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1 1.

I TNT I~.UDl fC1 I

[ Since the earl y 1800 ’ s , ~tc r bc~ w o n  the ( t o ~ apeake and Dcla~;are

— - Buys has b een c~-:c~oin:~t d  in in~ rcasing r a tes  with each reconstruct ion ~~

the C c ~~ pe ke a nJ Dcl -~ir ~ Canal .  1 he latest en 1 argen~ent , which be~- , j n
- 

in 1.958 , doep~ d th e Ca nal f~ :u~~ 27 f t  to 35 f t  and widened it fr om 250

ft to 450 ft. At the presnet time this dredging project is virtually

!. complcrc l and upon coi~pletion an additional net eastward dLsch:. :~~c •~~‘

- - water f r o m  the Chesapeake has been es~.imated at 1,650 CUbiC ft per second

(Pr itchard , 1970). This f1o~i of water, which 1:. ubj~ ct to tid~.l cycles,

may be tc-~ a1ly fresh during pe rio~.3 of hi~~ freshwater runoff from the

Susquehanna watershed or slightly saline during drier periods of the year.

As a consequence, the inarca:;cd diversion of water through the enlarged

C and 0 Canal will result i-~ a lon~ uc’ ri~ l shift of the so ’ inity pattern

up the Chesapeake Bay.

j The obj cc -Lves of this study were: (1) to determine the spe~.~ies of

benthi~ invertebrates inhabiting the C and D Canal and the Elk R~.ver, an

L approaching ~ atcrwoy to the Canal, (2) to determine the biomass of benthic

r invertebrates and seasonal changes at representative stations throughout

— 
the study area, and (3) to estim -~te the effects of the enlarged Canal o~’

1 the prcscn~ fauna.

Several persons contributed a substantial amount of personnel effort

I towards this stud y ,  whi le  others freely gave assistance when called upon.

J The a~ tho~ ~:i:~~i c ~ ; to co~;n i ’~e theni for  their parts in completion of this

invc’:;tf -‘.~ t .Lon .

~ I 
Constr~~tion of much of the field ~~~~ and opera t inn  thereof was

very ably pcrCor’md by Kic1~’~r-A Z .  Ywm ,~-r , Jr. T; ‘ crew of the WV 0~ ~~

I I
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—
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and AQUA 1U V~ ~:L:re essential and provided excellent working condi t ions for

I 
the f ie ld  o~~u on~- . . Carla Lankiord sort~ d th e benthic s.~n11p les in

• the laboratory .

• I Dr.  Selwyn lU Ro7ack  of the Philadelphi~ Acath iy of Sciences identi-

fied or provided specimens for id~ntific~.Lion of the insect larvae. Dr.

f Doru:~ 1 R . Boesek of the \‘irginia Institute of Marine ScL ~ce identified

the species of oligochacces. Also Dr. Donald hleinic provided identLfication

of the copepods fo. in fish stomachs.

I MAT ERIALS ATD I~ET1I0D

I Sampling stations were established in the :‘iaryland section of the

C and 0 Canal, the Elk River , Bohemia River, and in the Chesapeake Bay at

the mouth o~ the Sassafras  River (Fig. I). Two stations (101, 102) loc~. d

fur he~ t from the Canal at the mouth of the L.ssa~rus Riv 
- we r e ci. ~cn

• because of a prior study in this p~ :ticular area usi ’:.; similar sar -pl i~~
- 

- techniques. Water depth at the different stations ranged froi~ 2 to 40 ft ,

with some station.~ chosen in the ship channel within and outside the Canal

• I proper. Samples frc-~ water deeper than 4 f t  were taken from aboard the R I’V

- -  

ORION. Samp les fr om w~’ter l •~ than this depth were taken and processed

- 
• from a Boston Whaler outboard boat especially ri~ :,cd for taking bottom sam-

ples.

Three rep licete samples were tahcu quarterly at c :-ch station u~ In7 a

1 0.1 m van Veen grab . The bottom material conLain d in the grabs was p 1ac~ d

on a 0.7-mm mesh opening screen and was h ed on board the r .~search vc~ scJ.

I The residual niateri 1. w ith specimens Wa.; flushed into pl-~stic jars ard

fixed with 107. form~lin. Appro:d.matcly 3 days 1a -r the fomi . 1~~n wa~ rc;- U~c.

with 70’?~ ethy l alcoho 1.. i.S material was fu r ther  washed ~~L L the ln l- ovit cry

I and the entire s. :pl e was c:.. ~1flI 1 £cr i ,c-nth ic organi~.ms. After sortin~,,

the spcci~.cn; : ~iore p laced in vial s .‘ind pre served again in alcohol for fu tu re

-— .w- 
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I ident .~ fication and cntc~ ration. A card inth -: was kept for  each sta tion

• 
• listing the nu~bcr of al l  ;;p~_- e L  f ound dur i~~’ , e a C h  pa r t i cu l a r  ~~..

period.

• ._ Samp les of t h e ele ~;erc ta ken at each station by means of the~

van Veen ~‘, r ah . An al iqu t ef the ~cdi~~e~it 53T..~ l.e was w asht cd through a

No. 230 (63 us:) U. S . S t e  hard Steve to collect a sample o. . t h e  silts and
..

clays in the f i l t rat e .  The :~md fraction which r c s ai  ‘ on the screen

was then dri ~ in an oven at appru:d~~at~~ly 100 C. A f t e r  drying,  th~ sa n d

Wa:; then sha~~ a throug~i t ’:e U. S. Standar l Sie~ o Series Nos. 10, 18, 35 ,

60, 120, and 230. The sample of the f i l t ra te  which contained the silts
- 

and clays was ti • i f i l tered through a Dil l ipore  f i l t e r  and dried to a

const:~~t wc i~ht .  .~. second a liq uo~ of the f i l t r a t e  was used for clay an aly—

1. sis a f t e r  it was allo~’c:.l so sit undisturbed fo r  2 hr. This 50 ml sash ~~~~

- was also filtered thro s :~;h a 2 iil lipore f i l t e r  rod then allo  .c 1 to dry bc ~~~~

weighin~,. A p er centage  of the weights for each of t e  following size C at c—

gories was then deterc:inod ba ;ed on the wo~ ght of the original sedimc ’tt

saitlple. The sires were gravel, very coa:rsc sand , coarse sand , m edi~~ sand ,

f ine sand, very fine Sr d, ~i1t , and clay .
- .. Biomass values from selected static .s were expressed in term s of dry

weight per unit area. This was oLt ained by drying all spcci :ccns from a

sample to a constant w e i g t t  at 70 C. Average weights for those s-~ccies

not found whole in the samp le wore obtained by selecting representative

individuals from oLlicr samp les. Mollusk shells  were not included in the

• dry weights.

Quar tcr l.y s. ::~ l ing  at the 19 stations sh own in F f’ ~ere 1 v i i  dod ::

I total. of 16 b cnLhi .Lc i sv . . . b r :t;:c species .  A l ist  of species and lnC~hcr

‘ I
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I - of speci l - :c1s ;  ceilceted are slin ..n in 1’~1,ls 1. Cru’, t :accans node up the

largest Lo::n;;c u.c ~‘, co
~

i
~ ~ s rep : ;i t ~~:~ by 11 :;p e i v :: ;  1; OC C I :;r\ ::(~-

were SOC OS ’i  w i t h  9 s~ ecies , 1.1: 1 .~•‘ a~in c l i d s  a i d  mollusks  h : 1  c y 3 and

2 species , respectively.  One c~ r c i o s  of r .bho:r. ,ow ~ ‘‘as found at only

2 stationo . fli i : :  total ~i~ J c c  of 26 is considerably 1.es: w n co:’ , :; r r d

• to a previous study in an adj ~~c . i i L  downb .iy ar t a where a t ‘I of 66 Spi’ - Lo s

were found (Pf it zeumeyvr , 1970). The o ;ily nc~i additions to the e~~ ~er

• s tudy were 4 species of chiron anid insect larvae. The reduction in 40

species between the 2 are as way be a t t r i b r t : d  to the r • :o: ad s a l in i t y  o~

the present study and the a . :cnce of shell suhs t r  ,� . Most of the inver te—

• brate species fron these arec .~ ar-i cstuar~ne or s~~1twatc :  form s w h . ~ are

not tolerant of fres water of eotrw- :~ 1y low solinities (2 .2  0/00 s:a::iwon) .

