
/
AD —A040 646 MARYLAND U N I V  SOLOMONS NATURAL RESOURCES INST F/S 6/6

SUBLETHAL EFFECTS OF SUSPENDED SEDIMENTS ON ESTUARINE FISH. (U)

UNCLASSIFIED 
FEB 77 J M O’CONNOR. D A NEUMANN .JASHE RK DACW72—71—C—0003

_ U 
_ _  _ _ _!D~~flEInor

4



• 
TP 77-3

Sublethal Effects of Suspended Sediments
on Estuarine Fish

by
i.M. O’Connor , D.A. Neumann , and l.A. Sherk , Jr.

TECHNICAL PAPER NO. 77-3
FEBRUARY 1977

:~~~ ~~~~~~~~~~~~~~~~~~ DO G
- 

~~~~
-

\~~;iø3

[A pprove d for pubik re leose~
L d istr ibut ion unlimited. J

Prepare d for

f U.S. ARMY , COR PS OF ENGINEER S
COASTAL ENGINEERING

RESEARCH CENTER
Kingmon Bui lding

Fort Belvoir , Va . 22060

-~4



7--

p

Reprint or republ ication of any of th is material shall give appropriat e
credi t to the U.S. Army Coastal Engineering Research Center.

Limited free distribution within the United States of single copies of
this publication has been made by th is Center. Addit ional cop ies are

available from:

National Technical information Service

~l TTN: Operations IJivis ion
5285 Port Royal Road
Sprin gJ w!d, Virginin 2915!

Contents of this report are not to be USC(1 for advertising ,
publication , or pi rno tional purposes. Citation of trade names does not
constitute an official endorsement or approval of the use of such
commercial producLs.

The findings in thi s rep ort are not to be construed as an official
Department of the Arm y position unless so desi gnated by oilier
authorized documents .



pr ~~~~~~~~~~ ~~~. .

UNCLASS IF I E D
SECURITY CLASSIFICATION OF THIS PAGE (W1..n Vet. Entered)

DEPnDT htS(~I UA E UT A TIt1 iJ  DA rr  READ INSTRU CTIONS
ii , BEFORE COMPLETING FORM

/ 1. REPORT NUMBER - -~ .. 2. GOVT ACCESSION NO 3. RECIPIENT S CATALOG NUMBER

~~~
‘ 

~((/ C~~! - ~~/ I _ _ _ _ _ _ _ _ _ _ _ _ _

4. TITLE ( ,d  SobtItle) 6. TYPE OF REPORT & PERIOD COVERED

C SUBLETHAL EFFECTS OF SUSPENDED SEDI~~ NTS ON 
/ 

T chnical~~ ep~~ t , ,
ESTUARINE FISH 6. P E R F O R M I N G  ORG. ~ T~~b~~T NUMBER 

—

-. - -.~ L....ALLT.H0J91.1 ~~~~~~~~~~~~ 5. CONTRACT OR GRANT NUMBER(.)

l~ J.M./O’Connor~ I
— D.A. /Neunann f

J.A./Sherk , JrJ ~~ DACW72-71-C-00p 3
~~~PERI*~RNING ORGANIZATION NAME AND ADDRESS 10. PROGRA~~ft~ M I. OJECT . TASK

AREA 6 WORK UNIT NUMBERS
Natural Resources Institute j
University of Maryland
College Park, Maryland 20742 V04230

II. C ONTROLLING OFFICE N A M E  A N D  ADDRESS 12. REPORT PAXE~
Department of the Army / / FebEr ~77
Coastal Engineering Research Center (CERRE-CE) ~~~ ~UM~~~R C~~~~~~ES

Kingman Building . Fort Belvoir . Virginia 22060 90
$4 . MONITORING AGENCY NAME S ADDRES SOI dill cowl from Co,,trolling OffIce) IS, SECURITY CLASS. (of tA le report)

) .~ I
t ’  .- , UNCLASSIFIED

15.. DEC LA SSIFI CAT IONID OWNGRAOING
SCHEDULE

16. DISTRIBUTION STATEMENT (of tAle Report )

Approved for public release , distribution unlimited.

17. DISTRIBUTION S T A T E M E N T  (of t he .b.I,.ct entered In Block 20. If dIfferent from Report)

IS . SUPPLEMENTARY NOTES

19. KEY  WORDS (Contlno. on r.ver.. d d e  If ner.o.ary wd Iden tify by block nwn ber)

Estuarine fish Patuxent River , Maryland
Mineral solids Sublethal effects
Natural sediments Suspended solids

20 A ~~ RACT (Co.tIInt~. m. r.o•rS. dde  If necd.eery .d fd.ntf~ ’ by block nt~ ,b.r ~
The objective of this study was to determine the effects , if any , of

sublethal concentrations of suspended materials on the fish in estuarine
systems . Experimental sediment suspensions reproduced the concentrations
frequently found dur i ng flooding and at dred ging sites and dredged-material
disposal sites. The suspensions were of natural sediment , obtained from
the Patuxent River estuary, Maryland , or commercially available fuller ’s
earth . 2 j . (Continued)

DO M 1473 EDITION OF I NOV 65 15 OSSOLETE 
IJNCI,ASSI FlED

SECURITY CLASSIFICA TION OF THIS PAGE $ WIMI , Vet. Entered)

_ _ _ _ _ _  A



U N C L A S S I I I L U
SECURITY CLASSIF ICATION OF THIS PA GE(W h w Date Bnt.r.d)

~~~~~ F i s h  i~ere col l t ’c t ed i n  the  l a t u x e n t  R i  er  e st  iary  and t r a n s p o r t e d  t o
the  lab o r a to r . The s e l e c t e d  f i s h  s~~ec l  es i n h ab i t e d  ecolog i cal l v  d i f f e rent
se c t i o n s  of t h e  est  c r y ; t h e  re loi’e , t h e  o v e r al l  r e a c t i o n s  of each spe cies
were uni que .

Seven spec ies  of e s t uar i n e  f t  sh w e r e  expo ~- d t o  f u l l e r ’ s e a r t h  and
n a t u r a l  s ed im en t  suspens ions  (‘or  t H,ed p e r i o d s  and h em at o l o g ic a l  changes
were n o t e d .  The e f f e c ts  of v a r i o u s  concentrations ol ’ f u l l e r ’ s e a r t h
suspens ions  on wh i e pe i c h  ~ i l l  i s s u e  we ‘c d~ t ci ’rninej . Ox y g  fl COflSutflp t  i O n
r i t e s  of st r i r e i l  bass , wh t e  perch , and toad i ‘~~~ were  measured  in f i  l t c ’r ’ d

a t i i x c u t  R i c e r  ~s a t  or  and coinpa r i d  to  consumption r a t e s  i n  f i  I r e red  r i v e r
water suspens ions  of f u l l e r ’ s earth or Patuxent R i v e r  sedir n i’ct

Fish showed si gns of st r c s s  i n  r ’ - p o n s c  to  S : :  p en d ed  sedi men t s  i n  most
of t h c  e x p e r i m e n t s . R e s u l t s  i n d i c a t e  ~h u ~ s u b l e t h a l  c o r i c L n t r a t i o n s  of
s u s p en d e d  s o l i d s  can  , i f ’t’c:t e s t u , i r i n e  f i ~~h .  ~~~

A d d i t i o n a l  e x p e r i m e n t s  a re  d i s c u ss e d  ii ‘ p~-en di  xes A to  I ) .

2 I \ id.\ uS I P I E D
SECU F1ITY CL. A l i t  r ic  A l  Cl~ 0” THIS DAG E(W Ar n O d e  EnIe,rd)



P RE FACE

This report is published to provide coastal engineers with information
on the sublethal effects of suspended sediments on estuarine organisms .
The work repor ted  is a part of a continuing program of research on the
ecolog ical effects of coastal eng ineering activities . The report presents
the res u l ts of part of a 3 -y e a r  laboratory study on the subject. The work
w a s  c a r r i e d  out under  a c o n t r ac t  o r i g i n a t i ng  in the Office , C h i e f  of
Eng ineers , wh i ch was mon i to red  under the  coastal  ecology research program
of the  U . S .  Arm y Coas ta l  Eng i n e e r i n g  Research Center  (CERC) .

The or ig i n a l  con t rac t  report (CERC C o n t r a c t  No .  DACl~7 d - 7 l - C - 00 0 3 )  was
prepared by Dr.  J . M .  O’ ( ’onnor , D . A .  Neu mann , and Dr .  J . A .  Sherk , J r . ,
w h i l e  on the  s t a f f  of the  N a t u r a l Resources  I n s t i t u t e , U n i v e r s i t y  of
M a r y l a n d , C o l l e g e  Park , Mary l and . Special acknow l ed gment i s  given to
A . M .  Daley  for her  work , p a r t i c u l a r l y  as repor ted in Appendix C.

\ . K .  I lurme and .\ .L .  Mey er , CERC , t e c h n i c a l l y reviewed , condensed , and
revised t h a t  par t  of the ori g i n a l  report p e r t a i n i n g  to the s u b l e t h a l  e f f ec ts
of suspended s o l i d s  on e s t ua r i n e  f i sh . R o b er t  M.  Yancey , Chief , Coasta l
Ecology Branch , was  CERC cont ract m o n i t o r  for the  report , under the  general
s u p e r v i s i o n  of R . P .  Savage , Ch ie f , Research D i v i s i o n .

Comments on t h i s  p u b l i c a t i o n  are i n v i t e d .

Approved fo r  p u b l i c a t i o n  i n  accordance wi th P u b l i c  Law 166 , 79th
Congress , approved 31 Ju l y 194~~, as supplemented  b y P u b l i c  Law 172 , 88th
Congress , approved 7 N o v e m b e r  i~)b 3 .

~4OHN I-I.  COUSINS
VColonel , Corps of Engineers

Commander and D i r e c t o r

-—-—-—-1 —

u3 VSMtl SaCII$
kft k~s D

D 

j-J~



_ _  ~~~~~~~~~~~~~~~~~~~~

CONTENTS

Page
CONVERSION FACTORS , U .S .  CUSTOMARY TO METRIC (SI)  7

I INTRODUCTION TO SUBLETHA L EFFECTS OF SUSPENDED SOLIDS ON
ESTUARINE FISH 9

11 SUBLETHAL EFFECTS OF SUSPENDED SOLIDS ON THE HEMATOLOG Y
OF ESTUARINE FISH 9
1. Int roduct ion 9
2. Methods 10
3. Resul ts  and In terpreta t ion 10

I I I  EFFECTS OF SUBLETHAL CONCENTRATIONS OF FULLER ’ S  EARTH ON
WHITE PERCH G I L L  TISSUE 19

1. Int roduct ion 19
2. Methods 19
3. Resu l t s  and In terpre ta t ion  19

IV EFFECTS OF SUBLETHAL CONCENTRATIONS OF FULLER’S EARTH ON
CARBOHYDRATE METABOLISM IN THE HOGCFIOKER 27

1. In t roduc t ion  27
2. Methods 27
3. Resu l t s  and In terpre ta t ion  27

V EFFECTS OF SUSPENDED SOLIDS ON RESPIRATION OF ESTUAR INJi
FISH 28
1. In t roduc t ion  28
2. M a t e r i a l s  and Methods 29
3. Resul t s  
4. Discussion 48

VI SUMMARY AND CONC LUSIONS 52

LITERATURE CITED 54

APPEND iX

A LIVER GLYCOGEN CONCENTRATIONS IN FOUR ESTUARINE FISH AND
LIVER GLYCOGEN DEPLETION RATES IN WHITE PERCH 59

B }IEMATOLOGICAL CORRELAT IONS IN ESTUARINE FISh (~2

C PRELIMINARY OBSERVATION ON TIIROUGH-CdIT TRANSPORT OF
SUSPENDED SOLIDS BY ESTUARINE FISH (7

D ANALYSIS OF SEDIMENTS 80

4

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



CONTENTS

TABLES
Page

I Experimental and control values of red blc .~d cell count , micro-
hematoc~ it , hemog lobin concentration , and osmolali ty of white
perch 11

2 Experimental and control values of red blood cell c3unt and
microhematocrit  of hogchokers 13

3 Exper imenta l  and control  microhematocrit values of striped
k i l l i f i s h  13

4 Experimental and control microhematocrit values of
mummichog 14

5 Experimental and control values of red blood cell count , micro-
hematocrit , and hemog lobin concentration of spot 14

6 Experimental and control values of red blood cell count , micro-
hema tocri t , hemog lobin concentration , and osmola l i ty of
striped bass 15

