ’x t a t ’ m ’ I mime - m a t  ,m I sIt e ’ ( mad I e , i C  I ma g t h a t ’ l m a e a r e ’ e l t ’ 1mc a s  i t I c ’ m u , a  I

i i . I C  l i i i ’ e e l  Chat ’ i t t  c l c i i e ’ e s i l t ’ ac e ’ d ( m m m e ’ m i t  m-; sIt l e h i  lt ,a ’,’ c’ t m , i e i  mim~mm av ‘,‘c ’ .m r s  t e a

.tc ’ e m m ll iau i . m t  e ’ cam g amm Ic m ui,a t e m  i . a I  I m’e amti t i m e  m m u , m m - st t  p 1 , m m l t  at . m m u c i  . ; (  I ea t ’ h i t  t a c a m a c a m a s

s e a u i r e ’ e a .  . l ’h i e ’ t ’ t ) i ’ !’i ’ I , i t Ie a ii bi t I s-,’,’m i V a ’  I . m t  I t e ~ t a e a l ( c i t  . a m a c i  d m 1  n t  e m s  c’ e a m a t t ’ m i t

w , m it  s(gmt i I I c.im it Iv ( a t _ I a ;  II I ~‘ e ’ (a’ 11 .111 ) I~ a m ’ . 1 1 1  se ’ a a ; c ’ i a a ;  am i d  r , i m m g t ’ eI I t c a m m i

1) . ’ ’ ( i i  I I )  ( u i  . I~~a m m m m . m r ’ , ’  t e a  (1~~ )~1 (ii I ,’) (mm A~ar l I .11 I i i , ’  l e t  e ’ t c ’ i l c ’ c ’

s I t e ’ amid ,m I tim e’ eex t at’ i i  uncut am 1 s i t e ’ t’ammage’e t I r a am ui (I • 
,‘(I (ii ,~~~ , ) Iii .h mm lv

l e ) t a  t ea 11 . 1, 1 1 (ma -
~~-~~~) Iii . 1 , i m l m m ~ I i ’V  . ‘i’lie W i t  b i n — s I  l i t  m mm ii  , m m m c t

ht ’ t s’ e ’e ’i u - - a t t  rai t ,a v . a m - i . a t  i c a m i s  Wt ’t ’ e ’ Im lg ha e’m ’ , t t  ( l i e’ r e t  e ’ t e’ m ie ’ t ’ s I t e ’  I l a .mmi (lu c it e ’

a t  that’ e - x ( a e ’ l i m m m e ’ m i t , I  I s i t e ’  ( h ’ i gc im ’ t ’ I S ) .

I be ’ v_ m t le at i , and  I ma um id ,i t (tan

Il a . I) e’I cl  I l e e h  t e i ( i c ag i m p h i i e ’ e i . m t  .u We ’r c .’ .a v m I I . m ( ’ I t ’ t i’ca iii ( lie ’ 1’
~ aF 1a s  c ’t

E t a g  I l ice ’ l~t I e a r  t lIe’ e’X P° r I m m ae ia t at I s I t  e . i i i  1 at , m I I e a we ’el d c ’  C e ’ u
_

mim i u m . t  I i c m i i  c a l  C lie

c l  c ’ ’ , ’ ,m I c a m i  , a l  e a i c h m  m’e p t I c ’ , m I c ac .ammu ~i i t ’ ( lath I e’ .‘ ) . lbc a~ ’e’’,’e’ m’ , t hat ’ a i e ’ .a I

c ’ XC e’il t c c l  I hit ’ sti ta t  ( c l a m  1 s t r.i  ( mmmii ( i’~’~ ) w a i t  V t ’ t’ V s m a m , m  I I a m m i d (  d i e t  h e m  I a l i l a c . ;  r’

~‘ b c ’ . i r I  v luil c ’u’ ~a l t l  .lh t, t t’ca i iu C hit ’ 5 % i t V e ’\ ’ c’ l a c m r t  s.  A l s o  • umtme ’ ha  t a t  t ime’ l e a w

I m i t t ’t’ t (tt,uI . i F e ’ . m .are a ~aiiel time dik e’ ( E l )  was tata t siele ’ C i t e ’ s m m t ’Ve ’’,’ ( ( m i m i I s .

‘l ’hieis • t ime ’ e’ I e V.l I I t a i l , ;  c a t  am aumm i h a I c’a t  I m’ta imu t ime ’sc’ t w~a St  m , a t  , a c ’ a a t i  id m i d _ I t  ta t ’

d ( ( m c m t l  I I  III l ive ’  I v  e’taiii pa reel • A L m ia ta t t  ,a I I re1a l I e ’ .i  C e a t  I reamm i sI m . u  t tuna h~ ’ se i c ’

, ikc ’n  I ron i .- m l a p r e a x  1 111,11 e e l  V 0. ‘ S in t i _ I c a ’ ,’ e ’ Corps e a t  Eng  I net ’  rat i c ’S W ; i (  t’ F

Sci ht  I eI,m 1 ci m e a t  ( E.; ) we’ i’ e’ tIe ’ I I tied h a t se ’t i c_ Il i  c o m i C  I m i t m e a t m a t  I m i m a i m e h a i t  I c i i i ;  I l a m u s

e’ 1 o v a  I I ot im m i n  I h i l t  ma t  m m  ( m i n i  W e r o  Icawei ’ C ha mi m i  I h iea m - m t ’ I n  ( i t t ’ 1 ,as auu, m m ’t im I. i .‘

l h ea we ’ver , t i m e ’  c I t  I I e ’r o m uce ’  ti t ’( we’t ’ m a ttit ’ t W e a  t I m - a l t  .1 c ’ c mem let i m e a t  he ’ e ( t m a t u i t  I t  l i ’,1.

1 ’ . Ht’e’flmust’ t i me ’ t’e’p l I e ’ ,u  to m-c~m muap I t ’s  i s i~ u- c r,im’ac le ami m h v 
~‘i 

mc ’ , ‘~l vi I h a t ma a

- - 
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mat rat mini , t h e ’  , a v e ’ l . m a ’ ,c ’ e’ 1 c v c m t  le ati cif macan i t a  I i  i -mg a t l I t -a ; s-it Ii Iii ci sI n i t  mmlii  m l  to

vm m ’ i m’d stmne’whiait I i’ea mu u e’e ii l e ’ c ’(  i e a m a  t o  e’e a l  i ’ ~~t lea n . -\ miiea ie ’ t c p m - t’se’mi ( m l iv , ’

.ii’ e’ l , i e e ’ e ’ l e ’\’ , i t  It a m i cal c ’ , a e i a sI m a C  mini was cih( ahit’th h i  e’ c a i u i j a a m l  I m a g  I ii,’ f l i e ’ ; tmi

e ’ h c ’’,’. i t  i~~’ m i  c _ I l ,i I I  a;, ’ . m t a a u l ; m  I s a m m i j a  h a ;  w i t  i i i  ii I ht~ m c I  r a i l  a im .  Tim , ’  :m i’ t ’ m . l g u ’

e h e ’ v . m t  i o u _ I  e a t  samn m p ic’s I r e am I lit’ iii gta m m m , m  m a t h  (1: I ) s m  ma t )  . c ) ,  mum ; I I c a l u m  I l i t ’  I c ’s-

u a m , t r s h m  (E . ~ , 0 . 7 1  m; I rea m t h a t ’ i i l g h a  I tiC e’rt (clam I uiimit l I h . i I  t i ’ ) , ( , ( ~~c ili . i t l , i

I ream (lie’ le_ IW t il l c ’ m’t I do I m mm ci  I h a t  ( h - la ) , 0 , . c (1  iii . Re ’i a II eat es I ream I ii,’

smuh t I cI ,i I ci I’m ’,i t  s’e’rc’ jareaiaa ial v (1 .0’, l e a  11 . ~~~~ in l e a v e ’  i C l i o n  t heaa te ’  I i’ ca mtu (hue ’

I OW ni ai ~ at lm . The’ (e a u (a 5 eat l ut e I mi ce ’ i s  . m l a t a a  ,a ( a e ’ l a m  I e’eh .1 1 I d o l  g age ’ m ut ’ .m m’hv c a l l

( t i e ’ m i m , i  j u l  cinch s l i c e  Fe ’ a t m _ I d  W.15 a t a l e  t e a  i~ 
l e e  c ’ c ’ I C lie ’ Sc’ I (el i I c I . t  I a I ta cm ;  I ( ma i l  c’

I iii ’ pe ’ rcc’ma ( c a t  I i ti lt ’ a i t i e l  .i g I you ci ,’ i’ m I l e a n  lot c i -  \‘ .e i W a i t  I iamimi e lai I c _ e l . That’

.1 ye ’ r ag e’ I I flit’ t h at I c ’ a c ’ ii at t r.m C mon S am ;  I nm mi i e i;m I eel i’;i i~le ’ el v i  ( i i  at , ’ai  a t e _ I l _ I . I- c a m

(lie’ I Ir ma C C t i t i  m ’ S c t m p  I I  img pci - h , ‘ ,I at • I h i t ’ mis ’  i , m g , ’ p&’rt ’t ’n t ; mg m’ a; eat t I mim e

I m atm udat Cod S c ’ re’ ( t f e t e ’ cl am C .m I e ’  i .lc m I v  I tj e’ ~ si i t ’ f l ea C a va t  I ( c i  li lt ’):

I I- .’ I’~ 1 h ’ I ’

,TiaI t e a  ~
‘ (a 1,5 (a .’ 7’ c ) ’

N ci ’, ’ i~1’  I , lt a  I ’ ’’ ‘I ‘a

J . i l u  l e a 7 t s  ~e) ‘a~1

Apr t c ) ’ 7  I’~ ‘i i’ ‘ a ,’ 85

13. . I m m  l v  i~ u’b t’st I mat I c’s Sc ’ i c ’ t a m  sod cal _I I le t  t ’ el;i I ;m t i , a m i a 1 -i ,iai I v

I ~ ‘ la t ea  I i  A t i gmis  t l e a  71~ . N ov~ nihe ’ F t a c t  l u ui ; m t o  ma sc ’ I t ’ h a m se ’el t ai l t ile ’ pci I a a cl

I rom I Se’jat e’mhe r (ca hi m N ove’nii’a t’ r • . l . ; l i l l , l l ’ , ’  c ’s I I iai ,m( c’ a; v t  i i ’ l am st’el ea t _ I  t im , ’

pot’ i cad t ream I Pee’ embe r I t l / t ’  t e a  .~8 ~ v b r im a r v I ” ’ 7  , hit a s ’ , ’ ’ , e ’ t’ , l ime ’ I I cht ’ g a l  a ’, ,’

wait I r eaa ~m ’li One1 I tie _ I j am ’ F a t  t I v,’ lea r .u hea t i t  .‘/  I e a t  .1 a i t i m m m i t ’ V  . A pt’ I I c’s t I m a t  t’ s

ar e  I r t am I M a i r e ’h l e a  .~~) M ;mre’ia

Tile’ se e m I n g  I v  m a l l  g h a t e’hi am u igt ’ i ii e’l , ‘ v a m (  I tail be’t wO m’n I hit ’ hal gh

( E I ) and It’s’ mci rshm ( I’ .~ 
) ((1 • .‘ I m ) wait so 1 I he ’ loca l t e a  e ’ a m u m a e’ ci I mcamm I .1

c i c a t i h l  im ig . imi I ho pt ’re ’e’nt c i t  t i l l _ I t t ( h a i l  I lie’ I a’S’ mm m ;mm’ sha W a m a t  e ’ e’’c’ c ’ i , ’ cI ic’ i t  Ii

W ; m ( e’ i’ . ‘I’hie’ 0 • .‘ S m e’ hange ’ 1 mm o I i ~’, . ; I I m a l i  he’ I s’c’ u ’ m i  that ’ hal gia a m l i d  I ow

I mit e ’ r t I d i i  mmmd I l o t  ma I m a t ’ i’ e ’a st ’c l I u i t mmi c l ; m t t eam - i I I me’ tail I li e’ am ye ’ ram ge ’ liv ta n 1 a,’

e 2  (ae’re’(’ui t

• I n  w i n t  e’r , titl e’s atre’ gt’ne’ram I lv l e a W ~~m ’ ama id el e ’t a e i t l t l i ng call  wI maci

-
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eauu id i t ( c l a m s  , C I t ’ V ,i  ( 1 c_ IllS C ha I .a re’ smihC I do 1 most o I hit ’ t I nit’, coi l  he’

c ’xpaase ’d t t a r  ma t ’v s ’r . a  I h tn i r s  . ‘i’li is is re f 1~~c t e’d ( t  the I oW e’ r Ie’re’t’m -m t eat

t t mie’ i I iu m RI, u  t ed  l e a r  .m 11 st rat a in .1 ,t m i t m cm r~’

Ctauma1acms i t t  uui ea t m c i cr o b e n t h o s

“c i . A c’ t m m p it ’ t~ lIs t 01 t.mx .i e’ol looted i i i  mi i ac r tah e ’n t h io t  samp le’s I s

g I V O l _ I  i l l  ‘l able ’ I ; C lie quai l [tat ly e  uc ’cu r r e a mwe ’ ot each taaxoii by ma t rateamam

. m m m d  t t ’. imao l a  is given in Appe’ud ix H , anti comple to abumidan c’e• data cure ’

inc  lud ed In  A ppendix C . h at’ fauna was quail tat I vel v and

c l e m a m i t  i t  . m t  I ye’ 1 y domn I not e’d by t u h i  I t o  I d  oil got’hae t c’s and lau rv al

s- ha t r one mmum Id  I um s e ’ e ’ C at ( T~i h i t ’  ‘c ) . The c m l i  goch t au c ’  t e’ at we ’r e C ht ’ most am b emm id am ia t

em m i h i m _ i l s ci t  hot  h a cx pt ’ r I met -it  ~t i ~tmi d re ’ I e’ ren c’ e si t e’ at . l’lie’ I use’s’ tat we’re the’

titus t d i V e ’  r a te  , , amach  t i l e ’ a Inc I tided miaa miy s pee l e t  wit I oh we no re Ia t I ye I v rim r~’

car mae ’asommau I I v ci h u n d a u n  t • The oi l ga le ’ hoe t C’s , on the 01 he ’ r hand , c’onipr I st’tl

I cse ’ r spot’ I c’s wh I t’h t e’mmde’d tea he cub I quit ous am_ I d c o m a s  t ant I m-m od’d’u r r e m_ I e’t’

“5.’ • Of t h e  75 Spec i ,~’s 0 t)l l o o t e d  , .~9 os’ e’ tm r recI in at I cam st Cm

pc’ r c’e m it  c a t  t lie ma camp to at in any t o l l  c’s’ t ion per Cod ( T a b l e  S ) . El even o f

the se’ wer e  c a l l  ge l d ’ h i a t t ’ t e s  , am i d at Ix  we no oh I r on om  I d s  . Al C h o t u g h  seaason a 111 v

c m l  o ’ c  mm r r o m m e ’ t ’ Wa ma ci [_IIaaa rent tea r se_Ill_Id’ spec ic’s , e’ . g • the b i v a l v e  Corhaje-e m 1 ,a

ii m , i i i t  L e ’ m a s i s  a m d  t he’ o’ltiron em ld s Ilic ’r eat e ’iicl i pe’s n e r v o m a u s  and Tanvpus  spp .

m ea t  t c a t  tile C eammiaom t l~ ’° I t ’s h ama d a rc’ lot I ye I v  cons I ma t ent frequency of

c a s ’ c e m r r e ’iit c’ diver the sttmdy period .

4 1 • In terms c at  ah t and a inc t ’ , the c a l  t g o c h a et c ’s oca tnumberee l  u 1 1

a a t  h e r  taxeu by four to one , and the genus Limnodr ilu s amc ’cotanted tor over -

80 percent c_ Il 1u11 of the ol!gochlaetes. Tue molluscs Were atis o

dc-mm! mated by one sped’ I e’at , (~~a rh I en La. imm; u mm I 1 e ’m i s I ma , wh I cii accommn t ed for ‘I .~

Pt’ r c e ’ma t  c m i  all nmo Ii a u at o’ a t .  Time other ma b r  t axonom Ic g roimp

Cli i ronom I doe • d i d  nt ) t  have one out s t a n d  t u g  d ern I mmnt ge’muas . Cii I rt a m _ Itam _ Im uat

mind 1 . i m i vj a t m s  were most abumidant , hut many ot h er genera we’re e’ LOSt’ Im i

a u h e m n d a n o ’e

h l a h i t a t i o f l der th  of nmacroh e ’n thos

4’s • The top l() cm eat  the C) cores  t mik o m i I n  . t i u iv 197Cm vI e ideel
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‘ - c . Spe ’e’ ic ’ s cli a,’crs iti’ , i (  ( b ut ’ c’Xp c ’r I mc’ua t , a I t i l t ’ vnt i t’d t o  he’ hi t gha

chit (t ag t he ’ st m m m _ I mt ’ r (.htu iv I c) 7ta aind lQ~’7) mind I ow to .1 , a m i a i , m  rv  aimni A 1t ’ il .

A t  t hat’ re ’ I e’re’u e ’e’ sit e ’ • c_ Ifl t h e  either haam aei , di  a,’orma it a,’ i,’. tat 1 05051 in
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ma camin e’ n aitd hi gu t ’ mc t (mi w i l _ It o r . I) I Vc ’ rma I C V a t  t h e ’  re - i  c’ r e -u ac ’ e’ si tc ’  w a m s  it ,’ mama

, a t  Ccc  ted by m a c ’ a i t c _ I l i c a  i i  ti ’ . !‘le’atm i H ’ was  h i g h e r  cat  t h e  r e f e rence  s i t e ’  t h an

iii c o m p a r a u h i e  i t a u h a l t a t s  cit the experiment al site:

St rai t cmiii H’ S t r a t u n i  H ’

F; ! 1.Ds Rh 2.12

E2  1 . 5 6  R 2  2 . D 5

1 .71  R4 ~ . l 3

ES 1 .42  R3 2.27

E6 1.53

1 . 3 7  R5 1 .65

W i t h i n  the s i t e ’s t h e r e  was no c l e a r  p a t t e r n  of H ’  among the laa hit ait

st rata •

~a a . There were  no e’ o n c o r dan t  e’l_ I caog e s  in the evenness car sp ec ’ j et

r i c l a i_ I e s s  compon eot t  of siae’ c’ies d i v e r s i ty  w i t h  season.  G e n e r a l ly ,

&‘a,’t’i _ I ma c ’at at mind richness dec ’ l i ned  in Januar ’, ’  a t  t i - me  e x p e r i m e n t a l  s i t e ,

while evenness Increased mind richness decreased at the reference site,

The grc - ater H’ v a l u e s  at  the  r e ’t er e m i c e  site were ref lections of both

h i g h e r  evenness  and  greater a rc a l  mind n u m e r i c a t i  sp e c ie s  r i c h n e s s .  The’

r t ’ t t ’r ence  s i t e  hai d am q u a l t t c u t l v e l v  r l c h i e r  m u a a c r o b e n t h l c  f a u n a  t h a n  d id

t h e  ex p er i n a e mi t ma l s i t e , a i t h ot ugh a l l  s p e c i e s  fo u n d  exc lus ive !’, ’  a t  t h e

r e f e r e n c e  si te  were  r a u r e  and never  a ib u n d a nt .

Nume r i c ’,i l  c l a s s i f i c at i o n  of mm i a c r o b en t h o s

5~~. Because of  the larg e number of r e p l i c a t e  samp les ( 4 5 1 ) ,  t he

data we ’r e ’ grouped  by se’.ustans aim -md straa t m i vit ’lding 56 c o l l e c t i o n s: t h e

ii habitat strata for S seasons (12 strata for July 1976). These 55

collections were subjected to neatnerical classif icaitorv analyses Cci

determine relationships of the communities among hab itats , sites , mind

seasons.

57.  The n o r m a l  analysis , with all species included , atcparaCed

the collections into five main groups (Table 8): 1) ci large’ grou p made

up of all the reference site collections except along the sand y shore

(R5); 2 )  mind 3) groups made up mainl y of collect ions from the sands-

.‘m. _I S
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a t l a c i c ’ .ureamc (i-h’ muciel Ru ); - s )  .a g r o uj a  ol  col  lec t ions I r um t h e  d ’ x 1_ I e r i —

:ie ’ i i t . a  1 si r e s-h ic im h a d  C e ’ r C , a  i l - i  s l i n u l  a i r  I C  l et  to  t h a u se ’  f rum C he’ re’ t & ~ rene’e’

s i t e ; am i d ‘a ) ,i g r c a u a p  com ;’ c m-. e ’ cI i ic _ t i ui l a,- cal ceal I c- c t  ions I re-mm t h e ’

t ’x pc’r i m e ’ m a l  m l  l i g i m , i i i t t  I s -  n i , a r s h a  ( F 1  , aud E 2 )  . ‘I ’h ae ’ c ’ i m a s s l t  I c ’ c m t  i e a n  of

c’c a h i  c c ’ I I c ’ l u m -~ 1 nd I c a t e  - a- - t b a i t  C he’ re ’ Sc ’ Fe ’ 1 m j a o r t  ca n t di I t e r emic . t c s  i n  t i m e

e’ c i i i i c c m c  at ion  e at l ime ’ ia- .m e ’ r e a h e ’ i _ I t h i c _ I s  , m t  t h e ’ cxpe ’r i m n e ’ n t a m l c am _ Id re ’ I er en c ’e

S i t e ’s , i - m i m i  i c ’ l  l u g  C lue ’ d i  I tc ’re’nc’c’mc in aihtm ndm ioc’e aimid hioraaiss de scribed

.a he av e ’

‘s. ~s
’ I t  h a i l _ I  I hit ’ re’ I e’ r e i t c ’e’ s i t e ’ t I_It’ r c ’ S c a t  no cl cci r at e’ pci rai t ion  e a t

‘01 lt ’ e’t I t a i l s  .amc _ Ing t i a e ’ S t. r~a t c m  , e’ xt ’ e’p t  t h e  sands ’ sh ore’ ( R 5  ) wh I c~h gro u aped

s- i t  ii t he  coin pa r a m b l e  baa h i  C a t  a t  t h e  e x p e r i m e n t  a 1 ma I t  e~ (F :  7 ) , or m a c ’ m m  a t e _I nca 1

c o l l e c t  i o n s .  ‘l ’h a i s  i n d i c ’ .u t c ’ s a h a a s f c  h o m t a g e ’n e ’i t v  of the’ commem nit

w i t h i n  C hic r e ’t e r e n c ’e mar s h . The t w c a  m a i n  g r o u p s  c_ If c’eallections f r o m

the experiment al s i t e ’ gr o e u p s  ( 4  m ind 5) were h e t e r o g e n e o u s  i n  t h e i r

In c h i t  i c - m n 0 t ma comb i t ia t ion of St r a t t a  mind seasons  • Ora l  v c o l l e c t  ions

I r on t l e  sand a-mod g r a v e l  in t e r t  id a i l h i a h i t c i t (F ; 7 and R 5 )  s-ore s u f —

t ( e ’i e n t l v  d l s t i m h  t t e a  t e a r m  a m a e - . l a c m r a l t e  g r oup  of c o l l e c ti o n s  f r o m  ~al l

I I V C ’  samp l i n g  per i o d s .  -~

‘SQ . The in v e r se  aim - mai l  vs i s  of s i_ I cc’ los  di  st  r l b e m t  ion pa t  t o r u s  s’cus

performed on a reduced dai t ci set te a  e l i m i n a t e  e f f e c t s  of  r a r e  spc ’c’ie ’ ma

wh ich tem d tea gro u p  t o get  her  u n i v  b e c a u m s e’ t h e  have’ r a n  t V in cc)mmon

(Boesc’h 1 9 7 7 ) .  S pec ios  which occearred in lets t h a n  9 pe rcen t  of the  55

c o i l  oct  ions were not  inc 1 mmded . This left mm t ot a  I of 42 spec’ Ic’t c amid

excl uded 33 spcc’ies.

(aD . S ix  spec ies  groups were s e p a r a t e d  in t h e ” Inverse’

c l a s s !  f i e m i t  I on  (Table 9). Species  in  g r o u p  A were  ti - m e n u m e r i c a l l y

dt ami na in t  s pec i e s  alt b o t h  e x p e r I m e n t a l  amid r e f e r e n c e ’  s i t e s , they mire

a l a t c a  c’ t i , i r , i c ’ ti ’r i s t  ic aim -id d o m i n a n t  in the Jame s River p r o p e r .  Spec ies

g r e a u m p  B was composed cal spec ies  t h a t  were c h a r m i c t e r i s t  I c ’ of the scan t l y

h a b i t a t s  cit t he  c ’xpe ’n i m c ’m i t a l  s i t e ’  ( E S , Eta , F;7 ) in  i t a l y  1 q 7 7 ,  Group  (‘

a t i a c ’ct e s were ’ g e n e r a l ly  c’ h m a r a m c ’ t e ’r i s t i c  c a t  t h e  sand and g r a v e l  i n t e r t  idai l

i a .ah l t ai t at ( E 7  mind R5). Group I) in e ’ it a d e d  t h o s e  spec ies  t vp i c a l  ot ’ the

b o t h  sites cxc Iud i iig t hat’ saint l y shores  ( i - 7 aim - mel R5 ) . Group F. amid F’

3-h
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spOC i a ’at w e- re’ c ia . a rca c t o r i  st  Ic ma f t he ’ re t c rc ’ i ce  at I t e’

h I . The no we ’re g n o em p s  c a t  ma pec It ’s t bai t we’ re’ t v p i c a  1 ot hot hi t h e

Ft l e ’r en cc ’  m ind exjae r i nae’iita I s i t e - a t  , re’ I t ’ re-u _ I c e’ s i t e ’  cii one ’ , and  t ime

h i  gli—e ’ncrgv em - i v i  nonma ,’nt s ( E7  and R S ) , hea t t h e  r e was  no crocm ja ti~ mt wm as

singtm l ar l v characteristic ’ of ti’ ’ exjac ’rinae ’ntal site. Crocap A , composed

ol  d o m i n a n t  spec ic ’S , did contain 3 species , Iiranc laicm ra so~- ci ’hvi

Limnodrilus c- c r y !  x , and ~~~~ us spp .  , t h m a t  we ’r e ’ more  f r e q u e n t  and

a b u n d a n t  , a t  t h e  c ’x I _ I t ’ r l m e l _ I t m u l s i t e ;  h o w e v e r , conn no n n c ’sma  a n d  a b u n d a n c e  of

these  spec i e s  a t  t h e  e ’x p e ’r i n a en t a l  s i te c ’ac a sed  t h e m  t o  c’ It m at t c’r with the

o t h i e r  d o m i n a n t  siaec i e ’s .

N , m c r o b en t h o s  of the  op en Jame s R i v e r

( 2 .  The m a c r o b er a t h o s  of ma r e f e r e n c e  s t a t i on  in  t b i c  open ,Jammes

R i v e r  near  ti -me r e f e r e n c e  s i t e  a t  ma d ep t h  01’ a p p r o x i m a t e l y  1 iii b e l o w  l oac

wa ter  was s a m p l e d  t h r o u g h o u t  t he  p e r i o d  of s t u m d v .  T h i s  s i t e ’  was

m o n i t o r e d  d u r i n g  J u ly  to November  1976 as p a r t  of a s t u d y  of the

effects of opera—water dred ged ma t e r i a l  d i s p o s a l  ( D i a z  and ilcac ’sch

l 9 7 7 b ) .  D u r i n g  s u b s e q u e n t  s ampl ing  of the m a r s h  h a b i t a t s  in  Janu a -m r ’,’ ,

A pril , and Jul y 1977 , core samples  were also collected at this sitc’

(Tab le  10) .

t a l .  The a s semblages  of m a c r o b en th i o s  c o l l e c t e d  cit t h i s  open — wa d er

site during 1976—1977 were essentially similar to those found during

1974—1975 in the Windmill Point area (Diaz and Boescha 1977a). The

community was ver~’ similar in composi tion of dominant species to those

found in the experimental and reference marsh hahi tc m m s .  The only

exception was the dipteran larva Coelotanypus scapularis which was much

more abumndaant in the open river than at the marsh sites. The density

and biomass of macreabenthos at the open—water site were similar to

those found on the muddy intertidal habitats of strata ES and E6 at ti-me

experimental site; thus , they were generally lower than those found

within the marsh hat’itm ats .

E f f e c t s  c - m t  p r ed a t o r  e ’xc lo *’ ure

64. An experiment was condumcted ancillar y to routine samp ling In
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orde r  to determine the effects of predation by birds and fishes on the

macrobenthos. Intensive utilization of intertidal habitats by

sho reb i rd s , gu l l s , and waterfowl had been observed , and i t  was f u r t h e r

presumed t h a t  p r e d a t i o n  by f i she s  m i g h t  a lso  occur  a t  hig h t i de . A

0.2 5—in 2 cage f r ame  covered w i t h  6—mm galvanized wire mesh identical to

those used by V i r n s t e i n  (1977)  was emp laced in the low intertidal flat

(E6 ) in November 1976. Other  cages placed in s t r a t a  E4 and E5 were

lost or des t royed .  The enclosed bo t tom was samp led in July 1977. Data

r e su l t ing  f rom ana lyses  of macrobenthos are included in Appendixes  C ’

and D ’ .

65. One undesired result of caging in so f t  sediment  h a b i t a ts  is

t h a t  s e d i m e n t s  may be a r t i f i c i a l ly s tablized and cons equently become

f i n e r  when enclosed by a cage s t r u c t u r e  ( V i r n s t e i n  1977) .  Sediments

w i t h i n  the cage in Ju ly  1977 were 49.8 percent  sand , 31.0 percent  s i l t ,
and 19.2 percent clay. Total solids content was 65.2 percent , and the

concentration of volatile solids was 5.9 percent. The sand content

fell below and the clay content and volatile solids concentration fell

above the 95 percent confidence limits for the  means f o r  stratum E6 in

J u l y  1977 but were w i t h i n  the ranges observed f o r  these parame ters in

th is  s t r a tum .

66.  The excios ure contained many mo re small Corb icula and large
oligochaetes (main l y Branchiura ) than the surrounding bot tom . The

total density of macrobenthos was over three times higher in the - ‘

exclosure than on the unprotected flat , and the spec ies r ichness and

diversi ty were also elevated. However , perhaps the most dramatic

e f f e c t  was the great increase in biomass in the predator exciosure .

Mean bionaass within the cage was 1024 nig dry we ight /160 cm 2 , which was

44 t imes higher than the mean for the low intertidal mud flat (E6) in

Jul y 1977. This was due to the much larger size of animals In the
exciosure . Mean weight of Corbic ula was 34.84 mg/individual compared
to 1.81 mg/ind ividual and for oligochaetes was 1.74 mg/individual

compared to 0.01 mg/individual for the mud flat (E6).
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( ‘~ a i a m j a c ’at I t  I , a m a  ,a mi el , u t a c a m m e l , a m i c  c ’ tat m uac ’te _ Iha, tfl Items

at ‘
. ~te ’I emh c ’i i t h e a t  ma~ai am i u Ie’at were’ ,‘a)l l e ’t ’ I  ~et ,m ie a m uc ~ w i t  ha t i me ’

m a m , m e - i m u a t a , a  1 ~a a m m m i a  i c ’s t m- i .1 c u iv  19 / 7  a I C c ’ t aunt iv m a t  at ot  I I mal i I emuel hu ,u t a i t at

I ,‘C’ c ’,a h e e l  ti m , a t se ’ve ’i’a I s pot ’ i c ’ s  o f  I l a t h  Were’ t c ’ t ’ d f i i g  on mmm t ’ l t a t  , a m m m m . i .  ‘11 m m ’

‘. m  a m e ~ le ’ t a m i a l 11mg pen cal I c a ~ m mm t ’ l e a h e ’ a i t  t m c a a t  cm l iv  l c m e u s i  v e ( c a , ’ _ I ,  m a c a t  g t  v t  a ia

I nt l l e ’ , a (  L e m m a  c a t  ate ’,usc u i , il t itm c ’t t m , at t ca ~ hu t  w’ ,n~ d e s l gi ic ’eI t e a  pl’ca\’ I d e ’  a m a

,ae ’ e L m  r em t c ’ t’e’ F e ’ teut t ,u I ( c a n  c d l  t ta e ’c ’ 1, -at d e t a m a  I t  It ’ it ,a mmci d ist a-I b u t  I on j at a  t I e r u a m a

, e t  both t i t e ’s.

8. A t e a t  ~a l c d t  17 ’m $  t m a d t v  l d t n t l s  , am id  I ’. 5 1 c c ’ I t ’s w,mn I c i u l U t i  lii I tic

t’~~ e ’c a l’t’ma c ’ c a l  Lee toe ! t e a m ’  mime ’ I c ihe ’i i t  t a os  (‘Ia mbic ’ I 1 c a i m c l  A ppe ’i ie l I x F’  ) . ‘li me ’s,’

m utt I v ieia m , a is . a m a d  sp ec ’ I ,‘s l ’ ,-pr c’tc ’mat c’ tl hea t  ii sa um ,m h i  im a eli v tdu a ,a Is c a t

i i i , u , I c a t  , m a m m u , a h  s l a t - c ’ t o t  I a m i a t s l m a i~ t i a r e a t a g h m  ,a ‘,OI,) ama s t c ’V c ’ ( a t c u — c ’ , a t  l e t1  t e ’mupem!’ ~a t ’ v

at e’  I e el , a e mm a,m ) and C Fu m e ’ (tie’ rmuimmt ’mt ’iit ) mite ’ t e a t  , a umi m ,m I at
~ac ’c’ It’s. A 1aprox I am ,a I i ’ 1 ~

- 1~.

i’c ’ rc’e’n t ca t t hat’ ta -m ci Iv i t i mm a I ~- re’~ar ema e’ mit i ma e~ .‘N e a t  ( l it ’ i ’m at pe ’c ’ I t ’s in  t Ime ’
-

‘ 
at , a m i u j h e ’s We ’ Fe ’ smu ica 1 1 i l-mel t vi ci um ~ m l a t  ea t I he’ mim , m _ ‘I- eat a cmm ma . A l 1 cml I lae ’s(’ t i _ I c c ’ I c a t

Wc ’Fe ’ ,a h a t e _ I  teu kem i In  t h m ~ ata m m a h a I c a t  e t a  i It -ct cmi I c a r  m u m , a c ’ i’tah e’i it h e m s (‘lab h- 1 ~
‘ 

.

t a o  . I m e m i a t  It It’t c i t  pc’rmiaalat’nt alit’ I c tat’nt l m , a at  r aungc ’el  I rc a mmm ,i mii e’c uma ca t

, m l a p r t u x t n u a t e ’ l v  .“a tea  30/ l i i  c , muu , a 
In C hic’ s~ma aeI—g rav c ’ I l acah i C , a t at ( [ - ‘1 ,um id R ’ m

em m m c ’ , a  r Iv ‘00/1(1 c miv c i i i  t ime’  I m i t  c ’ r t  I e l , a  I I I ,a t ( Ft  ) , I - m e~l) s i t ie’~ w i t  iii ma Clu e ,

m m u , i r t h m t ’s we’re’ ~appt ’ caxi m mm,a t ,‘ I v  11,10 t e a  I Si) (miclIvtm j a m ,m I t/ i l l c iii’ • -‘cat w i t  h a t ime ’
mii ,ae ,- m ’ e a h c ’m ’a t h a o s  , cl e ’ m i a t  I t  l e o  e a t  flat ’ ohe ’nt  tac it we’re ’ m,~c’ Ii c ’i’ ,a I Iv iute ~im t ’t’ ha t ime ’ Ic’S’

i i i , m r mal i  et ia ct ma ui ht i c t , i  I hea t  t callus w i t  h a it i C hic ’ ,‘x Ia c ’m I fl ue n t .a I a im , a i o u  i-~,’ .u i id I ’ m

C m ii w i t  t a t i m  I lit ’ r c ’ I e• r e ’lae ’ c ’ aam ,u t’mai i ( R _ ’ t imi d R~t

Nemna t tacit’s We ’ m c’ t hat ’ m o s t  cuh u i i i c t ~t i i t  mu d ’ le a I t a Co m a  I a im I mum , m lit ,

ac ’ c ’ e a u i m t  I aig t ea r ‘a- a  pe re’t’nt of I t at ’ h a d  I vi chmimi Is e ’ ca 1 I c ’c ’ t e e l  i i i  I hit’ ,c m m a a i a  I t -s .

i i  , a e i c a c ’ e ’ l , a l m a - m  ( I i  re’ rce ’n t  ) , oi l goe’haaie’ C es ( 10 pe i’c en t  ‘1 , e ’ e a p e ’ i a c m e i  1)

pe’r e ’ e .ui t ) , ~u u i d c a - I  r ,mc ’ cae ia , (8 pt ’re ’e’nt  ) ~e’rc’ ,m l a t c m  , i h m m i c i a i i t  . I ’ l ,a el m ’ c ’t ’ l . i i a s

Sc ’ re u c ’ p i ’e’5t’~~t e ’d by t im e im au st  spe c’! L ’S ( I ‘a )  , t e a l I , awc ’ e i  liv cml a ~~ ae ’ l i , a e ’t

I 3 )  m 15c C ’ t ma , i i i e l  , m c ’ ,,t ’ le t s ( ~ ‘3 , l ic ’ i u a c t t  Om it ’s I, I I ‘t , , a i a d  e’ca l a c ’Ia cm e l s I d l i , “t , ’ m

~W~
’ t e ’ a t  we’re’ I eitit id d C  C lie ’ i’t ’ t e ’ i’Oia ( ’t’ S i t e’ I bO l l  ,i I I h i t ’  e ’ ~ ~~t ’ I I iTla ’i ) I a I ma a I . ’

r t  I e ’ti L . a  u - h  v c i  tm deme ’c’i ’, i i a at te am’  wim I cii 10 e m t  l ie’ I ‘a s l a t e ’ I t ’ s W e ’i ’ e ’ ca l l  Iv I e~~it i el

, t t  tim, ’ I t ’ t em ’c’mtc ’e’ t i L t ’ I, ‘h ’~~h ic ’  1 3 ) .

i t  . 1 neI l (‘ c’S c _ I t  5 pc ’e ’ it ’s  cli Vt ’ I ’ S I t  V a c t  I hue ’ m e l  ~ h aa ’ m m t t a c i t  , a  r. - 1 m ‘, m -mi

i i i  AI a p e’nei l x  ( I t  and suana i l i c l i ’ I ,‘a ’ ei i n  ‘h’ ,mh tt ’ I ’ m . ‘t’iit’s, ’ shu eaw ,a p, at Ic ’ m a t e ’ i  V 
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at tn i  I 1, 11’ t e a  I Iu , at t e a ! ’ nm m a t ’ r o h e i a t  l i m i t , I I ’  d l  ve ’Fs I i  V a ai ic l  s~ a i ’~ ’ I . ’~ r I c’hilmc’at ~.

we’ re h m f g h e i  w i  t h i i a  t tae l I m , a r s i m  han  in  su r r o u nd I ng lm ,a h f t at ma mi a mi we’!,-

ge n e ra  I I v h i!  gl m t ’r I n  I m a u h i  t ,a I s  a t  t I m e ’  r et  e ’re ’n c ’e’ a; l I t ’  I l i on  I i i  c m a m l o a  m , m h l

i m , t h  I t  ,l t ~ ,a C t tie e x p e r t  m mm e’ai I .a I s i t e ’ .

7, ’. N t a r’m i m m l  e ’ l z a s m a f  I t e a t  f e r n  of  C hit ’ e ’ea iiih l iat ’d e ’ e a l  i~ -~’ C ! e a a a ;  t.’j  h u t  mm

st  r at  C a l  , c a s i n g  ,u I L  ma pee’ i t ’s I i i  t i m , ’ ~a ia , a  i vat I a; , 1ar I ti aca m I i  v Sc ’ p.1 r i  I eel

c ’ e a  I le ’ c ’ C I m a m a s  I i’ c a i ; i  C lao e’x pc ’ r I mc ’ i m l  , m l s I t e ’ I t’e am m m t b u e a a t c ’ c a t  I l i t  r e ’ I , ’ l c ’ i m , e ’ m a t  I t ’

( I  . c ’ • t lie I I m u , a  I I c a s t  c a l m  c a t  t i m e ’ .agg I tu lle !‘c l t  I c an  , ‘ e m n i h  I ned c’xlat ’ u’j imm e ’im I , m I

sI i’, u t  ,a iii c a n e ’ c, t’emc mj a cane ! r e t  e ’r c ’n c - e ’ t C  r a t  ~i i i i  m a n i C  h er  ~ r ’c a t i j a ) .  t a t  f l i t ii (b um ’

cx 3 a c ’ u I nue ’n t , m I s i t e  c l e a s t  en • eta I l ee ’ t I c a l m s  I t ’ c aua t ha 1 ’ s ca mie l  v hm ~ bI t ,a I at ( i - i’ a tud

1 . 7 ’ ) we ’r e ’ e~ic a u a ji e ’eI t c i a ’~c ’t  Ilt ’ l’ m at  ~s’ c ’l ’ e ’ e m i l  I c ’e ’ t  I a a i i a ;  n - i t  l a i n  t ifl ’ c x I a , r I ull e ’ i i l  , a

s i t  e ( I- .~ , -1 ‘a , amn d F ‘a ) , WI (t a ft - i (lit’ re ’ I t ’ I t ’ l i e ’ c ’ ma I t  o c ’ [ m a s t  c i  • t t i e ’

e ’ ,a I I e’ t ’ I (c mii I reun C h a e  s , a i u e i  v i i . u h  I C  c i t  ( I - C a )  w a t t  s e ’ha c m l , a I  c d i  , ,a ne! e ’ c a l  I c ’ , ’ t I can s

I rea m t h a c ’  vc ’ e~ ’ t m  I t ’d , a r c ’,as ( R I  and K , ’ )  we ’ i c ’ g r a i i a ~a c ’cf 1 a a ~~a ’ t  t ic ’ •

7 3. I n v e r s e ’ c L a s s  m I I c i t  I t _ I l l  wa s  a m p p  I f e d  ( c i  I l a o s , ’ s i _ I c c ’ I ea~ s-lit e lm

cac ’ e ’ i mi ’recl i i i  , a t  h e - m a s t  t we a e a t  t hie s t  m’ , a t ; a . ‘ l I me ’ c ’ l , a a ; a t i  I i t a t  icaia pm ’cad u id ’e ’ci

I hi m’ ee ’ g r e au i 1a a t  c ’ I spec’ i c ’s ~~~ 
m il ;m r i I V e ’ t d , l l ’ , m e ’ I c r 1  i t t  I c ’ t a t  I l uc ’  c ’ X p e r t  f l a ’ i i t  ,a I

s i t e ’  , t l ir e ’ e’ pr mmc m r I I v c h a m  r a t e ’ I c ’i ’I 51 I~ ’ e a t  I lie’ i c - I  e r e l i c t ’ at I I c’ and  cifle’

group comnion C c _ I  hot h a s i t e ’ s ( ‘i amb Ic ’ 15 ’l . S;ac ’c i e’t i n  m ’, r c u u l t a a t  A a mi d ii We ’ I t ’

c ’Ia ~a t ’,u e ’ t c ’ r i  mat  I c ’ cat mma an~’ c c i i I c e ’ t j e a n s  I I ’ eill i t lit’ e x p e l’ i aaic’ut ,m I at I t  c ’ , a t a d  ts’ c ’ l c ’

,i usia I e ac a t i t i  in  r e t  ere ’l ice  h a t  g l u ama cl 1 ems ’ ua , mi’ s i m m a t  i i i  a ( R I  , im ~ci K , ’ ’ ) .  ( i l ’ c i t i j a  d ’

s ja t ’e ’ ic ’s We’ Fe’ CV p I e ’ ,a I c i t  l ime ’ I n C  c ’i ’ I c l a m I mn uici I L m t  F u a  ‘3 cam - mel  sanid v sh a c a i ’ t ’

) . Spec ’ los  i n  g r t a u m p  I) we ’re  e ’ l m , a  m a l e ’ I c ’ !’ 1s t I c ’ e a t  e ’ t _ I I I e’ e ’ I I c a m i a t  I I c i d il

at I r~a l a RI • K .’ , mtl i ’ i  KS . Spec’ it ’ s in  gi’e ac m ~_ I s  I - ’ m i i a d  I” We ’re ’ I m a aa i ti i ll m a t  t ,a I

K I ~ncl ‘I - a . ( i n c i tm l a ( c’caii t m i l ime e l  C lit’ fl idaFe ’ cm li i qu m it e icmt  , m n c l  c i l a c a n c l a m n t  ~n ’c i t ’s ,

N .m 1 m m  t’,a 1 hits t cat’ y ot mi le’ t e a t a a e m l _ I ~ a

(:ealae’ Ia c adi s were ’ t’ e au anc i l i - i  a h i  h i a u h i  ( c a t s  a a t heat Ii m a i l  c ’at , w i t  Ii I li e ’

c ’\’c ’ t e ip t alel sh a e~e’ Ic ’ s gr e’aat I v  cat a t  numhe ’ m’ I m ag t Ime h a ~a m ’ ~a a e ’t  I e ’ e a l e i s  • ( 1  (lie ’

I a ; a e i  i d  5~ a_’t’ IC ’ S  , C ht’ can ) v canl’s c ’eiflat (ti c ’ I c e i  C c_I he’ t r c at ’  h a eai (  l a t e  el Se ’ I h e _ I - i t

‘ a re ’ l . a  I’,ac ’\’ e’ I up s a I I i n  I s  cin c h I ’ am rcicye ’ I c a p t  I I aiah m t a m  t ca m ; , t a c i t  hi e a t  nba I t ’ ll  l i e ’

m a t m a  I- p h a c a  I tag i c ’ , m I I v , m e i , m P t  ,‘ ei t o  e’ m’ e’e’ p l m ag mame an g wt’e’eI at c i i ’  i i iumeicl  v h a e a t  t m~ m iu S • T I me ’

l’,’ auu , ,  L o t  t ig  i ’ V e ’ I c a l a c a  t e l  c ’ c a t a e ’ h i e m d i a t  Wd’I’ e’ mu o r o ” e a r — -  I c ’SS I i’e’c’ swi  mmii i t im ’, r I anile ( e m i l  I c ’

I ‘l  I l l  ‘ - • ll ’’S’ t ’~’ t ’i’ , t I i t ’ a t i ’  t u t o r  I e i t ’ ii u a ;  Wt ’ I’t’ it  p l ’ a ’~ ’~m 1 c’flt t h im’ t m c a g l a o u m t  ~i 1 1
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ma t  r a t  , i  S , a l f l h m ie ’ d  c at  C l i t ’  cr e’e ’ I a l ng b t ’aiC h a i e ’ — dwe ’ L l en s .  ‘I ’iie l a . a r I m ,ue ’t  i e ’eaLl

S l a t e ’ I c ’s e ’ i a c e i e a t i t e m ’ c ’ cI , lutist lv e’ a i t m l  t i o c m u m u l c C I t t s  • , a r t ’  ,a I I e ’ c ums ide ’r e ’d It ) he

,id ,u 1at  eel t e a  b ent  h a t e ’ I I t  e’ i i i  t lie’ imac telcl v taut t culls cit I m ike ’s , sc’ , t s t i l a , m  I peamad s

, a m i c l  ~l i  t e’ ime ’ at . Colic ’ t m t m d a ;  mli ~t elt ’ t ip  .m ppre,x i m i m am I d ’  l v  .‘() in ’ r’e’t’nt ot I hu e ’

pe’ r mmi ,- m m i t ’ m m t  ant ’ teat . m c mmm , t

7 ‘a • I -  i , a c le ac ’e ’ m ans we’ re ’ I ta umaid Iii ml I m a t  I’ m I ,a c’ X e ’ t ’ h i t  I lie ’ I a I g hi a nal r m a l a

E 1)  , ,m maci I lie re~a t w a  I car I lac ’ I r e’ xc ’ I u ms i , a ma I r e i m mu I Iii ma 1m m, hIt ,a C is t a n k  lm emw ai

,a t I lii ma I l iii,’. ‘lime’ 5iei I ti me’ , 1- l eimamim l n I ti m e - , co at t I ) cm p Ia (ma I dcmc ~ we’ re ’ I ai ’e ’t e ’ai t

cmii i v .mt t l i ~ Fe ’ I , - r e ’m it ’ c’ m mm . u t ’ s lu  , m 1 t h c a u a g i m  St ’Vt’ rai l eat I hie ’ lt c ’ t ixca , i  l’ c’ We ’ I I

rt•lare ’se.nl eel l am time ’ p L a i t i k l  cmli eu I lao I I iimnt ’ t It ’ j , d , ’ie ’ ma R i v e r ( IIm,m i’bi ci ge’

1O - a ) . ‘l im e rc ’ aum , a i i i  I tig Slat e’ It ’s t ’nc ’e ni ia t t ’l ’t ’ tl W e l t ’  It i lime ’ t ain t 1 ic’s

~ I , I c ’ l’ , a I  1 m m ’ ac ’ I el la ’ , lf lc i  ( i m v e i c a  u - i  ~I , ac ’ , kaieiwm i l e a  I- rc’clcmc ’nI sh ic a 1 1 ow , weed s’

fa ,mc ’ks’,a l c ’ i s .  l i t  I h mc ’ se ’  , I lve it ’rvja l ut ( m a  I lie ’ i a e ’mat  ~t cI ~m p t  e’el le a bent h i l t ’  I l i t ’

mia mi s’,aat Cl ac ’ mmme ms C I t’t’qcae ’ma I I v c ’ m i e ’ m a t m i l t  ,‘ re’cl c’ I cu cftic’ e’ t’,a mu . ‘I ’I m c ’ m a d ’ S lac e’ Ic ’ it I t a,’c ’

III I li e ’ s e mi I i I i t ’ i i t  ca r  e ’ re’e’ p ~a t ’t i t an d  t i l l  ve ’gc ’ t  ci t I ca aa , e’a i i mme a ca l  1 ,a~’, I tag I hie’maa e I Vt ’s

si ti m man tel auci cie ’t r i t eat ,at I ,ae ’he ’d Cci t ime’ l’ma! ’,I h i ,ac c’

(a • Os I t’ , me ’ tad ma we ’ i’e’ c’ua e ’d u caai Ce ’  reel Iii cut 1 mat r,a I ci e’ xcc ’ 1a I I lie ’ a t , m  mactv

ithac a Fe ’ ( I -  e’ ) . l) ,t r w l  tin I , m  m a t  t ’ Vt ’ I i m a t O i  I w,as I e i c i i i t l  m m ii i v , a I I l i t ’ ret c’ re’ne’e’ s i t e ’

t - l i e ’ F , ’ II w ,m aa I a n e m a e ’n t  i i i  e’ve u- v m a t  I , a  Icon . Pt’ rho I_Is I t l ucas macat vet

e e c  I ot i  I , c’el I lie’ Is latm a tl . o t t  r a c ’e i t t s muaaie ic ’ tm~a amb em uat ‘a Jie’ t’e’c’nI cit t Ime ’ t aut ,m

I tad (vi e t i m , m  Is I e de t i l e l  at ( lie ’ exlae’ t’I mont aa I m a i l  c ’ ,a miet ‘( )  I~e re co il  c a t  I tm c msc ’ ,m I

hit’ no I c ’ r e ’ne ’ e ’ m a t t e ’

7/ . ‘ l Ime  mm e ’miu . a  t ta cI t ’  c a s s e ’ i m ih  I age’ e’, a m m he’s C tie’ dc’st’ F I heel i t i I C’ Fill s t a t

W I  e ater ‘~~~ 1, 1 e t a  I )  c ’ l ass I I  I e ’ ,a I Ic _ Il - i lay I e ’e ’dl I mig I via L’ ,aat I ntl I e’,tI eel ha y  t hat ’ ii ’

la c me ’ c ’ ,a 1 mc i r h a l m o  I c a g v  . ‘I wo I e’t’d I t a g  I \ ‘ I a e ’at w ’re I eau mmacl a I heat hm s i t e ’S.

Sla t e ’ I e a t  l a m  I vIle ’ I R • eI c ’pca s II I e’e’cl (’la ; , wla I e’h i I tie ’ I taci t’s ,m I I eat I tic ’

N a a ~~e a i m v m a I a r  Iel ,a ,’ • w e re ’  I Oc alid i l a m  e ’ e a i i a t t  I I  t a t e ’  l Ime ’  I , a r g c ’ m a t  pere’m’mat ci ge ’ eat ,m 1 1

ne’anmi I cache ’ s e mit ’ en ami  I erect .i t t lie m a t t e ’  a; , a  m m c i  a a i ’ e ’ m m l ’ it’d 1m m ,a 1 I o h  l. a I a . S pt ’e ’ It ’s

of  I \ ‘ 1a( ’ ~ h3 , pre ’elamt tars ,aai d omtu I V m a l ’ , ’at • l am c ’l ll t I I ~ag I hi , ’ l)m m i v  I ci t I n t eI.i c ’ . a l i t i  I l i t ’

gt ’ mm u a a; A ma , a t c a m i c l u t a s  , we ’ r e  I cnia itI Iii ~a 1 I i t t  r ’ , a I  a e a t  I t i e ’  e ’ x I a c . r I l m a t ~n l  c m l  s l I t ’ ,

butt In I c’we’r auuamnbe ’rs t I u cm am tat I lit’ re’t c ’r c ’um e ’ ,’ ;mm, ar sla . I’ t c ’el ,i I t a r s / c i a a m l i  I v i a l

we’re ,ahm- j eamt I rommu t ham’ t’a a ,a l ’ m ; m - s~mt iei ’—gr .ivt ’ I uta h ! I al (R’a~ , ‘lI me- c _ I l hi c ’l k’,c’i mt ’i, a

I ca u mm i e l i n  h i  ma st ua c t y  we ’r e ’ cml  i t i tle ’ t o  t ’mii i mi , i  I e I c’c ’ eI t i i ~’, I v in ’ , h tml  m i r e ’
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probably deposit te’eders , and were relativel y few in auamher . Nematodes

made up f rom 60 to 9() p e r c e n t  of a l l  m e i o f a t a n a l i n d i v i d u a l s  a t  t he

experimental si te’ , and from 10 to 50 percent at the reference site.

78. Tatrdigr mtd ca were enccictntered most hecivil y in the high mar sh

strata euf both sites. High concentration of these c’ryptobiot ic animals

is a rc t lec’t i o n  of t h e i r  a s s o c iat i o n  w i t h  v e g e t a t i o n  or detr it a l

“litter ” on the sediment surface in the hig h - i m a r s h .

Estimated biomass of nuciobenthos

79. Biomass  of m c i o h e n t h o s  was not  d i r e c ’ t h v  mea sured  but  was

e m a t  u n m a t e d  f r o m  m a b u n d m a n c o  d a t a  by  u s i n g  s t e r e o t y p e d  v a l u e s  f o r  mass per

i n d l v i d t a m i i f o r  the  v a r i o u s  t ax a . These v a t l t u e ’ s  were  o b t a i n e d  b y

d e t e r m i n i n g  t h e  d r y  w e i g h t  a f  ma kn t awt a  n ca m b er  of representative

i n d i v i d c t a l m a  car in  some c m m t e t  t rom the  l l t e r ; i t c m r e .  S ince  the mass per

I n d i v i d u a l cciii v a r y  w i d e l y , o n ly  c r c a d e l y  rou nded c o n v e r s i o n  f c i c ’t o r s

were cased. The’ fol l o w i n g  values we’re cased: N emii a t od a  ( 1  ~ig /  m d i  —

vjdeumi l ) , C i m i d o c or a  ( 7  1m g/  i n d i v i d u a l)  , Cope’poda (5 tig ! tndivid ttm i l ) , and

(~m a t r a c o d a  ( 1 0  ~m g /  m d i  v i dc a ma l ) .  Those numbers tend to he m a e a m e ’ w I ’ c i t  l i i  gha er

I ban  those’ most eonumonl  y p r e s e n t e d  In  t h e  11 t e r a t c a r e  ( e . g .  (k ’ r l c i ch a

1 9 7 1 ;  St r l i a p I o) ( a tt ; J c t a t r i o  197 5 ; A m - i k a u r  and EI m gre ’ n 19 7 6 ) , p r i m m i n i  l v

het ’ai cm s e  ea t  the icarger sieve s i ze  emp loyed in  t h i s  s t c a d y  ( 1 2 5  ~m m ) .

80. h - t t (m a t e s  of mean hiomats are p r e m a o n t t ’ti I n  Table tIm f o r  e ’aic ’la

mat r at  cam ma aid fea r t’,m h t axon cat I hue pe’ ranatu’ n t me’ i t t  m ac m a . Whe rca at

ne ’m amt odt’s we’re usua liv (lie’ rmc tme ’ r (cal dominant s , c r u s  t m a e’eman s  uscama  I I  v

dcam it i a t e ’ d t he  h i o m a s s .  N em atode s  were i m p o r t a n t  c o t a t r i h c a t e a r s  Co

hi  omass in  the  maur s ha  habi ta - its at the experimental site ’ (Fl aanei 12 ) atid

on the’ (I dci i f 1 cit cit t he e x p e r i m e n t a l  s i t e  (ES and E 6)  . N e ’m m a t e’ade’

h i om a s s  wcas lowe r c a t  t h e  reference s i t e ’ .

81. Crctst;aceans m a l  rong lv  dom i t i at e d  the h i o ma ss  c u t  t he’ r e fe ’ronce

matrs h a  , wi-mere c’ r e t st cmc e ’an  hi omass , and , thit s , t e a tmi  1 me’ I o f a un a  hi omaiss was

mue’h l a r ger  than at the experimental site. Ost racods were’ most

i m t a o r t m a n t  I n  t he  h I g h  ,and low m a r s h  ( R I  and R 2 )  and t’capcpod s mi nd

e’ ladoe’e’rans in ti -me low m a r s h  at-id suht ida l e’haititiels (R2 cit-id R4)

82.  The pm -it te’rma eaf the melohenthos h i c a m a s s  c’ ea rm t r m a a t t e d  s h a i rp lv

L. 
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w i t  Ia l lama C cat I iae ’ mmamac ’ r o h e n t l m o s  • Mel  oh en t  laos h i  c_ Il mm .ms ma w ,a s h i  ghae ’ r i t  t i l e ’

Fe’ t c’ re ’ m i c e ’ uma m a r sh 51 r,a ta t wia lie’ nm a ae ’ ru b e n  C laos hI  c)t lhi m a t  w a i t  In cac ’ ha h a l  gh ie  m’ I n

lie’ e ’xp e’r I uaie’nt ,u I n i an s l a  ma C r m m t  at , e’xha e’c ’ La i i  ~i c l ear  I img C hic ’ s u mm a mm m e ’ r whie ’tu I lie ’

me’ I ohe’ui t ha c us s.nuip i t ’ s We’ r e’ I ~ikt’ua . B I cutma aus s c i t  m u am ac ’ i’ohe’n t la cama i l - i  .Jca 1 y 1977

s-cs liighe’r thm an ti -mai l ott I anate ’d te ar maie’iohe’~~thos iii ,m 11 bob! ta i l 51 r,aI ,m

Wi Cli i ma tim e expe r I moot cal mat rsha em a t i  nata l e’ti hi camna uma ma cal lime’ I ohent la euma w ,m t ‘a tea

1(0 ~ae~ re’e nt  ot C hi m a t l e a n mai d ’ r oh e nt  h ica s . IIcawe’ve’ r , cit (lie’ re’ I e re’t e’ e’ mm m , u nslm

( R I  • R2 , R4 ) , b I onacass c a t amm o l e a f  a t u a f l a  was  . 12 t o  80 lie ’ t’c’ en l  ea t  C i m c a  t ea t

mate’ rc)he’mlt lie_ I s . Tb is wca s d cat’ t c_I I tie ha I ghie’ r mime ’ to hen C h eat hi o m m a a a m a s  m a i-id 1 owe’r

inmi e ’ r e ah eu i t t a os  h t o m a a m a m a  cu t  C u e ’ r ett ’rt’nc’e umm ir mal a .

1)1 st’ eats I on

El tee ’ I i  v~~n i t t  c u t  smtm ~~1~~~~~~des~~~n

S I . ‘l’tie’ st rma l i t  led r aa nd o na macamp  l i t - m g  sc I a e ’ i a mt ’ was mae 1 e’e ’ I eel hc ’t ’m ac as e ’

it se’e’mcd I lie’ anus t 0! 1 I c ’ I t’n t  d e s i gn  C c i maa-mt m m~a I e’ t ime ’ lie’ Ce’ r eagea a c ’t a u ls  ta c t I

(dent It i mib ic hma h I t et  t ma cu t the s i t  c’s in ,a ue’mt ri y c au a h I cimam ,’eI in at m’ mne ’ r

5Cr i e’ I iv rmtncitian tOfu ) Ill-mg W~) ct Id Iam mve ’ cama de’ r—c e’nscased t hae 1 1 nu t t ed  h eat

mmp o rt ~taa C liab i t ,m Is scmch as the lii gl’a mci rsla atnd ma e aht i dat 1 e’hann e’ is it the

mm a rt lm. l”car th e’rmore , it would not hctve al [owed c- tain t_ Ian i suit e)f e’omimp ai m’cihlc’

tao b I Ia t s bet we’em I tie site’s wh ie ’b a watt m a coma t rai l calm cut t he’ t I tidy des 1 gm-i .

Sv s t em a t ic sta mp Ii ng ml glut Ia aave’ b etter ,a 1 towed mna~uping dis t r I htm l lot -ms ,itid

el m rre 1 ,a t ion wit la e’nv I ronmnc’nt a l l  v a rI a b l e s  ; howe’ve r , c e _ I n s  i d e  r;m hit’ snuc u i i

ma c a  to  ~aa I e’h I mae i ts  cxi mat e’d wha t cii woca Id pr oc 1 cude n ie mi n i ng f ca  I anapp i aag . That’

e ’ e’nt ra I ,a i m ot tha t ’  mat  t id y  w ma s not to de’ 1 t ne ’;; c c ’ or c l a i m a s i  I v  he’n t h  i t ’

e’eamm c an i  t I e ’s but  to  c h m i r c a e ’t e r i ’ i,e’ t h e  h e ’ f l t i m c a m a  01 t lie ’ p er e ’ei veci h a a a h i t , a t  s.

1” I Keel —s t ,t t I ta l l  sciln p I log would have’ made’ se ca s c a l u c a  I e’e’m mn pai r I Se _ It - i s c’ ,~ s Ic ’ r heat

wean Ed have’ nea l ma t lowed ext r.i 
~
o l,a t ion of e’eiUe ’ least tins to t hat’ d’n I i i  e

silt’s .

8~~. ‘I’he m m p r i o r i  division c_ It the ’ m a t t e s  i n t e a  i i c a h i t c i t  ma t  r c a t a a  hmisc ’el

on ci e’v~at ion  , ve’gc t a i l I oat , mit -id grosma sod iment type ’ prtave’ci c ’ I f c ’ c ’ t I ye’ l i i

t ha t m m p o r t a n  C di ftc’ re’nces in se’d I mcml it ,mnd h lea I ,a we’ Fe’ cic’nious I ri t O e1

mamo ng that’  m a t  rca t a t  • IIOWt’Ve? r , yam r I at Ion of se’d I moot  , m m -y , an d  h l c t  i i’

~~~~~~~~~~~~~ ~~~~~~~~~ ,~~~~~. ,~~~~.
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u~a I’,aml i e’t e m s  w I t  b i n  s t i ’, it  ,a w,a ma c a l l  en ye’ i’v g re’ca I , a m i d  I tat ’ d i I Ic’ rc’ tmc ’c’ s

t’c -l ~~, ‘ c ’i i  teati me ’ m a t  1’, a I  .a we ’r e ’ o t t  cii  mama h i W I t hi re’s poe’ t t cm t l a !  ma t a m  r ja i l I c i i i .

I t u  . a e l d i l  t a m i m  l a m  t a , a l a m r , a I v c m r t . m h t  1 i C y  i t i  t h e ’ d i s t  n i h c m l  i a n  eat  p o j a c m l m i t  i e a a a s ,

tha i s w,as cl cae tea C tie ’ 5 r,aci ,a C I e a la ~t I r,a I he’ r C l mc a tu ci h rca p C e’ tu m im ige ’ ‘a he’ I we’e’ l m seum e ’

c i m u m  I I gtm cacms ma t F.m I ,m , e ’ . ~‘, . I lie ’ h a l  gh a m and I ow i t t e  rt I dm a 1 nucac i I I .m C ( 1- 5 mind

h - u )  , m u d  I hit ’ a m a c m s , a  Ic ’ eat tImid 11 —sa d i t ’ h m m a h l  I , a t c’eand it ions 1mm t a t  h e r s , c ’ .~~~.

l i - i  I h i c ’ i u a , m t s i m  m a t  r , a t , a  ( E l , F , R I , ,miicl 1(2).

S m . P i t  I c ’ Fe ’  i m e ’e ’ ma i i i  t im e h o a a t  h aeu ~ eat  t hue ’ i ami h I t  m a t  t t  rat  t a t  We ’ Fe’ tat’ sI

dc Vt ’ 1 t aped  du r I ma g h e a l  h a of  I he’ smm nm rne ’r mae ’ma ,.,’aamas (.1 m m i v  197 ~a cand i t )  ‘7 )
lie ’ I e~c ’ , ’n H i cah  i I .m I ti l t I c ’ r t ’ m u e ’ema  we Fe’ I e’st d i i t t l i i c ’ t i l - i  wi Ote ’ r m am ad t j a i ’ I mig

W i l e ’ ii I h It’ la e ’ii t h a c a i t  ~c e ’ i t ’ i c ’s ma dc’ m at e mind tU tu Fe ’ iioau ioge ’ i_ Ie ’eac at . ‘l Ilt’ gca li - i s t im

l d m c ’ c 1 m m  m c m i i  I im r ea c a g tm m a t  r’.at it te ’,a l Ic _ In ca t t im e ’ cmv i re )mumn e’nl lae’I c a r e ’  r m a i i d o r n

t.a ma u hm I i  i-is ,m S ea lm l_ I eamat ’d C c i  ma I mmi~m 1 e’ r , m n e l cam aa  s c i i uu h a  i i mug ~a Fe ’ c_ I l l  I v cx j _ I e e’ t eel I c m he

~ re -~a l win’mu I he’ re’ ,a Fe’ 1_ i ro, c’ di I I e’ r e ’m ae ’c ’ s iii tile’ me,an min d !  c_ IF y am i t ,ami e ’ e’ le a n

I l i e ’ h m , a r cti a ic ’ t c’ rs mua e ’mt s t i t ’e’ei ( Ai uka u F , m t id E l  nag F e ’ ii  19 7 Ia ) . He’e’c~ttst’ cat t lie’ iii glu

w it hi mi—st rm i I cmiii t’.a r I m i n c e ’ mind he’e’ ma ca s e ’ c’ I ( l i e  cm h i qu t t e a u s  m a ci t tire ’ c _ I t  t h e ’

tae’iu t luc a s t m - i I best’ h amu h It cats , I hose’ e’onel it l e mm a s We’Fc ’ ne_ I t I de ’cu 1

tlt’ tat lie’s 01 umac a rs l a l imah i t at it

Sum . Au I maupear (nu t e _ I h j c ’e ’ t i Vt’  In that’ ma C cad let eat bent hos in t h a i at

b m ,a t a i l  ,a I eic’Vc ’ I m apm e’mu r prea ~a ’e’ I is t ea c eam 1_ Icm re’ the ’ ah tm n c i c iu e ’e’ , prt_ Iduc’ li v  i t  v

.tllel re’mae acar e’ e va [tie’ tat C tie’ he’nt h-mt _ Is iii ti - m e’ iaumi t’athm b,ah (ta t t cte ’vc ’ I opm e ’iat w i t  h i

I la,i C c i t  t i l t ’ i-m ci tea F c i  I i a a u h  It cat ma It t’e’p I ,ie ’e’d • The’ site’ c a l  I h a t’ d redgc’d

mmm ,t Ic’ r i ,a l mci rsh I s [mit -mel i t , i  ma ml s i uma I I a i W  baa a’ cmp r I ye’ r cat ci t m aa m a i i  i at 1 mind c-mm - i

t ime’ seacat h slue a ,a I eat t hat’ , l a amaae ’s Ri t e r . ‘l’he’ h u t ’c’ c ’X I att lag is 1 m un d mind baa a’

w e ’ Fe’ t he’nuse I t’e’s i_ Ireaei cae ’ l it c_ It drecl ge’el mm - it er t ail d iat i _ I t _ I s m il reset I t i aig frcam

iiha tai l c ’ t i . t l i e ’ e ’ ci Fecig I mag tat that ’ l l m a V  I gail Iot a c’hu a tmne ’ I o’.’e’ r ti -m e’ V e ’ci  u’s

l l cawe ’Ve ’ r , mia mi It’ r i , a  I haid t a t _ I t  l’ue’e’ta ta t ae’ed cat C he si t e’ t ear Se’Ve’ rmi I t’oca Ft

lid i I s’,i i-a pr e ’setnu e’el l l a ma I ti - me’ ha-i r wm m at e’cta I tag I c o i l  v s i m i  lai r Ic _ I  c_ It lie’ r
‘‘ ta ,i tu ar ,i l ’’ shoa l lm~ihi t~ats In l i me ’ r l v c ’r .

8 . M a e ’ r e u h e a a t  h aea s  c a t  t hat ’ hcm r mind s c a r r o t m i u d  t m - mg heat t una s wmms

Iii I c ’i uma ( y e ’ I v tmi ui1~
_I I. (‘ci It - i Nc m ve ’uiihc ’ t’ 1 9 7 - a  , c as I ~1’ Ic _ I l  t ea c c_Imme’tle’c’me’n t ot

t a u t t  Fume ’ I eat - i m ae ’ t I v IC I c’S , by l)i, m c’ ,a i-itt Boc’se’ ha (It) 7 7,~ 
‘0 . A 0.1)5—rn 2 l _ I m _ I 11d i  F

gr.ih w,as cased r i  t ime ’ r I hi .mn t hat ’ e’ore’ rs cased in tha i s itt u m d v  ; lu c aw e ’ve m t h e’
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I l’ c’.a t  ilic ’ii t c m l s ,t imm tm ic ’s , l ilt ’ I cad 1 115 ti c t’  I t u g ,  sa m i l  I m o  , cuiu ei slat _ c ’ it ’s

iIe ’l ,‘mium j a i , mt le am u s , w. a t  I c l e ’m’ a t  l~ ’ ,a 1 .  h” c a i  l u t i s t ’ m a t  . a t  ( t a u t c ’S t ime ’ 1a ca l ’ t I c a u i  a m l

t ime ’ h , m u -  c l  ,a I m iie ’ei lay t ile ’ hi _ al _ I l l  ~a I e t m l i s t  i’ t ac ’ t !ca lu , t 1mev Fe ’h a ca rl e’ci .a liie ’,tii

.ulat mne i cm u a o c’ c m l  ma i .i ,, ’ t e i l _ I c ’ti t t i t u s  ~ t ) c ) m a , e  I ma d iv! e l t m m m I s - m n ’  . a l ia t ha , ’ I c a w c ’ ~ h a t _ I n C  t e a t _ I

e a t  l ime ’ Ii i la ’ l t  m c l _ a  I ~a l’e’,a ~‘ ,m m; c ml I im , ’ 1 t i_ a n t I (1 - u ‘0 . I b at ’ I’c’ W , i  .1 m a it ’, a i u

dc ’iit I t ‘c u I  ‘5 - ‘ ‘ m mli’ — In \cm ’c c ’iim tm ,’F i i )~~~~~~~ I ( c m w e ’t’ c’ t’ m a t  gil l I I e’. m l u t  1 ~a ’ h i  ~ i me ’ I inc , aim

cie~i i t  i t  I c’s ~,‘u ’  t_ 1~ 0’a ‘0 e a t  ‘-m t a 2  
c~ . ‘iu m ’ W e ’re ’ I c itm ~ ei i i i  I lie ’ e’x t  e’lis I ‘,‘e I caW iaiat r mai i ,at

t h a t ’ e ’~~~I m L ’r I nie’mi t ,a I m c i  I e ’ (, i :, ’ ‘0 eh a m’  I m a e~ Nc aye ’uauhe-u ’ It) ‘u .  I ) e ’ i cm-m i t  Ic ’s a _ I t

ai m , - t ’ , a i , ’ i a t  h e a t  i m i  t ile’ m i i . a r s h a  e i t m u ’  I i l c ~ t i l e ’ st iml i i l i e ’i ’ c a l  I ’~ ~ (a . incl I~ ‘/  a,’ e t e ’ m u m t a e ’ t a

l i i  g tm e n s u a c ’ i m t i m , a t  f l i t ’ c ’ t e ’ i’ ,a I  I .11 1 sc ’,am a c m l m s ‘0 iiae’ am n tb-u t 11 V Wa at S.’ ‘~~
( 1 ii l i m u

I l ie ’ l o w  ma m .u rs ia V .’ , aa i t l  1~e~ IS ii i ’ l i - i  C lie sta lat !d,i I c ’l i , a rum ae It in t ile’ in, a rat tu

‘l ’h ie ’t e ’ We ’ re ’ l ime ’ a ’S l v  I W c i  lamul a It c at mat ra at ,m I mi e ’ I e ac h log those ’ m a t t hat’

t’c ’I  e ’ m e ’ m i c c ’ t i l e ’ wl mlc ’lu h a d  m a l gui l I I c ’ O i i t  iv h u i i ~hi e ’r ele ’n s I  l i e ’s ca t tea l cii

im , mc - Fe al_ Ie ’li t h eat I la ,a iu i.’ e ’ l t ’ I c a u m l l c i  e m i l  t Il t ’ pI’e’— e’cui _ I t t Fc m e ’t tea m a I i cat . l)t’V We’ (gl ut 
- ‘

h t ~amii. uts u h , m l .m We ’I ’ e ’ m a c m t  c c i i l , ’ c ’l  eel by l i l a , ’ ma t u e t bleae’te ’ii ( I c ) ,~ c’ m )  , h t m l  s i  ma c e’

I t I c ’ e’ u mm i umi a e a i u  i i  I t ’s l a m , ’st ’ui l l_I e m l  lu he ’ I c ’ l a ’ , i i i c i  .a I t c’ 1’ cle ’t’ c ’ I c _ I I a m ne ’m a l c a l  C lue ’ ii i.ui’ s t m

Wc ’ i c ’  t c ’ i v  mai mii i l.a u’ i l u cjt a .i m a t I C  ,a I I v~’ e’eafla ti c_ Is I t  l e a n  aim - mel  m a !  :‘ c c a t  l Oc h I v Ic1 t m , a  1 at

i t  as t ’x I ae ’c ’l  c c i  I i i ,u t I t i e ’ ( m ~a t  t c’r u u a t  c m l  ai i ,a e ’tcaheia t h eat hl c m i i i , a mama ti - item _ Il ( a l l  \•

i’ .a r ,a l Ic  I l l t i t e ’ c a t  c le ’i a s  m l  \‘

55. -‘t i i v  c ’ l  ,u u atanab e’ m - c m l  , a , ’ t t~u’ s aim _ a t -  h i a t V e ’ he ’e ’ua t ’e ’s p t _ I l i s  l b  1 e’ I e’F l ime ’

cm, t’ c’ ,a l c - n  . m h c m m a e l , u a u c ’ e’ c m l  mn~ue’ a’eahent l i e ’s  l am t i le ’ mi u ,it ’tiu . l’ r c a e h t m e ’ I I t u t u liv tile ’

t’, m m ac ’cm Imi ~ ve’e~e’l ,it t eal-i m ai. a \’ h u a u v c ’ l i m e ’ l’ c ’, t t e ’dl I lie’ t c_ It aei e’c_Ira t e ’mit eat mae ’el I nie ’nt

do iaos i t s W-im I c i a  i i F~ v i the ’ I lit ’ I F e m i a i i  I c  stm l ahae) I’ I I c _ I F  mile _ Is C c al I hit ’ bent I _ I c _ I t .

l I c m W’ c ’\’ , ’ t • t i l e ’ Ft ’ , t s t ’ S  i i i  l i me ’ , m h t a i i c l . a t i e ’e’ c_I t he’ti t hu ea~ lii I h a t ’ sllliilflt ’I’ pm ’t’e’e’de’d

I he ’ t a u 1 a c i t  e a t  I t u I I a r c m e l u a t ’ t I emt a tea I lie ’ teel I mfl c ’nt ma • i l l  h e r  I ma c ’ rt ’ai se ’ma c m l

c m i O , a m m  I c ’ n m .a t  em ’ i _ m i mmmv ha ,avc ’ he’e’ia clcae ’ (ne l li e ’,’ 1 1 v t e a  t lie c ’iaue ’t ’ Oc ’u i t

t c ~~, t ’ I.a t I can • wia Ic ’h l tIt an I ti~~ t lie ’ gt ’oW i mit ’, Se’disc _ I lm mmiv by mm h a u l  I h I u ig  e’ I I t’t ’t

c aU se ’ I it ’ rc ’ , a s e ’d t a ’c h I uaae ’iat .1 1 I ea lu . Shad I m a o  e a t  t hat ’  mae ’cl I nu emi t by I lie ’ eie ’nse ’

tt mama la ue ’r te a l I_ age ’ e a t  h t , m .ael l e ’ , av eet t ’ e u m u l  e ’c l c ’ i ’ I , a  , Pt’ I t ;atm e h raa , . a m u d  S , m a ’ , i I t . m i ’  i , m

mmi .iv hi.iv c’ .m I I eawe ’ eI I e’t ma  e’ X t  r e’t a me ’ l i t  g hu C e’uaa pe ’ r,m C tum ’e’s I o elt ’vc ’ I ta 1a c a l m t lie’ iiu , a i - t h u

ma t - el i iaa c’ta t s t u n  . ie ’ e’ I i m , u mi tutu u m aaVc ’ge’I .at c’el I I d a  1 1 l , m t  s. S o d i m e ’m i t

st , a h i  i i  .‘,aI l ean by l ilt’ 
~ 

l. mm ut s may h a,mv e ’ e’iui ici~~c’e’el the siim ’v i  v i i  e a t  l o t  , m m m i a , a

1- 1 m m , a  I I t ’  • I t i e ’ vei’,c’ t a t  I cii i  iii ,av h m , m v ~ tic ’ I peel pi’ot c-el I l ie ’ be n t  l i t _ I S  t l’ t a fl l
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l m F e ’ cI .t t I t aO liv I I sh ies  ,anc t h i  r e t  at ii itt e ’ti .m 5 C t I e ’ e’Xc ’ I c u i - a U re’ c ’ a m g e ’ an C lie’ tidal

l . a  t c ’ , a t a s e ’ d t f l e ’ rec i t e ’ .a h ta t i dmim ie ’e’ of  au amu c r e a h on t  lao s .  I a  t h a i ma rega l rd , i t  i s

ji lt c’ a’e’ i t t  I lls t e a  n eat  e’ C l m . i  I One’ ma pt’c’ it’s f cavore’d by t li e’ eXc 1 O sei re ’

e’xpc ’ F I hn e ’nt  , C tie’ cu t  i gt ee ’ t u . i e ’ t o  B r a n ch  i t m r a a  s cmw e ’ r h v i , wca at a common

I aa i a .mh I I  .a m a t  c a t  Ch i t ’  uli ma r m a h  wla t ie it was usc a a 11 v r am re’ c_ In  t h e ’  unve ’ge’t at Cod

1 1, 11 .a l i t l  i t  I ma in t hat’ eulae’uu r I Vt’ r

5’). ‘I’h ac’ ulu,ue’ roht’n C titu s wit bin I lie ’ Fe’ I t ’  Fe uue ’e in ca nsh d i d  l tat ex ta  I hi

t e a t ,a I d e ’ra ma i t  I e a t  t c u h s t  , a m a t  i .t l i v  g r e . u t e ’r I h i ci n C lie_ IsO kt tawmi tea r shau l i e - m w

heat t cams ia - i tile ’ .Janit’s R lye’ r ( I)iaz aim -me l Boe’mach 1977 ,u , 1 9 7 7  h)  . Ilowe ’ye’r

de’us i t It ’s w IC hut mm I tat’ ve’gt’ I ,a I ~et p
~ 

Ft  t o n s  of  t h e  miami rsba ( i t t  rca l m RI m ind 1(2 )

wore’ gre’mi Ce ’ r t iamai ’m em lieamave’ge I cat e’d li -ate r I I d cii bc-m t tons ad jmtceu’a I Co lime

taua rsh . l’ht’ Vt’ rv I lot ’  mac e 1 trne ’nt ma what e’h t’ha m i rcme ’ t a,’ r I z e’ th e’ re fere’mic c’ mim i rshu

m a a , a v  l u . u v e ’ t_ I e’c ’t a re’s peat -is i hi e ft _ I F the’ lower de’ns I I it’s of hot ha mac robc’n I taos

d ale1 time’ I t u h e ’aat he at I e acai a el C he’ re
c i i )  The’ maac rohe’nlhc_Is 01 t he  t ic ic i l t r e s h i w a t e r  James  River Is

clean In m i t e’d t a t  ~a roca soammih i ‘,‘ ma mma 11 n c ambe r c _ If  e ’u r y t o p i e , and hence’

c t h i q c m i t e a i m s  a t I _ I c ’ e’ i e ’s ( l ) t a z  1977 ; I i i . i z  min d Boose’hi 1977ci) . It is not

— 
seu rp r imai ng t h a t  t hat’ m .ucrobom ftheas ol t he ’  e ’X I _ I e r i m t ’ O I O l  m ii i d r e f e r e n c e

m , t r s t m e ’s W’ , at  qetm iti l tt mat l vt ’l v very sim il ma r Co that found wide’ lv in the’

eape ’ n r I y e ’ r • Tue clean m c m l mit - il -it’ I ic is  , l , i m n o d r i lu s  s ’ap . ( i m n m m i l u r a .’

1,1 mncaci r (l emma lit _ I t I mime I ma t e’ri , m im i el I i  veael r ( l a s  t 01111_It’ it c_In i , mmci t h e  dc_ In m a u l

amid [1 usc ’ (‘cu rhj c ’ei l a man!  l en s i  at i t  t h e’ ni yea’ we’re’ ci Ito deam i m iatat it Iaa t he’

nu.tu’siat’s . Ic ’ Ft,a in e’ camme_In s j _ I e t’ It’s in the capon r i ver stmch mi s t hat’ I ci rv mli

in s e ’c’t s  C e a e ’i o t , i a a ~’ 1m ems se’ct i a c m l a i r i s  aim -m d 1Iexa_~,~~~~ i m i n ~~ca ai m-ad t h e ’  o l i g o c h m i e ’t e ’

1,1 mnea dr ilu sa u r ea t c a t u d  Icta lam We ’re’ rat re’r i t  the marsh ham h l tots. Ctaiive’rse’ I V

t eV e’ rai l spec’ it’ s  ce_ Immo r a l y found in  ma rsh h-mat hi Ic-i t ma dun ing I hats st etdv We’ re’

cmti k n ow n e_ Ir were v e ry  rau r e  I n  t u ie  ope’m_I r tve’r . Neat cable .imia ‘,_Ig tlie’ate’ we’re’

se’ve’raa 1 Iorvca 1 in st’e’ Is , ( . h lr o n o m u s  SI_ I l_I . mind ‘l’anv ~~u m m a  s~
_ I p • cumeang t h e

(‘hat ream om ldaae , inei  Ii pu lids , t o  hc an I dma • mind e’c’ r,m I e_Ipeageaai I d m a .

91 . Ti-me at t rong q t iai m a t I tat I I ye .s int l airily I ma t h-it’ he’mut lute ’ I mic ull. u c_ It

Chit’ exiacrimentat I aa i acl re ’tcren e’e mmmrsii e’s • liii’ t (dci i. I lots , and Il-it’ c_I l_ Ie ’mi

Joint’s Rjv..’r ccantraist s with - i the ’ e’ca m imatdetc i t’ale ’ d i s s im tl a u r l tv of t h e’

tum muc reaht ’a-it taos e_ It p lam_ It t’d am-mel hmi re ci re’clged m~at e’ a’ I c i i  she_I a Is , maci iacon C
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‘ reeks • mind that ur,a I am a i s l a m -i - , r e p o r t e d  lay Canmem ( 19 7 6a , 1 9 7 6b )  . lie

stud tt’d two sat ’m dv se’,,l i t i m e ’fl t “ I t  c ’s i l l  ~, e ) i  t I m  C~a r c u J  m a  , one in  a h i g h

so l i i i  i t  v ( I ‘a tau t ) re’g l imit’ , a mue j  h i t ’  c a t  lie ’ t mnt ’soh~a line (7 t o  10 pp t  ) , where

Sj a m i r ( i u a , a  a l t t ’ r m m i  I l o i , a  had i - ’- e n  l - r I a l ’ ,
~V , I t  eel c al dredged material.

Abuaad,an e’e’ cat inmie’ rca ht ’uu t e a s  ~~,i  i-- ma: ~‘h ha m g l i c ’  r 1 m m  I m e ’ f l ( a ra V egCt c it ed  c’ reek s

I h i , ut i  i t a  t i - ic ’  nm,i r sia at I lie’ l i t  ~ l .  s a  I i m i t  v s i t e ’ . Sed I m o n t  I r a app t o g  ta t  t h e

1a r ca I a _ i s a C eel p l d m 1  ~ .11 ~ e ’ ci I he’ ~
- t o  v at  tei mu ~a t  C Im e’ sod i f luent  m a c a r t  , ac ’ e’ caus ing

tha t ’ eIeVt ’  I c_ I l~~i e’ a_I t - I ~, a u  , c ’ ~‘c ’  ~‘c m l , t t  t oti s c’ t l.a rv.i I Insects wh I c’ia we’r e  ra ro -:
,t t  l o wer  e l t ’v~a C i~ ’ m a s .  h e m s  • cea n t  rea l 1 t o g  ( l i t ’ e ’I eV.i t l e a n  c a t  a d r e d ged

in.i t e ’r i , m  I n i a r t l a  aa ,a \ be ’ c i  I t  I c - m i  t h a t  c c n 1 ~ I c i ~ c a p t  i n u i z i t a g  t he’ growing

condit ie ’ns o t dc ’s! m a ble ’ m m a , a r s l i  t a l e m a i t it h tm l ,  a l i c e ,  for t h e deve’lopmuuent of

the desired he’ia lim ca s .