The chironomid larvae and t1i~ ol i : ochiae te  won -- , L i r invdr -~l;is h sf ~ steri,

which wer found in great a b u ndan c e  a” -h w i deapr ea d , were the only forn s

more adap~~~d to 1ivir ~, in to ta l  l~ f r~~- - h wate r .

~~~

. A total of 30 , 58~ in idividuals werL  semp led dur in g the pc od of stud y

• which yielded an average d e n - i Ly  of 1,396 individuals/rn2 (Table 2) .  This

unusually high density was due to t I C  abundance of the mnl lusk , ~~ - dL-~ 7~:, ~

sp.,  found only during the June smrp ling period at 12 s tat ions when over

12 ,000 individuals of this s’ ecies wore counted . ~hcn these are subtracted

from the population, a more normal standing crop o~ 861 individuals/rn
2

may be found. This mollusk is a ss-all snail about 5 sm in shell length

• and apparently r cra ~ rscr.t of the  n c - ~’ yc .r-class occurs in early scmm

when tremendo s quariLiLicu: arc in ad. They were not sampled before or

L after the June period. This was the  only species whose ab~ dance varied

markedly throughout the sampling periods.

• 1
- • .: 

--
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• j~t
Wh en the :p~ :c i _ -s : c r t l : , P b \- t n ’ Icr of U I ’  r c’ :] .  :i ht:  i e e e ,

• j v d c’ , L  p.  de: L o : L ’ .e:; ~ l .I_ eL la up .  c:j . c : :  l)j  v L r t u e  or i t s  cucklen : ,~~JI~~ .: r —

* 
once in grr: :L q - n .  : Li t y  at t”~ s period of 1:1: ~e:ir (T~ b lv  3).  The nc- :-:L iro:. t

- 

abund ant  :~j a c i  ~- : :  , ~~~~~~~~ T 0 L±~:~ 
L ’i’ i , and t h e  

~
, ‘s h a c t e  wa rn , ~-h’oicc —

• 1* -s h e a  v~ ~ ~~~~~~~~~~~~~~~~~ b~ ~onsi -: - t~~o t r e e  duc :icu _ -n t :  i- : eSCnta t ives  in the

- benthic C O n U 1 1 L L v  of t h e  area t i ::Jor s t ud y.  T u e  ci ‘J -i p cP , Lc~~~~~~ ~~~~~~~ ‘ ‘ ;

s: . is t’hi . a fourth wart n:c coic ,sll>’ abund::~:t up ic:; ~nd along with

• the three abo\-c:~~ i~ioned species rL- ; -r e scn t s  7 7 . 4 9 ’ , o~ th e  sp :- . 
- none collected

• 

- 
(T~.aia 3). This table sho~,-s ~Iwt  over 90h of tha f a r . :  is represented by

• onl S species whi t a pp a r en t l y  coafo  a:: : with sir ilar  studies in tenpcc’at e

• 

I 

arens (Sanders ’, 1960). ho .:c diverse ce: .ariaiLi ~ are L ’  be fe nd in the

tropics ~nJ dccp sess  b c e  of the c-on: ;tonsy of Lease  tin .ironcicnt ; (Wade ,

1972).

As a further  test  for  da-:uinauc~~, species in cac T
~ of the 4 sam p lin g

periods were ras’he-d seL’ ~.rate iy u sing  the • .-t hod of Fa :r (1957) an d Sj ~~d c- .s

-~~ (1960). The 10 most abundant  species for  each so .  ‘h ag period arc gi v ’~
- a nt~ncri~ 

• value fr om 1 to 10 depending on their abui-dancc. The most

- 

abundant ‘ eceives t h e  hi gh e st  crilue of 1 , the second most  abundas t  is 9,

etc. The stamnation of these sca r is called a blob - • 1  index value

• . 
(RI) and the hi ,~hc~~t possibl’i score ~.oa1d be 40, or 10 [or ranl:ing first

• in each of the fear somp lir[; periods. The rc ’ ui .ts ftc this analysis are

also given in Table ~~~. Li-- ’~~- [ I - ac s r’.d h i i gh~~rt  of all  spacics w i t h  a

- 

III of 37 , fol’oncd hv the polyc tatc ~‘~ r.a $~c 1e- ~~~~~’ (27 , a. the ca,:n ::i-

pod L~~ t~~ .rc- ’ (26). TI:c adv~ nt ape of this method over arran~ inp the

species iii order of rend : ae,e is hat it reduces the ‘n-r::rcet is-i a -: :asec

L of t iwe e s p c c i c s  ~~,- hi  [cii  a re  foand  in . c ’ a L  nab - c ’ : in enir ’  c or ~~ sanpi!:’-;

periods. An ta - e p ic - o f t h i s  ía H- :owi l  P~~~c ’5H  U h l . :. O  or : 1 c ra  for a’-

~ L

~~
‘ • 1  

_ _ _ _ _ _ _ _ _  _________
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~ I Fl
any of t h e  piP ’ , : ’ :.:pt o ~cs , c it  only  t [ ‘ 1  for  i’ ~L !i  j i : i c c~ in i :j - a e L a :  ‘ U

:c ta l l ’ - d cc . .’rd ~ ii , c to  L i i i  i’ : c L T ’ , n  I . Cl : i r . .~~o: [ P 1..- - :p p 1 0) an i~ - o u t  j Ot

• * - part  in the f :.i i , i: :1. ce: ::-:i:in,L ,’ u f  L t h  Riv~ r and a : :scw .- 1  t h i s  fir :r t h , f i f H ,

s i : - : L i i , and ::e~, .  ash  ‘- l a u t  o f L 1 :c BI r i a ! r L i : ,.:. i’hcs~ j n e i - ~ :-; ar e :. -c-i w co- r : r - a l y

found in 1. t e c r r. - :: -: enr i c o- -aL - , hi ;,~~~cr , th e -v p ores -  - I ~h t i i t 2 -  to

• adap t to a ~ ide rail~’, -~ ~)j  : ,~ h 1 L J L  recu i rements  (Cu :~ y,  l96~~) . i hey a p p ir c e t  lv

a :’  abbe to w i L ’ i~ cL a .  p L a L u d s  o~ 1 . . . .; s a l in i t y  such as occur in h i s  area.

• A l l  of the  spc - . o~: of ire L ’Lebrc i t a s  c o i l s_ t e c h  cIr : ’r i : l [ ,  t h i s  eL’ ,:d~ iccn ,

e i ther  ~~~~~~~~~~~~~~~~~ or hcatP i~ c carnivores  w i t h  t h e  e.r c r rp t i  on c,’f the  c i m : ,
- 

R a n - ’ ri c i i n a - ’ t - ~. A l thoc i : h this  spccic -s i  is 
~ :1: on ly a f i l t e r - fee der , it

also is eciachie ef u ’ i i i ’ : - , d c t ri  :ci l i r e Lt c r  to a lir-P . tcd e::L eat f rom the

bo t tom sodi ’- ..  s (Tcn cre  c-L al.  , 11)63) . In a 5l’r i l lo’ , s o f t— b e r t  r i  en~:.rca_

• meat , such as the  area uh~~rc th i :  stu - l y wac c~~n d u c t~~J , one u o u i  d ~~~~ to

f i nd  th o se  s~ - ‘cic ; o d e ’  P to l iv in g  in turbid ccr~Ii~ ices.
A ~ L -

• 
• 

The s ta t ions  u t  a a .~s se lect ed  wi th  r cp rcds  to h o t t c s~ types , but  b y

- 
choosing the:. : at a v a r i e ty  of depths , d i f fe rent  bo t to m ty po s  also - crc

included. The result:.  of the  S o c, r r c nt  gr ain—:i~:e ana ly s i s  is shoe -n for each

stat ion in Fi gure 2. Ihe stationc ; in sh allow water , 4 f t  and less in d e p t h ,

had a mcdiua - a — E l e n a  sand grain size with  the crc :p t i ’n  of S ta t ion  117 in

the Canal where silt prcdc.:’ . i o r ’tad.  In the intcnncdi~ te depth zone , 7 to 13

f t , f,ho ma jo r  scd-L:acn t  t~ pu was very f ine ~and and s ilt .  The dcep - - - ’t er

stations (27 — i~C f L )  b :- d a v ar i e t y  of sedii:cw . L types  dcpceidlnp on J:etr

* locations . The doe1” st on in the (u i c s o p c - a k e  n ay ,  101,, but out s ide  thc
- 

channel , had ca dirren S ~ a. ~s Lr t i a ;  : aa s tiy  of s [I t . T h e  r e ,ao ia in -, st~~t ’icr
- 

in the channe l  e ~o:e d ne ’~ Y i :  s-c er r ed , had ma t te :  - pe s of fi~~i sands C\- c e

- 
t h ee , hi the  W CtL c d r ~ Lhis  ‘.;c ) o  grer ; Len .

- . ~~~~~~~

. - 
—