7 Experimen tal and control values of microhematocrit and osmolality
of stri ped bass 15

8 Experimental and contro l values of red blood cell count , micro-
hema tocri t , hemog lobin concentration , and osmolali ty of
toadf i sh  17

9 Experimen tal and contro l values of red blood cell count , micro-
hema tocri t , hemog lobin concen tration , and osmolal i ty of
spo t 18

10 Experimental and control liver glycogen concentrations of
hogchokers 28

11 Covar iance  ana lys i s  of oxygen consumption and l ive  wei ght
regress ions  for s t r i ped bass 

12 Covariance a n a l y s i s  of oxygen consumption and l i vt  wei ght
regress ions  of male  and female s tr i ped bass 34

13 Covariance ana lys i s  of oxygen consumption and live weight
regressions of s t r iped bass 37

14 Covar iance a n a l y s i s  of oxygen consumption and l i v e  wei ght
regressions of s t r i ped bass 

405



C ON 1’ P N L’S

TABLES— :unti nu ed
Page

15 C o v a r i an c e  an a l y s i s of o x y g e n  c o n su t u l t ion  and l i ve  we i gift
r eg ress ions  of s t r i ped bass . 12

11.) Covat’ i an ce  an a lv s  i s  of oxv g eu  consumpt ion  and l i v e  wei ght
r eg re s s ions  of w h i t e  perch 11

17 Levariance anal~’sis of u n c o n s u m p t i o n  and l i v e  wei g ht
r e g r e s s i o n s  of w h i t e  sr . . i  50

18 (‘ovariat ce a n a l y s i s  of oxygc ‘~ consumpt ion  and l i v e  wei ght
r e g r e s s i o n s  of ma le  and fer le t o a d f i s h  50

1~) C o v a r i a n c e  a n a l y s i s  of oxygen consumptI on  and l i v e  w e i ght
i ’ei~ressions of t o a d f i sh  

FIGURES

1 C i 11 s e c t i o n  from w h i t e  perch he ld  5 J a r s  in  clean .a t ~ 20

2 G i l l  s e c t i on  front  w h i t e  perch he ld  5 days in c lean  wa t e r  21

3 G i l l  s e c t i o n  f rom w h i te perch exp osed for  5 d a y s  to (l . oh g 1— 1
f u l l e r ’ s e a r t h  2.5

4 G i l l  se c t i o n  from w h i t e  perch h e l d  3 day s  i n  c l ean  w a t e r  2 1

5 G i l l  sect  ion from w it i t e  p e r c h  exp o sed  (‘or 5 d a y s  to 0.05 g F 1
f u l l e r ’ s earth 25

6 Secondary l a in e l l a c  fr ont  w h i t e  perch he ld  for  5 days in  0. (s5 g
f u l l e r ’ s eu ’t 1 

7 Oxygen consumpt  ion of stri ped bass s w i m m i n g  at  C . 28 f t/ s  

8 O\> en consumpt ion of s t r i p e d  bas s  si~ i m m i n g  at 1.02 f t/ s  

9 Oxygen consumpt  100 of ’ s t r i ped bass sw i m m i n g  a t  1.58 f t/ s  

10 Oxygen consumption of s t r i ped bass  sw imming  at 1.05 f t/ s  i i

11 Oxygen consump t ion ot St r ij s e d  bass sa i mni i ng at 1.38 ft/s 15

12 Oxegen c o n s u m p t i o n  01’ whi te j1u~ ch s w i m m i n g  at  0. 28 f t/s 1 5

13 ) x r l 4 e r ~ c o n s u m p t i o n  of w h i t e  perch s w i m m i n g  at 1. 1)2 f t/ s  10

11 Oxygen consumption of w h i t e  perch sw i ron ing at 0. 39 f t / s  

13 Ox y g e n  e o n u u r n p t  ion of w h i t e  perch sw i  n iming at  1 . 02 f t/ s  

6



( O \ \ E h t S h ( > \  h ’ ~( ‘FOR S. ( ,~~~~ • 
( ~‘ h ( \ l \ l ~\ ‘1 0 \H1RIC (S i )

\ h i ’~’ ill’ \ h i . \ S ~ Ui.~ h J \ i

~ .5. ,‘ti~l,triiar ~ o t t O. of iiti’ ~t ”LiN’ti t (’lit t i~ t ( J  III tins rr’ 1ai~rh t a r t  he t i t ~~t i t i ’ i j  to no’t r’ i i  C”~i)

u r t t t ’ ~ as I

\l u iti 1il~ b~ i i i  Oht1uhi

u nto ’ s 2 ) 1  i t i l l l i n i e  (em

2T1 1

s i p ta r ’ ’ irte h i’ s ( t l32 tj t i a n  , ‘ i ’ , i ( i r in ’te r s

, ‘ i i h , u ’ irieL ’’s b , 3() t u t u ,’ ‘i ’i,t iuin’I ’ ’r’.

30. 18

I f . h).IC ntck’r~

~~~~~~~ 
t ’et ’ t (), ( f u f 2t ) • 1ii ~irt ’ rio ters

,‘ i i i ) it  fo i l { ) . ) 2) I1~ l i i i

~ard ~ U. ’) I 4.1

~t1uIa r ,’ \ ,,r i.’. ( 1 .)) . ‘ t f i i  ini

‘ ‘111)1’’ \ i ird ~ U . 01( ‘u th i u  rio t e r ’

I , 60’i ’t k’ilo rn I

I l l  i i i  i l l ’ s 23 ’) ,() Lu n a r , ’

I .)~3:t2 !.,i f t u i t ’ ’~ 1 , ’ r it i tir

l
’
u t u t ’ j ui i i t i. l . .h3 .” t l  ru , ’~~l t ,i

r , u i i h i i o , r s  h . 0 I ’ f T ’  Y. ~ kj h r ,~r a r u ”  o r ~~1 I u a i s ’  .‘ii t r r r i t ’ I i

m a  il ls

I) . 1336 Lii  ‘ ‘r at u

‘ i i . I t i u , ~ i f i l l  T i l t  r i ’  ( I

( t i .  1 1 1 t 1  I i  I , i t —

I’ m ’. ( an g l u ’ )  0 . 17 ~3

I’ alir ,’ irli ,’j ( ‘I n i t ., ~ t i  ( ,, ‘ k i t i s  ih’gn ’i s  or knli

I t  f ,itiin O u s t ’ . > t~’rnpi r . t i t i r ~ i , , i i i t r. lotiti L , i > t r t ’ i t i t , ’ t t  (I’ ) re’a It iu ~~. ti,.~ (uriTilulte I - (3 ~ > (1 .ld .
It t iO.iiii h\ i l t i f l  (J ~ ) r - t t l t t , ’. n.e t n i tu t i l . .  K (3 1) (I .12) 1 2 7 4 1 3

7



SUBLETHA L EFFECTS OF SUSPENDED SEDIMENTS ON ESTUARINE FISH

by
J.M . O’Connor , D.A. Neumann, and J.A . Sherk , Jr.

I .  INTRODUCTION TO SUBLETHAL EFFECTS OF
SUSPENDED SOLIDS ON ESTUARINE FISH

The le thal  e f fec ts  of a variety of solids are documented for numerous
freshwater  fi sh ( E l l i s , 1936 , 1937 ; Wal len , 1951; Wilson , 1956 ; Cordone
and Kel ley , 1961; Herbert , et al., 1961; Herbert and Merkems , 1961) and
for some estuarine species (Rogers , 1969; Sherk and O’Connor , 1971;
O’Connor , Neumann , and Sherk , 1976). However, the sublethal effects are
only deal t wi th in his tolog ical studies of fish gill tissues (Southgate ,
1962; Herbert, et al., 1961; Herbert and Merkens , 1961; Ritchie , 1970) .
The physiolog ical impact of sublethal concentrations has not been studied
previously. This part of a 3-year laboratory study (Sherk , O’Connor , and
Neumann , 1976; O’Connor , Neumann , and Sherk , 1976) presents the results
of his tolog ical and ph ysiological studies of the sublethal effects of
suspended solids on estuarine fish .

Seven estuarine f ish species (wh ite perch , Morone wnericana; striped
bass , Morone saxatitis ; hogchoker , Trinectes maculatus; spot , Leiostomus
xanthurus; mummichog , Fundulu.s heteroclitus ; striped killifish , Fundulus
ma.jalis ; and oys ter toadfish , Opsanus tau) were placed in fuller ’s earth
and natural sediment suspensions , and hema tolog ical changes were noted
during timed exposures. The effects of fuller ’s earth suspensions on gi l l
tissue in white perch and on carbohydrate metabolism in hogchoker were
determined at various concentrations . Oxygen consumption rates of striped
bass white perch , and toadfish were measured in filtered water from the
Patuxent River , Maryland , and compared to consumption rates in filtered
river water suspensions of fuller ’s earth or Patuxent River sediment .

A knowled ge of the sublethal effects of suspended materials is impor-
tant in evaluating the effects of dredging or of disposal of dredged
materials. This report provides base-line data which can be combined with
knowledge of local condi tions in preproject consideration of the effects
of dred ging activities.

II . SUBLETHAL EFFECTS OF SUSPENDED SOLIDS
ON T IL E HEMATOLOGY OF ESTUARINE FISH

1. In t roduc t ion .

This section presents  an assessment of the  ef fects  of suspensions of
fuller ’s earth and natural sediments on several basic hematoiogical param-
eters in fish : Microhematocrit (packed red blood cell volume) , red blood
ce l l  coun t , hemoglobin concentration , and osmolali ty (ionic concentration
of the blood) .

9
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2 .  ‘4ethods.

I f e m a t o l o f i  cal stud ies of the seven Cf sh species were  con d u c t e d  i i i  h ota
in e x p e r i m e n t a l  t ank  and a c I n t r o l  t a u h  , Each 50cc 1 es was exposed  to a

cone ‘ i i t i . i t  ion of O t t !  h r ’ s e a r t h  or n a t t u ’ ;jl F a t u x e n t  R i v e r  ‘i l i n e n t  wh i ch
t ad CaUS ed  less  th an 10—p c i’cent mortal it>’ , and wa s no g rca t e n  t I r an  t i v
!~revious I r d e t e r m i  ned 24~’h our  I Ctiia 1 concentrati on for 10—per cent sor~
tali ty ( I C 10)  (‘or each species (o ’ C o n n o r , N e u m a n n , a n i  ~h er k  , 1971).
q i r u n t  i t v  of C I icr ’s earth suffie ‘ cut to mai nt :uini the des 1 red coa’,’e nt  e n —
f lon w a s  laced  in t h e  e x u er i m e n t a l  t a n k  and at  xc ’ - )  by r u h t n e r s i l s l e  pu l ips
i ’,cr 2 1 h cn i r ~z before t u r  e x o c r i  sent  . The control tank di d  n t  c o n t a i n
l’u l l r ’ r ’s e a r t h .  Mi nera l s.’i i i d s wc ye ‘ t i f o t a i n e d  i t t  s u sp e n s i o n  t C ” .- 

~~~~~

t h ,c ex p er i  sent i n  t h e  twc t  t a n k s  b c - n t  cnuous pu mp i n g  and a c r : t t t o n .

l’we I cc or 15 fish we t ’e p1 aced i n  e uch of t he  t nai~ s J r  ing .’i test
Blood samples were ink en tt’ oicc at least. 10 mdiv~ d u a l s  se I ecied ‘it t’ ’ t a c l o m
from the r ,uik a f t e r  t h e  exposure  per iod . The saul le S were  s k t  i i  ci: t re t t i t
w h i t e  per ch and str iped l iss by s e v e n in ~ the second hr :inchial artery on
the ri gh t  side (M c E r i e a n  ,ci d it i ’ i nf  i c y .  1 97 l ~ , and Cr0:! tog ci iket’ ; .

a t  k i . l i i  t ’i~~li by severing he ~at ida  I ~e d & c c i c 1 c w i t ) :  a et s ’a r t n t : e d  b l a d e .
Blood w n s  c o l l e c t  ‘d i n  he u i r n i . : : I f l i p e t s  a n ! , when ji ~~s~~i } ’ l n , was mi xed
b e f o r e  samples  were r emoved for ir m al y s i s.