~~~~~~ a .am t so ta ea t c x pa.’ a’ i m e n t a l
min d  r e t e ’ u ’ e ’ m a , - e ’ m: i .ars h e ’ s

c) 2 . i i i  e ben t  luca s c a t  t la o t ’ ~~~~ r I m I e n  t , a l m a r s h  ,i C W i n d m i l l  P o i n t  was 
- ,

~h I t l  e’ r c t a t  Ia se ’vt ’r ,i 1 r e spec t s  t Fain t h a I  c t  the reference natur ,’m 1 m a r s h

on H e r r i n g  Cr e e k .  I ’hue ’se ’ i t i c i tadt ’d d i f f e r e n c e s  iii spec Ies  c o m p o s i t i o n ,

abundance , aim -id h i o m m i s s .  There were  a number ot spec ies  of mac robemathos

. m e ! imi e’ i obt ’n th a os  wi - i t  e ta were  I ound on lv  a t ,  the reference marsh and ,i f ew

I oemnd only ,ut the t’xperimentai l mars h-i. However , the dominant components

c u t  the’ macrobenthos and  meiohenthao s were common te) both -i stIes. There

did exist some’ impe art ant differences in  relative abund,aa,ce of some

important spe’cies. For example , the oligochacte Peloscoiex

m em lt i se’tosus was consistent ly ahemndant at the reference marsh hut not

elsewhere. Several meiofaum ,m l ostratcods were also abundant only at the

r e f e r e n c e  nm ca r sh .

93. G r ’ a t e r  d en s i t  le t  of n~ae’reabenthos in the low marsh and

s u b ti d a l  e’h ian ne l s  of t h ue  e x p e r l m e m a l m i  1 s i t e  than  iii comparable h a b i t a t s

o f  the  r e f e r ence  s i t e  were appa ren t  in  t h e  summer. Althoug h the caease

of ttai s is not  obvious , it is possible that the very fine sediments

focand at the reference’ mmu rs h created conditions more stressful for the

benthos . Otherwise , it mah oetl d be noted tiat importamnl ditterence s

between the marshes existed in terms of vegetation , wa ter dra inag e and

— 
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circulation , fishes , and av ifauna .

Development of benthos
f o l l o w i ng  n aar sh  c o n s t r u c t i o n

c) 4. Over 1 year hias passed f rom c o n s t r u c t i o n  of time r e t a i n i n g

d i k e , t h e  p lacemen t of d redged m a t e r i a l , and the  c o l o n i z a t i o n  of the

e x i u e r i u n e n t a l  s i t e  by mar sh  l_ I l an t s  ( s p r i n g  1975)  when  t i - m i s  s t u d y  began.

However , because of the opportunistic nature of ti-me fauna ,

establishment of ti-ac existing benthic community in the experimental

marsh occurred very rapidly, at least by the fall of 1975. Thixotropic

dr edged material discharged on a shoal on the northern side of the

James River across from t h e experimental site in July 1976 wa s rap id l y

c o l o n i z e d  by macrobent lmos within weeks (Diaz and Boesch l977b). By 4

m o n t h s  the community in th is disl_ Iosal area was very similar to that at

an upriver control station. 
-~ -

95. The long—term fate of the benthos of th e experimental marsh

is u n c e r ta i n  and dependent no t on fua’th~r biological accommodation but

on m o d i f i c a t i o n  of the  m a r s h  iu a b i t a t .  C o m p o s i t i o n  of ti -me dred ged

material has apparentl y lowered the m arsh somnaewhat since construction.

With marsh development , how ever , conditions should be favorable for

deposition of new sediments which shotald compensate for subsidence.

More serious is ti-me erosion of the protective sand dike surrounding the

marsh. IXuring the period of this study , the dike on the western and

northern perimeters suffered substantial erosion , and ther e were

several washovers mind new inlets formed. Should a section of the dike

be com p letel y removed , t h e  ve ry  fine sediment in the  marsh  would be

susceptible to future erosion.

P r o d u c t i o n  of ben thos

9b. Determination of secondary production by the benthos is a

not oriously intractable problem. However , in order to eim’aderstand

potential trophic transfers from the berethos to fishes and wildlife , it

is necessary to consider production rather than the static properties

of standing stocks. The direct determination of production from the

season a l  samp l ing o f macr obe nt hos is no t poss ible beca use of the la ck

~1
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c - i t , car d i t t  i e ’ u l t v  i n  cie ’te ’rminlng , age classes of most  s p e c i e s  and t i-m e’

Ve’I’\’ r .a 1a l d  g r o w t h  mm d re pr c ac iea c l  i on  w h I c h  t a k e s  p lace in  t h e s e ’

~aopcm I a I  [cafl at cit opport eani st s .

‘) . At - i m m n m a l v s i s  i s  t h e a s  nec’ t’t s a r i l v  redeaced to  e s t i m a m t i n g  r a t e s

ea t hicam m iss turnca t ’t’r c o u p l e d  w i t h  m e a s u r i n g  t h e  s t a n d i n g  c’rop to d e v e l o p

c rude  e’ a t t  t mm a te a t  c i t  preudeac’t ic_ In • Even them -a the turnover rates measl v a ry

w i d e - I  a mong the m m te ’r c abe ’n t h i c  mind m e i o hen t h i c  sp e c i e s  fe - m um - i d ; p u b l i s h e d

t e a r n o v e r  r , m t e ’s ,a re ’  01 I on  no t  based  on sound d a t m u . Am-i a t t e m p t  w m a s  made

te ) use t u rn c ’t ’ c’r r .a t  e’t t e a r  t h e ’  t’, a r i o u s  t axa  w h i c h  mm u v no t  be a b s o l u t e ly

, lc - c ’ m m r . a t e  bu t  w lai c ia , a r e ’ believed to be re’~a 11 s ti c in ci relative sense .

h u m s  b ot W e e I u - ’h i a b i  t a t  and b e ’t w e e ’n — t ax o n  c o mp ar l  sans  caf est Imated

pre_ Iduction rmm tes can he’ made ’.

h i t ’ s t c in d t n g  c r o p  v a l u e s  ci ted in  t h e  p F o du c t  ion est  i ncites

t a r  mae’rohen thos  a re  the me m uns of Jealv 1976 and J e u l v  1 9 7 7  b i o m a s s .

These v c a l i m e -s  re ’pr e sei -a t s e a s o n a l  m a x i m m a . O n ly  J ea lv  1977 b iomm ass  d a t a

.a re’ .avm l i i m t b l O  t e a r  m e t o hen t h o s  mind onl y p e r m a n e n t  m e i o f a e a r u a were

e’o ns id t’red as m e t o b e n t h i a s  p r o de a c e r s .  The p r a d e a c ti o n  of t h o s e  s m a l l

fl1~t c r c _ I t m t t a n a l  i n d i v i d u a l s  cal  l e c te d  I n  m iu e l ob e n th o s  smam p l e’s is t h o u g h t  to

he reflected in  m m l c r o h e ’ m t h o s  e s t i m m i t e s .

99 • The ann etmi l r a t e  of hiomass turnover is mm f t a n c t i e u a - a  of t ime

l i t  e’ cv c ’ l t’ t u r n c _ I v e r  r a t e , the  ra t  ic _ I of a cohor t ’ s pr o dea ct  ion In i t s

51 . i t m e i i t ’ i g c’ r ap ,  aim - ad t i - me  n u m b e r  c-if g e n e r a t i o n s  or c a l -m a r t s  per y e a r

(~~e r l a e ’ii l~~7 1 ) .  Wma t e ’rs ( 19 6 9 )  f o u n d  f r o m  e’xm min a i t ions  of pub l i  shed

c h , a t m i  and I rcam t iu t ’e a re t  i co l  e’e_ I n s i d er m t i o n s  t h a t  life eve le turne_ Iver rates

t, a r freshwater benthic invertebrates ranged from 2.5 to 5. A l l  of the

t.ix .a w h t e ’ hu woFe i m p o r t m m n t  cant  r l b u t  ions to  h ioma ss  must  h m m v e  several

mi nt - metal  I ge ’ner ,a l i e _ I n s , e’xe ’ep t pe? r haps  t im e’ i n c - i l l  uses • Large  s pec ies

ge ’n e r .t i l v  t end  t o  have a I m m r g e  l i f e  ci’c l e  t u r n o v e r  m it - i d  cm f e w  ,annua l

generatIons , wi -mile small mt’ie_ Ifeamina l specie’s generaillv have a sm a l l c ’r

l I t  e e’v e ’ le t u r n o ver  mind  m a n y  miran d a 1 gene rmm l I c_ I n s .  The’ h i g h  t e ’m p e r a m t u r e s

w i - i t c h  mire ’  I e_ Iem nd in  t h e  t i d a l  James River fe-a r ta I c_ I 8 mon t h s  c- if t h e ’  year

eund c_ Ieab todly e’auase ’ s h e a r t e r  genera l  Ian t I m e  mind me _ Ire r a p i d  t em r n o v e r

( C e r l m i t ’i m and Sc ’ l i r i g c ’ 19 7 l ~ t h a n  is seagge ’sted In  mos t  of the  l i t t ’r c i t eart ’

47
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w h i c h  i s  based on s t u d i e s  in cold w a t e r  lakes  or bore cm l m a r i n e

e n v i r o n m e n t s  (C er l a ch  1 9 7 1 ;  Johnson 1974) .  Th us , although time turnover

rates eased here mire greater ti-mat -a the’ 2/year am-id 10/year commonl y used

t~~r macrot atem na and meinfauna turnove r , respectivel y , they mmi v well be

be c a w the rem-i l turnover rates.

100. Turnover  r a t e s  of 10/year  and 14/year  were  app l ied f o r

oligoa.’haete ’at ~Itid chiranomids , re’spectivel y. These were based on the

observat ions of Johns-_In (1974) who reported rates at least as high -a as

these tar warmer waiter environments in Lake Ontario . Annetal turneave r

eat  Co r b i c u l a  m a n i l e n s i s  was est  m a t ed  t o  be 3.5 , based on the  a -
,

c o n s e r v a t i v e  a s s u m p t i o n  c ) f  ,t 3.5 life cycle turnover rate am-ad One’

gen e r a t i on per yeaar . Fe_Ir meiotauna t he following assumptions were

mm-ide :

Taxon Life Cvc’le Turnover Rate Generation/Year Annua l Turnover

Ne’matoda  2 . 5  8 20

Copepoda 4 4 16

C ladocer a 5 3 15

Os t racoda  5 3 15

O t h e r  3 4 12

101. These t u r n o v e r  ra tes  were app l ied to  summer h iomass  va l cme ’s

to L s t i m a t e  p r o d ea c t l o n  of m a crofa ean a  and m e i o f m a u n a  i n  t h e  v a r i o us

h a b i t a t s  ( F i g u r e  2 2 ) .  These c o m p u t a t i o n s  i n d i c a t e  t h a t  macrobent h ’aos

p r o d u c t i o n  at t he  e x p e r i m e n t a l  mar sh  was v e ry  much g r e a t e r  thai -a  mi t  the

reference mars h-i or on t he  u n v e g e tat e d  tidal flat. On th a  o the r  hand ,

meicat c i emm ia l prod eactic an was seabstantially greater mat ti-me reference marsh

thain in comparable experimental site hmihit ats. In fact , the estimated

p r o d e a c t i o n  of me ioben thos  at the reference marsh was nearl y equal to

t h e  prodeaction of macrobenthos . T o t a l  production of benthos was

highest in the low marsh mind suhtidal channels at the experimental

site , and this was overwhelmingly attributable te a h igh  o lig o ch a et e

prothactIon. At the reference marsh , oligochaetes were less pradetctive ,

mi nd meiofaeanal crustaceans (ostracods , cladoc eran s and copep ad s) were

48 -
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.as p r o d u c t i v e  as or more i r o d u ct i v e  t h a n  the oligochaetes.

102. The consistency of Il-mi s basic pattern in all three marsh

habitats indicates that important difterences existed in the biological

- s  structure of the communities between thie experimental and reference

marsime s that were less obvious In considerations of the d i s t r i b u t i o n

at-id d e n s i t y  of species of benthos . The p o t e n t i a l  of an i n t e r a c t i o n

between macrofauna and meiatauna is suggested by these results.

Althoug h ti-mis could be a direct interaction , e.g. the sparser

mnacrofauna ot the reference marsh allowed Larger melofauna production ,

m ore  l i ke l y  l~ is a r e s u l t  of common f a c t o r s  ~m c t i n g  on bo th  components

w i t h  d i f f e r e n t  r e s u l t s .  T h e r e  may have been ditferences in sediment

n m i c r o h a b i t a t s  b e t w e e n  t h e  two  s i t e s  w h i c h  a r e  not  a d e q u a t e l y  r e f l e c t e d

in  the measured sediment variables. A n o t h e r  important mechanism

a f f e c t i n g  c o m m u n i t y  s t r u c t u r e  mu -m ay be d i f f e r e n c e s  in the  intensity of

1_ Iredat ion.

Relationshi p to fishes and wildlife

103. Parallel investigations of fishes and wildlife at the

experimental site and ti-ac reference site demonstrate the key role of

the ben thos in trophic support of these living resources. Most of the

f i s h e s  and many  of t h e  b i r d s  f o u n d  at the  s i t e s  f e d  e x c l u s i v e l y  or

heav i ly  on b e n t h i c  p r ey .

104. The food habits of five fishes were examined (Part Ill),

and melobenthic Crustacea , larv al ch i rono m ld s, and juvenile Corbicula

we re the numericall y most important prey items . The spottail shiner

(Ncatropis hudsonis ) was the only fish -i wh ich fed heavily on Corbicula

w h i c h  comp r ised i t s  major prey item at the experimental site.

Meiobenthic crustaceans , mainly cyclopoid copepods and cladocerans ,

were mare heavily preyed on by the spottail si-miner at the reference

site. The creek chubsucker (Erimyzon oblongus) was only taken at the

reference site wi-acre it preyed almost exclusively on mneiobenthic

crustaceans , especially ostracods and cladocerans of the genus Alona.

The channel cat fish -i (Ictalurus punctatus ) preyed mainl y on ch i ronom ids

and crustaceans. Cladocerans of the genus Sida and harpacticoid

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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copepods were particularly important prey items. Sida was notabl y rare
in samples of me ioben thos and was probabl y assoc iated with the marsh
plants or associated periphyton rather than the sediment surface. The

muciamichog (Fundulus heteroclitus) fed heavily on os tracods ,
par ticularl y Physocrypta, and copepods. Chironomids were important in

the diet of specimens collected from the reference site. Juvenile

white perch (Morone americana) had a diverse diet in which Bosmina

longi ros t r i s  (c ladoceran)  was p a r t ic u l a r l y  a b u n d a n t .  Bosmina

longirostris is primarily a planktonic cladoceran which is also an

important constituent of the food habits of pelagic feeding herr ings in
the James Rive r  (Burb idge  1974).  Chironomnids (especial ly at the

reference site), other benthic cladocerans , os tracod s , cyclopoids , and

cerato pogonid insects were also well represented in white perch

s tomachs .

105. Perhaps the most striking feature of the food habits of

these five fishes is the very impor tan t role of meiofaunal  cr ustaceans
in their diets. These faunal components comprise a relatively small
por tion of the biomass of the benthos , although as discussed above they

can be important producers. Their apparently inordinant importance can

be attributed to several factors: (a) the assessment of importance was

based on numbers of individuals found in stomachs ; thus , these small
crustaceans may be less important in terms of biomass consumed; (b) the

f ish specimens analyzed were mos tly small spec ies or small ind ividuals
of larger species which can be expected to feed on melofauna rather

than macrofauna ; and (c) these crustaceans are epibenthic and motile

and thus may be more obvious and available prey (Macan 1977).

106 . The oligochaetes which usually domina te the biomass of

benthos were noticeably rare in the reported food items . However , they
are without an exoskeleton or resistant integument and thus are very

rap idl y digested once consumed by a fish. Oligochaete setae were

frequen tly present In fish stomachs ; however , the Importance of

oligochaetes in the diets was very hard to quantify. Tubificids are

long and thread—like worms which live in vertical burrows with their

‘ 4-
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anterior ends at the base of the burrow . Their thin posterior segments

of ten project out of the burrow wi-men covered by water to assist

resp i r a t i o n .  The o li gochaet es  can r a p i d l y r e t r a c t  t h e i r  p o s t e r i o r  ends

wh en d i s t u r b e d  mis  m natural escape response. In this way they may be

able to a v o I d  predation by these small fishes which do not forage

deep ly in the sediment.

107. It is difficult to assess the relative value of the benthos

at the vm irious habitaits studied in trophic support of fishes. The

reference marsh was more productive of the small crustaceans so

i m p c -mr t m a n t  in  the fish diets ; however , the experimental marsh apparently

supported more of the fishes. The h ig h marsh was largel y i naccess ib l e

to the fishes , but even though they could not be sampled in the low

marsh proper , the fishes actively feed in this habitat when it Is

ineandmatcd. The subtidal channels within the marshes were particularl y

important habitmits for the fishes. These channels and pools provided

refuge at low tide and were particularl y productive of small epibenthic

crustaceans important to the fishes. The marsh habitats (inc l uding the

mi ssoclated channels and pools) provided protection and food resources

not found on the exposed tidal flat. It thus appears that these

habitats are beneficial to fish production.

108. The assessment of feeding behav ior of bi rds I nc luded as
part of the wildlife studies (Part V) indicated that over 20 species of

birds which were observed feed largely on aquatic invertebrates.

Semipalma ted sandpipers (Calidris pusillus) and western sandpipers

(Cal idris mauri) foraged over the intertidal flats , particularly on the

large flat to the east of the experimental marsh. These shorebirds

were also found within the marsh during the winter when the vegetation

was reduced. They feed by probing the sediments probably fo r

oligochaetes and insect larvae. Within the marsh , common sni pe

(Capella gallinago) were found throughoeat the year , but in greatest

abundance In spring. Snipe probably fed on moderatel y large pr ey such

as the snail Physa, aquatic and terrestrial insects and , perhaps ,

oligochaetes . Pectoral sand plpers (Calidris melanotos) also foraged in

at
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the marshi in ea r l y s p r i n g .  Kildeer (Charadrius vociferus) were very

common mind were most often observed on the more exposed shorelines.

109. The degree of reliance of the wildlife resources on the

benthos is difficult to quantify but appears to be considerable.

Accounts of the specific feeding habits of ti-me birds in this study are

lacking, but there is amp le documentation indicating the importance of

benthic invertebrates in the diets of many shore and wading birds

(Ho lmes  1966; Recher 1966; Chamber and Mi lne  1975; R o f r i t z  1977) .

Conversely ,  it is difficult to assess the effects of bird predation on

the benthos. The predator exclosure experiment conducted on the  tidal

flat at the experimental site , the habitat most intensely utilized by

wad ing b irds , suggests that these effects may indeed be considerable.

Summa ry

110. Marsh habitats at the experimental site of Windmill Point

had generally sandier sediments than comparable habitats at the

reference marsh mat Herring Creek. The fine dredged material of the

experimental marsh had become mixed with sand from the dike built to

r e t a i n  the dredged material. The reference marsh was more protected

from waves and currents and had sediments totally comprised of silt and

clay with higher organic content.

111. Because of astronomic and meteorological phenomena , tidal

height and the degree of inundation of marsh habitats were greatest in

the summer and fall and lowest in winter. This may cause more

stressful conditions to marsh fauna in the winter and spring.

112. The macrobenthos was qualitative ly and quantitatively

dom ina ted by tubificid oltgochaetes and larval chironomid insects. The

Introduced bivalve Corbicula manilensis was also very abundant in some

habitats. Oligochaetes of the genus Limnodrilus we re the numer icm a l and

biomass dominants in most of the habItats.

113. The total density and blommi ss of macrobenthos were highest

In the low marsh and subtidal channels of the experimental sIte .



Intermediate density and biommmss were found in the hi gher m a r s h  at  h ø l h i

sites m ind In ti-me low marsh at the referetice site. Lower v a l u e s  were

found outside ea t  t h e  marshes  on a d j a c e n t  t i d a l  f l a t s  and on su h t  1dm - i l

b o t t o m s  claimed by ti -me tuabi ta t development project. These

between—habItat di fferences were attributable mainl y to differenc es In

popu la l  m a - ms of ol igochmietes

114. Ti-me d e n s i t y  and biomass of mac r o h en t h o s  v a r i e d  sezis onai 11 y ,

with highest v a l u e s  in ti -me summer and lowest in  the winter. Ti-m is i s

m it tri h utm ab l e to more stressful conditions in w i n t e r , ti - me p r e sence  of

p lant cover i n  summe r and life cycle patterns.

11~~. Sp e c i e s  d i v e r s i t y  of nu a c r o b en th o s  wals h i g h e r  a t  t h e ’

re t er en cc ’  s i t e  t h a n  in c o m p a r a b l e  h i a b i  t a t  s at t u e experIm ent~m 1 site.

T i - m i s  wams due b o t h  to  the greater richness (numbe r of s p ec i e s )  mit - i d

g re at e r  evenness  ( less  dom i n a m u c ’c’ b y a f ew  s p e c i e s )  m i t  t h e  r e f e r e n c e

s I t e  h a i b i t a l s .

I ib . The exp er  [mental and reference marsh haah t tat s were mm Iso

separabl e on t h - i bm a si s  at  ti -me spec i c s comp os  it I on of t h e  ma le r o h e n t  hio s

The r e f e r e mi ce  m a r s h  had more tin i que species , h ut  seve r a l w ide  I v

d i s t r i b t a t e d  Sp e c i e s  w er e  more  common a l t  t h e  e x p e r i m e n t a l  m a r s h .

117. Protect tom - a of t. id m i l  f l a t  m m a c r o h e n t h o s  f r o m  pr e dm i t I o n  b y

m e m it i s  of .a c-i cxc 1 osu re cage ’  r e sma I t  t’d I n  mu 3 — f o l d  I n c  r e aa  se I n dens  i t  v mind

a 4 4 — t o l d  i n c re a s e  i n  b l oma ss  over  the  su r r o u n d I n g  h - ma - m b i t  at  . Thu is

s u g g e s t s  tiuma t pre dm at I o n  b y f i s h e s  and b i r d s  p l a y e d  m a n I m p o r t a n t  r o l e ’ t m - i

s t  r uc l  taring t hi t ’  bent h i  c c o m m u n I t y  and t h m m t  t he p r o d u c t  i o n  mind r e s o u r c e

v a t  tae at  t h e  ben t  has wat t  Id he mat -ide rest I m a t e d  b y s t  m i n d I n g  c rap  vs t i mate.

118. M e i o hen t i u o s  was samp led an t  y d a a r i  ng t h u e s t ammer  of 1977

i t  t e r ana l vs I s  at  t I sh f o o d  h a h i  t s showed m et  otmi atna to he I m h _ I O r t a n t

cam ponen Is . Ti-it’ permanent mel ohen t  has was conupr  I sed h-a r! nc I h - i a - i l l  V at

nema lodes , c I a m d o c er an s  , a st  r a ic od s  , aim d cop ep ods . The detus  I I v  m t

me ! ohenthos was grea t e s t  i n t hit ’ low m a r s h a  , smiht ida I c h a n n el  , and t i d a l

I l a i t a t  t i e  e x p e r i m e n t a  I sIte . h i owever  , a ’ st  im at e d  hiomass wa-is gream ter

i n  r e f e r e n c e  s i te  hat hit mats t h a i r i  I n  com pm a rab  I e cx per I m ent  a I s i t - i ’

habIt m i t  s . T h i s  wmm s due t o  h it’ gr emi  t e r dens i t  It ’ s at  c r u s t  a c e m i m i  s a t  t he



reference site.

119 . P r o d u c t i o n  e s t i m a t e s  showed t h a t  in the  r e f e r e n c e  marsh

m e i o b e n t h os  were n e a r l y as important producers mis m a a c r o h e n t h i o s , w h i l e

nac roben tho s  p r o d u c t i o n  (principally by oligochaetes) was overwhelming

In experimental marsh habitats. Althoug h-i total prod taction of henthos

was much h i g h e r  in  e x p e r i m e n t a l  mar sh  h a b i t a t s  t h a n  In  t h e  r e f e ren ce

nu ar sh  or  on t h e  open t i d a l  f l a t , m e t o b e n t h o s  p r o d u c t i o n  was g r e a ter  In

r e f er e n c e  marsh  h a h i t m a t s .

120. The benthos of the habitats i n v e s t i g a t e d  p rov ided  c r i t i c a l

st tppor t  of f i s h  and w i l d l i f e  r e sou rce s .  F i shes  f ed  l a r g e l y  on

m e i o h e n t h i c  c r u s ta c e a n s  and insect larvae . Oligochmetes which were so

a b u n d a n t  w e r e  ap p m a r e n t l y  not  h e a v i l y p reyed  on , a l t h o u g h , because of

the  r m apid  di g e s t i o n  of these  s o f t — b o d i e d  f o r m s , t h e  a n a l ys i s  of s tomach

c o n t e n t s  of the  f i s h e s  pro baah l  v u n d e r e s t i m a t e  t h e i r  I m p o r t a n c e .

S h o r e b i r d s  w h i c h  prey on h e n t h ic  in v e r t e h r m i t e s  were  i m p o r t a n t

components  of the  m i v i f a u m i a .

54



- ~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~
i--’

~~~
-
~~~~~~~

PART I l l :  AQUA ’!’ IC ill  ULOCY——N EKT-iJN

R.  K .  l ) i a m s  • ~l . V.  ~I e r r i m i e r  , and M. I t c d g c p e t t m

h i t r a a e i e m c  t lai n

2 1. The m i e k t  aa m s cmh p r o j e c t  wa s  to docam aait ’ait the qu a i l I t  a t  I ye - im ad

q t a a a i t  i t  .1 I I Vt ’ cha aa uge s i i i  I t ie  tu ck t o n i c ’ commam e at i  i t  v a f t em ’ b aa h i t  a l t

J c v e l o p m i m e a i t  • s~aee ’ i t  i c a a  h l y  ( a )  tea r e l a t e ’ p a a t  t t ’rns  a a t  m i i i i - i u i a i l  use to I hue

v a s e  c m l  a F p l a n t  com u mum i i t  v aim -id t he p hays  I c a l  e’h i m - i  r a e ’ t t’ r 1st l e S  a - i t  t h e ’

d r ed ged m al t  t ’ F t  a 1 , ia ud ( b) to  desc ci  he t t ic changes  I a a e f ea m i t  Ic ’ blot ma

t e a l low h a g  t he cii spa - isa I of d red ged mmmm t c c i  a I ~n uei s i t e ’  deve 1 opmum e ’m i t

1 2 2 .  P r e v I O U S  St cad Ic  s on t I shes of time t i da 1 t r e shu w a  t e’ r reg I cam - i a t

hi’ J a muu cs RI ye r are t ew , ai m - m d di’ ta i l led dat t a can t I sh ies I nh i a i b  E I I mug t h e

m a r s he s  m a - i - m i t  shia I lows oIl I i i  i s  r e g l o m i  a t e ’ t ’spec [a I l v  I i mma l f e e l . R aine v

I 9 ’ 0)  reviewed I cml ormmm m a I I on on liii ’ t r e s h i w m i  t er I i sh ies  a I I lie J aia u ue s R i  Vt ’ r

am i d tue - i t  ed iu aa t  p i edm imoa ’m t ,an d co~ast . a I  1a l a i n  I I shes had het ’n l i t  t he

- ‘  
s ta t e !  I eel . ‘flit’ I eaoel h uaih  i t s  a cr id d i  St r i htat iot a at  t i sties I corn a teawer

~ i e’dmuo n I I c i  but  m a ry  cut  t h e  J im a ’s R I Vt ’ r were st  ta ci t eel t ax ’ F team -icr mtnd

Woo le’ot t ( l9hh ) . J en s e a -m (1  ~~~i’~~~~) , I m i  . imi h a v e s t  i gai t l omi at  t h a t ’

c tuv  I r o tumn e t a  t a i l  a ’ I Icc t S at  t lie F a tim a 1 dI Sc ’ im~a rge I corn a ai e Icc h r  i e’ gene rail ing

p l m a a u t  , caHudeic ted I I sha St mm d l t’5 In t h e  I I  alma I ,himmes RI vt’ r hi’ t we en  hte pewt’ 11

, t m m d  R h  e• haa iotud , VI rg i t i l a . Stud I e’s coau d am e ’ t t’d h~ V I MS a - i a - i I h u t ’  t r e sh iw a i t  cc

I sites e a t  t h e  James RI ve r  ta~iv e abe’ , It pr Immm .a r I l v  w I t  hi m i t a m i d  r oau u oc m s spec ’ i t ’s

(Burbidge 19i’2; tloaagtmaa aau et • a t .  1 9 / i ;  W e mav t ’r 19 i’ a ;  ~a m i d  Lo escha am - m d

Kr I et t ’ I 97h) hut himav e  p r o v i d e d  i m a t  a i r m ai l  i o t a  can t ime d i  St  ci  b t a f  I can aa i ie l

a hundainc e e l f  at  im e r spec it ’s.

Mater I a l s  m an el Met hmoel s

I 2 I. Quit Ft  ‘ r lv s.a ali l a l i t - m g  at mu c k t o a  w , a  a c eutud eac t eel i a - i  Oc teabe r l~~ ’ ma

net Fe’ b rtaa r v , A 1-i r I I  , ‘and i t t  Lv  1 ‘417 (A ppend ix II’) . fl~m v ( 0 1 0 1)  to I 9t )t )

h m otm rs RST) ai am at a - it ghi t (1900 to 0700 hotars EST) smmmp 1 es we’ re cci lice t e’ci ~it

hue e xp e r i m e n t a i  I and  r e t  er cnc’c slI t ’s .  S,aiup I I  m g  st  ~a t  t a - i a - ms  ( Ft  g l a r e ’ .‘ 

.11 L 1T~~~~~~~~~~~~~~~ ‘s~wou:irnllarap d’~ - ~~~~~~~~~~~~
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ai m -mci gt’.tr used were  as t o i lo w s :

a.  E x p e r i m e n t a l  s i t e  ( W i n d m i l l  P a l m - i t ) :
( E L )  M a r s h  i n t t ’r i o r , 6 m i n n o w  t ramps .
( E 2 )  M o u t h  of d i k e  b re ach , 1 f yke net.
( E 3 )  M o u t h - i  of c u l ve r t s , 1 f yk e  n e t .
(E4) Ilairshi exterior , 6 m i n n o w  t r ap s .
( E S)  M~i r s h u  e x t e r i o r , 3 he ame ’h s ei ni n g s .

b. Reference site (Herring C r e e k ) :
( R i )  M a r s h  I n t e r i o r , 6 m i n n o w  t r a i l - i s .
( 1(2 ) Marsh  interIor , 1 f yke a-m et.
(Ri) Ma r sh  exterior , 6 m i n n o w  t rmaps .
( 1(4 ) M a r s h a  e xt e r i o r , 3 heaa e ’h se i nin g s .

124 .  Fyke a - m e t s  a i t u d b a i t e d  m i t - mt - m e - mw I raps were se’ t m i t  t ime t i m e ’  e a t

p r e d l e ’ted h i g h w a t e r  ~ind w e r e  r e t r i e v e d  a f t e r  m a p p r o x in a a i t e lv  1-i h u o t a r s .

Thie beach se ine  h u a u l s  we re  made wi - act - a t u e  ebb t i d a l  v e l o c i t y  was

max i an tm m. Each sc ’ I r t e  iuau l  was m m b a u t  46 mum lo t -mg acr i d was  mm m d c p a r a l l e l  to

t he  shore .  A p p e n d i x  I ’  contains descri pt Ions of samp l  Iaig gear. All

s p e c i m e n s  e’eal lee ’ ted were  p re se rved  I n  t h e  field I n  mm 104 s o l tt t  h a i t i  of

h u f t e r e d  t o r m m m t i n  w i t h  gl y c e r i n .

12 5 . Day at-id n i g h t  wa i te r  smmmp les were  c o l l e c t e d  in  dup l  ie ’m a t e ’

concamli l t a - i t - m t  l y  w i t h  n e k t o n  saanp l in g  t ram m i d — d e p t h  at 4 loc amt b ias mit the

e x p e r [m e m - m t~m t  s i t e  and I loe’at ions  at t i-me referem e’e s i t e  ( F i g u r e  2 3 ) .

I ) e t er m ln a t ions of t e m p e r m a t t a r e  (°C ) , sal i n it y  ( h - m p h )  , and d i s s o l v e d

o xy g e n  ( IX) , m g / I )  f a t  lowed proced ures of the  E n v i r o n m e n t a l  P r o t e c t  Ion

Agt’ncy (1974). A p o r t a b l e  pH m e t e r  was used t o  d e t e r m i n e  p11, ama - met ma

port~a b l e  c o l o rim e t e r  wa m s used to m i mi , a l yze t t m r b l d i  t y  (JTU ’ s)

121 -i . la-i the laboratory , the preserved spec itnens were  i d e n t  I f  led to

spe c  it ’ s , c o u n t e d , auue mist tr cd Ic-m r totm i l length (mm ) , mat - i d we igh ed  ( g ) .  In
lar g e Ct)i lee’t ions , stibsamp les of 2 5 sp e c I m e n s  per  spec ’ les w e r e  r an d o m l y

Si ’ lee ted t e a r  l e n g t h  a- it - id wei ght  d e t er m  i n m a t  j e ans  • Nom etw I at  ta r t ’ at t I sh u

spe~ Ic ’S to  1 lowed B ai l  Icy ( 1 9 7 0 )  W I t h u  aa nc ’  exe ’e h t  ion ;  that’ silver v ma-i It -mt - me - m w

(tlvho ~ n~itiius ret~Iti s) wmas cota s idered a sc’p a ra te  si -ice’ Ics Ire - m au l  I~~h aaa ~ a am m t  f a c t s

a u ua ’h a l i s  is sugges t ed b y P f l I e ’g e r  ( 1 9 7 1) .

1 27 .  A l t e r  jare I im i n ~i r v  e’omp a h a t  Ic - ia - a of t h e  O c t o ber  c m i  I ch u da t a , ‘a

sI- it’c ic ’s (spot t a i l  I shiner , N o t r a a p is  h u d s on i a m s  ; e’ ree’k e’hu t a h s m ae ’kt ’ r

t’~r i r n y z o n  oh I am~ amS ; chaanaw 1 eaI 1 f t  st a , I e ’t a  I tiFtis j inet m i t am s  ; m a t m m i c ’hu og
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Fundu Itis hit’ e roe lit r a t s ;  a-it-md wia i t t ’  p e r ch - i , More - ia -me  mina i’ r I c alm - a m a ) W e r e ’ s-i’ lee t ed

t a r  s t u d y  oIl  se’x • e’onch l t  h a i t i  of  gonmi ds , ma st ’ , growt ha , mi t -m d food limihi ts

Ahtm n eia n c ’e , h i e a m , i s s  , I r equ c nc ’ v  c-i f occ ’ta r t ’t’fle ’e ’ • mit-ic ! t rop h i c ’ l e v e l  cut the

-ii i - i ’c t t ’S we’ re used ,a s s ’  lee ’ t io t  ~‘ n t ’ r Ia.

128 . Chia m a i nt ’ I c a t  t I si-i were atgt ’ el has ’ c’ ross  see’ t Ion s  I ram t h i e ’ pt’ c-i x i mi ami 1

p o r t  t a n  c- if p e c t o r a l  s p I n e s .  Tha t’ r e a n a i i n l n g  spec ’ h i ’S we’re ’ aged b y se’a lt ’ s

us i t-mg ant ’t hcicl s i ma Laig I c r  (1951-i). ‘rh c f a t ’mc a Ia cit  Poo he  ( 1  9 a  I ) wa s used

f o r  h.ick — cail cta lm a t ian eat gr o w t h - i .

129 . St c ) tma m lc ’h u s m a t - md m t  est  In c’s 1 re -mm a anm ix I mta m ma of 2 ‘a I I shu p er  spec ’ it ’s

I u t ’r c’al lt ’e’t ion  wer e ’ ex m ina i t i t ’eI b y t hat ’ B o t g e ’ se - i mu ( l 9c i  I )  rma e’ t hue-id . A 2 ‘a—anna

st ’gflae ’t at e’ t t ha t’ a i m - it t’ r La r gas t re -i t t- i t c’s t i a - m e’ w ,a s asee l t a r  t h e  e’ a’i’ek

t’ h - m ubs e ac  ki’ r wi - i I c l i  I ~a e ’ ks a we 1 1 Ia rmmt e d s t  ommae ’h m . cl am, ’ — m l  set hsm tnala 1 i’S

I e aa ad con en t ic f r o m  c rt ’e’k c h i t - i  h stac ki’ r i m a t  c’s t la - it’s we re’ t ’xmam n I am e d w i t h - i  .a

St’dgw 1 e’k —R a a  t I e  r c otan t  tm - mg c’ e t l  . Food a rgan i mui s we rt’ I d e a u t  I t  f e d  t o  t hai ’

1 owt ’st ta m x onoaaa 1’. l eV i ’ 1 pass i h 1 c • At t e r I d e n t  i t  teai t i c a  at t m ax m i , nta aua ht ’r

at a r g maa - m I san s .a m iel  vo Ium uit ’ (when  m e . a s t a r m m h h  e ) i e  r t maxo r a  Wi ’ re de’ t t’ ran I ned t e m

ha I I  s fa  s m  .~c t a - m t  t’ rv.i 1 .

1 10. \‘ olcaauaes  per t . ix e aau  c aa cm lel s e l d o m  he’ de’t e r a a a u r a e d  w I t h - i  1-ire’c’ l i i o n

he’ c’ , i m m s e  cci t I - i t~ pr e ’ia e-mncie rm mnct ’  a-i t p i m m a i k t  on I c .mnd ant’ l a h e nt  l i i i ’ earg~a n I  smau s In

t hat ’ s.imu p i t ’ic .  I t t 1 ’ se ’ organ  i san s , m a l t  iu a ta g ii fl ume’ r I~’ all v i m p a r t  mat - i t

r c ’qt a ea t i v  c - i c c t a r r e d  I a  t r a c e  v o l t a m c s ( le s s  I h a t a  0 .1  m l ) .  We bet ieve’

naeas ta  a’t’naea -i t e’r ro rs W e’ cc t , - i a u l.a rgc I ri V c I  unue’ t r I~’ etc t t ’ ran i t - maa t ho t - ms  t o  v I c Id
meant m g t t a t d .mt a;  t h e r e ’ I a - i r e ’ • nta mu a ht ’ r ~- i t  c-i rgaan I sms pe’ a t ax on cxc i m as l v i’  l v

waiic t as ~’ti .a s ,a r t ’ i am t I ye me . i s t a r e ’ a- i t  l r n pca r t ~i a ue ’c’ a - i t  t o a d  i t t ’anic.

R e s u l t  s

W , at er  pta l i t  v aaiai l v i i  I s

1 1 1. Water tt~mpt’t— .at ta rt’ r , a a a g t ’ cI r am ~ . 0 t o  12. ,‘‘‘e I, i, a hl c’ 1 7 )  . a tu d

t’xtil hl t c ’ ct .aaa ex p e ct e d  s e . a s a ’m u a  I t t e a m a i  W i t  ha ‘w~’ a I e’m pc ’r , a t  m a r e ’ s

a ’m i ~~o e a n t  creel It - i  Ft ’h ru . irv  aiaud b u t  ghie t t ,‘m p e t . a t  m a t , s  i i i  . ba t  I v .  ( A  c a a n h u l t ’ t  e

I I  st I a - m g  a - i t  r ick ton Wa I e m -  pta I a t  v ~h ‘ ‘ .. m ia g l v , ’ a u i a - i  -‘ pj-it’mnl ix .1

~ 
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Bt ’tw een—si  te m and w i t h i n — s i  Ic dit ferences were s l i g h t .  Day t e m p er a t u r e ’ s

were ’ hi g her  t h an  n ig ht , and t’bh t i d e  samples  ha -id a h i g h e r  t e m p e r a t u r e

th -m man I lood tide smamp Ii’s.

1 12. The t o t m t h ram -age ia - a phi was f r o m  6 .8 t o  8 .7  (Tmahle 1 7 )  w l t i a

t’55t ’flt ta - i l iv  no d l i  feretace in  m ema n p hi be tween  smam p 11 rug s i t e s , I lanes

I ides , e)r St  at ions .  ‘rh -me sem san m m I p it p m a t t e r a - m  d i i  f e re d  tea r t h a t ’ 2 sites

suggest ing a s i t  c— s e a s o n  I n t e r a c t  lou .

1 a ! .  Sai I I t - mit V W aiS rt’ l a - i t  lv i’  I v  c a n s t a - i n t  r a n g i n g  f r o m  0. 137 pp t  In

A 1ari  1 t c-i 0 . 7 3  pp t  I r a  J u l y  (T a b l e  1 7 ) .  Ne> t re m-ads i n  meman Sal u n  t y  w e r e ’

evident between samp ling site’ s , t lane ’ s , t left’ s • or sta ll li-ins.

114.  The t o t a l  rming e in d i s s o l v e d  oxv g er a  (DO) was 2 . 1  t i-i 1 2 . t - i  m g / h

( T ab l e  1 7 ) .  A se ’m i s anma l  pmat  t e r m - i  i n  1)0 re l mited to temperature -c:is

m-ap p m a r e n t  w i t h  F e b r u a r y  im av ima g I itt’ h i  ghe’s t mt ’mc n DO m i n d  .ha t l y havi ma t h e

l o w e s t .  Ti -me r e f e r e n c e  s i t e  smamp ics h a d  .m w i d e r  range a- it - ad a-i h i g h e r  m amc ’ ; - in

DO than d i d  those [ roan t he  e x p e r i m e n t a l  s i t e .  Pa samp les h -mad a h i g h e r  
a

mean DO tha t - i  n i gh t  samples , am -ad samp les t rom f l o o d  t i d e  hama d ma h i gher

mean 1)0 than ttieas e t re-in-i ebb  t i d e .

115. T u a r h l d i t y  ranged f r o m  4 t o  84 JTIJ ’ s (Tab le  1 7 ) .  Wa i t e r  a t  t h e ’

reference s i t e  I-mad a hi gher mean ttarbidity than a t  the experimental

site. Slig iut differences In mt- ia-in turbidIt y were preset-at between

samp ling times , t i d e s , or s t a t i o n s  w i t h i t u  s i t e s .

Ceneral trends in the nektonic commta~~~~
136. The I ch t h y a f a m a n a  c- if ti -me tidal freshwater reg iom -i of the Jmames

River is a mode ra t e l y depa t iper at c  one w i t h - i  ic -mw d i v e r s i ty  d o m i na t e d  lw at

few groups , e s p e c i a l  [l v  c’ y pr in l d s  m it -m d e’ l u pe i d s .

137. Nekton samp ling mit both sites resulted in t i-me c a p t u r e  e)f 6319

t i sh  spec imens  wh i e ’h weig h -med over  144 kg mit -id r e p r e s e n t e d  I S  [mmml  l i e s

and 17 spec lea (Tables 18 through 21). (A complete l i s t i n g  of te klot

c a t c h  ei . i t a  is given ta-a Appendix K’). Twelve spec ies  ( N  g r e a t e r  t h a n

100 specimens) accounted fe-m r 88 percent  of t i - me  specimens c o l l e c t e d , a- i a -id

14 spec ie’s (b iomass  gr e a a t er  t h a n  1 kg)  a c c at a n t e d  ti - m r 95 percent of t he

t o t a l  h lomass.  N i n e  species were represented by 4 or fewer  spe - i c ime tu s .
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1 1$. Me-i cc ’ spe c’ h e ’S were ’ e’ a i p t t a r e ’d mi t  t h ~’ m e ’ I c  re a lc t ’ s i te ’  t hm aama a t  t hat ’

e’xper  Intent  .i1 5 1 1 t ’  ( Tab it ’ h 8). The spec he ’s e’e-itn pe - i s i l l  an cci t h u e ’  1 sites

w’,a s s i a m - i l l m r .  Si x S l e e ’ lea  we re’ u t t  i qu e  t c i  t i m e  r~’ ie’rence site ’ m a tt e ! I

al-icc it ’s we’ ri-i taa i qt at -i t e a  t h at ’ e’xpe r im c a t ma I s i t e  ( Tm ah I t ’ 10) .  Ahe n at (a ‘a

pe’ nc - e m i t  a I t hat’ t a - i t  at I spec I macna a-i t - i t t  72  r a e  r ct ’r mt  e a t  t i - me ’  t o t  mml hi  amass we Fe

t’o 1 Ie’c t~’J al t t hat’ t ’ xp t ’ r imt ’amt mit s il t’

I IQ . .l ta  lv t’oI iee’t i at a s  ha iti the mast spe’e’ it’s mit -m el spt’e’ Ime’m -m s , mane !

F e h r t a ar v  ha mad t i t e ’  I e’ ,a s  t • A re - i tag h lv e ’qumt 1 b t eumas s  (40+ k g )  was  e’ol I e’c t ed

in Oct abe’ r , Al-m r II , mit -mel .l a m  l v  , beat Ft-i b r i ama rv was mt t e’h I caw cr (2  kg )

1413 . Me-itt ’ spec’ It’s , spe c’ i nc us  • at aid h i  amuu ma as we rt’ ce- il lee tea! a l t  t i t  g h i

t i - m a i n  d t a r l n g  t u e  c l iv  ( ‘ramble ’ I S ) .  Me - ire ’ spec’ I i’s anti spee ’tnaens were

captured Lu the mm ar sh u ex t  cci or , h - i t t  a l ar g i’r h ie - im ai ss  wma s i’d lee ’t ee l i mu

t h e’ mmirsh interlar. Minnow I n .aps  c ap t  caret! t h a t -i s na i l  l t ’st  nu um uht ’r cci

spe ’t’ I es • spec tmens  , aine l h i  e maiss . The heaa cii  se it - ic  e’,- itmgia t t i - i c  me -m s t

species mat -id s l-ie’c I mem s , ou ch t he’ I ,t rge ’s I h I  c -m at ss wa - is  oht  a I nec! I raan t v k a ’
a ic ’t samp les .

14 I. The re l . t  ly e  Imup t a r t  a im - ic e-i of tha t’ slat ’e’ I t ’s wma s aht  mi i ne’d by

rmink i-i-mg sp ed ’ it ’ s m a e ’ c’ care! in g  tea niambe’ r at spec’ I rulers , hi  amma sic , avail

r e’q t ien e’v eci a pp t ’ma ra at -ie’e’ (the numbe’ r at  samp I t -i s i n wi-i h e ’ ii the’ spe’c’ It’s was

l-irt’sent ) • Anderson  et • a I. ( 19 1 7 )  t a aaed . m s imni Imar met h ead tel cle t e ’ r m i t i t ’

a-c I .m t I Vi’ i m p a r t  aitac e • Faa r each e’ a t  ege-i r v t h - it ’ vai l tat- i s we ’ Fe’ arele’ red , mine !

the ’ h - i l  g tuc s t  v.a Itac was gI ve’ma .- i r , am m k c a l  I , I ime se ’c o m u d  h i  a~hm , ’a t r a a m u k  c a t  2

e t c .  The ia -m el I vidu m i 1 Imp eu r t  mi t - ice  r a m - m k s  w e r e  wa ’ I gh t  ed t’eleami 1 lv a-it-ic! staanme ’el

to give man t-mvt’r. , a i i  SI - i - i - id’ I t ’s I mpe r t a l m u & ’t ’ va t Ima t ’  ( T a b l e ’ 2 2 ) .  ‘The spot  t a - i l l

s i - m i n e r  w a-is f i r s t  in  rt’ I m a t  i y e ’ i m p a r t a m - m c e  , f o l l o w e d  t m - i  ctee’ra s in g  o rder

by the ’  w h i t e  i-ie’rciu . Americ a -imi e e l  ( A n ~ t a l l  ta t  m o s t  r a t  .i) 
• t h r e~mcl t i n  mah ail

( Dorosomai pt’t e m - m t - i m - m s e  ) , munammi ct-iog, t I d e w m i t  e’ r a l i v e ’ vs tilt ’ (M t ’m u Id  ta t

be rv iii n a  ) , g I z za  ret shad ( Daarcisa-im.a c’ej-ieel I ,i mu- ia n u ) , cham n u e  1 emi t  f i s h ,

s I I v e r y  minnow , and Sj u c a t  (it’ i o s to mu s  x a m ut  h a t r u a s

1.42. Spec it ’s c o m p o s i t i o n  and a-c Lit I ye .theaudaim ’mc’e’ a l t  spec’ Ii’s Ia-i h u e

p resen t  at  ttdv we’re ma im l lai r ic-i ta u 1-m a ah ii shte’el V IMS d a t  .i , ele’sp l I e ’ t hat -i l .a  rge ’

d i f t t ’r e n c ’i’s in samp ling gear and c- i t t ,ar t (Table’ .‘ I ) .  S i x  spee ’It’s Were’

tnaan t ’ r I e’.i I lv  d o m l n a a n t  ia bo th  el, - i t  ,a sets: I hr eai il t i a - i  si- ia -it! , b . v  anch ovy

— 
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(A ncho a m i t c h a i l l i ) ,  s p o t t a i l  s h i n e r , c h a n n e l  c a t f i s h - i , t i d e w a t e r

s ilv e r s i d e , ard w h i t e  perch .  F i v e  of these  s p e c i e s  ranked im t i e  to p

it) me -mat important species during the present stud y. Hoagman et. iii.

( 1 9 7 3 ) ,  J e n s e n  ( 1 9 7 4 ) ,  a t d  Loesch a-i-id K r i e te  ( 1 9 7 6 )  m a l s o  p r e s e n t e d

ua ~’kt on c o m p o s i t i o n  ma n d abundance  d a t a  w h i c h  were  q u i t e  s i m i l a r .

S t a t i s t i c a l ana l y s i s  of c a t c h  d a t a

1.43 . Catcim d.ata were subjected tc ) s t a t i s t i c a l  ana l yses  i n c l u d i n g

am -a alv sis at covariatace’ , co r r e l a t ion , and mu l t i ple regress ion (a) to

d c t e r m i m u e ’ the si g n i f i c a n c e  of s p a t i a l  and t empora l  t r end s in the

n e k t o n i c  c o m m u n i t y  and ( b )  to  develop regression models which Identify

t h a t ’ m aj o r  e n v i r o n m e n t a l  t~a c t or s  of i m p o r t a n c e  to c o m m u n i ty  s t r u c t u r e .

F o u r  d e p e n d e n t  v a r i a b l e s  wh i ch - a r e f l e c t  o v e r a l l  community structure were

in c l u d e d  in the  anal yses ( number  of species  per samp le , spec imens ,

tot a a l biomass , mind spec ies  d i v e r s i t y ) ,  independen t v a r i a b l e s  wer e

water tempe rature , p11, salinity, DO , turbidity and dummy variables for a

si t e’ ( r t ’i e r e n e ’e vs. experimental), period (day vs.  n i g h t ) ,  and s t a t i o n

( m a r s h  i n t e r i o r  vs .  exterior). Throughout these anal yses the da ta were

t r e a t e d  s e p a r a t e l y fo r  t h e  3 gear  t y p e s  ( se ine , m i n n o w  t r a p ,  f y ke n e t ) .

A p p e n d i x  L’ g i v e s  a d e r a i l e d  d i scuss ion  of these anal yses .  Onl y m a j o r

f i nd ings  are presented  below .

144. The r e s u l t s  of ti -me s t a t i s t i c a l  anal yses were mixed .  The

p a t t e r n  ot  response of the dependent  v a r i a b l e s  to env i ronmental  f a c t o r s

differed among the 3 data  se ts .  The e f f e c t s  of tempera ture , site and

per iod  were not  c o n s i s t e n t  between t h e  seine and m i n n o w  t r a p  d a t a .

For examp le , temperature had a p o s i t i v e  pa r t i a l  c o r r e l a t i o n  w i t h  number

of specimens for the seine data and a n e g a t i v e  one f o r  t h e  minnow t r ap

d a t a .  Also , number of species and species d i v e r s i t y  were s i g n i f i c a n t l y

higher at the reference site than at the experimental site based upon

seine da ta - i , but the reverse was true for the minnow trap data, Number

of specimens and total biotmmass were significantl y higher at night for

the seine data , whereas the converse held for the minnow trap data.

145. The different fishing efficiences and seleclivities of the

gear p robab ly  resu l ted  in the d i f f e r e n t  p a t t e r n s  of s i g n i f i c a n c e
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observed f o r  same of the  i n d e p e n d e n t  v m - i r i a b l e s .  I f  f o r c e d  t a - i  choose

t h e ’ omie gear most easeful tor assessing the m a j o r  t r e n d s  of t h e ’ d . a t m a ,

the se ine  would  be s e l e c t e d .  U s i n g  ti -me c o e f f i c  l e n t  of a n i a l t i p l e

d e t e r m i n a t i o n  (R 2 ) , s  a c r i t c ’r i o n  of goodness o t  f i t , t i - me  R 2 v a l a m e ’s for

regress ion  e q u a t i o n s  d e v e l o p e d  f o r  the seine d.mt.i were highest in a l l

hia t c-inc case,  Ti-ic e q u a t i o n s  e x i - i l m a i n e d  a h i g h-i p e r c e n t a g e  (61 to  79~~) at

t i-me total variance of ti -me dependen t  v a r i a b l e s .  M i n n o w  t r a m p  d a t a  were

t h e  le a s t  u s e f t a l in m a n a l v z i n g  t r e n d s  w i t h  e q u a t i o n s  exp l a i n i n g  less

tha ,in i t - i  percent of ti le’ v a ar 1~at  i o n  In  tha t’ depen d ent  v a r i a b l e s .  The hi g h

neambe r of zere c’al t ches In  t h e  minnow t rmaps  and t h e  lack  at rep i i cat lion

at t i - me fy k e  n e ts  r e s u l t e d  in less m e an ln g fea l d a ta  s e t s  fe -m r t h e s e  g ear s .

Jensen  ( 1 9 7 4 ) m m l s o  f ound  m i n n o w  t r a p s  to  be i n e f f e c t i v e  ge aa r  fo r

sam p l i n g  the n e k t on i c  c o m m et n i t v .

~~~ 
pH and t u r b i d i ty  d id  show ma co n s i s t e n t  r e l a t i o n s h i p  w i t h - i  t i-me

dependen t  v a r i a b l es .  pH wm a s r e t a i n e d  ia  ar - ia -ny of t i - me e qe aa i t  ions  as  a

n e g a t i v e ly  s i g n i f i c m a n t  i n d e p e n d e n t  v a r i a b l e .  A hi gher c a t c h  .ind

d i v e r s i ty  i s  expected m a t  m a lower ph!. T u r b i d i ty  w aas a p o s i t i v e l y

st gn l fi - ’mant variable ia several  e q u a t i o n s .  S , i l i n i t v  and IX~ were

re ta i  m e d  mi s s i g n i t i  cam - i t i ndependen t  vam r im i h i e  s in f ew e’qua t I a a n s  , mand  t b-ic

pattern was not consistent for the 3 ge.ir s .

(ea nujaartson of nektonic and benthic carnmtanttv struct cares

1 . 4 / .  B e n t h i c  o r g a n i s m s  are important in  ti -me t r a n s f e r  of e n e r gy

f r o m  p r i m a r y  p roducer s  to higher  t rap h i c  levels , mind t h ey  al r C ma s i g n i f i —

c’, m n t  pa r t  of ti -me d i e t  of many f i s h e s .  A n a l y s i s  of m a c r o h e n t h i c

c’ommt l n i  ties , therefore , should give c lame ’s to  causes  of f l u c t u a m t  ions  in

t hat ’ d i s t r i b u t i o n  and abundance  of f i s h - i  spec ie -i s .

i - ~s. Com p a r i s c au s be tween  n e k to n ic  matt e l mae’r ah e n t hi c  c on u n u u i t v

St rtacttare were based ttp on n ctm hc r of spec lea , number of spe c imens ,

spec’ les diversit y , species evenness , and spec’ lea r i c h n e s s  (e! t’f m e d  in

Part 11). For these comparisons , ti-me nekton da ta were based at-a fvke —

a- act  mind he.ac ’ha se ine  samp les; m i n n o w  t r a p  data were deleted hei’amas e  of

ti-me hi gh selectivity c-if t h i s  g c m u r .  B e n t h i c  dat a  were  fr i - m m st a t  ia - i f lS

s i m j l . a r  to those where  nek t on  was c o l l e e ’ted ( F 4 , Eta , E7 , R 3 , R 4 , and

61



~~~ ; Sic F a r t  II).

14 9. The most striking slm auil mmr l ty be tween  t h e  n e kt o n i c  am -m d b e n t h m i c

c’om uuu i dan i t  ics was  I huma t bat ii c x l i i  b I ted tim e saaame pa t  t e r n  w h m e n  c o m p a r l  tag t h e

2 sites (T~mb 1e 2 - a ) .  For b o t h i  e’ommurait lea mm h i g her  mean nu mber of

si-ice’ imt ’ns were  f e -mit t - md a t  the’ ext - i cr  i auientam 1 S i t e -i , wh eream s t h e  r e f e r e n c e

S i t e ’ ham ad h i g h e r  nue~an va 1 cmi ’s f e - m r t i m e  c a t i - i c r  v ar  lab l a S  ( neambe ’ r of si-icc ie 5

spe’c’ ies diversit y , r i c h n e s s , a- i a -md e v e n n e s s ) .  Samp les of  n e k t o n  at -ad
ben t  lie-ms Ire -mm t h e  cx ~-ae r i aua ent , 1 s i t e ’ i- m m - i d me -ire spec imens air -id mi ic-awe r