~~~~~~~~~ 

-—:

~~~~~~~~~~~~ 
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• ‘ i t o ;  t rp ;’c ic r  m d  [cat .1 no p0 , - f c . t e n c c  as far  a:; d~p tl~ of  w r i t er  ic. -~s

in t i ic -  f e ’ - ins tor:c~ - - n ’ s’:- d i f fer  r~-~: S UUrc ObSLL L’( d  , I

due to b-j ’:to- ty l *c r  ri ssi l L i o O  . One c ru s t  IC . i l l  S~~CC~~CS , L - *iee ~

was th ’cad  in Chi rP low n’ :L ~ C b u t  not in d eL -p  water  of sissy icr b r t t om  1:-p c .

0t~ft r  cc LOc . ,;u :: , for  a-: -s : be , C ’P i ’$P o ~~~~, JT i a t~~r , l-tonocolodcs, ari d C r —

n e ro a re abun.i :ot i 1 :~~:rJ y substcates sliallue or deep wat er  but

not in fine  ~odL ;-:cci t ,s  i i i  th e  J nLc r s :L -d i a t c  d a -p t h u .  Because of t i e  sli ph t

sal ici L cy  gr.odiL .:ie - bree c u t  the  arc : of stud y, very l i t t l e  preference

spec T ic saline coec1 it i o  were observed. Table 4 presents the lty drcgroph . c

P da ta and ‘Pie , :s t hat  the sa lini t y did not: vary  much wore than I o/oo during

• any one samp l i ;  p per iod.  The cru s t ecc i :., ,  ~~el~~t’i n I t - ’ l a , was oniy found at

t he do;-,ar . y t aCi  C an- ’ prc .~ ab l exhibited s.uae increased :;alinc preference.

Also the amphi pod , Lr o t s ch ’  ~uc p ’v a e 1 e c- ’s , which w :s  the second :ac • ubi-

quitcu:; species an~ scored second 1111-b Oot  in t i te  biological m d . ~~~~~~~

was f ad most a l .  i r i a n ti y at the P boy s tat ions  regard less  of bottom ty p c~

J One joe’ group of organisms , insc - lan’s-ac , was found most abundan t ly
~ I .

in sha~ 1ow anti m l d . -d r p t h  s ta t ions . Very few were foi 1. in deep water ,

- 
espec ially wi in the Canal prs - a . It is believed tha t the high n ocr

• - velocity through the Canal , wh-i b normally reaches a maximum of 3.6 f t/ s e c .

ducing a t idal  cyclc ’ , prehih~ ts the se t t ing  of these specie ’ . Spe ed of
- 

water en ‘rera: s was found by Li l ic l icr ocer ( 1 9 6 5/ 6 6)  to af fec t  the d i s tn i bu t i c ~

of this grcnp a - fl  i. neect  l ar ee -e. St at i on  117 ,during tIi~ )bareh sampling per—

iod , was l oca ted  in the Corps of hagincers  bc~ t basin at Chesapeake City .

Bott”m dredgi;eg in ti~i :,, :;i~- ;ic ” ce ~ sit a t  cd re locat ing  th e samp lin g s t a t ion

• . acr ,~:.c the Coon], Ofl :1 eli a l  an. - ’, at ti’a ed ge of t I C  shin channel, for  t h e

- - 
SU C C C a - r . i i l g  so’ ~ •ie~ pc ti e:; . IOn > - i e e c - c t  j ar-e ri c were fotu~d in the pro  1. c a - Lc d

Sv~~L~~O .  0 . t -c: h: si~~, be t  at  ci :;i; i. .r c  dc-p H a; rI h~ tt~ a t v~
-’e at t h e  cd - of

the clan te l ‘ a .  cc ~.t o . . :r. u:: \; t L -  - r v~- 3 . o~ iL i~ a ‘-Jet  1,d I obt~~incd , no ci CVac  were

found .

_ _ _  - - ~~~~~~~~~~~~~~~ • - 
—~~ --~~~~~ 

-. ~~~~~~~iTTJ~
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~
,__ .‘,-“—‘--—— ..‘,•



- - -- _

The na - - r of th e ho’ ;cI~ i . - h — 1. - r i L .  i’ d o e , H -  (~~~~~~- . l , w e r e  :~ Fee

and ~‘r i r i - ~h l. e at  l o st  s i t  Lou: i n  Lhtii l :o n , ! : 0 1  i n t L -c  :~~~~~~ r t t c  1:J ,  0 ,h _~~L h

The y w e r e  i : - ::t abi :’.J :ii t  at 2 r I t a  ~s i~ h0 i : l h  ~~ ~:: ( g l L , , ,. j 005 Ibh , 113)

loca Lc d  : n n r  a- eel: ~ Cfl ~ a I of t l ;c  C .011 .1 1) Ce:. : 1 . lh re dense P O l IO lei~ - -

of severa l y~.- - : r — e  l i e - Cl ; C O O l - I  1J O  L’n , 1’  ( ‘ I l L  ‘:i ~) _  I I n  fine I-sell 5 -  ‘ j ’ a - n t . , of

s ’ al u,1 t~~r.  ln  t e ( Lin . ~ T , p opI:1 . . : L L L  - :  o l  t I : i  s h i . ’:l lVe mo l l u : rh :  were scarc e ;

onl y 2 sped : :00: : ‘:er ;: i c c i - - ’ d ,i- n~ o ; a  s a p h . ne rh , i . These ‘eer~. . : a - , e l  I

J U V L ’l l lC  d o :.; : ; and ~-,e ra - oi : l ’. ’ t .  . en: ’ ,’ a d - l i  :i c n :  to the dc-op l-ast .r  C~ na1

fauna . Shell re-: ’,ain :: \~~~ i’~ i t : ~ ape d clan s U : ally could be found at  mc~st

other  S tclt iC:l . i-iith . ‘ e -:ccptiOn of cha . :eel Lotions where dr -d:li :u; had

rec ently oc ccr r re - l .

The only otT : n-all . : Pc coil act ed  was thc snail ‘ - - ‘ I t - a .  ‘Ibis species

us an lb occurs in \‘C~~~~~C i n t l  1 0-a bra c ic i  c - h — c . at-e r 1.1O~ l S i  el’a’ir(’m an ~~ , b-a t dur—

i n;  th~ P i e  s -ap lin- : period it  was  foun d  in gr eat am asrs at 3 var ious

dep t h te .  ~\ p:evic : 3  s tu d y in-JicaIw that this genera is cr. : a b u r i d a r t  and

active dun ; t i ,c suaa.:o’- months especially in s li g h t l y  mor e saline enviro n—

mae~ s ( r -Z i t r : aa::~~ er , 1970) .

As sta ” ed prev ic .u ;ly , stat ic ;-  were ch osen -. e r-c i-iith r pact  to ua tc r

depth rather than  w i th  boLt c- ;a sediment t ypes .  Generall y, in the Chesepe -P

* Bay and tributaries , bcttou scdi ’sc-nts ch~ ngc with 1 O C I L  ns~~rig and decreas-

ing water dep th:;. It was evident , then , that by sampling at a var i et y  of

water depths , d i f fe r -eat  s, ‘i:mci t types also n-wild be samp led , and any d i s —

tiact fauna l assea*l,t ’-cs e’Iiic .It t hi ~ v support would thereby be inclu ded f a  the

cc- c -wun i ty  of aiciec~ls t roe this reg ion .  It is d i f f i c u l t  to detect s ca i l

- few l i i  d it .f ay , :n - :c s  l I d : ,  c , 1  ot~~t L ’ ) I ) C  by isa- r e ly  eec-pa r . - :0  the i-~~C C1C3 l ist :;

and nur :T ’aa : ;  p- : C s t a c I L a n . To fu l  T i l l  tha -  object ives  of t l ic s tud y, it wa s

-
~ bc I ia~ I i:, i ’t r i r ,t to be able to 1’ecisi rc d i f t c t c~ c — . ; , if there 1 CCC a :e ,

— — ~~~—~~~
—- -...-.,,.,- r _~~~~~~ ,~~~~~~~~~,_ . ~~__ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
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b~ L\ ,c ’ - O  :;Lath - : - ;  n 1~ 
T ; a t h e  C n i . P  an-P i ’ . L : i P -  t l~ C- u i - t i , and ~~~~ a

l_p~ ‘ .  - ,  -
i’, c ,)~I~~~- e 1  e~ S I P  i’ 5: :i ’ - ; i Y ’  r I t e ! : ’ ’  L l 1 ~ (. , . •  ;~~~~ . ], e r i o t . ’ : ;  h r - t i  LI ia: o c ’ , ) J t L ’

t L v- _ . - , :; :v- , cal ;:. - t I ~ . - . l - L )  r~ :, - ,l ’,’:;1s no ;’- . C c  - .1 c d  r in d a r e 1)r 0 , , ’- l lLt

‘i re  1. 11:: d l : ; s - 
• pc ” : c - n t  S is  1 1 - :  C -~~ Spec I , - S ca:. poc i j o- en :;

• u: e ;I 1 : ;  an m d c :  i) cr ’ - a:- c’ ~:I  c - I - . 1’ c 19 s t . i e i o n s  i a - a -  Cu: c a r ed  for

t he i r  iT~~i :na1 . :eJ L h - r i t y  h r  the  t,~ ’- L I I - ;  ( l I s p ~:- ru c h ad oi an.-e l > -s l s  (~~and ~ -r s ,

l9~ U ) .  This  lean :1 i a d t  - -  a-f a f l i n i cy  eel; Co i lS  I l~~’ .1 1,r- l oj l ,t  cC c i .  ( 1b2 7 )

as r..a st:r - ‘ I-c ; -1 r ae-i  i i -  I 0 t h  - c I : -  l i e - . ~ u s h o g  pro . :e n - .-;’cc vali a-s. It is

bas~~-d on Li i t ’ p - : r cea t sg. :  of 1w::. chsec . J by t a c I t  pocs~ h~ - ,  pair ol S~~Ct1C ~s

and is obt:’ - a-n d by sn: - 101 t u e  snsl1. -~ p~ rcc : to~~ea Ci ich species pr~ :c :ct

at t h e  two - teL ls- ; -. : be ’ 
~~~