Mi c roh em at ocr i  t i s  de ternu n ed :tecoi’d u n~ to  r iot  h i r i s  ou t  I t i e ) he I lesse r
1900) . l i enr o g i  oh i n  e t t u c en t  r o t  i i w a s est  1 n i t  ed t~ t h e  eva ’ me ’. a mc i tO i n

met f a d  w i t h  modi i icat n on s as sugpr ’st ed  b I i  r ’ ser r tOl d ~‘fl I ‘ I C’’ ’ I , - Re d
b l o o d  cei I s  w ere  counted at  .~ (01! on an m i ’ , ’.’ e l  \ ‘ i t a  e ’  heni a -:vt -ne ’e r ,
r i n g  a modi f c e d  Havoc ’ s ~olut ion as he di I ‘ it  t i e  cm ~ n 1 ~ ‘tn t

M o ry . ,in  , 1972) . l~’ho 1e blood osmo I l l ]  t V .‘ u s  mc’ i s -  ‘ “ ‘  ‘ ( ‘ i t ’ : - ‘ - t i
dc ’pre ion  osino ni ete r.

3. Results and tnt. rn retatic’in

I l em a t o l o g i ca l  c h a r a c t e r i s t i c s  of  win ‘ t

k i l l  i fish ch u pc’d i n  response t sulsi i , -

s o l i d s .  ‘I’he e~ t
’ects of’ these subl thtu l t i n . .

e’t ensivel y (‘cr wh it perch (‘( a b l e  1 ) .  1 5 ! - . -

- :r:uiil per  l i t e r  (g l ”~~) t . . l ler ’ s e ar t h  ( o r  -

I r ’ c r e u s e s  in tnt crohematocri  t , hemog i l t  0 c i i i  t -
.

c e l l  c o u n t .  ‘(lie i o n i c  cont ’ent rat ion of ‘f~ ~ 4

r m s l a l i t e , di i  not  change .

There was a r e l a t i v e l y  R i’ I i t e r  i r i c r e a ~~e n ‘ ‘

i i i  in i c rohema ( i  t a r  i ts and henrogi ohi n ~once fl~ “ a
h I oil cell coun t  for ex p e r im e n t a I gr .  ups we ’  30 ~~~ r ‘ :- . -

r:t cr e, -;c’ f ir  ‘ofltro l g r o u p s . Hemoglobin concc’nt r ‘ ‘ n ’  rt ~ ~
pc re - t  ; m i c r ’ shem:i t ocr it  v a l u e s  excee ded t i s c i ’  of  er ’’ ’ I I -
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l logchokers  exposed for 5 d a y s  to  1 .24  g F 1 of f u l l e r ’ s e a r t h  increased
red blood cell counts from 1.58 to 2.08 cells X 106 mnC’~ ( m i l l i o n s  of
cells per cubic millimeter) and increased microhematocrit from 15.62 to
19.95 percent (Table 2). The red cell c ount increase for hogchokers was
proportionately tire same as the increase in microhematocrit (30.4 and 27.6
percen t , respec tively); for white perch the proportional increase in red
c e l l s  was much grea ter than t ire increase  in microhema tocri t and h emog lob in
cone ent ra t ion .

St r i ped  k i l l i f i s h  were exposed to 0 .96  g l 1 f u l l e r ’ s earth fo r  5 days
( ‘(‘a b l e  3 ) .  The i r m i c r o h e m a t o c r i t  v a l u e  rose f rom 24 .99 to 3 2 . 2 9  percent
I p r o h a h i l i t y  (p) < 0 . 0 1 ) ,  a r e l a t i v e  inc rease  of 29 .7 percent for the
e x p e r i m e n t a l  group over  the  con t ro l  group .

L x p e r i i n e n t s  w i t h  w h i t e  perch , s t r i ped k i l l i f i s h , and hogchokers  demon-
s t r a t e d  that sign i f i c a n t hena tolog ical changes occur after exposure to
s u b l e t h a l c o n c e n t r a t i o n s  of f u l l e r ’ s e a r t h .  A l t h o u g h  these  species show
s i m i l a r  responses to s , , l e t h a l  c o n c e n t r a t i o n s  of suspended sol ids , the> ’
d i f f c r  m a r k e d l y  in response to l e t h al  c o n c e n t r a t i o n s  of the  same m a t e r i a l
(O’Connor , Neumann , and Sherk , 1970) . ‘(‘he hogchoker  and t h e  s t r iped
k i l l i f i s i r  were d i f f i c u l t  to k i l l .  An LC-response  curve could not be gen-
cra t ed for  t h e  hogchoker , wh ich  may be due to hogchokers ’ hi g h t o l e r a n c e
for  suspended s o l i d s .  The b i l l i f i s h  showed a hi gh 24 -hour  LC 50 of 38.18
g 1~~ f u l l e r ’ s ea r th , about  t i re  same as t h e  mumn ichog v a l u e  of 39 g F1
f u l l e r ’ s e a r t h .  However , w h i t e  perch were c l a s s i f i e d  as a s e n s i t i v e
species  because  t h e i r  24-hour  LC 50 v a l u e s  were below 10 g 1-1 f u l l e r ’ s
e a r t h  (O’Conno r , Neumann , and Sh erk , 1976). low concentrations of sus-
pended so l ids  may ind uce suble th a l  e f fec ts , such a s hema tolog ical al tera-
t i o n , even in r e l a t i v e l y  t o l e r a n t  species .  The hi g h l y  s e d i m e n t - t o l e r a n t
hogchoker  showed a si g n i f i c a n t  i n c r e a s e  in energy  u t i l i z a t i o n  d u r i n g  a
5-day exposurc to 1. 2 4 g l~~ f u l l e r ’ s ear th  (see Sect ion IV ) .

S u b l e t h a l  hemato log ica l  e f f e c t s  of 1.6 g l 1 f u l l e r ’ s ea r th  suspens ions
were  de t e rmined  for  the  common m u m m i c h o g  at 4- , 7- , and 12-day i n t e r v a l s
(Table  4 ) .  The mean m i c r o h e m a t o c r i t  v a l u e s  of experimental fish were sig-
n i f i c a n t ly  d i f f e ren t from those of con trol f i s h  a t each in terval . There
was an increase in the mean value of the experimental group at 12 days.

Spo t were studied after a 5-day exposure to 1.27 g 1- 1 f u l l e r ’s ear th ,
a concen trdtion below the 24-hour LC 10 value of 13 g 1 1 (O’Connor ,
Neumann , and Sherk , 1976). There were no si gnifican t differences between
t h e  Irematological values from experimental and control groups (Table 5)

l ir e da ta for  stri ped bass were not directl y comparab l e  to da ta for
other species because the bass were exposed for 11 and 1.1 days (Tables 6
and  7 ) .  A f t e r  11 days ’ exposure to 0.60 g 1~~ f u l l e r ’s ear th , there were
no detec t able differences in red blood cell count , m i c r o h e m a tocr i t , hemo-
glob in concentration , or osmolali ty of experimental and contro l groups.
Striped bass exposed to 1.5 g 1 1 f u l l e r ’s earth for 14 days showed an
increa se in microhem etocri t (p < 0.01) over control fish. However , these

( 2



Table 2. Experimental and contro l value s of red blood ce l l  Count and
microhematocrit of ho~chokers exposed for 5 days to 1. 24
g 1. 1  fuller ’s earth.

Group Individuals Red blood cell Count Microhemato crit
(No.) (cells X 106 m 3 ) (pc t packed cell volume)

Experimen tal 10 2 .082 19.931

±0 .35 ±4 .32

Control 10 1.58 15.62

±0 .2 6  ±4.06
1Mean values are expressed ± standard deviation .

c 0.01 (t • 3.480, degrees of freedom (d.f.) 18).

0.05 (t — 2.299 , d . f . — 18).

‘l’ahl e 3. 1:xperiniental and control microhematocrit v a l u e s
of s t r i ped k i l l i f i s h  exposed for  5 days  to 0 .96
g l 1 f u l l e r ’ s e a r t h . 1

Group I n d i v i d u a l s  M i c r o h e m a t o c r i t
( N o . )  (pet  packed c e l l  vo lume)

Experimental 9 32.292

+ 4 .29

Control 0 24.99

_____ 

t 2 .55

1
~g e t r n  v a l u e s  are expressed s tanda rd d e v i a t i o n .

‘ p ‘- 0 . 0 1.

‘3 
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‘l’ a h l e  4 .  l l x p e r ’ i m e l r t a l  and contro l mi crohem a t t i n t
va1U e.~ i t ! h l l h i I i t U : i C l c u f ,  c-X (nt5 ’ed f o r 1 ,
and 12 daYs to 1 . ~ g 1 ( t i l e r ’ s n a  c t : ,

I xp osure

Group -1 days 7 days dav’i

lixperiment al 33.05 2 29. 52~ - ) I . I

~~~~~~~~~

-

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

-- --- --~~~ --~H-~ 
--‘--

~~~~~ .~~~~~

‘ - - - - ‘

- - 

(1 54 ~~~~~ -

Hean values are e.~i’r ossn’d ‘ stand ard dcv 1:11 t i l t .

‘ P  ‘ (L II I  (t 3.. .I SS , d.f. = 1 5 ) .
< 0 . ( ’ ~ (1  = 2 . 5 3 7 3 , ni , f . = I S ).
< o . ~oi (t  = ‘4 ,ii5~~.l , nI. f .  r 10 )

Ta b le 5. !~x~: ’ + -1 ’ t m ’ r , t , 1  and cr n t ro l va itti ’ ot red blood ce l l  m us t ,

m c c r o h e n c a t . c r c t , and t - ’s ’ 4 ’ l t t t ’ t n  - a - i ’ S ! , t i c n  ( t ~ 
-

exposed for 5 days to L . ~ 1 ”~ i ui i cr ’ s e a r t i .
_ _ _ _ _  _ _ _  - 

‘ 

. -

Group l t d  blood .,ell t:e n t M i c r o h e m a t o c r t t  4 ’  +‘ ohin
cc +‘nt rat  ca t-i

~c e i ! s  Y 1o~ rr’ 3) (pct packt’d ce l l  Vo l utre )  g 100 .: - 
—

n ; ’ e r i m e n t a l  1 Sit ” 2ii .19 7 . 14~
t 4 , 8 7

Control 1 .46  2 S . 3 l  6 .6 9

±7 62 
— 

- ± 2 , 2 1  
—

1 Mean values ‘ire cxpressed standard deviat i on ,
‘ 0.50.

~ 0.10.
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iii ’ t, s p t ’ r i s ~c n t a l  and ‘at  r I  v a l u e s  of red bloo d c el l  c o u n t , m ica  hi ’r ’ a t o ~ r i t
hem og lobi n concen tration , and o s m o l a l i ~~y of st r i 1’ed bass exposed for 11
d,~~~. to O t  g 1”~ f u l l e r ’ s earth .1

Grou p Red b lood  c e l l  coun t S i i c t , ) , ,’rc ’t t o c r c t  j H e m o g i o b i r  I c t n ’ i a l i t y
I coi ,entratjo n

( c e l l s \ lO 6 ranI ”3 ), , ( !c~t~~P.’u .ed c e l i V o 1 t :r e )
,,f ~~ l0O g ’ 1 )~~~~~~rs( arr l g~~~)

\~~‘ r i rse nta 1 2 .4 8  38,39 7 ,49 334 .06

±0 . 48 ±5 .61  ±1 . 00  ±10.88

_________ 

(‘7)2 (7) ( 7) (7)

2~ nt ro l  2 , 3 5  3 8 . 2 0  8 . 0 4  394 .4
±0 ,32 ±6 4 i,t ±0 .97  ‘22 .50

- 
(7) 

— 
(7) 

- 
(7)  (7)

0 , 60 5  t 0,057 t = 1 . 0 5 8  t 1. 62 4  

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘1 i a , -,.i ’ -, t i r e  e m p r e s s e d  ± “cc d a r d  deviation.

- ‘, mi’er -~~~ c nd i v ± d u a l s ,

: I anJ c~~t t r o l v a l u e s  of c i i e r ’ o h e r : a t o c n i t
: i t iJ  o s m o l a l i t v  of s’t Y i  poC bass  exposed for 14 days
to 1 . 1 g I ~ fuller’ ’ s earth ,

0 i’ ic i’olrema oc n t  Osmo Ia i i  tv
( p e t  i i : i c I , ed  c e l l  \‘ O i l,lITIel (nr0sn’: kg t)

- ‘‘er’ I :nn’nt , t I 30 ,282 31l .22~
.3 .55  lO .07

( l 0 ) ~ ( 10)

~oIitro 1 24.17 

~~ 

794 .50

±3 . 996 ‘ 2 2 . 3 5

( 10 ) 
__________ ..L 

(1 0)

i t valu es are  cxi r e sscd  s tandard  d e v l : t t  i O n .
‘. 0 . 0 1 .
< 0 .05 .