div e rsit y than s.amnp les t ram the ra’t t ’r e nc e  s i t e .

~~~~~~~ 
The p a a t t e r t u  at c o m m a r u a m a i t y  s t r u c t t a r e  of n ck t o n  and b e nth o s  wal s

e l s e - i  s i m i l a r  i m  s em asons  ( T a b l e  2 4 ) .  I n  b a l i - i  e’amt-mlui e t f l itj e ’ s , t i -i c  m e an

value a t  t i - i c  5 me ’asa mr cs  r e p r e s e n t i n g  c a mnma mun i tv  s t r t a c t a a r e  we re  h a i g h i es t

in  st ammuuer  ( e ’xc - ep t  f e a r  n e k t a a u  wtu e re e v e n n e s s  was  a l s o  h i gh ia -a staring),

.and i r a t e ’ mmc d (ate vai l Cit ’s of t ime  Se’ v a r  iam b les were  t aunel I ma t i l l  am-id

s~- i n i n g  • In w i  m a t e r  , t iawt ’vcr , t he’ I m i t  1cm wm m s d i f f e r e n t  bet  w e a n

n ek t on  a i d  b e n th o s .  Nc ’k t au  sm imp l e s  t , i kt ’n in w i n t e r  had ti -me lowest  mean
I 

- neamb e r a t  si- icc ics , s i-icc imen s  , divers jtv , evenness  , a- it - ad r i c h - i n c a s ,

wher eas  hi’ m i t i t l a ’ sample s  a l-mowed on ly  sm ama a l 1 s easona l  d i f  f e r e n c es  b e t w e e n

t a l l , w i m u t c r , and  s p r in g .  E v i d e n t l y , some l a c t o r  ea t  hm e ’r ti’aam tIu~

he-in ti -me - is has led to t h i t ’ l aw ,a b u n d a n c e  a - i t - md d i v e r s i ty  of nek Ic-it -i d Car t u g  t hue

W i t - m t c c .

1 . Samp les Ire - maui d i f f e r e n t  s t a t  lam -is  , t  b o t h  s i t e s  showed ma

di i fcrent ceu mm e a n i t  y st r t a e ’ t u r e  w i -me t - i  c c smu p mmring  n c k t e - i m c  a-i a-id h e m i t t i o s  ( T m m b l t ’
2 - a ) .  N t ’ k t c a r u  saamp lt ’s I re -mm t i -me i n t e r i o r  c f  the n u m u r s h e s  of bo th s it e s  had

lower mne,mn v i i  ut’S of t h e  c ommu tun i t  v var  lab  les  ti - ma - ia - a  d i d  t i-ma Se-i f re-mm the

t’X t e’ ri ca r except a~’el u a ic ’ss wi -i ic i i  y am a a ah ou t  equaa 1 f o r  the  t n t  c -i r i o t  ama - ad

e x t  i’m i e r  samp it’s) .  On ti - me o the r  hand , b e n t h a i c  saamu u p les  showed t i - i c

r eve r s e - i ;  the v m a r i , a h i e ’s we re h igher  f o r  b e n t h i e ’ samples  I re am t i-me

Inter i - i a  r o f  an~a r s imes . These compar  isa - i t - i s  b e t w e e n  m ar s h  i n t e r i o r  mit -i d

e’x t e  riot are  e’e - m n f a t t n d e d  , however , s in c e ’ d i  f fi ’ re nt  typ e s  e -m f ge a r  were

u t  i i i  ,‘ed to s,imp I t ’ i nt e r  ic -m r mind e x t  e’ r i d - m r nt- i k t a n  s t a l l i c - i a - m s .

- -. _ _ _ _ _ _ _ _ _ _
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Ecology  of s e l e c t ed  nekton  species

152.  Not r op is h u d s o n i u s,  s p o tt a i l  sh iner .  This species accounted

f o r  o n e— t h i r d  ( 2 0 9 4  s p e c i m e n s )  of al l  specimens  cap tured , ranked t h i rd

in biomass  (10.6  k g ) ,  and appeared  in 34 percen t  of the nek ton  samp les

(91 ou t  of a t o t a l  of 264 samp les) .  Almost three—fourths of the

specimens  were co l lec ted  at the e x p e r i m e n t a l  s i te  (Table 20 ) .  Over

ha l f  of the  specimens  were collected in October and the remainder were

about  equal l y d iv ided  among the o t h e r  3 sample per iods .  Twice as many

s p o t t a i l  shiner  were  co l l ec ted  at n igh t  as during the day and 80

p e r c e n t  were c a p t u r e d  by beach se ine . Add i t i on -a l in f o r m a t i o n  on the

size , sex , gonads , and age of the spottail shiner is presented in

Appendix M ’ .

i s~~. The spo ttail shiner is abundant in all major Virginia

t r ~~~u L a r i es of the c hesapeake Bay in fresh and brackish water (up to

10 .7  p p t )  and is cap tu red  both  in m a i n s t r e a m  and s luggish  weedy necks ,

creeks , and swamps (Wass 1972) .  A l t h o u g h  of no i m p o r t a n c e

commerc ia l l y ,  t h i s  species is i m p o r t a n t  as a prey  i tem fo r  smai lmouth

bass , wh i t e  bass , northern pike , and walleye  (McCann 1959) .

i s - ~. This species most commonl y i n h a b i ts q u i e t , sha l low w a t e r

w i t h  a grassy  b o t t o m  and r a re l y s t r a y s  f r o m  the  immedia t e  shorel ine

(H i l d e b r a n d  and Schroeder , 1928 and McCann 1959) but as summer

progresses  they  move out of areas  where  heav ie r  v e g e t a t i o n  develops .

In ~l i s s o u ri  th i s  species p r e f e r s  a f i r m  bo t tom of sand , gravel , and

rubble and avoids strong curren ts (Pflieger 1975). The experimental

s i t e  was c h a r a c t e r i z e d  by coarser  sed iments  (see Part II) and shallower

water , than the reference site. Although plant stem density was not

determined , the impression of both botanists and ichthyologists was

t ha t  the r e f e r e n c e  s i t e  had the higher stem density during the growing

season. Thus the experimental site was preferred by the spottail

shiner because of its physical characteristics.

155. McCann (1959) also captured more spottail shiner at night

than during the day either due to greater susceptibility to samp ling

gear or school movements into shallower water at nigh -it.
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1 56. Moll etse’s, in i-iarticul ar ti-me pelecypod Corbicula manilensis ,

were ti-me dominant food at the spottail shiner and accounted for 27.3

h -me~~’u ’m - i t  of the t o t a l  food o rg am n i sms  (Tab le  2 5 ) .  C r u s t a c ean s  mind plant

anma tt’riaa i were next in imnportance , a’ ma e ’h represent og about  25 percent of

the tota l 1 with cladocerans , ostracods , copepods , and plant seeds of

m a r r o w i a e ’a md mind p a n i c ’ g rass  as d o m i n a n t  groups . Insects represented

aahout 20 percent of the t o t a l  food organ i sms  with chironomids and

e’eratopogonlds it the m a j o r i t y .  Fish eggs , especially those f rom

Doro somna sl-m . mind Anch o am sp. , were also present.

157.  M o l l u s c s  mi - i - id p l a n t  m a t e r i a l  were ’ most impor t a n t  at  t i-me’

e’xper i tnent aa l s i t e’ , whe rea s  c r u s t m a c e a n s  and insects were dominmant food s

c 1  ti -me sp ottaii l sh i n er m a t t h e  r e f e r e n c e  s i t e  (Tab le  2 5 ) .  M o l l u s c s  m and -:
[au i  t’gga appeared Iii equa l numbers in  stomachs from the 2 sItes.

b ’ l m t t a t  m a t e r ia l  was more p r e v a l e n t  in  s to tnachs  from ti-m e experimental

site , and crustaceans maca d insec t s we re more a b u n d a n t  per s t o m a c h  a t  t i e

rt-iti’reuce site.

158 . Seasonal changes in ti-me diet of the spottail shiner were

evident (Table 25). I)uring October m o l l u s c s , crustaceans , and p l a n t

se’eds were t i-ic dominmat t f ods. Crustaceans and Insects were most

l t n p o r t m m n t  ira February with other grotaps f o r m i n g  onl y ma sm am li p o r t  lot of

the total I • C r u s ta c ean s  ware  g r e a t l y reduced in importance duaring April

amnd molltascs , Insects and plant material accounted for over 90 percent

of ~i l l  food . Fish eggs were first found in sp o t t a l l  sh i n e r  s tomachs  i n

A p r i l  • Cru st amc emins  , insects and , to a lesser degree , molluscs were’ t he  -

dominmaaat food In Ju l y .

1 59. Diurnal d If fe rt ’mie’ e ’ a in  food of t h e  spot t a i l  s h i n e r  were’ n- i- it ed

(Table 25). Molluscs were the dominant food in day samp les , aim-id plaint

m a i t e r l a a  I was d o m i n a n t  in  n i g h - it s amples . Mol 1 t ascs , c rums  t m - ic’can s

i n s e c t s , atad  t ish eggs from stomachs collected duar lng t h e  day  hai t i mi

hi gha(’r aav&’rage number per stomach t h-mat-i tho~ t’ a l t  n i g h t  ; fo r  i - l a -n t

anaate riaa l , th e converse -was true .

1 60. Several auti-mors (Hhldebriand and Schroeder 1928; Boese l l~ 18;

McCann 1959; Smith mind Kraaane r 1964 ;  P H leger 1975) have  f o u n d  the ’ diet
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at he ap e-m t t a il aui i a - i t ’  r to he’ vary S l ana ii mar to ti a t obse’ rve’d I a - m t i m e ’

p res t ’aa t  stately. ‘i’h is a pee it’s e a u  he e a i l s  fel t’ red eu au an i vi ’ re nts  w i t h - i  i t s

h e e d I n g  habits dt’ter tmu im -m e ’d large lv by t h e  ,avai l a a h i l  it s ’  o h  bot h

i- mi mm n kt an h e ’ a ar m d he’t - i t  h a i c  t eat -itt orgmmm i I suns. i”o m exam m a p it’ , ti-ia-ic t’ c-i h e n t  hi e’

I 

. samiu p l ea she -iwee l t hat’ i-i-me -i l lc m a e ’ i ca rbi eta la - i maim - it - m i len s i s  tea he’ ant-ire m ahu ntlm ant at

t h t ~ ~‘xpt ’r i a u u e’n t , a l  s i t e ’ , a - i n c h t i - m i s  mi-it - i l l a t a c ’ w .as  a l so  aflame i m p o r t m a t - i t in  t h e

d i e - i t  t - i t  s pt ’e’ i tnens I roan t lie t’xh-mc t i mmuen t ,a I s i t e ’ . 1 nset ’ is  we re’ ~a dc-mm m m m i

t c - ia e t  c- i I t h a i  a a i - i u ’e it ’ s t rc - m um t h e  re it ’ t’c’nc c S i  It’ w i- ic r e’ t h e  gr e ’mm t t’ r mamua oa an t

c - it t’ancrgent vega tat iea t , o v e r ha ng  i a - m g  t r e e  l i m b s , a m a i e l bruash watt Ed hat’

t’xpi’e’ tt’eh I e  V je’Id ma tune -ire m ihcanehant ,and d Ivt - i r ae inse’i’ t taun am . M’Caaim

( 1 9 a  9 ) e’ona pa red spat  tm a i i  au lame’ r t o a d  Im a h i  t s aim -md tom and I ma r va  I m ind mad m a l t

iii sac I a elamim i n at  i’d at oaa mmme ’ hi sma n u p I i ’s m t  ma s t  .a I ion w i t h - i l . a  rgt ’ il au le - im an I a c u t

e’t um t ’ rgen  I vcge! t m - i t  I a n  , w h i  i t ’ ma at a - it l i - i a - i w I t i  m a c - i em i t ’ t g e ’u t vega’ t a l l  i ama  showed

ci tehoe ’e’r,u’t~ as ,a auuc re m aa up o rt m ant pr~’~’

h 6 1 . c~ I vea l  t i -me gi ’aue ’ ra t  1 a v , a  i l . a  h i  l i t  v o h  I e-iod c- i r gm an  i Saau s , a i ze ’ a t  t h a t ’

s i - i c - i t t  a ( I  a b l a t e ’ m ’ rt ’aut , - i i n s  aim i amm pe r taut - mt l ate’ t ar  in  iii’ I t ’ ran I n  lug  t h a t ’ fe - i t - m d

e’- i a t c U  . O i l  goe ’ ia .ae t ea  , we’re ’ tha t ’  most  al mana c ’ r e - i - i t s  mn u mac r ahen th a i c ’ -i rgma n i anus

h u t  were tat - it t’,a t eta  by time’ spot t ,a 1 1 al a  I t ie r .  ‘l’i u l  a I I sha  is i-mr ohm ahi v toe

smu m ,a I I  t c feed at tee’ I i ve’l v u i oau i - i l l  g o c h u m i t ’ h - i ’ s .  Our  t’e’aaa 11mm pal m , a  1 i i ’ 1

t h ose’ c) I Sm i t  Ii and K r a i tnut ’ r ( 1  e)1,4 ) whac - m ru ’ pam . t eel a t  I g Oe ’ limit ’ I c’s mine! c I ma in s

h a t  r gt’ r I h a t t i  -a muam ,as m ah u at ud man t t a - i  b en t  ii I c ’ sanui p I t ’s butt aahs e n I I rc nuu

s i - i o t t - i a  1 1 s h in e ’  r at  c-mlu mae ’ ha s. ‘l ’ i - mu ’y t’t’ pat ’ t u-id St ’l .‘e’ I ion at lam mgi’ r c-i t’g m in I smuu a

by i t  m gc’r I i ah • They I cnanel smuaa I I c ra ts  t mie ’t ’ain a Wer e ’ anost l m p o r t m a n  I t a - i

sn-ia ll t I aim , h ut  in  II sh-i over 70 anna h’L I na ’ct a predonu lui ma t e’d . Smnai 1 Icr

i siu m i te ’  sana l i t ’  r c rats t m u ’  ea t - i - i s  I. A i-m i -m end I x  N ’ ) , mi n e 1 spe c’ m e t - ms  eW e’ r 80 nam Ti-i

h u r t ’ t e’ t r ’d  t h e ’  1, - i  i-ge m n a n m a q u a m i  t ii ’ Inset’ I s  mind we’re t h a t ’  mu -mc i lea r c c-m ns a am u a u ’ r a c - i l

mu - ic - i l I ma ne s.

ha .’ . F r i  aaa~’ , amu ca b l can ~ us~ e’ru’ e’k c l n mh s u c k e ’ r . I b i s  sl a u ’c l ea  was I maken

on I v a t  th ur t a t  t’Fc ’i i c ’e’ S i t u ’  mm - i -m d raankt’d t atarI hu in  h i  c-iauuma ss (mappr ox ima tte l v

10 L g ) t’V t ’aa t h c n t g h a  on I v .‘ t-i sp ec ’ I nu t ’ns wt ’ Fe ’ e’m t p t  ma r cel . Most  spec i an t’t s

were coil c’c t  t ’ ti i a a  t e l  tuber at n i g h t  I r a  t i - i c ’  t v k t ’ nt’t (‘l’ahle 2i)).

Acid itt anal I d.a t a  on t hu - i ’ S t  / t ’ , Sc ’x , E.O u u . R i a  , .and aagt’ c - i t  spec’ I incus cat t i-me

a rc ’c’k chtahsuc’ ke r ,t m c ’  preset-it e’el ia - m A p pt’nel ix 0’

(-m r-i
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i t - i  I . l’ha i s  I r t - i sh wa  It ’ r spec ’ It ’s Is a a oau amne -in I n h m m b  i t , i a u t  c at m i l l auaaa j ar

V i  rg l a i i . a  I r i h u t a r t e ’s c - m t (liesmape ’.-ik e H a y  am - i d I re ’ q m a e n t  l v  a c t ’ma r s tn - i

a 1 aagg I si-i at t e a m  a and sw am i- ia  ( Wmm s s  I 9 11)  . Pt  l i e g e ’ r ( 1  C) l a  ) t cnane i I t I s

.mn inhi,ahl t ma nl at c l e a r , qt a i t’ t w a i t e - i r a  w i t h  t h i e ’k greawl i - is  a t  s t i h - i u n m e r g c ’n t

ve’ge’t .i t i o n  mi nd  i t  ccaanmuion I v occurs In  t hu e ’ elt ’u ’p a ’ r p oca I s  c - i t  sam - ia - i l  I t’ rc’e’ks

( c a n t  I rmn ect I ear .t l eawe  r 
~
- i i  e ’clmnaaa I I r I b u t  ,ir v of  I hat’ .1 man ic ’ s R I  Vt ’ r by F I t ’ n nm t ’ r

and Wa -i c-i l e’c - m t  t I 9t - i t - i  ) . Tha t ’ .a t - m sa i - iac a ’ c l  t i - i l  S spec’ ic’s a t  t i m , ’ e’xpa’ r I mu lt ’nt mm 1

site ’ p r a h a - ih I  v reata Its I m oan t ha t ’ 1 ai e ’k c t  ci eep  W a i t  em

l a - a .  Crt ast act’m at la aie ’com ial t c’eI t e a m  97 .5 pt ’t i ’ e ’m - m t c - i t  I hue t a t m a  I f~~ai1

a rg . m m - m I san s c - i t  t he ’ cr e e k  c h m l h m c a a a  k e’ r (Tm hi t’ lh ai m -mc i Appendix N’ )
c1a t n - . ic - c- iel a ( in  i-ia r I i t ’ a t l . a  r h ’ h i v a a c v p  m l  ,a a p mat - id  t $ , l a u c h c c a L a  sp . ) r t ’p m - c- i St ’n t e’cI

aye ’ r hhu I t  c ut ,a I I t c a e tt a rg ,an  I smuu a CUe ’ o m a n t  e ’ reel . N ’ x  I 1 m i muu h - i c - i m t , a n c ’e Wer e ’

e ’ Ia - ide -m acm a n s  (1 ~-i . 
-i
-i -i~ ) u’a pc’c’ i i i  1 v .\ l anai si-i. t c l  lc ’we’d by ccpepo cls ( 1 9

pu ’ t e ’t’m - m t )
I a  -i . I na t ’e ’ t s ( e’h I r on o m ul  I c i a )  We re’ I oatnd 1 amm i i i  n - i am b - i ’ m a (.hc ut I ~

at  t i -ac t o t  a - i l  ) .m a we’ rc’ a ut ’ anmm t o d e ’ a , amu e i i  tis i’ a , m in d  c a t  t ie r smn,a I I

inve ’r t e ’ b r a t e s .  01 i g oc h - i aa c’ t e’ Se’ t . a c  and a m i g a - i c’ (a f loa t  l v  ut l a t e - i n n s )  Wc ’F c ’ n o t ed

i a - i  .a I I  c reek  c’ tnahs ue’ ke r at  c a m m m c h i s

166. F lem er  ma cad Woo l c’ot t ( I  9P6 ) r eport  eel a t  n a i l  a i r  t e e d  I rag h .ih i t  s

I c - mr this si-ice’ it’s am el t’ a t u S  it l e’ red t i - m e -’ p r ev ,a  I eric c’ a - m t  en I c-m u dls I r a e  an a mit a ci

m u ’  r ase’ta p I a p l a m n t  a mis  am I n -md I c-ia t t a i l  o f  omn I V ote-ins  h~eec! l ug .  1,1 1 i t ’gt -i n

( 1 9 1 5 )  auaggt’aleei ti - ia - it Ihat’ t e r i n t u m a  I flue - i t - i t  ha ca t t i - m is sp ec i e s  l i -mc i I i ’a m t c ’d I t

was l c ’sa a h ct t i-mm feeder t ham - i t - i  tnm itu y c t i at ’ r sm aeke’rs . Our cim i ta l support

l i i i  a augge’ at i c - i l l  ,mt i d  i a uth I cal I t ’  I i mma I t h at a a pet’ it’s I e’ed ~a e’ lif t ’ 1 1 v tape -in anna I I

p l .in -mkt an ile ,-im ti t’pihe’nthilc invert ehr;at a’s am i d  a i g m a c ’ I i a , a t  a - i r a ’ t’O mm a a t i  t a - i r m a

t aunt ! a - a u  or ne.a r th a t ’ bc-i t t t m  e u t  weedy l i l t  c - i r a - i l a re’,ms

i t - m i .  S I ra ce t i-ic’ e’ rt ’t’k t ’h uh maa a u ’ke ’ r wais e’o i i  Cc’ t e d  - i a i  V i t  I hu e ’

ta ’ I t ’r t ’nc ’ c’ a t  te ’ mint !  most 1~’ in  Dc t e - ihe r  mi t  n i g h - i t , I u r t h t ’r t’amp ar l  s t - i t - ms  c-i l

teed ing h a b i t  a twtwt ’cn a-clamp I i  ng a I t e’S , Se ’, I a c u m i m a , ma t act pe’ r ic-i d a w i l l  nat  he’
match’. With h i nd  s i g h t  anal  her  Spec it’s wean 1 ci hmmv u ’ been .-i mt-ire’ sti lt able’

t’ho Icc ’  t a r  tie ’ t .1 I I  eel mau a I vs 1 s c - i l  feet i  I rug baa h i t s  • At I he’ tim e’ of

sa ’ h t ’a ’ t i a r a  c - i t  I hat’ S nc’k t a n  spt’ t’ l ea  (Ot ’ toht ’ r ) I h i  a s pet’ ie S appeared  I t - i  he’
a ge-intl chalet ’

I-it- i, 
‘, 
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i~~s i c ta l u r u s  i~~nc t a a t u chmmne 1 c m a t f i s h .  S e v e n t y— c  m g h t  chaan ne  1

c a t  i i  ala we ig ia i m g  6 . 2  kg we te ’ c a l - i t u red . Ah o u t  78 i-ic rce’n t c - i f  I hie ’a c- i were

c’e-i l ice  It ’d mat  h it ’ r c f t - i  re’ne ’e’ s i t e  a - i a - id ( u a  h- ie ’r e’e t - m t were ’  c al  icc ted in

Dc t u b e r  • ‘l ’la is  a j-it’c it’s was antast p revaa I en I . - i t  n i g h t  atid In ht’aac h at’ t r u e

am amp it’s (Tab i i ’ 11) ) . Acid i t  I on m a I in  t o  rmat  ion  c - in -i ti -me ai ze , se’X , gon ads

m ind age of d ianne 1 c’a t I l ab  Is aumm m ar  I ze ’d 1n A h -m i ) t’t ld ix  P ’

169. The ch mmnne  1 i-i a - i t  f t  sh was i n - m t  re -idu ced I n t o  Vi rg ia - i lam ai m - i d i s  n c - mw

f o und it aa 11 nnaa Jot I r i b a - i t  amr  f e - i a .  A a anuamno n inhm a h i t  a -in - i t c-i I ma-i inst reanu

wam h e r s  I roan I resh to I S .  I ppt  , t i i  a spec lea i a of  m i t - m t - m r  a amme rc ta m 1 and

sp or t  i m n p o r t m m n e c  (Wa - i sa  1971) .  I ra  M i a s o u r i  a u d u a l t a  c a t  t i - m i s  s p e c i e s  are

au - mt - mat I r e qu aen t  t y  t ound In deep w a t e r  or l i e ’  abou t  obst  r u c t  ions  d u r i n g

cl a y  l i g h t  , batt mat night they move c-mn - ito r i f t  l c ’a or h a - i t o  ah am i low w a i t e r  te

I c ed (P f l ie g er  1 9 7 5 ) .  M en z u ’l ( 19 4 5 )  d i s c u s s e d  e’ommercla i  f i s h u i n g

r e c o r d s  of V i r g i n i a  c’m t I l a b  f i s h e r m e n  w h i t ’h showed ti - mm - i t  more  e’ma t t 1  sh

entered pots  .a t n i g h t . The i revmalence of ti -mis species at night in 
a

s h a l l o w  water during this st ca d y st a gges ts  a s i m i l a r  n o c t u r n a l f e e d i n g
-

‘ 
beh m v i o r .

170. Insec ts  were the dominan t  food II ‘in fou an d in c h a n n e l  ca-i t f i s h - i

stoan~m ch s  and accounted  fo r  t-il percent of all food organisms (Table 27

~and A p p e n d i x  N ’ ) .  Chiron orn i ds  were thie major insect ic-iran found ,

e’ap ce ’ia l l y  Ch i r o n o m u s  si-i ., Pol y p o d i l u m  sp . ,  and T any t a r su s  si-i . Ti -me

maqu m m t  Ic la rvae  of o t t - i c r d i pteran s we’rt’ also preset -mt ( tipul ida ,
t maba n id s , s y r p h i ds , c er m a t o p o g o n i d s ) .  N o n a q u a t i c  in sec t s  and

t er r es t  rial sp ide r s  w e r e  focand in sma l l  amounts.

171. Crustaceans were ti-me nex t  most  i m p o r t a n t  food mind represented

24 perc ent of the total The cladocermm n Sida sp. , which lives  among

the vegetma t ion in lamke s  mind s t reams , was the’ moat ab u n d an t  e’reast acean

prey .  h l a r p a c t i c o i d  copepods and os t rae’ods were a l so  p re sen t .

171 . Pl ant material consist lug of berries , grasacs , mi nd arrawhe’mad

seeds represented 3 percent of t h e  total food organisms and mt-i l Ius c a

represen ted ab out 1 pe rcen t .  Fish -i  and f i s h  eggs were  a i l s - i - i  i -ir esl ’alt  htal

in amma l icr amounts.
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1 7 1. C r u s t  a c t - i a - n a  were  the elomi aia in t food in c’hatu ie  1 c mi tf i s i t  at  onm m a c h s

from the experimental site (837.) but insects were dominant in those

fr om t h e ’ reference site (83Z). Crustaceans were more prevalent in day

st a mai’h samp les mmnd i n sec t s  were more p r e va l e n t  I n  nig h t  samples .

- 174. Ti-ic tood habits of channel catfish have beet-i investigated by

Baese’l (1938) , Menzel (1945), Bailey a-i a-id iiarrison (1948), D a r n e l l

(1958), Perry (1969), P f l ieg er ( 1 9 7 5 ) ,  LewI s ( 1 9 7 6 ) ,  at -id G r i s w old  and

lu h b  ( 19 7 7 ) .  These s t u d i e s  and the present study are in agreement

concerning ti-me feeding habits of this species. The diet of smaall fish

consists pritnaril y of small aquatic insects and crustaceans. As size

increases the fish becomes more omnivorous with ttae diet determined by

b ead a a v m d l a b i l i t y .  I n  t h e  p re se t- i t  s t ud y specimen -is of t i - m i s  spec ies

over 200 mamma TL fed chiefl y on large insects , moll uscs ( P h ysa sp.,

~~mnaea s p. ,  and Corbicula manilensis), at-id fish -i (threadfin si-mad mat -id

t i d e w a t e r  s i l v e r s i d e ) .  Ba i l ey  and Har r i son  (1948)  a lso r epor t ed  s m a l l

c -i am l fish fed almost exclusivel y on insec t larvae such as midges ,

anamyfli es , at-id caddisflies while large catfish (over 250 mm IL) fed on

f i s h  and large i n sec t s .

175.  Prod uction of catfish -i depends chiefl y on favorable al -melter

c o n d i t i o n s  and an adequa te  food suppl y ( B a i l e y  and H a r r i s o n  1948) .

Areas  w i t h  lung  s t r - i a i g h t  s t r e t c h e s  of s t r eam of uniform depth -i and with

a s h i f t i n g  sandy  b o t t om  are unfavorable catfish h a b i t a t .  A d i v e r s i t y

a t e n v i r o n m e n t  is needed for m a x i m u m  prod u c t i o n  w i t i i  s u i t a b l e  si-melter

(deep  pools , lagoons , b a c k w a t e r s , and o b s t r u c t i o n s  such  mis s t u m p s ,

submerged logs , drift jam s, e t c .) .  The presence  of o v e r h a n g i n g  hushes

and trees adds measur ambly to the supp ly  of f ood , espec imm l ly inst -i c- it s.

These chmaraae ’teri st [cs were typical of the reference site but not  ti -me

e’xper lmentcm l silt’ . With the  foregoing in m i n d , i t  is  not s u r p r i s i n g

t i h m t  cavt ’r I t imes ,aa many channel c-i a t f t s h  were collected mit the

rt ’ f e’ r a’nc c s i t e ’  t h au n ma t  the experimental site.

I ‘ti . Fu n du l u s h e t e r o c l lt m i s ,_ m c a m r n l r h o~~. One h t andred  n i n t ’ t v — t w e - i

spec Imemas of tint’ mummn tchuog wei ght rag 0.t-i kg were capt  t ired . Tha i  a spec ic’s

r a n k e d  t c t a r  t h in  a p p e . m r - i a n c’e ( 1 3  perc’ent  of th e’ samp les). A la mrge’

68
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m u u m mj o r i t y  cat  the spec imens  were co l l ec ted  at ti -me e x p e r i m e n t a l  s i t e  and

most specimens were collected in A pril and during the  day .  S i x t y

pe rc en t  c)f t i -me specimens were ’ captured  by minnow t raps  In the  marsh

in t e r io r  aim -i d aboeat 34 pe rcent were  c ap t u r e d  by be ach-i se ine  (Table  20) .

Additional dmita on this species are-i summarized in A ppendix Q ’ .

177.  This estamarin e species is mmhundmint throughout t ia e~ e n t i r e

Cht ’a ma i - i e aa kc’ Bay re’g i c - in - i  oc’-i,’m t r r  [rag f r o m  f r e s h - i  to  sa l t  wa i t er  (0 to 12 ppt

but  is most o f t e n  f e - mi t t - id  i n  t h e  m e s oh a l in e  zone . Mu nu michogs  are

i n h a b i t m i n t s  of mt add y marshes , c h a n n e l s  and grass f l a t s  in stammer mind

-a scend st reaums to f r e s h - i  wa i t e r  or b earrow in s i l t  in t ime w i n t e r  (W aas

i~~7 2 ) .  The aauc mm nnui cho g is a- in i m p o r tan t  f o r a g e  f i s h  and is a l s o  used

e ’ Xt  1-mas t ye 1 v ,a s ba - ill by a h acart Ii sh& ’rm en i

17 8. The main  food I t e m s  cat t i-me mu mi - in uul chog were c ’ r ena l  m a c c -i a - i ns ,

es 1-it -ic I a l i v  c - mat r m acod s (~~~y s ca c v 1a rL a  ap .  ) mind c c  iop oi  d cope ’pod a , wi-i i ch

represented  about 65 percent  of a l l  food o rganisms (l’ab le  28 ) .  I n s e c t s
aac c -i e )U f l t ed  b r  16 pe rc en t  01 t hue  food it e nu s ;  c h i e f  anuong these were

di p t e r m a n i s  mind Ic - i  a lesser  degree luom o pte ’rans .  Fish  eggs , p an i c  g r a s s

seeds , gas t ropods , mind aa r m a c ’ h un t d s  were  a- Iso  p resent .

179.  I n s e c t s  we’re t i -me d o m i n a n t  t ood in s tomach smmmp les in  October

.and i t a l y , mit - id c r a a s t m a e ’e- i a u n u a  were ’ d o m i n a n t  In Apr !  1 (Tabl e -i 2 8 ) .  F i s h - i  eggs

were p r e sen t  o n l y  in  April and Je t  l v  st om m- ich  sa mp les wh ere t h e y  were’ t ilt’

se -ic c -m m - i d most l - i rev m m le ’i - i L t c - i a a c l  i t em .

ISO . Stomachs f r o m  th u e expt ’r I me ’nta 1 site conlam I ned a hi glue-i c

d i v e r s i t y  c - i l  foe -m d i t e m s  ma t - id e’ r at s  t - i c ’eain s were thue most prevale’n t prc’v.

I u s ed ’ t a  were t h e  mo St im p o r t a n t  fa aac l Ira samp le’s f r - i - mm t h e  r e f e r e nc e

s i t e .  Day stom ach - i  samp les were  d c - m m i n a u t e d  b y c- i r m a s t a c’eans . N i g h - it
sa m p les had mo re u sia eggs.

181 . Ti -mi s  si-icc ic- i S has omnivore -mets [c’c ’cl I ng he ’h ua i v  i car (1 11 1 de ’hr ainc l a im - m d
Se - i u n rot’der 1928 , B i gelow a a d  Scharoeder 1953). W I l i i i n t i - me  1 1m b  t a in - i p O s e’cl

by I t s  si ze ’  t i-ic ci let  of t i - m i s  spec ’ I es , stein a I a ’ he 1 rge I v m m t e n a n t ’ I loa n  at

l o c a l  a av.a  I lam b i i i  t ‘i 01 food . Ti-ic c’ a a p l m a r t ’  at me - mat  spe’e’ l inens  in  I hat ’ m m a r s h

lu t e  r [c-m r c h a i r i n g  the’ day w i t h - i  hai l t e ’d trai l - ia smu gges t  a in - ic  rc ’ma st ’d I c ’c c l  I ra g

- i Ie ’t l v i  I v  of t i - i t s  spec l a s  d e n t ing  claay light .

(‘ a- i
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[ 82. Morone amer icana , wh i t e  perch. Ti - mis species  ranked th i rd in

number  of specimens and seventh in biomass collected (719 specimens;

7 . 7  k g) .  The w h i t e  perch appeared in 14 pe rcen t  of ti - me samples .

E i g h t y — t h r e e  percent  of the specimens were c o l l e c t e d  at  the

experimental  s i t e  a d  69 percent were collected in Jul y. A la rge

m a j o r i t y  ot the specimens were captured a t  ni g ht  in beac h-i seine samp les

(Table 20) .  A ppendi x R ’  presents  add i t iona l  data on t h i s  species.

183. This  anadromous species  is abundan t  in a l l  m a j o r  V i rg i n i a

tributaries of Chesapeake Bay. In winter it is predominantl y fo und in

channels and during the remainder of the year it ranges from shallow to

deep water (Wass 1972). This species is of minor commercial and sport

i m p o r t a n c e .

184. Crus taceans  represented almost 52 pe rcent  of al l  food

orga nisms  in stomachs of the  wi - mi te  perch (Table 29 ) .  Cladocerans

(espec ia l l y Bos mina sp . ,  Sida sp. and Leydigia sp . )  were the  dominan t

crus taceans; however , amp hi pods , ostracods (Physocypria sp . and Candona

s p . ) ,  and copepods were also important  foods .

185. Insec ts , acc ounted for  about 41 percent  of the food i tems and

chironomids were the dominant insect type . The remaining food

catego ries (molluscs , f i s h , and pl ant  m a t e r i a l )  represented  less t h a n
10 percent of the total food organisms. Nematodes and oligochaetes

were present  in smal l  numbers.

186. Crustaceans were more prevalent in s tomaci  samp les f rom the

exper imen ta l  s i t e  mind in day samp les. Insects  were the  most  i mp o r t a n t

food item at the reference site and in n igh t  sa m p les , bu t  the  ave r age

number of insects  per stomach was greater at the experimental site and

in the day. Perch preferred insects when they were abundant bc-it would

readil y switch to crustaceans as c o n d i t i o n s  changed .
[87. White perch larger than 150 mm TL ate the naollusc Corbicula

manilensi s, ceratopoganid larvae , and fish. Those over 200 nnsn TL fed

al most exc lus ive l y on f ish ( am e rican  ee l , spo t ta i l  shiner , and Fund ea lu s

sp.). Young—of—the—year fish primaril y fed on small p lanktonic

invertebrates and di pteran larvae. Hildebrand and Schroeder (1928) mind
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Reid (1972) have repor ted si m il mm r food habits for the wi-mite perch.

188. Webster (1943) observed the movement of young of this

spee’ies into shoal area-is at ni ght and a re turn to deeper water  during

the day. We found evidence of m a d iu rna l  change in feeding behavior and

felt cladocerans which formed ti-me bulk of food from collections made

just after sunset resulted (roan deep—water feeding prior to movement

into shoal water. The appem rance and position in the d iges t i ve  t rac t

of ants , scuds , may fl y nymphs , Sialis larvae , and Trichoptera adults as

the night progressed were interpreted as evidence of littoral feeding.

The volume of cladocerans eaten decreased after sunset and the volume

of l i t t o r a l  organisms increased.  These f ind ings  directl y parallel the

results of the present stud y. A large majority of our specimens were

c ol l e c t e d  at n igh t  by seine .

189. Overall trends in feeding habits. Numerous taxa of food

i tems were represented  in the sto mac h - i samp les of t ia e 5 nekton species
combined and i nd iv idua l l y b y species (Table 30). All 5 species ca-in be

c on m s i d er e d  omnivorous .

190. Crustaceans  (c ladocerans , ost r acods , and copepods) were the

most prevm m lent food item and represented  about 47 percent of the total

i ood i t e m s  f o r  the combined da t a  f rom a l l  s tomachs . Insects , were ti-me

nex t  most  important grotap (3 0 . 5 % , mostly chironomids) , followed by

plant seeds (9.4%), molluscs (8.6%), and fish mind fish -i eggs (1.9%).

Othe r taxa represented In the samp le’s inc’luded nema t odes , r o U t e r s ,

mmnnel i ds , a nd m i r a c h n id s .
191 . Local availability of food a p p e m n r s  to  c o n t r o l  t i-me d i e t  c- if

these species.  Size of ind iv idua l f i s h  was a lso i m p o r t a n t  in

d e t e r m i n i n g  p rey .  As f i s h  s i z e  increased the  d i v e r s i t y  of food t v h - i e a

mind s i z e  of prey increased . D i f f e r e n c e s  between - i  si t e s  a m a - id seasons in

the feeding habits of ti-me species car be e’xp lained by changes  in prey

abeandance. For example , at the experimental site crustac- e’aus were’ ma

c’ c a n s i s t e n t ly  more important part of the d ie t  of t iue nekton ti-ian -i were

insects. At the reference site with i t s  more  ab eandant  mun d d i v e r s e

insect  fa t a n a Insects  increased in importance as food . Di tarna l changes

7 1

_ _ _ _ _

_  _  
J



58

- 
- 

. - -
~ 

-- __________________ _____________

in f eed ing  h a b i t s  were observed for some species and for channe l

catfish at-id wi -mite perch the change appeared to result from movement

between deep ,and shmallow water.

192. The relative importance of taxa in t im e b e n t h i c  c o m m u n i t y

d i f f e r e d  f rom ti - mat  of benthic organisms in-a the fish diets in 2 major

wamy s . First , tle absence of small crustaceans in macrob enthic samp les

was a r e s u l t  01 samp l ing  m e t h o d o l o g y  so their t rue  inn por ta t ce was not

ref lecled in these d a t a .  Second , ol igochaetes dominated ti-me abundance

of m a c r o b e n t h i c  organis tn s (Table  3 1 ) ;  B r a n c h i c a r a ,  L i m n o d r i l u s,

P e l o s co l e x ,  mm nd Naiis were numer ica l l y impor tan t  in the macrobentho s but

were r epresen ted  by onl y ma f ew  specimen - is  i t  s tomachs  of the creek

chub sucker  ai m -id t he  w l i t e  perch .  Reduced  i m p o r t a n c e  of o l i g o c h aa e t e s  in

the observed diet of the nekton is probabl y the res u l t of 2 f a c t o r s :

(a) most fish samp led we re small at-md unable to feed capon t i - me l ar g e r

b en th i c  o r gmu n l s m s  at-id (b )  o ligochaeles  possess no e x o s k e l e t o n  and wer e

r a p i d l y  di g e s t e d .  A s i d e  f r o m  the’ ae-i  d i f f e r e n c e s  the m a m c r o b en t h i c  and

food h a b il s  da t a  were  s i nu i l a r .  Ia sec ts  were ti -me second most  p r e v a l e n t  -

g r oup in both the mai c robenthos  and n ek ton  stomaich s. A hi gher d i v e r s i t y

of i n s e c t s  was b um - md in the nek t on  s tomachs t i-ian in the m m m c r o b c n t h c a a

s ince  many t i s h  had fed upon t e r r e s t r i a l  mis w e l l  mi s a q u a t i c  I t m s t ’cts.

1 9 3 .  M e iob e n t h i c  data from samp les Imak t ’n in - i Jmn ly 1977 naorc closel y

resembled the data f rom u s i a  stomach -ms t h a n  did  ti -me macr ob cn lh ic  da ta.

Small  c r u s tac ean s  (c lmmdoce ra i n s , o s t ra -iods , aim -md copepod s)  were

n u m e r i ca l l y i m p o r t a n t  in bot h - i  m e l o b e n th i i c  a-it- id s tomaich samp les .

Chi r onomid  insect  larvae were prevalent  in both meioben th i c  mit -id s t omach

samp les; but  ot imer i n sec t s  ( e s p e c i a l l y  hean ipte rans , homopte rm mn s , and

h y m e n o p t e r a a n s )  were not r ep re sen t ed  in the  m e i o b e u t h m c a s  bea t we re com m c-mm i

mu some f i s h  s to mach -ms.

194. In ~m f ew  i n s t a n c e s  s e l e c t i o n  of p a r t i c e u l m r  c r u s t m a e ’e amn s by the

n ek te -m n wmas I n d i c a t e d ,  I lyocryp t us  was the d o m i n a n t  cladoceran-i in ti-me

mc iohe n t hos  but waas l i t t l e  cut i 1 ized as foods by the n e k t o n .  Bosm in am

and Sida were important foe-md of some I isiu spec ies bait were numer ic am i lv

reduced in mt’ iobent i ic s, anup it’S. Bcasnuu j n a  mmmv u-ic - i t iumivt ’ ht ’en ,a t rea l v

7.’

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _  



S

i

~~~~~ ~~~~~ •~~~~ - - • ~~~~~~~i- ~
; 

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

selected food , since it is usually planktonic and its relative

importance in stomachs may simply reflect Its abundance In the water

column.

Discuss ion  and Concl usions

195. There were essentially no differences in water quality between

ti-me experimental and reference sites. Only DO had a noticeabl y higher

mean value at the reference site than at the experimental  s i t e .  Since

DO was retained in only a few of the regression equations as a

s i g n i f i ca n t  p red ic to r  of nekton abundance and d i v e r s i t y ,  we conclude

that factors other than water quality were responsible for the observed

differences in nekton between the 2 sampling sites. Other f a c t o r s such

,as ma rsh ,area , k inds and amounts of plant cover , water depth , sediment

characteristics , and exposure were probably important. However , the 
a

e f f e c t s  of these factors and their interactions are difficult to

qua n t i f y i n a way that  is use fu l  to a de ta i l ed  s t a t i s t i c a l  a n a l y s i s .

196. Althoug h the findings of the correlation and regression

analyses were mixed , the results from the seine data indicate ti-me

utility of stepwise regression techniques in iden t if y ing f a c t o r s

impor tan t to comm uni ty structure and develop ing equations with a

predictive capability. For example activities which mu ter the

temperature , pH or turbidity will significantl y change the abundance

and d i v e r s i t y  of nekton.  The magnitude of these effects can be

es t imated by the equat ions .  As the above f ac to r s  are quan t i f i ed  am-i d

incorporated into future regression models , ti-me accuracy of these

estimates should improve,

197. Examining the seine data , ti-me reference site was found to have

significantl y more species and a higher species diversity than ti-me

experimental site. Apparent differences in numbers and bionuass between

the 2 sites were not significant. The reference site seining station

had attributes that may have led to high number of species and high

species diversity. These included the presence of partly submerged

7 1
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ve’gc ’t - a t  i on , re - i l - i a  t i vel v f i n e  b e - i t t  om sed I me-i a -mt a , p r o x i m i t y  t o  dc’ e’p w a t e r

and ew e’ r b m m a n m g  t u g  t r e e  l i m b s  , re -it’ ka  , twi gs man -md ot iue’ r d e b r i s  I a - i  .nnd a round

the  a a m m p  I ing ,mr e ’ m m  . T h e  expt ’ r i m enu t m l  S i t e ’ -ac m inu s at  m a t  i c - ia - i  l a - ic’ ked

vt - i g e t , a t i c u n , i-m md c- i o - i m r s e ’r b o t t o m  s e d in u e n l s  , man - md w m s  clear of d e b r i s .  The’
d i v e r s i t y  ot  su b h m u h i t , a t s  mit  the ’ r e f e r e n c e  s i t e  p r o h m u h t v  r e s u l t e d  in t he

l u i g he r  d i v e r s i ty  ot  nekton spec ’ ie S  m i t  t h i s  site.

198. These observation -ms semg ge- i s t  severau l way s  in - i w h i c h  the’

d iversit y of nekton spec ies could be increased mi t t i - me p r e s e n t  a m d

fu t tu re  a r t i f i c i - i a l i s l a n d s :  ( a )  inc re a se ti -me s t a i h i l i t v  of the  d i k e  to

av c- i i d t h e  t’r o ston  -ia n d s a n d i n g  over w h i c h  i s  c u r r e n t ly  t ak i n g  p l aice , ( b )

m a c  rt ’.ast ’ the e’l e ’ V a t  ic -mn o b  t i -me d i k e  and p laint shreths  mind t r e e s  a a r o u n d

t h e  is! .mnd , (c  i r t c ream se the  in - m t er -i-ia! dep th - i  of channe l s  , a n d  ( d ) c f  f e -ir

a n- i i a - ma -i re aased d i v e r s  I t  v ob h a ib i t am t by p 1mw t i - mg  d e b r i s  i n  mind around the

i s i m a t u d .

h90 . Wi t h h ind si ghut , i t  appea ar s  t h a t  the  samp l i n g  d e s i g n  mind

m e t h o d o [c - m g v of t i - m i s  s ta i dy  c o u l d  be improved in several ways. Before-i

-ad d it i ca nmi  I h m i b i  t a t  e-i v m a l Lama I tom - i  s t u d  it-i s o f lii i a n a t u r e  . mr e  nu ,m d e -i , ne’k ton

gema r deve lopmen t  r e sea rch  si -mould r e ceive  a i -migh  p r i o r i t y .  The

development  of one k ind  of gear to e t f t c t i v e l v  samp le nek t on  f r o m  the

vat tons habit ats encountered would be very hene I Ic lami • L i f t  n et s  or

drop n e t s  o f f e r  a p o ssi b l e  solea l  i o n a , beat t l u e v  sh oc ald  he t e s t e d  f o r

ret iambi I it - i.’. Dt’ve lopment c- it gem-i t- t i-mm -i t i s  e m m s l e r  t o  rep l I e’m a t e  w o u l d

,ml low more f r e q u e n t  s a m pl i n g  a t  about the  same cost . With seaisoru au l

sammp liu g t he  in f o r m m m t  ion der  ive’d t re-in ti-me a- mu - mm - il vs I s  of age ’ , gr o w t h  , Se’X

m ind g onmmd s  of se lee’ led spec iea was of minima -il valmu e to p r o l e c  t

o b j ect i v e s .  The vmaltn e a - i f  t i-me anal  ~‘ai s of ne’k t on  feed  lu g h u m u b i  t a would

have been-i tru e’ re.msed i I sem asonm a 1 samp l i n g  of mc ioh en thos  man - mc i tc’r rc’st r Ia I

i n s e c t s  had been cond a uc ted e’c-i m c  (den t  w i t h  ft shm saump ling • Feat  e n t c ’

s t u d i e ’s sho cu Id not overlook these impc -irtmmnt pr ey  • F i n a l  I \ , t ht’

oblee’tives ot  ti -mi s pro beet cotuld not he f e a l l y  met  s i n c e

pre—const reac t ton attudies of n ek ton  were not done . To q u a m m n t i  Iv  t h e

e’ h u , m n u g e ’ a ,u lI e  r h u a m b l  t a t  d eve lopmen t  . preconstreac t ic-m n St mud las are

recitu I red . The di at r i b - i t t  iou -a mind muheandain ce et II ab spe’a-i 1~~s c-i m a n u el he

S
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di r e c t l y  re- i l m a t e d  to t iue v a s c u l .m r  p l a n t  c o m m u n i ty .  The d i f f e r e n t

sampl ing  cha r a c t e r i s t l i - is of ti -me gear  and th e  m o b i l i t y  of species

dc-creased the u s e f u l n e s s  ot  n e k t o n  compar i sons  be tween v e g e t m t r e d  and

tunvege ta ted  a reas.

200. Some genera - i l o b s e r v m at  ions  cam -i be mm md c d e s p i t e  our i n a b i l i t y

to e~u an t i f y the  c iu m ang es  w h i c h  o ’eu r r e d  a f t e r  s i t e  d e v e l o p m e n t .

U n d o u b t e d l y , the abundance  and d i v e r s i t y  of nek ton  in the area was

inc r ea sed  by ti -me c r e a t i o n  of th e  W i n d m i l l  Po in t  mars h - i  t h r o u g h p r o v i s i o n

of mo re l i v i n g  space , food , and pro t ec t i on  to many nekton species. The

abeu ndance of imp or tan t f o r a g e  species l i k e  the  s p o t t a i l  sh ine r  and the

mummichog wmi s probably  increased s ince  ti-icy exihibit a high dependence

capon l i t t o r a l  d r a m a s  and r m a r e l y  s t r a y  f r o m  the  sho re l ine . The channel

c a t f i s h  and ti -me wi -mi te  perch u t i l i z e d  t iuc incr ema sed shoal areas f o r

n o clu rn mm l m a c d i n g .  m i  summary , we f e e l  the  W i n d m i l l  Poi n t m a r s h  has

b e n e f i t e d  the area by p r o v i d i n g  a d d i t i o n a l  h a b i t a t  f o r  the n e k t o n  and

the reb y i n cremm s ed t h e i r  ab enndance and p roduc t ion .

Summary

20 1. D i f f e r e n c e s  in w a t e r  q u a l i ty  be tween  the e x p e r i m e n t a l  and

re f e r ence  s i t e s  were sl i gh t .  Disso lved  oxygen h -mad a h ig h-icr mean valeme

at the reference site; but water t e m p e r a t u r e , p H , s a l i n i t y ,  and

t u r b i d i t y  wer t ’ essen t i a l l y equam l for  t he 2 s i t e s .
2 02.  Seausonal  t re nds were ev iden t  in all  w a t e r  q u a l i t y  v a r i a b l e s

mon i to r ed . Mean wauter temperatm ure and salinity were high -meat in July;

pH and d issolved oxygen peaked in F e b r u a r y ;  and t u r b i d i t y  was h i g h e s t

in A p r i l .  F e b r u a r y  i-ia-id the lowest mean t emn pera t a t r e  and t u r b i d i ty ;

A p r i l  had the  lowest  s a l i n i ty ;  J u l y  had the lowest d issolved oxygen;

and October had the lowest  pH. a
2 03. Mean wate r t e m p e r a t u r e  and dissolved oxygen were hi g he r ia-i

the day than mit  n i g h t .  Day—nigh t  d i f f e r e n c e s  in the  o ther  wa te r

q u a l i t y  v a r i a b l e s  were not evident.

75 S

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



a 62

204 .  Water  samp les f r o m  ebb t ide  i-mad a h igher  mean t e m p e r a t u r e  and

a lowe r mean d isso lved  oxygen than  those f rom flood tide; pH , salinity ,

and t u r b i d i t y  showed l i t t l e  d i f f e rence between ebb and f lood t ide .

205. N e k t o n  samp l ing r e s u l t e d  in the  c a p t u r e  of 6319 specimens

wei ghi ng over 144 kg and r ep re sen t ing  37 species of fish ; relativel y

few species (about one—third of all species collected ) accounted for

most of the specimens and biomass c o l l e c t e d .

206. The species  composi ton of nekton a t  both  s i t es  were  simi l a r .

Mo re species were cap tu red  at  the reference  s i t e , but  more specimens

and a g r e a t e r  biomass were collected at the experimental site.

2 07. The smal les t  number  of tm ek t on ic  species , specimens , and

biomass were collected in February; the largest number of species and

specimens were  col lected in Jul y; and the largest  bioanass was collected

in A pr i l .

208. Ni ght samp les of nekton resu l ted  in mo re species , speci mens

and biomass tha n day samp les.

209. The smallest number of nekton species , specimens , and biomass

were collec ted in minnow traps; the most species and specimens were

captured in the beach seine ; and the largest biomass was collected in

fyke nets.

210. Overall , the 10 most important nektonic species ( i n te rms of

the ir abundance , biomass and frequency of appearance)  in decreasing

order were the s p o t t a i l  shiner , whi te  perch , american eel , threadfin
shad , mummnm ichog , t i d e w a t e r  s i lverside , g i zza rd  shad , channel  c a t f i s h ,

silvery minnow , and spot.

21 1. The ichthyofauna of this area of the James River is a

modera tel y depaupera te one with a low diversity dominated by a few

groups , especially cyprinids and clupeids.

212. The results of a statistical analysis of nekton catch data

were mixed. The pattern of response of nekton to some environmental

fac tors was not consistent for the 3 gear types.

213. The seine data set was found to be most useful for

sta t is t ica l l y assessing trends Ira the distribution , abundance  and
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div ers i ty o b  nekton. Using th e  seine dm a tmm , it was fe - ia -m t -m d that

si gni tic antl y more speci es mit -md higher species diversity were at the

r e f e r e n c e  sit e , and number os spe cmnu t-ins and biomass did not differ

si gnifi cantly betwe en-i the 2 sites.

21-a . The nektonic mind benthic community strcmct etre exhibited ma

simil ar patter at ti -m e 2 sIte -is . For both comm aunit i t -i S , smmmp les t rom the

experiment -i-il site i-mad more specimens and mm lower diversity ti -main samp les

from the reference site.

2 1 .  It was concluded tb -mat tb -me diversity of sub—habitats a t  ti-me

reference s it e  resulted in ti -me iu i g her d i v e r s i ty  of nek ton  spec ies  mit

tha t site. Methods semgc ~e-isted to increase’ the  d i v e r s i t y  of n e k t o n  a t

p r e s e n t  a-i t - id t uture e x p e r i m e n t a l  s i t e s  were  s i m a b i l i z a t i o n  of the dike to

~ivo id  e r o s i o n  mind s and ing  over of the  mmmrsh , i n c r e a s e  the  e l e v m a t  ion  e f

t t e ’ d ik e  to  a l l o w  tb -me p l a n t  in a~ of sh rubs  m i t - md t r ees  aro cand ti -me m a mrs lu ,

deepening ob m m m r s h  c h a n n e l s , at -md add i t  iou -i ot  debris in mu m-id ,around the

island to increase the habi tmmt diversity.

2 1 6.  The ecology of 5 nekton species was reviewed including the

spmi t j ai l mnd t e m p o r m m l  t r e n d s  in t h e i r  d i a t  r i b u t  ion , abctndance  mind f eed

b m a  b i t s .  The spea r t a i l  s h i n e r , mttmm i chog , mi t - i d w i - m i t e  perch - i  were  nm - more

ahea ndaunt  mit ti-me experiment mu 1 s i t e , aim -md t i-me c r eek  c h u b s u c k e  r m mm d cha unnm e 1

ca l f  j a l u  we ’re more ahund am nt mat the r e f e r e n c e  s i t e ’. Ti -me m cnmmi ch o g w - ia s
more mu hundan  in  A p r i l ;  t tue w h i t e -i i-ic re’b u .‘,as more’ ,a hund mmn i t in -i u n i v  ; mind

t im e r e m a i n i n g  s p e c i e s  were more a h e m n d m m n t  in  t c t oh e r .  A l l  of t h e s e

spc’c’ lc’S exc ’cpt  the  mummichog were more pr eva  lea -mt  in n i g h t  sm mmp lea than

d .av sammp les ;  ch m mnn e l c a t f i s h  m mm d w h i t e  p e r  - h - i  a t ’p e ’m re’d to  move’ m a t  n i g h t

i n t o  si -m ea l mmremu s  f o r  f e e d i n g .

2 1 ’. A h ig h diversi ty of type ’s of food w a s  I ouand in stommuch

smmmp les t tom t he se  S n e k t o n  spec ies , a n d  t lue ’~ c.1n he cons idered

omnivorous .  Ti-m e d i e t  01 these spec t e a  mmpp emured to he contr olled

pr  1mm - i t t  lv  by l i i i’  lo cm u I av , a  I l ab !  l i t  v mit -id ab u n d a n c e  ea t  b e a d . S j c ’ of

f t  si-i wmms a l s o  i m por t a n t  in d e t e r m i n i n g  p r e y .  As at  m~e t u e  re ms eci tb -me

divers i t  v eat t oed t Vpe’s ia-ic remmsed. Typ i c a m  I l - i , l m m r g e ’t-i I i  s i- i a t a’ 1 ar ge  r

c a r  g u n i ama.
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218. Benthic organisms were a major part of ti-it- diet of the rmekton

species examined. The meiobenthic organisms , especlal.v small

crustaceans , were an important part of their diet. Lar~ er mac robenthic

organisms such as oligochaetes were not numerically imp rtant foods.

Since most fish sampled were small; this was not considered unusual.

Overal l  crus taceans were the most prevalen t food , f oll owed in

decreasing order by insects , p lan t seeds , mol luscs , and fish at-md fish

eggs. Other taxa represented in s tomach samp les inc l u d e d  nematodes ,

ro ti fers , annelids , and arachnids.

219. The following recommendations are made to improve the design

and methodology of future studies: (a) develop a nekton sampling gear

that efficientl y samples both the in ter ior and ex terior o f marshes , (b )

sample meiobenthos and terrestrial insects coincident with fish

samp ling , and (c) cond uct nekton studies in the area prior to site -i 
-

construction.

220. It was concluded that the Windmill Point marsh had benefited

the area by providing additional habitat for the nekton.
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PART lV BOTANICAL STUD iES

D. Dounuu lele and C. Si lbe rho rn

Introduction

221. The bo tan ica l  a spec t  of the  Windmill Point study was designed

to  e v a l u a t e  t i - me  success or f a i l u r e  of planted and naturall y invadia-ig

marsh mm nd supramtida l vegetation at ti-me site at-md to correlate findings

with soil parame ters. Information on plant performance and

d i s t r i b u t i o n  was o b t a i n e d  by both gro und observa tions and aer ia l

pho t o g r a p h y  d t m r i n g  the 1976 and 1977 g r o w i n g  semmson s .

Materials and Methods

V
Species lists

222. Plant species lists for ti-ic experimental site were compiled

f rom 1974 thro ugh 1977. All species were collected , pressed , labeled ,

and listed in Tables 32 through 36. Nomenclature follows that of

Radf ord et al. (1968), mi t-id sources for all determinations were Fernald

( 1950) , Hi t chcock (1950) , and Gleason (1958).

Samp le collection

223. Nondestructive sampling . During the 1976 and 1977 grow ing

seasons , aerial photographs we re taken of t i-me experimental s i t e ’ at

Windmill Point and the reference area nema r the m o u t h  of Herring Creek

i n  D u c k i ng  Stoo l Point Marsh. Accuraute identification of p lan t cover
types  f r o m  the  a e r i a l  photographs wmms insured  by coincidental ground

observations (Figure 24, 25 , and 2 7 ) .  Ear l y in 1977 mm decision was

mmmd c to conduct mm more intensive phytosociological survey of the study

a i r t ’m m s .  The e x p e r i m e n t a l  s i t e  w a us d i v i d e d  i t - i to  p l m m n t  zones d e f i n e d  in

th e cover maps prodeaced b rom 1976 aerial ph ot ograp hy (F igure 26). Ti-me

reference site’ wmas divided Into botanical zones sim I tar to those

occurring at the e’xpe’rtmental site. Plant cover WI thin each plant zou t’

was estimmmte ’d from non—destructive observations In IS 1—rn 2 quadrmmts per
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p l a n t zone.  The’ numbe r of quadrats per zone was determined by the use

ob am s pc ’c i c s — a mr e a  c u r v e  ( C a i n  1938; Oosting 1956). Because of spatial

heterogeneity even within designated plant zones at the experimental

Site ’, three subzones were further identified and samp led. This served

to  p r o v i d e  ma more  a c c u r a t e  s pa a t l a l  at -m d v i s u a l  c h a r a c t e r i z a t i o n  of the

e n t i r e  p l a n t  zone.  0 th - i cr  o b s e r v a t i o n s  such as n a t u r a l  i n v a s i o n , s igns

ot stress , disease , competition , anima l use , and physical damage , wer e
mm lso noted.

2 2 4 .  lhe’ procedure  f o r  l o c a t i n g  i n d i v i d u a l  q u a d r a ts  was mis

f o l l o w s :  A p p r o x i m a t e ’  boundar i e s  of both  zones and subzones were noted

in  t i ae ’  b i c - id .  A c e n t r a l  loca t i o n  was chosen as ti-ac starting point for

ram i dom locmm t ion of the t ive q u m u d r m m t s  to  be p laced  in  e m i c h  zone or

subzone. A number from I to 360 was drawn at random to give ’ compass

he mm d ing; another numbe r from I to 10 was d rmawn to  give the naumber ot

races I c)  be t a k e n  in that direct ion, Ti-mi s established ti-me b eat tori ut

• t h e  first quadrat wi -itc h -i wams used as the starting point for locmt ing ti -me

second q u a d rat  by the  same p rocedure .  Ti-me o t h e r  q u a d r a ts  wer e l o c a t e d

s i mi l a r l y .  Care wmm s t a a k e n  to  e n s u r e  t hma t m a l l  q um i d r a t s  were w e l l  w i t h - m i -i-i -

t h e  zone m a r - m d subzone  b o u n d a r i e s .  Because of ti -me na r rowness  of saabzones

P 1 and P2 , t h e  compass heamding was not used mind onl y ti-me number ut

p -aces  wmms drmiwn . The starting point was one end of the zone , mit-id

r qummdr ats were loe’m a t t ’d in  ma ilne down the center’. Sampling c onsisted of

placing am I — un 2 f rame at each quadrmmt l o cat i o n  and estimating specte’s

cover  ( p e r c e n t  of ground covered i-icr spec les) tot m a ll spe ’cies g r o w i n g

wi tb -mi n.

22c-i . Dauring the course of t t t ’ stud y ,  35—mum co lo r  s l i de’s  t ak e n

f rom estab list -med p h o t o g r a ph i c  ~0 liii a we’re used to document vi suma 1

changes in vegetation from month to month. On-me point was located in

v m i t ’ ii ma jo r  subzotie  or zone .

S am r ve~ys and t i d al  ~at ~i

22 6. St arveys  ot  the  expe’ r (mer i t  al  and r at e ’  re~uce sites conduc ted

p e r i o dic a l l y by t i -me  U . S .  Army E n g i n e e r  D i s t r i c t , N o r f o l k , amnt l t i d a l

d a t  ~u pr ov ided by WE S we’re mised where  app l i c a b l e  in  cor r a ’  l m m t  in g  i-i l . nu t
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p a r a m e t e r s  with elevation and tidal i n u n dat i o n .

Aerial pho tography and mapp ing

227. During 197 6 several  pho tograp hic overflights of ti-me

experimental and reference sites were made for the purpose of

constructing vegetation maps. These maps (Figures 25 and 27) were

pr epa red by WES and were used in assess ing seasonal changes in p laint

distributions.

Results and Discussion

Zone descr iptions
228. Figure 24 outlines the major plant communit ies present m t

the experimental site as of Septembe r 1977. C o m p m a r i s o n  w i t h  September

1976 (Figure 27) reveals generally little cl-mange i u  zona l b o u n d a r ie s .

Changes d id  occur , however , in the vegetational content of some zones , V

notably in the vicinity of the pool at the northwest corner. In 19/b

the area adjacent to the pool was dominated by two gr m a s s e s , pm m ni e g ra s s

(Pan icum dichotomiflorum ) and barnyard grass (Ec i a l nochloa  & ‘ru s~~, a 1 1 i ) .

In the spr ing of 1977 , jewe lweed (~~ j~~tiens capensls) wmm s ver~’

prevalent , but by September the area was heavily domfn amted by rice’

cutgrass (Leersia oryzoides) with smaller amounts of bmi r nt v ,mrc l gr .m s s  a m a - i d

common cattail. In the supratidal area at the northeast coruu’ r ,

changes mainly in zonal extent rather than composition took t l~m ce’.

Al though no t yet dom ina ted by black will ow (Salix ni&ra), t h e  ,mremm ,mt

the northeast corner labeled “Mixed Vegetation; 2 ,4,10” i t-i Figure 24

contained many more willows than in 1976 and will most like’ly become

dom ina ted by this species in the next few years.

229. The following is a brief description of ti-me major plant

zones found to occur at the experimental and refereaace s i t e ’s:

230. Experimental site
a. Arrowhead—p ickerelweed. This zone (Figure 28) occup ied

the lowest vegetated elevations of the site mi t-id was
wholly confined to a broad area of the interior. At the
lowest elevations arrowhead and pickereiweed almost

8-I



e q u a l l y  c o d or n in a t e d a bu t  at  higher elevations beggar
t icks , barnya rd  gra ss , mind rice cutgrass became more
common. Isolated patches of wild rice (Zizania
aguatica) mind s o u t h e r n  wild rice (Z~~~~t i ~psis miliacea )
also occurred,

b. Beggar ticks. This zone (Figure 29) was found at higher
elevat ions 01 the marsh and was dominated by beggar ticks
but was much -i more diverse than the arrowhead—p ick ere lweed
zone. Considerable amounts of hmmrny ard grass , wa ter
sunartweed (Po~ y~ unum p u n c t a t u m ) ,  j ewelweed , c m i t t a i l , and
water hemp (Amaranthus cannabinus) were well—distributed
t h r o u g h o u t  the zone.

c. Pan ic grass .  This  was the  onl y zone sampled which was
a r t !  t i d a l l y  p l a m u t e d  a- it t i e  s i t e  ( F i g u r e  30).  It was
r e p r esen ted  by an i n t e r r u p te d  band ti - mm - i t s u r r o u n d e d  the
island and was located on the dike mind original island.
Anothe r s t and  was p l a n t e d  a t the  inner northieast portion
of the island (Figure 24). The P a n i c um  spec ies  preset -mt
were P. amarulum (heachgrass) au-id P. virgatum
(sw it ch gras s) ,  w ith ti-me former being by far the more
common.  Since’ t hese  two species  commonl y i n t e r m i n g led
and were o f t e n  ditfi cu lt to distinguish , they are t reated
t o g e t h e r  in t lu i s  r e p o r t .  O t h e r  species found  in t i i s
zone included b eggam r t i c k s , p i gweed ( Ama r a m u t b iu s  spp .),

cocklebur (Xanthium strumarium ), and jewelweed.

d. Black willow , isolated stan-ads of black willow ,
ce) t t onwood  ~~~~~~~~~~ d e l t o i d e s) ,  m it - md common a l d e r  ( A l u m n a
scrrul mm tmm) occurred on ti -me em i s t e r n  por t  Ion ob the Is lamnd
mmnd represented the only wooded amreas of tte site ’.

e. Othe r  zones. The r e u n a m i n d e r  of  the  p l an t  zones m a r t ’
dep icted in Figure 24 mind c o n s i s t e d  of h e t e r o g e ne o u s
mixtures of two or more’ specie’s. Common species of t ht’st’
areas included Mexican-i tea (Chenopodiunn ambrosfoides),
bush clover (Lespedeza cuneata), umbrella sedge (Cyperus
strigosus), wild sensitive p l an t  ( C m m s s i m m  n i c t i t m m n s ) ,
gerardia (Agalinis purpurea ), and evening primrose
(Oenothera biennis).

231. Refe rence  s i t e  (sa~ p~ ed area -i s on l y)
m m .  Low marsh.  Arrow a arum d o m i n a t e d  t h i s  zone (Figure 31),

fo l lowed in order  by p lcke re iweed , wa te r  s mart weed , and
wild rice. Waler hemp amnd beggar ticks occurred
s p a r i n g l y .

b. High marsh. This diverse zone (Figure 32) generally Cain
be charac terized ama an arrow arum—Jewe lweed—tearthumh
a s s o c i a t i o n .  R e l a t i v e  amounts  of these species  f l u c t u a t-
ed g r e a t l y  dur ing t he  1977  g rowing  season (Tab le  p)) .
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Interesting l y ,  beggar ti ck s was v isi bl y domina nt in 1976
but  was ma very minor  species by Augus t  1977 (Table  39).

F l o r a l  inventories

232. Results of floral inventories are given in Tables 32—37.

Before dike construction , vege tat ion on the ori ginal island cons isted
oi~ 55 plant species fairly evenly d i s t r i b u t e d  between marsh at -id

supratidal habitats (Table 32). Shortly after construction (July 1975)

t i - m i s  number was roug hl y doubled by i-mew invaders  and six p lan ted
species. From Jul y 1975 through Septembe r 1977 , numbers of new spec ies

in bo th hab ita ts decl ined , but ti-me dike and original isla nd devel oped a
hi gher d i v e r s i t y  than  the m a r s h .  Th is h i g h e r  diversity was undoubtedl y

due to more plant competition as a result of decreased tidal

inundation. Invading species in the dredged material were found mostl y

in the beggar ticks zone , w h i c h  was a more suitable habitat than time

lower arrowhead—p ickerelweed zone. The low number of invading species

in Septembe r 1977 pos sibly ind ica tes an approach of cl imax or

neamr—c limax conditions , espec ial ly in the marsh. However , with the

increased growth of t rees (willows, co tt onwoods , and sycamores) on ti-me

d ike and orig in ial island , species distribution there will undoubtedl y

c o n t i n u e  to change with changing shade conditions.

Es tim a tes of cover
233. Plant cover  averages are l i s t ed  in Tables 38 and 39. As

seen f r o m  the tables , most of the dominant species of their respective

zones reached their maximum cover in Jul y or August. Beggar ticks in

the beggar ticks zone and high marsh zone is an exception in that it

peaked in June. The reason for this is most like ly a severe winds torm
tha t swep t through the area in Jul y ,  resul ting in many broken stems au-id

mortality of plants (Figure  33). In addition , ti-me high marsh at the

ref erence si te was invaded by large numbers of grasshoppers and

Japanese beetles , which v is ibl y redeaced the cover of most species by

devouring leaves (Figure 32). However , the beggar t icks at the
experimental site recovered , a-is shown by ti-me rising cover values in

August. The beggar ticks at the reference site continued to decline to
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a neglig ible value by late August (Table 39). The reasons for the

decline of beggar ticks in the high marsh are no t clear , bu t perhaps
the addit ional effect of insect damage was partly responsible. As

beggar ticks in the high marsh decreased , halberd—leaved tearthum b
(Pol ygonum arifolium), possibly due to increased availability of
sunlight , drama ticall y increased un ti l by August it and jewe lweed
domina ted the zone.

234. Two other species , jewelweed and arrow arum , also reached
peaks in June , but probabl y not as a result of subsequent wind damage.

Jewelweed tends to be more robust and productive in shaded situations

(Jerv is 1969) and pos sibl y declined as a result of decreased shad ing by
beggar ticks. Arrow arum decreased in both the high and low marsh

zones , but the cause of this decline is not known. Similar cover
V

values for  this spec ies , as well as wa ter sma r tweed , have been repor ted
by Doumlele (1976)  in a vegeta t ional ly s imi lar  f r e shwa te r  marsh in

V irginia.

An imal and environmen tal e f f e c ts
235. As already mentioned , insec ts dra ma t ically reduced the

vegetation of the high-a marsh zone. Grasshoppers and Japanese beetles

were also noted at the experimental site , but insec t damage there was

slight. The major p lan t damage in f l ic ted by an imals resu l ted f ro m

muskrat activity (see Part V: Wildlife Resources). Muskrats destroyed

p lan ts in many areas , whe ther for  food or for  lodge construction.
Plan ts were des troyed by direc t consumption of roots and/or shoots and

by tunnels and runways dug by the animals. Several small areas were

almos t comp letely denuded (Figure 34) but during the year many were

revegetated (Figure 35).

236. The effect of severe winds has already been mentioned. The

effec t on beggar ticks was much more deleterious , since visual

compar isons of plant heights between 1976 and 1977 revealed a sharp

decrease in beggar ticks he ight , whereas arrowhead and pickere lweed
were largely unaffec ted. Apparently , the flexibility of soft—stemmed

plan ts such as arrowhead and pickereiweed contributed to their survival
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during the July 1977 windstorm , whereas the taller , rigid stems of such

plants as beggar ticks and water hemp were broken (Figure 33).

237. Shore erosion probably presen ts the greatest threat to the

future of the island. Erosion on the exposed west dike shifted that

shorel ine eastward to ti-me point where , by late 1977 , onl y a narrow sand

berm prote’cted the hi ghl y erodable interior marsh. The planted panic

grass on tha t dike , thoug h apparently a good soil retainer , was

nevertheless underm ined by wave action. Even woody p lan ts such as

willows were eventually uprooted. It is unlikel y tha t vege ta ti on alone

will be able to stabilize this shoreline.

Elevat lonal amnd tidal e’tiects

2 18. EIe ’v ,mt too ranges ot areas sampled at the experimental site

are shown graph L-.a ll v In Figure 3b. The gradation from low elevations

in the arrowhead zone to  hig im elevations In t h e  panic grass zone is

readil y apparent , al though there is considerable overlap in the beggar

ticks and panic grass.

239. Although it appears ti-ma t elevation alone was an important

factor in relation to species distribution , tidal inundation , a

tunction ot  elevation , was more criti ca l in ti-me intertidal areas. That

marsh p lant specie’s have differing tolerances to submergence is

well—k nown , as demonstrated by the zonation patterns found in

s,ultmarshes in response to e’levationa l and inundationa l differences

(Johnson and York 1915 , Mi l l e r  and Eg ler 1950 , Kerwin and Pedigo 1971).

This was appa rent l v  true at the experimental and reference sites ,

al though zonal boundaries in these freshwater marshes were usually no t

as distinct. Thus, arrowhead and p ickerelweed almost exclusively
dominated the interior of the experimental site because of their

tolerance of frequent flooding there. Similarly, pickerelweed and

arrow aruu n dominated the lowest areas at the reference site. At

sli gh t ly hig her elevations , these three spec ies were presen t , hut their

cover was reduced (Tables 38 and 39), while other species such as

beggar t icks increased in abundance mm s a result of their ability to

withstand the reduced submergence. 

- 
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Seasonal e f f e c ts

240. Figure 27 depicts areal extents of zones for three months ,

May, J u l y ,  and September 1976. The most obvious changes from May to

September were the “invasion’ of mudfla ts by arrowhead and pickerelweed
and the subseq uen t ~

‘spread” of beggar ticks into these same areas.

Upland areas remained stable , for the most part.

241. Although one is temp ted to exp la in these changes as

successional in na ture , they are no more than stages of a normal

seasonal cycle. Arrowhead and pickerelweed were present during the

w inter and earl y spr ing , but only as underground  tubers  and rhizomes

and therefore were not visible from the air. By May the plants had

sprouted but were immature ; consequently ,  the area appeared as a
mudflat with arrowhead and pickerelweed in small amounts, By July ,

I,
howeve r , the two spec ies had more f ully closed the ir canop ies and thus
had reduced the amount of nonvegetated “mud f l a t” area. Beggar ticks

appeared to spread int o the inter ior by September but , again , was

— 
probably present there in May and July, as well as the previous winter.

Sinc e seed disper sal of th is spec ies take s place in the f a l l , the seeds
would have been well—distributed througho ut the ma rsh by May of the

foll owing year. Any appearances of beggar ticks in the arrowhead zone

la te r in the season would have to be expla ined by the fac t tha t the
seeds were there all  along but , beca use of the grea ter tidal
inunda tion , sprouted later than seeds at higher elevations .
Soil—p lan t rela t ionsh ips

242. Table 40 summarizes the soils and dominant plant community

relationships . Elevation above mean low water obviously played a major

role in determining species composition and distribution at both ti-me

experimen tal and reference sites. Soil chemical properties (i.e.

nutrient availability, CEC , etc.) probably more influenced within—zone

variability and comparative aspects of species performance ti-man overall

plant distribution. Soil type resulted from both phys ical and

biological influences. Because of the relatively young nature of the

experimen tal marsh sys tem , be ing domina ted by phys ical in f l uences , it
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can be expected to change in t ime. Just as elevation probably governed

overal l  plant distribution , soil type de term ined to a larg e ex tent many

of the meas ured soil prope rties (see Part VI: Soil Analysis). The

more subtle interactions between elevation , soil type , and soil

chem ical prope rties determined species composition within a zone.

Competitive interactions , given ti-me same phy sical and chem ical

proper ties of ti-me soil substrate , determined dominance. Initial plant

invasion of the habitat development site cannot be related specificall y

to soil proper ties except in the broadest terms , si-i-ice invasion was the

result of stochastic processes. Species rep lacement and distribution

changes occurred between the 1976 and 1977 growing seasons , sugges ti ng

ti-mat the habitat development site is tending towa rd a more climactic

condition. Soil properties can be expected to follow ti-me same trend as

the system becomes more ecologicall y mature and to more directl y

influence species composition and distribution within similar phys ical

zones. Without further field and experimentally oriented study , these

changes cannot be predicted or their controls determined.

Summary  mind C o n cl u s i o n s

243. Botanical d a t a  were collected through ti-me muse of quadrmits

f rom July throug h Sep tembe r 197 6 and f r o m  June thro ugh Augus t 1977 m i t

the experimental at-md reference sites. Data c o n s i s t e d  of s p e c ie s  cover

and env ironmental effects mi-i-md were collected f rom bive distinct plaint

zones from the two sites. These zones were mirrowlicad—p ickereiweed ,

beggamr ticks , mind panic grass at the experimental site , and t h e ’  h i g h

and low marsh at the reference site.

244. Periodic floral inventories conducted mmt ti-me experimental

s i t e  revealed a large number of n a t u r a l l y  i n v a d i n g  p lan t s p e c ie ’s

shor t ly af ter dike construction in 197’-m , but 1w late 1977 numbers of

invading species ha-md decreased. The greatest diversity and change in

spec ies composi t ion took p lace on the d ike and or i ginmi l isimind a-is mm

result of more p lant competition from Ivss I requent tidal i n u n d a t i o n .
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245. Maximum plan t developmen t at the experimen tal si te appeared
to take p lace in July and Augus t as opposed to June for  the reference

site. Numerous factors may be responsible for this difference ,

including differences in soil cation exchange capacity and soil

nitrogen (see Part VI: Soil Analysis) as well as species differences.

246.  Wind , insects , and muskra ts may have combined to prod uce
a typica l  results, espec ially in the beggar ticks communit ies at bo th
sites.

247. Panic grass , beggar t i cks , ar rowhead—pickerelweed

(combined), and arrow aruin were clear—cut dominants of the panic grass ,

beggar t icks , arrowhead—pickerelweed , and low marsh zones ,
respec tive ly ,  throughout the summer. The high marsh zone, however ,
changed from an arrow arum—beggar ticks to an arrow arum—beggar

ticks—jewelweed to a jewelweed—tearthumb zone late in the summer ,

probabl y as a resul t of beggar t icks des truction by winds.
248. Species distribution and zonation was found to be a function

of eleva t ion and tidal inunda t ion , especially in the intertidal areas.

The ability of a species to withstand submergence was a major factor in

determining its location at the sites.

249. Apparen t success ional changes in plan t cover as de tec ted

f r o m aer ial pho tograp hs were ac tually stages of a normal seasona l
cycle. Successional changes are occurring, as ev idenced by changes in

wil low d istr ibuti on at the nor theas t corner , but accurate assessments
can be made only through long— term studies.
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PART V : WILDLIFE RESOURCES

M. Wass and E. Wilkins

Introduction

250. This part of the study was intended to evaluate the Windmill

Point Marsh Development site as a marsh habitat attractive to avifauna

am -i-md other wildlife. The method was to census bi—monthly ait  the

experimental and reference sites in the months of July 197 6 thro ugh
A ugus t  1977.

Mater ials amd Methods

V
Field methods

151. Censuses of the experimental and reference sites were

scheduled twice monthly over ai 14—month period f rom 1 Jul y 197o t o  30

August 1977. Extreme weamther in the winter m o n t h s  p rec luded  r e g u l a r

censusing, but a total of 37 censuses was made at the experimental site

and 18 ,at the James River Berm over tie 14—month period. The reference

site was established in January 1977 , and 13 censuses wer e made ove r an
8—month period. A prel iminary census was made at ti-me experimental site

on 18 May 1976.

252 .  At the experimental site and James River Berm , coun ts were

made by wa lk ing  slowly through the census areas , record ing al l  b ird s

seen or heard during that time . The 2 observers worked together on

most occasions , in order that more birds could be flushed a-i-ad counted.

The duration of each Count was determined by the time req ui red to walk

ti -me areas , averag ing from about 1.5—2 hours for the experimental site ,

1—1.5 hours each for the Berm and reference site.

253. At the Herring Creek reference site , 6 observation stations

were established (Figure 37), and birds were counted during a 10—minute

period at each station. Birds seen h~etween stations were recorded as

miscellaneous , but were later combined with station observations for
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analys is , as very few birds were seen while observers were stationary.

Birds nearby , but outside the 2.9—ha study area , were no t included in

the analys is and were treated as miscellaneous , as was done for  the
experimental site and James River Berm. While camping at the

experimental site , spec ies ti-mat were seen only after the census were

recorded , but were cons idered m iscellaneous and were no t incl uded in

an alys is or Census data.

254. Censuses were made without respect to time of day, as it was

not feasible to census the 3 areas at a consistent hour over the entire

period. For the experimental site , tide level probably played as

important a role in influencing species and number of individuals seen

as hour of day.

255. Nest searches were conducted at all 3 sites in season , and

active nests were tagged and mapped (Figures 38 and 39). Nest contents V

were followed as closely as poss ible , given the inadequacy of

bi—monthly observations for this purpose. Supporting vegetation was

F also recorded.

256. For all censuses , binoculars and a spotting telescope were

used to identify and count birds present.

257. In add ition to bird censuses , other wildlife was also

observed. Muskrat (Ondatra zibethicus) lodges were located and mapped

(F igure 4 V ) ,  and toward the end of the study 20 household mouse traps

were set to confirm the presence of small rodents on the island.

Statistical methods

258. Spec ies diversity was measured for each observation date by

the Shannon index (Pielou 1975), given by:

S
H ’ = — 

~ pj log~ Pi

where s = number of species in a sample (census) and pj = proportion of

the 1th species in the sample. To assess the contribution to the

species diversity of numbers of species (species richness) and the

distribution of individuals among component species (evenness), the
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fo l lowing  f ormu lae were used:

Evenness (J’) = H’/1og2
5 (P ielou 1975)

Spec ies Richness (SR) (S—l)/LnN (Margalef 1958)

Community parameters were averaged by seaso n , using these da tes
(Anderson  1 9 7 2 ) :

La te Spr ing — Apr 16 thro ugh Jun 1
Early Summer — Jun 2 thro ugh Ju l 15
Late Summe r — Jul 16 through Sep 1
Fall — Sep 2 thro ugh Nov 1
Winter — Nov 2 through Mar 1
Early Spr ing — Mar 2 through Apr 15

259. In add ition to species diversity , a foraging diversity

(Tomof f  1974) was calc ula ted for  each census at each site , using the
above formula for H’ with s = number of ecologic feeding categories

(food items) and pj proporti on of 1) species1 to total species in the

census , and 2) individuals1 to total individuals in the census. V

260. Resemblance between the experimental site and the reference

site was measured by Dice ’s similarity coeffic ient , espec ially where
the number of posit ive attributes (such as the number of species at

d ifferent sites) is variable (Boesch 1977). The Dice coefficient is

given by :

2a
2a + b + c

where  a number of joint presences (of species), b number of spec ies

exclusive to entity B (experimental site), and c = number of spec ies
exclusive to entity C (reference site).

261. Relative abundance was calculated for species and individuals

in 3 major feeding categories at the experimental site. The data was

plotted by seasonal means to show changes in abundance due to migration

and food availability.
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f o l l o w i ng f o r m u l a e  were used:

Evenness  (J ’)  Fl t / I 0 F 2
S ( P i e I o u  1975)

Species  R ichnes s  (SR’  = ( S - l ) / L n N  ( M a r g a l e f  1958)

Communi ty  p a r a m e t e r s  wv r e  ~vt r ageu vV  s&~ ison , us ing  these dates

(Anderson  1972) :

Late S p r i n g  — Apr  l b  t h r o u g h Jun 1
Earl y Summe r — Jun 2 t h r o u g h  Jul  15
Late Summer — Ju l  16 t h roug h Sep 1
Fall — Sep 2 t h r o u g h Nov 1
W i n t e r  — Nov 2 t h r o u g h Mar 1
Earl y Spr ing  — Mar 2 th roug h Apr 15

259. In addition to species diversity , a forag ing divers ity
(Tomoff 1974) was calculated for each census at each site , using the

above formula for H ’ with s = numbe r of ecologic feeding categories

(food items) and p1 = proportion of 1) speciesj to total species in the

census , and 2) ind ividuals~ to total individuals in the census.

260. Resemblance between the experimental site and the reference

s ite was measured by Dice ’s similarity coefficient , espec ially where
the number of positive attributes (such as the number of species at

different sites) is variable (Boesch 1977). The Dice coefficient is

given by:

2a
2a + b + c

where a=number of joint presences (of species), b = number of species

exclusive to entity B (experimental site), and c number of species

exclusive to entity C (reference site).

261. Relative abundance was calculated for species and individuals

in 3 major feeding categories at the experimental site. The data was

p lotted by seasonal means to show changes in abundance due to migrat ion
and food availabili ty.
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Re~;u 1 t s

(;~ n~’ r ,~ 1 C h a r ae t c r1  st i cs

t~~~. At t he t ’xpt ’ r im e nt  a 1 st t e ’ , ~i t o t  ,t t of 0 , lb  b i r d s  was

cou t i t  ‘d ~tu r i n g  t h e  s t u d y  p e r i o d :  15 7 5 were  ce ) t t n  t ‘d i n  1 censuses 1 n

1 9/b  • and 1) 1 .~ I 1 n 24 ci O s u s t ’ s  i n  1 ~ 11. The mean numbe r of h i  rds per

cc i i su s  w.i s ~ 15 .0 I ii I 9 / h ~iiid SoUit ’W ii ~i t l i i  gh& ’ r I n 1911 , at  280.9. At t hi ’
r et  erenc e ’  s i t t ’ , 5 7 1  b i r d s  we r e c o u n t e d  ii i 2 c ensuses  , w i t h  a meaii  o f

48. 1 Pt ’ r cen s u s .  K [g u t  ceo censuses  of  t h e  James R i Vt ’ r 1k’ rm produced

55 b i r ds , w i t h a mean of ~0.7  h i  rds per c e n s u s .

2b I. B i r d  d e n s i t y  v a r i e d  season.t  1 ly  , . i c c or d  l u g t o  f o o d

,iv a  I I , i h i i i  y and m i g r a t i o n  pat  t e r ns (Tab It ’s 4 1 t h r o u g h 4 3) . At t he

ex l ’ e’ r I men a 1 s i t t ’ , h i  rds per bet ’ I ar t ’  ranged t rom a 1 ow o t 7 . 5 3  in  t h e

e a r l y  sumlik’r of 19t 7 , to a h i g h  of h 9.b2 I n  th e ’  ea rl y s p r i n g  of 19 7 7 .

Tb is  h i gh v a l u e  r e s u l t e d  i m m  l a rge  nu inhe rs of r i n g — b  t i l e d  g u l l s  ( Li ru s

d ’  I ,ewa rt ’ns i s )  r e s t  i ng on the ’ mud t t a t  a t  low t ide .  F a l l  dens It 1 eS were

a i so  ii i  g li a t  t h e  is  l and , w i t Ii Can ad a  gee ’ se (B ranta cana dens I s )  and

re ’d—w i nged b l a c k b i r d s  ( A&e i a t u 8  i~lw ’11lc i u s )  domi n a ut  • The dec l i n e  in

de’ns i t  v in  e’a r iv stemm er , 1 o l  I owed by an I n c  rease in  1 at  ‘ summe r , w as a

t re ’ud wli I ch was a I so observed i n  t he  second yea  r of census I ng ( F i g u r e
:~ I )

2 b4 . At the  r e fe r e n c e  marsh , dens i t  I es were lower , de Ic rm i  ned

a m ost ent  i r e l y by the  numbers  ot s e e d — e a t  ing I r i n g i  i i  ids and

rt ’d—w [ngt ’d h l a c k h i  rd s .  Va 1 t ie s  were  h i ghest  i n  w i n t e r  (mean lb .  17 h i  rds

pe r  h e c t a r e )  and lowest  in  l a t e  s p r i n g  and e a r l y  summer ( 7 . 0 8  and 5 .2 ( )

r espec t i  Vt ’ ly ) , whe’n seed ava i l a b i l i t y  was low and s p r i n g  mi g r a t i o n  had

subs idt ’d .

!b 5 . At t he  .iames R I ye r Be rm , ,iv I an  deiis [ I v  was at so hi ghe’s I i n

w i  n t  e’r (no t  Inc  I ud I ng t he  unusua l c o u n t s  01 common g rack  It ’ s ( Q~i t s c a  lus

e~ u i sc u I a ) , i n i l  r t ’d—w i nged hi ae ’kh I rd s on 10 Augu st  1 9 7 7 )  , w i t h  a mean of

2 b . 17 hi  ret s per  be et  a r e .  Ag a i n , the  s, ’ e ’ d — e ’a t e rs , in  t ii Is case

w h i t  t ’— t h r o a t e ’d  s par r o w s  ( Zoe ’not  r t c l i i , e  , i l h i e o i  I t s )  and c a r d i n a l s ,

( C , i r d l  n a i l s  c a r d i n a  I t s )  were in  abundance ’ . The lows t o t  t h i s  st u d y
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a rca weFe ’ in  t he’ ca r  l y summe r ot 1 9 / h  a n d i n  the ’ 1,1 t e summe ’ r f o r  hot ii

v ’ a  rs (,ig,e i n  d i  s re’g ,t rd I ti g th e  ou t s t a n d i ng hi ackb  I rd and gr , t ck  it ’ c o u n t

Tht ’ woode d b e r m , nit l i k e ’  I lit ’ o I l i e r  si t e s , i s  e’sse ’ n t I~~ 1 l y t i t h i  I fe ’c t e d by

he I oc ’ a I p r e ’ Sc ’ l i c e’ 0 t m i g r an t  short ’  hi rd s and swa L I  ows , a m id by I he’

t n t  m x  o I r e d— w I n g e d  h i  ac kh 1 rd s  , wi t [c it  boosted  l a t e  summer de n s! t I es in

o t h e r  , i r e ’ , I s .

C omm u n it  v s t r u c t u r e  p~t r a m c t er s

2 h h .  The ’ numbe r of  spec t es  at  I ht ’ e’xpe ’r [m e n t a l  s i t e ’ ,t ve ’r aged 14 .

pe r census  f or t h e  cut  i r e  st t i dy ,  and peaked dci m~ i mig m I g r a t i o n  i n  Lit  e

sp r i n g  1 911 , w I t  ii a mean of  1 9 .4 spe c ie ’s  per census  ( Li h I t ’ 4 4 )  . T h e

l owest  numbe ’ rs of spec i t ’s we me r ecorded  in  t h e ’ e a r l y  s ucnme ’ r o f  19 11

w i t  ii a mean o t 10 .  8 s pee I es pe’ r census .  The numbe ’ r of b r e e d i n g  spec i t ’

was low , .~ I t  liougli some ~p~’~’ it ’s wh I cli br ed i n  the  gene ra l  a r ca obv ious  l v

used t h e  i s  l and  f o r  f o r a g i n g  or lo ,i t lug .  The’ number of w i  m i t e r  r e’s i de nt

~ ~ e ’~’ I es per beet  .1 r e ’ w a s qu i t e h i gh , compa red w i t h  va I ties I or of he’ r

I vpes  of h a b i t a t s  in the  V i  mg i n i  a— M a r y  l and  a rca (Tab Ic 4 5 ) .

2b 7. Shannon d i ve r s  i t  v was a iSo  h I g hest  in  t h e  1,1 t e ’ s p r i n g  of 1917

,t t  t h e  e x p e r i m e n t a l  s i lt ’ , a v e r a g i n g  1 . 54 h i t s / l i i d i v t d u a l ( F i gu re 4 2 ) ,

as were  t’vennes s (0 . 84 )  a nd spec i t ’s r i c h n e s s  ( 1 . 8 3 )  • Lows f or II ’ and

e ’v e ’nness were  in  I ,e I I  1 9 1 h , wlie ’n l i  rge ’ t locks  of r e d — w i n g e d  hi  ackh  l i d s

a nd Ca t iad . i  ge’e ’ se ’ Wt ’ rt ’ p res ent  on t h e ’ i s  I a mid

lb S. At th e  me I t ’  r ent -c s i t  e ’ , evenness v a l u e’s were ’ l’onipa ra h it ’ , hut

spec i t ’s r I c h n e s s  ,t i lei  11 ’ w ere  g e n er a l ly  lower  (T ab le ’  ‘tb ) .  l ) i v t ’r s i  I v  was

l i i  g In ’s t i n  w I l i l t ’  r ti e l e.i r . I v  s p r i n g , wit 11 me’an II ’ ot 1 .08 and 2.  1

re’s pe el lv i ’ i v  , ci tici lowest  In l a t e  sumute r. L~ w d l V&~ r s i t  v at  I h i s  s i t  t ’

r e s u l t e d  i ron c o n s i s t e n t l y  low numbers  of spec ies  per census , av e r a g i n g

h ,  4 t o m t i l t ’ s t u d y .

2h9 . The J ,Ime ’s R I ye r Be’ mm was a Iso  e ’ h a  ra t ’ t t ’ r I zt ’eI by low numbers of

spec it’ s but evenness  wa s ,t I most a l w a y s  h i g h  ( o v e r a l l  me ami  , 0.84) .  Mets I

spec it’ s were r ep r es e n t  t’d by one Individua l f o r  a Si yen census , wit I cli is

Vp I i a  I i i i  wood Ia  Itc h ha h i t  a Is . U ’  was hi I ghe st in  e’a r lv summe r I 97/

( L~~b b t t s /  i n d i v i d u a l )  and low es t  (exc l u d i n g  b l a c k b i r d  ~m nel  g r a c k l e

coun t  s on it ) An gus t 1 9 1 7 )  i n  e’ ,i r I y spr  I ng whit ’ it I I r i n g  i I I i  ci s pe’ c’ It ’ s

‘ ( 1

- ~—- ---- - -——- .~~ -- __~~~~~~~~~~~~~~~~~~



run ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~-~~~~~~~~~~ .‘ -~~~~~~~~~~-~~~-

c omp r i se’d 8 3  pe ’ r cen of  birds e’t’nsused on that do It ’ , thus lowering

e’Ve nness (, l’,ib le ’ 47).

Fo r a~ I ii~ ~~~~~~~~~~
1/ 0. The’ most I m p o r t a n t  t ood I t ems  for  hi md spec it ’s at the

e’xp t ’ r I m ent ,i 1 sl It’ were’ f I sit , gro u n t l  seed , and t Ida 1 .i nyc rt ebr a t es

(‘l’,i h i t’ 48)  , a I t  boug h 1 1 1 cccl in g c ’ ,t t e’gor i e ’~~ we’re’ r e c o g n i z e d  and inc  lude’d

i n c,e I c u l  at  ion  ot i or , cg  lug  dive ’ rs i t  y : I ) warm prey  and c a r r I o n , 2 )

p l an t  .ind an ini , i  I , I )  t I sI t , 4 )  I i da  I I mive ’ rtt ’hr ,i t c’s , 5) a i r  Insec ts , h )
t o l I . i g t ’ i mmse ’c t s , I )  bet it’ a m id t w I g  I i i ss ’c  t s , 8) ground  i iist’c I s , 9)

1 e’,i Vt ’s , root s , a qu a  I ft seed , I I ) )  tree ’ seed , I I )  ground seed , and 1 2 )

nect a r (Table’ 4d) )~

I l l .  I ’i set  yore ’ s , mos t Iv gui  Is , torus and herons , we’re a [most

a Iwo vs pr esent on t i l t ’ is land In subs t. an t  I a I numht ’ r s • aye’ raging It) 7 • h

I mid iv i d u,t Is per census or t be’ 37 e’ t’usu ses.  Wi t l i e  t he’ g u l l s  and te m s

we’ re’ m art’ iv ohse’ rved I t’e’d i ng, t h e  v e’e’ r t a i n  I v  he’ne I I t  e’d I ron h i t ’

e ’ xp a ii s I Vt’ mud f I at s t t i m res t  I rig. Thit’ be’ rous we’re set ’n I is  hi  ug hot ii in

t lit ’ h i t  or I or m ar s h  (a I Ii 1gb t I d e ’) and on the  per [n it ’ I or • Be’ 1 1 e’d

k in g t i s he r s  (Me ’~ ctce ’r v l o  a l c y o m t )  and common me’rgailse’rs (Me r~~eis

me’ r~ ,tilse ’ r ) a I so f [shed in  tile’ i Ut  t’r [or d iann e I • Numbers ot pi sc (y o re ’

spec ie’~ re’ma I ned t ,ii m l v co n s t a n t sea so no 11 y hut abundance’ was I ow in

t h e’ t ,t I 1 (Fi gur e’ 41).

1 11. Shoreb i rds iced  lug on tid a l I nyc’ r e ’ b r a t  C’s I I tic I noted

se ’a soIl.i I l v  i n  abundance ’  and numbers  ot s pee i t ’s , w I t h  h u g  rat i on pe ’a k s I ii

he s p r i n g  of 1 917 .1 tiel late’ summt’ m of hot h yea r s .  Numbers  of

sb or e ’h I r d s we ’r e ’ a l w , t v s  g r ea t es t  d u r i n g  low t i d e ’ s , w i t h  pe’e’ to r a  1

s,i mi d p i pers (C, i  I I d i  i s  nit ’ I anot  Os ) and common sni pes (Ca pe’ 1I ,i ~a II I  iia~ o )

concen t  r i  t cci i n  t h e ’  i n t e r  t o m  m ar s h , and k i i  lde’er ( Chor adr  in s

voe ’ i t t ’  r i m s  ) , an d w e’st t ’mn and semi p a lma t e’d sand p I pers (C o I i  di 1 s n~iu r i  and

C. pus I l l  us)  t in t he’ cx I t ’  m l  or beaches ~tnei mud f [at  • The sn i j ue’s and

i’e~ t o  r ,i I sa n d p i pt ’ rs I avor e ’d the so I t t ’ r substrate In t be’ tnt e’ m l  or , as

hot li sp ec los  I e’ t’d b y deep p r o b i n g .  Numb e’ rs of sb ore hi  rds nev er

t’xct’t’de’d 100 1 or one ’ e’e’n s u m s  ond avt ’rage ’d on ly 28 . 1)  per  c t ’n sus .

lhowe’ver , t li t ’ v I timm ’ei a d i  Vt ’ rse’ g re lup , ~i Vt ’  r a g i n g  2 1 . I ~ of tot a l spec ’ ic’s
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per census. Sinc e most of these species breed and winter to the f a r

nor th and sout h r espec t i v e l y ,  ab undanc e was lowes t dur i ng these

seas ons.