-, cc- ep:c’ . A f ter  t i r e  percent :1 1,1:1’S” for  ea ch

. pamn o.f SLH~ - ‘ t i c  n-az: ~ a-tCf l , i~~c l , Li~-O va i . i i s  \ ‘CI’ c’ p 1 sc 1 i~ a itni:-; b y

I ‘ gro ::picy sta t .Laa; eec - ‘l i n g  L~ h a t  La : - - (~ I - . . liPs : t ip-ac .:  r ag  —

scn ts  the liar :1 c-~ -5 1- -c’. f ‘ C : . - ~ ‘H :-ea- :1.U , c :  p c -n P -al . 1. :: ~- el~ s

were calculated for  each of Chic  e t l  - sac gill - : p r  1 P.: b u t  onl y v er y  I

and unarg :t1i ;~cd re lat - l  on - t i p s co~: 11 ba to::, I in * be June , l-~ p t~ - ‘ ~~, cc

- December sac p U :p perlo Is. TI: 1) . n r - i L  t l uc L  - i c t ~~- - O - - In inu c t s l  C . :  ~:e ’

re f lec t  the un sta1ela -rrc~~s in ci sec~ a l a ty  L:. -:h l e  Ic ’. ~l s ~h as t h  h e a c i r l  —

~ I ’  
inver tebra te  f : ’ .;i c~ F a c t o r s  ;d i ic l t  r a y  I- clog ab out c l , , - - ~-s in the be ;

- 

faunal coripos > :iofl a f t e  a- the Pr ’r:ii sctc ’p llnp p~-r ’ P inc. c’ C Ia !  -~~at l o n , :‘ : - ‘  a—

ing,  C sip leL -:-m of lift :  cycle , pr~ P .- ;t i t -- 1 , and de~ Lh c- - ar - t o Cl

- C w u l - a .  It i 3 belicc ’ :.d t hat  c~’:e ng lat e  :- it ’S, a or P a r ch , betora  ~n er t  c r - c d

• water tcnperat oces  i n I t I a t e  Cent -nu n  ~a,tebo Iic - ‘c l i” ’ I t o , , cpc - : r i .  C a-mi flu ; . —

* ber s a r c more er aly  r e p r c s r n L . ;iLis’ s of the t rue  ie ’al: :1 cur :esitl, :u of td~-

area.

Wh o-n t h e  cr ’, p1, ac c’.r, , a r r a n -m - d  cic c: r- i n 1  — to b ot t om _ - pcs , sub a.; ic

• - F .i~~. 3, a hi1;’i p a r e s -n t  of sic : i iz’n i ty  r n - u’ be st ’~ a b c - L c e ~- I 5~~ O C J  l . LC j ’ I -

• of ste  -
- i~ ’ . ; :~ . A high p a r ~~-ent of s tat!  on si: i La c i t  in thL-  sti - ‘ is rc ‘ . r  cal : .1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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as any index \a; Luc of 50f~ and g, r t . :i !’~ - Sander.-; ( 1960) tool r j ) l t C , ; t O

sash - it ’s; frr , . : a :; i f l IT ic ’  s tat i o n  rIfld obt a ined an • a -  t ,-i~~;- valut- of 5 1g .  1! i-

also s abl. o to dc- f inc d i s t I n c t . : - r i o  i Ly tv 1m :; b c-t :.’etr n sns p lc’:; in th e

30 .1 to 50, n: e ~
- sj :.P l a ni t y .

• Th e gr oan o S C O t I a - O r ;  ~,‘iiic i i -n l ,j b i L  a bi ght i nci , -r :  o of f  n i t y  f or each

othe r ~- ,-e r s~ t l : - t , :a f rom Lice s i l t  and v e r y — f i n e— s - e el seciiecr ;it types .  I L hic ’

onl y a-seep Li en \ :ci s ~ ta l io r t  101 ~-P: i.~ is located f a r thes t  r c ;, :ovcd gea r r a c h ic a l l a

f rom the group of d m 1 ]  or sod h” i’mt  t :al )cs . The fauna of this s t a t ion , ‘~h ich

is loccut J in th e Ciiera -aj ’ In: TIns’ , apparen t ly is under t ’-e influence of hi ghi --r

sa l in i ty  cc- J .L t ionc of this pa- . t i culo r  a rea .  It is also obvious from thIs

m e t h t c - ,I of at. . iS sis that Station 115 is no~ correct l y r ;ituatc d in tha matr i r :

and :P;oul .d be cc-a rc close l. s’ re lated  to the gr oup of sl at  and very—fine-sand

St Lions rat  a-n th an the e-~’. li’.:-s- ce.nd gc’oup . T. a phy sica l qua lit ies of t h e

at  tlil, s s ta t ion  1c ,d the ch a r m;c tor i s ti c s  of so f t  b o t t o m s , but c’.

- - error mu .: hsv- : occurred during sar :p lIsmg or anal ysi

Another group of s ta t ions  showing a marhcd similani of faunal  corn-

positio;-i n’cr : the Cana l stations which had related botto:: ; eypes of f i n e  or

mediim sand . I t  is of i nt e t c~ t to se their s im i lar i ty  to Station l~ 2 ,

also a ;c:dicc- -r ’cnd sedinc : :1, but fur thes t  removed front the Canal a r t  und er

more influence  of ChCSSpCOIIC Bay conditions than othe - s ta t ions.  It is

believed that t i t e  s lig ht l y  hi gher salir * t y water  few; , Delea-rore Bay, n h ich

periodical ly flow s uc,c t’s ’ar-i throsiph L i l a -  Canal , 1- an in f luenc e on the :~;ua’c

within the Canal and c re at e s  sm i ler  f,-i cnial  compo si t ion  as corr esp on ding

sa line areas in t h e  Chcz :aocz:h - e.