\u m ( er  of i rid j. vi dun I s

‘5



fish also showed a significan t increase in osmolality during the same time
period . The increased microhema tocrit may reflect a concentration of
blood components due to loss of bod y water  (H al l , Gray, and Lep kovsky ,
1926; Forster and Bergiund , 1956) .

Toadfish held in 14.6 g 1~~ of suspended na tura l sediment  for 72 hours
exhibi ted no significan t differences from a contro l group in heinatological
values (Table 8). Mean hemoglobin concentrations for control and experi-
menta l  fish were 3.67 and 3.73 g 100 g ”1 , respectively. Red blood cell
count and mean m i c r o h e m a t o c r i t  for  exper imenta l  f i s h  were 19.90 X 106
mm 3 and 21.67 percent , respect ively .  Values for control f i s h  were
17.78 X 10~ nun ’s and 20.10 percent, respectively. Osmolality was 246.63
milliosmoles per kilogram (mOsm kg~

’1) for experimen tal fish and 251.69
niOsm kg~~ for control fish.

The hematolog ical parameters were measured in spot exposed to 14.68
to 16.96 g 1-1 resuspended natural sediment over 7 days at 1- , 3-, and
7-day intervals. No significan t changes in hematology were observed
(Table 9).

A time-dependent study was conducted on white perch exposed to 2 g 1-1
resuspended natural muds for 4-, 6-, and 14-day intervals. The mean values
of red blood ce l l  coun t, microhema tocri t , hemoglobin concen tration , and
osmolali ty for experimental fish were greater than for contro l fish after
4 days of exposure, but the differences were not statisticall y s ign i f ic an t
(0.07 > p > 0.05). Red blood cell count, inicrohematocrit , and hemoglobin
concentration of experimental fish increased after 6 days (0.05 > p >

0.01). Blood osmolality did not change (p > 0.5). Red blood cell count ,
microhema tocri t, hemog lobin concentration , and osmolali ty (0.5 > p > 0.1)
of the two groups were again similar after 14 days of exposure .

Replica te experiments assessed the sublethal effects of resuspended
na tural muds on stri ped bass. Studies were conducted at an arbitrary con-
centration because LC 10, LC 50, and LC90 responses for t h i s species were
not consistent. (-lema tological  anal ysis revealed that exposure of striped
bass to concentrations of 1.5 to 6 g 1”~ of natural muds for 6 days caused
no detectable differences between experimental and contro l groups. In
stri ped bass, a comparison of the effect of concentration s of 1.5 to 6
g F’ and 6 to 8 g F1 natural mud suggested that a threshold level may
exis t between 6 and 8 g 1-1 . Below 6 g 1 1 survival is essentiall y 100
percen t; no subletha l hematological effects occurred over a period of 6
days at 2 to 6 g F1 . Above 6 g F1 , bass suffer mortality during 6 days
of exposure.

Fish exposed to sublethal concentrations of suspended solids showed
the same basic hematological responses as fish deprived of sufficien t
oxygen--increased red blood cell coun t, increased hematocrit , and increased
hemog lobin concen tration in periphera l blood . The hematological responses
to sublethal concentrations of suspended solids seen in white perch,
hogchokers , and striped kil l ifish were similar to responses observed in

16
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1,1, I e 9, F ‘~ ‘-‘~ 
i— ro ta I an) control vi lot’s of ‘rod b l o o d  c i  coun t , m i C :-,00rnnt ncr It ,

.‘nog1oh ~ n o ’ o ccn tr , i t 0t , O n)  o S t r o l a l  I v  o f  C~’’~ 0 1 0 - v t ’ -] ‘ r  I — , 3— , and

- ,iai’ i n t e r v o l s  to a r : ,~ of i-I SO t o  ltr IIC’ 1 ’l r.’vosInrrde) natural

~~~~ ~~~~~~~ c e l l  count 
- - 

~~ cno -~~~~ocr~~ Hemo g lobi n ~~t-

- ~~r n , -r ’r ’ ± l i t  (( i n
v e i l s 10’ mm 3 ) (pot , v I ,  I ye i vo loni ’ ) l g  9() g 0 - ~mUsrn I g

’1
)

__  4

Ly p er imenta l 2 .85 42. it 8,~~1’ 337 . 74

±0. 19 ±4 , 10 ‘(( 49 ± 7 , 50

( 1 0 1  I t i l l  . 10)

otr el 

_ _

p o 1 p 0 l

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

P

~~~~~~~~~~~

3 . 1 2  39 , 33 8, 86 32 a . iiS

±0 , 4± ± 4 , 8 9  ±0 8.’ ±~~~~6

(9± ( 10)  (9) ~~O 1~~~~~~~~~

3 , 3  4 2 , 3 9  9 , 1 3  3 2 ± 54

l o r I r n I  ± 0 , 15 ~~~~~ ± 1 . 06
1 10) 10) I I

1 . 4Cr ~~~~~~~~~~~~~~~~~~~~~~~~~ 3 S n t  t • 0 . 03  C • 1 . 0 2

p ~~~‘-‘ p ’ D . 
— 

p ‘ 11 .3 p 0 .

Seven day s

Ixp er i men t a l  2 , 1  4 i . S8 8 . 0 0  3 2 1 . 77

“ I _ i t t  ‘4 . 51. ±11 ,97 ±111 .2’

((1 ) ( 10) ( 10) ( 1 0 )

Control  2 1 1 4 1 , 8 9  8 . 3 1  32 6 , 79

‘(1 , 3 1  ±4 1 3  ± 1 , 0 7 ± 0 . 5 8

(9) ( 10 )  (10 )  (10 )

• 0.08 t — 0.05 t • 0 8 1  t . 1.30

I_______________ p 0 , 9  p 0 9  p n 0 , 5  p 0 . 2

0~’ , valr ”'s i r e  expressed U standard d e v i a t i o n
‘‘ u’r’er of i n d i v i d u a l s .
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g o l d f i sh and t ‘l i l t  l’.\ l lo sed  t 0 eX t  1 1 ,011 ’ 1 y I ~~ concc ’n in t I O f l S  of O i l - I S O  I e e.I
O X V f C - I 1  f o r  p e r i o d s  of ’ 4 t o  . 5  d a v c  (Mivi u p s , 1947 ; I roSsel’ , I t  t i l  - , 1957 ;
O~ t i’oumova , 1 t ) ( 1)