273. Cro und—seed eaters included red—winged blackbirds ,

t r i ng i l l ids , and doves. Again , relative abundance of species did not

va ry w ide ly  by season , exc ep t fo r  a sl igh t peak in fall. On the other

hand , numerical abundance did show temporal correlation associated with

seed availability, wi th greatest numbers in fall and winter , and lowes t

in early spring.

274. Waterfowl , eating leaves , roo t s and aq ua t ic seeds , were also
Important tauiia ~t i  t he  i s l~~r id .  The most abundant  spec ics in tha t

as sembl age was the Canada goose , which was largely responsible for  an
overall mean ot ~+3. 6 individuals per census——1 5 .6 higher than the mean

t or  the shorebirds. However , numbers of waterfowl species were usually

low , ranging from 1—4 per census , whereas the shorebirds ranged from

1—9 species per census.

175. Of the remaining forag ing ca t egor ie s , ae rial  and ground

I nsec t iv ores ( swal l ows and wrens respec t i ve ly )  were seasonall y
imp ort ant; and the other groups were represented by sing le or few

observations for a given census .

Forag ing diversi ty

27 6. ForagIng diversity (Table 50) for species at the experimental

site peaked in fall (2.48) when species were fairl y evenly dis t r ib ut ed
among ,en average of 6.6 feeding categories per census. For

individuals , foraging diversi ty (Fl)) was highest in late spring of 1977

( F I gur e 4 4 ) ,  corresponding to ii similar peak in H’ diversity. At this

ti me , no foraging group was significantly dominant , and t he st andard
deviation between seasonal abundance means for the 3 major groups was

only 5 .b indivIduals , compared with 30.8 between means for the 37

censuses.

277 . At the reference site , FD was lower for  bo th species and
I n d i v i d ual s , with the hi ghest value of a 2.25 occurring on 24 June

1977 , when 6 specIe ’s were counted from 5 feeding groups . The lowest

_
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v .m 1 Li e ’S I or t t i i - ,ig lug di ve ’rs it v were ’ i n  t a l l  and wint e r whe’n ~ee’d—e ’at t ’r s

deim I na t  e’et hot  hi s~te’e’ it’s and I net [vi dna Is • Fl) was iii so low f or

I net Iv  [d u d  I s in  late’ summt ’r as a re’ su it c it  red—wi nge’d blackbird and

sw,i I low eihund an c’t’s

.‘iS. Tht’ ~Iame’s RI ver Bemni was com p a r a b l e  to the’ exper iniemi t al site ’

In giomtd mean I ur ag  Ing dIversit y , hut but hi spe ’c i cx ~ net h i d lv idua Is we’re’

most eli ve’rse’ wit it re’spe’e’ t to  t eec! lug  i i i  e’a r 1 y summi t’ m’ 1 9 itt ( 2  • ‘il  a mid

1 • ‘~ S re’s pt’c l iv e ’ l v  ) . Lows we’re a I so i i i  ca r  I y s umme’r o t t he’ next v e’d r

htm l I ht’se’ v,i I cit’s I or b oth  yea i-s ore’ based tin I census t i l l  lv amid a it’

p r o h ah  iv h ot good t ile1 I cotors ot 5t’.isomi,i l i t  v . Ut d i  ve’rs it it’s oht  a! nt’ei

I rum more’ I ban one’ census , I hit ’ mean f o r  hi t  t’ s p r In g  1 9 1 1  was h tl ghie’st

(1, ~8) , .ts w,ts t in e ’ I or t ile ’ e’xpe’r imt’ut .11 sIte. Foraging di  ve’rs it v I ot

I rid lv i dun Is was hi t glut’s t a t  lii i s 5th ’, as I ntl (vi eltut I s we me’ meis t t’ve’it l v

eli xl r I hut ed ameing spec’ it’s and t et’d i rig groups .

Nest  In ~
179. I’iit’ rt’el— w I ngt’tt h I  ~e’kh I mel cinti t hit ’ m a l l  a ~ei ( Anos p_ i aty _ ryne ’hos )

we ’ re’ t ile’ o n ly  spt’c it’s ,i t t be’ exhiei m i nt ent a I s itt ’ I or wit It’ll hrc’e’d I rig was

c’s tah l Ishe ’d. Howe’ye’r , ki I Ieie ’er e’xhthtte’eI te ’igning bt’bavlor in 1916 ,

and the ’ lemg— hI 1 It’d marsh  wr en (C 1st  of ho rn s  pa lust m i s )  coii$t rut-It’d a

tie ’S I in  b r o a c h — i  e’•ive’d e’a I t  a h i s  ( I’vp hia l ot  I t  c i l i a  ) i i i  I 97] hut di ci not t o  v

eggs .  Ilte’ St ing sp a r  i- ow ( M e l  osit I r a  me ’lei d I a ’) ma r h oyt ’ ties t e’d In hei t it

v e’ ,i r s • ,i .i t It’ .tst 1 a lug  ing  ma It ’ s we’re p re’se’nt t hu rought iu t  t i le ’  s p r i n g

a itch 001  Iv  s twIne’ r • Nt’ st s cit I h i s  s~~ee it’ s we’ me’ not t e t t t i i c i

180. I’ite’ red—w i itge et hI  ac’k h i t el , t h e  nets t ct tmmo n itt’ st I rig spec’ it ’s in

I (do  1 ma rshe’ s ot I hue ’ Citt ’sap e ’ake’ Bay (Me’amt [e’~’ and Wt’hh 1 d b I), ut’ste’eI at

I he’ s i t e ’ in  hot it vt ’a rs • Ue wt ’ver , in  19 / 6 , on ly  ‘* ne’s I s we ’re ’ I Ouiie! , in

e’ i t ht’ r b eggar ’ s t i c ’ks  ( l t i d e ’ns l a t ’y I s )  or c a t  t a i l  ( l ’ \’ptio spp . ‘I .  In

1 9 1 1  , 1’, itt ’ s I s  were f ound , cetn e ’ t’nt ma I e’cI most iv In willows (So li x iti

d u e t  a 1 do m s (Al imei s so I l u  iota ) I n  t he’ netrt he’as C e’orne’r. Ut her p l a n t

p’’e’ f t ’ s  we’ re ’ use’d I e) a 1 Ca Se’  r ext t’m it ( F i gu re  4 ‘t . Hue h of t hit ’ ht ’gga r ’ a

I e’ks we ’ t e ’ tta mag e ’el hr heavy w i lid s lit in I v  1917 , wit i t ’ll n t , t v  a cco u n t  I or

t t ie’ In t ’l tha t c i i i  Iv  elite ’ I tt ’ S t was I etunt i in  I it at  ve’gt’t at I on. 01 itt ’ rw i Se ’

it is I i  kt ’ l v  t h a t  t h e ’ re ’ti—w I ugs won iti have ’ re’nt’st e’d in ill dens , as I lie’



bree’d I ug season I or t lie spec it ’s t y~~I c O  1 ly  lasts I rum lot c A pi - i l  through

m i d— A u g e i s t

181. Re’d w I nged b l , i c  kh  I rd itt ’ s t deiis i t  y was li i  gh ~et  t he

e’xpe’ r Ime ’ut o 1 s i t e ’ , w i t  h i 110 per hu e ’c t are ’  in  t he  w i l l  ow—a ide’ r ione ( ‘ra b ii’

‘1). Red—wing nest  d e n s i ty  I cir t h e ’  who Ic  ce’ns us area wa s a l s o  h i g h , at

• I ~ ne’s I a pe’ r hoc t a r e ’ , c’ei nipa re ’d w I t  h i 1 .2  ~ per  beet  a re a t  a d i s p o s a l

s i t e  iii i c x , i s  I j o o st , i i ~~~~ Rc’sou r c l a I ) i v l s i o n , Ocea n D a t a  S y s te m  Corp .

~ 7 1 )

181. Ne - s t  [ rig success t o m  t h I s  a b u n d a n t  spec lea wa s ohv b u s  ly low

Ft  get r • - -i ‘ )  , alt houg li it wa s d I l l  (c c i  I t  to  I o i l  ow t he’ ti c ’s Is t mom

co t t a  I rei d to i l  I t i roug h I le ’clg lu g  of v o t i n g .  U n i v  1 1 per  cc ’nt of the  n e s t s

oh s t ’ rv c’d p rochuce ’d I ledg I i  ugs , comnpa red w i t  ii - t b  per cen t  success f o r  a

[do i I me sh  w , i t  t’r n iam sti  ot t  t h e’ i’ o c i t u x e n t  R i v e r  i n  Ma ry land (Meanl ey  and

We ’ hh  1961) . At t lie i t ’ x,cs  l oc a l  t o n , success  was lower ; onl y 1 of t h e  -~ 1

iic’St  a hi .c t  c’he’d. ru e’ i nve ’st i got ors c I ted heavy por os  i t  lain by

h rown— ti e ad ed  c owh I rd a (Mol ot t irci s a te  r )  as the ’ ma jo r  I a c t o r  in nes t

I , i  l u r e’. No e’owhl  mds we ’re’ seen at  t h e  e ’x p e r im en t a l  s i t e , l e a v i n g

c’~~~g— c ’ i t t ’r s , such as I ( s it  c-rows and g ra ck  lea , as I ike ’ l y p r e d a t o r s .  Egg

alit ’ 1 1 re’ni,l I US We’ r e’ I ounci In  many  of the ’ u i ts c i c  ce’ss 1cm 1 itt’ s t a  • R i c e  m a t s

I U rv om~- s j t ,t l ust  r i s)  m ar  a I so have been re’spons lb  It’ I or des t r e t e l l  on o

eggs , mmi d n es t s .

18 3. M a l l a r d s  a l so  iu t ’s te d  a t  Chic’ e’xpe’r ime’ntal s i t e ’ . A nest  was

I oumtd e t t i  18 May 197 7  in a low I n t e r t i d a l  s i t e  ~i t  the  so ea th iwe s t  c o r n e r

of t lie ’ i s  I and. Al t liough t lie nest  ouct 9 c’ ggs were f r e ’queluc Iv  i nemnda It’d

. i t  l i i  gli I I do , I lie hen sat  on t he’ tic’s I f o r  ,i bout  5(1 d ay a (norma l

in e ’uh at  Ion p e r i o d  Is 2 7 — 2 8  d a y s )  , by wh i c h  t i m e  the nes t  was c o l l a p s i n g

and t h e  eggs we ’re put  re t  led .  Dur ing  t ha t  t ime a second hen Produced a

brood of ,tt lo ,tat 11) 1 rum on unseen ne’st. We ’ late ’ r ohse ’rv e ’d 7

I n v e n t  i t ’s i n  t l i g h t  at  t he  i s l a n d , probabl y ire tm the  same’ brood.

284. At t h e  re fe ’ r e’ncc’ s i t e , red — winged  bl a c k b i r d s  nested in

bit t  t onhe i sh ( Cep ha_l a n t h us  dt c c (d e n t  ~u 1 i s)  , and nest  d e n s i ty  was lower t han

in  the ’ w i l l o w s  and a l d e r s  at the e x p e r i m e n ta l  s i t e ’ . The c’a s t e m n

k i n g b i r d  ( l y r o t i n u s  ty r a n n u s )  , i n d i g o  bun t  lug  ( P a s s e -r i n o  ~y~ nea)  , and

C) 7



_ _ _ _ _ _ _ _  ___ _ __ _ _ _

e rchia rd o r i o l e  ( I c  Ic rus s p u i t  in s  ) may ht~ive’ iie’s t ed  wi t It In  ,i hc’c’ t o me’ of

t he’ s i to , as Ic’ mm it o r ! a I ma I c’s We’re o hsc rve’d.

28~~. A w h i t  t ’— c’yc ’d v i  re’o ’ a nest  w i t h  ‘c \ -oung was the ’ u n i v  e ’vi ci e’nce’

o f b r e e d I n g  ,m t t lie James RI Vt ’ r Be mm . It was i i i  a swe’c’t sit r ub  ( I i  ndt ’r o

he’n zo i ~i )  limb I ork about  1 meter t i ll t lie’ grocind ou id ove’ rhaiig t u g  t lie’

P t ’ I t  .m i t ~l ra marsh horde’r.

( .omp o r I 5011 ht’t Wt’e’fl SI I es

15~~. l’lie’ ce n sus a rc’ a s were ’ qu i t e ’  eli I he ’ re ’nt i i i  ve ’get at Ion  and

I opog ma p it v , re ’ set It I ng Iii 1 ow aim! lat i I i i’s he’ t we’e’n .e v I f  anna of the ’ I

a i t t - a  , as measured  by P1cc ’ ’ s at mi Ia m i t v doe’ t I I d  out (P  i t ’  lou 1 975) . Th it ’

l owest ove-ra l I s i m n i Io r ltv hc’twc’en 2 sIte ’s was between the’ e’x pc’r inie’nt.el

site’ and t he  .1 amc’s RI ye’ r Berm ( 0 . 2 2 )  , 101 l owe’d by the ’ e’xper I me ’nt a! and

t lie re’ t e’ re’nce’ site (0 .38)  , a nd I) • 45 he’ twee’n t tic’ ref c’ re ’nce s i t e  and t h e ’

•lames River Berm ( T a b l e  5 2 ) .

2 8 7 .  R e s e m b l a n c e ’ b e t ween  the’ experiment al site ’ and rc’fe’re’nt - t’ si I t ’

was g r eat e s t  in e a r l y  sp r i n g  1977 (0 . 3 7 )  and w I n t e r  (0. 1 1) .  SIx

spe ’c it ’s were ’  shared in w i n t e r  ~ne1 9 i n  early spring ( T a b l e  53)• L ate ’
s p r i n g  s i m l  l m r i t v  was v e ry  low , wIth only t he  r ed — wiu ge ’d  b l a c k b i r d  i n

c t)mnie)n.

188. Foraging sin! la ritv was •iIsc) c.ilc’ulate’cl I or the’ e’xpc ’rlme’ntai

and met e ’me’nc e’ s i t e s  ( Tab  Ic’ 54). Ago in  rese’iuih lane’e was g r eat  eat  i n the’

c’orlv s p r I n g ,  when species f ront 5 ou t  of 9 f o r a g i n g  c a t e g o r i e s  Wer e ’

share’ d. It was 1 owes I in  1,1 t e sunime ’ r , whie’n ott  I v 4 ef a total o f  I I

g r o u p s  were  shared.

UI  ht e ’ r w i l e i l I te ’

189. tin t d en t  I t  it ’d Insec t  l a r vae  were ’ fed  t o  young  re’d—w I nge’d

h l a c ’khi  rds  i n  1976 and 1977. Other inst’ct s were ’ also  pre’sent at t h e

o xpe r ime’nt a 1 a! to , not oh ly several butte’ r 1 1 v spec it ’s: mona reli ( it o n a u s

pj~’xi  pp ia s  ) , Amer l e a n  coppe r  ( i,vcoe ’na p~i lc ’as) , impei r t eel cabbage’ worm

(I’ ie ’mis r ap~ue ’ ) , and se’ve ’ ma I swa i i  owt o t i s  (Pa  p u b  s pl’• ) we te ’ mos t

a b u n dan t ,  Swarming  m i d ges (Chi i retnomidoe) at t rac’te’d swa li ows in hot hi

y e a r s .  Al thoug ht a near p lague of g rasshoppers  (Locust  idac) occurred at

t he  reference ’ ma r sh i n  19 7 7 , few were’ see ’n at  the e’xper ime’nt~ I s i t e .

ci 8
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T i g e r  beetles ( C i c i n d e l o  s~ • )  we r e  uhs emve ’ d at  t h e ’  I s l a n d  in 197 6 but

not i n  1 9 7 7 .  Two ti c ’s t s  ot a w a s p  ( P o l i s t t ’ s  I im s i - o t i t s )  were f o u n d  in

b l o c k  w i l l o w s  in 19 7 7 .

290. A m p h i b i a n s  were  a l s o  observed at  the  e x p e r i m e n t a l  s i t e .

Small toads  ( Bei l o  woodhouse l ) were seen on seve’ral occas ions  and a t

leas t  2 d i s t i n c t  amp h i b i a n  &~~l Is were heard in  s p r i n g  1977 .  A

b u l l f r o g ’s (Ran a  ~~t t e ’sb oj a t i ~~ -gg mass and a dead a d u l t  we’re ’ f ound a t

the  r e f e r e n c e  s i t e ’  in  1977.

191. R e p t I l e s  set- n were a r e d — b e l l i e d  t u r t l e  (Chrysem ~~
rubr i ventr is ) at the experimental site’ , and a 1. 5 m e t e r  b lack  rat  snake

( E lap he obsole ta  o b s o l et a )  a t  the  James R i v e r  Be rm.

192 . Muskrats domin ated wildlife ’ , other than avifauna , at t he

e x p e r i m e n t a l  s i t e .  The r emains  of 3 young were found in the severe

w i n t e r  of I 9 7 b — 7 7 , p r o b a b ly  l e f t  by an a v ia n  p r e d a t o r .  Two more were

t ound dead l a ter  in  1977 .  In the absence of t r a p p i n g , p r e d a t i o n  could

occur only in win te r  when marsh hawk s hun ted  over the i s l a n d .

2 9 3 .  Musk ra t  lod ges were  f o u n d  in the  t a l l  of 197 h , and c o n t i n u e d

to  i n c r e a s e  in number throug hou t the s t u d y ,  t o t a l l i n g  11 ( F i g u r e  40 ) .

In addition to lod ges , numerous runs and e-l e ’ared  f e e d i n g  pads i nd i ca t ed

a s u b s t a n t i a l  p o p u l a t I o n .  Damage to willows at the up—river end of the

i s l and  was cons ide rab le , as bark  was s t r i pped f r o m  the lower t h i r d  of

almost every tree.

294. By contrast , only 1 m u s k r a t  dwe l l i ng  was found  at the

reference site. Beavers (Castor canadens is ) were present , as was

evidenced by extensive’ girdling of ash trees.

295. Moat perp lexing was the discovery in the spr ing of 1977 of

rice rats on the i s l and .  As 9 were t r apped  in one evening, it is

likely th at they had been present for some t ime . Furthermore , rodent

sea t was found in several  red—winged blackbird nes ts , and on one

occa sion a small mamntal was observed exiting a nest which had

prev io usl y held 2 eggs. It Is probable , theref ore , that rice rats

co ntributed to nest fa ilure of the red—winged blackbird and possibl y

the long—billed marsh wren a t  the expe r imen ta l  s i t e .
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P1 ~~~‘ U S S  t on

1’~ic . l i i , ’ , c v l t a c t t i a  m t  l it , ’ e ’x pt ’ i’ i rtt t - i t t m l  s i t . ’ Is c lc.,i i , m~~te-ti: ,- cf hr

cc t _ cr k e ’d s. .o-otia 1 I l i i .  I oa t  I c c l i  l i t  
~
-pt c i~~- ~‘ c~c . ca i t  j o l t  and p opti  l , m t  I on

l o t i s t t  V • .tSso,’ t . i t t ’ cI w i t h  i . .  ,t t t . cn t id  t s tit , as w e l l  ma I c i t ig  l a n g e -  a, ’ a soi i , m 1

tnt .~r a t  i o n.  F1 c c ~~~~ 
t , -s  w l c c  ~1t u .  ‘.‘ t m a n e - t i t t, ’ a i d e t i t  a in  t tie ’ , t i ’ c’a

s,-aa ~~tc.i 1 tnoV,’tne ’t it I 1, a~~—~~,’ l a t  , d  w I ii i - q c i t  i ent e’i it a t o t  f ood 01 nt’st I tig

,~~~ . t~ t t tie 5 ’  ~ p m . ’ l e a  ~~~~~ t v , -J .et l he ’ is  1,tnd • ~m re ’ vt -a r— r o t t t i d

1 ,‘. a  1 a v.a t’ e a t dt ’t t t  a ; ott  I v  0 .0 1 ~~~ e i L ,~ sp ec i t ’s , It ow , -v c ’ t , w e r e

~ h a c - r v c J i t t  11 a, ’as ctca  i i  t f t . ’ ~-‘.p~’r j t u, ’ t i t ~t 1 si Ic ’. Ot I lie It i spe ’o fe ’ s

c ib a ,  ry e -el a t  I f tc ’  ox pe ’ m l  tne !t( a 1 a i t  e wi t I ,- t i  h t e t ’d 1 oc a  1 i v , ni t lv l it , ’

I l ,t  rd • k I I  ld e’ c’ r • it ’d - t ige d h i  ac Ui I rd , ,tttel poss l b  I v  I h ’  song spa I-row ,

ci~’St eel a t  I fit ’ .- ~pe’ r i n t e n t  ,e I s i t , - . At I lie p r c ’st -n t  5 0 c c , ’ sat ott o I a t  ogt ’ c i t

t i  ~ i s  l an d  • h i  rd s  wli i  t b  ml  g u t  t i e ’s I l it, ’ te’ w o o l f  no t  inc  1 ude’ mor e ’ t ba it 10

si’ t ’ c I e~a , a I t  lc~i i t g t t  t ol  i e ’t t r c’e-s Ot i c t te l  ,m I low sonic ’ wood I ac id spec’ i t’s t cc

cit -st

7 ~15, tie-na  i t i  i’S ot  t m l  ng i l l  I d a  ~ t i , 1 g r e’go r Ion s  re- cl —wi nge’d hi  , ec -k b  i rd s 4

re ’s po tid e’d to  hi g li $t’ccl .iv .i I I  ,tht  l i t  v i t t  I a t e  suint ice r and 1 _ e l I , bit t We’ tc ’

l i m i t  e’ci by t h. 0. 10 h~ .ct  an I t a b l e ’ tte ’st I tig l t . i h i  l i t  i n  I ii, ’ bre ed I t t

season. UI gh ,i, -t is  i t  i t ’s c i t  I l u g—hi I I t ’d go I l s , Ot t ilt ’ o t h e r  h~ tid , w~- r e

re’ L i t  ccl I o I i n k  I tig p t e c e ’ei I tig de ’pa r t  tt tt ’ t c i t  t ’re ’e’ cI to g  g r o t t n d s  in  t he’
111’ r t  f t , ’ r t i ( I n t l  eel St a 1,-s and C_ mct , e d a  . Al ong  hot  ii t l ie ’ }~.mc I t  i c’ and At 1 t n t  I

I s  • 10 r gt ’ a rt-as of m u d  I I , i t s  a t i c i  he’a~ It Ser V , ’  as coc t rt s h i p  ~‘~e t t ’t t . iS

i c  t I lie ’ spec it ’ s , aci d ito I I li~ IIStL1 l i v  c~~ dt l  ra  p r i o r  to ,m r riva l I t  t h.’

b r e e d In g  a l t , ’ ( Bent  1 ~ -c 7 ) .  Lectg li t u g  g u l l s  r - p  la ce —el  r I t t g — h  I I I  eel gi l  u s
i n  th e  stcttun t’r m o n t h s .

29’) , Av i t  ac tna  I d l  ve ’r s it v a t  so var I t ’d S L O  50110 [ I v .  lie’iise’
1 gg r c ’gat Ion s  ot d o m i n an t  spec ies su ch as re ’d—w Lng c ’d h i  a1- k h i  r da  •

get - se - , , i t id r i n g — h I l l e d  g u l l s  r e su l t e ’d  i n  l ow d l v e t s i t  i t ’s. In t i l e ’

.ehs e ’iice i t  such  ove rwhe’ l in Ing  d o m i n a n t  a , sho re ’b i i d a of  1 2 spec ic’s

con t r e h u t t ’ c l  t o  h I g h di v e r a i t  t e a  d u r i n g  t h e ’ sp r In g mi gr al i on  c i t  1d 1 7 .
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too . ot t h e  i u t c ’r t i c i a i .  h a b i t a t s  ~ v~~I I ~~h l e  it the’ island , i n c l u d I n g

he i l l  t e  r i o  r rn , m raf t , he _ i , ’ It ~ e r i tnt I t ’ ! a t id t ile ’ rn cici 1 l ot  , th e ’  l i t  m r

sup ‘o t t  c c l  the’ Ia  r gt - a t  nuni he ’ t c i  a l cd  r &- hi rd a r e - C i t ’s. The’ mu d I l o t  w ou l d

l i v e  ,m g r i ’ , e t e ’r v.er i e - t v  of m i t - r n — h a b i t a t s  or  f o r a g i n g  t h a n  w o u l d  t i l e ’

c l i  kc’d per in iet  e’ r • wh i e l t  i s  moc • I V ,) ,i r ae  s tud and g rove ’ 1 ( a d ,  l’a r t I I )

F e w  o I t lie ’se spec I i ’S t)b t o i t t  I c cc cd h V d e-c’ p p r o b i ng , t it o  a I lle~ sof t

su b s  Ira It’ in t Il e ’ I ntt~ rio r mar  sit d i d  n ot i t  t r n  t m a c t v  a pec ic’s , i I t h o u g h

an i pea and  pc ’~ t c c  ro 1 satid p i pet - s we re’ t lit ’ r ~‘ in to  mgi ’ nutith i ’ ra

k i t h  re’spe’ct t o  s h o r e b i r d s , t h e  stu d s ’  s u p p o r t e d  l i c e  I i n d i n g

h~- H t m r g c ’r et  a t .  1 9 7 7 , t h a t  spec i t ’s co m p o s t  t tilt ) and i h u n d a n e - e’ a rc’
is soc Lit  c’d w i t h  t ide  1 i’ve 1 , r i  lie’ r t i t an  d i  c i  t i cite’ . A l t  bough I otmu d a  ion

c l a t . i  a r c - t i o t  V C t  c v i i  t a b l e , gr ~
-
~ t t e - s t  nun t hc ’rs o f  s l i o r t h i  r i l s  W c t - e’ s t e n

wh en a l ar ~ p o s i t i o n  ot ’ t h e  m u d  I l o t  wa s  ex p o se d  , i t i d  f e w , om - no ,

a pec ic a me -m a t ned i n  the ’ h i  g lt l i t t e r  I i ~1al  ,, ‘ne s whe’t t t lie I’ l i t  was

c c iv e’t e’d I,
i i ) _’ . ’\ c c a~~or t a t - t o r  i i i  the d i s s i m i l a r i t y  h e ’t w ~~~n st u ds -  ,it - t’ is i s

t i lt ’ p r e s e n c e  ol mu d I t o t s  at  t h e  t ’x p e r i u i e ’t i t a l  s i t e’, w he r eas s u i t . m h l c ’

i n t e r t  i d o l  h a b i t a t  is  a c i r c e ’  i t  t iti ’ r e t  or e -m i c e  marsh  an d Jam e s  R i v i -r

Bt’ rm.  Titus go i t s  and iii i g r an t  s h o re -h i  rds w e r e  r a r e  ~ :~ observed  t Ile ’ re

w h i t -h I ow~ re -d a i m  i I , i r  i t  v by q t l a l i t  i t i t  ye is we’l l  as qua l i t  a I i  ye

1I it  I erc ’nces in s p ec i e s  e-ompo s i t  i on .  O t h e , t a t - t o rs  a t t t ’ c t  ins

r e s e m b l a n c e’ inc lode a t  .~e of  a t  c td v  a r e a  , h e - i gh t  above -  t i d e’ l e v e l s ,

ve ge l i t t o n , and d i sp a r  I t  f e- s  in census  o f  t o r t  be tw een  s i t e ’s.

30 3. R e d — w I n g e d  b loc  k h i m d  t ie st  sctc  c e - a s  a t  t h e  i s  I and w i  a I ow , end

w~i s a p p a r e n t  l v  a f t ’ cc t ed  s e v e r e l y by the -  p r e s e n c e  of  rice’ m a t s  o n t h e

i s l a n d , t i t h e r  f r o m  p r e’da t  i o u  on eggs or c h i c k s , or by o c c up a t  io n  ~ f ’

t i e - s t .  F i s h c r ow s  ar c  documen ted  e-gg— t ’ m t e t s  , a nd ma a l s o  h ove  a t  t t ’ c t t d

t ie -s t  s u c c e s s .

- In add I t  I tiii to r i c e ’ ra t s  , c i t  h& ’ r wild lit e has c o l o n  i eel t lie’

d i  s p o s i t  s i t e .  I t  t i le ’  m u s k r a t p o p u i i t  ion  coot  i i t t t e ’ a t o  l n c r c ’.i sc ’ , d a m ag e’

to suh s t  r i t e -  s tab i  l i~~itig v e ’g e t i t  i o n  nov be severe’ . I t  i s  rec -om menet e’d

t ha t compos i  t ion of  the ’  r o d e -n t  p o p u l a t i o n  he’ f u r t h e r  e’nunt e’r at e d  and

m on t  t o r c ’d .
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Summa my

305 . U t  the -  3 site s c ensused , t h e .  e x p e r i m e n t a l  s i t e  s u p p o r t e d  t he

g rea t e s t  number  c i  s p e c i e a .  [,arge n u m b e r s  of g u l l s  and t e r ns  were

att r .tct t - d to t h e  mud I lot. M igratin g r i n g — b i l l e d  g u l l s  w e r e  r ep laced

by post—br eedin g la ug hing gulls in summer. Most i n t e r e s t i n g  w e -r e  the

~~- species of sh or e - hi rds and rails encountered. Only 1 of t h a t

assemblage , t he  common sn ipe , was seen at the referenc e marsh.

i c P c , Fou r  spe -cies comprised two—thirds of all the individuals at

t h e  i s l a n d : the r i n g — b i l l e d  g u l l , r e d — w i n g e d  b l a c k b i r d , l a u g h i n g  g u l l ,
.mn d C a n a d a  goose. The dense flocking 01 these species is related both

to local seasona l  movements and to spring and fall mi gration. While

suc h l ar .~e numbers lowered diversit y , numbers of species remained hig h

th r o u g h most of t he  study .

307. Breeding species were  few , in  sp ite of the f a c t  t h a t  many

species known to nes t  in  t h e  area  were  seen a t  t h e  e x p e r i m e n t a l  s i t e .

Predation by fish crows or rice rats may be the factors limiting nest

success of at. leas t  1 species , the  r e d — w i n g e d  b l a c k b i r d , but  f u r t h e r

investigations during the breeding season are needed . Mallards nesting

on the island reared 1 successful brood .

308. In summary, the Windmill Point experimental site is a habitat

u t n i q u e  to  t h e  area , by virtue of its large t i d a l  f l a t s and bas in , sand

b e a c h  p e r i m e t e r  and openness  r e l a t i v e  to surrounding woodlattd

Cotnmunit ies bordering the upper tidal James River. It  f u n c t i o n s  as an

avian  mote l , drawing  m i g r a n t s  f rom many groups , e s p e c i a l l y  those

associated with intertidal environments. Nevertheless , un le s s

s u c c e s s i o n a l  s tages  lead ing  to a rbo rea l  g rowth  f o l l o w , the e x p e r i m e n t a l

s i t e  seems unl ike l y to pers i s t  f o r  more than  a decade.  H o p e f u l l y ,

future islands constructed from dred ged material will be designed for

reaso nab le  longev i ty  to serve as r e fuges  f o r  m i g r a t i n g  a v i f a u n a  and

o t h e r  w i l d l i f e .
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PART VI :  SOILS ANALYSIS

R . Wetzel  and S. Powers

I n t r o d u c t i o n

309. The overall  ob jec t ive  of th is  s tudy  was to provide

q u a n t i t a t i v e  soils data fo r  the various p lant samp ling zones. These

soils data  include analyses fo r  various phys ical , chemical , and

biolog ical parameters  in an e f f o r t  to f u r t h e r  our knowled ge of

a r t i f i c i a l  marsh hab i t a t  development using dred ged material.

310. In Octobe r 1976 , soil samp les were collected from the

ex perimental  s i te , Windmil l  Point  (WP ) and f rom two na tu ra l  reference

marshes , Ducking Stool (DS) and Presquile  Nat ional  W i l d l i f e  Refuge ,

respectively.  These samp les were t r a n s f e r r e d  to WES in connection wi th

their separate study of chlorinated h ydrocarbons in marsh soils and

vegeta t ion.  In November 1976 , a second soils sampling was conducted at

Windmil l  Point  and Ducking Stool to supp lemen t concurrent studies of

the na tu ra l  vascular  p lant f lora  of these t idal  f r e sh  wa ter marshes

(see Par t IV: Botanical Studies). The results of the various soils

analyses for the second f ie ld  samp ling program are presented in this

repor t. A third field samp ling progra m was carried out in June 1977 ,

and some of the analyses not obtained dur ing the second e f f o r t  are

repor ted.

Materials  and Me thods

Field sampling

311. November 1976 soil sampling stations at the experimental and

reference marshes were chosen to correspond to the various 1976

vege tation zones. Nine areas were sampled at Windmill Point and two at

Ducking Stool , Because of changes in plant sampling desi gn be tween
1976 and 1977 growing seasons (see Par t IV : Botanical Studies), the
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I I a ciu ~c 1 l u g  a t  at  b it s  . i r ’  not ~c~ i I  t e l  b~’ u pee’ I t  i c  ( n e a t  ( c c i i  hut ~i t

I e’pl e t a - n t  i t  l y e - ot  c 9’ ici-l i i  o c t  1 m c , m t i c l t ( i e w ~ w i t  b i t t  t hc ’ v a l i a n t ;  vi ’g t - t  ,U I e c i i

: ‘u i s .  L ’ i t c t e ’p I h i t  e c i t  i ’ u - we ’ ! , ’ t , i k t ’ t i  t i i i e l e m i i i t v I I c i l l i  i ’ac ’t i Ii t a c i t

I c ig ~- t c ’ - a t ( L i t ’  expi t I tii e i i t  , i L  ( W I ’ )  c u d  t i l  d e u c e- ( i t s )  u; I t e ’o dot  I i ig

C l i i ’ uit ’, oi ic l  I i ’ Id  ~it’ m mgtatl t ( N e i v e ’itt b ’,  I c ) J b )  . inc i  1’’ c c c , ’t u ; s ’ iI i d  l i t , ’ v i i  j o in -

t , I I uite’lu ; i I t eu t i  1c ct t c
_
ct t ie  t i - I n .  i - x c e ’i c t  I c l  i t  i ’ S e ’ t i t  i t  ( c m i i  c c l  (tic I I , - 1 d

Ii - t - , i  ~~ ~~~~~ ~ ~~~~
. t t c t e ibe ’ i  satiip i I ug ~1 i  c c t ~ t OIii , c l i i i  V t h e ’  I , -a iih I a c c l  C l ie

Nc cv, - i n t i i-t o. ittip I I t ig j c r c m g r c i c t i  at  (lit’ ex ici ’ F I t u m u i t  i i  . l O c i  l i f e ’  t i ’ t t c , ’ o t t  e u ;  ,i I c

c l v i ii Li i  ( l i t u ; t ’ e por  t • i _ i  h i t ’  ‘ ‘i g ( v t -u ;  a e le’ t , c m l  p1 1 c i i i  c i t  i ’ ,i c li ot (lie

.aiiqm l I tic ,It ’e ’Ou ; , , t i i e t  i - I  g o r e ’ s -if m ac id  u i l i c i f i  t i l t ’  0 c c 1  1 s.iit il l l I t t e  i i  e c u ;  ( c m l

WI ’  u u i e l t l ~~ t i - a l i t i v , - l v .

I _ ’ . ~~ c I I oattip I I ng i i i  i ’, i c hi c i t  C t i c  a t  m i t .  e l l i S  ( S t  ccl c i t  11 .111 th  ‘ c t  I t ig

i l ;  l i i ~ , O c t  ci c ’ i i ’. I l i e c l , . l c t ’ V (I 0 by ‘ l t — c n t  ( i l l  I cy i e l i g t  i i )  c or e t t u be ’s, l it, -

t i p  I ( c i t e  c c l i’ u; i t t t ( c  i t ’ ’ ;  wt ’ !’ i ’ l. ’u ; c - r i  he ’d i t; I c  gt ’ i i e ’t  ~i I i ch i vs  I c _ i  I

c l i i i  i i  ci l u - I  I cu ; ~ i ’ . g .  aol I C e -x t Li re ’, (It l i d  l o gy , od or , & ‘ o i c ~ • - t  ~~~ on

- i c c ; ’  I I t i g  • c ’ i j c p i ’ct w i t  hi p t l o t  I c  a l t — C  I gu t  e ’ 1 c c o t t t ’ e’s • m d  t ; t  c ’t  e ’cl clii I c e  Iii

— .1 H~~’ i a H v  ‘ , c t t u ; (  t n e t  c - ct c c c l i ’  l c c x I o r  1 t . i t i a p c i r t  t o  t lie’ \ 1 M S  l a h o r e t  m c i v

i c u ’ .i t i c I  at  g t , c i t c ,’ u ; t e ’r Pe i l t i t  , V I  rg t i L . c .  I ’m - t hue ’ b t i t i ’ i ’ v , c l  I t ct ci I ( r a t

‘ i  C i t e f c  ,mt i i v t  I it C ~ii ’ h ; i l l c m r , i (  ry  wo o  u o u . i t  L v  (c t e l  t~ t i c c i i t ’ u ; .  ge - t i , ’ ra  1

t i n’ m u d  I t  i c c i t u ;  I c i t  i ’ , i c I i C I i ’  ( c i  e t , iv  we re  k e ’ 1  , ma  (I .i l ’ (  c i t  C lu e ’ I i t ’  ( c i

I i O i  it.

~, _ i t I t [ i  i i ’ j c l  c i c ’ i t -  a I t t , ’

~‘ l  ~~. t n t  i ’ , ; , i t t t 1 c  I c - , we ’ re’ i c  I u m n t ’ eI C c c I l i i ’ i , m l c cc 1 , 1 1 c c  1 V . i t t d  I t iu iie’d t a t  ‘ I v

l e t  .~ l t t t ( c  i i ’ o f  ‘l a _gm ’ an t i  , i t i , i  1 v o l t ;  of  u _ c t  I ) t i , w i t  ,- r  c’o n t  t n t

h i d  v c  i _ i t  u i ,~ . i i i e i  t i l t _ I l  ; c i t  ( i t O .  I ’ t nc t - u ; u .  I iig c c ’ t i O  l o t  i ’d c m l  i ’~ , t  t i l et I i i  ( l i i ’

c c l i ’ - l U i ~ ’ I i -  liii , ’ i l i _ i t t  St’ c (  ( c m i i  ci t 0 h u g e -I j c l m u t  I c  c c c l  I tt g t c i hi e  , i t icI

- n c  C 1 0 1 1 1  u t ’ C i t i ’ c m l ! t ’ i f  I - c , i t i ~I I t t  c i i i ete ’p t  It o .  1-’ c c t  t i ua ui v c c l  ( l i e ’

li ,iiid ‘ t  .ik ~~ii c t  m u . , ( t t c ’ iu c c l  g i  m ’ i t e ’ i  c ’ c c i e  l c ’t i g t  In; w ’ l  e l i m i t  mu t t  i i  t i , -~l

‘ l i t  l v  I c c i  t h i t  ( i t t  ci  I , c t  i i  e a t ;  c c i  t he’ i ’xp e ’ t  I ut im’ tit .it a l I t ’. I - c d  C lie ’

t i p t I c _ i C e  c i i i , - u _ iic q m l i - u ; • f lit ’ (cup I ’ ’ m iii i u i ci  “ I ’ ’ c U t  ~ i ’ c t  (otto Wi t I ’ t i s i ’et  I n t

c c m c u t l c d l u ;  I t  l u g  t u t u  C c
~’ , i t t d tin t ( m i l l !  O.ihuu t c l e t ; . I l u ’  t c ’~~ I O  I c  l ’ u ” e ’tli ~ ;cncl

l c d  ( cmii i ~~\ ( c  ~~ ‘ut ~ ‘-i - c t  ( c c i t t ;  • c f  c — _ i c - l i  m c c l i  t l’ eltii 1 u _ I  iig le ’  a _ c u l t ’ !  l u g

. 1 1  i ’ , ic’ t ’ l  i ’ i c i t t l i t  i i , ’~ l i t t  a i m l i a t  I i  l u i g  c m l  I h i e u t ’ c c u i g i u i v  n i t  ,s, ’ cI ht ’i’ l i , i i i c i ,

I t i~i
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t m t . c k  t u i c ’, .1 ‘- I t ii u , I , - c .um mm 1’ .e, 1 C m ’ ‘ - i  I u . . h t % t p  hi ’ l i i i  m u ,  I i  i ’ , d i  t i c ’ I I  •‘ _~~, l i i i ’  
~ ‘~ i ’

. t u i , h  1c , ’ t  , m u u u - ,, - , t  I c c i , i i ’ t  ,‘ l u - u t  , I I  v 1 , 1 , 1 I u u t  m m I m i i i !  c ’ c i t u t p c u t _ t I , ~ _ u u i e , _ l c t d l c  i t ” .

c i i  i l l  c d t  I . c t I t ,  I . 1 I~~~i, I t i l t  _ c ’ l t , ’ttt i ’

_~~. o~~h i - a t t q ’ l~ - I . ~i~ c i  ~~~~ I t m t a t  •- I v  ( t i l t g m l i v  s i ’ f e - h u t  ( I i W ~ w i t ,
1c I 1 i ’ ,l l i i  p I u t - I  I , f c ,~ c u ,  l O c t  I t~i,t it ’ml I ;it  • - I v I I i i , c u t  I m u  I I lie

i t t _ i l  i - , -a  I t ’ 1 i , c I I  i _ c l  I~~ ’ t  , 1  m m .

l c . O i t l c u i t i t i m  i t ’ .‘ . :\ 1 c 1 d ! d\ lum t .lI i ’ i v  ‘i l ~t t  ~‘ 11W s a u -  I d i c l m t ’ ml I t t

I c ’ 1,1 i , a u , i t i ’ mh , m I l  a t  I I I t ’ d i.’ ;i I m l  i I u u , _ m ’ c I  g iau _ , - ( c l i  u -  a u n t
i l l  , h i  t , ’ ,l I t  l a t c i t  i l  c d l  V l t ’ t u t l m i~~t ; i t t i t m ’ ~~ .‘ t , ~ .

lit u ’’ , ’ - . i t cc p i t ’’ . we t i ’ h i t  i _ I  c u 1 i p i ’ ci c l u t c h  i c , - I i u i  i i I ’ d ( c i i

Wl

~ i t i ’ u - . i c t c p I , ’ I . :‘l 1 c 1 d t  tc I utu ; i t  t I c ,’ ‘m l i i i  c ’ i,~ u t. l i l i c ’ t ’ c I iii

i c  I d  i c a - i t i ’ cl c i t  u . t  t i l e d  w’; i t  i ’ i  t t t u a , ’ ct g l u t .  j ;ii t’ an d

is’ I I li 1 i I  t c i i  I l iii I I t i c — m i c c i  
~
‘ . i ’ l u , ’ t : I t  u; w’t ’ t c ’

d d iu %t ~ m i t t  t i ~ ’ I I 1 hot ( c m  t ’ x,  t oil, ’ c i i i  m u d  u _ f  c t  i i i

i , ~~( i  t c u m ’ i u t i ’ cl :11 •u ’’t ( c c i  WI

d .  ~; t u h i u ; c i u m m ~c I i ’ -i . A 1 m p t  i c t s  I umu;t I i ’ l v  t ’ m l i u ; i  I is’ ,’ I g l i l  u .  c i t  I lii ’ t m i i i

u t i c l  l u c t  t m iut i  c ’ . c c ut 1 c c c u ,  I t  i ’ c i t t i l i  l i _ u ,  s i t  ,- m tu t ‘c t ’cl I , , i t t i l m l  t t m ’ cl P

t .t ’ I m _ ~l t I  cm i ; l j m l m t  u c ’ c l t t t ; i t  t ’ I v  0(111 I1W~ u i i d  .1 c c l  c m l  t u i
.u ~~ I~ I is’ u - I c m ’ m( . m u t t  I l t m ’ ,i i c m O i ( m ’ t  f l u t ’ - m , l  c l o u t ,  ( i t t . l i t , -

c i i  a is’i ’i e ’ , u 1 c 1 m t cl ts’ I ( I t  ;i iiu ttt l uumi i i i i j  i I I u t e , I  c ’ c l j i a  :c u icl
u t  c c t i ’ m l i t  c c _’ e u t  t_ _~(t~~c~~ I c m~ WI

~, i u l i u . u c t t 1 c  l , ~ I s _ i t ,  u u u . , ~cI t ot I hm ( - t u t u I t t - i ’ - . i t ’pm ~ t l i ’ st i t t ’ I  •- t u t .  O u t i c u , c h u t t 1 i l t ’ t _  _ ‘ ‘ m

W c t  r C m i i  1 ; i C  c i  c i t t O  l v ’ . l u  l i v  c , ’ t t l  I :1 c C l u c I  I c i t  I _ u c c g c t t l i - i l t  C l i t  m u i u g i u  k l ’~~.

Met  i t m m d i u ;  , i (  c l t t . t I’, u _ I t ’

l l .  . l I t , ’ I ~c i  t u m i~~( t i g u n I  1 ~ :it ,l u mmi ’ i ,‘ t t ,  w e l t ’ tdtu ’ c i ? . t t l  t ’il t , m i  t ’c&c l i  c m l ( I i , ’

,\~‘,i t u t u , — t i t u t  : i i i , i  l t l i ’ i  ,‘t i , t ’ c c c t t t l , d _ , i t t ’  u _ i ’ l l  u . ; u h u u l d l i ’t ,  ; l i t m l  i t t ’ it~i i l ul ~ dt ’cl

a m e n  ~I lutg ( , i C I t t ’ , i t t ~~u h y t .  I

i i ,  • ~‘1l l i t  • ts ’ , u i  ci  m ’ u m l i l  m ’ i i t  i’ i i l . i t I I t ’ u , ,  I I m i t , , I . c (  _ u I t c m c I t s l ’ . : i t i , i

d l  ~ _ m t t t c ’ m , i u i l  c u t  . I I t  umu , - i - . i t i  t ’u ; 5,~ i , ’ t t i ; i , l , ’ I i i  ‘ l i i i  u t  tic. c i  P t  Ac ’ ’  \ c ’ i  I

i i ’ , I , ’ ’ c t ’ l c c I i , c , i t ’ m ’ . , u t 1 c h , ’ u u i m l  c i  s h i e - i t u l  t t u l , l , i y c d t t  ~c hiuu t  t tu, ’ t t ’l I t ’ i  I m d S ’ t t i g  ( l i t ’

uli , ’t f i , ’,l~. , c I  ~~c ’ I t t  i m , I l e t  u u t , l  K c m i i i c h t  1_ I ’ >  ‘ I i  • ‘ I h u t ’ t ’ I t ’ c ’ t  i , i , i e m m c i u 1 c i t ’ %5’a u .

u . t u u t , l , i  t i l l  t i  t g . u  t O u t ,i u~,i( iii c i i  ccl e11 m l u  l c c t mt c i  I i ’ u _ c c  I itt (c c ii l i t  uut V — I . ’

I i ’ t ’ p it — _‘ .11 I h i — I c in ch  m d m u t i i ia  i i ’d w I f  Im - u  l ’ t  i i ’ , 1 l 1 m , c I i, Lu 1 , cni t ’ I i , ‘ , l m u ~

c ’ i ’ u t ’ t • ’ 1, 1 I t eui l ’e l i~el  I ‘)~ ‘ , ‘ K,u i i u - l t  h m ) , 1  ‘I . T’Ie t ci I • ‘ . u , l  I m i t ,’- t s m ’i t c m d l  I i ’ s I  cmi

liv I l i t ’  1d m1 I I  l i m i t  m m I _ ‘ t L~ iti m ’ t m m C (ii’ I t e a l  mt , ’cI V ,c (ii, ’ I t ’ I c u C I vi - ( a  C lie

u . (  m t i , I . i t  ml li~ ’ m i t  u ’ gtnu  m ’ i i ’ c ’ C i , i , l , -~ . t~~c i  • u.  ( c i  I u i  u . I t  iu l i i  ut t , ’ ci u . t h i  , ‘ t m t i i i t  W et ,’

u ,~ c m ’ , I _ i l  i v , c c u t u , i  i U c 1  ,‘~l t i , m lu i c lm v i t t 
~~ I l l  l i v I e t i t t , t c t , ’ t  ~~( l c  m i t  i ’

1(1 -,



r ‘ —__-‘

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

-- - --—---- --

~~~~~ 

- — --—— ‘

~~

m i h es  i i . i v l  t ig  “ — tu u i m i ( I / l b — I t t )  h u m  h’s a L t  e ’r t i a t t ’  i v  tlr 11 It ’d .11 a 45° angle’

, t t i c l S1l . ic ’ e~cI .i t I cut I l i t  e ’rv a L a  c lv e ’ I  t i l e ’  I c- n gt  hi c m l  t lie e’ct rt’ . l’hic li d I c ’S

we ’ i_ e m t h e’ll se’ ,i It ’ d W I  I Li a t  I I c c i t t  re Ibbe ’ I ’ c c ’u ! i t ’m i  C t i c  r imi I ng ~i se-pt  uu n t ( i i  ~i I I i)w

t ti sc ’rt [ c m l i  c ) i  t lid ’ ,‘ I c ’ c t  rod e ’s.

i i  h . Tm 1 p 1 1  c~~i t  c’ so i I h il t de ’ 1 e’ m u  not  ( e l l i s  w e ’re  mit _ i t t , ’ c u t ;  I iig .i I : 1

(w~ v se mi !  sat c ur _ it I t in w I t  lu c l i  at ( I  I e ’d w,c t~ r m u l  x t o rt’ I mtlk’d 1 . i I  e ’ lv  i t  t c ’i-

c e m i l i l l e m s  I t I t i g t tic’ (‘ c ure’  sanip I i ’s .  A pp rox l u n a t e ’  I v  .‘1~ g (we’ t we I ght t ) w ,i s

.1 t e d  ( l i t  ci I ( i t t—nI  I g 1, 1s t ;  be _ ike  i’ a , .1 t id  ~ I) m l  ot  d i  St I i i  e’d w;i t i ’m wa s

.uc h c lc c i  . T h e ’ o o I I was d i  ape r ‘‘ e’ii cia I ng .1 g I,i at ; ro d ,i i td  a t  I r i’vd _ i

_ l p p r ’c ) x L t m m . i t e  l v  S — m i n u t e ’ ( n t c ’ r v , c  is I or  ‘10 n t I I i u te ’s .  (‘lit’ ta ct  I auspe ’i i s  ( e l l i s

we ’ m e’ I lien ,u I lctwt ’d t cc St  , i l i d I  I o i’ tilt add it I out ,u I t i ou t ’ and lul l tie’ t e t’nui h e’d

u s t  cmg _ t Ft  s l ier  Mode’ I I .~ p h i / m V  met  e.’r , i i ud c.’onlh I m m ; i  C i o n  p11 probe’ I, F I ali t ’  r

Sc i t ’nt i t  I ~ Cc mp~ t i y  , P t :  t a LtII r ’ghc , I’,’ u i t i a v  I y ou t o )  . Re’ p o r t  (‘ci ph I V.1 id le’s  .i t’e’

_ c C ,uuh I e’l i  t 1 _ ihctra t o r y  t d upe’ r ,i tore ( ‘‘ ‘ i l 1, )  . i l l  s i t  ci ui t easu re ’ s I clt ph we I’e’

p 1 • i l t l i e ’d , hut l a ck  ot  t I t ’ E d ccump ;I t l b  I t ’  t ’c~t t pllue ’t l C t l t ’c ’ e ’SS IC I c _ cl  h ut’ mitt’ I luod

c huu .us e’ I i .

I l l . W a t e ’ t ’ c ’ ctti t c ’flt  , i’otic e ’ui t l o t  I o n  i l l  v c i l , i t  t i e ’  , i i id t c l t , i l 0 c c !  i da ,

an d c l t g , I t i  j & ~ t it ;i t t ( ‘C’ t’oflt c ’u i t  Ut’ 10’ che ’ t  e ’ r ’ tu i t ii c’cj i t t  t i ’I p t  Ie ’a l c ’  on I ‘u —  t i c  3 0 —g

We ’ We’ I g h i t  (W W ) scihs ; in up 1 c’S of  t i m e ’ u ’c)Uipos I t  t’d s;u lii i u It ’s. Suhs.imp It ’s we i c

,i k e’~ t itiiii~’d I , I1 c i  V 0 I t t ’ I ’ c’Oii i~) d ) 5  i t  I 0F ~ t h it s u ’ c)I ’ t’ s;iui t p E e ’ a and p [;ic ’c’d i i i

p i e d ’ cmihus t eel (4 hi ctu rs I~ S S0°( ) , a r ’c’d 0 h t m l  t ium We d I gli I ng pa it s .  F’il r

w.u C c ’ r  c- o u t e ’nt  , t he’ s tuh a ~ump lm. ’s W t ’i’ e’ e I r t ~~d i n a I ct r e ’e’d cir ;i I I oven a t

I 00°C t o  ,l (‘el l i s  t ~~~~~ w~~i g h m t • 
}c~ , ree ’tl I W a t e ’i cont  t ’n I was c ’a be ’itl u t  e’d on .1

c i t y  w e i ght ( [1W ) b,ts t s  -is

-~ WW — l)W
~ . no (at dirt ’ l)W 

~ 
‘l)W ‘ x 100

1( 8. [‘ot a I s t i l l  (IS ,tiid vol at lie s o I l  itS , WI’ l’e’ cii’ t e’Fni I ui e ’ci ( c c l ’  i ’,R hi

suibs~ mp it ’  by combu s i I ~~ t lit’ cii’! t~tt s;unp ic ’s ;u t . u uO° I (cut ’ ‘u h i eu i i r s

r et  u r n  tug t lie ’ [ g u i l t  ed soni p i t ’S t o  t hit ’ d ) V e ’ li  , .itid ( lie ’ , iSl i  c c l ’  e c m t t ib t t s  I t ’d

sOInp I e we- i g lut  a ( AW ) dc ’ ( c~ rut I ned t h e ’  l i i i  I ow lu g ill v • h a  I ng t lit’ k n em wii d i v

w e ’ b g h i t  ( 11W ) and . i sh  wt’ (ght a (A W ) , vct l , I t  L i t ’ a i d  l e t s  ( V S )  , ,tnc i  t c u t , i  I

( Oft

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _



ao l Ida  ( ‘I ’S )  m i t i d i  u i t ’ g . i i i t . ’ u u , t t t c ’i’ ce l l it e’I i (  ( t iM )  we ’ to’ c , i  L c ’ t t l , u t  eel ,it ;

I)W — AW 
~

~ I S  100 — ‘
~ VS

119 . S_ i l ( t i l t  ~~. S t i l l  t ; , i l  l o l l  v w , i u ;  c l e ’ t e ’ r u m i ( m i e ’ ei us l uig I luc ’ iite’ ( liods

S iiggt’s (i’d by (11 .ue ’ k e ’ t a I . ( I  d) tu  S ) . SoIl s tih is_ imp ic ’s Ut’ i t ’ d r  I e’d a I hO°C

.1 t c m r c ’ e’el cl t~i I t  ove’n • a ( i ’ve ’ d C i i r e i u g h u .i ~~~~~ a t  c i u i c I , i t ~~l se m c c l i  C c c

l’ c ’ t t i c c v t ’ 1 ,itge’r 1u ,i I (  Ic  i t ’S an d cie ’bi ’ I s , ,t ut , h  _ u ( u i c r c i X  (m a t  e ’ i  c, .‘() g 11W t , i t t ’ eI

I t i t c u  .~St )— imi l E!’ l t ’t in te ’y i ’t  I l o s ks .  l l ( t ; t I l l c ’ct and dt ’lo n I , ’i’ cl w , i t  e ’t’ (_ ~(1(1 t i l l )

woo ;ietde ’ ei te l t lie t I , i sks  , .un d I lit’ 0 c c  I I s _ i i t i f m let ;  we- me ’ e l I _ s  pe rae - cl by a hio k I ~ig p

,i utI , u I lowe-el l e t  a t  ,ind • c’ c c y e ’  reel , dive’  i’ u I g t i t  . Flue ’ I I ,u sk  cd l u i t  c ’ t i t  s We ’ t’c’ t I le’ ii

I I ( I t ’  red I lui ’ otig lu 0. .~~~~— utic ’ i t l l ) r , I u t e  I I i t  e’ t a  ( M i  I I I  1c ,cr , ’ C c d t ) i . , lice1 I c u d

MO S5.lc h itlS ( ’ t I t ; ) , ,lm i cl (lie’ cetnetuc’ t I v I t  c, c~ t t lie I I I t  i . u  t’ W ,IS t lm d ’ ,i sit red u s l u g

a Re’~ kman RS ill So I L  tid llti e’ I em ( (Icc ’ kmt m , u ii Ins  I r t~ni e ’ui I 5 - I l ie .  , i t - v I lie ’

Li l i i  u u r u i hi ) • CtuuuehcR ’ t l v i  C V  W ,iS e’i i t i v e ’i ’tc ’c I l o  s,i l  I t t  I t  c, i t s  log  pr e ’p a re -ci

st . t nct , ir ci  s c u l t i t  ion s  . i i i c l  ~ c u i I  s_ i l h i l t  c, e’,u I d ’ U l c i t  e d atic t r c ’pedr t c ’d l  ,is g/  lOO g

11W cdl so t I

1 _’(l , (~;ut’ ( Ic  It ’  a l  ,‘,c ’ , t m t , i  1 ~‘a I a • ‘I ’li c ’ 1c ,i t ’l Ic le ’ S I ~~c ’ au to  1 y a m -a I idE h it’

e’ompos I l  e’ei so I I sani p 1 c’s W d ic ’  ti e’ t e’i’ uiu I hie’ei oui c c v , ’n eh t i  t’d s ;lI t i p Ic ’s ((1( 10 1’) fuc, -

,u coni b I m i , u I  I ot i w et  — d t’ v t; I e’v I mt g ; t l ie l  se’CI I uuie ’n t  ;u C (clii ,ii t ci I ~‘ a ( a  wI  C l i  P (  pet  I e’

satu p l L u g  I, t i l , u ~’k c’t .11 • (91u ’i )

IL’  I .  Or~ ;un I c ’ ca r hc u n . 0t’g~uti I c  e’;i t’boti was e te’ te ’ ruii ( t i e d  ,iu; t tic ’

r t - , icl  i c, ox l e t  I .‘,i hI e’ I roe ’ t I on it s I t i g I lie ’ W ,i 1k i c ’c, ’ - R l  , ic ’k me’ 1 hod I, B I ,ic’k t’t

I • 1 d)(~ ~ ) Tot ~u I o r g_ l u  Ic  c-a rh e in  i t ;  cdl i  I v  e’~~t lu tu , u t  ~ci , id e ’ rh t ; t  h i s g r e i s  a 1 ~‘ ,

( l i l a  ,i mi , i  i v  t l c , I  I flue’ t bet el ( c u t ’  w ;l I e F 1 ogge’ ct int u u ’ah i s c u l l s .  Ct’ it~ s C dl tmi p ,u  i i  St i l tS

c c l  s .u u m ip ((u u g .ito•as , p a l l  I cci h , u t ( c , ’  t hose’ I I t o h  c l i i  I t ’r  i i i  c ’ I t  bet p h u n t

,iaa idc ’ i , u t  I c d l i u ;  i i i ’ g t ’ i i c ’i’~i i  I d h i V 5 L c ’ , i l  m ’ l t , i t , i c ’ t  c ’ F I S t  l ea  • s h i c u t l l d t  I lie ’t ’ t ’ t curt ’ he’

m , icl e ’  w i t  Ii t ’, i m u  I ( ou t  .1 iid kt iow 1 e~dg ec c u t  t Ii 1 5 h i t  E c d e l t l c  c_ el _ i tic! t u n k  nc dw t i

It ), ’
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, i t i , i  h I  I e,i 1 h I  l u - . (‘lii ’ mt me ’I l uc id  S i t: u t  i t m d . i t  c I t , ’ m ’ cl c u t ;  (tie , i,’, I t i c ’ u u a i ’ _ t i t c l

I ’ m ’ 1c , c C cii ,t u. p i t  c ’ i m t c i i i ~~ i h I t  C c i  I f i c m i i  t e l l y Wi ’ I g h t t  ic _ i t ;  ( a )

L’ .’ . N i t t c i it~t ’t i .  I t t , ’ I c u l  I c c w (  ti~ I c u t  l i t ,  c c l  iii C t c c m , ~i ’ii w t ’ , ’ d c l  ,‘t ’ m m m l t i ed

I . c i  t h u , ,~~c u  I u , u t um ~c 1, - u , : K I’ ’ l , l~i i u  1 N I ’K N ) n i t  ro t  m - N ( N d  t ) ;  i i i  C t II , ’ N

, t u t * i  , u l t u t i t c ’ i t ( . t N N I !
t
, N ) ,  t~ e ’ u i e ’ t , i  I Iv , Clue ’ I ium ’ I h t c c c l u ;  e m u l  I i  t ie ~ ci i cy Ii1 i~~k

t ’ t  , t i . 1 1 c u r 5 c~ W i t , ’ l c u i i c u W m ’ c l .  I~ c t a I  K i ’ l c i , i h t l  t i ( t t c c i ~t ’ii ( c u i ~~ c i t i l c ’ N C NI t~~)

W , i ’ , , I t ’ C e ’ t tit t t i m ’ ,1 ci~~l t c ~ u ; t  . l t i d l , l t c i  mmmc l h u ~i~i~ i t ’  i ’ i ’ i i c m l ’ t ccl I n  B l a ~’k i t  u I .

1 ~1t d cd l  I a m  I t t i c  I c c c i t ’ I  t ’tu tt t u i , i (  I c ’ t t u .  . N I l , , ,  N i t 
~~, 

d u d  N i l  i —  ti l t m , u g e ’uu u c i d i c ’ l e t-

S , !  m ’ ~i~’ C  i ’ l  im u l t i e d  i cy  , c  d [  I i ’x t  t a c t ( c u l t u S  I t uu , ~ .‘ N Kt ’l  w i t  Ii , c c t i t  I t i l i c c u t u ;

t ’ i t . i k  i t t , ~ I . ‘ u  1 hu ~u c u i  i t t ’  t t t c ~ , i  ~ ‘i  I al  , i c ’ C  i~~ ii t ; l u _ i k m ’u ’ . ( ‘ x l  u , ’C _ u i i t  \ c c l ottie ’ l c d

u s c !  I s’i - ( g lu t  c_I 1 W ’  I l i t  ~~~ I c l i i d , ~ , ’ di t I di iii  ,‘ , c l c d  I • c ~ I c c r  u ; . u t i c l v  u_ c d t  I t ;  , t t i c l  ~ C c c

1 ~ t a t  I I t i m ’ ~ t , i  I ned , a t I C  ~‘ u , , u I It , . li l t ’ i - xl t i c ’ C e ’d a ,  u im p l i _ u ’  cdi ’!, ’ t~ I _ i  i t  I c,

I C  i - I  c c l  i t t ;  t i c~ W i u , i I  t im _ l i t  N , .  i i i i m a l d i t  t i t t  , c li ,i(i umt 1 i c ’ t d i  i s _ i , i t c ’ ci I 1 , i u - ~~t c . u n ~I

I i i , - u ; , m i I ~~, u t , l t i ’ cI w i  C li 2’ -  bc ,  l t t ’ ~’ttt I _ t I t c ~ t u c m I  t , c ’t  -
‘ N Kt ’ 1. F t  ti~t 1 v c m i  i l lume ’ w i t ;

, l c l  l i m i t  I , ‘ c I I c d ‘i l l umu I i t t;  I t t c ~ 2 N Ki ’ 1

I ,’ I . t ’ , c u i c c ’t i t  r,i I l i m i t s  u m l  ( h u t ’ I l i t t ’t ’ t i l t  r c c c . ~i ’ t m  t ;i ’ e ’c ’ jt ’t; (ui (tic ’ Kc ’ I

C ( I t  l , l C  i - u ; s e t , - d e C  m ’ru tm l u i , ’ci cia t u g  c ’ ’ 1 I c m i ’ t tmut ’ C t le in t ’l h i c i e l a .  N1I ,t, W c l u ;

,h e t  e ’ t ’ ut u t itt ’,t c ut; (nit , i m h t t t i c m I ” h i ~ ’ I m c m c ’ i i  i c u t ’ I t t ’  ,t a  d l t ’ t , c t I l c m ’ cI i~c, Sc m I c c t  .‘ , u m m d i ( 1  ‘lCd9 ‘I

At  t t ’ t  t , ‘~hu~’ t  t c c i i  ( c m i i i  I t ’ l l  t ’ C u t ; t u g  _ i  c c c j c ~c c ’ t ” a’ _ u e l t t m l ti n t c c c lu i uu t ii , UI C t i C , ’ , e i i c l

t i l l  l i t , ’ Wt ’ t i ’ c h e ’ t c ’ t mui l t i ec h  by ,i c i ( c t , ’ c c t  I _ ’ , l C  i c m u i  i c , i c ’ C u c c m i  c_ SI i ’ t c ’ k l c i u i c l  ait d

I ’ , i t S c O t t ,  — 
i ’ ) I d ~~ I • S i x  t _ i t i c t c c m u l c,’ c l t c ~5t ’i i  u c i t t d u c uu t t l d  l i t ;  ~ ‘ , ‘ t  ,- . 1 1 1 , 1  t V : i ’ cI t , c t

t i l l  t I l e ’ , . 1 1 1 t h  t , c i  , i l i  I t  l i l t ;  u u ( C t i C , ’ w i a  t me ’ I c c w cl t ’ C t ’ , ’ I  ( c m i i .  N o t ’c u t ’ t h t e ’t ’

li l t  t i t t ’ m it t t~l tii ( 11:11 1 , i i t ~ ; W t ’i  t ’ t i m i d ’ . A l  I a l u m ! ’  I t ’s we’ r e’ I t ’ , i c l  i u u ;  t m m g  .1

S!c ,~ c ’ t  I c d l i l c  ‘~ i i hie ’ c ’ k t t t . i i i  l u s t  t ’ ul t iu e ’ u i h  a , l t i c ’ . — I t ’ c, h i t ’ , L i I I I  c d l  i i l , t I  w I t  it  ,I

I L )  ‘uiuii u I i g l i t  1m , i C  i i .  S I . i t i c l i I e I t ~ I c i t  t , , i i t t l d  I t ’ c i  l e o  I _ i t  ( c m l i  , t u i e l  c c i  I cu uui i i

, ‘ , t  I I !uu’ , u t  ( c m l i  W e~ t , ~ i t i , i c t e ’ 11 1d I i i  .,‘ N K~’ I . N l h _, t ’ 1 KN O • , i t i e l  N , u N t ~~c is’ ,’ I t ’ u is , ’ cI

s d t ;  C .1 nil ,i t ’~I I _‘ I I  ( c i i i .

1, - u ,  l ’ h u c c ’ ; 1 i i t i m t i i s  . I I ~~~~~~~~~~~~ W . i t ;  de ’t ,‘ t  uii i uut ’ci ,i u; c ’XI t ac C ,uh Ii ’

1 m h i c m — ’, 1 m h i c , i  u u a u t .  I h u t ,  u s _ i  l , u I  c ’ l,t)we’uiu; c’t .11, l” l ,’ ,“ I . t t ’c’ e ’i i  ‘ c i t  l e d  u ; , u m i m l d t , u ;

t d i i i ! i t , d \  h u l l  i ’ Ic , ’ I -~‘ 11W ) w e r e ’  I d I , u e ’ c ’ei ( I i  c i i ’ I~t — ’wciaL ie ’ cI I Iaa ku ; ~lUd .,~t1 ni l  c i t

I lie d i S c i  l , i l t ’ c x l  , uc ’ C l u g  u O d  l i l t  ( c c i i  ~~ch d t ’ c t .  l i i i  aaiut p I t ’u ;  W I ’  I i ’ m ’xI t’.ic ’ I eel t il E

.‘ l m , m i i t  a w I  I lt c ’ mm t i t  h liIucuiIs i~’, t t ~i t  ( m d i i  ( IS  (n ~ .i WI ’ I at cie ’C 1cm ~ l t , u k i ’ t  , i t t c i  I h t t ’ i i

c.’i ,u c,- It c, I I 11  t I  i ’d m i t ;  I t i c t ,  W i t _ i t  m i t , u u u  N o ,  ‘u t i  I c c i h d e ’i t tit cd , i c  ( c I — w , i t ; l u i ’ci I L , t a k u ; .

I l ls



‘Fhu ’ I l i t  r .u c ’a were’ ad ~ ts t e d t c Vcd 1 tuni c ’ te nd P1l~ 
— 

dt ’ t e’ rut I ned

~
- o [or ime t r I ~‘, I I  y us l u g  t t ic’ s l u g  Ic rt - t lgc ’t it  tnt’ t (Rid t) I Mci rp hy ~u iid R I  I t ’ v

( 1 9 t c2 )  . St , i t ic l , i  rds W e l t ’ r eut i I ol low im ig t he  sain t’ p r o c e d eu r t ’  us t u g  K 111 I’04
i t i a t c ’~id cu t ao l  I .

IL’S. Pc)t,ussiuflt , Potassium w.is d e ’t e’rmin t ’ d by ;ic ’t’ tatt,’ e x t r a c t  ion

t o l l  ow! ng t Lie I d roe&’ciu rt ’a of H i t ic k t~t a 1 • ( I  9h 5) .  Th e’ c ’s t r oe ’ t I on

p roe ’edeire co t  tic ides  w i t  ii t he  met bu ds o C Tot It an d Ot t ( 1  971,) )  i cu r t hue ’

cit ’ t e r m  I tia I ion ot cat  ion  exch ange s t a t  ets ( CES ) c u s t  ng  i N  nec ut  r;i I ammon I t im

,uc’e’t.itd soltut ion.  F o l l o w i n g  ex t r o c’tton and c’oI I c d c ’t i on  01 t i l t ’ .u c ’t ’t , i t t ’

le’.u c i io t c ’a t us s u t g g e ’ a t t ’d b y Toth and Ot t  ( 1 9 7 0 )  , t h e  I I it rate’s were’

, u u i a  I v zc ’d I cit  It c i t a s s  iutt u b y t l uuu tt t’ , u t  ccutm i c ’ , i b a c c r p C ~ lo ut.

12 h . Sit II ide ’s. At t c’ttipt a we’ re’ made to ,utia 1 V ZC’ for t d)t a I , at ’ I d

v ol,it i i i ’  s u i t  ( dc’s i t t  t h e  aol I sattip I i ’s. A tn et b o d c u l og v  was e l e v i s e ,’d

t ot  l o w i n g  the work c i i  ( 0  I dh i a h er  ( 1 9 7 - ’, ) .  Appu’ox i uti~i t  e ’I v  20 g 11W ol Sel l 1

was wet ghed I l i t  o t ,~ reel , 125—vu ! 1 1 asks. ‘F lit ’ sant p it’s we re ’ c oVe’ red wit hi

‘it) ml distil It’d water (phI 8.0), s t o p p e r t ’d , and attachut ’d to l i i i ,’ N~

p u r g i n g  s~- at  t’m on ,u w r i s t  , i c ’ lion shakt’ r .  ‘Flit ’ I I d i sks  St r~’ p ur g t’d I or S

m i n u t e ’s w i  t h i  N 1 to rt ’moye gast ’oeus s e u l t  u r  contamtmuo t b it, E~ chi I husk was

.11 tti chie,’d I i i  ,u still Ide I r I p  c ot t a  tat i 1i5 c d l  10 mii i c)t 0. ~ M AgNI)1.

F o l l o w i n g  p u r g i t i g  ccl time system , 11) m l  o f ti , ( )  N 1125 04 W O S i i i  je ’ c ’ t e ’cl i t i t  o

t lie samp le I I asks to vo La I i i i  ze t he sul tides , and purg t u g , w i t  Ii souu p i t ’

05 i t a t  Ion , w.us  c’ d i n l  tinted I or 30 nit flutes, The s h  1 ver so i t  i el, ’

p t ec’ I p i t .1 I t ’ WOS CO i l e t ’ t ed  I o I low lu g  t h e ’  i t ’ Id t t’e ;u t tii e ’ti t by vat ’ ci u u u n

C l i t  r a t I on ott to t a red , nte tnbr o  iii ,’ I l i t  e’ I’S.  Ac ’ I t t  Vc) la t i l t ’ sit LI 1 c i t ’S We’ I’d

t’o I t ’ cii ,u It’d us tu g  dry wet glit a o I t he I I It e’ re- cl prt’c i 1c it .it c’s.

1 27 .  Cat t o n  cxch;iii~~~ ~~~~ and CES (t’xchoii~ c’,ibit’ hoses)

C,u t i  on e’xc’ha uige c’ap ac i t  v ( CEC ) ~uuid CES we’ N’ d c ’ t e ’ I’flt I u i i ’ el as cli ac eusse’d in

HI ,ie ’ k ct a I (I 91u 5) , ~u t i e t  wI t hi a light t mod I i i c ’O I  Ion , I he til t, I hi cnl s ci t  ‘l’o ( i i

and Ott (1 97i3 ) we-r e ’ C c c l IoWt ’tl . For ( l i e ’ d a t a  pr & ’ae t t t ec l  hi t h i s  r c ’pm ut ’t

tu l i p t e i X (m ,u t e l  y I t) t e l  1 ‘c g ( W W )  c c i  C r t ’sh i I y t ha w eel s c u l l  sout ip It’ W05 Ut ’ I gu t’ ci

t n t  ci 50—in 1, it ’ I d—wti ~ he’d Er I t ’i imeye r I l a sk s  anti cove’ reel I mmt” d h a t e ’  I c, w i t  ii
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_ ‘ ( t  tmd I N ui t ’t i t t ’ ,i I N hh ,~~tA c ’ . ‘Fl ue ’ I I , i s k s  w e r e ’ 1c I . I c t ’ ci cii) ,I i s t 1 $ f  i c  1 11) 11

sh a k e r , u n e f  _ u g l  C . i l c ’c l I c u E I C  h e u u i t ’~~. E x l u t ’ r l t uu i ’ t i l  a c m i u i e t u u c ’I c c l  ~u u ’ i c ut ’ I iu

cx per I rnc’u t t ,ul ,u tt ,l re -i e ’r c ’ ui e ’ c- a l l  c ’S 5cc I I s  a i t a  I v a t ’s  I tic !! c ’ ,i I i’ d C hat I l i t ’

i ’S I i t ’ it ’ i c ,  sho t’ I ( Ill— in I u t t u t  e l  e ’qti I l l  hi - at  I edO I I nit ’ t ; u u e , c t,c ’ a I e’el (c c ,- ‘I’eul  hi  a t t c l

e ) t  t 1, I c !  ‘ 1~ 
‘1 is,is I i t , i d c ’c i c i ; i t  e’ I or 5 c c  1 1 san tp  I t ’s c ’ ed 1 1 e ’ c’ I i ’d I t om the ’ tn. ir ’slu

I u i t i ’ t - i c c r  .11 t I le ’ e x p c ’r i n l c ’n t  ,i I s i t e- . i f ldl  s t , u t  t e i n t ;  . 1 1  t h e ’ Ft- i t’l’t ’mtc t ’ a l t , ’ .

1 I u u  u-c i s  1c t ’ c c h , u h L  V i t ’ I , i C  i~et ( c i  ( 1c c h t l ~~ht c u t ’g , l u i ( c  t ’ tu t i t  c - i t t , i i i c i  s l i t  c, u i , i t  t i re ’

of  t h i e ’se ’ n i . i r sh i  a_ imp  I t ’s. Rc ’sci I t u t  I cimi  c i t  c’qu i  I I I b t ’ , u I ( c i i i  I I nit’ w ( I i i  itt I Ic1

.ig t t , i t  i c c t t  5 , 1 5  c h u te ’ t im ; h u g  C I mmmc ’ Sc ’ r I e ’~ cx 1c e ’ r l  nue ’t i t  a e m i t  r’ t p l  I c ’.u I e’ci so I I
s . in t 1 m I c ’ s .  E c~t u 1  1 1 ht ’ . u t  I ed i t  I I t t te ’a c d l I , _ ‘ , Ii , I.’ — , inc l .~ ‘u h u c c u u u ’ s we ’r e  c I t i c a t - t i

I c d t ’  I l ie’  c ’ \ l d e ’I ’ I ttte ’ t i t  , i t t c i  t l i e ’ l m ’ S u u  i t s  l i t  c ’ae ’Ilt e e l  he ’ l o w :

t X l i e i’ i ‘- 
—

ittt ’ i t t  ,i I N ( ‘ci, ’ I I I c ’ I t ’t i t
( m i u i  i l l  h r_ i C I c im u tm I . i t t k  * ( m ume ’ q /  I ( t O I, ti l e ’ S ! 1(1 ( 1 cc l  \‘ _ u r i a l  I ed i t

I ’ i tti ,’ , h r .  ‘I (111, - cl N i l ’ ’~ -‘ , ~‘, )it’~
’’( 

— ~
‘, OW ,) R a u t ,gc~, (‘)

1 (1 , ’ 1; ,, . , ( t  ‘ d l i . l~ 2 1 . ~~ .‘ 10,0

1d b . l~

2 0. ‘ d O  ‘i:: ‘~~ ,c),’4 1, 1 .81  1 -~ , e1

0 . ‘i 1 8 (c ,’ Cu t ) ‘~‘l , - , 3 Ci • l u  ‘ 
•

0, 178 ~‘m , l~~c 5d) , d ) ’  c) ,, c _ c 10. 8

• 58

l1 ..c 8  c ,u . tmb ‘u S , (lc) 2 , 88

* M e _ i t t  of  ( W e )  d c ’  t e’ u’m l t t , i I I cu l l s

‘l ’h ie samp le ’s I or I be’ ex h ue ’i’ I nt c ’nt we ’r e ’ t t i k e ’ii I t’ed utt t he’ ll t i e ’ k l t g  St ccc i i l ’ l c ’k i ’re  I

W t ’e’et p1 t i n t  satt i 1c I I I t 5 S i t e ’ , i t ie i  t’ c’!d l’ c’sed i t t  0 S c) I I  c u t  h i  g hi c d i g , u l l  I i ’ tt i ;I t  C e’ I’

c’ cd u i t  i’ i it  , ti nt  i- I  e’ii I S , a t i t i  C ’ Xc h i d l I lg e ’  c ’ ,i p . t c ’ I I V l’~ I t i C  I ‘c’c’ I ci I lie ’ cut  lie ’ r sant p h u g

t ’ e,i a . ‘Fl it’ re-a ll 11 S c u t  ( lie’ cx l i i ’ i I  me’i l I ai u t t ,~t ,i ’ at  I It o I ee)i t I 1 1 1 ) 1- ti I I on I I me’s
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sbot u l d  he l c i m i g c ’r t h an  pr opoat ’ci  hc ,  ‘l o t h i  arid O t t  ( 1 9 7 8 )  f o r  m a r s h i  sol i s ;

t h e  ac i t  he i rs  -hose l b  h o u r s  I or I lie ( ‘ur r e ’t i t w o r k  as a comp r o m i s e  I n  t e r m s

ccl samp le ’ p r o c e s s i n g  ( I  ,c .  , mt ici rt i t tig p r e p a r a t I o n s , a f t e r n o o t i

e c jc t  i l l  b r at  Ion • and  st ump  I t ’ . i t t~ i I vs i s  t h e ’ f o l  l o w i n g  rnc rning ) at id ef  I’ I c ’ i en c v

c i t  opt’ r at  Ion. l”o 11 uW I ng ~u more ’ t h i o r o t u g h  St t i d y  r e - s o l v i ng  ec iu i i i  b r a t  I oti

t i m e ’s t c c r v , i r i i d t u a  s o i l  an d  s e d i r n e t t t y p e s , t h e  a t u t l i c i r s  fee’! t h a t  the ’

c ’ h l c d s t ’ti I (me ’ c’,it t he’ si  gui i t  I ca n t  I ~‘ r e d ut ’e’d . S a m p l e  s i ze  t o  Vol  tunic ’ r a t  i us

l e d  r t h e ’  vi r I o t is  I e ’tuc ’hi t i  t c s ,und  samp le w~i sh I ngs we rc ’ t ’ X , l c ’ t I ~ - as r epor  t e d  by

Fot ii , im) el (It t ( 19 7 ( 1 ) .  Ce’ti t r i l ogo t l o u t  w t u a  s u h st  I toted lor t Ite suggested

t i l t  r ,i t I cm step f o r c o i l  t ’c’t I mi g t h i t ’  v a r i o u s  le~ic 1ia Ic ’S as  a m e a n s  of

red tic i ng cc unt Ocn I no Ii on I or t he N l1~ de te  mm I na t  Ion and t o  red euce s ample

p rocess lu g  t i m e  t ’s oe’ ’ j o l l Y  s i  t I m  t Iii’ a l l  t 
~
‘ ma r sh so I I  s

128. For t h e’ CEC determinat ion , N 1I~ (the’ e’xclt amige’d cat  i o~i )  i n  t h e

1O~, N ; i C I  l e a c h c i t t ’a s’,is cle ’t e r r n l n e d  b y t h e  c o l o r i m e ’t r i c ’ method ot Soiorzano

( 1  ~~~~~~~~~~ N1!~~ I stamid , u rda in I ( 1 ’~ N a C  1 We’re used t or at  au d i t  mci I ‘,at I on.

1 ,,~~. ECS was tie t e’ rut i t ied by I lit ’ p ro t ’e ’dure ’ s g i v e n  in To t i m  , u mid (11 1

( 1 9 7 0  ) . Ree’~u u se  of appa re-nt  Fe cont  am I nat I on I n t he CEC det  e rm m a t  i ot i s

1~ ’S w , i s  rein on a se ’pa r a t  c’ at ’ t ot  soil stubstump h e  s . T h e  e’xt -l ian geah  it ’

c u t  I ot is  Fe , Mn , Zn , Cii , N i  , Na , K , Ca , t umid  M g were  d e t e r m i n e d  h~’ i lame ’

,i t  o m i t ’ ah so rp t  I on

1 11) , The’ above me’thcids were’ used I or anal vs I s  t i t  l It ,’ November  1 9 7 C c

5iini~ I i  ri g program. Bec’ause of h ;t rs h i Ic  Id  c’ om id I t  I ons t h u r  i ng t he’ perIod i’d ’

samp it ’ coli c’,’ t i  on , ft c ’  Id Eli measu re ’s we’re h o t  oht of tied , and , t o r som e

st ump 1 I ui g st a t  I tins , lea  s I h am i  100 g of tim t or Itt 1 Was a v a i l a b l e ’  fu r  a i i  tbu

I t i d i  1 vses c) t s o i l  “15  c’m i n  dept  li d cue t ci poor co re ’ pene t r o t  l o u  and s ;imp le

r et e t i t  I ciii , expec l i i i !  ~ t or  hot  t orn samp lea f r o m  s t  t i l t  o n s 2~ 7 , ti mid 8

( I n t e r i o r  s t a t i o n s  a t  t h e  e x h i e r i r n e n t a i  u - c i t e ) .  As a r e s u l t , the ’  a u i a l v s e a

ol hot t turn sample ’ s 2 , 7 , tin e! 8 are  incomp le t e ’  l e ) r ECS and  some’ n i t  rc ug eui

5Pe’ e’ i t ’s. For t i l l  tuna I Vsca , t he e’ompO s I t t ’ c-ore ’ sa m p l e ’s wt ’re’ ke’ p 1 1 rozt ’n

(— 2 (1 °C)  i tu it  I I  ana l  c,’s I s .

I l l .  A t h i rd I t e i d  samp l i n g  p r o g ram  was c a r r I e d  out  (Ju n e  1 9 7 7 )

e mnp l ov lu g t lit ’ some’ met hod a as be f o r t ’  and In  a I t o  ~~n~i i c,’ se’s rep o rt ed f o r  phi

and Eli pro f  i I i ’ s and n u t  r I t ’nt  and I vice ’s for  ap t ’c I f i t ’ s ;imp I e’S t tt,-it tire’ nu t

1 1 1
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r e l d em r  t ed C or N o mv e ’m nht ’ r • I l l  hue ’  u’ , u m m i i  1 c, ’st ’s l i i  r ( l i l a  sauu ip 11 its pre ug r am s - I l l  he’

~‘otn p l e t  e’ci ~us  t I m e ’  pt’ rm i t  s • A 11 s , i t i c j c  I t ’  h at id  I I  ug auie l au i ,u l y t  I e’ ;i 1 t e’t ’h n t  que ’s

we ’re as ci! Sc ’ ii sse’el

Re ’sul  t i c  t imid I i I s o ’eu ss  i o n

I ! ,’ . ‘ l , i h  I c ’s 55 anti 5b g i v e ’ I i t ’ 1 ci ele ’sc ’ r i p t  i ons  ,umt d gc’ne ’ r ,t I

t ’h t 5 i r t i c ’ t t ’r ’ l s t  I c ’s c d l  I l ie s c u l l  somp i l u g  St  a t  I e i t t s  I or  t h e ’ t ) c t e h e ’r  ,uticl

Ni cve ’mtthe r 1 ‘) 7 1c a , immi p I I u t g  prog r ams , rt ’s pet . I I Vt’ I v .  The ’ St  t i I I cu l l s  we re ’ c ’ i t o a c ’ii

I cc c i i !  m m, I tie’ w i t  it t lie ’ 197 t ~ V ,i5 ’ i t  hi r j u l  ati t samp I I  ng ,u rc ’ ,u s . ‘l ’hte a rca a W e ’ I’c’

lt e ’ I c’ rogc ’nc ’cuus I t t  t e u-mt t s of  hot  hi h l c c  I og I t - t i l  (p 1011 1 ) chut i rae t or f a t  I & ’s • or I g !  mi

c c l  scutust rotc ’ ( e i t ’t ’dc~i ’ci m i t t  ,‘ m’ ( i l  , dl  k~’ t - cmst r eue - t I e cu , amid m i s t  t i re ’ s )

j c i u c , ’ s I c’ ,u I ( m i t  1 out ’ imc t ’s (e ’x p os lu r e ’ ;uu i d  t I c l t i  1 1 n u m i d o t  I ot t ) , an d , O S r e p o r t  e’ti

he’ me ’ , ( lie ’ c c c  I 1 p ;e r un t’ ( e r a  I t ive at  I g e t  t’tl f e  r ( I i !  mc 51 o c IV . S o i l  t ex t  eu ra  I

c 1 , u s a e’s r _ u m c 1~i -~l C rom u sau d t o  s I l t  c,’ c’ l, i c,’a ,

111 . St ‘i t  I ems WI ’  I , 4, anti 9 , i t  (lie’ expc’r I me’n t ~u 1 sIte ’ we ’re’ sa n d

5cc I 1 5 t I l t1 clOUt Imi , it e’eI liv tit I xe-cl g ro s s e’ mc , u m t c l  Sni ci  I I  I roe’s (w I I I OW )  . WI’ I W t t S  .1

s,im t cl c, 1 c t im sec t I ,im ici a I so vt-get .11 1 otto 1 1 c, dom I mitt t eel liv n i l  xo’d c~ roast’s

( I c on i ., null a p .  1 , Wi’ 1 w,u a pt’ohah i c, a m l  xe’d ac c l I c i t  h ot hi ci re -cl ge’ci ma I c’ r i i i

, um ie i  c l i  kc dc i ’!  g l u t . W}’ ,l , -u , , u t i d  d) Sc)! i s  we ’re ’ ci f d l  ke ’ c’ ou s t  l’t i c ’ t I oii or i g i u t .

N e c  c e cm l t !c ,i rti h I t ’ s i t e ’ s ,‘ x l a t  eel i l l  ( lie ’ r c’ I t’ t’ei t~’ e s i t e ’  mita rs hi  . The’ Sc s t , e  I I edi t s

ro -p r e -s i - u i t  ccl t It t ’ it I e~ltes t e’ 1 e’ v , i  C ions , i t  t be e’x pe’ r I m ou lt  ,u 1 ma rsh (range ’  : +

‘4 . u t o  + I~ • S I e’e’ t a h c v  c’ un e’tu it Low wit t e’ r ) . ‘Iii h l ’  57 a ct n mm u ua r’ I i’ d -S Sc) I I

ld ~~~t I i  Ic ’ a I _ _ i ’ c l , i C  , i .

I j -’u .  St a t  I emI t S  WI’ S  , u m t c !  Wh ’h We’ r e ’ I mi t  or I or ci! k i  aam n p l I mig , u r e ’ ,i S ,in e l

eiotn i ui , u C eel bc , I lte ’ ‘i v p b a — l ~, I de’ns p l iut I ,i a Se) c ’ l o t  I on titl e1 ,i t’ e’ c la  sac ci t ea  s i l t  c,

i c c i  mu a rich s i  m m c l  V e ’ I ,u v 1 ru~ims u _ i’s j u t ’ ct  I Vt ’ I c, . i’lie’ ~‘c’gt’ t o t  I on ,‘ c c u t , ’ t o  t’meel i

me d i c  o r  I em ; s e’ c c m t l I u tu e d t i s  h cur e le ’  r t i ro t inc !  t h e ’ i s  I t i t i c i  I u i t  e’ t l c c  m bet We e-n I b te ’

t’t ’gt u I i i  1 ~‘ I I oode’cl 1 cisc  t itt _i rs h i c’ 1 eva t to i l s  dcuui t I no I e’el hc,’ t i t t ’

S,i~ i l l  ,i r l , u —  h ’ o t i t  e’el( ’ I’! ,i .i 5 SOc ’ i .t I I c d l i  Oh io ! ( lie ’ d l  k ,‘ I t  se - It . The’ so! I w as  ot

elrc-elgc ’ m uu t e’ ri ,il e r t u -~l u i , i no i  e’i c n t t i l n i ’d ,u h ilg hie’r pe’mt’e’ii l ac’e’ a l l  I— c-h _ i c ,

I l’ , i c ’ t  I c l t i  I h , ,im i C lue’ d ike ’ ,urt’ ,uS. ‘Flit ’ l S i c  stat louis oil I i  c’t’ e’d , ltccwc’v e ’r , i n

sit u r t  l c c u l a t t ’ a l t ’  t ’ I r , t t ’ I I ona I I cdii I t t  tI le ’ I op I S  ciii w i t  li W i c c u , 1 oe ’ci C c’ cl ,i I e)I1g

I I 2
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I I ce ’ S c i t t t  he’ ru t  c l i  k e’ a tiel I , i r  I l ie ’ r t r c cm I lie ’ o i l  r e - c ’ I t n t  l i m e ’ l i c e ’ 01 1 lie ’ cI Sc ’ hu t u  rge’

‘ u $ ~c u  11s’ , u v  u u s i ’ ch ci tu r u mug  I s  1 ,tnci c’ons I rue  I I c i t i  • !m , u  c, I tug ,i l i i  5hle ’ r s I I t  — c  i , i c , ’

I FO c I ( c i i i  ‘o . S I  Z )  ( h i a t t  W h ’ m c — l c c c ’ , l ( e ’ dI .i h cr i~’, t h t c ’  u t u c r l  h t c ’ r u i  e t l k e ’ timi d mu ’t i r e r

t I c , - d l  i g t u t , e I s I d o l I w , u v  hc _ u~’it ig a a! l t — c’ i , uc , ’  I r . ie ’ t l c n  c c l l g . 1 u 2 c  ( S c - c ‘ I ’ , i h lc ’
c ’ ) I t  I a scus pt ’ c’t e’eI I ro mm t I i t ’ It1 tubs , ’ m’ v _ i t  I e c m i s  t lout  s omn t ’ mmi i x i  t t g  c i t  d i k e ’

c i ’ t l S  C r u m ,  I i , ‘ l t  i t e l  ci t e ’d gt ’ct mic a t t ’ r i , u  1 s t o o k p l t i c ’ e’ i i i  I lie Sc’ a F c ’ ,u 5 eltic ’ I cd

c i  t h o r  u , -~e !  i _ i t t  cur w ater I m’~i ti s p c crt , WI’ ’ i m t  p o r t  I c i t  I t i r  a b m o w e ’ d

s t c~~t i  i t  t c ,iii t i v  l i t  c~h ie t  g r a v e ’ 1 c o t i t  i ’ i t t  ( S I .  SS’~ ) in  t lie ’ “ [S  c’un 5c c i I s~u un p I t ’

.Ittci j ut t j  I t ’ .i t ed  t hit ’ e x t  rc’tll e’ lie ’ I c’rogc ’ui e ’ i t  V c u t  I l ie ’ sc u 1 1 so l is t  I’ , i t e ’ ,u ud
d c css j h i e  u lit u- us i tutu 0 1 c i i  ke ’tl m mm , i t  or  i a 1 be’ I ow t lies s t u u  t a c t ’ l i v e ’ t’s I t t  ( l i l a

~‘t’5t ’t , i t  b u t t  , c m i t e ’

u i  s. S l o t  I u r i s  W i 2  ot to! W P 7  , amid WI’S s’t’re a I I  j u t  c’ r I c c  u- mmi t i u s lm

, it .  j c i t i  a a tid e’ l i i  r~u ~ t or it ’ ,’ t h i , ’ 1 owe ’ r j u t  c’ l ’t I c ! , u  I - ~‘e’5e’ I _ ut c’ d ~i utd

micuui—v ,’o~c’(,it e’d .i r e ,c s r e’s pe ’c’t I vt ’ l v . W!’ _~ ,i uici WI’ 7 Wt ’r c ’ clti iit  I m i , u t  e’tI l iv  t h e ’

S , I c o t t a r o a — I ’ e c m l t t ’o l e r l , u  p I _ i m i t . i 5 s c c c ’ h u t  l o u t  s i  t I m  .i s i l t  ~‘ l u _ t n t  so t  1. WI~S was

, i  u i c c m t c,’ t ’ c~t ’t ,u t e t l  , I c c S e ’t  i m i t t ’ r t  I da  I s t i l l  a a t m m i c  I I m t c ~ s i  t t ’  li t ’ t l t ’  t h t t ’ hr e ’,io ’li i t t

t h e  mc~~t u t h i e ’r t i  d i k e ’ , um i d  w a s  u lci ,iiit s c u l l .

1 t i c .  ‘ I h i e’ sd  1 s c i t  t h e a t ’ ,u t - e ,u a se re’ ~u i’ c ’ciomn I m i t t  t ’ I v ic 1 1 t —~ I , u v a ( I ’ ’ t o

~ -e ~ I i i i  t hue ’ t c)[) 1 S cm i. i t  Ii a u t  — s I ,~ e d  m m m , u I  or  i .i 1 a he’ I t ig t l i t ’ ma c c l ’ t ra ct  l o u t .

t h e  V t ’ t’ , I ,i I t ’d a i t  esa we m’ e’ s ( mit I I a  r i n  tic ’,i r ’I v , i  1 1 re ’s pe’t’ 1 a . WPS a-a s s I n t l Li r

~‘u ’ u t m o st  tmt c ’ , i s t i r , ’s c’ X o ’ t’p t  .t ~. c d t ~t i W l t , i t  lcu we ’ u’ si  i t  c’O t l t c’u i t I h i a t t  t lie ’ cut hte’r

st ,it  1 c i u i 5  ( se ’e’ ‘l _ u t u  l t ~ ~~~~ 
‘1 . I ’hic ’ t t ’ w , u s  ,i I scu e’V I oIe ’uice c u t  d i k e  mn ,u t ,‘t~Ite I s  he’ i mi g

ra u t s  po r t  001 i u i  I c c  t h u  I a u re ’ ,i t, W l’8 ‘I ; howe’ v, ’ 1’ , I l i e ’ a re’,i a cc l tim lx i r ig Sc I’ c’

t ihv iciti5 incl st - re ’ , u v t u  I dc ’t! chum’ ! rig S i t l i t i d  I I  mig I c u r  t i me ’ prt ’se ’mi t st tmoi ~~.

h f .  I’w c ’  a t e e s  ,u t (hit’ rc’ t e ’ r e - I t o - c ’ si It’ Sc ’ re ’ Sc ’ leo -It ’d ,i  s u - c - !  e’t’t’iic t’S

to ur t h e ’ S,i~~i ii.ir i ,u—I ’ ci ui tc ’deria and ‘i v 1u l t , i — l i i ~ lt ’mis  a t  em dc ,’ sl t c ’s ,ut Wiu i dm mt i Il

I’,i i tt t . ‘lIm e’ i ) tu e ’ k l u i g  St e u o i  I’c’l t a n t i r _ i — I ’ on t c ’de ’r t o site ’ ( l) Sl’W ! had  a si I t ~

o’ L , i v  sou l I .  The’ I) u c k t n g  St  i c e d l c , ’ j c l u , t — l i j d e ’ t t i c  , u re’t u (I)S’lv) 505 .1 isec a s i l t  v

t’ l i v  5cc I 1 h u t  t’ cun (  ,i I t ie d  a hi !  glue ’ m’ s ,unei  I r oe’t ( e d r i  I ban It S }’W au td  t s t i 5  l i i  ghe ’t ’

l i i  t i  t ’ V , i  1 I tifl , I) i Fc ’t’ I c ’ d)m i m j c ,i u - i  S c i l t  c) C I ) STc, ’ w i t  It  W I ’ ’4 t u m i d  (~h ’ S so! Is wtu a h o t

po iss I l i l t’ clue lo u  t hi t ’ ex t re ’me ’ huc ’ te ’r oge’ne’ i t  c, c u d  ( lie ’ WI’ s i t  t’S

1 15. Phi ’.’s t e a  i , i  m m _ u  I at ’s , ci t  lie’ m ’ t h au l  part 1 c’ i c - s I: ’~ ’ ( o t ~ ( lie’ so i I a

e r t ’ pr e’se’n te ’el i t t  I’ , ih Ic ’ 58. Sc) I I ph! W , u s  h ic ’ ,t r l i t - c u t  r u  I i c c  u a I I  sI ,u t i Oct 15
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c x e ’ c’p t  ~ 1 c ~ sIc j e l i  w , u a  mci u ’ o - c c l  c l i  ~~. ~ e ’ c ’x j u i an a l  I out c- c ut t ic ’ o f t  o’ rc’d I or ( h u l a

d i t t o ’ r e m i c ’c’ • S e c t  I a , i l l  m i l l  c, s-,is v ,u r i , u h  I c tum i d  lo~ , gc’mie’ rail v rc’ I l e c I  i i ’i jY,

i i  c,’ o’ u s i l l  nit I c ’s  re’ port o’oi I cur  1 hi , - _ Io rn e’s R i  vt r iii (1cc ’ r,’g ( d i i i  cit  11cc’
,-x 1c e  r u ri, it  - u 1 sIt c’ — I’ , ‘T’ ,’ cnt int ’l 1s t iu rc’ • v ec  I t t  1 1 ic ’ S c d  l i d s  , arid cc m g i  n i t ’ e ’ .i m ’ hom i

cc mt ,’ r,i I I v c d ’ t  r~’ l i t o c i t  t~c e ’ t l v  w (th u ( lit ’ ~- Si  i t — c ’i ,u v I rtuc lion ; i .c’ ,

j tic t e e s,’s i i i  -
‘ a !  l t — c I , u  v t rac’ t I on gt’m c ’ r e ii v 0- cur re’apc iumd t o  I tic rca St ’ In

ni c u i s t i t t e ’ , v o l - u t  i I c -s - t imid  c i r g , u m i ! c ’ c a r h c u m i  ( F i g ct r e ’ - I S ) .  No ,up~uare ’mtt

u - i  l,u t i ~m t s . d  a c’ c,- I cl~~m i t bc’t w e c n  soc j 1 j il l  ( i n  S,utt ’ r 1 tund t ico ’ so ’ pa rout e’ t c’ra

l i - I . & ,‘m’r c ’ i t ut m c ’ mu hot cs’ ce ’t i ‘
~ v o l , u t  I It ’ s , its c mn , ’ t usur t ’  0? o r g , u m i i c ’

ccc u i t c ’t c t  — am i d  Scu i I c i r g ,u n  i c’ c c r h e u n  wa s  1101 t i S  go dcc i  t u s  d) fl , ’ m i g h t

I ? tc ’st ’ c l _ i t _ i  a re ’ prc’sc-mi t ed i t t  F’ I go re’ -e9 w i t  ii 1 h 1’ () ,4 - 0 . 5 , - u n d  Li ,

t ~
, ‘p _ t  I& ~ t m ’ ‘

~ c c r g , u m m i c’ c - , u r h c ’c n % \‘e” I , l t  l l ~~s r u t  i u s  drawum . Ii ti t ,i p o i n t s

l u l l i n g  ,u h ,cv e ’ l ice 1 . -C t o  1) _ lu en v e l o p e  w o u ld j n d i e ’ , c t t ’ t h e  o r g an i c  c-au-hon

mc’ t f t cu d  t i a , -d c undc’re’st I mat 00! tou t t i  o r g an i c  o’a r h omi  — Pu ( m i t  a h~ l e u w  t i m e ’

c l iv , ’ I ojce cc -n , ’ r u  I I  c, i m id I cole ’  c c in t  tu rn  i t t o  t i on amid marc ’ t han i i  k t ’ 1 ~ we’ i g l t l  ng

o’r r c u r s  u s u e e c c j i t e t l  w i t h  1 1cc’ ~ c , ’ u l o t  l i t’s ci o ’ t c ’r r n i n t i t ion. I t  i s  c h e ’or i n  t h e ’

t i c i e r , - t h , u t  nt t m i v  01 t h e ’ s ,’ data I e l  I , e l cov e’  the’ t’nve’l c u p t ’ - p a r t  i o ’ e m l , u r l  c, the ’

~ I “ e ill Sc ’t  I s _ u r n j u l o ’s ( 5 c c 1  I d  c_ i  r~- l t ’s) . Ht’c’ t u u m ~~t’ I Ic e’ W a l k  lt ’c, ’—B la ck t t ’ c’ I m n i q iue

nco’, i au r c’ a on 1 v t ho’ c’,u s i i  v ox i d i t ’  a h i t’ ui pa a l e  mat t c’ r I ro t’ t ion - t Ii i s  r t’ sot I t

W _ i s ,i ui t i c ’ I j ut e t t’tl . T h t o ’ mite ) rc’ re- f r ae  t ec u - v  oc rga n i c unti l to ’ r co t ta  l i t  i tem )  t s a’ i u l  ii

he’ c’xpe’ o’ e’~i j f l  t h e ’ 1 0 5 c m  soi I I ,u v t ’r s  . Tlte ’ so’ r e f  r tu ~- t i l t’ compon t’nt a rn a v  -

t i e ’S , ’ c,- , r , t’omi t r i hot to ’  s i c m i i ?  i ‘ tumi  t i  c, t i  s e u o ’h cit lit’ r a o I I rno’ ,u sot re’s a a (‘1-’ P t I m id

c’S t r , ic  t , c h i c ~ uni t  r t e n t  a .

i - c d ,  T o t_ i l cc r g , m u i  I c ’ n i t  rc igo ’ n - m eas o t r e’d i t s  K )c ’ idt0 i  I n i t  rc ’cc’n ( TON +

N I l , 1 • t h e  c’xt r.ue tab it~ I m t c u r g , i mi 10 ’ n I t  r o gen  spec I t’s N O - and NII~ - phosphorou s

, tmi d pot i ssl cur l  SO t  1 c’c u t i c ’ i ’ilt  r a t  I out s  a me prt ’ st ’t it t’d in  Tab it ’ 5d i _ Aut

rne’n t l on t ’t l , n i t r I t e - wa s ht ’l i c s ’ olt ’t t ’o’ t a hl e  l i u m m i t s .  O r p o m i i e - u t i t r o g o ’ui

, i c ’ c’ O t u n t  a I dir c u - c i t e ’  r I h i am i  ~~~ ot  t e’t ,u 1 soi l I j i l t  r oico -n ,u t  .e I i a t  u t  I uris

I ol  l o w e ’cl by Nt I~ m m m c l  NO 
~
. !‘ ic c i s i i l i c u r t u s  t i t id  p cit  O S S I  tim t o i l owc’ol t h ~ a,lni e’

gt ’u lt ’ r i  I I re lic ! S u ’  nil rc u ge m m o s i t  hi ( l i e - sa t id  s c u l l s I cu Os ( lii ’ 1 , -, - ,umm ei ‘~ ‘I , sanel y

1 c c iii 5cc I I s  (mi t e’ rme’ti I , c t t’ ( l i i’ I t imid t~1 , t imid t l i t’ s i l  I v  I ccii rn s i i i  1 s tin ci a i l l  c,

c - I  ,t\s crea ’r(’ss I c , , ’ I v  l i i  g h t e r  (Wh ’  , 5 , 7 , 8 , atid the’ rt ’ fe r c ’uio ’ e’ m a r s h  s i t  c’s 1 ,

The’ icc iic u t r I e’rit e t c t a t i c  I i  du w the sam,’ ge nt ’ r i  I t r ,’m i d e’st  m l i i i  she’d liv t lie ’

h i t
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j c a r t  i t  I c ’ sh’ t - , u t i t u l v s o s amid  t h e ’ j u t i V S I c , i  I (‘~u r .umi i e’ t e ’r a i’ o ’ l i c i r t c ’d iit ’ t e m r t ’ .

~ u l ,  S i n e e  t he’ a t e u d v  d i d  t wi t  lu i c’ l euc i e’  se ’t u s o t i o l  s c c j l ~ da t c  or

hc c c , t ’ — h e - l os ’  g rou u icl  i’i t i n t  t l a s  c ue ’ ~i mt. i I c, Sc ’s t or e t c  rho t i  - n i t  rogt ’t i  -

j u h o a I i l e d l ’ d t a  • ,~ fldj ( u O (  , ia s  I tu r n , usc dot  a I it ’d c’c i u m cjd ,u r i  sc a m t o i t ’ p l a n t — 111111 ’ Ie ’ui  I

rei l , it  i o c t i a h i  I ps ar t - ~d ) Ss  i l i l t ’. I t  a p j u o ’, ir s  t h a t  comparable p la u t l  st ump I i  mig

.1 t~c’,i a .i t t lie e xj c 0’ I - l l i l t _ I t t  c i  ,iui ,i r e’ t C u - e i i c e’ a i t  c ’s a- c - r c’ a i m  i I , u  r _ u l t  h iou g h i Sc) I 1

m i t t ro ge ’ut I t ’uide ’ tI t e l he’ I ’s- e m ’  at i ci  e ’x t  r , i c ’ I ~uh 1  e p h i o s p h i c i r ou s  Ii ig h t e ’ t’ I ccl’ I lit’

i n t e ’ r i e c r  r n , u r a t t  a t t i t i c u u t s  , u t  t ile’ c’x j c c’r i rn e’ m i t i I  s i te .  N ec a t , u t  [ a t  ie~t i  el e gr &’e’

c u t  c’cct i t j dt ’rit’e’ c_ t n  he ’ u s e r  i ho - cl t e d  t l i t ’ mt’tiseure ’d d i!  I c r c -r i c e’s - hiciwo’c,’er.

Vi t o S, st , i t  j c i m i s  I, WI’ ,~ - S - - ,u uitl ‘1 a l O c u  Se’ re ’ 1 d c5’t’ u’ i i i  ho t h  ~ v o l  a t  i L’s t i t i d

c c r g _ i u l i o’ e-arhon , i t idi e ’,it t r i g  t h t i t  t h e  S c u l l  sy s t e m  sos s t i l l  ci e ’c , e ’l c i ji i t ig a t

t i i c~ e’xj u e ’r i m e ’u i t o l  s i t e .