* The avetO1. u fa c n : : t l  index of a fP i n i ty  for  th i s  s te’  - nut s 32. 56i w h i ch

is fair l y conch- fe. :iL wi th  o ther  t I c  l i a r ;  and or .a ’ari::c d be i-?.ide (1972) . Ti :-:

,f ai n - of L 1 :c - -c ia- -a ~
- ; -  P’ - P do~ ;~.it  : i : n r y  any specie:: preference ;t org t h e

1•

:: :it . --
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ii.

~ I 
Si a ’1i - p l l r . .a ! i ca t.  On L i t a  I i i : . ’ L i  of ii~-ec lam ;  ;;;, : nbiape :; , b io 1~~p i c c i l indc-x

v . l i t e r -  e i td :; v a - c age  i i i - . ’ -:: o f  a i fin i tT ’ , i , C b c n t ! i o r ;  of Lids area pr h a i l :

con. ’ -‘~~ s of a :r n i n ; ] . e  h a -r ag o u t : :  Cu u n i  - j  t h i e ’ ;’: - . h u r L  , i-iitlt 1)rc ;.c-rc ;;ce::

e : : h t i h l L 0 ~L o i t i ’ c  fo r  ‘ p t - c i T  i -a i - e ~ Ic-at types .

Sp e c i e r  D i .\ - c r s iLy  . A r t ’L i t e :  appre  cli , in tite stit ’.by oil n a t u r a l  comr sn l i —

t ics of ann als , is to oca L i t t - : : -ai i ca lI .y analy:~c t he nc ’rrhe r of specie- s and the

• 
numbor of iuri .Ivtduct 1 s c r - c - ’. ;  ‘i ;  up t iltl t Ce.’  tOt )  ty .  This demands not much a

I. crit ical  ta : :cncar la  Si uche of - 1 d~’a- C 1eS , b u t  t h at  eac h species rin d a t’s; he r

- of indi-,-idua lc; of cia-h :;p ’:cic- s b-a c :cpsmnat cd , and that  the sar: len be ire-::;

- a krrc--, ’n volu: or arca . Wilhm (196 1 ) revioced several of tiie:c ind i -ce : -  as

- I p r e p o s - ~d b , van ’ a inves Lip ter~~.

Par~ -l ied ( l9 dS)  pro~-.eac- d t ile fol ia t ing equation da .rived fro:. : the infcL~

* 
nat ion th eury  uld ‘i i-a: :-; th e  t~~de:: used in th is stu -l y.

— 
_L lOP - i  N!

- d 1
~

3 A 2 !~~~~ . ~~~!
- 

The tu al nuc-PiLr of o c - r ,a ‘c N , nc’;,~l;cr of indii ’Iduals  p-e r species (N ! )

• 
wer e used to ca lcul ate  t he d i v e c m it y  pen ind ividual . d. Also a th .. e- :aHiccr l

ma:±’. .;:: divcr, . .T ,t’ . d ma:: , arel a theoret ical  minIs- a c  div ersity, d u la , we r e
- 

.•  calculated a l o n g  i-.’*th redun dzn-mc y (a), t i te  e~npression of the unequa l abc.i;—

‘ dance of i hiv ida: ls per species. Thc:,:e values were calcul~ t :d  by n. . -a s

- 
of tb : fol l : :irz1; cquat:hsna :

log Ni  — log

- - s lit = i~~ , ! log- 1_ (s_ l )

R =  d r a y  -
~~~~~

u i: :;., - d t.~.i.n1.
‘lIu , s:- : c :r. eLbod s of an. ;l~ : : , ~~~~~~ S d i v e r m ~ 

* 
‘ ic--P ca-n , have heco

I ;l . iy u se  li i i  in d c t , ~~~ ot;:c :;sed hi th e  in  the  co ::n;u-nitcy st ruc ticirm 
I 

-

r c ; a I L t r l ,  I r  :5 :r ‘:. ; fo :~ :i of poll :  t h o u  v~ i l C i ’ I l a a i - : r I .  d j : - t ; t -.’l ,llk ’i . In ~h i .  -
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particular ~L ii-1u it urn ; t u r n - P  to d i : t t - a .  I n c  if L i t : ,- f auna  .hn t h e C :ur i , d  i t : ;

p a r t i c u u i r u r i :  0 ;  EL-~e.-~t fr :; . ’ th a t :  r ) i t t t , i  a t h e  Cat -  t l  as  a r Ls :UI L t P  ti -~~~~

recent ‘ - i . r I i ;  or 1’ s r - b  Cbs- in l tna ice  of \-: n~~, -r r eL ‘a 1 frt a: i t 1 ly  0- 1 . . —

ware Bay,  r u m P  to d -L ’i - et  an~’ i r a - m a - ;  ~l d i f l h - C L - a c e ’ r t p c l i  c - I  ar sL : iL iu ; :r in

the t rj I , c . Y  - :r L c - : ~ Oi l ’ 
~~~~~~~~ h~~r~~ C )  the C u t  - t t L -  ., the  Ciieaanc , : ire B ;r ’

Through the C a-’ of  t i l e  ~h .  ;l ;u g Iven aLo e . ., a ntt .~- : lca L V a l U e  in

* 
obtained - ‘ i i i  It rasige:; f rom 0 to 4. A value  of 4 is oir- t ain -a P if al l  ir ;J i ’~’i I—

uals are equ-’lly divide-J a, -on -. dif°crcrt t sa-ca-il’- ; and a value of 0 Is- ob’. -:.L n- - .l

1L all iiadi:’Ldaeu l:; b e t a -  to t in-  sj c e c L c - s .  The ch~~,’cr::it-~’ J a P a n  i ri s

calculated for each Station :’ L each sc;.:p iia p ,  period (T able 5).

When the st~ ti.ons a-re  pro c P accord iup .  t o i--at - er dept h ( shoa l , in L -~r—

me:’L a t e , and d c c  r ;t s . r st a t i a n e -) t I r  d values  in each of t he ’:  3 gr -a~p ’s

are closely related (‘~ahl.e 5). Sc. a-: a-re - t ie  - a  are Stations 105 and 106

at the ucot .it :h of tb -s Bel ie  - L a  di ver  and Sta t ion 112 in the tria d at C ,;

D e l a u n r c — ’ rea land ll;i :. “ci t e  ‘-a lo es  at SLati -  105 and 106 i-:era- low d cl i i.

all ‘s~r pli :~g, p a - ’  * a - Ps h e r : : c i a a -  oP a - l i - . abe’aci-:ncc of the (ligoc -etc \ - Q)’

Litc-noclri 1 us , at t l - a -~ a- nt,aticcn: - . Station 112 ~ fl the Cu - a -ct ], had  a low d value

in March and DCC~~ : 0 n  ba -a  au:- -a Oil the r u l m r t l v e l s ’  I. ~e n- ’ ~ers of the ~-~
ly’

chaete i- -or.’; , Sco1 e~~’~P - ~~-’ h-:; ‘,‘ ‘ i~~~~ l s .  l I l t  the c : :ccpt ’ o,. of the l cce:rbcc

period at Station 112 t hen only  2 Spa-a - iCr  ‘cc Lou ;d , and at Stat ion 106

when only I species icon fo e  :0 , thcs-a - s ta t ions  had an ,sv.r;’agc macba-c of

species but the uJ . -n ~ a of one of t h u t  lowered the d va ’i ca- . It is there—

* 
fore believed tiP t 111:50 I c  di ,’crs it ’L s were not -h ’ - - .1ra-u ,i:v’ pn r t .I c u l .

* outside m l  arc f - _ c u -ac’ to I ‘ a- a-cc i ’[ a-b Cr to  c o::-:’. t r ’nl t v l - tP .  a r e ’ due to arIa-

f a un a l  S :- ‘ a- h i . ,  y e  cia H n - c a - ’ :  a- ,] : - of reec.! t nua - rm or s- ul in:; ar t ] . f a c t : ;  at
* 

these ~~~~~ I .:n~~~’; .