It’ sublet ha l concentrations of slt’ p l .lIded ~oI ids ro~I ii ~- o the o . \ve cii
;~~a i l . i i r l e  a t  t h e  g i l l , t l i C ’ l1 i t  n ii ,i st  i i i .’ d v  ermiil( -d i~ s1lS 11t’I1do ’~l so) ILl S can
t i t  f e e t  gas  t r a n 7 - ) v c l r, ’t ac ros s  tht .’ l ’ e Sp it ’ n t o t ’v  c 1 r i t heli unt , i l I c ! I I C  l i i i) 21 / C  ‘ - -

~~~~

h y p o x i a .  ~~‘c t i o n  111 p r ese l ts  h i s t o i o g ~ c a I  e v i d e n c e  t h a t , i n  white 1 le r cIl ,
t he  p r i m . i rv s i t e  of respiratorl--’ ~~,I 5  e x c h a n g e , the l C ’ - I u n d ; i r y  l a n l c l l a e , s- a s
damaged h~’ o’x)’osure to  () . (n5 g 1 ‘ ft i l  icr ’ s en i ’t ii. I t ; -p e n  rs that xj±e~ l1i’C
to SUE ) l e t  ha l  ccilccu t i’a t ion s  of f u l l  cl ‘ s en rt h i can  i’ I ’duc e a f sh ’  s abi l i t
to ob ta  in oxa ~en hv d i s r u p t  i n g  t h e  g i l l  on rt ’nc and ri.’lR ie I’ i i1 ,i~ t 110  t i S S Ue

J)art I l i l l Y  d~ “ ( 1 1 1 1 0 1  iona 1.

1 1 1 .  II F PII C ’l ’ S OF SUBI , 1  ‘ I I L \ l .  f ( f d ’i \ ’i k \ ’ ! l ( l ~,S OF Ft I1,l,hiR’ S I AR ’i’ii
(iN l V hh I F l-I 1~ER ( . :h f  G I L t .  i’ l ( ’ l’Wl

1.  m t  r(l~l1ic t j a i l .

‘Fhtc gills arc  1 II I:  pr h o a r y  s i t  e of r esp i ratorv gas c’xchsangc’ i it ma . )

fish. The t’i sit ’ s b lood  i s  hrl l llght in close cont~c.o I s i )  I s t h e  sui ’l’oundin i2,
soi t t ’r a t  t li~ i l l  s ur f a c e  . . -\ membra ne call-pose d ~i two layers of c e l l s
S ep a  rat Cs t n. blood € 1 1 1 1 1 .  t h e  scat or; the gas e x c h a n g e  occurs through t i l l  S

n iern h i’ a ne - x~
- gen is :; 1 ’ s o  rI od from the 5~ t i t er b y t h e  hcin og l ohm of t I C  n .J

b l i nd cc l i s , wi t  i l i  carbon di ox i Lie and  other exc ret orv product s , such ~is

a~’,ri ’nj a , a r c  r e l ea se d  i n t o  the l~ater . i b i s  sy s t e m  J ± i ’ ll\ ides l i t  t l c  barrier
lo  f It s t r a r ’ - t ’ .r , bi~’. l e aves  t h e  g i l l  v ul n e r a b l e 1, , t o x i c  or a b r a s i v e
l ; i , i t r , ’ i ’j a l s .

This section pre sents t i e  r e s u l t s  of a h i s t o l o g i c a l  stu d y f g il l
t i s s u e  i n  wit i t o  perch exposed  f o r  5 d~i~’s to  fu 11cr ’ s e a r t h  Suspens 10115 -

I I ,’ s t u dy  wa - - del’. i gmed to  dl: cnn inc  the  dam aging e f f e c t s , i f  tiny ’ , el ‘nt~ - —

pend el l  miner. I I s o i l  ds on t I C ’ g i l l s  of s 1± i t  e p e r c h .

(hi e pe i ’o N we re expos ed for  S day s t o  c on c e n tr a t  i o n s  of () (1 ,i g I —

f I l l  i c r ’ s e a r t h .  -\ f t  en exposure  thc f i sh w e r e  removed f rom t h e  e x p e r i m e n t  t i l
II Ild -c a nt  no I t t i n k s  and k i l i e d .  The f i r ” t  g i l l  arch on t h e  r i g h t  s i d e  was
i’ ( ’ r I i & V C ’d f l - I each f i sit and  f i x e d  in  Ilou in ’ s s o l u t i o n .  ‘i ’he t I S S i i & ’  sa s
embedded i n  pa raff i n , and  ( i — m i  c r o m c t e r — t h  i ck  ser  in  I sect  c’)ns is Ci’(.’ cut
The sect  ion  i n g  p lane  was in r s o v e r 1 t  n I  I , m o v i n g  s e r i t i  11 ~ from t he  d i s t a l  e
t i l l ’  p r o x  ima l end ~ f t h e  g i l l  f i  l a m e n t s .  ‘t h i s  made t h e  m u c u s  g o b l e t  L II . 1 i s
10 121 ’. ed on he 1 1 2 1  i’ g i r i s of ’ t he g i l l  f i  l : tn : I .’ I l t  s v i  s u t  1 c ; i rid i v i  dna I s e c e n d I l  rv
l a r s e i l n e  w e r o -  a l so  c l e a r l y v i s i b 1 e .  S l i d e s  L’l r I t a in jn g SjX I(l 0 ig h t  oei~~i l
‘7 e ct i on s  w e r e  ~i med a l t e r n a t e l y  w i t h  i r o n — h e ~’ i. t o x v l i ~ and 1 0 7 - O i l ’  ‘ s fl I

c h r o m e  t ~‘c liii i q i l e

3. Results .inI] lntc’ rjlr t It ion .

G i l l  se~ ’ l  i o n s  t rom - n ro l  ( i s l i  sb ai ’,e d the 1ij’ i c a l  S t r u c t u r e  ( o r  ( 0 1 1 ( 1 S t

i sh (F 1 i g s . I ii  i i i .I 2) . I - n t  ro 1 i i sh had m o d e r a t  C - cane e nt  rations at  f l i l l L ’ h l

g ob t e  c e l l s  i rt icul ;i r lv on t ilt’ a n t e r i o r  m a r g i n  i t  e a ch  g i l l  fi i O n i c - l i t

( I - i f .  ~ ) - th e re icere con e - l i t  n i t  i o n s  at ’ one 1 se v e r Il m u c u s  c e l i ~ i n  ~, c ’l,

19
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l e n t i l  s e c t i o n , a l t i l I l l I f I .  II S i h i f l e  cell i’ai ’i’l v OC i l i ’ i ’ v’ iI i n  l I i f l l ’ C h a n  001-

sect ion. rh i S concen t  r a t  jo lt v a r i e d  l i t  t ii ’ o~ en the 1 eugth of a g i viii
f i l a m e n t  - I nd i v i d u a l I l l i c u -  -‘ el I s  ap I s ’a r e u  t o  l e  le s s  ( l i t i n  (I m iel -l- :let crs
in  a j a m e t  or -

‘ . h i n v  m u c u s  gob le t c c l  I S ti gj Ic ’tii ’ eLI 011 til L’ f t  1 I s  id IiiiI to  p e rch  O X p 0 0 0 C

to fo 11 o r ’ s en i’t h i cu r i c  cut i-a’. ions b i g. 3) . In some cii SI’S mucus c e l l  s wc’ r~
t ue on lv ‘ - ‘ i s  i l l  I i .’. c e l l u l a r  c u r p o n e n t  f lie i s sue  at  t h e  a n t e r i o r  inarg ill
1 f  t i l e  f i I . i t c O t  s. ‘[he mucus  c e l l s  n c i ’e c o n f i n e d  t I  t h e  marg i n s  c l- f t h e

i i a i l l c n t  s , p; 1 cii  I ~ii- l~ ’ a the t in t Cl’ tor w a n g  i n  which i s  the first t o  come
iii c ntac t S th l ti ll ’ wa ter - T I le , i f  any, Inc i-ea se in mucus cell con—
cent i-ation was observed e l s e w h e r e  in  t he  g i l l .  I . x c i n i i n a t i o n  of s e r i a l
sect ions r evi ’a led no inc r ea se  in th ie Si 0 of individual mucus cells, bli ght
m u c u s  c e l l  cane entn .it ions  n a d e  d e n t  i ( ’i c a t i or i  of i n d i v i d u a l  c e l l s  d i f f i c u l t .

‘fit e sccai~dtir y aloe 1 lae on t h e  g i l l  sec t ions  of x l i i  t o  perch c o n s i s t e d
of a supportive tube of p i l ar c e l l s  w i t h  red blood c e i l s  p r e sen t  i n s i d e
I lie t u b e  - .1 s iug 1 e, thin layer of el i t h c l  i un covered the 1 amel 1 t i e  (F i g .  .1
The i u t eg r a ;. ed s t r h i c t ; l  ic f the seconda ry i t i l l l e l  l ao pros’ ides  t” or max i mum
r e s p i r a t o r y  gas  c .\ ch a n g e  c f f i c i e n c v  b y m a i n t a i n i n g  a minimum d i s t a n c e
bet lc e elc  the  I .e i i s ’g lob i n — r i c h  red c e l l s  and t h e  o~ ygeu— rich water.

h1,’ secondar y laniel lue of white perch exposed to 0.63 g 1—1 f u l l e r ’s
e a r t h  were  ss~al len. The cp it iie liu m was separated f rom the  p i l a r  c e l l  tOi l
and t h e  (‘p jtllcl jal c e l l s  w e r e  en la rged , f o r m i n g  a t h i c k  c o v e r i n g  (compare
b~ igs - .1 and 6) - P i lar ccli ot ruc tu i- c ’  usually i-eiita i ned intact (Fi g.  5)
ti l ’  ‘ I I I . ’ I I  I t  was  o c c a s i o n a l l y d i s r u p t e d  ( F i g .  6 ) .

The cffecls of f u l l e r ’ s ear th’  s u s p en s i o n s  on g i l l  t i ssues  of w h i t e
perch were sinu lar to the effects of d j a tomaccous  e a r t h  on r a i n b o w  t rou t
g i l l s  Hal itllg.I te , P h d ) and the effects of china—clay milling waste on
brown t rout g il l s  t it h i  g li c o n cen t r a t i o n s  ( S l a n i n a , 19( .l ) and 1os~ conceit—
1 00 1 t i o n s  ( h i e r b l  r t  , i -h al . , 1961 ; i le rbe r t  and M erkens , 196 1) .

‘l he g I 1 Is  i f fish exposed to suspended solids showed s e p a r a t i o n  of t h e
ep I thel iitni from the l a m e l  i t i  r- s t r u c t u r e , t h i c k e n i n g  of t h e  ep i t h e l  m m , and
o c c a s i o n a l  d i s r u p t  ion of the  ~ 1 b r  c e l l  st ruc tu i ’e  of t h e  l a m e l l a c  (ik’rbei’t
and °c-r kens , 1 4 ( 1 ;  i ,’rb e”rt , et a l . ,  1961;  South g a t e , 1 4 ( 2 ;  Sl; ini n a , 1464 ) -

I l e se  ci f e e t  I’ Isel e induced  u s i n g  c o n c e n t r a t i o n s  of suspended sal  h i s  h e t w e C  Ii
(1 , - )(l and  0 . 8 1  g 1~~~, w i t h  a high l C ’r c en t a g e  of n a r t i e l e s  i n  t h e  s i l t - c l a y
i a n g e .  The ci  (oct O j  p a r t i c l e  si : e  on g i l l  t i s s u e  has  n ot  been f u l l y

, lua t ccl . I Iowev en , based on ava i in  h i  c LIII t i  , a del ’ i n  t o  con c  C lit l i t  100

e t f c ’ c t  i s  assaeia ted w i t h  s i l t — c l a v - s i : e d  p a r t i c l e s . C o n c e n t r a t i o n s  of
( t t l l  Cr ’ S i ’ t i  ni  H h i low t lie 2.1.- - i t t  IC 10 7 - l i  l i t e  m~iv  ;i1ft t ro d 

~ 
at I cc t t bte g i l l

t i s su e  o t r u t u r e  i t  the ‘b i t e  ~ei’c i in a 5 - 11110 period .

Gill damage caused by s usp en d e d  s o l i d s  h a s  not he n p o s i t  i v e l y iden— ’
t t i  ~‘il .10 01 nil If u 1 t o  f i s h  in t C ’ i ’ 7 - I ’ - - of ov , ’ra 11 - t i r v i v a  I - P i teli ie j 1 9 0)
~~( ‘ l i  t ed jt that t h e  t y p e  f g i l l  dat-ta ge caused liv particles in  StIs l’ .enST~~ i
i t t  cc t  i v e l y rc’LIil c L’ s t h e  r ’ ’ s p l r i l i  ory s u r f ac e  ar e a .  l i e  s t ; i tc- d t h a t  a redueii

22
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g i l l  o ur  t
’

, I C ’ C nay d i l l  l i l t  i t  1’ f ’ i sh , but no sig 1)olt ing data w ore  gi  v e i l .  M a n y
species Of I rl-slIwat I r f i s h  c a n  su r v i \  ~ ‘ tar sc’vex’a 1 w o e L . - in It g l i  I \‘ 1 ; i c
cond~ t ions ( Luropean 1~~i .nd Fi~ hei- j~~ 

‘V i V ’i50 i ’~~ I .I i l I~i i l i S S 1 7 - l i ’c , 19 1, 14 ) ,  i n d i c a —
i n g  that compe i l s a to i ’y  i ’cac t i o l i s  n ay cii ,ib l e f i s h  to survive uL’ I-.pite g i  1 1

da t : - . ige . ‘l , c i i L I ; i l  1 ( 1 1) 7 0)  ~~~i I  tut ed out t h a t  shunt  n~ec liani s it s  a i ’ e c o l l i l i l C I l i  l y

05011 l iv Fl sit so t h a t  not al ’. of the  g i l l  surface is 115011 (or i’cspi i-a t i ou  -

ho 115 [ I f  t he  ‘‘ r e s e r v e  sin’ fo c I ’  ai-ea , l’ i sit O I I V  h a v e  I I l  f t  i c i wit t~ i i ’ . I ~‘ l i . :

but u;illl :lged , gas  e x c h an g e  s u r f a c e  to  l~, l i ’ v l  i c  pnlI.iltlIS : t ’ xi l o o l lr e  t O  sus—
p C ’ ide u  s o l i d s .  l’he f u n c i  iona  1 dec rease  i n  g I I I S un  ;i ce  ;~ne o caused b y
sus 1’c dod s o l i d s  a l so  a i t  be O f f s l t  b y conut eit;- ,,ll ori ’ m d  eases m e  t h e  gas
e x c h a n g e  capacity oh ’ t he b l 1 iod  l1’~ect  Wit  I I I .

IV. I i I - L C H OF ~P I b l , l ; b ’ l iAl ,  \( -\ Th \’! l~ i~~ (IF Fl il.l.l .R’ S -\IHI ’b ( 1.
i \RI101  I ’t l i k \ I l .  ~l Ii I .\h3 OL I S~I I I I I  I k : l 1 ; ; . I i l o hi l ; l t

I . I l i t  ro duc t  1 an .

lt is lt 1 1 7 - I ’ to catit a i n  l a r g e  oi l . i t  i t  105 of cai’boh d r a t  c oh ui-ed as anim a l
s tar c h  at ’ g lvcogc ’n . I)uriug pcr~ ods f ~t~i n 0t i t ion i ’ Stress tn creased
metab olic deniands  far  enl ’r g \  tire t~et  h ’1 hire ;~k n g  down I i  ~‘or g l) ’ cogL ’n into