~~~~ OFt ’ ,iu t ci ‘F’ S cit ’t e r m t  riot Icimi a ir e  j u r e ’se’n t t ’d in  ‘I’ , ih l c ’ lu ll . The ’

v _ u i cmos l u l l  i n  ( lie ’ h i g h e r  m’, u m i c t ’ r e p c i r t e d  t ic , ’ T e u t l i  an d  O t t  ( I dl~~~ )1 t cir

c,’c u i  0 u o u s  h_ t v  ,u t i o t  u - i  c , o ’ i l t u t -  a e’ ti I me’n t  a .  Tb mc ’ t ’t’ 1 , - rc’m io ’t’ ma m’~~hi so I I _c e x h i b i t e d

t h e ’  h i gh e s t  re’pcu m ’t c’el c,’a l o u t ’s ( 1150W ar i d  DSTv at t n Oc ’t’ S, i rnp  I c’s) .  The-- t rt”uid s

we’ ro ’ s i m  i l i r  t cc t h~~so ’ p r e’c,’ I 005 lv d i  so ’ ussc’d titi o’i 1 o I l  OW the’ so I i  I e’xt eu r o  I

c ’ l , u s s e ’s a - l I l t  s , u i i c l  s o i l s , l ’s  progressing t o  t h e ’ hi igh ie’st c,’,i l tut’s ,isaei o’i,i tt ’d

si t ii the’ iii I t  v c I,i~ ’ sc u l Is ci t I ho’ re- I t’reneo’ marsh . The s,uu id so i l I s  a p pe ar

b i g ht re’ l u t  i v c ’ t d )  the ’ c u t h u e ’r c l c s s c ’s. Ne c c’, u o t s , i I  e’xp l a nt t t ion  can  he’ c u f t  ered

01 he’ r t ti_i n re— e’m ph t u s i t -  i mig I ho t  t’Ve’ n a l  1 h i  ii I h i s  sc u l l  c’ l a s s  t he’ re’ W as

e’X t re ’mut e- he -’ I e’ roge’ne i t  c, , u m c u u t g  s~u mim p i t ’s. Th e’ PF P vt u l u ’e ’a C or u ’e’ l i l t  e’ c’ 1 cisc ’ I \

wi th t he si l t  ~ o’ I , t v  5ci i i  t r a e  11 ciii timid c) t’ e, , i l i  1~’ m at  t e’r St)l I o’e iu i t e ’ti t (

c,- o l , e t  l i e s ) .  F i gure ’ Si) 1 1  l e u s t r , i t e ’s t h e  s i m p l e ’ 1 i m i t ’ , c r  e c ir r t ’i t t t Ion  ant i

s u u g g e ’s t s t b _ u t  i) t ci SO?, t i l  Se c i i  P F ’  c ,u ui  he a r t  r I hu t  o~o1 t o  o r g t e m i t c  mat  te’ r

( p r e s u m t t h lv  t h e ’ m,t ou r  p ,urt cc l  t h e  S i  l t — o’l ae  I r t i c ’ t l o ri) .  ‘lath t i m i d  Ot t

( 1 9 70)  re ’p o u r l  I h at  SO~ c u t  o ’FC I or hay  t tui d r i  c,’ c’ r h i t ’ aed imt’nt is due t cc t he

e)r u l m i c ’ m a t t e’i ’ C c ct i t  i ’nt . I t  i s  i u i t e r e ’ s t l t i g  I c ’  l u c i t e ’ , ht iwe’vc’r , t h a t  e it h e r

I at ’ I ors nut st  ~u I Sic he’ luic ’ I t id e d  I or a ,‘cimp l e t  e outsi t’ l’a t  and t r ig • l~Si’\’ Sc) l i

s,imjc Ic’ S til t ! ut c u t I , i  I I  w i t  it i n t he licuuuieis p ro j o ’ c ’ t e’ei liv t lie -’ r t ’p r t ’a a! dirt

c m i i l v s t ’a .  These ac~~ I s , i r c ’ m . irke ’ci w I t h  t i l t  , t s t c ’ u - i s k  ( F i g u r e’  508 1 and were

fla t i i i e ’ l c td e d  In  thi e~ da ta  se’t t c u r  re’g r c ’ s a i c i m i  c , i l e u l t u t  leTh . i t  i S

sp ec’ c i i  ,u ted t hot I se c I i  pH - mI mic ’ m c c l ,cec,’ — tint! t he c’he’rn I cal tot I t i r e ’ c u t  t he ’

h i s  * 
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or g a n i c  m a t t t - r  c o m i t r i b u t e s  to  the unexplained variation.

34 3. Exchangeab l e  bases or CES (Toth and Ott 1970) of the soils

w e r e  hi ghl y v a r i a b l e .  No c o n s i s t e n t  pattern in terms of absolute

q u a n t i t y  of e x c h a n g e a b l e  c a t i o n  (b y s p e c i e s)  was a p p a r e nt .  All va l ues

a p p e a r  low , particularly iroti and manganese. We have not been able to

, i i ’ C OU f l t  f c r  this. The exchangeable H as presented in the Table is

therefore probabl y in error since it was based on t h e difference between

CEC and the sum of exchangeable cations . An alternative explanation is

that t h e samp le hamidl ing procedure oxidized the soils sufficiently to

reduce the metals to trace levels. A general pa t t e r n , h o w e v e r , was

cons i s tent f o r  a l l  samp les wi th c a l c i u m , sodium , and magnesium being the

predo m ina te excha ngeabl e ca t ion and po ta s s i um , i ron , and manganese  lowe r

and for some soils below detectable limits. The qualitative exchange

s ta tus of each c a t i o n  is presented in Table 61. Only the top (0— to

15— cm) s a m p l e s  are i n c l u d e d  s ince  f o u r  bo t t om samples  s t a t i o n s  lacked

enough  m a t e r i a l  f o r  d e t e r m i n a t i o n .

344. Exchtangeable z i n c , copper and nicke l de terminations are

pre sen t ed  in Table h2. These data , as we l l  as the values f o r  i ron  g iven

in  the p r e v i o u s  t ab le , are suspec t .  Perhac  ( 1 9 7 4 )  c l a ims  t ha t  NH 4 OAc is

no t  e f f e c t i v e  in removing  ( l e a c h i n g )  m e t a l s  f r o m  s e d i m e n t .  During

anal y s i s , a 5— t o  10— fold  v a r i a t i o n  was o f t e n  e n c o u n t e r e d  in rep l ica te

soil  samp les. Even on samp les w it h good rep lica t ion , the concen t ra t ions

were at or very near detection limits. It can only be concluded tha t

either exchangeable zinc , copper , and nickel were presen t at very low

concen t ra t ions at the soil samp ling stations or the finding of Perhac

(1974) that the methodology suggested for these analyses is inappropriate

must be supported.

345. Table 63 presents the field data obtained from the third soil

sampling program . These data suggest that the soils were in general not

hig hly red uced which may in part explain the low exchangeable iron and

mangane se values as these would be present in the oxidized state and not

measured as part of CES. WP3 was the only station that indicated

s ; g n i f i c a n t  reduct ion po ten t i a l  at depth .  These data agree w i t h  the
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general findings of Adams and Darby (1976).

Summary

346. The soils s tud ies  car r ied  out du r ing  the present  i nves t i ga t i on

we re designed to comp lemen t concur ren t s t udies of the vascular plant

flora of the experimental and reference marshes. Few comparative data

exist in the literature for the agronomic measures reported here for

waterlogged , tidal—freshwater marsh soils and the associated vascular

p lan t f l o r a  that make up the major marsh a r eas ;  i . e . ,

S ag i t t a r l a — P o n t e d e r l a — P e l t a n d r a  assoc ia t ions .  The expe r imen ta l  desi gn

fol lowed does not lend i t s e l f  to the  i d e n t i f i c a t i o n  and e x p l a n a t i o n  of

causal  p lan t — s o i l  r e l a t ionsh ips .  The comparisons are d e s c r i p t i v e  of

general  soil c o n d i t i o n s  w i t h i n  v a r i o u s  v e g e t a t i o n a l  zones fo r  one p o i n t

in t ime . The resul ts  do suggest areas where more de ta i l ed  s tudy  would be

fruitful for the purposes of the Dred ged Ma terial Research Program at

WES. This summary is therefore r e s t r i c t ed  to comparisons between the
F

various zones and suggest possible exp la nations for the  observed plant

co~~ u n it y  c h a r a c t e r i s t i c s  and soil pa ramete r s .  The f o l l o w i n g  c o n c l u s i o n s

are drawn f rom the da ta  repor ted .  J
347. The soil measures repor ted  demonst ra te  the extreme spatial

he terogeneity of soil characteristics at the experimental ~.ite . Cene ’al

group ings , based on soil textural classes would be the sand and sand y

loam soils (WP 1 , 3 , 4, and 9 ) ,  the clay and silty loam soils (W P6, 2 , 5 ,

and 7 ) ,  and the  loam and s i l t y  c lay  soils (WP8 , DSPW , and DST y ) .  These

ar eas generally correspond to the dike , in te r ior  dike , and lowe r

eleva tions of the marshes at Windmill Point and Ducking Stool

respectively. These areas grade elevationall y from the supratidal dike

ar eas to the low intertidal areas having mean inundation periods of 30 to

40 percen t. The zones differ in plant community structure probably as

the result of both elevation and soil characteristics. As mentioned , WP 1

demonstrated characteristics tn term ed iate between the other dike areas

and th e Typ ha—B idens zone . This in a l l  l i k e l i h o o d  r e f l e c t s  the  mixed
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t o t  o ’r c ’ u i c ’ c ’ s I t e , I~ i , uu u m .iuie ! s I l t y  c l , i v  Sc ’ ( i i ;  wete- I c ic i t i e l .

I ‘04 , Fcc r tie~ c t - I t  ,c I I ,c u -e ’,i?; • I hi t ’ m e ’ w , i a  ,i s( gic II I e’at t t  , t u t t h  ~ctca i t  I ye ’

e’cc r ti ’ l _ ct ltm he’I we’t’tu ~ s l i t — c- h _ c s -  
• 

‘
~‘ v e i l - a t  m l u ’s , ~ m ttl u i r , p , c t u i t ’ c c l  hct cui .

I’it e~;c chco r,ic ’ t~~r ( st I c ’s .c i s o  I cc l  1 owe eI _ i e ’ t i c ’ m c  I e ’i ova I I ccii p u - . i c l  I t ’ u t t  t Ito C

L O t  I c c l  a C tic’ per I acts c c l  I ulcu cie! .c I I c c c l  ca cl i ol [ h i d ’ s e c t  1 1 s’ 1c~ ’s wi t Ic li i glue ’ m

s . c  i d e ’S lii I Ic e lower m l t c i t u ; h u  l e c ,cm n ,c iidt u ; i I t  v c’I,c’,’s .icic( 1 c cwe ’r  v , i  h ut ’s  ( i i  C ite
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d’c c t t s (  m ccc l  (ccli — l i t-  Jt cl v 1’4/5 t h u i ,s t ut , m mct c e ’r was m ’cctc g tu I t ’  ci c c c mh i li _ cl his’ tita t ct u~ a I

I tivo cl e ’ 1 5  P It uii I lii’ 5 1 X l i i i  tetth tui ’t’ot S pe e’ I t ’s .  Bc’ t wec’ct .1 ci I s’ I Q I ”  .c nob

Sd- li t e’mhe’ r 19 / 1 • the ucuinho t- ccl I twi tch I rig spc ’c’ t o ’s b u ,i c l cl e’C tc’ ,use ’c l

lb I. l’lte’ bed itut I c~t I at tu dI le a  I tie! Ic ’ - i I eel I hal 1c l O t c  1 5 We t , ’ pt- eccil ce ’dl

tnt cc I eut i r m a  J a m  /ond’s t a n  icr r o w h m e - i a c i — p  I e ke ’ Fe I woe - cl .‘ ciflO c u c d ’ccpv  I cig l I c e -

I ow • broach l u t e ’ r I cu t ott t lie’ Is I i  miii ; ~c lce ’gg_ c m I be ’k .~cctO’ of  hut ghte ’ u lu ’s,’ Is

i l l  l i i i ’  m a r s h  ; .c pan Ic’ gr_ cas tcc tt e’ , [lie’ t’ecnui, it it a tc l  C hic ’ p 1 c u t  I cigs cc l

I’! 
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he’_ uc - I igm ’_ c~;s , umc e l swi  I cl i  gr . i ss  w h l c ’hi I c c u c  i t t  , c i u  h i t  e - r r d u l u ( c ’dt h~ nc1 , i t c c c u u i e l  I ht-

i s 1 .uutd ; Om it! I lie ’ ccii I s’ we c ece le ’cj ,c t e ’a • ,c h I ,cc ’ k wi I I ccw ‘in to e dict S ts ( lu g  c i t

hi ,u~’k w i l l  ccw , ccc t I o cmi wccccc! , ti mid c’Ouliutl e) il , i  I c ier  tc t l  the- e’,i  ste ’rui I c c c t ’  t (ccii ccl

I lie ’ is  lane!. ‘I’hto l’e’tlh c I c’ccleu’ ccl I lie ’ l c l . t u l t  .‘ciul c ’s We’ te ’ lie ’t t ’r c c t ~t ’u i , ’ocia

cic t x t  tite ’S ccl [wet ccl’ utic crc ’ a 
~‘~ ‘~

‘ I c’s

M ax l u n cumic 1c I t- tc i t  c love l_ c cp me ’t ’ct  ,c I I Ito’ o’x~ce’ r t cute’ t it cl a lt o _ cppe ’.c tc ’c!

I cc I ik e  1c I .1cc ’ l i i  ,lct I v ,cnd A cu gcua t as odlcpasee! I cc .I c t c i o  I cu r I lie’ C’o I e’ rc ’u cc ’ e ’

S i t e ’, Nec S1cc’e’ i t  I c  l e - , u s oc i  I c i i  [ l i l a  cl i  ( I  e ’ F e ’ t i o ’ i ’ w .c s  I d e u i t  I I  t e d .

~ c ’c , Alclc ,it ’ecit s t t c c ’ o ’ss i c ct i . i  I e ’h i .c c i gc ’s Ii i  1c it c ui t o’ t cy e ’t’ .u s  e!e’ I e’c ’I dcl

I t 5 cuui  , l e ’ ri ,t l ichect c c g u -’ct 1ch is wore’ _ i c ’t  c c_ t i Is’ at , t , -s c c l  c c iccr nou I So ’ , i S c c c t , t  I

c’ V c ’ I e’ . Scuc ’c’e 55 1 c c u i . t  I cli~i t iges  .i u -c ’ ccc ’ c ’ cc F I  I t i 5 , .i5 05’ I d lt’ i l d ’d’ dl liv c h c _ c u i g , -u ; i t t

w i t  l ccw o !I s I  r l h c u l  io c t i  .u t  [ tie ’ li c ct’ t l i e ’ d t s !  c’ cdi u i i ’t , I’ceut .ie c’i u u , i t e ,csse ’sst iie ’flt a

e’ ciii (c ,’ cn5tc!e’ c_ cu l 1 s’ I Ii r ooigh I ccii 5 — C  c ’ t’til St  cut! I d’s

Iti(c . i t  ;t h d l c c _ i u s  I h a  I I l ie ’ .i I ’ rc c Whi e~Od — l c I s ’ k c ’ u -c’ I wo c - e l , i t ie i  hc ’gg.u t’ 1 1 o’k

:ccmte’ s ~i re apprec 5cc ’hi I rig c ’ h i  cu ti ux c c l  m ’u e ’.t l’’c  I I u u t . c x c ccul e! I t  I aria I u I li e ’

oxlcoriitie’ii t cu I u u u _ u u s l i  , i r e ’~cs .  l I t  I lie ’ ht i g hi e ’F , l u - c ’ , is  cc l  1 1cc ’ c c r i g {u i _ i  I i s  l an d

c ut i c! I lie- ~! I kc’ , lie ’ I t ic t c ’ .u a I mi g g r o w l  hi c i t  t rc ’,’s w I  ( I i  e~ h _ t u g I rig a i t t i c i e ’

c’ ed l l d l  I I I ect i s  w I l  I c’cin t juice’ t ci d ’X hi t  hi lt t ’l c.ctlg l uig spd ’e~ I c ’s oh ( S I  t’ i  h c ut  ( ccii .

I t - c l .  l)cmu’ iuig 10) i’ 1 , 1 t l sed ’ t s ci t , c t i u , c  I I c i  I Is ’ r t ’o !emc ’e’ci I ti e s’e ’ge’I at  ( ccli c ’ I

[lie’ i’d’ tc’ r c’nc’ e’ s I  t c’ . Gr~~sa biccp pe ’ m’s , r i i et  ,b ,i  hcO utes c~ he’e I li ’s w e l d  , I  I at’ cicu I t ’ d

_ i t t h e’ e’xpe’ r line-mi t ;c I s i t e ’ , lc t t t  I t t so o ’ I e l tc t i t ;ug e ’  ( lie ’ re ’ was a II glut i’hco’

luSt l c d ’ ~i l~i t i t  ctci mlicig e ’ tnt 11 ci e’eb ~~y ,c~i I umm , c h a  , i I  t he- o’,~, ,‘ t ’ I mnc ’tt l ,c h s ite’

r’e’ sot i t  c’d I recut l um i u s k  r , u  I , c c ’ I I V I I  V • Mimi-u k u ,t I a the’S t tov~ ci p h a m i t  a l i t  mut.a us’

re ’,c s , whit’ t lie’ r I am ’ I ccaol or I d i r  I ccc lgt’ d c d t i s  C u’ ccc I I c c l i .  P t  , i m i (  S We ’ u-c’

cit ’ s I u- nv dcl by oh i rc ’e- I c ’ e c u i s i u m ul i c  C I edit at  r ecec I a amid ! cci’ aliocc I s ,cil c l  his ’ I c u mi t c e ’  1 s

a c u d  t- u uu c w ,c s’s dug h’, [ lie ’ .cu I ma Is. So y e ’ u , c I suit _ u 1 1 .t r c ’ ,cs we ’ Fe’ i-i l  tfle~ ; I

c ’ ou ciihc l e ’t c’I’, clt’ricide’ol , hcct thur lug t lie’ c_ ’ ea ir  um m. u uis ’  we ’r e re ’ve ’ge’ t , u t  t ’el.

1b8. An e ’ I I  i’d c c !  se’ve ’ re wi  lio!a was  cch se ’ t’ve ’ti . ‘l’lie ’ o l  I dc I ccc l

tce’gg~ur t I c k s waS Ve ’F V  d o ’  ie ’ I o’r iocc s  , j u d d’ V l a i t , i  I decm l c _ t r l s o n s  ccl j c l a n t

he [gl i l  a between 1971-i ,ctiel 1971 r e ’ v e ’,t ie’d , i  sh c , i t I c  e!e’ c t e ’ , t s i ’ i n  tce’ggci r t Ic ’k~

lit- I ghi t , who re- ,cs ,c r recwltc’,cei ,mnc ! 1c I o’k ~ re’ lw e’t’cI we-re I a  i-go Is’ e m i i , c I I  e ’ c ’ t oci .

~ i’ lu , t  re-ti I Iv  , 11cc ’ I he ’  x I b i l l  I y ccl sect I — at e’nimite’ei p l ~~ ti I S S i l o ’ hi ,c s , i  u’ l’ ec W!t e ’ ,ie!

, t t i e t  p 1 o’ke’re Iwe ’e ’o ! c c c m i t  m l  l ccm l  i ’d t cc I lie ’ I I ’  sccl’ y I v , i l  e ! Lul  I iig I hue ’ .hct I s’ I 9’ 1

~1
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wiuid st ,ct’uut , W!le ’L ’c ’,ta I It t ’ t , c  I I e ’r , r I g id s t o u n a c cl ~ite ’li pI. iti t a , ia  hi e ’ g g , i t ’

I icks .uiid w,c I e’ t’ Ii cah i l c  We ’ c ,  hi’tc ke ’t i

Ku - c ia I o c t  g t e _ c t  1 s’ I utu ic _ ic I e’cl 1 lie ’ s’ t ’gd ’ 1 .11 1 cc i i  d c i i  I lie ’ We ’ sI e’ u - t i  , ‘t ic !

sd I 1c’ Is t.icicl . ‘I ’h m e ’ p I , c u i t e ’ c I  1u , a m m  I t ’ 5L ~~iSS  t i l l  I hu t - c l i  I t t ’ , a i t  lu cc cig lu

_ t l u I c . t t ( ~t i [  I t -  , c gcc o cd s~c I I t o t  a buc. ’t • w,c,t ttildl e’t’lit i t i oc l  lit ’ W O V e ’ ,tc ’ I I c u l t . E y e - u i

s’ d ’c ’C I ’ i p l c i t i t a a tcc ~tc ,i s w i  I i , ’w a  we ’ m e ’  e’Ve ’tt t c i a t  Is ’  c u l c t ’cccc t e - c l .

h ’ t ue ’ WI m icI u uu I i i  Pci l u l l  u ’ x pe’ r I mne ’mi [ a I sI Ic ’ pr ods’ I t !~~- a — tcv V It - I cu e ’ e~~l

1 5 c i p o ’u i u l e ’ a s  m , ’ I _ c t  I v i ’ t c c s t u m ’ t ’ ccc u uic i  lug  W cc e cc (  I , iu i t l  c ’ c cmu t muuouu i II I ea , s . t t i c l  lit cis ’l t

pet I int ’l 01’ , 1 ctl ’ 5c ’ I I d~i I I I _ i l , cud  h_ i a  I l l  , ,t c cccu ti 1 1101 1 ccii ccl li,uh It ,u t a

h u t  l c ~t ie ’ [c c  t h e ’ cl I c h e ’ u t I cl , t  I , l i nc, ’a Ii, Is - u ’ , l i t , ’ u ic cc s t  cc t cy I c i c t S  t ea-icc I C  cc l  I lila

c c c umthl  u i _ t I  I c i i i  u t  t m c h  i t  c l  a I s  l ice ’ h , c m  5e ’ u t u m u mch - ue ’r cc! hI rds  t u ’c ’ tcm ’ clt ’t! .u t  ( ti e

c x l i i i ’  jun e- u t  ,t I a l t , ’ c c c l l u i u , t t c ’cl I~~’ I l i e ’ t o t  e ’ I ’ c ’r i c ’ o ’ a l t .’. ‘l iii ’ h a l  ,c uict cmt;c m a l t

. u h d l u e ’ , l is  ( c i ,u~ I ia  , c u i  , cs - i ,iui t U t u e’ I c l l ’ ,i W l u g  uic l gF~t cit a I I c uclt  tI c _ u ris ’ p m ’cu cc h di;

u ’ a h ’ c ’d i c  l i t ’  I Ii ccse ’ . t S S c u c ’ I d  i’d wI t hi l ull e’t ’I ( e l , i  I e ’iiV I t ’ c c l i l l idh il  5 ,

I/l , I ’t ce ’ gre’,ut e’t’ ticc tit ho r c 1  Ic I u-el a i t  I lie ( ‘X l ce ’F I mmte ’ t i l  , c I s i t e ’ w u s

pr i umu , i i t Is’ cli me ’ I cc ge m I Is , I e ’ t’m i s  - aun t  W O e! I rig b I te1 a I l i ,t  I we re ’ ct I t’,cc ’ I dcl I c c

[ lie ’ l u i [  o t t  I d o  I I I,tt. , u  t c ’ . t S  . l c c i i t ’  s Iced ’ I e’i • I lie ’ i I h g ”  ciec kecl gc u l l

u-’o~i w  I r igc’cI h I  ,t ck h i  u - t i  , I , s u m g h c  I rig g u I  1 , , c u i e t  ‘,t ui, c~l ,c g c c c c a c ’ , c’cccit }cr I sod

twsc — thil t~ls oct , t I  I I Ice ’ i c i d l v  ( c l i l , i  I s  , i I  I lit’ c’xpe-r t mutc ’ l u tc m I a l t o .  Al tc cd tl c

1 lie.’ he I ’ti i , iu i c l  li t _ u 1511 Fe ’ I e’ m’ c ’u ic e’ s I t e ’ a • I h i t ’ re’cl—w I nge’e! lii c i c ’k h ( u - t I  oilc l ae ’e’dt

,‘.u l e ’t s , e ’ I t l i e ’ t’ I m’I mig l II loI s , sh i , c i l c u w a  , cii ’ c ’ , i t t h ( l l c l i i - i  — il l c i t ! O ’ cup (lie ’ gi’o’.ut c’u-

F~~” I c u t  t h u d ’ l’ du h’ tm I c C  I cum i
- _‘ . B I u-cl elt ’ti~; I [ s’ .11 1 lie .’ ox Ice’ m I n iou ll  c 1 s I t t ’ t.’ t  a Ii I 5 lie’ at (ci i’ci m 1

~.I’ t ’ I l ip  eii lol t , c 1 1 , u n s t  loWe ’s I I ui o,t u - t v  Scuu n u n e ’I ’ • lb Is w,ia icl ’ i t b ’  I p~t 1 1 V dccc ’

C i ’ u m i l g m ’ , u u u l s , p u r l  l c ’ei I , u t 1 v gcu l ls  ati ct gee ’s, ’
17 ! , I t ch ’,’ [ li e ’ tn _ c l I_ c t ’ d  • k I t  hde’e’ u-’ , t’ e’e i w l m t g t ’d h h , ’5 ’k h I  u-el — .- l t t t i

p t cs a I h i  t’ I lie ’ 5o ct 15 sic _ c r  t’ cc W d O S  t e’el cc ci I lie I s I a rid! . Bre’c’c! I cig c d iii l~I cc l i  1 v he ’

t ’ ccui I I rt fle ’o! I tcr I lie uui ,i i i  cc rol .mric l  re’i,! w I uige ’ol l i t  , t c ’ k h i  I’~ i • I ’ Fe ’eI , t  I I c i i i  h t I I a h i

o’recWs amid r I c ’e m,at a _ c Ce’ e’cu lts I t ie ’r e ’e! f t - c  hm ,ive ’ ~u mi l,u J e c u (ttihi .ct ’ I ccii tb t’ a I

s l u t  ~- ,-ss c c l  i’e’d—w I tige’ei hI _ ic ’k h ( i’et~
‘lilt’ most I uht h c ci t ’I ci t I C  t ecent It O thi s t ~c r hI r u_ h a h e ’ d’ h’s ,i  I I lie ’

ox pe~r ( cne ’r i (  ,i I s i t , - w’’rt ’ I l a hu , g t t c c u u i e l  St ’ c ’e! , a m i d  I I _ I c 1 l c t v e ’ m ’l t - h ’ u , i t  i’S.

W,tt e ’ t ’t ec w I  • e’eit I rig I t ’ , av e ’a • t’e ce t (  a , ,a m ie ! , a d h t t . t  I I t ’ se ’t ’d i s  • we ’r e ’ a l s c - c  cul t

Ifl ~1
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important group at the island. Canada geese were the most important

birds in this category and are considered responsible for elimination

nt some of the planted species.

375. M u s k r a t s  dominated  the wildlife other than birds. By the

end of  t h e  s tudy , 11 muskrat lodges were located on the island.

Numerous runs and cleared feeding pads indicated a substantial

popullction . Considerable damage to willows was caused by the muskrats.

The only othe r mammal noted was the rice rat.

376. B e nt h ic  o rgan isms  are key secondary  producers  in both marsh

ecosystems and in the shal low w a t e r  ecosystems tha t p r e— e x i s t e d  at the

e x p e r i m e n t a l  s i t e  be fo re  I s l and—marsh  c o n s t r u c t i o n .  I n i t i a l ly ,  only

m a c r o b e n t h o s  was sampled , bu t  a f t e r  p r e l i m i n a r y  a n a l y s i s  of f i s h  food

habits , meioben thos was examined .

377. Production estimates showed that in the reference marsh
ii ’

melobenthos were nearly as important as producers as macrobenthos ,

w h i l e  macrobenthos  production (principally by ollgochae tes) was

overwhelming in experimental marsh habitats. Although total production

of benthos was much higher in e x p e r i m e n t a l  marsh h a b i t a t s  than in the j
reference marsh or on the open tidal flat , meioben thos prod uction was

greater in reference marsh habitats.

378. Macrobenthos was qualitativel y and quantitativel y dom ina ted

by tubificid oligochaetes and larval chironomid insects. The bivalve ,

Corbicula manilensis, was also very abundant. Oligochaetes of the

genus Limnodrilus were the numerical and biomass dominants in most of

the habitats.

379. Total density and biomass were highest in the low marsh and

subtidal channels of the experimnental site. Intermediate density and

biomnass were found in the higher marsh at both sites and in low marsh

at the reference site. Lower values were found outside of the marshes

on ad j a c e n t  tidal flats and on subtidal bottoms used by the project.

The differences were mainly due to differences in populations of

oligochaetes.

380. The density and biomass of mna crobenthos were highest in

l ,’4
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summer and lowest in winter. Spec ies diversity was higher at the

referenc e site than the experimental site due to both a greater numbe r

of spec ies and less dominance by a few species at reference site
• st ations .

381. Protection of tidal flat macrobenthos from predation by use

of an exciosure cage resul ted  in a 3—f o ld  increase  in density and a

44—fold increase in biomass over s u r r o u n d i n g  areas i n d i c a t i n g  that

predat ion by fish and birds p lays a key ro le in benthic communit y
s t r u c t u r i n g .

382. The permanen t meiobenthos  was compr ised  p r i n c i p a l ly of

nematodes , cladocerans, os t racods , and copepods .  The dens i ty  of

meiobenthos was greatest in low marsh c subtidal channe l, and tidal f l a t

at the experimental site. Estimated biomass was greater at comparable

reference sites pr inc ipally beca use of greater density of crustaceans .

383. Benthic organisms were a major part of the diet of the

dominant fishes. Meiobenthic organisms , especially small crustaceans ,

were very important in this respect. Larger macrobenthic organisms

such as ollgochaetes were not numerically important food for the small

fish that made up most of the sample. Overall crustaceans were the

mos t ab undan t f ood , foll owed in decreas ing order by insec ts , plant
seeds , moll usc s, and fish and fish eggs.

384. The reference site had significantl y more f ish spec ies and a
higher fish species diversity than the experimental site. Apparent

cl i I fe ’ r~’nces i t t  numbers  and hioniass at  the 2 s I t e s  wer e ,

however , not si g n i f i c a n t .  The g rea te r  number of species and h igher

species d i v e r s i t y  at the reference  s i te  are a t t r i b u t e d  to a g rea te r

d i v e r s i t y  of subhab i ta t s  (debr i s , branches , e t c . ) .

385. In comparison with adjacent open bottom , the creation of the

marsh has undoubtedly increased abundance and diversity of f ish in the
area. The marsh has resulted in more food and protection for many

fish. The abundance of important forage species like the mummichog and

spottail shiner was probably increased since they exhibit a s t r o n g

dependence on littoral areas. Two species of some commercial and
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t’e.’ s ’ re,i  t I ou,u 1 tmlcor t omn’e’ , t h e  ch i~clhuic� I c~c t ft sit and t 1cc’ wlil t e I)ero’h , use

t he’ shu_ca I ,t te ’,tS ad j ac en t  I Oc t he.’ Is land f o r  nuc l ei r i ta I I e’~ d I u t g .

l8tc . The mos t imlc o r t a i l t  I (alt spec tea In t e rms  ut  abundance ,

h i ucfl i ,t55 , ,t i hc !  t r e.? q t cu_’tbo ’ V ot ~ip ~~ e.’ct r.i dice’ , in dec re~is I rig cc role u- u were the

~ 1u~c[ t,c ii sh I rie r , whi te  pe rchi  • “
tune r I can e.’e 1 , I l ir e , id f i n  shad , mummi chug,

I i cle.’wa to ’r silve.’rslde , g i z z a r d  sh .ud , channe l  c~ttt is li , s i l v r ’rv m i n n o w ,

acid s p o t .  l ’h iis cor r eap ot i ded  to  t h e  genera l o’ouidit ion  c~) I : t he

lo ’tlivof. tcuna Its tIlls sc -ct i ou  u _c f  t i le .’ _ 1~c uiies R i v e r .

18 7 .  Al t h u _ n i g h t h i s  ser ie s ~u t  at  u _ i d l e s  has demot ist  r at ed  t h at  t i d a l

re.-s lu w a t e r  is  lcind — ina t’sh h a b i t  i t  a can he c on s t r eu c t e d  and cut tr,uet local

sp ec it’s , ce.’rt,tltl qu_me st Ions s t i l l  r e m a i n .  Ry comporisoti wit Ii dat  ~i [ru in

a (ml l,i r re fe’ I’~~nce a L I e  luci h  h at s  , It is ohv I otis that the is 1 ciu d—ina rsh

a s - s t e m  i s  a t I l l  e v o l v i n g  t o w a r d s  t h e  more t v p i c . i l mcui • sii s y s t e m  w i t h

~cd ace.’n t woecd lands. 11 t ile.’ r ap  I dl ’, -  e rod! rig wes to  ru e.’mi d ol  t h e . ’ is huui d

ht’c’ome’~ s ta h l  l i i o ’ch ar id  the.’ iu b t e ’ rcni l marsh protected f r o m  erccsIOtl , i t

w i l l  he.’ in t er es t ing  to i t c it O whe t h e r  the  so i l s  In t he  una r sh  sy s t e m

c’ccib t itiut’ t c  t tlC t’e.’ , iS e.’ [ml those  o’ l i a m ’ , c o ’t c ’r j s t  l ea  a s s oc ia ted  with decay ing

p 1~u n t m o t e r i , u l such as organic c,urhon , nitrogen , ‘
~- vol.ctiles , and

c’ . t t  I On exchange c’opac it v , or who f lier the’ adut i x t Cite.’ of sand blowing or

w~tsh im ig over t he  d i k e s  at h ig h w a t e r  w i l l  he suf t Ic lent to retain the

more sandy ch ar a c t e r i  a t  l e a  at the e x pe r im e n t a l  s I t e .

388.  The ope mines s , Inc lndiitg I au-k of su h s t c cn t  Ia 1 t roes is

considered to contribute to the’ large.’ number of bird spec i u _’a at the . ’

e’xpe.’rime’nt.c l site ,is c o n t ra s t e d  to  t h e  r e fer en c e  s i t e .  It  wou ld he

l u t t ’ r~ st l u g  to  m o n i t o r  the  b i r d  ic op eu la t  ions ,cs t h e  lar g e r  p l a n t

s p e cI e s  pa r t  ic - u _ i  l~cr ly on the h igher ground , deve lop  and e.’u ~ch Ic ’ the

invasion c i t  ne’w p l u n t  species s u i t e d  to wooded h a h i l c c t s .

3 89.  I t  t!ie western end ot the is land is breciu,’hed , t h e  response

nt the lu t e - n or tnc cr sh t c u  liighe ’ r energy  r i v e r  w a t e r  wou l d  p r c cv i de  acs

i t i t o r e s t i ng  o’ase s t u d y  [cc e.~V .i lLlc i t e  perm a nence ’ ect a r t t f i c i , i l lv  c r eat e d

habitats.

390. With respect to e n h a n c e m e nt  of wildlife resources , the

Windmill Point project li,ca been he-ne-f Ic tal t ed I lie.’ reg te cti tllrough the

l ,~Ic 
I

- 
~~~

- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ “ -  -- 

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



- -~~~~~_---- ~~~~~ •~~~~~~~~~~~~~~~ - -~~~~~~~-~~-- 

~~

-

~~~~~~~

-

~~~~~

- - I

I cres em l t . A gre’~uter dLve ’rsltv :uuc d/or  h icima ss ot he. ’m ithilc hicc [iu , b i r d s ,

I sh • auud p l a i t  t s is I c) Llui d c i t  [ lie.’ oxpe- r lmtu t’ti t cii site.’ titan in scurround I ng

shia I low w it or o’cctnmdut l I t  lu _ -a , Tile’ expt’r tutu_ -nt a I site a lao  cccmpares

t c u v c c r a h l v  w I t h  re - t e ’ re . ’u c ce s i t e ’s [ml t e rms  ~d t  wi Idil te.’ rc i c i d t t u ’c’s amid

produc t iv i t s ’

N I , I I  is at r~i mtg Is ’ re. ’c’ectntn e’nde.’d t h a t  m o m i i t o n i m c g  cccnt in tue ’ a t t h e . ’

W I  t iu _ lmi 11 Pci tu i t  e.’xp e.’ r iun e’m c t cii  site u n t I l  t h e . ’  p l a n t  comtucuri i t  It’s a t  t h e

I a l~ ncI become a m l  Ia r to those on act jiuc’e tct shores or t u e . ’  Is land

a c t e d ’ uumhs t cc e rocs I ccl. Su_uc’hi ut _ i [c c  s hocu I oh prove o C gr e’i c’ Va l u_it’ (ci

predict I ut~ [ l ie  SuCL’e’SS 0ct tout u_ ire.’ isI ,uuiol uizcrsii sv~ t etn s c’ real  e.’d t o  oh t cu  in

,i h~~mse. ’ [i t  [ ru _c m d m’eo lt ~e mat e’r is I

I _‘ I
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Table 2 (Conc luded)

S t r a t u m  Jul 1976 Nov 1976 Jan 1977 Apr 1977 Jul 1977

2.9 2 .0  1.2 3.1 1.3

7 1.6 3.3 1.9 1.9 1.0

8 0.2 3.1 0.6 1.6 2.7

X 1.6 2.6 1.9 2.4 1.9

SD 0.9 0.9 0.8 0.7 0.6

E6—l 1.1 1.5 1.4 1.3 1.5

2 1.1 1.3 1.7 1.7 1.5

3 1.6 1.4 1.8 1.4 1.6

4 1.7 1.4 1.6 1.8 1.6

5 1.5 0 .5  1.4 1 .2  1.4

6 1.6 0.3 1.1 1.0 1.5

7 1.5 1.4 1.6 0.9 1.0

8 0.9 0.6 0.6 0.9 1.6

X 1.4 1.0 1, 1. 1.3 1.5

SD 0.3 0.5 0.4 0.4 0.2
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I’ , c h l e  I

l’ax . c  Co I I c i t  t~tl I t i  H i ~ m o h e c i t  lies S_ c a m p  i t ’ ,;

l’tt~’ 1 ( m i m i I’ 1 , i t  i ’ht ’ h i t  I i t t  lu’s

C la s s  : l’u rh e  l I , m c ’ I _ c

Fant  l i v  : I i  s~: l o st  eta I ct .u ’

h I v d r o  I i  m.m x s~ t i st-a hI,c I ~lt ’t u , cu

F att i I I v : P I a n , i r  3 d .co

l t t m - , m t 5 ’r o m . c nj  i ( C i  r u t 1  ‘3

l’It~’ t u tu : ~~ ‘u t , ’ F t  0~

h’ r o st  otn.m r u b r u t u  ( l o t  SI v

}‘hiy l ci ttm : Me l 1 t t s i , t

Class : h-s c_ It _ i’ v3-sod c

F_tin t I v : Co ri-s (0cc 1 t~lac

Cot -b !  c i t  l , c  tt tau ( l e n s  Is (h- s lit I I I  
~~ 

I C

F’atu l i v  : S p hae r u  da e

Sp h a er  tut u t r a n s v e r s c m t t t  ( S.cv ‘3

P t s l d t u m  sp .

F ,ct tt i i  v : ii mu i o n  I dat ’

1-: I I I  pt  t o  i~ on tp i c t i _ u t  a I i  C h i t  I oot

C l a s s  : ~~~~ t I’o h-sotl .t

t-’ .mcu ( I i- :  I ’ h i v s t d , m t ’

Ph i v s . c  sp .

F’a mt  l v :  I vmn n , mc ’ I d a t ’

l,s’ mun a e.m st  aflna l t s  ( 1 ,1  t u t u , u e t c s

F_ un I i  v : I’ 1_ cue  c’h I it .mc ’

1.Vrtti [us sp.

F_m imi II v : Ant ’y 1 Id.mt’

Ft ’r r l s s l a  sp.

h- .ini I I  V : h’ott t i I i op s I da e

Pena L lop s i s  sp.

(Cent tu n e d )
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Table 3 (Continued )

Ph~’ h unt : ‘~mtmit ’ i i s i _ i

C l as s :  h’ o i  v e h t a e t  a

h-’atu i [v: S chelll dae

M am ~yy n k t a  ~~~ cl osa Le l d v

i: lass  : 01 igo~- ttae t .c

F . m r n i l v :  T u b i t  ic  (dat’

T u b l l o x  si) .

Aulodrilu s ~j~u e t i  K o w 1 m l e w s k i

h r 5 c t t c l t  i n r a  sow er hv  I B ed d a r d

1 I v o d r i  I n s  temnpj~~ton 1 (So c it  h e - n i )

Lintiodri Ins Spp.

L l n t u o d r i  h i s  c e r v i x  B r l nk h u r s t

Lirnu odrilus hoifmeisteri Claparede

L i m u o d r i l u s  udekem i anus  V e r r i l l

L im n o d r i lu s  p~ o fu n d i e o 1 a  S m i t h

Pc losco lex m u l L  iset  osus Br In k h i u r s t

P e l o s c o le x  ~~~~~~ B r i n k h u rst

F a m i l y :  Na i d ia e

Ch a e t o g ast er  sp.

~~~~~~ ~~PP

U t - re  ~~~ itci ta  ( M u l l e r )

Sty laria lacustris (Linuacus)

Family: Enchytraeldae

Enchytraeid spp.

Famil y: Lumberliculidae

Lumberliculid sp.

C I . s s :  l i t r u d in e a

F a m i l y :  P i s c i c o l idae

He lobde l la  elo nga ta (C ast le)

hiclobde l la stagnalis (Linnaeus )

Helobdella pun t a t a l  in t ’a t . t  Moore

R a tr a ’,’o h d e i l a  pha li-ta Craf

(Cont inued)
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i’a h le  3 ( C o n t i n u e d)

Ph y tu rn :  A r t h u r o p o d a

C t ,css : Ar achnl d 1c

Sp i d e rs

C Ia~~ : Cru s  t , i c o c

Ord i .r :  isopoda

Fanuilv : AsoI Itd~c~
Ase I ins  sp.

O r d e r :  Amphi poda

h-’ _crn I i  v : Camrna rid at’
( atnmarus I css ’ j i t - s,ts Say

F a m i l y :  h l v , u l e l l i d ; m e

ilv i It ’ I h a  a z t e c , i  ( S au s s ur e )

C la s s :  I tu s o ~’ t .c

O r d e r :  C o I I e mh o l a  
)

F a m i l y :  I sot om idae

I s s s t o r n t d  tsp .

Fata l l v :  S r nv n t h u r i d a c

Smvt tthurid 
~~~

O r d e r :  ~~~~~~~ t’o p t  i - s i c

Fan l i v :  E phemt’r i dao

Hex ‘ecu ia  ~~~~~~ W a I sit

F a m i l y :  R a e t i d a e

Cat ’nt  ts t sp .

Ej~~~r ne r el l a  tsp • T rave r

O r d e r :  O d o n a t , u

Sub or d er :  ~vg ep t e - r a

:v s ; o pt er an  sp.

Order :  T r t e t - s p t o r a

T r I ~ opt e ran ~PP ’
O r d er :  lie-rn 1~- s t e ra

F a t a l l y :  T r i ch o c o r ix a  t sp .

Order: Dlpter .c

Fata l I v :  TI pu I [dae

( Cemi t Inued)
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l’a h l e -  3 ( C 5 - s n t  I m t u e d )

lie I i  i t s  t sp .

T t pu i .t o p .

h- _ cm l i v  : c u  l~’ I il i i ’

1 h t , c o h o r s t s  p at i o  i p o i t m i  i s  I S _ c v  ‘3

h-’ _ c tmi [ i v  : 1 mb _ i  mm i d . c & ’

i b i r v  sop s  s j ’ .

A t t , cc  i n i _ I , ;  t s p .

Fan i i  v : c h  i r e t t 5 -s Lt t ! d ,ue

Cli I t e i t o f l i  Id ~ l-s . I

C h i  r enotit I d  s p. -s

C l i i  rot i ottt Id  op .

A h i , m h e s t i m ~’j , u  op .  F

C l i i  m o t t o n t i t s  °PP

Cot ’ l ot  c n v  p i t s  st ’ap u h , m r i  s

C t-
~

-
~ - s t  oi ’h i r o t t o n h t m o  spp

U i o r o t e ’ m u d i 1-s t’s t t c ’ i V e S i t S  ( S t . i e g. )

C i vp t o t e n d i p t ’ s sp .

l i _ m i n i  s c h t  i a  o p .

h ’ oh vp e d  I I  urn 
~ i- s i- s•

1’ roe 1 .cd i us ho (ins 3. l , i - st ’w ‘3
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Tabl e 3 (Concl uded )

Order: Coleoptera

F a m i l y :  Ch r y s o m e l i d a e

Donacia tsp.

7.
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Table 4

~~~~ itation and Com p osi t ion  of the  Macroben thos  by Hi gher Taxon

Percent of Species 
—

Jul Nov Jan Apr Ju l
Taxonomic Cro~j~ ‘76 ‘ 76 ‘77 ‘77 ‘77 Total

Pl itvhclm inthes 2.12 3.8 2.8 0.0 0.0 2.6

Nontertea 0.0 1.9 0.0 2.9 0.0 1.3

Molluss a 12.8 13.5 13.8 5.8 13.7 11.7

Biv ;c l vi i 6.4 5.8 8.3 2.9 7.8 5.2

astropoda 6.4 7 .7  5.5 2.9 5.8 6.5

An m - c e l ida  25 .5 36.5 33 .3  41.1 33.3 28 .6

Ol ico c h a e ta  2 3 . 4  2 6 . 9  2 7 . 8  38.2  2 7 . 4  2 2 . 1

Po lv c h a e t a  0.0 1 .9  0.0 0.0  0.0 1.3

H fr u d i n e a  2 .1  7. 7 5.5 2.9 5.8 5.2

A r th r op o d a  59. 6 44.2 50.0 50.0 51.0 55.8

Insecta 46.80 34.6 38.8 42.85 43.1 50.6

Ch ironomidae 29.7 21.2 30.5 28.57 29.7 27.3

Percent of Individuals

Platyhelm inthes 0.0* 0.8 0.2 0.0 0.0 0.1

Nemertca 0.0 0.1 0.0 0.4 0.0 0.1

Mollusca 3.6 13.4 1.3 1.3 5.5 4 .9

Bivalvia 3.4 12.0 1.2 1.3 5.0 4.5

(‘-sas tro pc- sda 0.2 1.4 0.1 0.0* 0.5 0.4

Anne lida 80.9 74.1 70.5 86.7 73.3 77.6

Oligochae ta 80.8 73.2 69.0 86.7 72.7 77.1

Pely ohacta 0.0 0.0* 0.0 0.0 0.0 0.0*

H irud inea  0. I 0.9 1.5 0.0 0.6 0.5

Arthropoda 15.5 11.6 28.1 11.6 21.2  17. 2

Insecta 15.4 10.2 25.6 11.4 21.0 16.6

Chironomidae  15.0 7.6 24.0 9.9 1Q .6 15.3

* Less than 0.03 percent
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Table 7

Mean and Standard_Deviation of Dry Wei~ ht Bkomass j m ’/lbO c-rn
2

for  O 1jj ~pchaet es  and Total M acrob en t hos

bv S t rat um  and Samp ling I’eriod

c Iiaetes 
- 

‘l’o t al

S t r a t u m  D~i te  X SD X SI)

E l  Jul y 15.43 22.01 21.02 20.46

November 15.72 17.09 22.20 17.80

January  6 .50 10.79 7. 11 11.55

Ap r i l  5 .07  10.43 5 .51  10.35

J u l y  17 . 7 4  46 . 87  2 6 . 0 7  50.15

Avera ge 12 . 0 9  33 .44  16 .41  22 ,06

V
E 2 — ~ July 25.36 30.40 29.18 30.98

N ovember 44.36 22.48 50.21 21.58

J a n u a r y  53.78 34.45 47.10 37 13

April 57.62 82.76 64.88 78.96

Jul y 61.49 30.67 81.39 28.72

Average 48.52 40.15 54.55 39 .47

E4 July 14.95 12.66 78.38 177.38

November 21.97 7.28 40.27 27.60

Jan u a r y  2 1.56 46 .28  2 7 . 5 4  47 . 99

Ap r i l  92 . 2 ~
) 69 .8]  1 4 4 . 4 4  9 7 . 2 6

J u ly  78.99 65 .10 96.19 62 . 4 6

Ave rage 4 5 .95 40 .35  77 .36  82 .54

F.5 J u ly  4 . 4 9  2 . 7 6  8.~)4 5 .34

November 8.18 5.03 11.03 4 . 53

J a n u a ry  1.39 2.91 0.0 0.0

Apr Il 4.82 8.87 1 3 .17 14.1 3

J u ly  7 .84  5 .67  10.01 6 .39

Average 4.34 5•05 8.63 6.08
( Con t in u e d )
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Table 7 (Continued )

Oli gc’chaetes Total

Stratum Date X SD X SD

E6 Jul y 7.71 5.86 11.05 5.58

November 10.82 6.41 16.66 11.11

January 3.27 4.15 3.80 4.13

Apr il 5.34 17.33 10.15 17.26

July 0.37 0.60 23.34 28.85

Average 5.50 6.87 13.00 13.39

E7 July 0.31 0.32 17.74 44.86

November 1.86 3.01 38.34 24.24

Jan uary 1.13 1.31 1.72 2.30

Apr il 11.07 1.25 1.97 2.37

July 0.45 0.37 48.70 58.22

Average 2.96 1.25 21.69 26.40

RI July 12.79 8.18 13.51 8.13

November 27.11 32.26 50.49 70.20

January 26.85 56.37 28.50 39.19

April 21.97 36.92 39.60 44.54

July 12.19 12.37 27.70 20.03

Average 20.18 29.22 31.96 36.42

R2 July 4.69 3.07 5.2] 3.35

November 13.36 10.15 18.28 Q .67

.Tanuary 26.41 28.63 52.06 11.44

April 11. 97 8.11 14.54 8.67

.I i i l v  9. 92 6 .28 20 .62  30. 17

Average 11 .27 11 .2 5 22.15 16.70

(Cont inued)
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Table 7 (Concl uded)

- 
Ou gochae tes Tota l

Stratum Date X SD X SD

R3 Ju ly  4. 77 2 . 3 1  5 .60 1. 97

Nov ember 5 . 3t 6~~49 16. 40 31 . 2()

January 4. 91  2 . 7’) 2 7  .62 I l  . 10

Apr il ‘).6() 9.03 10.60

Ju ly  8. 56 4.76 17.14 11.20

Average b .64 4.88 IS .47  12.8 3

R4 July 6 .07 2.42 3 .70 5 .85

November 4.71 7 . 97 7 .8 1  ‘). 33

January 4.04 3 .91 49. 16 48. 32

Apr il 5. 13 1.84 21. 58 47.92

J u ly  8.00 6. 94 9 .56 7 .6 7

A ver age  5~ 1~ 5 .10 18. 36 2 3 .8 1

R5 J u l Y  2 .0 1 1 . 7 7  14 ,6 ’)  2 2 . 7 1

November 3 .33 1.6S 7 . 14  6 . 05

Janua ry  4 .00  5 .4 9 7 .88 6 . 48

A p r I l  1 .78 1 .78 1. 90 1.87

July 1.4 1  5. 98 28 .82  61. 17

Average 2 . 9 1 3 .7 3 12 .09  19 .60

15 3 
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Table 8

Gr~~ p~~~~~duced f rom_Numeri c al  Class if ica t  ion ef  Mac r oben thos

Samples Pooled by S t r a t u m  and Season

Si te Grou1 Stratum Season ~~~te~~~~ ou Stratum 
- 

Season

G roup 1 Ri Ju l 1976 Group 2 E7 Jan

RI  Nov (Cont ’d)  
E7 Apr

Rl  
G roup 3 E2 Jul 1977

Ri Apr
E7 Jul 1977

R l J u l 1977 -
Jul 1977

R2 Jul  1976

R2 Nov G roup 4 E2 Ju l  197 6

R2 Jan E2 J u l  1977

Apr E4 Jul 1976

R2 Jul 1977 3-14

Jul  1976 E4 Apr V

R3 Nov 
J u l  1976

NovR3 Jan

R3 A pr 
E6 Ju l  l~~7h

R3 Ju l  1977 E6 Nov

R4 Ju l  1976 1-1 3 J ul 1976

R4 Nov G roup 5 El Ju l  1976

R4 Jan El Nov

R4 Apr El Jan
R4 Ju l  1977 El Apr

R5 J u l  1977 El Jul l’)77

Group 2 ES Apr E4 Jan

E6 Apr 
E2 Nov

R5 Jul  1976 E2 Jan

R5 Nov 
Apr

ES Jan
R5 Jan

E7 Ju l  1976 E6 Jan

AprE7 Nov

1S4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
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Tabl e 9

çroups Produced from Nu mer ical  C l a s s i f i c a t ion

of Macrobenthos  Species

- 
Group A 

__________ 
Group D (Continued ~~~~~~~~~~_

Limnodrilus spp . (0) Limnodrilus pr o f u n d icola (0)

Limnodri lu s h o f f m e i s t e r i  (0) Trichocorixa sp.  (I)

Lim nod r ilu s  cervix (0) Pa1j~oti~yia sp. (I)

Ilypdr ilus temp letoni (0) ~~~~ 
sp. (C)

Branchiura ~~~~~~~~~~ (0) Lu mber liculidae (0)

Chironomus spp.  (C) P is id ium sp. (B)

Tanypus spp .  (C) Sp iders

Corbicula  manilensis (sm) (B)

Gro up E

- -  -~~ -- _____ 
s~~. ( Is )

Polypedilurn sp .  (C) Helobdel la  stagna lis (H)

Dic ro t end ip  nervosus (C) 1-lya lel la  aztec-a (A)

Pseudochirono mus sp.  (C) 3-ly d rolimax  grisea (T)

Tanytarsus  sp. (C)

Caenis sp. (1) Group F

Dero digitata (0) Coelotanypus scapularis (C)

Corbicula manilensis (i g) (B) Cryptochironomus (C)

Chironomid sp. 3 (C)

Group C Nais spp. (0)

Donacia sp. (1) Procladius bellus (C)

Glyptotendipes sp. (C) Peloscolex mul t ise t osus (0)

S t ic toch i ronomus  sp. (C) Helobdella elongata (H)

Gammarus fasciatus (A)

Group D 
— 

Tubifex spp . (0)

Enchy traeidae (0)

Hydrophorus sp. (I)

Peloscolex freyf (0)

Key : 0 — Oli gochac te Is — Isopod A — Ainph lpod
C — Chironomid B — Bivalve H — Hirudine an
I — Insect C — Gastropod

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _  
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Table 11

Taxa Col lec ted in M eioben t h os Samp les

Phy lum : Asche lm in the s

Class :  Nema t oda

Nematode sp. 10

Nematode sp .  11

Order :  Mo nohys ter idae

Fami ly :  Monohys te r idae

Mon oh ys tera sp.