~T vo lt ’s :  i n - l i c r ;t c d  t h i : : ’: ~. hie Irw i n i - a l : -  u-: ’r ~ d iVe-Fml Q in h ; a - : l

w a t o r  (a’.- c r r u - n ’  d ‘c:s l . l c 1. 7 9 0 ) ,  L out s d i v a - r c a -  m~ t - ~~~~~ u ’i. n tc  ( l (g t ! t s  (1.~~3 i )

I . . and oL LII. I can ; d l v ’ . c in th-~p i . ; L ,  - a  (1. 1 (1 
~

. ) . ‘i’hc d~-~ p e t I t - n  o t r t t i o : : r :  in

—‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



13.

- t h e  C a n - k  -nr ’o~a-:c d n a - c-P ri d~ ’ , : r i l r , p , L’r c e m i t - ;lt f i o : ’ u  ; t - - , t , to c-c t : t , ‘ Idle  :10

- - p rare l  ‘i : ia -  u :  oh ::  r~,-~ -d .L L b .  r - - ;c: I , ~: - ‘ in I - - i  - u _ i C c  ;c:- u p -a - - a - - ’ ; I: ’ . t i c

Cmi i.

- —  

Dr ’.’ i . ] ’ - l~i . ‘t h - ~ b ia . : t : , ! - :  an ; :muua t of l ivl r - a  : :a t ’eH ii ~ cr uni t  a r :: l

of hot c .:., is a’ be ;: . r . - .u .’-. 1 1 ’ ’  a v : ci cty  of ’’r ~- : ; i ;  - . (t :!, .: !..cl !lOd c : , I - t ~~_ -. -- _ l

by so re iu ;v”- :; t .Ha : -a: ’ ,: far  c c - . . e:t.-a:: b L L : , CL O  ar e a . :  or as a ric etc - . of

- r r - t a c  of c!e~ ’g~ in  ci ~~~~~~~ .1 cyCt -:.; , i s  to ira - i , , ’: u h c -  : i r ’ s .h c r  of or , : ‘ 5 . -

p r e s e n t  1. 1 51 5 ~‘ l , . . 0~~- . ~~~~~ cun the  u t a - L I a -  I u c l . t h l ’ s  t ;my b 5  c.pLa - . c ’ .]

as i-j et tn i , lut : , d: ~:e I c-c n a - l u -- i r a - a  d Y

A pr ic ’ , - rc  c t - a - c  
- a - P the hcnthlc d c- wan] t i ’  in an adjacent arc ., to

H 9

- 
this pno~~ect , t i e :  i c H  - ‘ ti ~~~~~~~ a :.. .1 0 .~,u0 gI rd for se l ect - - d s t a t i i -  , :5 d u r in g

Sep t t -r. :ba: : ( t i l t  t a -  -er , I I  f U ~~. l’Ue bic;~~ass at .  ti:re dcc1;;rater st at i on s

* - in the ‘ - a - -~ C - , 0I eta - -b .’ a’sa ra- ,: :; o.~~ p !:. 2 ( Ta b le  3) .  Also  in t h I s  t ;:,hle ’ are

the rusu !  a.; i-~~ Lb.  a . H e - ’ of  t iba -  ~‘e~~r at the  ‘a- st~tjonn . The i~~~: —

esi: ar- : -c :r .. , c I~ l . a  ‘, P, a-r the B ;ar na~:.p l hi:; p C f i u m i S  dun :;’; t h e  c ; .t r ’cr e year

- 

occurr ed m :t  t , . :;t ’ .t r ca Ia - I : c  Cbcc .~~c;’J:a Lay (1.19 g/m2), the ner t LI ‘i—

est r.I t h c ’ ’ s : a t i a - n  i s a - - n a - a - P l a t e  I _ t - : c c ’-: the Canal and the Bay (1.00 g I m 2 )

• and the ioc,c ”t  i a - a  in the Ca-r ,;; 1, (0.~ 0 g/:-
2) . These ap - :unrL ’aat c the r e nu lt a -

I ‘ of the earl.L- r s L u t  but are  cer . .; iJ :.: ‘y lower than I lens (1i’~~~) r op e r s - s i
‘I

for the i~ lisIi Chae . ’ r ’l (4.0 g.’:n~ ) ,  ~nd for Lang  Islar d Sound (15 .88 t./1m’ )

Botl-x of t h e r e  s L , t ! L ~~.; , I u , r e ’,’c’ rc , isa-rn f rom high sa l init ;- , more st i b l c  envicre . —

na-n t : ;  1)1 -a r~ a n a -  a a ne’ : b - - c of or : - - a-i. s.::s ~.-osi 1.d he e::0L ~ :: a-il .

Th :- .-;c r - . ..;i ; i  I: t a d  to ti. ;rC  Lcc ~~ c; a u - ’  C uri s also sup;: . .  I sa -P  by a -t i t e r

ana1~ tic i :r. eir ’ .I. ,~~ ’F u. ;~l~ s t u ! a y .  F i r s t , t i u a - r c  Ia con r a ta b le  seasona l

s lie r :  a- I -  I - .. ’ , - a--: m l  t _ I i  ‘s t r It l.a-i: p r - a :-umc. L-ly due to the  in te - raet i ,on  o,

m a - :  I;: ’ ‘ c m : - a ,  - - ;t , a - - 1 l’u ’ c - , . i I I ; a - r t , LJ- - cu ;i 11 . , b r i n e d  e n  a l hi ’it~ c1 n:ua ;bc- r

— 
ot ~~. - e  n - t  ‘ 1 t i ’r ’. a : u L ~ ,L N ~~, a u l  i a - lm  d - ~crca s It - - to : ”ars  - r n - i  t t m .  s

- - a-

- —
~~~ - --- - -‘~~

‘ 
-~~~‘—— - - - — ______ _ _ _ _

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-‘ - -  - -‘ - - - - .-- -.--~--- - . ---_—-‘ ----~ -‘--~~
‘
~~—-_--~ —,--“~~~- . - _ , _ ~~___~

-,~~_~,_i.,_.
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. 1 o h r .t - a v ~ P a r t  ( I t  ‘;- . . a i tc r  s I i t i o : i -  m l : ;  Of l t ’ p r s - .ra~~a-’ l  fro tn i  th e- Cu e :-  i - - n i -m e -  La-

the  C;, i i .

lu -n t  1; j cm i nv er t  a -br a t -c c  ar c i. I i  f o od . S t a - r - r .~~i. i.’l ;s La - c ’ .: the  ato st  cc’ a -m n

CC L S  of ii  1. in th i C n u n  I) C : : -  and :j 1-pnc ma - b i ;~’ water.-cays duni~~g

I~j re ] i , A 1’r L i , r aP ;.i , jy  t- :e’:e em :: . :.ncd for  sI’c-c- ia s of or :: . m a - i r S 5 C O l l f ;u ed ad

food.  Tht-  pri. . .a ob~ ect .L~ t:~~c to pa in so:::c u n l ~~r ctan dlng  oP the r eins

* 
il- cp-c’:t .ia-- c of L i t , , i;ue,:nc L : C L :c- it e  tih~ur:: t t t . i l i ncd by f i s h.  Fish specimens :,-cr-

- o b L ,N  P hr 1~!cr ;” :; of the 30—Pt c It e ;  tra t . is us I to s a .p l -c adu lt f i r ::, as

ra ort: e .l uj ’ ‘1 in S t a - .; L b C c  .;pp ;ntl in of title report.

Table 7 si’:c’. ea ’inc’.s the r er s u l i  of  the sto - ama - h a: al ys :’ ; of four species

of fish (‘,.-hLIc ~~e ca -b , strti .pa -d bass , cst lsIi , and yel~ow perch) for the 3

* g j~ .:i ds.  Ej g i u t i c : r : r - lo s  of i nv ert e b r a te s  were fa a-nd to be in t r I t e

st,:~ - d n a - I : ’ . tiu~ s pc-rI” :]  of st a r ’1’ . in a ”P .L tii i , the n - a -win s  of f i s h  anal

2 s p , m . n i c ; (SL f is h  ep ~-~~~ a- a also ound to be con a-seP . i i i  a t  of the species

in t h u  sto: ’.::dr~ isa-r e b- ,s:’ -Jsic in~ a- ct- sb .~ tcs uhia ’; w a n e  a ~o found in t

bo t acm samples t ahen  Pur I s t s -, t i t l e  s tud y.  Usually the most abundant in the

i stomachs coep”re ’i wi th tb .  dens i t y  Poun d in the b~ .a- Lh ic  samp les. One : :a -~~or

- . exce ~-: bc~- g the oli pochacto  ;-;or.a- Limncdr- ’ 1 i ’- s , which was t Im most a ’ an—

- [ dar t species tr ikan in the h a -a -t H e  study, bin’: was not found in any f i sh  sto
- 

m ach . The second most abundant benthic species , the crustacean 1,cotochtic ’raus

- 
EJL 1 .a -w n , ta -a r , boa-ever , a major food i tem for all species oil f ish  excc-pt

the striped bass .  The si : :a-—c1 m; s of - t in ged bass used in this s t u d y  (20C -

• 545 mian ) were  a d a - i t  speciccenc ; and those which had any contents in their eta -—

- neud ’s wer’: ~~~~ a-; c’;t ir&.y on other  f ish . This agrees closely wi t h  t h e

find Ing of Ihinu- ’ ‘ ( 1971) ‘ t i )  :1150 st u d ]  cci st pad bass in the sante ar ea .

i-lb Ito p crch and car t :  dr ’i i  a - a r cc very si-i:;Lla:’ in their food select ‘cc-

oft a - i t  t i r - - a -~ ol:-La - .Ln i .n ,- ; ra-:. il l  sptr - -eI~ 5 a :1 found . .i t~ - c ht n I l t i c  a;mnp ]. c- u; . 