glucose and  i L -leas ing it hit a t h e  b lood . ‘Ib is section presen ts t i e  r e s u l t s
of  e,’lpl ’l’ l n l e n t s  d e t e r m i n i n g  t h e  rate of gh \’ l’ogell i t  i i  t h u  ii ~H e b c o c z c h i o k e r
‘d u r i n g  exposure to siibtle t hiti l canccntn’it i o n s  of ( I l l  Ie I ’ ’ S c’; i u t i ; .

2 .  I ’lL ’t llOd S

‘l’hc g lyc )geii cait t eui t lit I i  icr s lilcl l l l e s fi’acn Itog chi’k ers w i - - ac t I u’ iii i i t e d
aft 01’ t he  f ish  h a d  been he 1 d fa t ’  5 d ay s  i n  c i t  lien cot t n~i I cond i t i out s or
in siispen s i o n s  of 1. 2 .1 g 1~~ t a l l e r ’ s earth. fli’cogeu was  e xt i - a c t e d  f rom
I ken tissue by b o i l i n g  the tissue i n  30-- p e r c e n t  p o t a s s i u m  h y d r o x i d e  RI IH )
f o l l o w e d  i i i ’  p r e c i p i t a t i o n  w i t h  ‘45- p e r . e l i t  e t h a n o l  (Good . F rant er , and
s000 gyi  , 19 3 5 ) .  Quant itative (‘St i niates l~l g lycilg n eoltccl ~t i a t  i s ) t i  ‘ 1 s i ’ l~e

d e r i ve d  c o l o n i m c - t i - i c a l l v  using t h e  phienolsui tl c t ’ i c  a c i d  t e d h i u i i ) l l e
~Ion t goniery , 1 1 157 ) .  l i v e r  glvcIl (’en C l ’ i l C L  ti tr l l ions wore expr c ssc - d as i i i  l i i —

gI ’; t o o-. t i e r  1110 m l  11 i g i ’am s (n ig 100 ~ g -‘1 ) of liver I i ssl le .  ‘the ‘( ‘su i t  s were
ant i ly :cil s t a t i s t i c a l l y  usin g ustlil ent ~ S I ~ l ist r i b - i 101 Hi i t ’~I e c o i ’ and
(ocbtrmnn , 1007)  -

3. Ro sa  I t s  11111 1 nterpretlit i II -

Li vei- g 1 yI’ogen c o n t e n t  f r o m  fresh lv clIllg hl’. huge 1101’ el ’S i- I tS  1150 1 it 15 1

17 nig 100 mg 1 (~iherk , o ’Con nor- , and beuc’ - . - i i . c t , 19 7 2 ) .  ML ’t in  g lycogen  d l i i  u l ; ~.

i n  h i o g c h o k e r  l i v e r s  d e c r e a s e d  t u  1 5 . 1 7  1 3 .o  tog 100 ntg~~ (‘lable l0~ after-
5 Clay s in coot vol  con d i t  j ol ts .  h i  sit h e l d  i t ;  a su sp e n s i o n  of 1 . 2 1 g
fr i l  I c r ’ s (‘, l r t l i  had a I i  y en  g l Ycogen  c o n t e n t  of I I  - 77 3. 2 mg 100 tog
s i g n i t i c t l n i t l y  l ess  t h a n  t h e  vaIn ’ determin ed ( ‘ i i ’  c a t i t r o l f i s h  (p < 0 . 01 ,

oh I e  1( 1)

S i m i  111 1’ s t u d i e s  conduc t eLI xi lb s i t  te I I’ r ch  ,uid o h ’  i i icj  bass  pl—ov i ded
110 usef ul data I . \~~ i ’ . A ) .  G ly c I g c n  m o h i  i i  : a t i o r i  r - a t e s  i n  t h e se  sp e c i e s
were so Ii i g h I h i n t  t h e  (H n m t  I I l i d ’  g l y c i ge n  c on c e n t u ’ a t  i o u i s i n  e xp er i l ~1ett t . I1

~i i u i i  c o i l  r o l  f i s h  w e n c  b e l o w  t a I inn tic of the tin;ilv t ica l p r IclnI ;lt ’e.
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Table 10. Experimen tal and control liver glycogen
concentrations of hogchokers exposed for
5 days i n 1.24 g 1-1 f u l l e r ’s ear th .1

Group Individua ls Glycogen
(No .) (mg 100 mg~~ )

Experimen tal 10 l 0.77~
‘3 . 2

Cont ro l 10 15 .17

~‘Me an v a l u e s  are expressed t s t a n d a r d  devi at i o n .
< 0 .01 (t = 2 . 8 8 9 , d . f .  = 18).

R a t e s  of g l ycogcn m o b i l i z a t i o n  in f i s h  may be used to  e s t i m a t e  t h e
e n e rg y  u t i l i  z a t i o n  r a t e  d u r i n g  s t a r v a t i o n  (Pr o s s er  and Brown , 1961; Kanr a ,
1966 ; B e a m i s h , 1968; S w a l l o w  and F l e n i n g ,  1969) . l’hus , one i n t e r p r e t a t i o n
of the  rap id g ly c o g e n  u t i l i z a t i o n  in hogchokers  exposed to suspended sed i-
rnents  i s  t h a t  the  sed imen t  s t r e s s  r e s u l t e d  in an increased  energy r e q u i r e -
m e r i t .  Severa l  obse rva t  ions  suppor t  t h i s  h y p o t h e s i s .  I l ogch okc r s  have  a
i u a i l y  a c t i v i t y  rh y thm t h a t  p e r s i s t s  in t h e  l a b o r a t o r y  ( O ’ C o n n o r , 1 9 7 2 ) .
I’ho se exposed to fuller ’s earth did not restrict their activity to specific
parts of the daily cycle as did contro l fish. Thtereforc , tin increase in
locomotor activit y may account for an increase in energy utilization during
exposur e to f u l l e r ’s ear th suspens i ons .

Fi sh in f u l l e r ’s ear th suspensions  may use more rese rve energy for
compensa tory hema to l o g i c a l  response s. Ilogchokers exposed to suspended
so l i d s showed ev idence  of si gnifican t alte rations in basic bi cunato logical
parameters (Section II), indicating an increase in tie oxygen exch’iange
ca~)aeit y of the blood . Compensatory physiolo g ical al terations demand
energy which must come from existin g in ter-na ! storage du r ing starvation.

V.  EFFECTS OF SU SP LbN I ) FI )  SOl , lO S (iN Rb ; SI  I R’i’I’ ION OF LS’I ’UAR I N I ;  F l  Sib

I .  I n t r o d u c t i o n .

‘ru e g i l l s  of f i sh are in c o n s t a n t  c o n t a c t  wi  th i  w a t e r .  i ( a t e r  f l o w i n g
ti c ross the g i l l  s u r f a c e  h e l p s  supp ly the oxygen n e c e s s a r y  fo r  m e t ah o l  i sni .
Any  m a t e r i a l s  d i s s o l v e d  or suspended i n  t he  w a t e r  may come i n  c o n t a c t  w i t h
t h e  g i l l  s u r f a c e s .

T h i s  sect ion  a s s e s s e s  t h e  e f f e c t s  of suspended  s o l i d s  on o x v g e u i  con-
s u m p t i o n  of e s tu a r i n e  f i s h .  F u l l e r ’ s e a r t h  s u s p e n s i o n s  were used to t e s t
t h e  p a r t  i d e  e f f e c t s  of c l e a n  c l a y .  P a t u x e n t  R i v e r  s e d i m e n t  su sp e n s i o n s
w e r e  used to  t e st  t h e  e f f e c t s  of n a t u r a l l y o c c u r r i n g  p a r t  i c u l a t e  m a t t e r
and  a s s o c i a t e d  s ub s t a n c e s  on f i s h  r e s p i r a t i o n .
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Oxygen consumption rates were determined for si:riped bass , wh ite perch ,
and toadfjsh in filtered Patuxent River water (base line) and in filtered
river water suspensions of fuller ’s earth or Patuxent River sediment.

Several methods are commonly used to measure fish oxygen consumption
(Fry , 1971). Brett (1962) described the following three levels of fish
resp iration , in term s of activity:

a) Standard oxygen consumption , required to support tissue
metabolism during periods of inactivity;

(b) routine oxygen consumption , required during periods of
random activity; and

(c) active oxygen consumption , required during periods of
swimming at moderate to maximum speeds.

Resp iration rates of pelag ic fish in this report were determined under
conditions of moderate activity. Values reported for demersal fish are
measures of routine oxygen consumption .

2. Material and Methods.

a. Equipment. A tunnel-type respirometer (Brett , 1964), which main-
tained suspensions of fine particles and provided the variety of flow
rates used to control swimming speeds of fish , was used for this  project.
,“ proto type  resp i roneter  ( 7 2 - l i t e r  c a p a c i t y ) ,  s i m i l a r  to t ha t  descr ibed
by Farmer and Beamish (1969), was also constructed (Sherk and O’Connor ,
1071). The resp irometer loop and centr i fugal  pump were type-316 s ta in less
steel. A cast a c r y l i c  chamber with pla stic grids at each end was installed
in the  lower section of the loop. An oval section cut from the top of the
chamber permitted insertion and removal of fish from the resp irom.eter .
Rubber gaskets and hose clamps sealed the access port during experiments.
Strai ghtening vanes upstream from the chamber ensured laminar flow . The
centrifuga l pump was driven by a variable-speed electric motor. An orifice
plate in the upper part of the loop measured flow rates , Two needle valves
and a f i l l  p ipe on the upper side of the loop and two neoprene stoppered
openings in the chamber provided access to the water. These access points
were used extensively during experiments to bleed the respirometer of
trapped air , and to sample suspensions. At two points on the respirometer
loop , 20-meter copper coils controlled temperature via counter-current heat
exchange with water pumped from a constant temperature bath .

Four inverted versions of the prototype respirometer (62-liter capacity)
were used for these experiments. Flow rates were measured by annular flow
sensors . A water jacket around the outside of the lower part of each loop
controlled temperature via counter-current heat exchange with water pumped
from a constant temperature bath .
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A l l  i ’es~ t l I t t t i i L ’ t I’ i ’s i~ or e  wrapped  is i th  si ;itidl m ird fiberg lass i n on  l o t  ion to
maintain c o n s t a n t  t e mp er a t u r e s .  Plywood enc losu res  w e r e  p l aced  around
each chamber dur i ti g experiments to i so l a t e  f i sh f i - ont  l abora  t o  i-y ac t  iv i t  ~

‘

Lo ch i -ti c losuni ’ c o n t a i n e d  a 15—watt cool wit i t  e f l u o r e s c e n t  lamp , 42  cent  i —

deters a b o v e  t h e  chamber  to  p i ’a v r d e  c o n n t a n t  ii  l u m i n t i t  ion  d u r i n g  e xp e r i —
i l ien ts  hi sit w e r e  ti scrvl’LI th i-oug h a v ici t ’ing  s l i t  i n  each e nc l o s u r e .
Sur foe  es i ;t t i ed I i t clv t e l  ow e t i ch i  ch i an i b e t -  w i-c b l a c k e n e d . Changes  i n  di s—
s o l v e d  o xy g e n  c a n c eu t  r a t  ions  were mon i t  a r e d  ht ’ id l o w  us 1n i n g s  I n s t r u m e n t
Co - . I i t e  - M odel  7 t h ’ 0 \y g e n  met ens . a, vgl -n e l e c t  rode l eads  w e r e  pm i ssed

h r , m g i t  u l e i p r l  t i e  s t oppe r s  t h a t  sea I ’ d  t t ie f i l l  p ipes i i t to  w h i c h  t h e  d cc—
t n-odes w e r e  i n s e r t e d .

1) . F i s h ’t .  F i sit were c o i l  cc t eJ  by o t t  en t r-aw’l (rot ; t lie l a t u x e n t  R i v e r
est  u , t rv - A c t  ua l  c o l l e c t  ion s i t e s  ranged f1 ’~ m t h e  Low er M ar  11)01-0 Ii rca to
t i l e  7- ic  i u l i t  V of m u m  l’o in t  , M m i r y l a u i d , depend  ing up ot i  species and t i m e  ot ’
;‘ o r .  F i s h  wc-re kep t  on t h e  c o l l e c t i n g  v e s s e l  i n  8 0 — l i t e r  p l a n t  ic r - sh
cans. A c o n s t a u i t  f l o w  of ambi euit r i v e r  w a t e r  was ma i n t o  i ned t h r o u g h the
e m i i i s  u n t i l  t i l e  v e s s e l  i ’e turn ed  to  the laborat ore .

‘I he lahora t ory  ho ld  ing  ( ‘tie i i  it ies  cons i st  e l  of 2 0 8 — l i t  er go I ~
‘ ‘ ‘t Iivl cue

tanks t nm t: ’ 1’rsed in c o n t r o l l e d — t e m p e r a t u r e  water b a t h s ,  i c a t e r  in  the  t a n k s
coi l  i nun l i t ’ passed t h r o u g h Ofl  m l  i lie p ro t  c i i i — s k i  miner Ci 1 t tat ion  s}’st cit .
P a t u x e n t  R i v e r  tint ci- , w h u c h  p sed I I ;  r oug h a 5~ m i c o u t let  en mesh  ny l on  f i  1 ci’ ,
In S noon 1 l y used t i su~t~’ 1 y the  at h  s . lii i’ lug the ‘- -mi tutt ici ’ m o n t h s  of 1072 a