Monohystrella sp. 1

Monohys t r ella  sp.  2

Order:  Doryla im ida

Famil y: Dory laimidae

Dor ylaimus sp.

Amphidory laimus sp.

Thornenema sp.

Fam ily :  Mononch idae

Anatonchus sp.

Fami ly :  Ba thy od ont id ae

A l a i m us sp

Order :  Ara eolaim ida

Fami ly :  Plec t idae

Pa raplectonema sp.

Phy lum : Tard igrada

Cla ss: Eu tard igrada
Fam il y :  M acrob io tidae

Macrobiotus richtersli J. Murray

Macrobio tus dispar J. Murray

Macrobiotus furcatus Ehrenberg

Macrobio tus hufeland i i  S Schu ltze

Hypsibius sp.

Class : Heterotardigrada

(Continued)
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Table  i i  (Continued)

F a m i l y :  S c u te c l i i n i~~ -id ae

Ech i ni s c u s  sp.

PI C\ -  1 u r n :  A n n e  1 ida

C l a s s :  O l i g o c h act a

Fam i l y :  T u b i t i c i d a e

Tubifex sp.

Aulodrilus pigueti Kowalewski

B r a n c h i u r a  ~~~~~~~~~ Beddard

~~~~ 4~~ 1us temp leton i  S o u t h e r n

Limnodrilus spp.

L i mn o d r i lt i s  c e r v i x  B r in kh u r s t

Limnodrilu s hoffme steri Claparede

Peloscolex multisetosus Brinkhurst

Fam i ly :  N a i d i a e

N a i s  spp•

Dero  
~~~~~ 

Muller

S t y l ar i a  la c u st r i s  L i n na c u s

Fami l y :  E n ch y t r a e l d a e

Enchytraeid sp.

Ph y lum : A r t h r o p o da

Class  : Crus tacea

O r d e r :  Cladocera

F a m i ly :  Sid idae
Sida  ~ s ta l i l n a  0 .F .  M u l l e r

Latona set I f e ra  O.F. Muller

D iap hanosoma sp.

Fami l y :  Dap h i n i id a e

Moina mi cr ur a  Kurz

F a m i l y :  Bo sminidae

Bosmin a lo n pir o str i s  O.F.  M u l l e r

Fam il y :  Macro thr ic idae
I l y o c r y pt u s  spp •

D i ap hanosoma ~~~ j i s  F i sch er

(Ccnttnued )
158
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Table 11 (Continued )

Family: Chydoridae

Kurzla latissima Kurz

~~~~ Ley dla

Ley d ig ia acan thocerco ides  Fischer

Alona costata Sars

Alon a  a f f i n i s  Leyd ig

A lona Quadrangularis O.F. Muller

Pleuroxus  d e n t i c ul a t u s  B i r g e

~~~y dorus  ~ j  ae ricu s  O . F .  M u l l e r

Sn bi lass : Cope jIoda

Suborder :  Cy c lopol d a

Famil y: Cvclopidae

Euc~~~l o s  ~g~jis Koch

~~~~~~~~~~~~ a f f i n i s  Sars

~~~~~~~~~~~~~ fimbr ia tus Fisch e r

Macrocy cl~p~ fuscus  Ju r i n e

H a l i c y c~~~p~ ~~~~niceps Lilljeborg

M e s c c ~~~p~ edax S. A • Forbes

Fami l y :  C a n t ho c a m p t i d a e

C.-inthocan~pç~~~ stap h l ln o i d e s  Pearse

Canthocamptus r o b e r tc o ker i  M.S  W i l s o n

Can thocamptus  sp.

M o rar i a  sp.

Subc lass :  O s t r acod a

F a m i l y :  C ypr i d ae

~~~~ oc rth sp.

ç~p~~f d op s i s  sp•

Candona sp .

F a m i l y :  Darwinti lidac

Darwinula stevensoni Brady and Robertson

Class : Acarl

Class: ~nsecta

Order: Diptera

(Coiit inued)
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1a h i  e 11 (Cone I uded )

Fan I l  y :  Ce t at  o pogoti I dac

!E~~~*~. ~P

Fan 11 y : Ch I ronom Idac

c ! ! !~!!
C r y p t  ochironomus sp

Pseudoc h i r onomus sp•

S t i c t oc h i r on o m u s  sp.

S PP
Coe 1~~~~~ yj~ ts ~ P

itarnjsehia S3).

~~
_
~
y_p_

~4I
__i_
~~ 

si).

Proc lad ins S3).

Ph y lum : 1-lollusca

C l a s s :  Pelecypoda

F a m i l y :  C or b l cu l i da e

C o r h i c u l a  manllensls P h i  1 3  I p p i

F a mi l y :  S pha er l ld ae

P i s i d l u m  sp.

C l iss : Cas t  ropoda

Family: Physidac

!I!Y ~~!~ 
8P.

1(0
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Table  12

Numht-r of 1 u d i v i d u a l s  and Sp ec ie s  of M a c r o f a u n a

and Mel 01 anna Found In the 8 Co rt- s ( 3(1 em 2 )

f r o m  Each St rat urn Coil cc ted t or M e l  oh t -n t  hos

M a c r o t  anna Mc 1 o t a nna

St I- atom Species lndlv1d ui 1 ~ S pec ie s  I t d t v l d u a l s

E l  14 3 5  194

8 118 I I  4 h2

30 ( 3 3 ) 3 9

5) 42 I S 582

h 15 lb  303

El  -~ I I  10 90

R I  12 88 10 fl2

R2 10 25 19 .‘h’)

R3  1 1 40 1-4

R4 10 14 19 244

R 5  3 t O  15 77

161 
V

- r~~~~ -~ - 
_ _ _ _ _ _ _ _ _  - .4



r~ ~~~~~~

- --

~~

- - 

~~~~~~~~

—---

~~~

--

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

-

~~~

-

~~~~~

-

~~~~~~~~~

- - -

1’~ih 1 e i i

Oc currt -uc&’ ot Sjec les In Mctobcnthos Sj~~ples~~~Ju1yj97~

S t r a t u m

- - 
1- xpt-r I~~~~t a l  

- -  
( V

- -  
E I E2 F4 ES E6 E7 R1 R2 R3 R4 R S

l.tmnodrtlus st-p . X X X X X ~ X X X X

L i m n o d r i l t i s  ~~~ f m e l s t er l  X X X X X

1.t C I C C I t 1 5 1 1 l 3 U’-, V ’( rv i x  x x
1.1 tnnodr i Ris 

~~~~~~~~~~~~ 
x

I)tI - &1 5 ( j  )‘ i t . i t i X \ X

Na ls spp.  x x x x x x x x x
I’I ’ los~-o l ex  mul tlsetostis X X

I Ivodri los temp l e t o ni  X X X X X X X

Vub tti.~-x ~PP• 
X

t th’l 1~~’ rae I d.ie X

31 raIls -il in ra sowcrt’)vi X X X

Aol osIFlI UH 
~ 

I ~~t is ’ t i  X

S t y l . i r t a  l a c t i s t r i s  x
(‘orb Lcula mau l I L ’II~~ls  X X N N X X X

I’IIy 5~l ~ 1~• N

P i s id lu r n  s I .  x
P 1 pon~y~ia sr ’. N N N K

C hi r o n o n n is  spp.  N .X N K N N N

I’ st ’tCsl oeII 1 rotl .’) nhLtS sp .  N

St i c t o c  ii i r ouL lu l t i s  sp. N N

CrYpt o&-tiironornus 53) . K N

Pol ypedlluun sp. X X N N

Proc lad ins hellos N N X

I.(uI Vj )(I5 Sp.  x x N K N N N

(‘oc l o t  anyl’)us ss’ap u ( a r t  ~ N K N K N N N

II •i rn l sch i . i  sp .  N

A .i rl N x

(Cont inucd)
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Table 13 (Continued)

St rat urn

— 
Experimental Reference

_ _  
E1 E2 E4 ES E6 E7 R1 R2 R3 R4 RS

Eucyc1ops~~~~ i1is N X X X X X X X X X

Paracyclops  a f f i n i s  X X X X X

y~~ o s  fimbriatus X K X X X

~~~~~~~c clo s fuscus X X

Mesecyc lops eda x X

~~~~~~~~~~~~ magniceps x
Canthocamptus staphl inoides X X N X X X X X

Canthocamptus robertcokeri N

Canthocamptus sp. 2 X

Moraria sp. X
4 -?

Monohystrella sp. l X K X X X X X X X X x
Monohys tr ell a  sp. 2 N X N K X

Monohystera sp. X K X

~~~ y~laimus sp. K X X X X X

~~p~1~idory laimus sp. X X N N X N X X

Thorneneina sp . X K X X N N N X X

Paraplec tonema sp. x x x
Alaimus sp. X X K N N

Anatonchus sp. K X X X X

Nematode sp. 10 X X N

Nematode sp. 11 X

~~~~~~~~ç~~~ spp . N K K K X X X X X

Alona affinis X X X X X X

Alona costata X X X X X

Alona guadrangularis N N

Leydig ia ley di gi N N

Ley dig ia acan thocer oid es X

Moina branchia ta X X

Latona setifera x

(Con tinued)

- 
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Table 13 (Concluded)

St rat urn
Exper imenta l  Reference

Species E1 E2~~~~~~~~~~~~~~~~~~ E~ R1~~~~~~~~~~~~~~~~~~ R~

p~~phanosoma sp. 
X

Pleuroxus d en t i c u l a t u S  N

Sida c r y s t a ll i n a  X

Bosmina long i ro st r i s  N N X

Kurz ia la t issima X

~~y~or us sp haericus X

Macrothr ix  sp .  X X X X

~~y~ ocypr ia sp. X X X X X X X N X X

c!ndona sp . X X X X X X X

~~ p~ idopsis sj ) . N X X

Darwinula stevenson1 X X X X X

Macrobiotus richtersii X X X N X

Macrobiotus dispar X X

Macrobiotus f u r c a t u s  N

Macroblotus hufelandil X X

~~ psibius sp. X X

Echiniscus sp. X
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Table 14

Dens~ ç~y~~ind Dive sitv Statistics for Collection of Meiobcnthos

Number of Number Species Species
Ind iv iduals of Divers ity Evenness Richness

S t r a t u m  (3 .8_ cm 2 ) Species (1-i’) (Jt) (SR)

El X 45 8.3 2.22 0.62 2.45

SD 35 2.1 0.61 0.23 0.53

E2 X 72 9.1 2.13 0.61 2.04

SD 39 2 . 3  0 .43  0.17 0.31

E4 X 51 10.3 2 . 7 6  0.84 2 .40

SD 23 2 . 3  0 .37  0.19 0 . 4 7

ES X 78 9.8 2 .04  0.60 2.14

SD b2 3.h 0.26 0.15 0.55

E6 X 39 7 . 3  1 .73 0.45 1.84

SD 18 1.9 0 .42  0.12 0.55

E7 X 12 4.5 1.77 0.36 1.50

SD 11 2 .0 0 . 4 2  0.17 0 .35

Rl X 52 11.0 2 . 8 2  0.87 2.58

SD 27 4 .1  0 . 4 2  0 .26  0 .73

R2 X 36 8.7 2 . 2 9  0 .53  2 . 14

SD 25 4.1 0.70 0.39 0.99

R3 N 34 10.1 2.72 0.67 2.62

SD 10 1.1 0.27 0.27 0.23

R4 X 34 9.8 2.72 0.67 2.55

SD 21 3.7 0.29 0.27 0.70

R5 X 10 4.7 1.72 0.40 1.53

SD 9 2 .7 1.11 0.29 0.98
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Table 15
Cro~ p~~j~rod~ ced by Numerical  C l a s s i f i c a t i o n  of Species of Meiohenth os

Group A 
____ 

Group E 
-

Anatonchus spp. (N)  Palp omyla sp .  ( I )

Macrohiotus r i c h t e r si i  (T) Cr~yp tochir onomus us (C)

~j~y~~d ri l us  temp le ton!  (0) Ley di g ia le1~~ j~~ ( Cl )

Tar~~j~ spp.  (C) Bosmina j  n iiostrls (Cl)

- 
Group B 

_ _ _ _ _ _ _ _  ~~oup F

M onohys tera spp.  (N) Alaimus spp .  (N)

~~~~~~~~~~~ spp. (N) Procladiu s sp. (C)

Limnodrilus hoffmeisterl (0) Paracyc lops  a f f i ni s  (Cp)

Bran chiura  sowerbyi (0) Alona a f f in i s  (Cl)

Chironomus spp . (C)

-~~~~~~~~~~~~~~~~~~~ Group C Diap hanosoma a g il i s  (Cl )

Alona cos t a t a (Cl)  Nais spp . (0)

Po~ypedi1um sp. (C) Coelotanypus spp . (C)

Canthocamptus staphUnoides (Cp)

Cor h icula m an i l e n s i s  (B ) 
_______ 

G roup C

Para cyc lops f imbr ia tus (Cp) 
~~~~~~~~~ ag ilis (Cp)

ilyocryptus spp. (Cl)

Gro up D Physocypria spp. (Cp )

Da rwinula s tevensoni  (Os) Thornenema sp.  (N)

Nematode sp. 10 (N) Limnodrilus spp. (0)

Candona spp . (Os) Amp hidory la imus spp .  (N)

Monohystrella sp. 2 (N) Monohystrella sp . 1 (N)

Key: N — Neniatoda Cp — Copepoda
0 — Oligochae te Os - Ostracoda
C — Chironomidac Cl - Cladocera
I — Insecta exc . Chironomidae T — Tardigrada

166



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ - - ~~~~~~~~~~~
- - 

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

~~ ~0 C~) C c-i ‘-.c’ -~ ~0 N. C) — ( ‘ -‘4

Ii ‘fl c—I ifI N. r— Lfl ~~ C) ~~ C)
o r— N. m ~~ 

.

I—I — (‘-I C1I cfl —4 Lf’l -.1 C )  —1- 4

44 C) LtI  Cfl I’--. Lfl ‘0
( ‘ 4 00 0

o

Co
0

-C
4.4 CT)

-~~ 0’ -.0 r-. c~ -.0 ‘0 - ~~ ~~) ~~
U

0 E CT) Lc-4 NI Lfl C’4 ‘0 CI r-4 C ~t) NJ
44 Lfl in r—. ~~ -1- in -c)- U~I

52) 1-4 C1I NI
z a c o

‘-.- 0
4-4
S Co
0) Cl)
5 r-. CT)

S
0

44 —
0)
0.. 14

—4 1.i Q)
14.4 ~ ‘a C) (‘I ~~ (‘1 sO C m — N. ~~

‘0 0 ‘~) 0 0  • .. . .• . • . .
‘-4 -o ‘0 ~~) (‘1 Ifl ~ c-I ~~ — ‘0

(0 14 0) CT) ‘0 N. -~~ (‘4 (‘4 NJ 0- N. c-I
0) (4) 0 ~~~ -4 .-. —. — NI

.-4 CT) ‘4-4 0

.0 5
(T) 0 5 44

4.4 ‘.4 5
~~ 4.1

CT)
1.i 4-4
.0 i.I

CT) I
—4 -03
.2) 0 3 ‘0 N. ‘0 N. NI ~~ r-. o~ 0 0

.0 0.3
W I  — 0’ ~~ -.~ c-4 ~~ ~~ 0’ N. ~~ sO
04 — 0 N-i -I -.4 0’ 0’ -~~ NI

44 0 — —
0

-o
0)
4.1
CT)a
-4
4-I iT)
(0 -u

0 — (—I OP-. . 4  
~~ C O~ ~~ 0 sO NI

I__a
CT) C m 0’ in ‘0 C (‘•) -~~ N. ~~~
5 N. c-I UI ‘0 0’ (—4 -~~ -.1 NI
0) — —
z

a
S

— (‘4 -~ UI -.0 N. 4 C—I c-) -~~ Ui
14 ~44.4

167



- - — ---—-— — -- — —--- -—--.---.
~~~~~~- -.- 

— —
11_I_ I-:--- —‘.

~

‘

~ 

- - 1!III~~

~~~

3:: — --? —. 0

~~~~~~~~~ d~~d-

I-. ~~~~~~~~~~~~~~~~~~~

—~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 
_~~~~~~~ ;~

. ,c8 ‘ ‘~ --~~‘~~-~ : ‘-~~~ V O (  -0~~ , V~~~~0~—. 0 _ t O - V ~

~ ~: ~~~E~~~~~~: ~~ii~I~~ ~~~i i O  !~

) 
~~~~~~~~~~ ~~~ ~~ !~ !-~~~ !-~ ~-
V 

~~ ~! !!

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

~~ ;; ;: ;:;; ;;; ;O C ’ O O O O O O O O  0 0 00  0 0  0 0  0 0 0 0 0 0 0

3 :~:~~~:;

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~
0004 0 004flO W ,0 4 C N  -S 0~~~~ C’

~ 
~~ ~~~~~~ 0 0  0 0  0 4 4 4  0 0 4  0

—

S

“—. ;“~~~~~~ 
- . 0 0 4 0~~~~~.

i- il

16R 

~~ s~~r~~~~
- - - _ -  _ _ _ _

-- .-



Table 18

Total ib er of Species,  Specimens. and Biomass Col lec ted

Number of Number of Biomass

_____ _____ _~~p~~cics 
- 
Specimens (kg)

Grand Total 37 6319 1 4 4 . 1

October  25 2261 43 .1

February 12 315 2.0

April 27 1034 49.7

J u ly  33 2709 49.3

W i n d m i l l  Point 31 4137 103.1

[(erring Creek 34 2182 41.0

Day 33 2407 b 4 . 9

Night 35 3912 7 9 .2

Marsh Interior 20 722 o ) 7 •  ~

In t er i o r  Minnow Traps 5 165 0. 7

Gut Fvk e Net 20 566 93.7

Culv er t Fyke Net 7 41 2.7

Marsh Exterior 35 5547 47.1

Exterior Minnow Traps 6 231 1.5

S~-ine 35 5316 45. 6
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Table 22
Impor tance Ra nking of Spec ies - 

-

Spec !— Appear — Overall
mens Biomass ance Sum of Importance —

Species Rank Rank Rank Ranks Rank

Anguilla ros trata 16 6 2 24 3

Alosa aes tiva lis 20 30 21 .5 71.5 26

Alosa pseudoharengus 26 18 24 .5 68.5 24 -C

Brevoor tia tyrannus 9 16 23 48 19
Dorosoma cepedian um 7 10 17 34 7 .5
Dorosoma petenense 4 13 12 29 4.5

Anchoa mi tchil l i  10 27 14 .5 51.5 20

Umbra pygmaea 36.5 36 35.5 108 37

Cypr inus carp io 24 1 21.5 46.5 18

Hy bognathus regius 11 15 8.5 34.5 9.5

Nocomis raneyi 33 34 31 98 33

No temigonus crysoleucas 17 12 14 .5 43.5 14

No trop is analostanus 14 23 6 43 13

Notropis bifrenatus 28 33 19 80 28

No t rop is hudsonius 1 3 1 5 1

Carp iodes ~ypr inus 29.5 32 31 92.5 31

Erimyzon oblongus 25 4 26.5 55.5 23

Ictalurus catus 33 26 35.5 94.5 32

I c t alu r u s  nebulosus 18 2 16 36 11 -~~ - -

Ictal urus punctatus 15 9 10 34 7.5

Noturus gyrinus 33 35 31 99 34

F u ndu lu s  d iaphanus 12 22 8.5 42.5 12

Fundulus het~- roc-1itus 6 19 4 29 4.5 

i r t f n i c a  27 28 31 86 30

- - i - : -, ~~ .-  r v  11. m a  5 20 5 30 6

- -1~- r t c~~na 3 7 3 13 2
- .4 ~~~! j L L ~ 8 25 19 52 21

-. 4 4 ~ 4I)~~SI * 19 14 11 44 15.5

( ‘ t  inued)
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Table 22 (Concluded)

Sped — Appear — Overa ii

inens Biomass ance Sum of Impor tanc e

~~~~~~ j~~~ies _____ 

Rank Rank Rank Ranks Rank

Lepomis macrochirus 21 11 13 45 17

Mi.~-ropterus salmoldes 33 17 31 81 29

Pomoxis ~~~g~ omacu1a tu s  22 5 26.5 53.5 22

Eth eos t oma o l m st ed i  13 24 7 44 15.5

Perca flavescens 29.5 21 28 78.5 27

Lelostomus x an t h u r u s  2 8 24 .5  34.5 9.5

Micropogon u n du l a tu s  33 37 35.5 105.5 36

P~~ 4ic h t t s 
~~~~~~~~j~ ia 36.5 31 35.5 103 35

Trinectes maculatus 23 29 19 71 25

V

I
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Table 30

-raxa and Number of Organisms from Stomachs of Selected Nekton Species

Taxon A B C D E Total

Nema t oda 5 12 94 5 116

Ro tatoria 1 1

Pelecypoda 189 3 192

Corbicula manilensis 1101 6 22 1 6 1l3 6

Pitsidium sp. 2 2

Gas tropoda 8 8

Physa sp. 1 19 20

Lymnaea sp. 4 4

Gyraulus sp. 2 2

Annelida 1 1

Oli gochae ta
Branchiura sowerbyi 1 1 V

Limnodrilus spp . 8 8 16

Nais spp . 1 1

Peloscolex multisetosus 1 1

Diplopoda 3 3

Arachnida 13 3 4 20

Thomisidae 1 1 2

Misuinenops sp. 1 1

Callilepis sp. 1 1

Nopsides sp. 1 1

Araneida 2 2

Labidogna tha 1 1

Agelena sp. 1 1

Pirata sp. 1 1

Lycosldae 1 1

Pardosa sp. 1 1

Note: A Notropfs hudsonius, B 10 Erimyzon oblongus, C = Ictalurus
punc tatus, D = Fundulus heteroclitus, E Morone americana

(Coa t Inued)
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Table 30 (Continued)

______ ____ 
Taxon 

____ 
A B C D E  Total

Oonopida e 1 1
Opil ion idae 5 5

Acarina 9 2 3 14

lxodlda e 1 1
Arrenurus sp. 1 1

Euphthtrc~tr1dae 1 1

Crustac~ a 80 4 84

Axnph ipoda 2 1 5 8

Cammarus fasciatus 1 4 7 12

Cladoce ra 145 160 1 387 693
• 

~~Y~~~ U!~ 
sp. 3

Alona sp. 18 428 4 450

Bosmina sp. 86 17 2 1588 1691

Leyd1g~~ sp. 32 45 77

j~yocryp tus sp. 8 5 1 14

Sj da sp. 1 555 373 929

Daphnla sp. 2 1 3

Euryalona occldentalis 1 1

Ostracoda 25 1 26

Fhysocypria sp. 88 566 4 307 160 1l2~

Candona sp. 86 691 1 5 85 868

Copepoda 171 152 11 334

Cyc lopoida 441 130 2 48 189 810

(Naupli us) 1 1

Calanoida 1 12 13

Harpac tlco ida 20 166 11 17 214

Decapoda 1 3 4

Insecta 113 1 44 158

Collembola 1 1

Thy san ura

Lep ismatidac 2 1 3

(Con t inued)
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Table 30 (Con tInued)

Taxon A 8 C 1) E Tota l

Ept~emt ropt~ ra 1 1 7

Eptterneridac 4 2 6

Hexa~~~nt a  sp. 5 5

Hept~igt ’n1 ldae 1 1

Lep toph ieb !  fdae

Para 1 L’p t aj t h l  & h  t a sp . 2 2

Bact I dae

Ep ht ’int .’ rd Ia  ~~ 1 5 6

Odonata 1 1

Or t h o p ter a  1 1

Tettigont Idat ’ 1 1

Psoc op t er a

Psocidae 2 7 9

i l emlp te r a  7 6 2 10

Cor t x t d ae  4 4

Tr icho~ orIx a  sp. 8 8

St~ ara sp. I I

~le~~~erocorIx~ Si) .

M&~~’ve1 I 1(I~1C

Mesovel.ta mulsan t 1 3 1 4

Miridac I I

Pen t atomtdac  2 2

Homoptera 7 6 13

Membrac t dac 1 9 1 1!

Cicade l l ldne  1 7 8

Cercop idac 1 1

Deiphac Idae 6 3 5 14

Psyllldae 1 9 10

F l a t  (dac

Anor mt nt s  Si) . I 1

Coteoptera 4 2 1 7

(Con t inued)
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Table 30 (Con t inued)

Taxon A B C I) E 
- 

Total

Carabldac 1 4 1 6

D y tl s c id a c  1 1 2

Cope latus sp . 1 1

I1y~ rop hi1us undu t a t  us 1 1

Pol yphaga 1 1

Stap hy l i n idae  1 1 2

Heterocer idac  2 2

Chi locorus  st Igma 4 4

Chrysomel idac  2 5 7

Crytocep halus  sp. 1 1

Tr icop t e r a  S

H y d rop t l l id a c  1 1

Lep ldopte ra  1 1

Frenatae l 1

Py ra lidac 1

D ip t e r a  17 4 1 22

Nematocera 1 1

T a ch t n i d a c  I I

Ttpu l i d ae  34 12 6 29 81

Culicidac 8 8

Tabant d ~ie 1 2 3

Clirysops sp. 2 2

Syrphidac  I I

Mu scid~w 1 1 2

Cecidomyt i d ac  I

Chlr onom [dae  344 15 772  l 1 504 2~~16

Ch i ronomus sp. 109 106 2 97 314

C ryptoch l ronomus ~1 •  16 16 55 87

Dij~~~t ! ~ pc! sp. 2 1 1

Gl ypt ot end 1pes sp. 2 .1 1 6

I l ar n t s ch t a  sp. 6

P~~1% ’I’~~~~1urn spp.  105 5 5 . 161 112

(Cont lim ed)
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Table 30 (Continued)

Taxon 
— 

A B C  I) E Total

Proc ladlus sp~ 6 3 3 12

j ç sus sp . 20 1 343 43 407

Cri~~~t~~~~s sp. 1 1 4 6

Ccratopogonidae 2 3 1 6

Pa~~~~~~~i sp. 76 1 11 249 337

St ilobezzia sp. 5 5

Jot~~~ mseneiioni~4a sp. 1 1

Sc hlzoplio ra 1 1

Aca lyptratae 1 1

Hymenoptera 18 13 2 1 34

Ap o c r lt a  2 1 60 19 82

Proctotrup ldae 2 2

Ichneumonidae 1 1

Chalcididac 2 4 5 11

Trigona lidae 1 1

Formic idac 30 1 31
• Myrmicinae  1 1 2

Vespidae 1 1
Zethinae 1 1

Apidae 1. 1

~~~~ mellifera 1

Un iden tif iable Insec t Egg 1 1

Pisces 2 17 19

Anguillidac

~~w~U1a 
rostrata 1 1

Clupeidae

Dor ’somn ~e tenense 7 7

Dorosoma sp. (eggs) 28 56 84

Alosa a es t tv a l i s  ( e g g s )  23 23

Alosa sp. (eggs) 2 19 21

Alosa sp. 1 1

(Continued)
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I’ab 1 ‘ 10 (Couc I udcd I

ta xon A B C I) E l ot  a I

Cvpi- Enot lont idae  I I

F~~i Iu 1u a bet dEOt ’ l it us (egg) 1 24 11. 1 15

F i id t i l t i ~ sp . 6 6

At he r t n t  ~t ae ’
(a  he cv 11 1 na 2 —~

Men I ~I t a  bt ’t ’~’ I l l  na (eggs) 1 I

M e n t d ( . t  ~i’ • (eggs) I

I’ci~~ I e t t t h ~ i~ Lt t ’

Morone aute r I ~a na (~~~~s I 1 1 4

E t i g ra t ,  I (dat ’

i\n~ Iio.i sp. (~~ gs) 45 45

Cvp ci  n i  tLie

N ot rop t s  liu dsoti  (u s  1 1

Not rO 1i ( s  ~P •  2 2

P isct’s eggs (Un (den t  i f  t a b l e )  64 1)  79

A m p h ib i a  1 1

Plant Seeds

A l I sma t a eae

a r i a  Lit i t  o l I a  70/  51 758

Pan Ic urn ama ru t u t u  4 1 S 48

l ln t t knt  I f  ( a b l e  ~~~~~ and b e r r t e r  401 19 240 660

t in Ident  i t  I .ib It ’ p l an t  mater  t a t  I 5 .1 5

U n t d e n t t f t a b i t ’ eggs 6 1 61

tot at  Numbe’ r of OrganIsms  4 7 5 5  24( 14 2 161 577 5588 1 S,685

t o t a l  Numb e ’ r o t St orn~t chs  Examined 102 5 26 79 146 I I I  I , 607

~~~~~~~~~~~~~~~~~~~~~ -~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~_i • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _
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F l o r a l  l nv cnto ry oi  Fxj t e ’ t ’ I m e n t a l  SI  t e t a k e n  I)ee ’embe I ~t / 4

- 
Sc t e n t  i f  Ic Name 

- - - - 
Common Name 

- -

Ma r sli  ‘. 1 ’Iimutn I t v

Ama r a n t  h u t s  e’a nn .ub  ( n u t s  ( l •  • ) J .  I) . Saut e u’ Wa t ’ r Hemp

Ane• i Icm.i  k e i s ak  h ( . t s s k .

A s t er  s u b u l a i u i s  M i c t i x . S a l t m a r s h u  :\st l.’l’

~~lt ’ l t I l l t ’ 1 1 . 1  i ’V I III  r i c a  ( I . .  ) Sw . F.i 1 ‘~~~‘ N e t  t I c

( . I i ’ e ’X ~1~h~• Sedge ’

t ’j tli.i L~ut bus oce I th’i m t  a 1 Is I~. Butt tt i~bti~ lt

1 t ’ ht i I I i l t ’II It t ,u c r u t s u ~.t  1 1 1  (1 . .)  Be’auv .  B a r ny a r d  (~r ass

I i i  1” I S i ’ I t s  IihlSi ’ h I e ’ t i t  I~~~I I.. Swamp Rose Ma 1 1 ow

I mp a t i en s  m ’ . I p e ’i l s i s  M c c r b .  . lewelweed

. l t lne ’Lts 5N~• Rus h

.h i t s  t I c  I .1 , umt ’ I’ i i ’ . 1 1 1 . 1  ( I , .  ) VaIi I Wa e r ’ Wi  1 1 ow

1.~t t Lw I I’ t  . 1 iit.’l.’Ul i’cn~ Wa I t  P r i m r o s e  141 I I ow

l ,u e lwt  t~I z t  j t .i l u s t  t ’ i s  ( I .  I El I . Wa t  e’r Pu r s l  1111e ’

I , i t1lw I ~ I a i t t ’ us’,u , t v  cu s l  s ( t.am . ‘I Ha ra Pr I mt’ose W i l l  ow

v i  r~ I n i & ’,i (1.. 1 K u t n t h  Ar r ow Arurn

(t ~~ I V~~ LIIIUI11 putue ’ ( .1 t iu t I  F l 1 . Wa t o r St,t.i i—t weed

P t  I V ~~% l I % t I f l i  S I  ~ i t t • l t  11111 1.. Ar i’ow— leaved Tear t l i t imb

e m it ’ r j , t  c m ’r ~t , i  t a 1,. 111 cke re lweed

Ro r I P1~’’ I 1 . t  11 (1 1 ~‘a (Oee li’ r )  Borbli s \e  I i  ow Cress

Rurn ex v er t  Ic i l l  a I LlS 1.. W at  ci’ Dock

Sa~ i t t  a r I a t . i  I t ’a 1 a Pur sh I\t’  rowhtu ’,id

Sc I rpus  lin e r I c t l I i u I s  Pers . Thre~esquar t ’

Sc i i’ pui s c V p C ’ c i  nu t s  ( t~ . ) Kun t h Woo I g ra ss

Sd rpus v a i l  t h iS Valt 1 So f t  st em Ru I rush

l v p ii.u ,iii 1~uSt ( I t t I ( a  I . .  N a r r o w — i  eaved Cat  t a I l

I’vj hi.u t a t  I Ic I Ia 1.. Coinnion C a t t a i l

Vt ’ r n i t n  1.1 nO V I ’bO r i t t ’e~m s (  s ( 1.. 1 Mi  c l x .  1 ronwe’ed

((~~t i1 t  I n u i e d )
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Tabl e 32 (Concluded)

Sc l en t  i f  Ic Name Common Name

~~~Ian d~~~~~~~ i i t

A l in i s  purpurca (L.) Penn . Cerard ia
A ln u s  se r ru l at a  (Alt.) W ilid. Common Alder

Ap ios am er i cana  Medic. Groundnut

Ast er dumosus I.. Aster

As t e ’ r p u n i c  ous I.. Aster

A s t er  v i r n in e t u s  Lam. Aster

Ca s si a  i l i c t  i t a n s  1.. Wild Sensitive Plant

C e l t i s  o c c i d e n t a l i s  L. H ackb e rry

Cl%e noI’Io LI i unI ambrosioides I,. Mexican Tea

C l e r n a t i s  v i rg i n l an a  I.. Virgin ’s Bower

cornus amomum Mill. Dogwood

ç~~ianchum laeve (Miclix .) Pers. Sandvine

cypcrus e sculentu s  L . Nut  Grass

çyp~ rus st r i~~~sus L. Umbrella Sedge

E~ p~~t o r i u r n  p l1li ~~ li ,~~i (Lam.) Small Dog Fennel
Frax inus  americana L. W h i t e  Ash

Le~,p,edeza cuneat a  (Dumont )  G. Don Bush Clover

M ikan J ,a  scandens ( L . )  W i l l d .  Climbing  i-lempweed

Panicum virj~~tum L. Switchgrass

yg~~ um lapathifoliuni L. Dock—leaved Smartweed

Populus deltoides Marsh.  Cottonwood

Rob inia pseudo—acacia Ii. Black Locust

Rumex crtspus L. Yellow Dock

Ruinex obtus i folius L. Bitter Dock

Salix nigra L. Black Willow

Solanuin carolinense L. Horse Nettle

Taxodium distichuni (L.) Richard Bald Cypress

Xanthium s trumar ium L. Cocklebur



I

‘[‘ab le 3 1

F l o r a l  In v e n t or y  ~t (  Fxj t e r i t i i eu t  a 1 SI  I e ’ Taken J u l y  1975;  New Spec ie’s t)n lv

‘~e (ent It I ~, N t U I t  ( ounmo n N t int

l)r c il ge’d M a t e ’ r i , t  I

Al  I sma su b c o r d at u m  Ra $ . W a t e r  P1 an t  a In

Anuna n n ia  ccci ’ I ne ,i  Rtt t t h .  S c a r l e t  Ammann (11

Fc t i t t i c c h t l e t .t c r i t s — p . i v o t i l s  (hl .B.K . I S c h u l t .

E l e o c h a r i s  ob t u sa  ( W i  l I d . ) Scttutl t e s  Sp i k e r u s t u

Fr . le’, re ls t I  s l t v p t ’ tc I des ( Lam. ) 11S1~ . l o ve C r ass

h I  I al l  I 11115 ~P P 1 unit’ Cc.uss

Ca ( t u r n  t r i l l  duni L . Heels t raw

C r a t  i c l , u  v i r g i n i a n a  1.. Ihed ge I lv ssop

i l vp e r t c u m  m u t i l u m  I. .  St . .lot m ’ S— wct ’t

1IV 1 Ct C ’ I ( 4 ’ 11111 ~~ St . .1 cliii ’ S — W e)  I’ t

. Iut ic u s  •uy ,un~L u a t _u~s M i c h x .  Rush

.I t i t i t ’ tts t e’iiu is W i l l  d .  P at  Ii Rush

Leersia  ory :’oiele ’s (1,.) Sw . Rice Cutgrass

1 , 1  n i l e ’ l i i  ( a  i lL l l ~ i a (I , .  ‘I Penn.  Fa l se  1’ impe r u e  I

Mi rnu l us r i i i & e n s  I. .  Monkey F lo w e r

Pa_n_ t c ,un~ i i i  e’h ct  i ltil i I’ I c r u i m  M i c h u x .  l’,i n I c  Crass

P .tsp .t 1 11111 d l s s ee ’ t nm I~•
11. i sp •t l u in  t liti t .tiis (1 .l 1 .1  Kttt ’t t h

P~ is1).~ i i  I in S p .

1 1 ( 1  e,l l’t tt i u (  La  (I.. ) C r~u v Cl e’1i rwt,’ed
R o t , u l a  r amos io r  (1.. ) Kochne ’ ‘toothc up

Sag itt a r ia 5~
) . Arrowhead

I) I k e? and O r I ~~~n a I  i s l an d

Ac a I vp ha rh onihot  dea Ra t’ . Three— se’e’ukd Me cc u n ’

Ac e’r rub ruin L. Red Maple

Al opec uru s c a t ’o 1 t n i , i nu s  W a lt. Fo xta il Crass

Ama ran thus hvhr  Ed its I . .  An~u ran th

Am.u r an t  tiuis sp t  nosus L. Thorn ~ Ama r an t l i

Art  e’in i s i  a an uut .u  14. Wormwood
(Cont tnueel )
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Table 33 (C onc luded)

- 

- 

Sc I e’nt (lie Nam e Common Name

B i d e m i s  a r i s ro s a  (M i ch x .  ) Britt. Beggar Ticks

H i d e n s  f r c i idos ;u  I. Beggar Ticks

*j) .~ C~~~ ’~~ i s  a l cme ’ r at a  L. Orchard Crass

t )
~I t L 1 r • 1  s t r a m o n i u r n  L. J i m s o n  Weed

I ) i i ~i t a r  i a  sa n~~e i i n a  I t s  (la . ) Scop.  Crabgrass

E c U pta  .i l h a  ( L . )  l l as sk .  Yerh a—de — T a go

E l e u s i n e  i n d i c a  ( L . )  Ga er t n .  Goosegrass

*F’~.st  ~~~ ~‘l a t i o r 14. Fescue

Fimhris tv l is spp.

IIt ’l c n i u m  au t u mn a l e  L. Sneezeweed

L i r i o d e n d r o n  tulipifera 1.. Tulip Tree

[c h um ~ i ’~ Rye Grass

M c l l t i g ~s v e r t i c i l i a t a  L .  C a rpetweed p

Oenother a  sp.  Evening Pr imrose

Ox al i s  sp. Wood Sorrel

*Panicurn amaru lum H i t c h e .  & Chase Beachgrass

P h vt o l a c c a  americ ana L. Poke

Planera  ,~~~~~t i c a  Walt. ex J.F . Gmel. Planer—tree

P l . t t , i n u s  occidentalis L. Sycamore

P o t e n t  i l l a  norvegica L. Cinquefoil

R~inunculus sp . Buttercup

Rurnex ~, &lomeratus Murr. Clustered Dock

Sa lix  spp. Willow

Solanum arnericanum Mill. Nightshade

S o I I d ~~~~ alt issima L. Goldenrod

*~,p~ir tina alternif lora Loisel. Smooth Cordgrass

*Sj~ir t .ina cynosuroides (L.) Roth. Big Cordgrass

*T r i fo l  turn repens L. White Clover

Ve ronica ,~~,g~i Ills— aq,ua tica L. Water Speedwell

Vi ola sp . Violet

Zea rnay~, I.. Corn

*Sp ecl es artificially p lanted .
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Table ‘34

F’ loral I nv en t  cry of  l’:xj~’ F t  lf lOI’ L t a t  S i t e  Taken J~~ y — N o v e m b e r  1976:

N ew Sp ec i e s  U n i v

Sc lent if i c N a me ’ Cotn inon Name

l~ ed~~L t t e r i a 1

A~’s cl t vnom ene ’ v i rj~,in i c a  ( I , .  ) BSP . Se’nsi t I he—joint \‘et c h

B i d e n i ~ l a e ’v i s  ( I~. ) BSP . Begga r Ticks

Carex frankil Kunth Sed ge’

Car ex t r i b u l o id c s  W ah len h . Sed ge

Cusc u ta ~~
st!±s ‘i’uncker Dodder

Echinochloa walteri (Pursh) Nash Walter ’s Millet

Gal inn t i n c t o r iu m  L. B e d s tr aw

Juncus  e f f u su s  L. Soft Rush

K cs t~’l e t s k v a  v i r g i n i ca  ( L . )  P re s i  Seashore’ Mal low

P o lv j~ont~~ a r i f o l i u m  L. H a lb e r d— l e a v c d  Tear thunib

~~~ it taria latifo lia Wi l id. Arrowhead

Str ophosty les helvola (L.) Ell . Wild Bean

D _ uid~~~~~’tha 1 1sland

An dropogon v i r g i n i c u s  L. Br oom Sedge

Aster  simp lex Wilid. Aster

Bidens  cernua I.. Begga r Ticks

Chenoo~,,d turn album L. L’~mb ’ s Quarters

C r ,te ’t , t ,~~~~ sp. Hawthorn

~~~~~~~~ ~~ y th r o r h i z o s  Mu l i l .  Umbrella Sedge

Diodia ~~~~~~~~~~~ L. B i t t t cn weed

Era grost is  r e f r ac t a  (Muh l . )  Scribn.  Love Grass

Erechtites hieracifolia (L.) Raf. Fireweed

Eri geron canadens is L. H ors eweed

~~~~~~~~~~~~ serotinurn M ichx .  Thoroughw ort

,~~ orb ia ma cu la t a  L . Evehane

F r agar ia vir g,~1niana Duchesne Strawberry

Cnap hal lum obtus ifo l iu rn  L. Cat foot

(Continued)
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‘ 1, 11 1 1 e ’ I i  Cotic I uek’d

c i ’ l l  t If i c Name Common Name

t Iun~u I_us j~~lj l e l J 1  1 e’us Si  eb . & S t i c c  . Japane se  h ops

I v c c p us ,t~nc i - i  e’,unlls Muh I . ex Hart. Bug i e’weed

lv ,’ opu s  v i  t’~~ in I c i t s  I , .  Bug I eweed

Oencthera hienn i s  1~. F~veninc Pr tmrcse

l’~ t i t I 1 c l t l r ,~ 5e ’eli ) ide’s 14. DI tcli St O h ’ , ’ rop

P~ lv ~ onuimn c ,  ~ j ’ i t t ’s urn RI  nin e ‘l’ui I te ~eI Sma r twe ed

}‘ , l Ivgonutn  1~~’i i s v  Ivan  i cum I.. P inkwce ’ d

‘ -,,lhhIlIl,, ’ LI 115 r(’_j)e’ns I , . C r e e p  i n~ B u t t e r c u p

Rosa 1’a us t ris Marsh .  Swamp l~ , ’Se ’

-‘icc i ’ l  IT i s  st  n i , i t a  ( L .  ) Nash

r 1, 1 o f f 1  c m a  its I.. Soa pwo r t

~
—‘‘ - i rftls .itroyjrt ’us Wi l i d .  Bul rush p

Sc lit , ‘l  1 , 1  F 1.1 l a t e r i f lo r a  L. M ae l - ’dou ’, S k u l l  cap

Se ’ t , u r i . t v i r i e l i s  (l~. )  Beauv . ~r i s t l v  F o x t a i l

S i c v e ’s a t i c t i l , u t u s  1~. I3ur Cucumber

~
-‘~~ 1 J i ” , c se ’hi1 p i ’ l’~~’ 1 i’ e’115 I .  Se’aS ide G o l den r o d

U l n u i s  americana l,~ Aji’i e”r i  can E l m

U l m u s  rubr , i  Muh i . Si ippei’v Elm
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Table 35

Inven tory of Experimental Site Taken May—June 1977:

New Species Only

Scient if ic  Name 
- 

Common Name

Dredged Ma terial

Carex nibolutescens Schw . Sedge

Carex crinita Lam. Sedge

Carex lurida Wahlenb . Sedge

Carex scoparia Schkuhr Sedge

Carex stipata Muhi . Sedge

Carex vulpinoldea Michx. Sedge

Circ uta macu lata  L. Water Hemlock

Gali um ob tusum Bi gel. Bedstraw

Iris pseudacorus L. Yellow Iris

Panicum spretum Schultes Panic Grass V

Ptilim nium cap illa ceum (Michx. ) Raf. Mock Bishop—weed

Sc ir_p,~~, fluviatilis (Torr.) Gray River Bulrush

Slum suave Walt. Water Parsnip

Zizaniopsis  mi liacea  (Mich x. )  Southern Wild Rice
D3l1 & Aschers.

Dike and Orig inal Island

Ambrosia artemisiifo lia L. Common Ra gweed

Asclep las syriaca L. Milkweed

Baccharis halimifolia L . Groundsel Tree 
- 

-

Calys te,gia sepium CL .) R. Brown Bindweed

Erigeron annuus (L.) Pers . Daisy Fleabane

Festuca octoflora Walt. Fescue

Festuca ovina L. Fescue

Gnaphaliuin purpureum L. Purple Cudweed

Helianthun annuus L. Common Sunflower

Hyp ochoeris radicata L. Cat ’ s—ear

Lac tuca canadensis L. Lettuce

Lac tuca scariola L. Prickly Le ttuce 4
Lepidium vir glnicum L. Peppe r wort

(Continued)

199

____________________________________________..,- ‘‘
~~

‘ ,I__~
-‘- ‘--‘1—” 

_____



r” 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Table t’ (Coin’ l mtded )

Sc ( e m i t  ( I Ic N ame ’ Common Name

Ot ’no t he u’a 1,t~’ In (at a It (ii Sow Th 1st it ’

I’y u ’rhoj iappus c a ro l  I n [anus  ( W a l t . ) DC. I”a tue thitide I Ion

R~ tiuttit ’tt 1 us set’ I era tuis 1.. Cursed Crowfoot

Sc U t  0 l i a r  I a t n t  egn I t  o l I , i  I, . S k u l l  cap

Sotie’ hut s .tuj ) t ’ r (I.. ) H I ll Sow ‘l’ht 1st 1 e

Specit La  r I . t  pet ’ t o  I t a t  a ( 1, .)  A. l)C . Venu s ’ l4ook tug—glass

i . i  m a  xa~’ tint o I I Ic  h t i . i  I t ’ Webe r Common D andel ion

Tr It  o ( t u r n  c .tmpcs  t re Sc l tFt ’l’ . I,ow 1101) Cl (we? r

‘I ’ m I t  c i I tin t p t ’ . i t  ‘ t L S t ’ L. Red Cl ovem’

Vt ’ r l e ’ua i t t ’ t I c  I 1 ol  I a 1,. Vt’ EV a in

I
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‘1’l Ib 1t~ 64

tit~n ! 1~~~~ tY_  Strul.- t u r e  Pa r aI Ctt t t -r s  W Indm 1 1 1  Po!nt EX,jh’ttIflt’lI t .i 1 
,,

.~~L _t e

St - II4ccI)/ No. of No. o I 1) 1ve’r i~1 ty Evt ’nnt ’ss Spec i t - s

R t c Spt .t ’ Ic ~s I si c i I v  I c I c i . i  I s (c- IL ’ ) 
- ~.J ’ ) R1 - hCCcss

i . I t e  Sp r i n g

5/ 18/ 7 6  12 68 2 9 8  0.81

l ’ ,t 1 I V  SUICUUt ’ F

7 / 0 7 / 7 6  15 47  1. 34 0 .85

7/14/76 10 c i -)  2 . 5 6  0.77 2.27

K 12 .5 49 . 5 2 . 9 5  0 . 8 1  2 . 95

L.—i t t.’ Snlnrner

7/29/76 17 107 1.% 048 1
• 79

7/ 3 ( 1/ Th  9 2 5 4 .‘ 16 0 7 5  L 44

8/1 3/76 18 12’) 1.71 0..’ I 2. ~ 3

x 1,4 7 296.7 2~~)l 0 .5 /4 2 .  19

I I I
9 / Øt) / 76 1 -‘ 342 2 - 15 0 - 6 1  1 - 88

15 148 1 . 1 2 tL 34 2.80

I 1)106/76 1,4 166 1 85 0.48 !. S..

loll 3 / 7 6  2 1  2 47  2 .  11 0.51

1 0 / 2 8 / 7 6  16 288 2 .  1 7 0. 5’) 2 . 65

10 / I~
) / 76 22 11 2 1 - “s I  0. 3 .‘

~ 2 - 9t)

X 1 6 . 7  38 6 .0  L~~ 3 (L 48 2./i c

W I n t t r

1 1/ 1 6 / 7 6  21 201 L46 0. 7~ 3 ,11

1/11/77 13 348 L87 (LS() 2 O 5

X 17 .0  250 0 266 0 6 4  2. 91

E -ci r ly Spri ng

1/01/77 10 .‘ IS L38 0 . 41  1~~~~ I

8 1 /..~ 2. 34 ) 0.80 1 . I c

3 / 2 9 / 7 7  Il 1451 0 _ 3 ~ ~~~_ ( 1 L )  3. 51

3/10/77 18 “1 1 5  ~~~~ 0. ].s 
.~~. 79

( Ct ’nt , i i utt ’d)
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Table  45

Numbe r  of W i n t e r  Resident  B i r d  S~~~~ es at W i n d m i l l  P o i n t

Exj~ ’ .r I r n e n t a 1  S i t e , Coujp~ red w ith Other

V 1r ~~In i a - M a r y I a n d  Cccnsus Arec’ss*

Birds p&’r
I labi  t a t  L o c a t i o n  31cC -t a re

W i n d m i l l  P o i n t  l) isp osa l S i t e  P r ince  George Co., Va .  3.79

Lagoon An inglon Co . , Va - (1. 71

Mix ed  Wooded h a b i t a t  Montgom ery C o . ,  Md. 0.93

Abandon ed f i e l d  Prince George Co - , Md - 3 28

Up land o ak —I ’s ickory hardwood f o re st  F a I r f a x  Co , Va . 1 9 1

Coastal d i st u r b e d  f l o o d p l a i n  Gloucester Co , Va. 5.80

*Cenq uscs ~tr e from Ant’s’ I can Birds , I9t Ic W i n t e r  B I rd—Popul ~t t  ion St tic- l ~ ’ -
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‘fable 46

CoulmUn Ity Structur e P.u’ameters,, He rj,~~~,,C reek Re f er ence  S i te

Seasos i/  No - of No - of D i v e r s i t y  Evenne ss Sp ec I es
lkitc 

- -- sire c [es Ind ividua l s  _~~~~ )~~~~~ 
(J ’ )  Richness

Winter

1/ 13 / 77 ‘5 74 2.22 070 L86

1/25/77 8 170 2.10 0.70 1.36

2 / 2 3 / 7 7  5 70 L91  0 .82 094

K 7 3  104.7 2.08 0.74 1. 39

Early  Spr ing

3 / 0 3 / 7 7  14 43 2.89 0.76 3 .46

3 / 3 0 / 7 7  7 22 2.48 0.88 1.94

4 /14 /77  3 9 0 99 ( 1.3 1 0. 62

X 80 14.7 1.12 0.65 2.01

V
Late  Sp r ing

5/20/77 7 27 2.08 0.74 L82

5/27/77 4 14 1.2~
) 0.64 1.13

x 5 5  20.5 1.68 0.69 1.47

Early  Summer

6/24/77 6 15 1.87 0.72 L85

Late Summer

7 / 2 7 / 7 7  4 15 0 .87 0 4 3  0 9 3

8/ 1 0 / 7 7  9 66 2 0 6  0 .6 5  1. 91

8/3 0/  7 7 3 42 0. 32 0 .2 0  0 5 3

K 5. 1 4 4 . 3  L08 0 .4 1  L 1 2

Grand Mean 6 . 4  4 1 . 8  1 . 7 7  0 . 6 S  1 . 5 7

SD L1 8 32. 9 0 4 2  0 1 2  0.36
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Table 47
Community Structure Parameters, James River Berm

Season! Diversity Evenness Species
Date 

— 
Species Individuals (H’) (J ’) Richness

Early Summe r

7/14/76 6 9 2.42 0.93 2. 27

Late Summer

7/30/76 7 8 2 . 7 4  0.97 2.88

8/19/76 4 4 1.99 L00 2.16

X 5.5 6 0  2.36 098 2.52

Fall
9/09/76 8 19 2.71 0 9 1  2.37

9 / 2 9 / 7 6  8 9 2 9 5  0 9 3  3.19

10/06/76 16 36 3 3 3  0 8 3  4 1 8

10/14/76 7 19 2 ,71 0 9 7  2.03
10/29/76 13 29 300 0,81 3.56

K 10.4 2 2 . 4  2 . 9 4  0 .89  3 .07

Win ter
1/25/77 15 30 3.57 0 9 1  4.11

2 / 2 3 / 7 7  6 22 1.81 0 7 0  L61

K 10.5 19.2 2 .69 081 2.86

Early Spring
3/30/77 6 29 1.66 0.64 1.48

4/ 14/77 5 7 2.23 0.96 2.05

X 5.5 18.0 1.94 0.80 1.76

Late Spring

5/20/77 7 8 2.15 0.72 2.85

5 /27 /77  9 15 3.05 0.96 2.95

K 8.0 11.5 2.60 0.80 2.90

(Con t inued)
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Table 47 (Conc l uded)

Se. csocs /  No . ~~t No. of D i v e r s i t y  Evenn ess Species

- 
ILi t 

- 
Spec it-s Individuals 

- -  
(H ’) (.1 ’ 

- - 

R i c hn ess

Early  Summer

6/13 /77 1 3  1 3  3.46 ( 1 ’ )  3 1 .8 1

I , a t e  Summer

7 / 2 7 / 7 7  9 15 2 . 7 4  0.8 6

8 / 1 0 / 7 7  5 8 2 1 5  (3 . 9 1  1 .91

8 / 3 0 / 7 7  7 263 0. 91 0. 32 1.16

7 J ) 95 .1  L 94 0 . 7 0  2 . 0 4

Gr and ~k’.tu 86 27 ’) 2 5 6  0 8 4  2.71 C

SD 1.8 30.3 0.53 0.09 0.6$
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‘l’ab l e  .‘1Q

F~ edt~~~~~~t c-~~~r les .ind A s s o c t a t c . ’ d B r it

E)~~yr imc - !nt~I l ~ Re fe’rence , and Berm_S i te s

- 
Feed Type ~_ c-~~~ ç~um~n ~~~~~

W.srm Pret- and Car r i o n  ‘I’urke ’c-’ v u l t u r t ’
Black vultu re
Sharp—sh inned  hawk
Red—tailed hawk
Red—sho uldered hawk
Me r 1 in
Mar sh hawk
Barred owl
Great horned owl

P1 .uit and An ima l Lesser scaup
So ra
Common flicker
R e d — h e l l  fed  wood pecker
Ye 1 low—bc.’ i i  ~c.’c-l sapsucker

Mockingbird
Brown th rasher
Common c row
American r ob in
Star 1 ing
\‘eu l ow—ru m p cd w a n - d c --i’
Common g r ack le
Rufous—sided towhee

Fish Doubl e—crested cormoran t
Great blue heron
Gree n heron
Great eg r et
Snowy egret
Lo u is iauc-i licc-ron
Black—crown e d ni ght lic--ron
Ye 1 low—crowned n i g h t  her on
Common merg ans er
Bald eagle
t) sp rc-’v
Groa t black—hacked gull
Ring—h illed gull
Herring gull
Laughing gui 1
Bonaparte ’ s gui 1
Least tern
Common tern
Forster ’s tern

(Cont  inued ’)

224

,-~~~~~~~ —. _ _ _  _ _ _ _ _ _ _  A



-— —~~~~~ - -c -~~~~ — - - - _ 
_ _

l ab  Ic.’ 1q (Cent inued )

i t  I i t i~~ lv pc. Cominon N imt

F 1s1~ ~ c- ’I i  t i nued)  ( ‘asp  i 11) t ern
Black skinnie r
B e l t e d  k i n g f i s h e r
Fish  c row

I’ I c - I C  I I I1VO n t ot ’ r . i t  es IIo i ’ned g r ebe
Bu f f 1  ehead
King rail
Virg inia rail
Semipalmated p lover
K u ldec’ r
B ‘1 . i ck—b e 11 led p 1 OV OI
Ruddy t u r n s t on e
Ameri can woodcock
Common sn ipe
Upland S a u d i) iper

S I5c-)t ted sCiuc - Ip  1 per
G r c .-.iter yellowlegs
Lesser ~‘eI low legs V
Red knot
Pectora l sandp ~ pc--n
Baird ’s san dp ipe r
Least sandp i per
Dunl in
S h o r t — h  ii  1cc- i dc ’sw i tch er
Se m i p a l m z i t e d  s a n d p i p e r
W es te rn  sandp iper
Sander. 1 ing
Wilson ’ s pha larop e

-‘stir Insects Chimney s w i f t
Eastern kingbird
Emp i1-~~Eix f ly c a t c h e r
Eastern wood pewee
Eastern phoebe
Barn swallow
l’rs,-e swallow
Bank swallow
Rough—winged swal low
Purple martin
B l u e — g r a y  g u at c a t c h er

F’ol i , I C ’, O InSeCts Y e l l o w — h i l l e d  cuc koo
W h i t e — e y e d  vire e
Red—e y ed v i r eo
P roth ono t arv w a r b l e r
North ern pa ru I a
\‘e l l o w  warb le r

( C on t i n u e d ’)
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B l a c k and i,.~t i i t c -’ w.Irl’ I or

t , i c -~t iuc - I  I t C S c -’ c - t  s Winter wren
(.1 i’ c- ’ I i n . ~ wren
Lon g—b i i  led marsh  wren
Ic - ot t  is i atia wa t e n t  Ii r ush
Kent  uck v  w a n ’  1 c - t
Conu non \‘Ol l OW t I l r c) , C t

I e . l V c - ’S , Root  S • aiic-I Seeds Wit is  t ii tig swan
C .i t i . tc . Ia  c ’, c- ) c- ’St

Stiow goose
Mallard
B I ~t c.’k duck

— P i n t i l  I
B I u e — w i n c ,c-’d ti-al
Ainer i c --au i.’t  ~‘~c- ’ c- ’t’ i
Wood c-luck
Rec.1iie~id
1 , i i i t ’ , i s l ’ , i c - ’k
Amer ican  c-- c-do t

I’rc.’c-’ Seed H I  uc-’ . tv
l t id i go b unt  lu g
1’urp  le [Inc.- it
Cc - inc - I  i t i c - i l
Anti’ 1’ Ic an c, c-’ I c-I ft nc-c- it

Gro unc -l Sc-’ec-l Bc -_ chwh i to
Rock c - Ic - c-dc - c .’
Moui’ntng c - Ic -’ve

F Red—winged 1)1 ,ic -’kb i rd
Savannah s p c - i i’  i c -~’.c-

Sha rp—ta il c-’d 5P’’ 1’ t’ c- ’W

Fie lc - I  spar row
Wi l i t c -’ I i I t ’c.’, i t c-’c.i Sj)~It’ t ’c.)W

Swanip S~~~l rrc-)t~’
Sc - t i c -~ S~~~~t t ~~W
SnOW bunt lug
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Table 50

Forag ing Diversity at Experimental Site, Reference Site ,

and James River Berm

Mean foraging di— Mean foraging di—

Number versi ty (species) versity (m div.)

Site: of 
— 

~~~~~~~ 
— 

indiv
1

Season* censuses ~i 
— 

total spp SD** ~i 
— 

total m div . SD

Experimental Site:
1976 1 1 208 —— 1.44 ——

2 2 2.14 0.31 200 0,25

3 3 206 0.56 1.40 0.16

4 6 2 . 4 8  0 4 0  1.19 0 .33

5 2 236 0.23 L56 0.46

1977 6 7 2 0 3  0.48 1 . 4 2  0 . 6 2

1 5 2 2 7  0.25 2.13 0 2 4

2 5 2.18 0.19 1.58 0.48

3 6 2.14 0.13 1.73 0.32

x 2.19 1.61

Reference Site:
1976 5 3 1.56 0 7 3  0.54 0.34 •

1

6 3 1.66 0.66 0.92 0.37

1977 1 2 2.12 088 L60 0.64

2 1 2 .25  — — L69 — —

3 3 2.00 0 4 2  0 7 9  0 .43

X 1 . 9 2  1.11

James River Berm Site :
1976 2 1 2.52 — —  2 4 5  — —

3 2 L9 1 0.11 1.95 0 0 6

4 5 2 . 2 0 0 2 5  1.99 0 .22

5 2 1.94 060 1.83 043

1977 6 2 2.25 0.46 1.75 0.13

1 2 2 . 4 8  0 . 3 4  2 . 3 5  0 . 2 8

2 1 1.74 —— 1 .77  — —

3 3 2 . 3 5  0 1 3  1 . 7 2  0 7 4

X 2 .17  L 9 7

*Season: 1=la te spring; 2s=early summer; 3=late summer; 4=fall ;
5=win ter; 6=early spring
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Table 54

Seasona l Forag ing Similari ty betwee n A v i f a u n a

at Expenlmental and_Re ference S i t e s,  1917

Feeding Cate— Feeding Cate—
gories at  gories at Di ce ’s

Experim ental Reference Categories Similarity

- - 
Season 

- -  - 
Site 0n1y~~~ Site Only 

- - 
Shar ed Coe f f i c ie nt

Winter 3 2 4 0.61

Earl y Spr ing 2 2 5 0.71

Late SprIng 3 2 5 0.67

Earl y Summer 4 1 4 0.61

La t i c- S uiuuuue r 4 3 4 0. 53
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Table  55 ( C o n c l u ded )

S t a t i o n  Location** De~ c-’t~j~~fon - - - -

DSPW I’ ( s c - c -c Figure P e l t a u n d r a  (Arrow arum ) w iti t some

c ;—37 ) Pontederia (Pickereiweed ) d o m i n a n t

vegetation ; intert idal sot i s  of

predomi natel y silts c - m d  c l ay s ;  s I l t ’ . ’  c-’ l.iv

soil

DST y’H’ (see Figure Simi lar to I)SPW except ‘i’vp h a — H i d e u t s

C — 3 7  ) p l an t  a s so e l at  t c - i l l  tti g hc-’r e1t’v~ t I c - i l l ;

silty clay s o i l

* WI’s — W i l - I d m i 1 1  P o I n t  ( e x p e r i m e n ta l  s i te ) :  l)S — D u e -k i n g  St c - i o l
Marsh (reference site)

** Coordinates read in  the x , y , p lane and e’orre-spond t o  t hi’ sc - - c - l i e s

marked c-)fl Figure 4h
t PW P ie k er e lw eed

Ty Typ h a— B I d c ~uis
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Table 60

Soils Ca tion  ExcIian~ e Capac i ty  (CEC ) and Cat ion Ex chi~~~~c-C

Status ,CES~)j, November 1976 (Al l values as me~L,~ 100 gDW)~~~ -

St at j~~ * CEC 
- 

Fe Mn Na K Ca ~~~~~~~
WP 1.— Top 2 1 . 0  0.090 0 .042  0.11 0 .021 0 . 27 1  0 .024 20 .7

Bot tom 2 2 . 1 0 .053 0 .250  0.18 0 .062 0.816 0 .207  10,7

WP2— ’ro p 4 3 . 2 0.087 0.268 1.06 0.053 0.085 0.300 41 .3

B’s,u t to tn  30.32 0.058 0 . 199 — — — t  —— —

WP3—T op 14. !c- 0 .070 0.019 0 .37  0 .034 0 . 2 7 6  0,093 13.5

Bot tom 12 ,5 0.004 n d t ±  0.28 0.029 0.189 0.068 11.9

WP4 —T op 16.0 0.0 14 n . d .  1.59 0.024 0.216 0.029 14.1

Bot tom 9 .0  0.010 n . d .  n . d .  0.008 0 ,2 5 2  0,017 8 .7

Wl ’5— Tot_ i 33.9 n .d .  n.d. 0.82 0.151 2 .06 0.590 30.3

Bot tom 32 . 1  n.d. 0.147 1.57 0.067 n.d. 0.202 30.1

WPO-i-Top 30.5 n . d .  n . d .  0 .94 0 .076  0 .077  0.155 29 .3

Bot tom 37.5 0 042 n.d. — — —  — — —

WP7—Top 41.4 0.021 0.038 0,32 0.207 3.48 L37  35.9

Bot tom 94 .7 9  0.560 0 .645  — —— — — —

WP8— Top 4 7 . 7  0 .093 0 .037 1.45 0 . 175 0 .533 0.503 4 4 . 9

Bottom 4 4 . 7 4  n d .  m . d .  — — —  — — —

WP 9—T op 17.0 0.010 0.0 16 0 . 7 9  0 .097 0 .642  0.319 15.1

B ot t o m  18.6 0.110 0 .032 0 .5 1. 0 .048 0 . 1 .2 3  0.081 17.8

DSPW-Top 6 7 . 3  n .d .  m . d .  1.17 0.155 2 . 6 6  0 .634 6 2 . 7  ‘

Bottom 54.1 0.164 0.022 0.90 0.055 2.185 0.215 50.6

DSTy- ’rop 64 .5  0.119 0.080 1.94 0 .562 7 .35  1 .72 5 2 . 7

Bot tom (Q .6 0,045 m . d .  m . d .  0 .238 4 . 9 3  1.26 19 .3

*See T a b l e  55 fo r  s t a t i o n  descri p t i o n s .
**II = oxchan geahlc hydrogen CEC— (Fe + Mn + Na + K + Ca + Mg) (Soc Toth

and Ott 1970).
No entry in dic a te- s sample exhausted by tiu tte of anal ysi s.

~~ m . d .  = below detecti on limits.
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Table  61

~~~~~~~~~~~~~~~~~~~ 
of C~ t lout Exchan~~ Status fo r

Soils (~0 to 15 c m )

CES**
Station * Descr I t ,t i c -)I~~i c - n  (me~ / !~9~~~~DW)

WPI 1)ike Ca ’ Na ’ F e - c-c - M g ’ Mn ” K

WP3 Dike N ,t ’- C a ” M g ”s F e ~~~~K ’ M n

WP4 Dike Na Cc-i “ M g “ K ‘c- Fe

WP9 Dik e Na “ Ca ‘ Mg K ‘ Mn “s

WP5 Typha —B idens  Cc-i Na Mg K

IJPti T1p~ia—B tden s Na Ca Mg K

WI’.? Pt ckereiweed Ca Mg ‘- Na -_ K Mn - F~
WP7 Pic-kerelweec-1 Ca ‘ Mg ‘c- Na ‘c- K Mit

W1’sS Pickerc ’ iweec-i Ca Na > Mg K Fe Mn

(nc-_ in—vegetated)

DSPW Pic kerelweed Ca ‘c- Na Mg > K Fe -_ Mn

DSTy Typ h a—B idens  Ca Mg K Fe

* See Table 55 for station descript ions .

** If a cation species is omitted — below detection limits.
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Table 62

Soi l s,  Exchangeable  Zn, Cu, and Ni; November 1976

(All va lues as meq, x 100 gDW
1)

S ta t i on * Zn Cu Ni

WP 1 — Top n .d ,** 0.0003 n . d  c-

Bo ttom m .d. 0.0003 m . d .

WP2 — Top m.d. 0.0007 0,0004

Bot tom m . d .  m . d .  0.0012 
c-

WP3 - Top 0.044 0.002 m . d .

Bot tom 0.006 0.0001 0.0001

WP4 — Top 0.001 m .d. 0.0001

Bottom m.d . 0.0001 n.d.

WP5 — Top m .d. 0.0006 0,0005

Bottom 0.002 0.0002 n.d.

WP6 - Top 0.002 n.d. n.d,

Bottom 0.001 0.0008 m .d.

WP7 — Top n . d .  n.cl. 0.0002

Bottom n .d. 0,0007 0.0005

WP8 — Top m.d . m .d. 0 0003

Bottom 0.000 m .d. 0.0003

WP9 — Top 0.001 ut. d c- 0.0007

Bottom 0.002 0.0001 0.0011

DSPW — lop 0,288 0.0006 n .d.

Bottom 0.006 0.0004 m .d.

DSTy — Top 0.021. 0.0003 0.0021

Bottom 0.006 0.0004 0.0006

* See Table 55 for station descriptions .
= below detection limits,
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Table 63

el-I and pH da ta for_Junej L~ ,am 1in ~

p H
Temp. Core Length _ __~~~~,_ eH (isV) (in wate r )

Stat ion* (0C) (cm) 1 cm 5 c m  10 cm 1 5 c m  20 cm ,~~~p bottom

w P i  27  30 196 197 199 200 199 6.7 6.7

wI’ s .? 31 30 i91 185 187 193 170 6.8 7.0

WP3 26.7 15 180 —400 —380 6.7 6.8

WP4 32 25 172 20(1 200 200 185 6.7 6.8

wI’ S 19 202 200 200 200 6.6 6.6

WP 6 27 30 50 ZO O 90 120 100 7 .1  7 . 1

WP7 30 185 187 190 190 182 6.9 6.9

WP8 28 26 187 177 170 17 0 174 6.8 6.9

WP9 (not measured dry) b S  (u .S

DSP W 10 198 196 6 .4

DSTy 17 197 190 196 6.3

* See Tab1 c-~~ 55 for s~ a tion descrI p tion . 
- -

240 

II 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~



- 

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

- -I
S

- -

c-I)
‘I)
ic-c-

u l i N V  ? J~~ 
Lu

( c-) O

H

0 c-i)

Ic-c-c-

‘— U,
ic-c-

c--i -c--c-
ic-c-c- (fl 3,)

0
r’~~~~c--i

“i c-~~o
0
~) c--c-
0 c--c-

-rc- .c--4

4
I-’ c-v _ti
z 0.0 —

.c-,4 -
c-

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

it
ic-,1 LU

W U )  -~~
c-i c-

i

‘s/c - i 
‘1

_ _ _ _ _ _ _ _ _ _ _ _  

T T ~~~~ , -
- _i

~
_i- ’ 

--



- — - - -- - --- --- -

I

I - - - - — --------- - - - - - - ——--- -  ---~
_ _ -—

~k~
i

C )

‘sQ

c-~ 4

I/ ~
/

/ ,J~/ l
I
, 

~ I c-C)

I.’- c-C)

c- i

1c--

L~=.~~~~~~~~~P1UNPUUP111
1_11

~~
MM
~~~TII - - - ~~~~-~~~~~~~~~~~~~~~~~~~ T ~~~

---
~~ — -J_



— - -c-c-- —- -_ — - - --__ 
_ _ _

- -

~~~~~ ~ //~~~jj~
- 

— -:T~~~~~~~~~~~
’
~~ \

~~~~ 

--

~~ 
‘

~~~~~~~~ c~~~~~

TREES

\~~~~~

2

2

~~~~~ t 

,
~~~~~~~~~~~~~~~~~~~~ 

TREES

JAME S RIVER
I HIGH MARSH
2 LOW MARSH
3 MJD FLAT
4 SLJ BT IDA L

p ~~ toc-t ~~~ c- ’s ic-i 5 SANI)Y SHORE

I.’i giti - c- I . tIc -t b i t  c - i t  st  r a t  a c - i t  t iii’ Her t’ 1mg Cu eic-k ( line’ k I t ug St c - ic - i l t’seu i n

i i ’ t o t ’  c-’n c - t ’  S C c-’ —

‘s 4 I

— -‘-- - c- — ‘—c-’--- - - - - - -

* ‘~~~~~~~~ 
‘
~~~~~~— - -  ‘ _

~~~~ ‘



- - - -c- ’~~~~~~~~~~~~~~~~~~~
’
~~~~~~~~~~~~~ 

“
~~~~~~~~

I- Ic--

—i -i
c-c-. Li.

c-c-c~~~~~ ‘~0

• r-_ x __ J u)
U i I I pc-c-

- 10 c--c-

• ~‘ 
u S W W L IJ

• U + 5 4
1~S c-c-c-r— +

ID 4 CU
(I ) U ) ~~~~~~ c-~~

- ‘-4

1~~ 1.0

~~ 

~~~~~~~~~~~~ i 
1’

~0

—

(0,c- )‘ 
0 c-c-c-i

0 0
II) 0’.

~~~~ 
I

0

244 

, J .  ~~~~~~~~~~~~~~~~~~~~~~~



- ~~~~~ - --—

—i --i
c-c-i

cc
1—c- U a-c-

U

— 
N 1.0 ~r_ i ci,

• U U i l l  .0
Ifl 1.D N-

• LUJ W L4.I U)
+ U 4

ic-c-) 0

N A 4. 
z

-~~
to

10 — --4
F’. + (,) Cf) CU
+ c-i

I.
~~~~~~~~ co~~~

3
~~~~~~~~~

_,45

- 
-
~~~~ j iir-~

- 
~~~~

-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :TTit ~~ ~~~~~~~ -~~~~~~ -—



_____________ 
- - I

F

c-c--c -

ID t _ J 0 ~ i-c-
U U U c c  I i i  c-U

U I~) ( D F’-
~~

- fl W Lc-J W
N U ID cc + 5 4  CU

~3~U + + —)

+

c371 I
/ fr

246



r _

I- I-

.J ,J
Li. Li. LU

D D ~~~ -

a’cc ~2o4 -‘
ID

10 It) 1-— i i —c-
S 

c
-

.
U)

c-c-c-
5 It ‘c--c-

c-fl
+ C%J (F.

cc It CU
_ ‘ s  -k + ‘ ‘-- -4. ‘+\____l

_ _ _ _ _  

I

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

: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-
~~~ 0

~~47 I

I



r - -- -———---—— -

~~

-—-— —

I- I-

10
w ~~~~~~~~~~~~~ -
• I-.,

(Si 
— 

1-c--
• • U 

~~~~~~ 
—

In t.J U)
tO 5 i

D~~~ ,c- c--i

•
it’) II Pc -

~‘ + N i l  + -

10 + c-fl
-4’ c-i. 10

+ —4

m 
,!:

_ _ _ _ _ _ _  

I - c-

ic-) 

~~ 

~~~~ 4 

I

10 W F’- 10 

—

4 g

: E

248 *

~~~~~ 

c--v—- -- - - -—--.--- -— —- -c- - -  -

-c -’s~ _ _ _ _  - - c- 4



-

- - - --- - c -  - - — - - . -----—- ~~~~ —---~~~~ — - ----- - -~~~~ -
~~~~

TREES 

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

TREES
+1 2

JAMES RIVER
o RI - HIGH MARSH
u R 2 c -  LOW MARSH
• R3 ’  MUD FLAT
a R4 c- SUBTIDAL

50 o ~o ~o ~~~ +R5’SANDY SHORE

Fi gure q , Loc a tion of rep licate samp les at the referenc e s it o ,

July 1976.

249 * 

- - -~ .— ‘s - - ~ ‘ , - -c- c- c -c- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ ‘ -



~1

TRE

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
L

04 SI TREES *2 )

JAMES RIVER *RI HIGH MARSH
• R2’tc -,OW MARSH
• R3c-MUO FLAT
£ R4c -SUBT IDAL

~ 5° 00 c-SO + R5c-SANDY SNORE

Figure 10. Location of replicate samples at the r ef e r e n c e  s i t e ,
November 1976.

250

- —- 
c- ’  - -~~~~~~~~~~ - ‘

- 4



- - - -  - — ~~~~~~~ -‘ -— ----- - -- -- ----~~~~~~~~ — — - -- ~~ - -—-— c - -- -

c~~~
3
1’ ~

53

TREES 
~~~~ x~ 2 rn

U2 6

4
*4 US

~2

c-c- S * 5  
TREES

+ + + + + + ++
JAMES RIVER I 2 3 4 ~ 6 7 8

o R I -  NIGH MARSH
• R2- LOW MARSH
• R3 MUD FLAT

- R 4c - SUBTIDAL
p 50 iOO c-SO N + R5 c- SANDY SHORE

Figure 11 . Locat ion of rep l i c a t e  samples a t  the ret c-’rc -c-n c-’c- ’ s i t  c-c- .
January 1977.

‘51
*

_
P ‘ ~~~~ : - - c-

~~



1~~~~’~~~ 
——-c-c

-

*2

U
~~~~~~~~~ 3•

•

~2 •I 8
~ 

‘
~ ç~

TREES *7 

*3 

- 
*8 ~~~~~~~~~~~ ~

*3 

c-~2 • ~ 

•4

2 U

*4
TREES

‘c -I

I- +1- 4

~~~ 67 8
JAMES RIVER

X R I — H I G H  MARSH
UR2- LOW MARSH
•R3-MUD FLAT
£ R4 - SUB TIDAL

50 c-u 50 iOO c-SO N +RS SANDY SHORE

Figure 12 . Locat Ion of replie- a t o  samp le- s at the r o tc - c - r om e o  s i te ,
Apr i l 1977 .

252

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

-- -  

- 

~~~~

- - — -

~~~

- ‘
- .-  — --- - - 

1~c~~~~ -~:::-DJ~ I



Pr - - - -
~~~~

--c-- — ----_ --- - - c- -i

TREES

*5 
XI TREES

*6
03

I -$’ -I- + + + + + +
JAMES RIVER 2 3 4 5 6 7 8

o RI’  HIGH MARSH
•R2c -LOW MARSH
•R3 MUD FLAT
£ R4 SUBTIDAL

° ~° 100 5’s) N +R5c- SANDY SHORE

Figure  13. Locat ion of repli cat e samples at the r c-c - f o r c - ’ i u c i-’ s i t e ,

Ju1~’ 1977.

253

_ _  

4
~~

’
~~~~’T 

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



- - -

S A N D  S I L T  C L A Y

HIGH MARSH
— ‘ ‘~~~ ~~

c-
~’• 4 1— • c-c-

~~I

NOV ~~~~~~~~~~ —c- —• “----l 
~~~~

E l  J A N  ~~~~~~
— •c-c-c-”c- I— —c- I—. —I

L ~— • I I- • —1

I I-.’I I-s--I

NOV c-
~~~~’

c-$ 
~ 

—. 
~~~

R I  ) AN  • c-c-c - • ,,.c-c-.
~ ~~

- ‘ -•  —c-_c-c-4 __c-_,_• ,c-c-c-
~_c-

Ic- •c-l lc-.—1

LO W MA R SH

•—J I •—i c-s-I

40 c-c-- s— c- ~~~~~~ ~~

E2  •~ 
c- Sc- ‘Sc-

c- c-. ~~~~

~

J UL — 5-4 1 s 4

NOV 1 .-I -sc-c-

R 2 c - IAN I _c-,,,,,,,_ c-•

~~~ 
I • 1  c - — s c - -c-

JUL c-sc -
— — c - c - I c -c - c - c - ’  c - ’ l T T T l c - t T c -  - I c -  c - c - c - - c - c - ’

0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 IOO
PERCENT

Fi gure 14. Mean and 95~ confidence intervals of per cent sand , silt ,
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254

‘

~ 

- :;:‘ .‘~~~~~ I



_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~~~~~~~~~

SAND SILT CLAY
SUBT IDAL

J UL I—---— • —— ---4 I - — 5- -  - —I —I

NOV )———-—s- - —I I -.- — - - ----1 1.1

E 4  JA N c-— --—— s -— -—---—-i I- ‘ 1

APR —• -— - ------4 I—— s - - ---1 I- S-I

JUL — — s  -~ — 5 — — I
is 4

V
SUBT IDAL

JUL -sc-I Ic-s-I

NOV~~ 
454 IS-I

R4 J AN ~ I- s -c- I-S-I

A P Rt  I—S—c- ‘—S - —I

J U L4  1—. - ,I 5 1
— t -c-’ i ‘ T ‘ I ‘ u I c- - T~~~

-
’ ~ T~~~

-
’~ I ‘I 1 ~ T ‘ i -,

0 ~O 40 1,0 8Cc- 0 20 40 60 80 0 20 40 60 80 t OO
P E R C E N T

4
14. ( C o n t i n u e d ) .