~~~~~~~~~~~~~~~~~~~~~~~ - 
-‘- . -_ - - -*‘ - - - -—— --_ - . - -

k -
~~~~~~~ 

- --- -
~ 

- 

— -‘-- -—--“——----- -‘- ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~ . ...... ~~~ _. _.~~ ... .,,,_,. ~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~ ,a-._~~~~
-_.- -—. ~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~
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l i i  r ’ . - ’ . ’ SS n m i i 1 a- S t i : .  a - ta t : , cu: - ~ - d a - , ;  ¶ c 1.m;: .h .c: - C - t a - n  , imb i  a- i t m i t ’ - j a l a ; ; s  u~ a-nd

o : t . r - : e ’ i n , , i sh i c t i a - c , ’ ~ - ~~i: 1 --  ha - , ‘ u t a h : hi I l i t . , ia - Ut  ru t rc t a i .u -. ! au

— ‘ c - c a- u - ., ‘.1 Ia- t : . t n - t - h ; -. i ’ ,. : , t  i n C  sa m - h - n l ea - :  i-s ‘ qu i te  a’ ut i dr s - ;L  ‘ a- L i e u

u~Lo. a- d .a -  ~‘ - ;- -a - i . d i :  ‘h r] :: L l . c  .1 ,; ’ , a - t i . ;:; p - s r i - - - ! . Si :n . i :  ~y f l - -h em a- ,

s h u t - a -  I t t:: - ’ ar i~ ~‘s~ .~~~ ~ t: u: L b s  ,~~L or  du rin g ,- ‘.t t r i . l r n - I  :~-b are found in

I. ,’ . :  a- Ia-.: - a-::-: I t i n  n : . i c u 1 a P1: -b d i a t i , b u t  dua- to t l ue .r :‘:wlinw:s or frniU

lr L  not ~- in t It~ 1 3 cl , ! u : ’ t i U ~~~~ 1 ,

\ . e - r a -  not a-ca. - ‘a .  - a  tsr L Ia -~ bc- a ] .c s - a - p l c ;  dl : . - ) a -c r c  quite  co:-a-aon in c a t —

t a - a - I t :  dw. i p m n r , L ]  . H u i s  :nj -~e- .:.ic. m ; of fish , as i c ’~~C~~t a -d  b y the organ-

i ts;- , b -a-nd j .c It :: t - ’ . - ,a-d- , i-a-u s a - a - p a - c l :  l’]y sale-:  l:l’~’e a-en d C. 
- ,T i c i c n t t  in obtain-

ing small food i t.,a: .c .

Al t ’tosg h ste’ - i i : p lo were t~ Ircr. P .: n t - . ; ;h. r Ii , A pril , a-ta-i -bn.’

(Table 7) , on 1.~’ ’ni r: . t I w  ‘ ;r a - i ;  pcn ]c ’d  t a - ’a-c a-ens: ’  n - e : u - l i u : ;’. b ca -Lm i : i a -

s . d . ; . Thi s c- ’h c .a-~ d a ,: c~~p : L a Ltv  to  c ’ . . - . ‘ s c i o c t i ]  :h y o f a-’’c u i l m . b l e b~ n —

th ic  orp ac 1 sues by L ’, . - b ot tom i c ~.dia- p I a-It ~~La-s :.- S ’  5. n :t  L i m i t  S e a - n ’5~~~. St r I  - I

- ba- sm ; sIc::. -
‘ i ts  isa - r e ar s.- - P bet t i  ca -u: t : ,la :  I a- ::];’ i s i u  rcn~~ins.  Food

iter cs ca-atr i i~;a.l in the stc~5 .5 sir s a-f t i a - rce  c sr spa-c i : - s of fish , i s lu i t e  ~e’rmd - ,

I - 

ca t f ish , and yel’ a:-: perch, a- e ra -  t el:.. a -ai ; :a- ln ; h .- :nch a-nd arc- prose : La - cl  sr -pa : ’ :—

- , 
ately in Table 7, but  i - e r a -  c -e l i ;  Lia 

~~~~
‘ ar ia ; ! : . ’ 1, since a-a- t-:ena not in ter  - s 5 e

- in i nd ividu a l  fic ,i t  c -pac i a -n  prci.e.~a -ncc s .  ‘the sjccc icc  c E i’ .-e rt-a -b~’c ta - s  found

were g:nthc:cd into lan- - -: t.t. :u:so a- ~‘ a-ccts m u 1-c- c ccs.~’rar:tis ’ c pun a-s - ‘ of

• 
present  ;tj 0~ Cc;’ s-a- pe”~ 1, si ¶ 1 :r : ,m s of t h e s e  5~:ei’-~s ::‘c’,: th e

bottoca sar- , ;le. a-; cc ca-, ’ ;: - a -P Pc:: ca m - n ’, L n  a - - u .  ~~b n  d a t a -  t a - s  - ss n t sP as a

p crc nt .:-u 5 a- of tb ,: t o L d  ~ n t f ’ e - ’ b c e u . .’ in It: - a s  [m I ne S te  - sub: :  or b u t t e ,; sr: — ’ g 1 -m n;

( - t i t l e  ~) .
—_ A ma - ; r L  s1r ’ i n - ;  c’~. . . j  a - a - ‘it ‘ , be a - C ;  i~ ’t L I ’ s -  ‘ciI , . t t a l c  a -b u . d n , t a -~ oP

( : 1, : O i . .’, ( t a - n ; f l i ’ L u - j i m  1: ,: .‘eL L’ ’ u .:i ; e- .~ l: t’~ n ‘ a- ’.) , :- . ‘J c.’. -p - - c .,’ zP.- -- - nc~ Ii ;

— ‘-- ——--
~

—-- - ‘—-—‘———— —.-— - ‘- —— ‘——--—.-—.—-—, —  4*.~~~~~ ’__ __-_-’ —---- — —“— - “-.