conimerc a 1 ma i - j u t e  s a l t  m i x  u l 1 ssol ve~I i n  I i n  rat ark’ well wt i tel’ ‘a n used t o

- app 1 )- t F t c  ho d i n g  t a n k s .  Sal m i t  y of  w a t e r  us ed i n  I l l  l a h o r a t  a r ’- so ii
t i h a u t  S p a i ’ t S pet- thousand . h o  I d i n g  t a n k  and exp er  i t im ent a! t e m p e r a t u  re s
ci’c adjust eli to app r u ,\ 1 11111 t C seasona I c h m a n g e s

The f i s h  w e r e  t i ce u  ill t u e  I t h o r n  t u  i t ’  ho ld  ing  t a n k s , w h e r e  ca i ’e on S

t a k e n  to  avoid  eve  rc r ow d ing  . l i n h i c a  1 t t e  or dead f i  sli w e r e  removed i n in e—
i a t e l v .  Supp l e n i e n t a l  a e r a t i o n  sos prov ided  s h i n  l a r g e  l m l i t m h ) ,’l’ s at ’ f i s h

were  h e l d .  The f t  sli were u n d e r  cont j t t m i i m n  f l u o r e s c e n t  i 1 l u m i n i t  on. They
were not fed fol lo w i n g  c .i 1 ;tli r e b e c a u s e  ac t  ice i l i g e t ~t ion i t m c r e , i s e s  s t : i l i u t ; t i ’ lh
and rout inc oxygen consurlpt ion ( b e a m  i sI  , 1964 ; C l a s s , 1 Ou S)  . I i sh w e r e
he ld  a iii n inium of 3 to  5 d a y s  before oxygen cau slimi :pt i o n  r a t e s  were  det  C r —

: 1 i ned

c . Measure m ent  of Oxy -’geui Consump tion . Re op i ro m e I en s  w e r e  f i l l e d  t-~ I t h i
w ; i t e r  f r o j i  t he  ho l d i n g  t a n k s  ( F r y ,  197 1)  J u l  lu g  ex~ter i n s t ; t  S. \s soon as

he w a t e r  i n  t h e  11 1 1) 11 ra t us  could  comp l e t e l y  cover  t h e  f i s h , e ach  f i  sit WaS
t t ’ a i i s t’er -re d  in a bucket of water from tile ho 12 iu ig  t a n k  t o  t h e  resp i l 5 0 f l h i’t  en .
hhcni t h e  run j iromn eters were f u l l , water w a s  c i r c u l a t e d  at  0 . 2 8  to  0.39 foot
per second ( f t / i c )  to  force  out e n t r a i n e d  a i r  w h i c h  wa s rep laced  sintultane—
01151 ) by holding t tink s-a t o n .  In  add i  t ion ’ f l ow iate was increased by 0. 18
f t / s  a t  - i or  5—minute interva i s  to d r i v e  u t  t rapped air - . Maximunt f l a t s

1 to i ned dun r u g  t h i s  p r o c e d u r e  w a s  2 .  5 t o  4 1 imes  t h e  minimum experimental
ra te , depending on s p e c i e s .  Flow was i-educed t o  the minimum experimental
7-’spon ure rate and a l l  acces s  p0 i itt  o w e r e  c losed . ‘Ike p lywood one losure
nsa p laced  a i-ound I i i ’ chamber
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11 \ \ f i ’lt  e l  ( ‘c l r , dcs  w e r e  c a l m  I nt i  t ed a t id i mis c rt  i’d ‘ ii r ntg h t c f i I I P -

I he , t emp el - a t  m u r i ’ . d I sso l  Co x ’’ g et m conceit I i a  t i a n , t u n d  f ]  ow Cm ; - C 151 ‘c

r e c or d e d  f O r  each  i’ ecp i r i o t  ei~ mis soon as  i t  w’m;s ice ’ l i p  two i t  h - m i n t’
i mit eu a ls  t h e  r e m t f t  e r .  P i’ e I i t: t  11111 ry s t u d  t cic dot i t it  ra t dii t h a t  ~? m l Cof iS t a

f l o m ’ , of 0, 25 f t/ s . t h e  hit m i r l :  oxygen c o it :imm :i pt hiti dccrcij ” iii iim’ t i i  thii ’ th i rd
ili u m ’ , ml: t ci- ‘di i cli O m i t  c~~~’, ’, l ’rc re lot i n e i  y connt ,iuIt - b a t : m  C coin i - - e’ 1 t t  i ’d [ou t ’
ii ci ’e :m - ,,’ in mi ll  m m n a  m i e s

Several sl oe es O C C e  testeu m it Vmtl ’ i )uS so i nmiiung sp e e d s .  ‘ t h e  t t i ’ . v e

p t  ueedtire mitt s used :m t mt i 1 t de  t l i i  i’d — b l u u m  do - 1 I : l  U i’eeO “-‘c a rdi ’d - 1- l ’ s  r a t  i’s
III i-c t F m , inc  r cm i se b mtb’ i tt 0. 15 f t / s  m i t  5—i t timmu i t e I nterea Is ::m: I i I t :r  d e s  i n - I F

sm ecu was mic a i n e d . h h m e ’o : i i i ;e  pIt ra i l 4r ~ isl’rC recorded S in i m  t i l e S  t i t  I en

t h i S  5~~l’Ci1 t u m l i c  I t  t , i  i~m ed , iii1 ago i n h e a r  lt d  c t , I f  i n t i  ClOu t j o l t  O I l S  ci’ —

on i red it h i  g h m r ’ r  t cv ci s of a c t : v  i t v  t, [F  s j 1t ’oc  cr111 re m- o s rct em i t
pa l’,iflie t eric o~’ rc t;ioul i t  u ri-a t el’ 1 I j i t ,  i i  e l i  cii of t me I m e m o  “ eu C I u - s n , t ‘~ -

-\t time ~‘t;~l ~ f c a r t :  e\ Iiem !uil e il t t i ~~’ I’eO~ it’ ii , ~ ’t ‘ i- i c  s o ’ e U l ’m ii te U amid t h e
f t s i  t s i ’i ’ r ’ ret:s t u ’u t a r  w I  i g h i I t i p ,  l ength tli emts u rc t ;mi - t lt , mind i c e ,\ ileI~ ’i’t t iuiti t ion ,

R e sp  i COl t ; et  ci’ 1~i’re C ; m s h e ~l is i tl -i tai wa t en , I l i en  i ’ef i  ‘ I - I  i~ i l b  t :il mimt t e r

m u l t i  wt i’d d~~t i , li . l er u’ : i : ’ ’,’c i i ;  (ox\ t o t  r m t c ’ i’ I i t m e  h > d t - o c b m l o r ’ t d e . l S — t m ; i 11  l g l ’ : itn

c i t tY 1e  r I i I c  0 1  t~a i c ’, t i , i l i ’ri t a t i - c  sa t  en w i i e i ~ t l i ’  i’ ‘sp i I ’ ‘ r u t  005 lii ’ 12
m e t  0 OS CiI t o t  F a n g  t m u - ‘c i  ~dn -

I redet i-’ - :;; n eil vol i mli s m - f no 1 i r Is  wi  i c ’  t~ddt ’~b t o  uhi O li t I t ’  I i t  et ’~ at ’ oat er
- n ~~ - - I i t  or  : - 1 ,s I c  t i n  sb e m i t s  , 1 h i ’  i i  t m n i ’  los t~e 1 01 Cml 1 ed con I t u t u s i n ’ ,

ori bi mmi- rs j i l l ’  elec t i’ 1 1111 1 i i i  ~~i’mi th u too t e m - ia I , Sit ; r r  I d~~ s e m i ’  ~‘r ep:  ~‘ -d
- ; m i  i - ic  he t i r e  i l s i ’ , ati d - -re m i i t : ; p e r b  i n t o  t t i ’  re ic h I COOl 1 e n s  mis I he t i l l  i t  S

ts~ m e  f t  1 - 1 ti~ lii h o ld i rig I m n k  i n  t en ,  t o s 1  I i ’otti e I 01’ S i’ i’Oi ’ W i I S h e l I  H e l l - r n  1
L I  ic is , t h t o  ims t i t ci’ t i  I Ftc cud at c’~\pi’r :a- - i m t 5 t o  h l e v e r l  I ac,’unim l, i I O U  i t

‘ : , , de ~’ t m i l~ I n  t i e  u t m i t s .

I , uli’e t it mn~ t ions of sus l ’u ’mmded ‘on t em’ i a  i s  w e n t ’  J e t  crtm t i neil i v  t h e  dr -y ns’e i  g h t
‘ t i  t’ t’i- reuic , ’ bet Oi ’el m b : t ’ee 5—i tm i i i  F I I ten rol l jeati ’ na mig I e s  draw ’ , (‘ r em each
l’ t p m  rear- t - i ’  m i t  I l i r ’ ‘(‘p m u lilig (U tin o i l e r  dclii - 11111 t h r e c s i c ,  I - samp l e s
u i  is i t f a;’; Li ho l d i  m t g t ank m :o suis p et~1me d mat  em’ i mi I add ed)  mit the -‘ m ime I I i t ie

~> r t u ’ m i  ~emm i nil ‘1 t~~ t C rI i I 01-l i  - el m t ~ m is p en s I O t l ~~ sos b e t  Cola in- i l  b y tneasur—
t i C  x n ’ gi ’ ui i.ntak ~ of sbai’nte s , ‘- h u n - b u s  were [LInT-ed iWo t u e  re ” O i ri tm ,-

i r s  m s  ~Ie~-~’ oil , i h m v u  - i l e s l  I i’Ottet ens , i I ’ l ’ C  si ’- t ; i
~’ 05 betai’e 1,

~iI is_ h  I a , m t

sb . ‘ h a m  t I t  r O — i t u r  o:~s p en  ceim iumi p t ion values of tim i’ s l u r r i e s  were
;ee~ t i e  xyg ct m (teill m t fl d f t i m €  sod 1 1 1 t h  u hirit i g i ’x b ’e r i :mmet mt 5 -

I he e i h l m  I ; l i l e i i t  1151(1  f r  l o i t g - - t &  l iii C s ~~05U i’i’ i t  f i s i t  t o  i i i  s1 eti s m a n s  of
Si ’ I i r I S  i t & - - ,er - :‘L-d i i i  I ~ ~~ m o e ,  5 -u tm iminn , and °h e r k  I 9~~~) f or  b oat i s at ’

\b ’-i ’I- i:ie Is i ’ m  l’oi t- u l ’ l e t h a i i l e i t t a t  log i c a l  s t u i b t e s  (OiC Sect m o t i 1 1 ) .

ii - I t  I ,  i - :  - cs .  ()xygu- r i couisklmp t i o n  ra ti - s sen 1 1 o t t  e 1  a gmi i s t  l i v e
wi i p l ; t  on t i ; ; I - ,- i l - i t  hi t tI ic grids . t ’ t i  i-yes t o r t ’  f I t t oo  t o  tit e i h mi t m l i v
F r o s t  m ’t j umi i’ es I ti n’ n - I  ness t o n  att n I ys i s  F ,O tt erl ’ r ’ol~ a id the-chu’an , f i T)  -

.o i- r e l a t  al ;  t ’oe I f F e  i t - m i t  ii wi-re i h e  cr 1, ;  i ne- P for cm t i ’b t gro up of dt i  t o  I Si ng~ on
a m - , a n il I ewe i t in , 1 Fl , i )
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Group comparisons were made by covariance analysis of log-transformed
data (Snedecor and Cochran, 1967). Sex influence on respiration rates
was tested by covariance analysis for each species when possible. Data
from males and females were combined for comparisons of base-line and
experimental values.

3. Results.

a. Striped Bass. Fish were held at approximately 15° Celsius and 5
parts per thousand salinity for a minimum of 3 days before respiration
rates were determined . Oxygen consumption rates were determined at three
swimming speeds--0.28 , 1.02, and 1.58 ft/s.

In filtered water , a 50-gram fish Swimming at 0.28 ft/s consumed 19.0
milli grams oxygen per hour (mg 02 h 1) and a 150-gram fish used 31.4
nig 02 h~~. At a speed of 1.02 ft/s, a SO- and a 150-gram fish used 24.3
and 41.3 rug 02 h d , respectivel y. At speeds of 1.58 ft/s , oxygen consump-
tion rates increased to 33.7 mug 02 h 1 for a 50-gram fish , and 63.7
mg 02 h’~ for a 150-gram fish. A significant increase in respiration rates
was obset-ved between measurements made at 0.28 and 1.02 ft/s and between
1.02 and 1.58 ft/s (Table 11). ‘Covariance analysis showed that oxygen
consumption rates of male and female fish did not differ at either swimming
speed (Table  1 2 ) .  C o var i a n c e  a n a l y s i s  was not made for swimmin g  speed s of
1.58 f t/ s  due to t ue small number of females tested .

A 50-gram fish consu med 19.2 mg 02 h~~ and a 150-gram fish consumed
37.8 mg O~ it 1 at a swimming speed of 0.28 ft/s during exposure to 0.79
g 1 1 fuller ’s earth. A 50- and a 150-gram fish swimming at 1.02 ft/s
under these conditions consumed 24.1 and 41 .2 rug 02 h~~, respectively(}:i gs. 7 and 5 ;  Table 13). Stri ped bass swimnt ing at 1.58 ft/s in fuller ’s
ea r th  s u s p e n s l a m i s  consumed less  oxygen tham i fi sh sw i m m i n g  at t hat speed
under b a s e - l i m m e  c o n d i t i o n s  (F i g. 9; Tab le  13).  Oxygen consun .ption was
uniformly depressed by about 25 percent  t h r o u g hout  t he  wei g ht  range studied .

A grap h of t h e  oxygen consumption rates  of s t r i ped bass s w i m m i n g  at
0.28 and 1.92 ft/s during exposure to 0.79 g l 1 fuller ’s earth showed
different slopes. Resp iration rates at swimming speeds of 1.02 and 1.58
ft/s during this exposure were not different . Rates for fish swimming at
0.28 and 1.58 ft/s were different at the 1-percent level (Table 11). Oxy-
gen consumption rates of male amid female striped bass swimming at 0.28
and 1.02 ft/s in fuller ’s earth suspensions were not different (Table 12).
Comparisons of male and female oxygen consumption rates at 1.58 ft/s could
not be made because too few females were studied .

Striped bass held at 22 .5° Celsius and 9 parts per thousand salinity
were tested at swimming speeds of 1.05 arid 1.58 ft/s under base-line con-
ditions and during exposure to natural sediment suspensions. l’he experi-
mental procedure was modified because increased temperature , salinity, and
sediment-oxygen demand reduced dissolved oxygen . The 3-hour acclimation
period at a swimming speed of 0.28 ft/s was changed to 3 hours at i.05 ft/s

32 

- - - - - - -- ---- - - -- - - - - - ----‘—— —- ‘----— ‘ -  -~~~~~~~~- 
- - ‘ - -