255

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - c--



SAND SILT CLAY
HIGH MUD FLAT

- - -‘— s——I I- c - c - S  - —‘- 1 ‘1
.c-c-c- •c-c-c-c-c- —•—-----i

E 5 I- • ~~ 
c-c-c-
~~~
. c- _-,,

A PR -‘-— • —I —. —I c-I

J U L  — S ——I I—.—-~4

LOW M U D  FLAT
I i— s- I -s--I

NOV —S-— I I—.c-—--4 ~~E6 JAN 1 — ~-S ---—-4 — S — — c-I 1.1

APR I—S—----- 4 —5—-I 4- s-f
_-_ 5-_ -4 c-c-_s  _ c -  151

M U D  FLAT
I—s--I —S --c--I

NOV 4-s-I I-s-I

R3 ~si I-sI

A PR 1-5-4 1—5--i

c-s-I -si
— I I I —” I c - i i . I c - c - I I ’ I ’ c - ’

20 40 60 80 0 20 40 60 80 0 20 40 60 80 400
P E R C E N T

Figure 14. (Continued).
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Fi gure 16. Mean and 80% confidence i n t e r v a l s  of t he  d e n s i t y  of the
oligo chae te Limnodri lus spp . ( i m m a t u r e )  b y s t r a t u m and

samp ling period .
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F igure  17. Mean and 80% c o n f i d e n c e i n t e r v al s  of t h e  d e n s i t y  of the
o l i go chae te Limnodrilus ho ffmeisteri by stratum and
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Figure 41. Mean seasonal density of birds at
Windmill Point experimental site.

283



ME AN SEA SONAL DIV ERSITY ( H ’ ) AT EXPERIMENTAL SITE,
REFERENCE SITE , AND JAMES RIVER BERM

I LATE SPRING
2 = EARLY SUMMER
3: LATE SUMMER
4 :  FALL
5: WINTER
6~ EARLY SPRING

H’ 2

— REF

0 - I I ~~~~~~~~~~ t ~~~ T ~~~~
I 2 3 4 5 6 I 2 3

— 1976 ~——- - --~~ f~~ -- - -

~~~~~ I 977 — —~~~
S E A  S O N

F igur e’ 4 .  Me’an ~e~1sonR1 div e ’rsi tv (H’) at the’ ‘xperiint~n ta 1  and
rt’t ’rene e sites and the Ja mes River Berm .



I

RELATIVE ABUNDANCE OF BIRDS IN THREE
MAJOR FEEDING CATEGORIES

I LATE SPRING
2 :  EARLY SUMME R
3: LAT E SUMMER
4 :  F A I L

~ W INT ER
6: E A R L Y  SPRING

80 FISH

601\
I~~ /

0/0 I ‘ /
*0 \ / \ --~~~~N

T OTAL

60
-] TIDAL INVERTEBRATES

40

TOTAL

80 GROUND SEED

60
/\
\0I I

‘° 40
TOTAL N ‘~~~

‘- -...
— N / m d .

2: _ 5pp

- 976 — — -—1 9 77 —1
S E A S O N

Ft gem Fe’ Re I.e t I Vt ’  .ehemu d,me e t~ I h i  reis n t hr et’
n.e j er I ee’d lug t , l t  egt~r I es

*



_ _ _ _ _ _ _ _
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LATE S P R I N G
2 EARLY SUMMER
3: LATE SUMMER
4 z FA L L  — EXP
5~ W I N T E R
6: EARLY SPRING REF

3 JR B

FORAGIN G
DIVERSITY 1 2 /

p :  SPPi
TOTAL spp

I - I I C I

I 2 3 4 5 6 I 2 3
1976— 1977

3

FORAGING 

2 

•
\_.~~~• ~~~~~~~~~~~~~

TOTAL INDIV . 

I

j i J 1 i i m 1

I 2 3 4 5 6 I 2 3
1976 I 1977

SEASON

Figure 44. Foraging diversity at the experimental and

reference si tes and the James River Berm.
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RED-WINGED BLACKBIRD
NESTI NG RESULTS - 1977
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Figure 45. Nest jug re sults and vege’tat ien used ter n e s t  lug b y red—win ged

bl ac kbirds at the expe rim ental site.

I



-- _ _ - _ .
~~~~ - ._.- .-

_
~~~~~~~~~~~~~~~~~~ -- ._~~~~~~~~~~~ _

5 3 6

4 0
2 ~~~~~~~
1

0

I I I I I I I I I I I I I J

0 1 2 3 4 5 6 7 8 9 1 0 11 12 13

IOC 0_ ____~ _ 
________

‘

S

Figure  41) . Se l l  sanep i tug st a t  Ions a t  the r e f er en c e  s i t  e’ .
(See Table 55 for descript ions).

288



~~~~~~ k
~~— DSPW

~~ . .~~~ ‘~~~~ IIo Pl

~ i g ur e  4 1 • See I ~:.mn p I I ng st  t c e t e  S a t  I h e  rt’ I er e ’I1t ’ t’ s i t e’. ( See ’ l’ah l  t ’

t or eIc ~~ r e pt I ens

289



- —~~~--——— --- — • —— -- - — - . -.

I

100 1

0. 0
~~~~~L) 0 0 0

• 00
0

0
2 0 ’

~~ 
I I I I I I I I _ _J

20 40 60 80 100
> 0/0 MOISTURE
_J 100u r

I 0 0
F 0 0 0

• 0
— 6 0 -
U)

0 - 0

0

Q I I I I i~ I I I I I

0 4 8 12 16 20
0/0 VO LATILES

1:: - : 
0 

& 

~~
0

I I I I I I I 1 I~~~ _ J
0 0 2 4 6 8 10

0/0 ORG-CARBON

Fi g e m F e ’ 45.  Le t  r e ’sp ofltl t’flC e bet ween ~e II s i i t — e t a  v Ir :ee t mo le  ~en d mee e i St  C I F O

vol at  t t  os  and organ i~ c a rhem ~ eon t on 1 e t  ox pe’t . m e n  t a t  and e t ~ I or  e’ue o

S t  C e ’ so t  i s  . Open e I r e  I ,‘s i UtI  I i  a I t ’  I t’p so ii sub s a m p l e ’ ; sot  i d c i t  e l o s
I ud I e . I  C t ’ t~ t t ’ a t  0! t im an I 5 cm s u b s  amp los

~~



-
~~~

-

~~~~

a.

~~16 / 

,
/
/ 

/
/

~~ / / 0 /
I—. / / /

<12 / / /
/

/ / ,
/ / f’% ”

‘—I / f ”s /  “~~
‘

> / ~
_J
/ /

/ / /
0

• / , /
/ / /

_/ / /

4 0= 0-15 cm
//

0 .15-30cm

0 ~~~ I I I I I I I I I I I

0 2 4 6 8 10 12
°/0 ORG-CARBO N

a. carbon / volati lc isopkzths
Fi gure 49. Soil % vola t  lies vs. o r g an i c— e ar b o n  f o r

t he  ex p e r i men t a l  and r e f e r e n c e  s i tes .

291

- 
1r ~~~~i~~~

:-- 
— _ _ _ _ _ -



100 -
0~~’

o ,
i~ ~~

0 /
• 0 /

- • /
0

60

40 ,0, •
• y(°/~ siIt c Iay)~

/ ~.683x(CEC)- ~~94
20 /

4 • 

1 
r2

~~~789

o 
h

i 00~ I I I L I I I

0 20 40 60 80 100
CEC (meq / lOOg DW )

LI) 100 

0 

•

•

40 - 0 y(°/o s~(t -c f ay )
/
/ • 6.486x(CEC)~ 8.6~

20 / r2
1 (~~not included )

0 I I I I I J I I I

0 4 8 12 iCc
0/0 VOLATI LES

Fm gurt, ‘(~ — Lo t  tt ~1 at  t o n  h o t  We ’Oli s i  i t  e I a~’ I r a e  I t o n  and LF C an d  ~
vo l at  los t o t  I h o ex pet  t m o nt  Il l  and t e t e ’ t  O n C e ’ s I los



__  - ,
~~~~~-- - --w~~~

ii .~ t c i i .  ‘ i i ’  . I~I ~ • \ ‘  ‘. \ .

- • , t 1 ~ t ’ ~ 
•

. “ l ih t . ’ C l  l.c. ’ c n i h
i :  I hi t c i  ‘ .~~ 1 .1 ~~f l ’. • , i i ~ . i ’ t  I C • .1

u i  ii I 1 1 . 1 1 %  ‘ I  I ~i i  t~~ ss  ‘~~~~I t i i ~~ ,~~~ I ’ . ~~~~~~~~~
‘1 I

V I t ’g I f i t  .1 I t i ic I i t  i l l  .‘ ‘I i l i t ’ Sc t i ~ ~ • ‘ I  ‘ C C C  C ’. i t ’! Ps ’ t n t
ILO i t  It  .h v. ’~~ ’ p n t . t i t  Icid ~t v  ‘ . 1  c i i i , i i ~ . . W i n d m i l l  I’~’ i n t

m . c r s t t  i v  I.’pmv~ t s i t .  • . I Cn i . — K iv . ’t • V i t  c I n c .  t ;  t i d I x  I ) :

i’nv i t  ‘iiii ~.’ t i t  i i  imp . m . ’ t ..c ‘t  n i t  h .1 v , i . ’~’tiit t t t  ~ l i l t  d i
m i N t  i i i :  t t i ’i i i i v ~ ‘ i , i l  . . .  ,~~i C . i I  I . ’ l i I ’ c v . . i : i J  w l i s t i c t t ’ I i’’

ii h u t  I n-i I I ( i t t  ‘i  “ . 1 1  L I I  ‘5 1 t ’ t t i ’t ’ . I ( C i  i S ’ C I t  C I  I’ .’ i t t  t • V . i .
V i . - k n h t i r 5 ~. ‘ t •i .i 1’ . ~~. s i l t  i i C . , C V ’ . F x p t t i t t t t n t  Si c! L i ’tt

t t j -  . , i .  ‘ iv  c l i  .ch I ‘rn N i t  ~‘t i , i  1 l i i i  , i i  i~~ t ‘ i  v i -

I I” I I  I V I 5 ’ .’ •
‘~~~ ‘ p. : I i t  m .  i i  .‘ - ( i , t  ‘ .1 t . - ; ‘ ‘ t t  — 1’ . 5. . \ t  nv  ( t ic  i —
r Wa! t rw . cvx \l ’ . t ~~~”’. i t  S t  ‘i t i i i  : t~ — ‘ .‘ . . \ 1’ps ’nd I X  ~~

I ~r c i t  I i .- , :‘h I C ’ ‘t  ~~i i C t i i s ’ ,’r Cc • I.’ . S • A i t ’ .~~ . W.es i t t
I t . ~i . ~~ . • t t t i d t ’t’ i , ’ t i t i . i . ’~~ N , , i \ ~ l~~l L  ‘

~ - i ’ - i i i t , ( i  C ’~R l ’  WC ’r S

U n I t  N , ’ . .
A pp. tid ,‘C ’ C c  A ‘~l C C II  m c ,  t ‘ I ( C ’ht ’ I i i  (C i’~~~5~~ .

i 5 ’t  5Th v ’  p . 1. 5 - I

• :‘~ - .Is :. ’ t  ii. ! C !  i i i .  .‘ t 5 ’ , ’ I C SC I V . • l iv  i t 5 i n r n . ’n t  I i v i  I .‘.‘ i n .

i iCUt ’d i ’ll i i ’\ t  i’ . l I i I  ‘I

V i t  c i i i  i i  i u t  ( 1  i t t  c sO ‘~ ,i  i i n C . I’C ’ I C l i v ’ • h i  i i i ,  S n  I C ’ t Ps ’ ( I t t

i t . i b ( t . t t  l e v . ’ i . ’p:nv ~i t  I ~~~I C I  l i t ’  • t l S ~ , i i  I s i t i ’ . ls i ii d i t t i i l  I C i t i t

~.1! • I cri K v 5 r  • ~. i t  ii ( t i l l ;  s~ppt ’tid i x  IN
Env I t onmc ’n t . c  I i t i i p . C . ’ I i C  .‘t P i t t  “ I i  ,h ’ v ’ l C i p tt t e n t  i.’ t  ( I I  Ct t ’ C ’C I g C ’ Cl

ma t t . z ( . t i :  1 3 c t . i t t v . .ic s i I  - - . . I ? C L . I t  I . ’ b i . ’ I i ’C % ’  m d  i • i I i . l l l t C ’
‘C ~ , ~~ ar d  .‘‘i

• I’ ic l . t  t n v , ’st  t i l t i s i t uS  . S . P h i , ’ i F  .1 l t t t ’d ~ ( I S .  ii • 11.1(1 i i  .11,-i .

R i v v t  . S . ‘ i i i  .1 u’i i . Q . W ln i t t i t i i i  , ‘5 ’ i i i t  . I .  l’ t i j N ’ il
Sl i t ’ ’’ . C l iv . C . Ct ’ p n . 1  l t t c l t i e s ’t’ s • i i .  SC ’!’ I C ’S ( t i l t OCt 51.1! ~~~~

I X~~’C ’ t I l ’ I i t  Sl i t  i . ’t t . \ v ’ l5 t ; b t t I ~~~ ‘i i , c ,c . i~’,’ttn(c.t l
i i — ’ ‘ — :  i ~S I’I’ I I1Ct I X  ii

A



APPENDIX A ’ : SEDIMENT PARAMETERS FROM MACROBENT IIIC
SAMPLING LOCATIONS
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Table Al
Sediment Parameters from Macrobenthic

Sampling Locations, July 1976

Stratum/ 7~ Total 7~ Volatile
Replicate 7~ Sand % Silt % Clay 7~ Detritus Solids Solids

Ri — 1 0 74.87 25.11 23.36 27.41 55.47
2 0 51.54 48.45 21.79 31.41 18.64
3 0 79.26 20.73 20. 60 24.80 24.70
4 0 74 .62 25.37 21.26 25.91 22.65
5 0 71.81 27.99 21.30 19.73 29.74
6 0 73.57 26.42 27.84 17.49 32.05
7 - - -*  ---  - — —  -- -  23.83 28.37
8 0 78 .58 21.41 27.79 21.09 30.55

R2 - 1 0 84 .22 15.77 4.64 34.83 17.19
2 0 76 .49 23.50 16.16 24.56 17.44
3 0 84.42 15.53 12.40 31.55 16.50
4 0 73.45 26.54 9.33 27.82 14.71
5 0 80.59 19.40 14.11 29.43 18.48
6 0 81.97 17.93 21.97 28.74 16.93
7 0 77.61 22.38 14.79 38.58 19.63
8 0 79.36 20.63 25.30 31.54 19.72

R3 - 1 0 57.56 42.43 16.93 51.56 15.88
2 0 87.57 12.42 3.53 29.54 8.49
3 0 81.12 18.87 11.09 38 .66 14.30
4 0 81.64 18.35 20.66 26.71 15.81
5 0 91.22 8.77 12.21 36.22 19.26
6 0 84. 87 15.12 16.69 32.38 16.73
7 0 70.47 29.52 11.21 33.92 57.20
8 0 82 .09 17.90 14.28 24.67 14.81

R4 - 1 0 90.81 9.18 17.19 39.22 38.97
2 0 86 .59 13.41 7.50 27.65 14.29
3 0 74 .97 24.03 13.62 32.69 16.15
4 0 93.78 6.21 15.53 --- ---
5 0 87.23 12.76 7.86 29.16 14.37
6 0 81.52 18.47 9.36 20.66 13.19
7 0 80.69 19.30 12.21 41.25 13.40
8 0 91.08 9.91 9.66 30.00 12.42

R5 - 1 99.31 0.68 0.0 86.69 0.53
2 99.37 0.62 0.0 85.64 5.58
3 100.00 0.00 0.0 93.36 2.53
4 99.54 0.44 0.0 84.05 0.55
5 99.95 0.04 0.0 90.54 0.31
6 99.61 0.38 0.0 76.11 0.50
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Table Al (Co n t inued)

Stratum/ 7~ Total 7~ Vola tile
Replicate  7~ Sand 7~ Silt 7~ Clay 7~ Detritus Solids Solids

R5 - 7 99.93 0.06 0.0 84.37 0.21
8 100.00 0.0 0.0 91.80 0.64

El - 1 0.0 56.00 44.00 87.23 61.04
2 0.0 87.22 12.77 9.93 42.42 16.24
5 81.66 12.73 5.59 2.01
6 0.0 89.02 10.97 12.97 40.65 14.43
7 0.0 84.51 15.48 21.22 45.91 18.24
8 0.0 89.84 10.15 6.44 45.10 12.77

E2 - 1 0.0 83.28 16.17 14.84 42.53 15.05
2 74.64 20.05 5.29 0.0 49.19 11.26
3 — - -  — — —  - - -  — — —  52.50 10.22
4 0.0 84.65 15.34 24.65 40.67 11.94
5 0 .~ 86.17 13.81 25.81
6 0 ..o 82.45 17.54 18.55 41.89 11.19
7 — - -  - - -  -- -  --- 50.04 22 .56
8 0.0 85.21 19.92 15.25 39.05 11.62

E3 - 1 0-0 86.46 13.53 27.07 41.85 17.69
2 0.0 88.51 11.48 42.40 50.09 9.53
3 0.0 93.75 6.16 23.44 42.26 13.08
4 0. 0 77.15 22 .84 23.25 48 .64 11.71
5 0.0 77.61 22.38 26.37 41.73 14.46
6 0.0 98.15 1.82 19.44 41.08 13.94
7 0.0 80.20 19.64 15.68 41.86 12.49
8 0.0 88.61 11.30 24.85 43.32 15.38

— E4 - 1 0.0 81.41 18.58 27.99 44.65 24.53
2 0.0 77.54 22.45 31.39 60.19 8.51
3 25.40 62.41 12.18 0.0 48.96 9.54
4 0 .0  94.96 5.03 24.65 44.11 11.39
5 28.68 54.18 17.12 3.1 5 42.60 11.38
6 53.89 19.46 26.64 0.0 57.69 7.08
7 99.20 0.79 0.0 83.91 0.38
8 22 .21 67.98 9.80 6.59 49.38 12.08

E5 - 1 57.32 37.19 5.44 0.0 65.78 3.49
2 88.04 9.94 1.99 0.0 84.52 0.41
3 98.93 1.06 1.68
4 51.85 43.48 4.65 0.0 65.38 3.13
5 66.22 31.29 2.47 0.0 66.54 3.92
6 99.57 0.42 0.0 80.77 0.67
7 35.79 61.95 -2 .25 0.0 59.69 6.40
8 45.18 52.53 2.27 0.46 68.13 5.84

(Cont inued)
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S tr i l t u m/  ~~~ 7Pr~~ i l 1~~VoT~~1T~Re~~l i ’at e “ , S~t ru.~ 
s;i S i l t  C l a Y  ~~. i )v t r i  tu s  Sol I ds Solids

— 1 6 3 . 11 ‘ 3 3 .”)? 2 .96 0 .0 68 .46 11. 84
0.0 82 . :”3 1 7 . 7 6

6:3 .80 7 .64 0. 0 74. 13 ‘3 .24
7 80 .02 17.80 2 .11) 0 .0  74 . 01 ‘3 . 36
8 4’.38 49 .7()  4. 91 0.0 ‘S .61 7.86

i•:7 - 1 99.70 0.29 0.0 88.5() ‘3 .04
2 99.50 0 .49 0.0 8l .4~ 064
3 98.38 1 .60 0.0 87 .5:3 3 .09
4 100.00 0.00 0.0 92.56 7 .07
S 99 .83 0.16 0.0 85. 2~) 0.44
6 96.38 3.61 0.0 0.0 0.0
7 98. 88 1 .11 0.0 86.77 0.46
8 99.77 0.22 0.0 0.0 0.0

* sample lost
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‘1’~ible A 4 (Cont  1 uut’d

St r a turn  / 7, To t’
~T 7 Vol at  I it’

~~~a tc  ‘7 Sand ~ Si l t  ‘7. Clay ‘7. Detritus S o l i d s  S o l i d s

El — I 14 2(i 6 4 . 7 5  20.98 13 . 96 46 .73  11.87
2 2 .22 85. 41 12 . 56 11.00 52 .04 13.09
5 9 .03 76 . 20 14 .75  16. 38 45. 45 13 .65

4 10 . 70 73 .84 15. 44 13. 28 55.86 10.14
S 19 .81 56. 915 23 . 24 15.90 36 .93  13 . 17
6 5 . 65 80. 00 14 . 34 8.34 46 .54 11 .98
7 20. 81 67. 40 11 .78 16 .77  50.99 11 . 18
8 22 .09 63. 49 14 .39 0.0 56.36 9.95

E2 — 1 11.76 77 .01  11. 27 7 .70  49.08 10.35
2 10. 47 68.58 20. 94 10. 34 45. 83 9 .79
13 4 . 83 84. 26 10.90 7.08 48.00 11 .01
4 13.64 83.00 3 . 36 6 .67 55. 90 9 .60
5 8 9 8  82 .03 8 .98 10. 02 54 .63 11 .09
6 9 . 5 2  84 . 78 5 .69 8. 36 56.55 9. 84
7 3.38 80.67 15.93 20 .59 31.77 16 .50
8 1. 57 9 1.75  6 . 6 7  16 .58 51. 09 10 .83

- 1 82 . 13 15 .75  2 . 11 0. 58 78.76 4.05
2 4 . 37 84.08 11 .54 12 .82 43. 10 13 .42
3 13 . 51 72 .40) 14 .08 7 . 91 54. 01 12 . 29

4 72 .64 21.49 5 .85 6.03 59. 74 8 .52
45. 11 51. 17 3.51 12 .26 63 .56 5 .69
63 .28 34 . 54 2 .17 0 . 0  67 . 58 8 .60

7 38. 41 54.60 6 .97 10 .00 43. 16 9. 96
8 25. 08 69. 88 5.03 4 .03 50. 67 7. 89

ES - 1 90.59 2 .03 7 . 3 7  0 . 0  58. 67 0 .06
2 89. 39 7 .79  2 .80 0 .0  81. 95 1 . 08
3 72 . 51 25.08 2 . 38 0 . 0  77 . 48 2 . 98
4 83.11 12 . 70 4 . 17 0 . 0  77 . 32 2 . 32
5 79 . 15 18.79 2 .05 ~~.0 81. 26 2 . 09
6 5 2 . 92 45.12 1.93 1. 01 71. 48 6 .05
7 81.97 14. 91 3 .09 0 .0  74 .85 2 . 2:’
8 17. 87 76. 47 5.60 14 .33 61 .12  9 . 25

E6 - 1 4 3 . 7 7  51. 83 4 .39 0 . 0  63.50 4 .78
2 63. 49 31.06 5.53 3 .70  73.38 3 .49
I 59.35 34. 10 6.54 13. 56 17.00 2 .46
4 24.18 68.89 6. 92 10.73 62 .51 8.88
5 65.3 1 29. 2? 5. 45 5. 65 79.00 15. 12
6 37 .71  55. 13 7 .14  10 .513 67 . ’)? 5.6 1
7 62 .86 3 1. 131 5 8 2  18. 48 / 5 . 25 5 .78
8 52 .20  40 . 81 6. 98 19 . 1 5  7 4 . 7 2  6. 68

((‘out j u t t e d )
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Rep i i eat t ’  “
. Sand ‘

. S i l t  
- 

“
.. Cl .iv ‘

. t i t u s  So lids S o l i d s

— 1 9’) - 0. 1 3  0.o
‘35 . ( i ( c  3 . 3 5  0.0

4 9(3 4 ( 3 0 .58  (3 .0 89 . 3~ 0 . 7~)
4 ‘) 9 .88 0. I I  0 .0 88. 50 0 . 1’i
S ‘) 9 7 7  0. 25 0.0 87.’); 0.84
6 99• ‘3 / 0. 01 0. 0

99 . 0. 01 0. 0
5 100 .00 0 . 0  (1. 0 9~~. 7 1  1 . 7 S

•l~ I I
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‘I’a h l e  A4

S e d i l m’I ’t t. I1 i t a n i et e i s  t r i ’m MCt ~~~l O b f l t l 1  ic

S1mnij’cU n q  Loca t ions , A 1ur i  1 
- 
1977

S t ra t u m  / 7, ‘l’ot a l  7 V o l a t i  It ’
Re p i i c at  o “ . 5  a n t I  ‘

,
‘
. Si It CI (~ 3 iv C~~ I)et ri t u s  S o l i d s  Soi l  ds

R I  — 1 0.0 85 .17 16.82 18. 2’) 24 .38 26 .49
2 0.0 66 .52  33.47 34. 82 2 1 . 6 3  ‘55 .32
3 0.0 73 .89 26.10 36.:34 21 .44 27.48

4 0.0 82 .71 17 .26  26 . 18 28 .07  2 1. 20
5 0 .0 74 .87 2 5 . 1 2  15 .76

0.0 68 .62 31.37 20. SS :30.44 - 2 2 . 6 5
7 0.0 1. 3 .50 83.65 16 .34 20 .10  30 .52
8 0.0 84. 88 15 .11 13.51 28.42 15.55

— 1 0.0 76 .1 1 2 3 .88 19 . 59 2 1 . 85 2 .5 .03
2 0.0 84 .88 15 . 11 17 .78  27 . 91 16 .26
13 0.0 55 . 90 44 .09 16. 22 17 . 32 20 . Iti
4 0.0 88 .5:’ 1 1 . 4 7  11.85 30. 2 5  13. 29
5 ( 1.0 86 .76 1 3 . 23 13.58 31 . 65 15 .13
6 0.0 75 . 915 24 .Oo 15. 85 1 7 . 7 0  16. 68
7 — —  — — —  — — —  — — —  — — —  — — —

8 0 .0  76 .51 2 13 .48 1 1. 4 3  22 . 7’) 14 .76

R I  — 1 0.0 79~~49 20 . 50 1 1.3 6 3 1. 55 14 .4:’
2 0 .0  82 .01 17 . 98 12 .95 29 . 13  20. 48
3 0.0 87.71 12 . 28 12 . 7 0  28 . 65 12 .85

4 0 .0  75 .61 2 4 . 58 16 18 17. 16 2 7 . 0 3
0.0 91.91 8. 08 4.22 55. 59 10.215

6 0 .0  9 13 .2?  6.81 4.34 61.97 9.96
7 0 .0  82 .64 17 .35  19 .91 140 .71  14 . 913
8 0.0 77.11 1. 17 19 .27

R4 - 1 0.0 88.40 11 .59 10.46 2 7 . 93 15.06
2 0.0 90.30 9.65 11. 68 28.41 15.09
‘3 0.0 68 .80 3 1 .19 34.98 24.96 35.50
4 0.0 68.07 13 1. 9:1 21.07 21.09 20.97

0.0 85 .30 14 .60 4 .5 3 28.84 12 .7~
6 0.0 87.15 12 .84 l5. ?~ 26.56 17.48
7 0.0 87.03 12 .98 7.90 31.94 313 . 151
8 0.0 92.00 7 .99 6.4? 29.92 14.69

RS - 1 100.00 0.0 0.0 0.0 87.84 0.45
2 100 .00 0.0 0.0 0.0 89.61 0.19
14 100 .00 0.0 0.0 0.0 86.97 0.30
4 100.00 0.0 0.0 0.0 92.67 0.43
5 100.00 0.0 0.0 0.0 96.20 0 .35
6 100.00 0.0 0.0 0.0 97.91 0.97
7 100.0(1 0.0 0.0 0.0 95.38 0.1:’
8 100 .00 0.0 0.0 0.0 91.80 0.5 15

(( ‘out  i nuod)
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‘Pablo A4 ( C o n t i n ue d )

S t r a t u m  / 
- 7, ‘Tota l “7 V o lat  i i i ’

R e p l ic at e  ‘1. Sand ‘:1. S i l t  ‘7, CJ.av ‘7 I)etri tus Solids Solids

- 1 57 .57 30.11 12 . 25 0.0 64 .72 6 .84
2 11 .4 4  27 .93 60.6:’ 9 .91 57. 30 10 .32
13 5.61 60.22 34 .15 9.46 52 .76 17.62
4 :3.09 46.38 50.52 8.14 49.65 14.55
5 7 7 9 53 .39 38.73 10.11 36.25 20.92
6 14 .65 54 .77 130 .57 12.15 51.53 12 .29
7 9.08 52 .02 38 .88 9 .02 47.67 14.04
8 7 .67 55 .00 37 .31 9.7? 48.91 13 .99

E2 — 1 26.54 63 .11 10.134 8.99 59.04 9. 09
2 0.0 90.05 10 .00 16.44 41 .86 15.15
3 9 .69 81.43 8.86 11 .31 51.55 11 .40
4 0 .0 88 .80 11. 24 15. 38 57 .38  10. 77
5 4.24 86 .68 9 .07 7.77 50.14 10.59
6 0 .0 87 .86 l l’3 16.43 52 .08 10. 63 V
7 0.0 83.87 16.1,? 11 .21 40.55 15.18
8 9 .51 75 . 6 3  14 .85 1 3 .10 53 .09 1 2 .29

— 1 0.0 84.86 15.11 35.2 1 43. 80 10.27
2 0.0 85.88 14.11 34 .36 39 .91 10 .84
15 713 .93 20 .01 6 .06 5 .34 49.01 6.615
4 0.0 87.47 12 .52 30.19 43 .08 14.80
5 0.0 82.79 17.20 43.00 :35.73 15.84
6 39•4() 54.17 6.315 11 .85 47 .08 8 .53
7 0 .o 87.16 12.83 2 7 . 8 3  39. 54 11.95
8 ‘38 .09 50.96 10.56 17 . 23 51 .03 9~ 49

E S — 1 82 .34 14. 21 5 .43 0.0 77.27 1. 56
2 91.91 4.42 3 .66 0. 0 73 . 13’~ 3 .52
3 92.04 15 .86 4.08 0.0 78.30 1. 12
4 94.59 3.20 2. 20 0. 0 77.58 1. 16

87. 17 10.05 0 .77 0 .0 77 .25 4.06
6 40.57 55.85 3.56 0.59 77.98 1.20
7 94.00 3.12 2.82 0.0 82 .68 0.61
8 70.08 25.16 4.74 0.0 615 .46 5.90

E6 - 1 74.06 22.54 3.38 0.0 72.69 3.64
2 55.69 39.12 5.17 0.0 64.09 (‘.10
3 55.20 40.27 4.52 0.0 72 . 17 4.03
4 85.78 10.64 3.57 0.0 76.76 1.53
5 20.0:3 74.34 5.6? 0 .0 59 .15 8. 92
6 7.83 34.94 7.21 0.0 67.9S 6.02
7 41.28 46.31 12 .40 0 .0 (~4.96 889
8 2S .16 59. 6? 1~~. 2i  0 . 0  57 .58 8 .65

((‘out I l t I t ’d)
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Table A4 
(COflC10d~~~~

Str atum / 

Tot~ 
Vo at i  e

R~~~~~~~~3t C ~~~~‘anI~ 2~~
l1
~~~ 

~~~~~~~I~~~
’ 

~

E7 - 1 95. 50 i. 7
~~~ 

2. 71 0. 0 
88. 63

2 1,00.00 0.0 0. 0 0. 0 qO. 54 0. 67

3 100 .00 0. 0 0. 0 
0. 0 90. 71 1. 23

4 100 .00 0.0 0.0 
0.0 83. 71 o.9~

5 100 .0° 
0. 0 0. 0 

0. 0 81. 52 0. 8~

6 iOO .O0 0. 0 0. 0 
0. 0 87 . 7~ 

2 . 79

7 100 .00 0.0 0.0 
0. 0 86. 7~ 

o. 3~

8 iOO .00 0 .0  o•~ 
0. 0 80. 62

_ _ _ _  
‘

~~~~~~~~~~~~~~
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Table  A5

Sediment Parameters  f ro m M acrobenth ic
Samp l ing  Locat ions~~~~~X 1977

S t r a t u m ! ~~
‘Tota l 7, V o l a t i l e

R e p l i c a t e  ‘7. Sa n d ‘
~~ Si lt ‘7 Clay ‘7. Detritus Solids Solids

R i  — 1 0.0 74.61 25.38 12 .37 26.25 19.93
2 0.0 80 .47 19.52 14 .82 2 5 . 5 0  17.31
15 0 .0 78.60 21.39 14 .91 39.44 15.75
4 0.0 68 .53  31.47 15.80 31.43 13. 28
5 0. 0 87.12 12 .87 16.14 23 .61 20.57
6 0.0 67.34 32 .65 14.35 26.32 19 .01

0.0 79.64 20.35 12.00 26. 29 18.84
0 78 .04 2 1 .95 13.28 65.19 5.87

R2 - I ~,.o 81.40 18 .59 14.82 18.27 15 .06
2 0.0 74 .43 25. 56 26.58 27.14 15.20
3 0.0 76 .65 23.34 18.87 20.80 16.29
4 0.0 72 . 24 2 7 .7 5  17.99 30. 16 15.06 5’
9 0. 0 68 .89 30 .93 22 .14 16 .95 22 .31
6 0.0 75 .69 24 .30 23.89 23.05 16.45
7 0.0 77 .68 2 2 .31 17 .02 22 .67 17 .16
8 0.0 70.96 29.03 22 .84 25 .77 17.40

R3 - 1 0.0 78.18 21.81 22.63 27.92 13.63
2 0.0 84.78 15.14 9.88 31.28 13.57
3 0.0 77 .05 22.94 4 .57 28 .42 14.81
4 0. 0 73.70 26 .29 9.93 30.86 13.03
5 0 .0 79.6 1 20.38 10.85 30 .25 14.64
6 0 .0 78.53 21. 46 9 .45 23 .70  16 .44
7 0 .o 80.16 19.83 17.04 30.42 13.12
8 0 .0 80.30 19.69 10.87 31.62 13.51

R4 - 1 0.0 83.14 16.85 25.33 17.84 22.26
2 0 .0 82 .13 17.86 10 .32 26.62 3.28
3 0. 0 89.16 10.92 10 .50 29 .77 13.71
4 0.0 82 .07 17.92 17.35 24.33 17.66
5 0.0 88.66 11.33 10.39 20.39 12 .80
6 0. 0 82 .63 17 .36 16.31 25.12 17. 27
7 0.0 65.49 34.50 23.96 15.49 32.34
8 0 . 0  86.83 13.16 10.94 28.80 12.83

R5 - 1 100 .00 0 . 0  0 . 0  0 . 0  91.66 0.39
2 100 .00 0.0 0.0 0.0 58.26 0.55
3 100 .00 0. 0 0 . 0 0 . 0 73.59 0.11
4 69.47 24 .72 5.79 0.0 31.66 5.35
5 100.00 0.0 0.0 0.0 53.95 0.86
6 100.00 0 . 0  0 . 0  0 .0  52 .48 4 .21
7 100.00 0.0 0.0 0.0 38.07 0.11
8 72 .87 19.20 7.92 0.0 37.87 5.87

(Continued)
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Table  A5 ( C o n t i n u e d )

Stratum ‘7 Total ‘7 Volatile
B~ plicate ‘7. Sand ‘7. Silt 7 C l a y  ‘7. Detritus Solids Solids

El - 1 89.66 5.90 4.42 0.0 46.89 10.00
2 55 .95 30.94 13.12 0. 0 47 .L3 9.60
15 79.32 17.13 3.94 0.0 40.89 10.48
4 94 .87 2.81 2.31 0.0 44.99 10.32
5 84.63 12 .41 2.94 0.0 49.2 9 10.64
6 0.0 69.00 31 .00 37.83 42.46 11.67
7 0.0 92 .85 7 .14 9.7 1 49.13 9 .25
8 0. 0 91.44 8.95 20.14 44.55 9.02

F? - 1 0.0 90.90 9.09 16 .36 68.74 4 .09
2 0.0 90.92 9. 47 29 .10 38 .08 14 .98
3 0.0 91.84 8.15 15.74 67.71 4.91
4 0.0 92 .34 7 .65 19.30 84 .51 1.18
5 0.0 90.43 9 .56 24 .35 43 .55 18.43
6 0.0 91.20 8.80 22.07 68.79 5.24
7 0.0 87.63 12 .36 27. 42 48.41 13.74
8 0.~ 89. 26 10.74 29.77 44.37 11.00

I’:3 - 1 60.9? 30.18 8 .89 3 .16 60 .15 7. 69
2 54 .91 36. 22 8.84 6 . 6 6  4 8 . 9 4  9 .60
3 56.10 38.33 5.56 2.20 64.59 6 .73 C

4 61 .90 33.74 4. 35 0.91 69 0l 4.26
5 83.00 12 .58 4 .40 5 .63 42.09 11.68
6 70.00 22.19 7.80 5.13 48.17 13.81
7 52.40 39.95 7.64 5.42 55.92 6.64
8 0.0 81.75 18.24 31.19 69.09 4 .30

ES - 1 43.82 49.07 7 .09 0 .0 58.97 8. 22
2 75.32 19.06 5.06 0. 0 73 .34 1.86
15 93.80 2.35 3.84 0.0 83.53 0.75
4 85 .57  9.36 5.06 0.0 72.32 2.77
C
” 93~ 53 1.94 4.51 0.0 80.52 0.85
6 90. 31 5.71 3.97 0.0 79.14 0.87
7 71 .56 22.2’) 6.13 0.0 78.12 1.58
8 82.88 11.01 6.10 0.0 67.38 2.33

E6 - 1 93. 52 2.67 3.79 0.0 82 .68 0.78
2 64.63 29.25 6.10 0.72 6 3 . 3 7  6.30
3 94.63 1.52 3.84 0.23 82 .38 0.57
4 79.10 11.78 9.11 0.32 74.7 1 2. 24
5 47.64 45.30 7.05 0.94 67.03 4.78
6 66.39 25.:?3 8.35 0.37 37.26 4. 26
7 82.7? 12 .43 4.85 2 .5? 74 .79 2.17
8 67.21 22 .73 10. 20 0. 24 71.42 3.%

(Continued)
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Table A5 (Conclud ed)

Stratum! ~ To tal 7~ VolatileReplicate °/~ Sand % Silt ‘7. Clay % Detritus Solids Solids

E7 - 1 96 .63  0 .45 2.86 0. 0 83 .22 0.56
2 98 .30 1.69 0. 0 90 .94 0.27
3 99 .59 0.41 0.0 62 .97 0.37
4 99.54 0.44 0.0 70.29 0.74
5 99.76 0.23 0.0 87.68 0.43
6 99 .6? 0.37 0. 0 77 .37 0.39
7 82 .09 14 .75 3.15 0.0 58.47 2 .25
8 99.16 0.83 0.0 85.29 0.70

A15
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APPENDIX B’: OCCURRENCE OF TAXA IN MACROBENTHOS
SAMPLES BY STRATUM AND SEASON ‘I

I
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C ’C” C,~

API ’ENI)IX C ’ : AI4t JN I ) AN CE (NUM BER! 360 CM 3

OF ~tACR 0BENT 1lO S iN EACII SAMPLE



Stratum El - J u l y  1976

1 2 3 4 5 6 7 8 ‘ t o t a l s

Branchiura sowerbyi 3 11 14 1 29
Limnodrilus spp . 162 6 4 100 3 1 81 357
Limnodrilus hoffmeisteri 20 8 1 29
Limnodrilus cervix 11 1 1?
Ilyodrilus templetoni 3 3
Corbicula mani ’Iensis ( s m a l l )  4
Smynthuridae 1 1
Chironomus spp . 2 2
He lius sp. 2 3 5
Enchy~raeidae 6 5 11 22
Spider 1 1
Pal.pomyia sp. 5 1 6 12
Physa sp. 8 ii 2 21
Tanvpus sp. 1 1
Corbicul a man ilensis  ( l a r9e) 1 1 2 Si

Stratum E2 - J u ly  1976

1 2 3 4 5 6 7 8 Totals

Branchiura sowerbvi 1 23 19 12 6 13 74
Limnodrilus spp . 339 67 153 693 137 174 54 2 90 2195
Limnodrilus hoffmeisteri 48 9 54 79 26 23 92 30 361
Limnodrilus cervix 3 22 17 78 13 24 23 1 i s i
Ilyodrilus temp letoni 11 3 4 44 13 41 5 121
Naidae 18 2 9 2 31
Enchytraei iae 20 1 21
Tanypus sp. 153 2 2 3 2 21 181
Palpo~~i.a sp. 2 1 1 4
Physa sp . 1 1 8 10
Pisidiuirs sp. 1 1
Pelo sco lex freyi 2 2
Corbicula manilen sis (small) 3 1 1 5
Dolichopodidae 1 1
Smynthuridae 1 1

(Continued)
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- ‘ C ---- --

St r a t  urn l’~~ — J u l y  1 ~
1 2 5 4 5 ~ 7 8 ‘rot a’L s

Br a n ch iu r a  sowe’rbvi 6 S 6 7 15 2 14 (46

LtmnodiTlus  spp . 44 45 178 65 52 74 122  40 (~?0
I. [inno&Tr I his ho f f1~~ i~.~t ( , ’rj  I S S I 5 6 1 .5 7 ‘1 4 1 2 i i  0
1.imno~Tri fir s cer v i x  ~ 4 15 3 5 ‘12 48

J_l v~~dt ii US t (‘tii ~~~T~~~ t oni 4 5 4 8 2 ‘1 7 5 1
11o1 1 c’hopod i dat’ 2 2
(‘1 1 ronomus 

~~ 
. 1 5 7 1 5 .‘

I ~us ~~~~~~~ 
i~ :i 7 26 59 14 19 6~ I °?

lub l ex  sp . 1 1
Po lvp ed i lum sp. 1 1
Sp’haer iurn t ran sver sum 1 I
Na’uLrc 1 3 2
Corh i cu la  m a n i l e ns i  s ( sma l I )  4 2 6

St r a t  urn E4 — J u l  v 1 ‘~7 ’

5 2 5 4 5 ( 7 $ ‘1’ot a l s

Br an ch iu r a  sowerbv i 1 1 2 6 10
l .i r n n o dr i l u s  spp . 97 96 18 66 33 ‘121 5 73 30 5 5 6
1.1 rnn odr i  ins hot fme I st er i  6 20 1 4 5 7 1?
1.irnnodrflus ‘ervix 3 8 4 6 1 5 3 6 24 96
(~h! ronornus ~~~ . 

2 3 2 9 15 2 12 63
D i cr o t e n~Ti pes nervosus  1 :s 4
i’ub ( fex  sp. .‘

Corb i cu l a  maul  l ens  i s ( ~;ma 11 1  5 2 8 8 6 2 ‘~

C (’i’lOt .m \ t C ’ t u~ 2 ii 2 5
‘l’ anv ~us sp . 2 7? ‘) 7 9? 6 188
Crypt o’.’ u ronourus sp. 1 1 2
1Tvo ~.Wi1us ternp’le ton l 2
(‘orb 1 eu1 ’~ man 11 ‘in; is (Ia 7’ C~~~~ ’ 1 1 1 2 C

(Cent  i fl U(’d I

I, ’ S

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~  
-“C. ‘ CC J



S t r a t u m  ES — July l9 7t ~
‘1 2 3 4 5 6 7 8 ‘3’o t a l s

~~~~~~~~~~~~~~~~~~~~~ ‘1 6 4 2 1 4 18
1 .i t n r rod r i  i t i s  sp~7 4 5  7 22 48 4 13 9 546
t. i m n o dr i l t i s  h o f f n i e i s t er i  8 ‘5 7 2 6 5 31
1. imnodri  [~i~ cervix 17 8 1 3 1 ‘50
Tl~ ’o d r i lu s  tcn~~l7Ytoni 1 2 1 4
Naiihie 2 2
Corbicula nulnilensis ( Sj ~j l l )  32 6 1 3 7 16 6 80
thironornus spp . 30 4 24 87 1 10 8 164
Tanypus S3~’ . (~ 3 1 14
Pomatiopsis sp. I I
Phvsa sp. 1 1
Procladiu s  he l lu s  1 1 2
Chironornus sp. 3~ 1 1
Ol er o ten c l i pe s  nervosus 4 4
Chironornus sp. 4~ I I
mnvt ~~rsus sp. 1 1
Coe’lotanypu s scapu la r i s  1 1
Cryp toch ironomus  sp .  2 2

st  r’ ..i turn E t ’ — J u l  v 1 ~ 7

1 2 3  4 S 6 7 8 Totals

B r a n ch iu r a  sowerbvi 4 12 2 5 13
itmnodrilus spp . 27 72 24 Q 29 14 2? .5 ,5 250
Limnodrilus ho f f r n e i s t t ’ r i  3 4 7 5 13 7 8 8
Limnodri lus cervix 1 1 3 1
‘Ilv odr i lus temp lct on i  2 6 2 ‘1 2 1 14
Naidae 2 1 3
Corhtcula manilensis (small) 1 2 ‘5 4 2 2 3 17
Chironomus spp . 4’ 26 25 30 32 34 13 12 1~~8
Tanypus sp. 1 1 1
Dicrotendipes ncrvosus 6 5 3 5  2 2 2 30
Procladius hellus 3 5 4
Coelota n !,pus scap u la r i s  2 2
Polypetlllun’i sp. 1 1

(C o n t i ni ’  d)
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Stratum E7 — J u ly  197~

L__1 ?~ 5 6 7 8 CI C t I 1 S

1 , i m n t ’~dr i ’ 1 u s  spp . 3 8 15 2 3
1.i rnn odr i lu s  h o f f r n e i st en 6 2 S
(‘erhicula m a n f len s i  s ( s m a l l )  3 2 2 1 1 I 10
(~hfronornu s spp . 1 6 1 1 1 1 11
Ili crotendi pes nervesus I I
Corhicula manilensU; (lai’~i~’) 1 1
Pollvpcdilum sp . 1 1
St i c t o ch i ron or n u s  sp. 3 3

S t r a t u m  El — J u ly  1C ’l7 ’~
I 2 3 4 5 6 7 S ,V e t a l s

Peloscolex multisetosus 51 17 11 4 27 .5 5 1 119
Peloscolex ~j -evi 1 4 10 15
Limnodrilus spp .  61 21 25 Il 1 7 2 1 18 10 154
Limnodrilus hoffmeisteri 31 3 4 8 1 ii 4
‘ilvodrilus t&’i~pletoni 7 1 4” 14
Corbicula manflensis 2 2 4
Limnodrilus profundicola 1 3 3
Chironomus spp . 1 2 3
Ascl.lus sp. 1 1
Cammarus fas c iat u s  1 2 1 4
I l v a le l l a  azteca 1 1
Coelo tanypus  scapu la r i s  2 2
Crvpt ochir on ornus  sp. ‘1 2 1 4
Trichocorixa sp. 1 1 2
Isotomidae 1. 1
Helobdella clongata 1 ‘I 2
Naidac 5 5
Pisidiurn sp .
I’alpomyia sp. 2 2
Spider 1 ‘1

(Cent  tnued)
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Stratum R2 — July 1976

1 2 3 4 5 6 7 8

L imn o d r i l u s  spp . 7 22 20 17 6 121 42 25
Limnodnilus hoffmeisteri 13 5 13 1 11 10 53
Naidae 2 3 1 1 7
Smynthuridae I I
chironomu s spp . 6 1 1 3 Il 2 24
Chironomid sp. 3 2 1 1 1 5
Peloscolex m ult i s e t o s u s  1 3 32 35 1 72
Tubifex sp. 1 1 2
Trichocorixa sp.  1 1
Coelotanvpus scapularis 1 1 2
‘I’anvpus sp. 1 1 1 3
Cryptochironomus sp. 2 1 3
Ilvodrilus temp letoni 2 ii 4 2 19
Hv~rolimax gnisea 1 1
Limnodrilu s cervix 2 2
Procladius bellus I I
Crvptocladopelma sp. 1 1
Polypedilum sp. 1 1

Stratum R3 — J u l y  l C ’~76
1 2 3 4 5 6 7 8 Totals

Peloscolex frevi 1 2 3
Limnodrilus spp.  21 22 ‘Ii 12 10 9 21 lO~
Limnod’rilus h o f fm e i s te n i  1 1 2
Ilyodnilus templeton1 1 3 l S ‘1 14
Coelotanypus scapularis I 1 5 7 1 5 3 .23

~hironomid sp. 4 1 1
Tanypus sp. 3 I 2 (~ 2 6
Polypedilum sp. 1 1
Cryptochironomus sp. 2 1. 3
Chironom[d sp. 3 2 2
Procladius bellus 2 2
Lauterborniella sp. 1 1
chironomus spp . 1 1 1 3
Naidae 1 1
Dicrotendipes nervosus 1 1

(Cont in ued)
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St r a t u m  R4 — JuI.v ~~~~~

11 2 15 4 5  (~ 7 8 Totals

1 . i m n o dr i l u s  spp . 5 3 3 26 Q 10 56
Limnodnilus hoffrnei st cr1 3 24 7 14
Coelotanvpus scapu I~n~~~~ 3 6 4 6 l~
IC’rt~c lie ~iuc helm s 24 4
Chironornus spp . 1 1
?~vptochfronornus sp. 2 1 1 1 5
Pc’

~oscoIex frevi 1 1
Ilv odrilus t ern2l e t o ni  1 5 6
Corhicula nianilensis (small) 3 1 1 5
Tanvpus sp. 1 1

S t ra t um 1~5 — J u 1 ~ ~~~~

1 2 3 4 5 Ii 7 8 T o t a l s

fl~nodrilus spp . 3 9 10 30 12 7 16 22 109
Helobdella elongata 1 1 1 I 4
Corbicula manilensis 25 ‘

~ o 1 5 44 7 19 11.’
Trichoptera 1 1
Limnodrilus hoffrne’isteri 1 11 17 3 4 36
Damsel fly nymph 3 3
Dicrotendipes nervosus 1 1
Chironomid sp. 5 1 1
Crvptochironomus sp. 1 1
Tu~ ifex sp. 1 1 11 13
Polypedi luni  sp. 4 4
Ilvodnilus templeton’i 2 1C ’~ 21
Ph~ sa sp. 1 1
~~Tden 1 1
Trichocorixa so. 1 1
Peloscolex frevl, 1 1
Stictochirononius sp. 6 6
Peloscolex muT~Tsetosus 18 2 20
Ferrissia sp. 1 1
Corbicula manilensis (large) 1 1

(Conti nued)
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Stratum El — November 1976

1 2 3 4 5 6 7 8 Totals

Branchiura sowerbyi 7 7 5 5 ‘14
Limnodrilus spp . 55 11 5 16 7 36 130
Limnodrilus hoffmeisteri 5 5
Ilyodrilus templetoni 7 7
Helobdella elongata 1 1.
Helobdella punctatalineata 2 2
Corbicula manilensis (small) 1 1 2
Dolichopodidae 2 1 3
Prostoma rubrum 1 1
Encbytraeidae 1 1
Physa sp. 1 36 2 12 5 1
Isotomidae 1 1 1 1 3 58 65
Helius sp . 1 1 2 8 12

Stratum E2 - November 1976

1 2 3 4 5 6 7 8 Totals

Peloscolex freyi 2 2
Branchiura sowerbyi 12 21 26 13 29 12 18 1 132
Limnodrilus spp . 57 90 79 78 54 43 32 27 460
Lirnnodrilus hoffrneisteri 8 4 4 4 7 2 3 2 34
T~imnodri1,us cervix 4 1 1 1 1 8
Ilyodrilus templetoni 6 3 6 25 6 4 4 2 56
Corbicula mani lens is  ( smal l )  2 2 1 1 5 1 12
Coelotanypus scapularis 1 1 2
Trichoconixa sp. 1 1
Dolichopodidae 1 1 2
Hydrolimax grisea 1 1
Naidae 1 1
Helobdella punctatalineata 1 1
Lymnaea stagnalis 3 3
Gyraulus sp . 1 1 2
Pros toma rubrum 2 2

(Continued)
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St r a t  urn 1’4 — Nov otubo r IC ’) 7(i

— -
~~ 1 2 5 4 5 6 7 8 ‘I’ot als

— Lininodr ’l lus spp . 112  8 1 79 ‘5 1 47 5 4 57 27 4 18
I,imnodrl lus hot [moist’ en 13 6 2 8 5 5 7 46
Lin inodr i lus  cer~ T~~ 

— 
9 1 1  6 1 5 4 

C 3 (

I IvotiriTlus tenqih’t 0111 1
) ‘1 

1) ‘5 14
‘
~~~h i cu l a  ma n i l en s i s  ( s m a l l )  2 7 C~ 2 8 7 5
(~~,p~t ot’h I rononius sp . 2 2
“
~ r anch I ura sowei~

’bv 1 1 5 ‘5 ‘5 2 1 5 I ‘5 49
i i I 7 5

(‘hi ronornus spp 2 3 5
Pe1oscoTlex f rev i I I

I 

Tanypus sp. 8 2 ‘10
Phvsa sp. 1 1
‘l’r’i chocorlxa sp. 1 1
Peloscolex inultise’tosus 1 ‘1 2
CorhicuLi  nianilensis ( l ar q e)  1 1

St ratum E S  — Novembe r 1 ‘)7~

1 7 5  4 5 6  7 8 l o t a l s

spp . ~5 I C ’ )  18 I’S ‘56 ‘52 2 ( 1  57 263
I ~i mootir ii us ho f fine’ i st or i ‘

~~ 2 6 1 24 1 1 7

4 
Limno dr i l u s  cervix — 

4 2 4 4 2 1 17
rly oart Ins tetipT~~ on 1 1 1 2
Corbi cula m a n i l e ns’T’s ” (suri l I) 26 2 7 ii ii :s 14 99
Chirononiu s spp .  — 

I I I  15 6 7 7’ )
Tanypus sp. 1 I .‘

Cryptochironornus sp. 1 1 5
I SO t (’l1~ 1, d (lt’ I I
Coelotanypus sc ap u lar i  s 4 4
Proc l adius  hef lus  I I

(t,’ont i iitit’eI )

“ C ,  

_ _  -



St r a turn  E~ ‘‘ Noveflibe!’ 1976

1 2 3 4 5 6 7 8 Totals

Branchiura sowerbyj 1 4 14 3 4 2 28

Tuhit ex sp .  1 1

Lin inodri lus  spp . 26 21 26 21 27 41 3’S 20 71S

Goelotanypus sca~~u l ar i s  16 1 4 9 8

Limnodrilus cervix 4 2 8 14
Tivodrilus tem leton i 5 4 2 Ii

~~~bicula 
nia ni\’~ef lS 1 S  (small) 5 2 14 21 2 2 46

chironomus spp . 2 4 1 1 8

T~ i3rpus sp. 1 1

Limnodrilus hoffmeis~~~j. 
1 1 5 1 8

.~t r a t u r n  E7 — Novembe r ’ 1976

1 2 3 4 5 6 7 8 Totals

Limnodrilus spp. 1 1 ‘5 1 1 2 C ’)

Corhicula manilonsis (small) ‘54 12 45 4 20 49 51 23 238

c.oelotanypus scapularLc 1 1

Br anch iur a  sowerbvr 2 2
Trich ocorixa  sp . 1 1

(Cont  inued )

C 1 0

~~CI~ .., ~~~~~~~~
CJ~~ C , —— 



- - -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-- - C —— ’ -

Stratum Ri — November 1976

1 2 3 4 5 6 7 8 Totals

Tubifex sp. 2 1 2 1 6
Limn~~ iiluS spp . 10 25 11 8 3 3 7 67
tI~nodri1us hoffineisteri 2 1 3
Il yodrilus templetoni 1 1 2
Enchytraeidae 2 2 4
Asellus sp. 20 13 1 34
ijyalella azteca 25 21 1 47
Dolichopodidae 3 3
Palpomyia sp. 4 1 1 1 1 8
Cura foremanii  27 27
Manyunkia speciosa 1 1
Peloscolex rnultisetosus 32 2 28 4 1 67
Lumberliculidae 4 1 5 1 11
Helobdella elongata 1 1 1 1 4
Helobdella s tagnalis  2 1 1 2 6
Corbicula mani lensis  (large) 1 1
Isot omidae 1 1
Helius sp. 1 1 2
Pis idium sp. 7 7
Trichocorixa sp. 1 1
S tvla ria  lacus t r i s  i 11
Polypedilum sp. 23 211
Hydrolimax grisea I 1
Coe lotanypus  scapular is  1

Stratum R2 - November 1976
1 2 3 4 5 6 7 8 Totals

Peloscolex multisetosus 18 6 1 .3 5 34
Branchiura sowerbyi 1 1
Tubifex sp. 3 2 5
LimnodriluS spp . 27 27 3 20 6 19 6 12 120
Limnodrilus hoffmeisteri 10 4 12 3 3 4 2 38
Naidae 2 2
Helobdella elongata 2 8 1 3 14
Corbicula manilensis  ( sma l l )  1 1 1 3
Chironomus spp . 20 17 3 5 4 2 2 53
Tanypus sp. 1 1
Pol yped ilum sp. 1 1
Coelotanypus scapularis  2 2 4
Crytochironomu s sp. 1 1 1 1 2 6
Helobdella s tagna l i s  3 1 4
Ilyodrilus templetoni 3 3
Chironomid sp. 3 1 1
Glyptotendipes sp. 1 1
Hydrolimax ,grisea 1 1
Asellus sp. 4 4
Hyalella azteca 7 7

(Continued )
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s t  at urn R — November’ l97t

1 2 3 4 5 6 7 8 To t a l s

l ininodr i ins spp. 11 7 6 11 12 7 2 5 6 1
I , imno ~1ri lus h o f fm e i s t er i  ‘5 3 4 :s 1 1 15
iTy odn i lu s  t enip l etoni  2 5 4 I 12
Stvlaria I acus t ’n i s  1 I 2
(‘orb toni a man l i e ns  i s (small 1 ) 1 1 2
Coe’- Iot anvpus  scapt~T~ r l s  2 5 2 1 1 I 15
proe1~ diu s 1n’llus :s 2 1 1 1 8
Crypt~~Th i ronotuus sp . 1 1 ‘5 2 7
(‘baohorus p u nct ip en n i  S 1 1
(‘~h ir onomu s  spp . 7 1 8 2 3 1 22
I”olvpedi lurn sp . 1 1
Tuhll~ex sp.  1 3 2 6
Alodnilus ,p iguet  i 4 4
Corb I cul a inair ilensi s (I a r’qe ) 1 1
Canunarus fa sc’iatu ~ 1 1

S t r a t u m  R4 — Novembe r 1976

~~~~~~~~~~~~~~~ 3 4 6 / S ‘l ot

l C i i n n o d n i  ins Spp. 10 10 7 2 4 4 7 5 42
t .t t n n o d r i l u s  h o f C t u e i s t e ’r i  17 2 1 2 6 28
( ‘oo lot anvpus  sc ap u l a n i  s 4 6 2 1 i i
I’rocladitis hollus 1 I 1 1 24
( h i  1 O1’IOIIflI S Sp . 2 6 7 1 8 1
( ‘l vp t o t enth pes SP .  1 1 1

Pelosco lcx  n iu lt i s et o su s  5 1 1 5
I lyo&Tni hi S t curp i e toni  I 1 2

Cami’na rus f isc I atus  3 6 9
C I C tih i re ,~

’ sj) . 4 2 1 7
L imn odr i  lus udekema n ins 1 1

1 1
(‘orb iou  1 a u i ;ini  l e n s is ( s m a l l )  1 19 1 2 1
Crvptoc1’~T”i ’iinomus Sr. 1 ‘1 ‘1 15
H el obdelLi o longat a  1 1
I~at rachobde ’ 1 Ia  phalera  I
lIe”x age - ’nia f r i nge  2 2
AhIabe sn~yj~t ~1” • 2 2
lanyp us  sp . 9

(Cen t  inued )
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Stratum R5 — November 1976

1 2  3 4 5 6 7 8 Totals

Tubifex sp. 9 5 23 19 45 91 66 258
Limnodrilus spp . 1 5 10 18 9 4 47
Caenis sp. 1 1
Tri~hocorixa sp. 1 1 2
Cura foremanii 1 1
LumberlTculidae 5 5
Naidae 1 1
Enchytraeidae 1 1
Corbicula manilensis (small) 12 7 1 4 8 4 36
Cricotopus sp. 1 1
Helobdella elongata 1 1 2 4
Ferrissia sp . 1 1
Pseudoäliironomus sp. 1 1
Polypedilun’i sp. 1 1
A sellus sp. 1 1

Stratum El - January 1977

1 2 3 4 5 6 7 8 Totals

Branchiura sowerbyi 3 7 4 14
Tubifex sp. 2 2 . —

Limnod’rilus spp . 9 2 9 20
Limnodrilus hoffmeisteri 11 6 9 26
Dolichopodidae 3 1 1 5
Ench ytraeidae 2 1 2 5
Chironomus sp . 1 1
Lymnaea stagnalis 1 I

(Continued )
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Sti  aturn 152 — January 1977

1 2 3 4 5 6 7 8 CFotaIs

Branchiura sowerbyl 5 17 11 5 16 14 1 16 85

Limnodrilus spp . 23 Ii 6 1 6 4 7 7 65

Lininodrilus hoffmeisteri 11 24 6 2 2 2 9 6 62

Limnodrilus udekernauius 3 3
Limnodrilus cervix 3 3

Del i chopodidac  1 1

Stratum E4 — January  1977

1 2 3 4 5 6 7 8 Totals

Branchiura sowerbyi 5 22 1 1 4 33
Limnodrilus spp . 1 37 4 6 8 21 18 95
Limnodrilus hoffmeisteri 2 67 2 8 31 9 119
PaI.pomyia sp. 1 1
Enchytraeidae 2 2
Dolichopodidae 2 1 1 1 5

C Limnodrilus cervix 1 3 6 10
Ityodrilus templetoni 6 I 7
Chironomid sp. 6 1 1
çhironomus spp. 18 18

(Cont j ut t ed)
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Stratum ES — JCtnuar v 1977

1 2 3 4 5 6 7 8 CIC o t a l s

~ irnnodrilus spp. 14 1 1 10 26
Limnodrilus hoffmeisteri 11 7 18
Branchiura sowerj~~j 1 3

Stratum E — J a n u a r y  1977

1 2 3 4 5 6 7 8 Totals

Limnodnilus spp . 1 1 3 17 5 27
Limnodrilus hoffmeisteri 1 8 5 14
Branclilura sowerbvi 6 1 2 1 1 2 13
Corbicula manilensis ( s m a l l )  1 1

(C o n t i n u e d )
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S t r a t u m  E7 — J a n u a r y  1977

1 2 3 4 5 6 7 8 Tota ls
Lininodrilus spp. 4 3 1 8 1 2 19
Limnodrilus hoffmeisterj 4 1 1 3 9
Corbicula nranilensis (small) 1 1Clyptotendi pes sp. 1 1
C ry j~toch irononiu s SI) . 1 1

St ra tum Ri - J a n u a r y  1977

1 2_ 3 4 5 6 7 8 Totals

P eloscolex  mu l t i s e t o s u s  1 1 13 2 37 17 4 75
Limnodr i lus  spp . 5 3 6 8 15 13 26 5 81
Limnodr i lus  h o f f m e i s t c r i  2 1 11 1 8 19 13 55
Ench y t rae idae  1 1 1 1 1 2 28 35
Helius  sp. 1 1
thrysops sp. 1 1 3 1 6
Helobdella  elongat a  8 4 12
Coleoptera 1 4 5
Dolichopodidae 7 3 2 1 8 21

C Coelotanypus scapular i s  I 1 2
t~M ronomus spp . 1 1 2
Tanypus sp. 1 1 2
Helobdella stagnali~ 2 5 1 2 10
Asellus sp. 3 4 13 1 21
Cammarus fasciatus 3 1 4
Ilyodrilus templetoni 5 2 1 8
Limnodrilus udekema~ ius 1 3 4 8
G1yptotencflP~’5 sp. 2 2
Pal pomy f a  sp. 2 3 5
Lumberliculidae 2 2
Physa sp. 1 1
Pisidium sp. 2 2
Arachnida 1 1

(Con tinued )
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~ t ~ at urn i~ ~ — 3 anna t’y 1 q i’

1 2 5 24 5 6 7 8 l et  a 1 s

lI vd rol imax o,r -t  sea 1 1 1
1’eloscelex__mul tisotosus it’ 2~’ 5 C ’~ 2 7 20 10 17 624 2 1 5
L~~~~fri In s Sp p .  1~ 24’S 47 46 55 11 20 $ 1 744
l itu nednilus__hoffnrei steni 6 55 12 24 5 2 5 67 17 1
I T~~Tr i i  us tern ii e ton 1 1 .‘e II 3 2 7 5 5

)~ e a v ongatil .5 1 -~ 7

C f ~i~ nv ptis s~~u i~~~a r i s  1 7 1 1
i~Tiironomus Sfl). 50 1 7 67 l~ 2 18
Cry p t  och i re  nomu s s p C .2 2 1 1
l iu rno dr i lu s  udekemanius  2 1 7 1 6
Del I chopodi dac ~~~~~~~~~~~~~~~~~ 2 2
)‘Iolohdella stagnalis 2 .2
Corb i ~‘ui a man i~Iensi s (small) 1 1
U v a l e l l a  azt eca  1 ‘1
Ench y t r a e i d a e  7 28 130
Can’iniarus t ’a s c ia t us  1 1
Br ir ich iur a  sewcrbvi 2 .2
Tanvpu s sp . 1 1

St r a t  urn R.~ 
— J an u ar y  1 ~) 7 7

1 2 5 4 5 6 7 8 l e t  a l s

Peloseelex multi st,’tosus 2 1 2 4 2 20 Ii
I Fr n n o dr i i u s  spp . 

— 

6 10 4 124 17 12 18 7 $ 5
L i mn o d r i  Ins hoffrnel steri 5 5 4 5 24 5 1 15 152
I Ivodrilus t emp lo toni  ‘5 4 15 1 4 15
Fuohy trcle’ I &lae 15 5
C o e l o t a nv p us  s c ap u lar i s  7 7 1 ~5 1 6 20
Chir enornu s spp . 4 ~ 7 15 C’) 24 27 17
Tany iUS 5p~ 6 10 1 5 2 3 27

‘ 1 1 a st agna 1,1 s 1 1 2
(‘orb i cul a mani len s  is ( srnai I ) 15 1 1 5

~j ,~h a e r i t i r i r  t r a n svvr su m  I :s
1Iexa ~ en1 a ~~~~~ 1 1

ronemus sp. 2 3 3 5 1 1 3 18
___________ 

1 1
H v J r o l i n i a x e’~r i  sea 1 1

(C~~nt  i i rut ’d
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St ra tum R4 — J a n u a r y  1977

1 2 3 4 5 6 7 8 Totals

Hvdrolimax grisea 1 1
Lli’~ nodri 1us spp . 9 3 16 2 5 29 6 6 76
f[~nodri1us hoffmeisteri 1 1 4 3 6 1 2 1~Ilvodrilus temp letoni 1 3 1 1 2 1 9
Corbicula manilensis ( s m al l)  1 1, 9 5 1 1 18
Carmnarus f a s c i atu s  3 10 7 16 4 40
Coelotanypus scapular is  8 7 2 2 2 1 22
Chironomus sp. 2 1 142 32 10 5 32 224
Tanypus sp. 10 4 2 2 9 8 6 3 4 4
Cryptochironomus Sr .  3 4 1 3 2 3 16
Helobdella elongata 1 2 3
Sphaerium transversun’t 2 2 4
Asellus sp. 1 1 2
Caenis sp. 2 2
Coleoptera 1 1
Peloscolex multisetosus 4 9 3 16
Hexagenia mingo 1 1
Enchytraeidae 2 2
Helobdella stagna1i-~ 1 1
Dicrotendipes nervosus 1 3 4

Stratum R5 - Ja nuar y 1977

1 2 3 4 5 6 7 8 i’otalr C

Branchiura sowerbyi 3 1 6 10
Limnodrilus spp. 2 3 20 9 24 3 9 6 76
Limnodrilus hoffmeisterj, 1 2 3
Polypedilum sp. 1 1
Helobdella elongata 3 1 3 2 3 12
Caenis sp. 1 1
Coleoptera 1 3 2 6
Stictochjronomus sp. 1 2 1 1 5
Coelotanypus scapularis 1 1
Pseudochironomus sp. 1 1 4
Tubifex sp. 1 1
Chironomus spp. 2 4 6
Giyptoteñ~Iipes sp. 2 I 1 4
Cryptochironomus sp. 3 1 4
IlYOdrjjus templetoni 1 1

(Continued)
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t r a t  urn F; I — 14’ t’ 1 1 ~ 7 ‘1

- 7 - ~~~~~~~~~~~~~~~~~~~~~~~~~~
-, 1 8

1 InmOdr lh t s spp . ‘

.‘~3 6l~ 107 Si ~ 
510

Branch1Ur~
i sowvrhv 1 4

C I °16

ClC r ichC’i(Cl~~tl t t t S  Sr .  1 ‘t

St r at  urn 152 — apr’ ii 1q77

1 .2 15 24 5 6 7 8 C1C it  I t s

l imnodri ins spp . 61 17 4 1 S5 1 5 10 14 1

Ltrnn o 1r4T ~~ h o f f n ~e1 steri  ~4 
5’ 5 45 6 12

1 ivoori Ins tefli~1Ot efl~ 
1 1 - -

Enchv trat’ ~1ae 4 C’) 5 4  4

Branchi nra sow erbv i 1 1.4 1 5 .50

M a t s  s1ip . 7 7

Corh iou 1 a mar l 1 ~t’r~~i~ (snu 1 1) 1 1

CM ron omns spp . 1 1

1~ollchopodt~lae  5 1 27 71~

(Cont i nue~1)
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Stratum E4 — Apr~~1 1977

1 2 3 4 5 6 7 8 Totals

Peloscolex multisetosus 1 1 1
Branchiura sowerbvi 21 8 43 2 9 1 2 86
Limnodrilus spp . 42 43 110 16 35 38 63 10 357
Limnodrilus hoffmeisteri 11 18 106 28 35 30 29 31 288
Lirnnodrilus cervix 5 2 69 51 10 23 6 166
11yodrilus templetoni 1 5 31 9 5 6 57
Nais spp . 1 1 2
Chironomus spp . 20 68 3 lii 67 82 2 353
Tanypus Sp . 4 10 2 16
Enchvt~ aeidae 

2 2
Ablahesmyia sp. E 1 1
Pseudochironomus s p .  2 2

St ra tum E5 — April 1977

I 2 3 4 5
~
__

~± 
7 8 Totals

Branchiura sowerbvi 6 6

Limnodrilus SPP C 
‘C 5 3 2 1 2 13

Limnodrilus hoffmeisteri 5 15 1 8 1 30

chironomus sp. 16 2 2 5 10 1 36
pseudochironontus sp. 1 2 3

Coelotanypus scapularis 1 1

Corhicula manilensis 3 4 7
Limnodrillus cervix 1 1

(Continued)
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Stratum Eb — A p r i l  1977
1 2 3 4 5 6 7 8 Totals

Branchiura sowerbvi- 7 3 1 ii

LimnodriluS spp . 8 1 1 1 4 15
iTmnodri1us hof±met~ t0rl 

10 1 4 2 17

Limno Wi”TUS ce r v ix  1 1
C thironomu s Spp C 3 3

Dicrote~dTpeS nervosus 
1 1

pseudochironomuS sp. 1 4

Corbicula ma~TT~n~~~~~ (5m~h h l )  1 1 2

Crvptochironp~~~ sp. 
1 1 2

i’5lvpedi lum sp. 1 2 3

Stratum E7 — April 1977

1 2 3 4 5 6 7 8 Totals

LimnodriluS spp . 6 9 15
Limnodrilus hoffmeisteri 6 14 20

Corbicula manilensis (small) I I 1 1 4

Pseudochironomus sp. 2 10 1 1 2 16

Nais  Spp . 
13 3 2 1 1 20

Tubif ex S~~ C 
3 3

(Cont inued)

c2 1



~~~~
- -- - -- - - 

‘1

S t r a t u m  Ri — A p r i l  1977

1 2 3 4 5 6 7 8 Cr t a l s

Limnodrilus spp. 2 13 18 49 12 3 9 106
Limnodrilns hoffmeisteri 2 16 17 8 5 8 6 62
Il yodrilus templetoni 1 19 64 4 1 89
Nais Spp . 4 26 30

C Enchytraeidae 6 15 2 23
Lumberliculidac 3 6 9
Asellus sp. 1 1
Dolichopodidac 1 1 4 6
Peloscolex niultisetosus 11 61 8 9 89 9
Branchiura sowerbyi 1 1
Chrysops sp. 1 2 3
Chrysomelidae 1 1
Chironomus spp . 16 3 19
Ceratopogonidae 1 1
Tanypus sp. 1 1
Corbicula manilensis (small) 1 1
Gammarus fasciatus 2 2
Cryptochironomus sp. 2 2
Polypedilurn sp. I

Stratum R2 — April 1977

1 2 3 4 5 6 7 8 Totals

£.~ipsco1ex multisetosus 4 4 5 5 24 4 46
Peloscolex freyi 1 i
Limnodrilus spp . 15 21 14 22 36 30 8 26 172
Limnodrilus hoffmeisteri 7 17 5 5 33 9 2 16 94
Nais spp . 3 6 2 9 13 33
flyodrilus templetoni 2 1 2 5 10
Chrysops sp. 1 1
Chironomid sp. 3 1 1
Cryptochironomus sp. 4 1 1 1 1 8
Chironomus Spp . 2 3 1 1 1 3 11
Dicrotendipes nervosus 1 1
Corbicula nianilensis (small) 1 2 2 5
Coleoptera 2 1 3
Polypedilum sp. 1 1
Gammarus fasciatus 2 2
Chrysomelidae 2 1
Limnodrilus cervix 1 1
Helobdella stagnalis 1 1

-i

(Cont inued)
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Stratum R3 - Apr i l 1977

1 2 13 4 5 6 7 8 C1C )t~~1 5

1 imnodrilns spp. 4 3 3 25 46 12 7 100
Linmodrilus hoffrneisterl 4 3 25 65 10 3 110

-‘ 
Lininodrilus profundicola 2 2
Nais spp . 7 4 3 14
Procladius bellus 1 1
Chironomu s Spp . 1 1
Peloscolex multisetosus 1 2 1
Cryptochironomus Sp . 1 1
Lumber fI~

’
~iifJae 

- 

1 1
Corbicula m an i l e ns i s  ( s m a l l )  1 8 4 1 14
i i yo~ mus te~~~i~~~oni  i i  11
Coleoptera - 

13 3
Palpomyia sp. 1 1
ChrysomeTidac 3 3
Peloscolex f rey i  1 1
Pseudochironomus sp. 1 1
Donacia sp. 

- 

1 1 4

St ra tum R4 — Apri l  1977

1 2 3 4 5 6 7 8 ~I’ t il

Peloscolex multisetosus 1 3 4 1 9
Pelosco ’fex freyi 2 4 4 4 2 6 22
lJimnodr[lus Spp . 7 I 8 6 20 9 1 5 57
Limnodr[Tus hoffmeisteri 1 3 2 2 8
I1~ odrirus templetoni 4 8 2 14
Nai s spp. 2 1 3
Corhicula manilensis (small) 2 1 8 1 12
coelotanypus scapuTaris 3 1 4
Chironomus spp . 1 3 2 1 7
Tanypus sp. 1 1 2
Cryptochironomus sp. 1 1 2
Cammarus fasciatus 3 5
Caenis sp. l 1
chironomid sp _. 3 1 1
Polypedilum Sr. 1 1
Dero digitata 5 5
corbicula m an i l en s i s  (large) I

(C o n t i n u e d )
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St i a t  urn RS — Apt i I 1~~ / 7

i~~~~~~ :3 4 5 6 7 8 Tota l s

Limnodrilus spp . 7 ‘5 2 1 11 22 18 46 117
LT~itnodrilus hoffrneisteri 

‘S 18 21
Enchytraeldae 27 12 8 21 15 68 151
Pros toma rubrum 6 6 5 1 7

C II~rodri1us temp letoni 9 17 26
Pseudochironomus Sr. 1 1
c~rbicula manilensis (small) 1 1 1 ‘S
Tubifex Spp C I I
Nais spp . 1 1

S t r a t u m  El — J u ly  1 9 7 7

1 2 3 24 5 6 7 8 1’o ta I s

Limnodrilus spp . 2 41 417 460
Limnodrilus hoffmeisteri 2 10 8 20
Limnodrilus profundicola 4 8 1 i S
Enchytraeidae 14 5 ‘5
I’eloscolex freyi 1 1
Efmnodrilus cervix 8 8
Nais spp . 1 1
ilyodrilus temp letoni 1 10 11
Branchiura sowerbyi 1 7S 76
Arachnid 1 1
Palpomy ia Sr .  2 5 7 14
Isotomi.dae I
Phvsa sp. 2 8 10
Coleoptera 3 5
Helobdella punctatalin ita 1 1
Lvrnnaea stagnalis 1 1
T h nY PU S Sp C  105 108

(Cont r nued)
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S t r a t u m  1-52 — J u l y  1977
1 2 3  4 5 6 7 8 IC e t a I s

L i m no dr i l u s  spp . 127 77 144 92 132 95 124 64 855
Ltrnnodrilus hoffnieisteri 8 13 29 2 6 4 62
Limnodrilus profundic~T~i 3 1 4
Branchiura sowerbvi 17 9 10 lb 15 12 22 32 133

/ C CLunnodrilus cervix 15 ~ 23 7 36 ‘10 5 100
Ilyodrilus temp let on i  13 5 14 7 :s 7 19 4 62
Nais sp. 1 1 2
Peloscolex freyi 2 2
Pseudochironornus Sp . 1 1
(~hironomus sp. 14 14
Dicrotendipcs nervosus 2 2
Tany~us sp. 14 12 35 22 88 11 146 ‘175 503
Corbicula manilensis (small) 5 15 4 24
Physa sp. 3
Sp’T~aeriurn transversnm - 12 12
Palpomyia sp. 4 3 7

Stratum E4 — J u ly  1977

1 2  3 4 5 6 7 8 T o t a l s

Limnodrilus spp. 96 75 130 18 100 29 117 80 645
Limnodrilus hoffn-teisteri 7 13 1 5 12 9 3 50
Lininodrilus cervix 15 3 5 1 3 15 9
Ilyodrilus templetoni 5 13 2 1 9 8 38
Branchiura sowerbyi 11 44 64 53 26 4 5  241
Peloscolex f rev i  1 1
Physa sp. 1 2 ‘S
Corhicula manilensis ( s m al l )  1 4 1 6
Tanypus sp. 4 13 20 24 5 6 17 23 92
Chironomus sp. 46 13 :34 28 2 123
I)icrotendipes nervosus 3 5 4 11 15
Coelotanypus scapularis :s 20 2 1

(Cen t  I nued
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Stratum ES — July 1977

1 2  3 4 5 6 7 8 Totals

!~1n1n0dr1h1S SP P C  5 5 46 1 ‘1 58
LinlnodriJus hoffmeisteri’ 1 18 6 25

Nais spp. 2 2
Kulodrilus pigneti 4 4
Limnod’rilus cervix 12 12

Branchiura  sowerbvi 1 5 6

Ily odrilus templctoni 1 1
Corhicula manilensis (small) 1 5 8 5 2 7 2 30

Coelotanypus scapularis 2 2

Tanypus sp. 6 12 6 1 4 29
Ghironomus spp . ‘10 38 6 26 4 2 12 98

crypto
C
chir000luus SI). 1 1 2

Polypedilum sp. 3 4 4 15 4 1 5 3 39
Dicrotendipes nervosus 2 5 2 8 17

~flctochironomus sp. I I
Spider ‘1 ‘1
Pseudochironomus sp. 8 22 5 2 1 56
Palpomy[a sp. 1 1
Gammarus fasciatus 1 1

Stra tum E6 — July 1977

1 2 :s 4 5 6 7 8 totals

Lin’inodrilus spp. 5 15 17 2 2 C) ‘‘1
Branchiura sowerhyi 1
Il yod’rilus templetoni 1 1
Corhicula manilensis (small) 213 4 27 6 8 2 15 8
ranypus S~~~~C ‘1 2 1 2 1 7
Stictochironomu s sp . 1 1
Cryptochironomus Sp . 1 1 1 1 C) 6
Pol~’pedi1um sp. 9 5 2 2 2 9 11 15 53
Coelotanypus scapularis 4 1 ‘1 1 7
Ghironomus spp. 6 6 ‘I 3 5 1 6 28
Dicrotend ipes nervosus  3 ~ 6 i i
Procladjus bellus 1 1
(‘~‘irbj cu l~~~-~~nj ~~o f l rj 1’ ( l a r c -i e )  1 1

(Cont I nued)
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Stratum E7 - July 1977

1 2 3 4 5 6 7 8 Totals

Lintnodrilus spp . 3 2 5 14 5 2 1 4 36
Timnodrilus hoffmeisteri 4 10 4 1 1 20
Nais spp . 2 2
Enchytraeidae 2 2
Corbicula manilensis (small) 3 6 4 2 2 9 2 38
Chironomus spp. 3 9 17 29
Polypedilum Sr. 17 8 3 11 28 7 5 1 80
Pseu~lochironornus sp. 7 3 2 12
Palpomy ia sp . 1 1
15’icrotendipes nervosus 4 7 11
Procladius bellus 1 1
Coelotanypus scapularis 2 2
Tanypus Sr .  5 5
Cryptochironornus sp. 1 1
Cricotopus sp. 1 1

Stratum Rl - July 1977
1 2 3 4 5 6 7 8 Totals

Limnodrilus spp. 38 3 27 6 100 38 46 258
Limnodrilus hoffmeisteri 6 1 6 14 1 5 33
Peloscolex multisetosus 12 1 15 7 11 2 48
Ilyodrilus templetoni 1 2 21 6 5 20 19 74
Aulophorus sp. 6 3 9
Dero dig[tata 7 31 2 40
Aulodrilus pigueti 2 1 3
Enchytraeidae 8 12 20
Limnodrilus profundicola 1 1 2
Peloscolex freyi 2 2
Spider i,
Smynthuridae 1 4 5
Helobdella elongata 2 5 16 3 26
Helobdella stagnalis 1 1 2
i9~ysa sp. 1 2 3
Chrysops sp. 1 1
Trichocorixa sp. 4 8 12
Hydrophorus sp. 4 26 2 32
Tanypus sp. 10 4 20 1 12 47
Tanytarsus sp. 2 2 1 5
Coelotanypus scapularis 1 3 1 1 1 7
Cricotopus sp. 2 1 3
Asellus Sr .  1 6 7
Polypedilum sp. 3 1 4
Pisidium sp. 17 5 60 82
Coleoptéra 5 5
Donacia Sp. 2 2
Cryptochironotnus sp. 2 2
Palpomyia S~~~~C 3 3
Glyptotendipes Sr. I I

(Continued )
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Strat um R2 - July 1977

1 2 3 4 5 6 7 8 Totals

Limnodrilus spp . 59 54 23 43 6 3 29 24 241
Ilyodrilus templetoni 2 4 2 4 12
Limnodrilus profundicola 1 2 1 ‘1 1 1 7
Peloscolex multisetosus 20 4 12 12 3 51
Dero digitata 17 8 25
Aulodrilus pigueti 3 10 1 2 16
Peloscolex freyi 2 2
Lininodrilus hoffmeisteri 16 2 9 6 2 17 13 65
Nais sp. 2 2
Helobdella stagnalis 2 2
Helobdella elongata 2 1 3
Coelotanypus scapularis 2 3 2 3 1 11
Ps eudochironomus sp . 1 1
Chrysops sp. 1 1
Tanypus sp. 1 2 3
Ghironomus spp . 1 3 1 4
Trichocorixa sp. 1 1 2
Procladius bellus 1 1 1 3
Corbicula ntaniTlensis (small) 5 3 5 13
Physa sp . 1 1
Hya lella  azteca 1 1
Cryptoc1~~~pe1ma sp. 1 2 1 24
Cry~ptochironomus sp. 4 1 3 8
Hydrophorus sp. 1 1

Stratum R3 - July 1977
1 2 3 4 5 6  7 8 T o t a l s

Limnodrilus spp . 31 14 14 9 41 66 14 2 193
Limnodrilus hoffmeisteri 5 5 2 18 24 1 55
Aulodrilus spp . 31 32 2 3 1 6 75 C

IlyodrUus templetoni 5 3 1 7 13 6
Dero digitata 11 1 1 1 4
Peloscolex freyi 1 1
Peloscolex multisetosus 1 1 2
Chrysops sp. I I
Procladius bellus 6 2 4 7 15 1 35
Cryptochironomus sp. 5 5 5 2 3 :s 23
Tanytarsus sp. 3 4 ‘

~~ —

Polypedilum sp. 5 5 1 11
Coelotanypus scapularis 7 2 7 1 6 19
Chironomus spp. 1 1 15 1 1 3 2 2
Dicrotendipes nervosus 1 19 i i  1 1 111
Harnischia sp. 1 1 2
Glyptotendipes sp. 1 1
Tany~us sp. 2 1 1
Corbicula manilensis (small) 1 4 1 2 4 12

(Continued )
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Stratum R4 - July 1977

1 2 3 4 5 6 7 8 Tota ls

Limriodrilus  spp . 5 7 17 9 1 8 4 3 54
Limnodrilus hoffmeisteri 4 3 4 1 2 2 1 17
Peloscolex multisetosus 1 4 1 6
Ilyodrilus templetoni 1 10 10 8 4 33
Stylaria lacustris 1 1
Aulodrilus pigueti 1 11 12
Nais spp . 1 1
Helobdella elongata 2 2
Corbicula manilensis (small) 1 1 2 4
Dicrotendipes nervosus 1 1 2
Tanytarsus sp. 1 1 2
Chironomus spp. 2 2
Polypedilum sp. 1 2 2 5
Coelotanypus scapularis 1 2 1 1 1 6
Procladius bellus 4 7 8 1 11 4 5 6 46
Cryptochironomus sp. 3 4 2 4 13
Palpotnyia sp. 