—~~~~~~~ k i  —
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1 thc  ;n t : u , :mc’h : ’ . In .ai ;tr: ; :; i ‘a-h t’I ~ ; tflt t I . a- a - m m :; of ; uiu ; a - h I - ’ a-on.- : -  p al  a - ’c i i m u c t~

ui t h s i i  c c  - ;  onI s 25 7 o~. Ll ;~a L o t : . 1 a-p;.~ 
- a- in bot ta : :  cd] ’  n - n t ’ ; b u t  cc-:, ’:1 ,~~ ,.a -’ ci

7( 1 - of t u e  t i ; t . :  1 u p e a  tm- , , ib ’;ri-J in tP~ stat . ; a - I ta -  . The r m a - ’; for Lb5  ta-

d i i  la - r e n a - c ;  .b - - n-a t La - . - , - ;  bu t  [ I t - . rc- ‘ a-: ; e : :ts t  a- vc . 51’ h i -h ci ’. grc e  of di nt

sal es: L i c i L y  t h a t  :, ,~t a-’;: ‘‘ ‘: a- a - n , :  dec a -: ; 1-1:1 a. - 
, Isa - I A p r i l  ari d I ny  also.

i n  a r :tnd of ‘, . i : i t e -  p a - m a - lu  f~~-a- P i a - : -, ha - i l ls  a-nd the a-~’ai 1a- ’u i l i t y  of food

in the bottc ’::: n ;-a -dL ; :a-m ‘c :  , C a - a - p ;  c (1 94 1) found set a o .Li g c ’c ’ ;acta-s (aqua-tic

j earth ‘a- n e n s )  . a- the  seP h.:a-n L ,; , bu t , sL:,:j I ,ar I - - th is s tud y n b a - -. s- cc found l i t

* the f ish sta - -  ci::; . A l t h ou g h no cca-’pecc~ sc a- wa -c ma -a- P - a- a- .’] Iii f ood in the b-a -tte s-m

sedir , -nsnt s , b I l ler  ( 1 9 6 3 )  P I P  n o t  r :’ptsrt a-ny H igochactes in the ctor:~,c i ia -  of

wh i te  per ch L i a -  sti ll’ area iia-’la-,’a-] ta-ibm -a-aries of the Dsla-r’arc ISa-:? i-rIta --re

oligoci; .-c t e :- ; ’nasL have b c - a -  a v a - i l a i m l e .

The Ta - a - Ut  a-ba - : ;daa -t. f e w . :  of ira -  c :ca -c . :a t cu  fo-a::d in the fish st ca- .;chs

* ware a-n. :-.. lid u-n en (7 ( ’f ) , ci’ai. :L e c a - r m ; i a  (1Gb) , and t a - - n ed larvae (3l-~ . In

.. th e se ” ic,; -.nn ta--: , . L r ’ .. a- st  a -b .  P a - m a - I  i-race a - u  a-s l id :-: ‘ ..:s ( 70 7 ) ,  in s -a-c -I la- rc a-c- ( 1,9 7 ) ,

and crusta’c~n ’., (dl ’)  - It should be pa i a -L ed  cm:t  t ha t  sos-c o the crus ‘a- c ’a-. ::as

are fre e—s:-n iw:i . -;p forms , or too ~;,na11 to be ca ;m~ h mt by our b ent lu ic  s::: :’s l i :;g

I methods , ~a-n-:1 nec t h e r efor e  not m d -  l c d  in our s tud y of the invert a-nbrete

benthos .

S.
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T
SI _ S - P b ’  ~

‘ Al , :)  (‘ tPP , : : -L ’  P1

1. 5: - - c-ni of t h u  b~ t :! -,es ‘ a- tarm: ’..a- b’,- ut - . m : ’uF; of  a v , m l t  \‘cc a pra -b and
•

a-mi a- c . L th e . ;; -  I i  - t  P . 7—: , .  ;a -- : m ; ; — e 1 u --. - . n i n g  ::cr .ca.

2. Sm a - p lca-; ‘a- a- i - a - b - t i  a -L -, ; m ; L c- : P . p m m  a - a ’  - 1. ; . , -, r c ’nu 2 to 40 f t  and frc :t:

pra-ndcr La - mt - s ly  silt , ta - -  ‘ ::~~-— i m. , —: C u I  i u:”~ 5-: -P  m c u b m a t r a ’~cs.

3. A total of 26 i,:vert~ ha -n-a-c a a-c-nc’ fc.’un :i , r j-er’s :a-t cd by 11 S~~
( a - iCC of

crus t a - a c - a n u, 9 : n p e c . L ’ s .  of  i ; U L  : I 1a-:sc’ - m e , 3 spc- ’ ~c of anne lid : , 2 sp a - c a -

- of a-ta -iSa -rIms, a-nd 1 a-~ .:i’. :a- oi n l l - b , : n - , :c~
-
, 1~ 4. The sea-st  a - b a u : u a , m . u : :  sa-ce .La-s in n:e:;c.n ic .;l  order a- ’. a- t ,  - sneb ti m

the alt;;: C 1 a - C L ,  ‘a- ra -uc L’ ’- ‘ .rdl ’ , Lt : u’~ . a ~_’a-r - 
~‘ h , ,  the  poi y ’_It:a-’Pce iron..

* s~~’1 : . ~~~Id dl~~:~~-~l~ and the a- : .- , -~~‘od era ’ L a - u  - a - a - a -

I . ~~~~ n a - u L n ; TI ; ccc ’, 1.. ., - - ap e- ’ I a - s  r a- snrs ;.:ts j ’,tc -d ovee 777 of the  tcp ec: is

collected .
I I
I - 5. The st :a-, c-s.c a . cc cot pa-n:: ] Par cciv faa-a’;’ sL::’Llanit) by a trellis

dlagrca-c’ . Th is fa-c ;ns1 i a - l a m :  oP ~.u .if b -a l ly  in’ ~at ~~- S that static-en : of

si;nil-a-r b et to r .: types  c :m ’;iir 11. -cl d o::: n e l a - L i a n m i:L p rc~;a -m :J l a - ,-~ of irate:

depth ;-- and t i u r t  ~ t a - t b u  i n  the l b s  .-L . ;P p a - a - L i s a  of t h e  Caua -; l ‘

• a , ’~~-a-e a -oct  . 7  a-i l - to L- h~ - sI - - us  thea t, - P in the  C c c  p ía -dma a - - n e .

6. A sac’: Ic :; d . l ’ a - ucen i t : s  i::S’.’-: . :- ‘ ; l a a - :L .~ nc~nc’i o:u L I n e  iF :a- :a1P ,on I ’m ’ s - : ”:

indicated s t, ;t ..c n a - m u L a - a .. ‘
. i , i  sI ;cm ’ul  ,- -a -t  a-n to be i - cOLt  diverse in dma -car: ,

while Limo . e is dc zp ca-rtc ’- a-ca be lca- .n L  d i - .a- r sc . At L n r . - c sL : a- .Lo;;s in

the Ca-n: ; ’i p roper , t:l C : la-a-a- : :], di, a- a- a-s Ith,’ dcc:~ - m a - a d  dr~n - i-rs ; :t to cm ;. : U .

7. Biomass c~~l a-a- s at  - ‘ 1 : -c t 1 ‘ aid -s  .Ia-di~ ,a-d -‘ r - . : ‘ : c c ica -  in dry

u-;c ;;I I , p ine , c c . , : :  a-;, f t c-a - n - - L b -: L : . a - ” : :pc-:lh:cc Ga- ’: into m b a -  C,m -t l p r c n p c a - .

1
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8 . A sa-~. - i J u  a -ca t Ly; ; i : ;  ad ~s h u i t c -  p , -L~. i ’ , a - i . ’ I  P h i m : : ; , c a L [ i . ;-~u and y c ’ l l . u’,-~

pcreli  iutLca -L . -1 t hat  a - h i t  a-a- h u t i .  n-a- -1 t I .  hr  ; , L b u  I a -  f a -u n a -  ITur  food.

- W i t h  thu i n-m a - c ‘L i o n  of the- oil  ,;c cl ’mi c - L- \ , o i ’: : , L i m e ’  . , l m b t ’ c , u 1c , I m - l ;  ‘ca - s

- 
absent fr0,- t~t a  a - L a-- , -c a-h : : , the net: L _ r  a- ’? ~‘ . . . - ‘1a - : (- , ’ S  of eac h speci,,n c 1st

the ;;Lot ,,a -chr , corre-: , , : : : . .  P a - l o s ’_ 1~, ’ u-z j Lhu t ’Lc Ju ;u : . ity  found in the benthic

sarep ic s .

9. The r i r eac :mt  enlar ;a--e. :c::;: of the  Ca-na ) in :  cc -pa - c  1:-cl to ha-v no i ; :cam:un ah lc -

- e fhI t’ct  on the  b ca;lI ;ic i nve r teb ra te  Pstu .a- under the predicted fin: : con—

ditions. L:tgc volec -me s of u- - cu te r  pa-saing in either direction tieroeng

t i: : Canal as a resal a- of  u nu ’ - m uc u l hyd m :ogra - ; . ..1. a- conditions may have a
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