- 1 1
Gammarus fas ciatus 3 3
Pisidium sp. 3 3
Tanypus sp. 1 1
Harnischia Sp . 2 1 3
Cryptocladopelma sp. 1 1

Stratum R5 - July 1977

1 2 3 4 5 6 7 8 Totals

Limnodrilus spp. 5 7 8 9 3 2 1 36 71
Lirnnodrilus hoffmeisteri 1 1 1 1 11 15
Branchiura sowerbyi 2 2
Dero digitata 2 4 6
Ferrisafa sp. 1 9 2 12
Corbicula manilensjs (small) 5 3 1 5 2 2 18
Sphaerium transversum 4 4
Caenis sp. 1 5 1 1 1 9
Lirnnaea stagnalis 1 1
Helobdel[a elongata 2 3 2 1 8
Tanypus sp. 2 2
Pseudochironomug sp. 2 3 3 8
Procladjus bellus 2 2 10 2 8 24
Coelotanypus scapularis 1 9 3 2 15
Polypedilurn sp. 3 2 1 6
Tanytarsus sp. 1 1 2
Dicrotendipes nervosus ii 1 3 15
Crytocladopelma sp. 3 3
Chironornu s spp . 1 2 3
Harnischia sp. 1 1

(Continued )
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Exciosure Cage E6 - Ju ly  1977

1 2 
____ 

3 Tota ls
Branch iura Sowe rbyi 42 54 33 129Lirnn odrj lus ~~~~~~ 46 15 6 67Limnodrj lus cervix 1 12 2- C ’Corbicula manilensis (Sm) 36 9 5 50Corbicula manilensis (l g)  18 6 4 28Coelotan us sca ularis 7 5 4 16Procladius e lus 5 12 4 21

3 5 8sp. 5 5Cryptochironomus spp . 2 1 3
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APPENDIX E ’ : ABUNDANCE AND DI VERS ITY MEASURE S FOR MACROB ENTHOS

IN EACH SAMPLE (160 CM2 )
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Tab le I~l

Con ununitv St ruct tire Pai-amet  er s for J u ly  1 97b

St ratum! Number of Diversi ty Evenness Species R ichness
Rejiicatc Individuals Species (Ht) (j r )  (SR)

El—i 206 8 L22 0.40 L0O
2 20 4 L78 0.54 0.98
3 15 4 L78 0.89 1_ li
4 13 3 L24 0.78 0.78
5 124 5 0.97 0.42 0.83
6 3 1 0.0 0.0 OCO
7 24 S L87 0.80 1.26
8 96 S 0.82 0.35 0,88

E2—i 596 9 1.79 0.56 1.25
2 104 6 1.51 0.58 1.08
3 253 7 1.65 0.59 1.08
4 924 11 1.35 0.39 L46
5 205 7 1.64 0.58 1.13
6 225 6 1.10 0.42 0.92
7 713 6 1.22 0.47 076
8 172 10 2 . 1-~ O.-~ 1.7-4

E3— 1 103 8 2.32 0.77 1.51
2 69 8 1.84 0.61 1.65
3 248 7 1.42 0.50 1.09
4 126 9 2.21 0.70 1.65
5 115 6 1.85 0.72 1.05
6 105 7 1.49 0.53 1.29
7 175 7 1.58 0,56 1.16
8 138 6 1.80 0.38 1.01

E4—1 110 6 0.76 0.29 1.06
2 135 9 1.50 0.47 1.63
3 124 5 1.~ 6 0.67 0.83
4 98 6 1.50 0.58 1.09
5 58 6 1.82 0.70 1.23
6 156 7 L18 0.42  1.19
7 227 9 2. 10 0 6 7  1.45
8 93 7 2 .46 0.88 1.32

E S— I 34 3 0.38 0 2 4  0 5 7
2 112 9 2.35 0 .74 1,70
3 29 6 2 .08 0.80 1.48
4 85 9 2.76 087 L80
5 163 9 1.78 0.56 1.57
b 13 4 1.74 0.87 L u
7 39 9 258 081 2.18
8 29 7 2.37 084 1.78

(Ci’nt i nuedi

-I



Tab I e 1~ 1 (CoIl t I

S t ra tum ! Number of Diversity Evenness Species Richness
Replicate Individuals Species (H’) (J ’) (SR)

E6—1 8h 8 1.78 0.59 1.57
2 120 5 1.63 0.70 0.84
3 66 7 2.06 0.73 1.43
4 55 7 2.04 0.73 1.50
5 97 10 2.40 0.72 1.97
6 55 11 2.96 0.85 2.50
7 51 8 2.22 0.74 1.78
8 60 7 1.90 0.68 1.46

E7—1 13 4 1.78 0.89 1.17
2 19 5 1.96 0.84 L36
3 3 1.46 0.92 1.12
4 2 1 0.0 0.0 0.0
5 2 2 1.00 1.00 1.44
6 3 3 1.58 1.00 1.82
7 3 2 0.92 0.92 0.91
8 8 4 1.81 0.90 1.44

Ri—i 155 8 1.94 0.65 1.39
2 49 9 2.14 0.67 2.06
3 43 5 1.61 0.69 1.06 

C

4 16 3 1.12 0.71 0.72
5 60 7 2.04 0.73 1.46
b 25 3 0.76 0.48 0.62
7 68 11 3.07 0.89 2.37
8 20 7 2.16 0.77 2.00

R2—l 16 4 1.68 0.84 1.08
2 37 3 1.20 0.76 0.55
3 29 6 1.’.8 0.57 1.48
4 38 7 1.98 0.70 1.65
5 14 6 2.22 0.86 1.89
6 196 12 1.91 0.53 2.08
7 95 7 1.84 0.66 1.32
8 33 8 L46 0.49 2.00

R3—1 29 7 1.51 0.54 1.78
2 30 6 1.41 0.55 1.47

3 20 6 164 0.82 1.00

4 32 8 2.43 0.81 2.02

5 15 5 1.56 0.67 1.48
6 26 6 2.08 0. 81 1.54
7 28 4 Lb  0 5 5  0.90
8 3 1 0.0 0.0 0.0

~ 
I ~ii t ~ nti&’J)
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Tab l e  E l  (COuL - lu ded i

Stratum ! Number of Diversi ty Evenness Species Richness
Replicate Individuals Species (H’) ( - 1 ’) (SR)

iS 6 2 . 44 0~~~-~s 1 .7 3
‘1*

3 4 2 0.81 0.81 0 .72
4 3 1 0 0  0.0 0.0
5 42 7 1.81 0 6 4  L60
7 16 5 1.72 0 .74  1.44
8 2~ 5 Lb 0.90 L19

R5—1 30 4 0.88 0.44 0 .88
2 25 6 1.98 0.77 1.55
3 30 6 2.01 0.78 1.47
4 53 5 1.49 064 1.01
5 25 7 2.19 0 .78 1.86
6 56 4 L02  0.51 0.74
7 31 5 1.76 0.76 1.16
8 74 6 2.16 0.84 1.16

*I L ~)~$ t Safl l j ) lC

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _  —- - - - 
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Table E2

Community Structure Parameters for November 1976

Stratum! Number of Diversity Evenness Species Richness
Replicate Individuals Species (H ’) (j ’) (SR)

El—i 80 8 1.66 0.55 1.60
2 14 4 1.09 0.54 1.14
3 21 5 1.97 0.85 1.31
4 13. 3 1.35 085 0.83
5 54 4 L12 0.56 0.75
6 14 4 L57 0.79 1.14
7 7 3 1.56 0.98 1.03
8 116 6 1.75 0.78 1.05

E2— l 91 7 1.82 0.65 1.33
2 122 7 1.26 0.45 1.25
3 119 8 1.48 0.50 1.46
4 123 7 1.56 0.55 1.25
5 98 6 1.65 0.64 1.09
6 72 9 1.96 0.62 1.87 v
7 58 5 1.58 0.68 0.98
8 36 7 1.44 0.51 1.67

E4—i 143 6 1.18 046 1.01
- 2 103 5 1.06 0.46  0.86

3 46 5 1.49 0.64 1.04
4 65 9 2.41 0.76 L92
5 62 5 1.21 0.52 0.97 •

6 71 9 2 .28  0 7 2  L88
7 84 7 1.55 0 5 5  1.35
8 45 7 1.84 0.66 1.58

E5— l 46 4 1.24 0 6 2  0.78
2 56 2 1.00 1,00 0.25
3 71 7 1.95 0.69 1.41
4 52 6 1.60 0.62 L26
5 49 4 1.24 0.62 0.77
6 47 6 1.55 0.60 1.30
7 35 8 2.09 0.70 1.97
- 73 4 0.91 0.45 0.70

44 4 1.23 0.61 0.79 - 
-

2 42 7 2 2 1  0.79 1.60 —

35 4 1.18 0.59 0.84
• -.2 5 1.69 0.73 1.07

6 1.66 0.64 1.29
- 75 4 1.60 090 0.69

7 1.72 0.61 1.52
4 1.42 0.71 0.86

(C” n~ i nn e d )
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Tab 1-  [2 (Coii t

Stratum / ________________________
Replicate Individuals Species (11’) _ J ~l ’) (SR)

E7—1 36 3 0.36 0.23 0.5(1
2 16 4 1.19 0.59 1.08
3 47 2 0.25 0.25 0 .26
4 7 2 0.98 0.98 0.51
5 21 2 0.28 0.28 0.33
6 50 2 0.14 0.14 0.26
7 51 1 00 0.0 0.0
8 25 2 0.40 0.40 0.31

Ri— i 67 8 230 0.77 1.66
2 128 12 2 .69  6 7 5  2 .27
3 18 6 1.83 0.71 L73
4 43 9 L74 0.55 2.13
5 16 4 1.75 0.87 1.08
6 30 6 L30 0.50 1.47
7 12 7 2 . 5 2  0.90 2 .41
8 13 7 2 .03  0 .79  1.95

R2— i 86 11 2 . 5 7  0 .74  2. 24
2 52 6 L70  0.66 1. 26
3 I ’ ) ~ ‘ -

‘ - -~ 1 0.91 1 .

4 38 4 1.54 0 .77  0.82
5 24 10 3 0 1  0.91 2.83
6 26 5 L34 0.58 1.23
7 29 6 1.96 0 .76  1.48
8 36 8 2 .64  0.88 1.95

R3— l 25 8 2 4 7  0.82 2j 7
2 25 7 2 . 4 5  0 .87 1.86
3 15 5 2 . 0 2  0 .87 1.48
4 22 5 1.84 0 .79  1.29
5 28 6 2.06 0.80 1.50
6 20 7 ~ .53 0.90 2.00
7 12 8 2 8 6  0.95 2 .8.~
8 11 6 2 .2 2  0.86 2.08

R4—1 35 1.91 0.74 1.41
2 20 6 2 0 8  0.81 1.67
3 20 6 2.16 0.84 1.67
4 21 8 2 .53  0.84 2.30
5 10 5 1.12 0.91 1.74
6 45 10 2.55 0.77 2.36
7 12 5 1.96 0.84 1.61
8 8 6 2 .40  0 . 9 3  2 . 4 0

in,ed )

-



Table E2 (Concluded)

R5—1 12 
1.21 0.50 1.21-

2 26 7 2.15 0.77 1.84

3 41 
1.53 0.76 0.81

4 5 
2.32 1.00 2.48

5 43 4 1.57 0.79 0.80

6 46 2 0.15 0.15 0.26

7 109 4 0.85 0.43 0.64

8 71 
0.60 0.38 0.46

F 7
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Table E3

Community S t r u c t u r e  Parameters  fo r  January 1977

Stratum! Number of Diversity Evenness Species Rich—
Rep l icate individuals Species (Ii’) CI ’)  ness (SE)

E l—i  28 5 2 .02 0.87 1.20
2 2 1 0 0  0.0 0.0
3 16 4 1.68 0.84 1.08
4 2 2 1.00 1.00 1.44
5 0 0 0.0 0.0 0.0
6 2 1 0.0 00 0.0
7 23 4 1.70 0.85 0 9 6
8 1 1 0.0 0.0 0.0

E2—i 39 3 1.34 0 8 5  0.55
2 53 4 1 .62  0 . 8 1  0 . 7 6
3 23 3 1.52 0 9 6  0 .64
4 8 3 L30 0.82 0.96
5 24 3 1.19 0. 7 5 0.63
6 20 3 L16 0 . 7 3  0 .67
7 17 3 1.25 0~~79 0 . 73 .
8 29 3 L44 0.91 0.59

E4—i 9 4 1.66 0. 83 1.37
2 4 2 L00 1.00 0. 72
3 136 8 1.85 0 6 2  1.43
4 5 2 0 . 7 2  0 . 7 2  0 .62
5 8 2 0 8 1  0.81 0 4 8
6 17 3 1.26 0.30 0.71
7 57 5 1.44 0 6 2  0.99
8 56 6 2 .20  0 8 5  1.24

ES—i 0 0 0.0 0.0 0.0
2 0 0 0 0  0 0  0 0
3 25 2 0 .99 0.99 0 3 1
4 1 1 0.0 0.0 0 0
5 1 1 0.0 0.0 0.0
6 0 0 0 .0 0 .0 0.0
7 0 0 0.0 0.0 0.0
8 20 3 1.44 0.91 0.67

E6—l 6 1 0.0 0.0 0.0
2 2 2 LO 1.0 1.44
3 0 0 0.0 0.0 0.0
4 3 2 0 .92 0 9 2  0 . 9 2
5 5 3 1.37 0 .86 1.24
6 25 2 0.90 0 90 0.31
7 1 1 0.0 0.0 0.0
8 13 14 1.76 0.88 1.17

(Cont  I nued)

ES
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Tabi t’ [3 ( Con t In u e d )

St r a t  urn ! 
- - -  

N u mb er  of  D i ver s  f t  V l- .venness  Species  R i c h —
Rep l i c a t . . m d i v  idua l s ~ p~~c ics (H ’ ) ( 3 ’ )  

- — 
ness (SR)

E7 —1 9 3 L39 0.88 0 91
2 4 2 0.81 0.81 0 . 7 2
3 1 1 0.0 0.0 0.0
4 10 3 0 .92  0.58 0.87
5 1 1 0.0 0.0 0.0
6 7 4 L84 0.92 1.54
7 —* — — —
8 0 0 0~ 0 0.0 0.0

R i— i  11 6 2 . 2 2  0 .86 2 .09
2 25 10 2 .71  0 .82  2 8 0
3 44 9 2 7 1  0.85 2.11
4 23 7 2 4 7  0.88 1.91
5 27 5 L62 0 7 0  1. 21
6 90 i i  2 5 4  0 . 7 3  2 . 22
7 83 12 2 . 7 4  0 .76  2 .49
8 58 12 2 .60 0 . 7 3  2. 71

R2— 1 86 q 2 4 2  0 7 6  L60
2 3.33 7 1.93  0.69 1 .23
3 150 8 2.13 0. 71 1.40
4 111 5 1.99 0 8 6  0 8 5
5 136 10 2 . 0 1  0.60 LS1
6 28 7 2 . 1 2  0 .7 5  1.80
7 63 5 2 0 1  0.86 0 .97
8 265 9 2 .12  0 . 7 3  1 .43

R3— 1 31 10 3.17 0.95 2 . 6 2
2 35 8 2 . 7 1  0 9 0  1 .97
3 41 9 2. q2 0. 92 2 . 1 5
4 34 8 2 . 4 6  0 .82  1. 98
5 34 6 2 . 2 7  0 8 8  1 . 4 2
6 54 9 2 4 0  0 . 7 6  2 .01
7 69 7 1.~) l  0 .68 1 .42
8 40 7 2 .35 0.84 L63

R 4 — l  38 9 2 .69 0.85 2 .2 0
2 20 6 2.30 0.89 1.67
3 185 14 1.45  0 .38 2 . 4 9
4 61 8 2J 9  0 7 3  1. 7 0
5 51 9 2 .66  0 .84 2 .0 3
6 76 15 3 0 7  0 . 7 9  3 . 2 3
7 58 10 ~ 10 0 6 9  2 . 2 2
8 19 7 2.58 0.~~2 2 .04

(Cont i nued 1

1:5
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Tab le  E3 ( Concluded)

St ratum ! Number of Diversity Evenness Species Rich—
Rep licate Individuals Species (H’) Ci ’) -- ness ( SR)

R5—i 2 1 0.0 0.0 0.0
2 4 2 0.81 0.81 0 .72
3 27 6 L38 0 .53 1.52
4 22 8 2 .55  0.85 2 . 2 6
5 32 6 1.37 0 .53 1.44
6 17 7 2.66 0.95 2.12
7 3.8 4 1.61 0. 81 1.04
8 14 6 2 .22 0 8 6  1.89

* Lost Sample.

[10



Pu- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I

Table E4

Community Structure Parameters for April 1977

Stratum! Number of Diversity Evenness Species Rich—

• Replicate Individuals Species (H’) (J~) ness (SR)

El-i 43 1 0.0 0.0 0.0
2 9 2 0.50 0 5 0  0.46
3 64 4 1.25 0.62 0 .72
4 67 3 0.37 0 .24  0.48
S 121 5 0 . 7 2  0 . 3 1  0 .8 3
6 52 2 0.14 0.14 0.25
7 4 2 0.83. 0.81 0 .72
8 —— * — — ———

E2—1 120 3 1.21 076 0.42
2 53 3 L2 5  079 0.50
3 33 7 1.59 0.57 1.72
4 14 4 ‘ - 1.43 0.71 1.14
5 95 4 1.52 0.76 0.66
6 34 3 1.49 0.94 0.57
7 23 3 1.21 0 .76  0 .64
8 56 2 0.97 0.97 0.25

E4— i 106 9 2.36 0 .74  1.72
2 155 8 2.16 0 .72  1.39
3 361 6 2 .21 0 8 5  0.85
4 53 7 1.82 0 .65 1.51
5 241 5 1.97 085 0.73
6 149 5 1.90 0.82 0.80
7 205 7 2.06 0 .7 3 1.13
8 51 5 1.63 0.70 L02

E5—1 18 3 0.61 0.39 0.69
2 18 4 1.9 1 0 .95 1.04
3 2 1 0.0 0.0 0.0
4 5 2 0.97 097 0.62
5 23 3 1.26 0.80 064
6 13 3 0.99 0.63 0.78
7 13 3 L2 4  0.78 0 7 8
8 5 4 1.92 0.96 1.86

1-

R6—l 1 1 0.0 0.0 0.0
2 30 6 2.19 0.81 1.47
3 3 1 0.0 00 fLU
4 6 3 1.25 0.79 L12
5 5 5 232 1.00 2.49
6 0 0 0.0 0.0 0.0
7 7 3 1.38 0.87 1.03
8 8 4 1.75 0.87 1.44

(Continued)
C-
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Tabl e [-I (I:ent ui~ied)

St. r at  urn ! Numb er  of Divers it v Evenn e ss  Spec ies  Ri c-h—

- 
indivIduals Species (H ’) 

- ~~~~~~~ _~~ e~~s_ ~~R)

E7— 1 15 4 1.71 0 .85 1.1
2 0 0 0.0 0.0
3 24  3 L20 0 .75  0 .6 1
4 5 3 1.37 0.86 1. 24
5 3 2 0 . 9 2  0 9 2  0.91
6 1 1 0 0  0.0 0.0
7 1 1 0.0 0.0 0 .0
8 2~ 5 1. 80 0. 78 1 .19

R i — i  20 8 2 .7 1  0.90 2 . 34
2 69 5 2 . 2 4  0.96 0 .94
3 115 8 1.90 0 .63 1.48
4 3 2 0.92 0.92 0.91
5 165 7 2 1 8  0 .7 8  1.18
6 29 5 1.98 0.85 1.19
7 25 5 2 .03  0 .88 1. 24
8 20 6 2 . 0 2  0 .78  1. 67

R2~~l I I I  1 . 7 2  0. 81 0 . 8°
2 56 S 2 . 3 2  0 . 7 7  1. 74
1 31 8 2 .36  0. 79 2 0 4

4 49 9 2 4 2  0 . 7 6  2 . 06
5 115 10 2 . 15 0 . 7 1  1.90
6 53 8 2 0 0  0 .67  1. 76
7 n 5 1~~ 0 0. 7 1
8 46 4 1.37 0 6 9  0 .78

R3—i 11 4 1. S7 0.79 1.17

3 10 4 1.85 0.~~2 1.30
4 8 4 1.81 0. 91 1 .44
5 54 S 1. 4 2  0 . 6 1  1.00
6 119 3 1.17 0. 80 0. 42
7 48 8 2 . 67 0 .90 LS1
8 16 6 2.18 0.84 1.80

R 4—l 23 9 2.8 5 0. 90 2 . 55
2 7 4 1.66 0 . 8 1  1. 54
3 20 6 2.25 0.87 1.67

4 ii 9 2.86 0.9()
5 36 5 1.72 0.74 1 . 1 2
6 17 6 2 .06 0 .80 1 .7 6
7 8 1 1.06 0.67 0.96
8 9 4 l . t ~6 0.8- 1 1. 17

(t. :ont i inie~fl

i-: I —

-~~~~~~
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Table E4 (Concluded)

Stratum! Number of Diversity Evenness Species Rich—
Rep licate Individuals Species (H’ )  - 

(3 ’) ness (

R5—1 34 2 0.73 0.29 0.28

2 63 6 1.98 0.78 1.21

3 10 3 0.92 0.28 0.87

4 33 4 1.60 0.61 0.86

5 1 1 0.0 0.0 0.0

6 58 4 1.67 0.67 0 .74
7 39 3 1.46 0 .57 0.55
8 120 4 1.24 0 .62 0.63 

• _ _ . 
* Los t Sample.

El I



Table ES

Communi tY Structure  Parameters for Jul y 197 7

St ratum! — Number of Diversi ty Evenness Species Rich—
Replicate Individuals Species (H’) (3 ’) ness (SE)

El— i  0 0 0.0 0 . 0  0.0
2 10 4 1.92 0.96 1.30
3 17 3 0.83 0 .52  0.71
4 7 2 0.86 0.86 0.51
5 18 6 2 . 1 7  0 . 8 4  1 . 7 3
6 3 1 0.00 0.00 0.00
7 7 1 8 1.91 0.64 1.64
8 629 9 1.49 0 .47  1.24

E2-1 185 7 1.60 0 .57  1.15
2 128 8 2.01 0 .67  1.44
3 263 9 2 .12 0 .67  1.44
4 144 5 1.60 0.69 0.80
5 307 10 2 .20  0.66 1.57
6 158 10 2 .13 0.64 1.78
7 303 S 1.52 0 .65 0.70
8 279 S 1. 44 0 .62  0 . 7 1

E4—1 188 9 2.09 0.66 1.53
2 162 7 2.05 0 .73  1.18
3 4 10 1 .62  0 . 4 9  1 . 7 3
4 81 6 2.01 0.78 1.14
5 178 6 1.43 0.55 0 .96
6 115 9 2. 18 0.69 1.69
7 219 9 2.21 0.70 1.48
8 151 5 1.61 0.69 0.80

ES—i 25 7 2 .34  0. 83 1.86
2 73 10 2.30 0.69 2.10
3 24 5 2 .12  0.9 1 1. 26
4 129 8 2.51 0. 84 1.44
5 30 7 2.60 0.93 1.76
6 31 5 1.35 0.58 1.16
7 21 6 2.26 0.87 1.64
8 52 8 2 .35 0. 78 1.77

E 6— l 40 6 1.72 0 .67  1.36
2 37 8 2. 46 0. 82 1.94
3 52 4 1.56 0.78 0.76
4 19 8 2.65 0 .88 2 .38
5 17 6 2. 16 0. 84 1 .76
6 22 7 2.36 0. 84 1 .94
7 29 4 1.46 0 . 7 3  0.89
8 37 7 2. 37 0. 84 1.66

(Co nt inued)
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Table ES ( Continued)

St ratum/  Number of Diversity Evenness Species Rich—

Rep licate Individuals Species (H ’)  Ci ’) ness _ _

E7— 1 33 5 1.91 0.82 1.14
2 20 S 2.01 0 .87 1.34
3 18 5 2 .26  0 .97  1.38
4 43 7 2.36 0.84 1.60
5 77 9 2.58 0.81 1.84
6 15 4 1.80 0.90 1.11
7 24 6 2.09 0.81 1.57
8 8 4 1.75 0.88 1.44

Ri—i 96 13 2.87 0.78 2.63
2 10 4 1.69 0.85 1.30
3 30 7 2 .03 0 .72  1.76
4 14 3 16 3.21 0.80 3.02
5 103 10 2.09 0.63 1.94
6 185 15 2.38 0.61 2.68
7 72 5 1.64 0.71 0 .94
8 101 12 2 .48 0.69 2.38

R2-1 lii 11 2.13 0.62 2.12
2 90 11 2.00 0.58 2 . 2 2
3 57 10 2 .48  0 .75 2 . 2 3
4 76 9 2 .04  0.64 1.85
S 23 8 2 .67  0.89 2 . 2 3
6 8 5 2.16 0 .93  1.92
7 66 8 2 . 2 4  0.75 1. 67
8 49 8 2.05 0.68 1.80

R3-l 94 11 2 .58 0 .75  2 . 2 0
2 61 12 2 . 7 7  0 .77  2 .68
3 57 11 2.81 0.81 2 .47
4 54 9 2. 75 0 .87  2.0 1
5 72 8 1.78 0.59 1.64
6 113 9 1.72 0.54 1.69
7 60 11 2 . 9 7  0 .86 2 . 4 4
8 9 6 2 . 4 2  0 .94  2 .2 8

R4—l 21 9 2.89 0.91 2.63
2 21 5 2 .07  0.89 1.31
3 48 8 2 .53 0.84 1.81
4 32 10 2.70 0.81 2.60
5 29 10 2.58 0 .78 2 . 6 7
6 32 8 2.50 0.83 2 .02
7 24 9 2 .95  0 .93  2 .52
8 12 5 1.90 0 .82 1.61

(Con t i n u e d )
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Table E5 (Concluded)

Stratum[ Number of Diversity Evenness Species Rich—
Replicate Individuals Species (H’) Ci’) ness (SR)

R5—i 20 8 2.76 0.92 2.34
2 23 8 2.66 0.89 2.23
3 27 10 2 .92  0.88 2 . 7 3
4 2 3 4 1.75 0. 88 0.96
5 37 9 2.73 0.86 2.22
6 22 8 2 .46  0.82 2 .26
7 8 6 2.50 0 .97 2 .40
8 65 8 2 .04 0.68 1.68

Rive r 57 6 1.83 0.71 1.24

Cage 1 159 8 2.67 0 .77  1.95
2 114 10 2.51 0.76 1.90
3 57 7 2 .02 0 .72  1.48

El 6
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L

Stratum El — J~~1y L 9 7 7

1 2 3 4 5 6 7 8 Totals

Li~~~o d r i l u s  spp C 27 2 3 32
Limnodrilus hoffmeisteri 4 4

s spp . 1 1
Encf~ytraeidae 6 3 9
Tubifex sp. 1 1
Branchiura sowerbyi 1 1
Ilyodri lus templetoni 3 3
Physa sp. 1 1
Nematode sp. 11 1 1
Monohystrella sp. 1 1 5 6 5 1 7 54 79
Monohystrella sp. 2 4 4
Anatonchus sp. 2 15 21 3 10 4 7 62
Thornenema sp. 11 6 2 6 2 27
Dorylaimus sp. 1 1 1 5 3 11
Amphidorylaimus sp. 13 13
Monohystera so. 4 2 2 8 16
Cantnocamptus sp. 1 1
cvDridoDsis sp . 3 2 3 1 9
Physocvoria sp. 1 2 2 1 2 8
Macrobiotus richtersii 44 5 7 3 1 60
Macrobiotus hufelandli 1 1
Hypsibius sp. 1 1
Macrobiotus dispar 1 1
Palpomyia sp. 3
Insecta 1 2 3
Harnischia sp. 3 3
Tanypus spp . 4 4
Coelotanypus sp. 1 1
Cryptochironomus sp. 1 1

(Continued )
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Stratun ~ E2 — July 1977

1 2 3 4 5 6 7 8 Totals

Lirnnodrjlus spp . 11 3 7 2 21 11 15 3 73
t[i~nodrj1us cervix 1 1
ti~~odrj1us hoffmeisteri 1 2 3
rI5~odriius temp letoni 1 2 1 1 4 3 1 13
Nais spp. 1 1
Biài~ hiura sowerbyi 2 2
C~ibicuja manilensis (sm) 2 1 3
Nönohystreiia sp. 1 12 70 17 27 45 44 59 12 286
Ai~iptuciory1aimus sp. 1 15 3 14 13 7 22 2 77
T!iornenema sp. 4 17 3 3 8 4 39
~~~ylaimus sp. 2 1 3
Eucyclops agilis 2 3 1 1 7
Paracyclops affinis 1 4 5
ilyocryptus spp . 19 3 2 2 2 28
Mona affinis 1 1
Cypridqpsjs sp. 1 1 2
Candona sp. 1 1 2
~hvsocypria sp. 4 3 1 1 1 2 12
Tanypus spp . 4 3 3 1 5 8 24

(Continued)
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St i it  urn 1:4 — ~J u 1 y 1 97 7

1 2 :~ 4 s o 7 8 Tota I

L imnodr i lus  spp . 9 23 3 4 5 9 5
Limnodrilus hoffineisteri 2 1
Nais spp . 1 2
f~r anchiura  sowcrbyi I I
I ly o dr i l u s  ternp ’Ieton i 8 1 1 10
Monohystrella sp. 1 22 30 19 12 5 9 9 12 118
ArnpM dory lairnu s 

~~~~~~
. 10 12 7 2 1. 4 36

Thornenerna sp. 2 8 3 H
Mon 6hystera sp. 1 l
Dory lairnus sp. 2 2 1 1 6
Ana t O I 1 C I I U S  sp 2 6 8
F.ucyclops agi l i s  3 7 4 9 3 26
Can thocamptus  s tap h l in o i d e s  1 1 2
Cant h ocamptus  sp. 2 1 1
P ar a c v c l op s  a f f i n i s 12 3 19 3 37
Ilvocryptus spp . 2 4 7 4 1 18
Alona cos ta ta  1 1 3 3 8
Alona a f fin i s  3 3
Lcy digla  leydig i I
Macrothr ix sp. 3 1 4
Physocypria  sp. 1 2 6 8 1 1 21
Candon a sp. 2 2
Macrobiotus r i c h t e r s ii  11 7 18
I lyp sihiu s  sp. 1 1
Pa1pomv 1~I sp. 1 1
Chironornu s sp. 1 2 1 4
Tanypus sp. 6 4 2 1?
Stictochironornus sp. 1 1
Coelotanypus sp. 2 1 3

(Con t nut ’d
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~~t i a t u rn  ! ‘~ 
— July 19/7

1 2 4 t~ I 8 .1’~’t a I s

• i rnnodr tins spp . 1 2 1 l 2 1 2 2 2 1
Lt rn n~~ii~TuS  c e r v i x  1
L i m no dr i lu s  hof1~n e i s t t ’r i  1 2
IAn ino dr i  in s  j~i~~Tiin~T i c o L i  1 1
l ,~~1i rI~is ~~j~T~~t ~i 1 1

M o n oh v st r e lL i  sp. ~4 9 3  8 45 1 H 31 12 158
Thor iwiwma sp . 4 7 3 10 5 1 9 4 !
~ nat 1 sp. l 2 1
1)orv 1 :iTinus sp . I 4 2 1 8
~~ 11T iU ~T~~~~Tain ius  sp . 2 ~4 1 7 29 9 8 9?
Corb i c iiT a ma u t  lTns I s (sil l ’) 1 1

~~ ~~~~~~~~~~~~~~ I I
__________ 

a I iT n i s 5 1 6
C. in t hoc au~pt us r~T~~~ t coker i  1 1
Can t h ~~’am ptus  s taph l i n o i d i ’s 1 1 1
I l v oc r y pt u s  spp . 6 14 4 1 1
A lona  c o st a t a  1 2 2 1 8 16
Alona affjnts 1 11 2 16
M a cr o t hr lx  sp.  1 1 1 1 4
19’t\’socVpr i .4 1 1
Mac rob to t t i s

__
rt c h c t ’ rs i i  1 1 2

~ 1IOflOtnL15 sp. 2 1 1 1 5
P st ’u&1 o ’T~T i o noinu s sp. 1 1 2

~oT ypt~dT 1 urn sp. 1 -

~~t ra t  urn i:t, — J u ly  1’) 7
1 2 1 4 5 t 7 8 T o t a l s

L i mn o d r i l u s  spp . 1 l 2 1 5
N a i s  spp . 1 1
Corb lcul a  nian i I c u s i  s (srn ’) 1 1 1 1 6
Hono~ y~~rre1 Li sp. 1 Ii I -~~ ~ 1 7
Mon ohv s t  r e l  Li sp . 2 3 4 1 17 26 1 1 / 16 1t~ 2 1 1

a i mu s sp . I .
) 1

I . .11.ip I ( ‘Ct  Ollt’fll.l sp. 2 2
k t i W f l C i l h I  Sp I

) L TVL1U~IIt IS Sp.  1 1
( d or vi a I tuu s sp . 2 3 7 2 1 2 2 1 2

i~~~~ t7j~s agi I I s 1 1 2
P.i r acy c lop s  fli~1~r1attis 1 1 1
Macr ocyc lops t u s~’us 1 1 2
Can t h oc am p t u s  st a ph ii nol des I
I lyo cryp tus  spp. 1 1 1 1 8
A lona  cos t a t~i 1 1 2
A lona a f fh ~T~ 1
Physo~ y p r t n  Sr . 2 2
Macroh iotus  h u f e l a n U i  1
Insecta 

— 

l
Chironornus sp . I I
P olypedl ium sp. 1

C (‘on t i nucd

1- ’ ‘~
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r~ I n s  SPP .  •
1
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t
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1
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I

- e
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I i a t  turn )~ I — . i u i  1 v 1 1 /

1 
— 

2 1 4 ‘ I S l o t  :1 I

.1 %IIfl ( ’ekl u~ h u t  s spp . 1 1 I 1 / 8 28
I spp 1 2 5

1’oi os ’o I ~~~~ %flt t  It I s i t  1 1 5 1 1 5  2 1t ~ S .‘

i- o /11 u’ I t .i ( a 
- t ’

Ti vodi - I 
tTiis emp 1 i ’i on~ I I 2

C’ilrl I 1 111.1 i n .un t i i ’ns i s  i_~.n~’) I 1 4
si  ~1I trnt sp .  1 2

Ntsu - uL  o4 - 
s

~~~
. 10 15 1 1 1 /

Mouio l tv  St re I 1 : i  sp . 1 2 1 10 2 1 18
Moitol tv sI  vol l:t s p . .‘ I 1 1 8 5 2 1 5
Ainp1tt~Iory I :1111115 sp . 1 1 -e

~ ~ri’I i ’ ttoni:u Sp . -‘ 1 1 I S
:\i 1 : l t  ( I U k l % ( l S  sp . 4 .‘

FtuevC I o ps :I~’l  I I s  1 -c  1 .~~.‘ .
‘ 1 / / 54

(‘auit Ih1C~ ffl~ 115 St  ; l I 1 I t  I I  i t o h  & l ’s 1 1 c

111’ sti r vci  op s ‘~1a~ 1 1
P :ir :ue~ el t 1p s I l i t i b r i  a t  u s  1 1
Ti V O i  t \’p t L I S  ~~~ . 2 4 (I

l..ii r . Ia  1 :ut  I S S  h i n . u  2 -
)

(lu v i lo r i l s  spli.~~r i  ( ‘ i t s  .‘ -
‘

P1u~’ & i t Vj ~ t •~ ‘ - I 20 I 1 I (~ 4 2 (1 ‘
~ /

~~:I U 3 O I L i  Sp . i t  - ‘ 1 s 2 I It~
~ ‘p  ~ I

ii .,vw t~uu l:t sI  i ’vonso t i i  .‘ I a I ‘e IS
ro1~Iot it s t i C l i t o l  S i t  2

Hac rob to t  its I u i r ~ , t t  i t s  8 8
1~Clj ! fl~ scus 

~i~• 2 I I
— — I I

CIt I i t 1 l t ( ~~iit ( i 5  5p • 
I I

1 1 1 ~
(:01’ 1 t ’ t  .ii ~y I’ t%S _ sp. l 1

(( ‘oit t I i t t i t ’’1
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S t ra tum R2 - J u l y  1977

1. 2 3 4 5 6 7 8 Totals

Nais spp . 3 3 3 2 1 12
Dez~ digitat~’ 1 1
Ilyodrilus templetoni 1 1
Peloscolex multisetosus 1 3 1 5
Corbicula mani1ensi~ (sm) 1 1
Nematode sp. 10 3 2 5
Alairnus sp. 4 8 12
Amphidorylaimus sp. 21 1 22
Monohystrella sp. 1 23 3 26
Monohystrella sp. 2 1 8 8 14 26 11 68
Eucyclops agilis 1 1 1 3
Canthocamptus staphllnoides 1 1
Paracyclops fimbriatus 1 1 2
Ilyocryptus spp . 3 22 4 1 2 1 1 5 39
Macrothix sp. 1 1
Bosniina longirostris 1 4 5
Diaphanosoma sp. 1 1
Pl euroxus den ticula tus 1 1

- Sida crystallina 6 1 7
Physocypria sp. 14 12 8 1 9 1 7 52
Cand ona sp. 1 4 3 1 9
Darwirtula stevensoni 5 1 2 2 2 12
Macrobiotus richtersij 1 1 2
Macrobiotus dispar 1 1
Acarid 1 1
Chironomus sp. 1 1
Tanypus sp. 1 1
Coelotanypus sp. 1 1
Cryptochironomus sp. 1 1

I

(Continued)
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Stra tum R3 — J u l y  1977

1 2 1 4  5 6 7 8 Tota ls

Lintnodrilus spp. 1 2 1 4
ITy od r i lu s  t emp l et o n i  i 1 2
Aulodrilus piguetl 2 1 2 5 10
Wais  Spp. 1 1 5 1 12
Corbicula n -ua n i l en s i s  (sm ’) 1 1
f~~m,tode sp . 10 1 3 1 3 8
Thornenema sp. 1 1 1 3
Mon&,hystreUa sp. 1 2 2 2 2 16 10 13 47
Mon~ hystera st~• 1 1
Alaimus sp. 1 1 10 2 14
Eucyclops agilis 7 4 6 8 1 1 4 1 32
Paracyclops a f f i ni s  3 4 8 4 1 3 4 27
Ilyocryptus spp . i i 3 14 3 17 5 15 2 70
Macrothrix sp. 2 1 1 1 5
Leydig ia  l eyd ig j  1. 1 2
Klona iuadrangularis 1 1
Bosmina longirostris 5 5
Physocypria sp. 10 2 1 1 14
[arwinula stevensoni 1 1 1 3
Pai p~omy ia sp. 1 1
chironomus sp. 1 1 2
Tanypus spp . 1 1
Coelotanypus sp. 1 1 2
Procladius sp. 2 1 1 4
Polypedilum sp. 1 1

(Continued )
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St ra tum R4 - Ju ly  1977

1 2 3 4 5 6 7 8 Tota ls

Limnodrilus spp . 1 1 2 8 12
Dero digitata 2 2
Nais spp. 1 1 1 3
Corbicula inani lens is  ( sin ) 1 1
Monohystrella sp. 1 2 2 2 1 7
Paraplectonema sp. 1 1 1 3
Alaimus sp. 1 3 2 5 11
Thornenema sp. 2 2
Eucyclop s ag i li s  15 14 3 6 6 44
l’arac yclops affinis 4 2 9 2 6 15 3 41
Macrocyclops fuscus 1 1 2
Canthocamptus staphlinoides 1 1
Ilyocryptus spp . 5 2 14 5 19 17 2 64
Al ona affinis 15 1 2 5 7 1 31
Mona 9uadran~u1aris 3 2 5
Leydigia leydigi 1 1
Leydigia acanthocercoidies 3 1 1 5 1 11
Moina branchiata 1 1 2 4
Latona setifera 1 1
Bosmina longirostris 1 1
Physocypria sp. 4 5 9
Darwinula stevensoni 1 2 3
Candona sp. 1 1
Chironomus sp. 3 3
Cryptochironomus sp. 1 1
Tanypus sp. 1 1
Coelotanypus sp. 1 1 1 3
Procladius sp. 1 3 1 3 8
Palpomyia sp. 1 1 2

(Continued )
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St rat  urn R5 — . :  y 1( 177

1 ~ I ~ ~ _ _ _  
/ ~~~ - 

T o t a l s
!~in mod r i_lus 51) 0 .
N i ~0~~~~~ . ~b 1 1 aMonohvstrt . h a  sp . 1 2 2 14

2 I 1
Sr. I 2 1

~~~~~~T~~ S t’. ’ i l i s  7 1 8

4 Q

~lT~f l i~~7V~f f fj  2 
1

I I I 1

S F’ . 1~ 1 7Darwinula St e ’V e n .o t ~j
1 1 2t~~~1O anvpus sp 1 1

!~~f~i~~ tus sp. 
. 

S I I

1’ 1 1
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‘V~ b 1t ’ ~ 1

St r at u ~~ ’ 
-— ~umher of D iver s i  t v  Ev enne ss  Spec ies R i c h —

Rep l i c a te  I n d i v i d u a l s  Sp e c i e s  (11 ’)  (a ’)  ness (SR )

F l — I  6 5 2 25 0. 47 2 2 1
2 113 10 2 .47 0 .74  1 .90
1 4~ 7 1.57 0. 40 2 .25

4 26 9 2 . 8 5  0 .70  2 . 4 5
5 12 i i  3 .12  0 .90 2 . 8 8
6 26 11 3 .0~ 0.96 3 . 0 7
7 30 7 2 . 5 0  0. 45 1 .76
8 82 7 1 .67 0 . 35 1. i t ~

E 2 — l  32 5 1 .97 0 . 24 1.1~2 137 11 2 . 2 9  0 .66 2 . O ~3 39 10 2 .58 0 .78  2 . 46
4 61 10 2 .48 0 . 7 5  2 . 19
5 97 12 2 .32 0 . 7 5  2 .40
6 77 10 2 . 14 0 .64 2 . 07
7 i l l  10 2 .07 0. 62 1.91
8 28 6 2 .10 0 . 49 1 .50

E 4 — l  58 13 2 . 7 7  0 .96 2 . Q5
2 100 11 2 . 7 8  0 . 87 2 . 17
3 42 10 2 . 5 4  0. 76 2 .41
4 67 14 3. 41 1.18 3 .09
5 38 11 3.20 1.00 2 . 75
6 29 8 2 .50 0.68 2 .08
7 46 8 2 .32 0. 63 1. 83
8 35 8 2 .53 0 .69 1 .97

E5-I 54 12 2.08 0.68 2 .76
2 165 13 2 . 0 7  0. 69 2 .35
3 18 6 2 .20 0 .52 1.73
4 90 14 2 .54 0.88 2.89
5 178 14 1.88 0.65 2 .51
6 48 7 1.65 0 .42  1.55
7 56 7 1 .89 0.48 1.49
8 15 6 2 .04 0 .48 1.85

E6-l 9 6 2.42 0.57 2.28
2 52 7 1.08 0 . 2 7  1.52 H
3 59 5 1.56 0.33 0.98
4 37 10 1.80 0.54 2.49
5 23 8 2 .08 0 .57 2.23
6 54 8 1.58 0 .43 1.75
7 25 5 1.62 0.34 1. 24
8 57 10 1.96 0.59 2.23

(Co n t i n u e d)
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‘1’ tI ~ 1 C l  (~‘ou t i i t t i d

~t r a t u m , it~~~~~- r ( ~~~~ 
- 1) I vt ’r s i t v  I v & ’u ) I I C S S  ~~~~ I es E i  ci i-

~flJ1 . ~i ( t ’ l flLI i \ ‘ 1d t t ~l 1  s ~ p o c i e s  . Ii ’ l  ~~
. ‘ ‘t i u ~~ s~~~~~~~~~~~ _ - -

1-: 7— 1 11 5 2 . 1 ~ ~ i ~ 7
2 8 4 1 . 7 5  0. 12 1 . 44
I 1 1 .50 0.22 1. 44

— 4 1 8 4 1 . 0 . 2 7 1 .
40 ‘-1 2 . 0 . 7 1 2 . 1 7

6 1 1 . -+ t ~ 0. 2 1  1. 12
7 ~ 1 . 50 0. 18 1 . 44
8 10 5 1 . 96 0. 41 1 . 74

R i — I 10 2 .4 5  0 . 5 7  2 . 1 7
2 1 1 2 .7 7  0 . 7 ~ .

‘
. ‘

~~~~

1 4 7  1 - 4 3 . 2 7  1 . 13  i . 15
4 ~ I 0 — ‘~ i) 0 — 0 .1 1 . 1 5

S 42  1 0 2 . 75 (1 . 84 -‘ . 4 1
‘
~ ‘‘ 1 t . 20 0 . 0 0 .~ . .‘ i~

7 2~ $ 2 . 57 0 . 70 2 . 08
17 3 . ~.i 0 . 5 . ’ .1 . 7 1

.7 — 1 2 1 1 . 7 ~ 0 . 4 -~ I .
2 at ’ 7 2 . 0 1 0 . 52 1. 5 7
1 17 5 0 . 2 1 1 c i  I’

20 1 0 —
‘ . 0 . 04 . 00

I l  10 :.o. 0 . 0 ’
1 2  0 .

‘ .~~~~~~ .~~~~~.
‘ 2 . 0 1
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8 25 8 2 . 17 ~~~~ 2 . 1 7

R 4 - l  17 2 . -I i  0 .
2 12 ii 1.~~8 0.84 2 . 88
1 4 7  9 2 • 49 0. 72 2 .08
4 iS 9 2 .Q 1  0. 8 4  2 . 7 7
5 53 1 1  .7 1 . Ot’ I . 0.’

70 16 1 . 31 1. 20
7 11 -~ 1. 28 0 . 2 .1 1. 25
S 10 6 2.4~ 0 . 5 7  2 1 7
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Table Cl (Concluded)

Stratum! Number of Diversity Evenness Species Rich-
Replicate Individuals Species (1-1’) (i’) ness (SR)

R5—1 7 5 2.24 0.47 2.06
2 19 6 2 .19 0.51 1.70
3 2 1 0 0 0
4 25 7 2.63 0.67 1.86
5 18 8 2.66 0.72 2.42
6 3 3 1.58 0.23 1.82
7 1 1 0 0 0
8 12 7 2.52 0.64 2.41

Cage
1 44 12 2.95 0.96 2.91
2 49 7 1.42 0.36 1.54
3 35 9 1.91 0.55 2.25
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Minnow Tr~ips I~i.’nqth: 42.5 cm; Maximum Diameter: 22.2 cm;

Square Mesh Size: 6 mm ; Minimum Funnel Diameter: 2 cm ;

Constructed of qalvan ized  w ire wi th two f u n n e l s  and

one float line per trap.

Beach Seine i.enqth: 19 .8 in; Depth: 1.8 i n;  Bag S i z e :

4.6 m by 1.8 in; Square Mesh Size: 6 mm; Constructed of

tarred n y l o n webbinq .

Fvke Nets Length of Wings: 7.5 m; Depth of Wings: 1.5 m;

Leng th of Pyk e f rom Fi r s t  h oop to Tail : 2. 9 m ;

Diameter of First Hoop: 0.9 m; Diameter of Last Iloop :

0 .69  in;

Squa re Mesh Size of Wings :  3 . 2  cm;

Square Mesh Size of Fyke inner Webbing : 1.9 cm;

Square Mesh Siz e of Fyke Outer Webbing : 6 mm;

Square Mesh ~izc of F i r st Funne l : same as f yke inne r

and outer webbing ;

Square Mesh Size of Second Funnel: same as f y ke  i n ner

webbing;

Constructed of nylon webbing with six wooden hoops and

two wings per net.
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APPENDIX J ’ : LISTING OF NEKTON WATER QUALITY DATA
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APPENDIX K ’ : LIST iNG OF NEKTON CATCH DATA BY COLLECTION
SAMPLE , AND SPECIES
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The f o l l ow ing  codes and abbrev ia t ions  apply  to these

data :

CULL (Collec t ion Number)

SAM P (Sample Number )

SPECIES (Species Code)

60 = ~~~ uilla rostrata 40 = Ictalurus punctatus
26 = Alosa pseudoharengus 117 = Noturus gyr inus
27 = Alosa aest.ivalis 121 = Fundulus diaph anu s
37 = Brevoortia ~~~~~~~us 122 Fundulus heteroclitus
51 Dorosoma cepedianum 14 8 = Membras mar tinica

275 = Dorosoma petenense 149 = Menidia ~~ ina
103 = Anchoa mi tch i ll i  32 = Mororie americana
192 = Umbra pygmaea 31 = Morone saxatilis

52 = Cyprinus  carpio 135 Lepomis g ibbosus
107 = Hybognathus regius 136 Leponhis macrochirus
386 = Nocomis raneyi 137 Micropterus salmoides
108 = Notemigonus crysoleucas 138 Pomoxis nigromaculatus
109 = Notropis analostanus 142 Perca flavescens
110 = Notropis hudsonius 89 = Etheostoma olmstedi
111 = Notropis bifrenatus 33 = Leiostomus xanthurus
84 = Carp iodes cyprinus 5 Micropogon undulatus

273 E~ Thiy zon oblongus 396 ~~ ra 1ichthys lethosti cjma
39 = Icta1urus~~~~tus 151 = Trinectes maculatus

116 = Ictalurus nebulosus 4
PERIOD 1 = Day , 2 Nigh t

TNUMBER (Total number of specimens collected)

TWEIGHT (Total biomass, g, collected)

MILE (River Mile) 57 = Windmill Point , 58 = Herring Creek

GR (Sampling Gear) 1 interior minnow trap , 2 Gut
fyke  net , 3 = culvert  f yke net , 4 = exterior minnow
t rap , 5 = beach seine

Only positive samples are listed , i.e. samples in which
at least one specimen was present .
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APPEND IX L’: STATISTICAL ANALYSIS OF NEKTON
CATCH DATA
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doe l5srod signi t leant. ( P<0 . 01) suggest lug I lit’ o i l  t’cI S of 1 m a t  Ion and

pe riot) on ‘t’-’ .tr e’ ni~c It i P 11 cii i i ye ru tIit’ r than s iuuu p 1 v add I I lvi’ . Loc:t t ltiis

had a si guilt i r an t t a t I oc t  upon Y , 13 I Y ,-1 , :und Y ~; these responses were

ii i gni I ie5ui t lv hig her :11 the t’xperimental s i l t a  t ls:uii liii’ rta ft,rt,ncaa situ ’

tor the minnow t rap data .

Ous l~’ for 1s was the effect of period declared significant

w hte re aI ,s~’ values ot 1’, were li ighor V han night v:ul lit’s. No d i f f e rences

between day atiti night were indicated for t he othe r responses (‘I’ahle

1.2). 412 va lues for the minnow t rap data were qul t o  low , ranging I rom

0.1)2 to 0.08. Ot her var iab les or t reatments useed to he added to

increase tht’ proport ion of t he to ta l  var iat ion In the I explained by

the model.

‘lemperature exp lained a signif icant port ion of the va r i a t i on

i n  1
~ 

and Y j for the t y ke net da ta ;  it was dec lared not signif icant f o r

the othe r Ii (Table L3). The treatment ef I eelS of locat ion and period

for the fy ke net data wer e found to bt’ not s ign i f i cant  for  all ‘

responses , and iso loc at io n— pc rind interact ions wer e found signif icant -

S igni t [cant dii fe renci’s between list’ experimental s i te  and t h e  r ef e r e n c e

Si t i’ or ii,t~ ’ and night in th it ’ 5 response variables are not indicated by

tho I vkt ’ ne t data.

Multip le regression was chosen as the major s t a t i s t  ical

met hod to  analyze trend s in the 5 response var iables (\‘ j ) for t h e

to ! lowing reasons

a. Comp lt-x molt i var late re lat  ionships ex is t  between t he
ahuusdance and dl strihut ion of fish and city ! ronmt’ntal
varj,tbiu ’s; as a descriptive tool , multip le regression can
g ive a cone iso summary of thest ’ relat  ionsh ips .

h. F’ to 1 d survey d:u Ia are confounded by numo rous far to  rs si 1st- u’
such so rveyu; art’ obse rva t tonal in usa t utre rather t han
control led . Multip le regression a llows some ct lntrol  of
I hesc confounding t , uc t o r s  by h it’ use of “dummy ”
(categorical) variabi Os. Also 

* 
each part lal regress ion

c o e f f i c i e n t  Is computed as if the’ other variables are he ld
constant , t hereby removing the t-onfound Ing a’f fed S of
other va r i ab les  in the equation.

c. The a b i l i ty  t o  ac c u ra t e ly  pred ic t  the e f f e c t s  t s t
env I ronmu’nt :ul t’ltangt’ or mild It I c a t  i on upon living resoul’t’es

1.4-

~~~~



I s an oiL ! iul.ut 0 gusi 1 ; null I p it ’ re-gros s i on C i c  list i qut ’u; - , s u u
dcvi ’ lop I ha’ best Ii near prod ii’ 1 1 out (‘qua t ion and ev;h l u s u t e ’
It s ~ica - ura-\’

Ste ’ pw u Si’ s’t’gre’u;s i on I s ’eiiis i quses ( I)rapu’ r and Smi tlu 1 ‘)u’t’ ) wore

used V t )  deve’l op t he “host ~
‘ u’ t ’g ra ’ss tout equla t ion for earls Ij lIt ( lit’

I oI l  owl tug uiuanuue r

,s. The S re ’sp oiusou; ( dt’peiudeui t var lab It ’s )  here p lot Ie ’tI s~~ s Inst
t hit’ euiv i routuna’us t a 1 ( i ndi’ peiidt’ust ) var iahl t’s , and t htt ’ ai,s t ,s

were 1 1 uuoa r 1 z~~tl ( t ra oslo rnit’d ) wltt’ ro uut’c e ssau V

h. Mat r ic es  of  siuut p lo i’o r re la i  ion ctst ’ff It ’ loots of dops ’uiale’lit
and i n dt ’pt’ndon t var lab It’s and i-it’ I a’c It’d I nuts I o Fli1,h t louis
wo re (‘Ofl)l)LIt i’d .

c - Using the mu l lip it’ regress ion model \‘ — it0 + ll~ X 1 + l~ ’
X 2 + + B X ,j + c 

* 
where X 1 s somt’ I one t 1 oii of  one’

of the so la-u ’ I t’d euiv I u’ onunent a! vai j ab los , a St e’pw iso
regress ion was per It )  rusod to tdt’u~t l iv t host’ parisuult’t t’rs
whi cit account for the’ at t r I hut ahi t’ var I at i (il-i li l  t he’ mode 1

Ei ght inda’pt’nde’ust vari abl e’s (X ~) We ’re ;‘iitise’ii f o r  (lie ’

.ma I yses : water t e’m pt’riu to r t’  , phi , sa l  i n  i t \‘ 
* 

di sS0 Eyed oxv gout ,

tu r b I d  i t v 5 and dtumunv var i~t hle’s for b eat  ion 
* 

pt’riod 
* 

sod s i t  a’ . ‘l’ah lt ’

Li suutma tze’s no t a t  ion and di’ I i IiI’S the t o  run of  I ode pu’ndoui t autd

dependent var jab los used in t lie rt ’gri’ 55 ion a ui ,u 1 vso s. Au; iii I lie

pro tin m a r  v anal ys is of c ova r i ,s  nec , t lit’ 3 cIa t a set s wore  I r i ’a I i’d

~~~ ~~~ 
rate’ ! y • 1 iuuepeuudeut variables we ro Fe Ia I utod iii t lie’ t ’(1t11t t (ins i f

their par t ia l  regress ion coe f 1 ft louts (h 1 ) eould hi’ declared

s i g n i f i c a n t l y  d i t f e r e u s t t rout ze t a)  a t  P ’j ) . 11) (1111: hj  0; h l - ~: h 1 ~ 0) .

Tab it’ 1.5 prt’seult s ele’sc r I pt l vu’ st at  1st ic ’s of the di’ pe’ndent and

independent var I uub I es It) r eac h of t lit’ aI ,u t a Si’ Is,

Ait exam m a t  lain o t i-i imp It’ i’t,rre’ I at Ion 11131 i-i (‘ a ’s of pot u’ult i ,s l

reg ross I on var iab le’s in or Ig lisa ! and 1 t ig— t t~utius 1 o ruut’d s a , e  1 a’ was made ’ t o

ident it y the I iusa I f o ruuu of  var i,s blt ’~~. In gene’ ra I , e’ou’rt ’ l a s t  C aiii s Wt ’ t’t’

hlg lut’r hetwu’en log—transformed du’pt’nda’nt va r i ab les  (I~ ) and I ods’pt’ntlt ’ itt

var iab les (X i) in t heir or Ig inal  (untra iusIormed~ sca le , exa ’ t ’pt f o r  \‘ ,~~.

l”or Si’ m i ’  thu Ia , tempo i- at tire’ and or b Id i t  v had a u; I go it  I ~‘a III

posi t  [V t ’ s Imp be corrt’  [at ion w i t  Ii each of the’ ~ i (Tab le’ 1,1 ‘I

Disso lved oxygen was a lso  signit  icutust Iv cairre’ I ,t t o t l  w i t h  t -a t ’h ot  C hic ’ \‘ j

Ia 5
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but t hu  c o u l t ’ b i t  b i t  w,ss uie’gat ive . Pu’ r i ts d luad ,s s i c s u i  I l e a n t  p os i t !  ye

en rn ’ 1,1 t I on ‘~ it  hi ~ 2 (~ pt’c i uutouis ) , 1 (hi oun u ess ) ~uut d 15 (1) i oun.s s S o f  ( lie

spot t ,s I 1 sli illt’ r ) . 1,tie ,st am was sign II 1 t’~t us I I y c-or rt’ la It’d wj th out! v 14

(5 pee it’ s dlvi ’ rs it v ) 
* 

ausd p 11 and sue l m n i  t v were not s igri if !  cant lv

ca)r ne’late’d wit ii a n u v  o f  thie’ Y~~.

For I I t t ’ miuuu iow trap d ,s ta , l o ca t i o n  was the Oul l v indope’ndent

v ,u r iahbe that  had a s i gn i fi can t  simp le c o r r e l a tio n  w i t h  .sll t he’ 1~~, V ise ’

re I,tt ionshtj  p he’ ing a negat ive one (Table 1.6) . In cont r,sst to liii ’ seine

d.c t ue , th is so l yi’d oxv i~t ’n ausd t orb idi Iv wore’ not corre lut ted w i t  Ii any of

t lie I’ , w ite ’ rca s p11 ,sut d sal in m lv  we ti’ corre la It’d W i Iii some . Tempe rat lire’

was i’orr el,ute ’d negatively wit h 1’)~ and period negat ive ly  w i t h \‘ . S t t t ’
had ut sign it icant positive ’ correlation with 

~l (specie’s) 
* 

1-3 , and \ 5.

T h e  I yke’ iuet data had no i uidependent va r Iables  1)514 1 were

signific antl y correlated wit h all t h e Y1 (Table LIs). D isso lved  oxygen

,suid pH w e re ’ useg~it ive lv cor re la ted wi th  
~ l ~2’  1~ , and 14,  and

I crnperue t e l  re’ was pos i t ive’ ! v c or no Ia It’d w i thi 1
~ 

, Y -
~ , and \~ - The ot lie r

independ ent variables wore not c o r r e l a t e d  w i t h  t iti’ i’~
Table L7 seummarizes the f inal resu l ts  ot the s t e pw ise

ri-gross m u  ana lyse’s. Each data set is  d iscussed sepa rate ly , t lson

ov e,’ral I pat te rns are summarized.

Si’ j ust ’ dut Ia se’ I . l’empo ra (cure 
* 

phi , sal in! Lv , lot’ us t ion • us nil

period were ’ reta i u -sod in t he f m l  regress ion eqetat ion as s i g n i f i c a n t

p red ic to rs  of ‘1’ spec ies  (Ta b le 1.7), The’ fina l equat ion for Y~ was

h i gh ly  si gn! ii cant (P<0. 001 ) and e’xp la m e d  f o u r — t i  f li ts of t ite ’ t o ta  I

var 1 at ion in ~ I (412 = - 79 ) Tern po rue to re , Inc at ion 
* 

uuusd PC r i od had

post I [vi’ part lus h regress ion coo l t ic loots  ( h,j ) ; i.e . , t he’i r part 1 ,11

corn ’ Ia t Ions wi L ls  \‘ were posit l y e  . The eqout Li on p red ic t s  an

I tic reuts log ~‘ w i t  it Inc reas lug tempo rut tore , s O t ’ s  t Ion , or pi’r i od , hit s I ding

t he ’  s t  ht’r variables in tht’ equation a ’onst ,unt  . Tb! u-i moans , for e’xansp lt’

I hat ut s Igul if I can t  1 y higher Y was footed at the re t e’renc e’ s i t e’ I ha ui t ho

t’xj)t’riflieultal si te’  (the dummy var iab le  l o c a t i o n  was coded as 0 =

expe r t  mont usl site’ and 1 = re’ t i’ relict’ si It’ ) , and is i g u t  huts a

sign If ic .inI I v b i g ht’ r I than day (f lt ’ n o d  wuu S cod t’d ,s s I) dus v us nd I =

LIe

_________________________-



night). Salinity and pH had negative partial correlations with Y1;

allowing for other variables In the equation , Y j will increase as ph or
salinity decreases.

The regression equation for y2 (specimens) exp lained almost

two—thirds of the variation in this dependent variable (Table L7).

Temperature , pH , turbidity , and period were retained in the final

equation with all of these independent variables except for pH having

positive partial correlations with 
~2• ~2 will increase as

temperature , turbidity , or per iod incr eases , or as pI-I decreases

(holding other variables constant). Location was not included in the

final equat4 ~s5 for Y2; no signif icant difference was evident between
the experimental and reference sites.

The equation for Y3 (biomass) was significant at P<O .OOl ,

explained about two—thirds of the variation in 13, and re tained
dissolved oxygen , turbidity, and period as significant independent

variables (Table L7). Dissolved oxygen had a negative partial

corr ela tion , and turbidity and period had a positive partial

correla tion with Y3. Location did not explain a significant portion of

the variation in 13 af ter allowing fo r  other indepe nde nt var iables i rs
the equation .

Temperature , salinity , dissolved oxygen , and loca tion were
retained in the final equation for Y4 ,  species diversity; almost
three—fourths of the variation in Y4 was exp lained b y these 4
independent variables (Table L7). Two of these , tem pera ture and
loca tion , had posi tive par tial regression coeff icien ts (b~ ) ,  and the
other 2 had negative ones. An increase in 14 was fo und with an
increase in temperature or location or a decrease in salinity or

dissolved oxygen , holding other variables constant , The positive b~
for location means a significantly higher Y4 was found at the reference

site than at the experimental site,

The f inal equa tion for  15, biomass of the spo tta il shiner ,

explained about half of the total variation in this dependent variable

and retained turbidity , location , and period as significant predictors
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of 1 , (T~th1t ’ Li). ‘ leui ’hidl v 1sisd pt ’ r ioei  h ue d posi t  lvi’ h j ‘ s , usu id lo s -s t  lt ~ i

had .1 uu e’ gue t  ive’ b ; t hiss us is I ghe’r Y~ is prod I c t e d  ,s t hi ci t e - v t t u rbid it ! es

at night , or ust t i - se’ e’x pt ’ r 1 uiue ’u-s t al S i t e ’ -

H tnuiow t rap dust  a se’ t — l’ho I t i t us  1 regression t ’ qes a t ions

deve loped f o r  the 5 i~ f o r  list’ minnow t rap dat ,s wer e ’ l e s s  suit i s f a c t o r v

t haus t hose I or the se’ inc data and e’xp ~;c m e d  only 2 to 24 pert’ ous t o f  ( but ’
va r ia t ion in t he’ de’pe’udt’nt v ,s r ia b lu’s  (Table 7). Each equat ion is not

discussed u-it’ parut tel v ; on! v trend s in t i - se ’ more ’ import ant i ndepa’ndoust

v .erlutbles are summarized.

phi was rota m e d  in four of t hit ’ e’qua I otis wi lit ti -se’

relationship between p11 and “ i * , Y~~, and \‘
~~ being negat Ive ’

Turbidi iv was also retained in these’ equations baut bad a pos itive

par t ia l  corre lat ious w i lt s  ti-se 4 Ii.

Loca t ion w,is re ta I tied in us 11 equus t jolts e ’ x t ’ t ’p t t itt’ One’ I or I ~

A sign! f ica ust lv higher 
~ i , 13, and 14 we’re’ [tiund at the

i’xperiment~e l s i t e ’  than ut t t h e re’fere’nce site sluice the pa r t ia l

correlation between these’ Y~ and ls)t’at fai ts was negat ivc

Period was a si gni I icuint prod ic t o r  of  ‘I’ 
* 

1-~ , and 1’) and had

a negative part ma ! correlat ion wit hi these’ ‘t’1 . These’ 
~~ 

we’re

s igus i f icant Iv higher tor  d,tv samples t han nigh t samp les.

T he dumm y var iab le s i t e ’  (app i icuuhle only to tine m i  onow trap

dat ,s )  was retained in the’ t’quat ions for I
~ * 

13,  and 15 where t iso

partlut i correl ,atious was pos i t i ve . Sign i f i can t ly  h i g her values of  these

wore found In the marsh ex te r io r  than in the marsh In ter ior  (s i  to

was coded as 0 = marsh iuiterior and 1 = unutrs hs ex te ’ r io r) .

lilt’ var iab les teinpormuture , sue t in i t v , and d isso lved oxvei’ui

were’ ret,ejned in only 1 or 2 of the equa t Ions for  the minnow t rap  data

and are not d iscussed fu r ther .

~~ke net data set. No variable ’s were’ selected for liii’

equation for Y ’~; eviden tly the catche s of spotta -i l shiner h~’ fyke uset

were too low or variable for tb-se regression model It) exp la i n a

sigis i I Icant por t ion of ti - se’ variabil ity In I~~.

L 

The equations for the other Y~ exp lained from 134 to 7 1
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percent of the variation in the dependent variables (Table L7).

Relatively few independent variables were selected In the final

equations for the fyke net data as compared to the other 2 data sets.

pH was the onl y independent variable selected in more than 1 equation

where It had a negative partial correlation with Y1, ~~~ 
Y3, and 14.

Salinity was retained in the equation for Y4 where the partial

correlation was negative . Turbidity had a significant positive partial

correlation with 13.

No additional independent variables were selected for

inclusion in the equations. Temperature and dissolved oxygen did not

exp lain a significant portion of the variation in Yj , and no

sign ificant differences between the 2 sampling locations or periods

were found .

Summarizing the results of the regression analyses , it

appears tha t the seine data set is the most useful for assessing trends

in the dependent variables. Using R2 as a criterion of goodness of

fit , the 412 values for the equations for the seine data were highest in

all case s excep t one (Y 3 for the fyke net data had a slightly higher R 2

than 13 for the seine data). Minnow trap data were the least useful in

anal yzing trends and explained less than 25 percent of the variation in
the Yj.

pH was retained in many of the equations as a significant

independent variable; In all cases where it was retained , the partial

correla tio n be tween pH and the Y1 was negative . A higher productivity

in term s of the Y j  is expected at lower pH. Turbidity was also found

t e ’  be a significant variable in several of the equations where the

relationshi p between it and the Yj was positive .

Comparing the seine and minnow trap data , a different pattern

of response was found for the Independent variables temperature ,

location , and period . For example , tempe rature had a positive partial

correlation with 
~2 

(specimens) for the seine data and a negative one

for the minnow trap data . Likewise , I1 (species) and 14 (specIes

d iversi ty )  were fo und to be sign i f ica nt ly higher at the reference site

L9
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than at the experimental site based upon seine data , but the reverse

was true for the minnow trap data. Also 
~2 ,  13 (b iomas s) ,  and Y~

(blomass of spottail shiner) were significantl y higher at night for the

seine data , whereas the converse held for minnow trap data.

Salinity and dissolved oxygen were retained In few equations

relat ive to the other independent variables , and here also the pattern

of the response was different for the three data sets.
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TCIb I. t’ 513

p,g~~c r o s s ta bu la  t f~~~~~~~ an~i
on o  f N otr o j~iS h U d S O n 1U S

Loca t ion  ____ Mon th
____ ~~~~“Thc Oct. Feb. April July

Male 262 162 209 39 77 99
SEX Female 389 20 6 279 51 138 127

Immature 10 2 9 3

Immature 130 142 48 38 15 171
GONAD Gravid 92 56 148
CONDITION Running Ri pe 1 1

Spent 4 9 31 80
Matur ing  4 05 177 449  52 51 30

Table M4

Mean B a c k - C a l c u l a t e d  L e n g t h s  of
Notroj~~s_hudson iu~~j oi~_ Each A~ie

Length  at Age ~~~~~~~~~~~~Age N Cap ture I II  I I I

1 506 89.6 62.5

2 188 96.5 56.6 90.0

3 2 109.0 55.7 91.5 101.4

TOTAL 69 6

Mean 91.5 60.9 9 0.0 101.4



APPEND IX N ’: SPECIE S OCCURRENCE AND NUMBER OF FOOD ORGANI SMS
FROM SELECTED NEKTON SPECIES BY TOTAL LENGTH INTERVAL S
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- APPENDIX 0 ’ : SUMMARY STATISTICS OF ERIMYZON OBLONGUS
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Table 01
Total  Length  of Er imyzon  oblongus

X SD N X , Xmm max

Overall  2 8 2 . 0  2 0 . 3 6 4  26 240  311

Octobe r 282 .9  19.485 22 249  311
Apr i l  2 4 0 . 0  0 1 240 240
July 2 8 9 . 3  15.044 3 275 305

Day 2 8 9 . 3  15.044  3 275 305
Night  281.0 21.030 23 240  311

Male 288.1 17.918 18 240 311
Female 268.1  19.628 8 249  309 V

Note : All specimens were collected at H e r r i n g  Creek .
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Table 03

Mean Back—Calculated Lengths of

Er imyzon oblongus for  Each 
~~~

Length at Age Class
Age N Capture I II I I I  IV

1 5 26 9 .6 177.1

2 18 278.8 148.9 247.0

3 2 310.0 137.5 218.3 2 9 2 . 9

4 1 306. 0 156.2 196.3 2 3 5 . 0  271. 1

Total 26

Mean 28 0 .4  153 .5 24 2.1 27 3 . 6  271.1 
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APPENDIX P’: SUMMARY STATISTICS OF ICTALURU S PUNCTATUS
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Table P1

Total  Length (mm) of I c t alu rus  p u n c t a t u s

X SD N X , X
mm max

Overall 141.9 89 . 194  78 43 370

Windmill  Point 170.3 102.523 16 65 355
He rr ing Creek 134.6 84.801 62 43 370

October 130.2 7 8 .866  52 43 367
Apri l  2 7 0 . 0  66 .378  4 193 355
July 146.4  9 9 . 7 4 2  22 50 370

Day 182.4 86.682 23 58 367
Night 124.9 85,399 55 43 370

Male 168.2 9 9 . 0 5 0  25 58 367
Female 146.4  82 .583  43 66 370
Immature 62.5 8.660 4 50 70

P2
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Table P4

Me an ~ack-ca1cui a ted Len9ths
of

Icta 1ur is pUn Ct t~~~~~~~ 1~ich ?~~e

Lenqth of Aqe Class
N 

- 
caj~~ure 1 1 1 111 

- 
1~~~~~~~ V 

- -

1 11 138.6 63.2

2 10 199.2 91.6 154.2

3 6 272.7 87.6 168.8 226.6

4 5 312.4 77.5 153.4 204.8 274.4

6 3 270.0 39.7 115.1 181.5 208.8 225.5 270.0

Total 35

Mean 209.0 75.5 152.8 209.2 249.8 225.5 270.0

PS



-

p.

,~I~PEN 1~I X Q ’ : SUMMAR\ STA t I ST 1CS OF’ FII N DULI T S I t E L E R O C I  1 I l l S

¼’



_ _ _ _ _ _  - ~~ 

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

~~~T

Table Q i

Total  L~~~9th (mm ) of Fundulus heteroclitus

X SD N X .  Xmm max

Overall 61.0 9.427 147 40 87

i~Jindmill Point 61.7 8.921 132 42 87
Herring Creek 54.9 11.744 15 40 82

October 60 .7  7 .2 38 45 46 73
February 57.3 10.693 3 45 64
April 61.6 8.754 88 42 81
July 58.7 19.084 11 40 87

Day 61.9 9.175 109 42 87
Night 58.5 9.806 38 40 75

Male 56.7 8.469 39 42 75
Female 62 . 8  9 . 0 9 2  107 44 87

Q2
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Table Q3

~~~~~~encv Crosstabu1ations_of Sex and
Gonad Condition of Fundulus heteroclitus

Location 
_____ 

Month 
____

-____ - - 
Oct. .

SEX Male 33 6 2 1 34 2
Female 99 8 43 2 54 8

Immature 10 9 10 3 6
GONAD Gravid 32 2 34
CONDITION Running Ripe 37 37

Spent 4 1 5
Maturing 49 3 35 17

Q4
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Tabl e Q4

Mean_Back-calculated Lenqths  of
F un du lu s he to rocl itu s fO r Each~~~~~

Lencith it  Acre Class
J\qe N CaptUre l II

1 60 56.6 48.4

2 37 70.9 46.4 64.1

Total 97

Mean 62.0 47.6 64.1

V
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1 ~~‘ ~

Tot at 1 t i i ~~ t h (:~u~) o • l~~ ~~~ ~~~~~~ i ~ir~•i

N 51) N N NflU fl

~~ora1 1 7 1 . 5  ~~~~~. 101 6’~,S

W i n d m i l l  Point t~7 .8  3.~ . 4 9 0  5 3 ’  3’~ 227
I I o r r i n

~

i C r ee k  8’~.8 4 0 .  ~12 1 2  43

Oct oho r 11 .2 . 0 43. 30.~ 40 2 10
A~’r i 1  1 13 . 0  3 3 . 0 .~S I~~~ 77 ~ ‘7
July ~S.0 21.33 (~ 4~)3 3o) 2 2 8

Day ~l 0 . 7  4 0 .~~4 8 120 4.’ 1~~ 7
N i ~ih t  .7 3.. 2 3 t ~ ~38

10 3 . 0  2 1 . 3 2 3  112 77
F em a l e  1 4 0 . 0  4 0 .  138 t~7 81 2 2 7

~mxnatu rc’ 5S . 0 13.~~ 2 t ~ i0~ 4.’
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r

Tablo R3

Fre~jue n cv Cros St abulat ions of Sex and
Gonad Condition of Morone americana

Location Month
- - 

WP HC Oct. April July

Male 68 44 18 78 16
SEX Female 39 28 10 47 10

Immature 59 50 12 97

Immature 144 75 26 34 159
GONAD Gravid 34 C 40
CONDITION Running Ripe 1 1

Spent 1 1
Maturing 34 39 14 51 8

————. —_——

R4
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Table R4

Mean Back-calculated Lengths of
Morone americana for 

~~~~~~~~~

Length at Age Class
N Capture I II III IV V

1 113 101.6 83.1

2 33 131.4 71.8 123.4

3 6 155.5 81.1 114.9 143.2

4 10 194.9 78.9 125.3 156.9 186.3

5 6 214 .5  7 4 . 1  122 .7  154.3 180.2 2 0 0 . 6

Total 168

Mean 119.0 80.3 122.7 152.5 184.0 200.6

R5
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APPENDIX S’ : SITE , FREQUENCY , AND RESIDENT TYPE
FOR AV IFAUNA OBSERVED
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