~~~~~~~ “-



_ _ _ _ _ _  -‘ -‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘
_

44 .-.
o 

~~~~ ~ - , .1) -4 0
-. o,_, 

~~ ,~ • • .

•
I ~0 0 0 V

~~~~~~~~~~ _ v _ v

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

_ _ _ _

U 
~~~~ ~~ : °‘:  °~~: “i: ° ‘ :

‘~ 0 - .
v ~ ~. ~ .n p .n

~ ~o ~‘.° N N P N N N . V
>~ -— ~~~~~ — PU
o %

— ____________ _________

o — ~O

I..
‘— P •~ p~ 0 Os 0 Os iI~ 0
4 ‘.4 ~ -4 N N 0 .-, 0 —. —. — 0  .
~ . in 0 0 0 0 0 0 0  0 0 0 0  —4 5n

— Q.i in .
in 00 00 00 00 00  •4 i

in in N
V
X O n )U

— — _____________ _________ 44 -_p
in 0-4‘.4 • P. P/P 51) — N — ~~ P/P 51) —
P. 0 N N N — N — N N N — in 51
in z
> ,,ino 51 .0 4.)
U in

P.O
• ~ P. b0 4) -.4—. 0 V

— in ,—. 4)
---P in 4)

4, P.~~~ in B
— in p.. • ‘.4
-~ 0.44 P. ~~ N N ~ ~ — ~~ N N ~ 4) in
in B —‘ 4) N 0 0 51) N P/i N 0 0 51) in

0 — U . .  . .
U — 0— — — 0 .-• in 0—P — — 4” ~ 0V < ZI). — P-I

33

-- - ----“-- ‘_ -

~

_ ‘ ‘ — --- - - - ‘  _—“- ‘ - - ‘-  “ -‘ -— -- - - -  -



44

E — .‘i — P 0 P N Iin O ’ 4 )  N P  N I  N P  — P0.0 _c P I I I in
— 0 4 ) 1 0  1 . 1  . 1  . 1  0

in P . 4 5 .0 — p — p — P — S 0
in 00 1.5 0
in 0 4.5
.0 0 0 0. ‘-‘P

-O•0 51 0
V 4) 0
0. i. .0 0

--P 4) 4)
P. — P.P.S Ui in N — N P/i I/P — .“. 0 0in 0~~~ 0 0  N .”I

0 0 0 0  0 0 0 0 —V in . . •
— 0 0  0 0  0 0  0 0  4)
in 0 4)
4) 14 4)4) 0) .0PU

P.
0 — V
0 ‘0in II’. ~~ 0

o 4.)
0 ‘~~ N I 0 I 0) - ‘0 I— 4) ~ ‘~ N P N I — I — I -o

P. ” .‘l l .-S I — - — I 
-

44 ‘0o
in ~ 0. 4
0 0. 45o o
“5 — ‘0.4 51) 4) -
0 I. I’.0) 14 5/) 0 0 0 — —I ,~“ 0 4)I. N — 0 0  0 — 0 —00 0’ 00  0 0  00  0 0  -.4) .

P p  0 0 0 0  0 0 0 0 4’-
05,5 140)

00 
~~

4 ) —  —.4

44 ~ ‘ Ci
4) 0 , .~. NP-P — I P I
“5 “5 0 . 4  “ h I  — I N I  U) I 0
— ~ ~~~~~~ I I IU 0) 4) p4 I - )  1 0

0 P. 4~~_c 0 I Os P N - —‘P P 51
0 Pd ‘5° p’.~~~ —~~~ P
14 ‘.I 4 )4 ’ . P. 4)

P. 0 0. 1-.
0 10o m. .4

o
“' — -e
0. 10 4)
4) ~ P. 4)

‘0 ‘4 ‘0 .4) CC ~~ N 0 “1 .4)0 ‘ 3 0 “5 0 0 .‘s .“P — 0 04
0 II 0’ 0 0 0 0 0 0 0 0 0
o 4j 10 . . . . —0 0 0 0 0  0 0 0 l’s

0
0 ‘4 ‘04) 0)
00 ‘5

____ _______  _______  5,1
0 4’-

- ~ N P1) — ~~ Ci .4) N
Ps’. 0 — —  .“l -h — .“l N
o z 0

in ____________ —
4 ‘0
1-, 4) 0— 4) 14
0 0.
0 II) 1030 ,-~ ‘ ‘ N N N

40 in N C N 0 -4) 0 “~~ . . - - C
I) “I 51 0 — 0
0 4-s ‘5-5
2~ ,~~ 

‘— 0 _I
1.. ) ‘- 1 416 (1)
— 0 4 5
o __________ _ , Li ~)
Li 0, C- , ‘ 5O  in11) 0

- 0 P.I’P 0 4) - -~ 44— 4) 4)
“P fl in 0) LII 1’ ~~~0 P. in 4) 4) 0 4) 41 1 10

— It - i n 1  4 ) 1  ‘l  in 14 -‘‘0’.’,C, ’, I ’. 0 ) 0  4) 10 — 4 ) 1 0  41 10 5 4 4 )
in 11 5) ‘5 4 ) — B  — E  — ‘ . 4 )  “-I-. ‘ —~ 1 04 )  10 4 )  4) i n n )  i n 4 )  51~~~- .‘ X CL. X U. 14 X L~. ~~ IL. s - 14 -~in -‘

- -

34

- ‘— ~~~ 
-— “ “- ‘ -  -~~~- - - --~-



80 -

60 -

A
log ‘( - 0 ,6 16 log  x + 0,237

40 - 
f l :  ~7 r 0,733 p<0 ,O l

l og  Y 0 457 log x + 0,5G3
n :28 r z 06 15 p~~0,0l

10 -

0,E 8 -
U,
C
0

~ 6 -
C
C)
0-
>S

O 4~~

2 -

I 1 I
0 20 40 60 80 100 200 400

Liv e We igh t (g )

Fi or m rt ’ ~~~. Oxygen cons um pti on of stri ped bass swimming at 0.28 ft/s
d u r i n g  exposure  to  0. 79 g 1 1 fuller ’s earth (dashline) and
unde r  c o n t m - o l  c o n d i t i o n s  ( s o l i d  l ine ) .

35 

- -_- _ ‘-  ‘- - - ‘- -~~
- - —

~~
--—---—-—-—



8 0 -

log Y 0,483 Iog x +0 ,565
n~~25 r O,647 p<0,0I

as
E

~ 10 -

0.
E 8 -
U,
C
0

C.) 6 -
C
4,as
>5

O 4~~

2 -

C I I I I

0 20 40 60 80 100 200 400
Live Weight ( g )

Figure 8. Oxygen consum ption of striped bass swimming at 1 .02  f t/ s
during exposure to 0.79 g 1 1 fuller ’s earth (dashline) and
under control conditions (solid line).

36 

~~~~-— ----_ ~~
- _ . -  __ - ---_ ~~~~~~~~~~~ - .- -  —_ - -_  ‘_ - ~~--



44~~~~~~
O i . .’ .  —

E -p  N P N I 0)0
in 0 . ’4  •I)~~~ ~ P —

I I 0
0 4 ) 1 4  - P  ~~~I .5

~0 0.O -‘~ P — £

O 0 ) -~~2 0.
0 0 0.
4,1 -
in

— 3. ‘0
in 0 4)
in — 1.-
4) Ui 14 N 0 CI CC N N
.0 ..O N .‘.P N O N

0’ 0 0  0 0  0 0
~00 00  00  00
0. 0

‘4
5. 4)
in

4. >5
o

0~~~~’,,.
C m o - —  ‘I I P — P
0 I P P in
4) ~) • I I P
in 1. 0 . 0  — — — ‘“ P

° 0 P .0  54
4) l~) I~~~~5. —
P. 0 0. 4)
00 0 _______________ 

U
4) 0.
1-. 0 0

— ‘0 LI)
5.’ 4)) 4) —
‘0 P.
00 N 01 N N — 51
‘.4 :3 — sO  —~~ 0 0
I) 0’ 0 0 0 0 0 0 0

10 0 0  0 0  00  10
4) 0
3. 16 51
‘-I 4) 16
— in
‘0 — C
0 0
16 44

O P --P U)P-1 P1) 1  I 4.’

4),-. N I N : C 6 I
.4 4) 4) 0 _c • I • I  C
51 U 

~~~~~~~~~ 
1 0 1  P1 ) 1  O I l  0

P 0
:3 “5 4) P U P .
in l’s 0 0
C in ‘4)
O 3. —
0

— ‘0 0
C in 4) in
6) l’s 14
00 ‘0 II) 0 P1) P1) Ci U) .0
3., -I 3 .-P .” . N . P  0 0
X in 0’ 0 0 0 0  0 0 I-s
O 0) in

00  0 0  00  ‘0
‘-I-. 0 0
O 160)
10 ‘0
‘-I C
in ____  ________  14
3.5 —

— . N C C  51) 4)) —I -P
in 0 NN NN .-P P.)
C Z P.
in in

_____________ _________________ 4)
0
o ‘0 in
0 4)
54 4) I-I

1). 0
P. in ,—. —
14 ~ N CC -
3. 00 —.. N 0 5!)
O C 4.1 - - - 4-.
U ‘-‘I 14’. 0 .“P — —

P1)
-p 4)) 00

4) 0) +)
— N
.0 .0 0 .0
4 J 51 4.5 0 0
I- C P. P. P. -‘P

0 in in in 04 4
in 0 0 0 51 ’,I
--P 0) 1) 4) 0
P. i n C  i n C  5 4 0  . 00 0
in - -“ P - ‘“ P ‘“ P 0
0. P.-’. P.p~~~I P. i n i n
4) 0 0 0 0
o - I 4 )  51 0 0.51
U i n . ” h i n in I~~~O

in in 14
U.~~~ IL.~~~ IL.CC — I-P

37

-‘-~~~~~~~~~~~~~~ - —



log Y~~0,536 log x~ ’ 0.494
- n l l  rz Q ,6 4 3  p<0.05

~0

OP0
0-
E

2 -

0 I I I I
0 20 40 60 80 100 200 400

Live We~ghl ( g )

Figure 9. Oxygen - - u m J l t  on o f  s t r i ped b ;i ss  s l im m in g  at 1.58 f t/ s
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~1 i th  c o nt  i nuous  a e r a t i o n . Pe’i p ir om e t er S  s ’re c losed  at t h e  end cf the
t h i r d  hour an 1 oxy gen  c o n c c at r a t  ions were m o n i t o r e d  for  1 hour .  F l o w
rates i , -re gradua l ir  increased to 1.58 f t/ s .

Base-i inc ox ~-gen consump t i o n  r a t e s  of a 50-  and a 1b 0 -g i ’ arr f i s h  swim-
m ing , i t  1 .05 f t / s  w e re  23.2 and 55 .0 mg 02 h 1 

, respectively. -\t a swim-
ming s1ieed of 1.58 f t/ s . a 51~-gram f i s h  consumed 25 . 2 ing °2 h~~ ; :i 150-
gram fish consum ed 48. 1 ng 02 h~~ . Resp iration rat e s at t h e  t w o  ss m u m  i n g
speeds ’- -- ’sre n i t  si gn i  f i c a n t l y  d i f f e r e n t , and sex i n f in e c c e  on oxygen
cor i ~’ e ( t  ion r a t e s  was riot apparent at e i t h e r  speed ~‘1ab 1e 14) -

Re sp iration rates of st r i ped bass su m m i n g  at 1 .05 and 1 , 5 8  f t/ s
dur i r’ g exposure  to 1 .51 and L55  g 1 ~ natural sediment , respe ctiv i,’lv ,
h ere reduced by 30 to  33 percen t  of the b a s e — I  inc alues . -\t a sw immin g
speed of 1.05 f t/ s , a 50-gram f i  sli used 14 . nig 02 h 1 ; a 1 5 0 — g r a m  f i s h
used S t  .4  mg 02 h 1 ( F i g .  10: ‘I abl  e 15) - S i n u i l  u r  use i  g ht  fish swimming at
1. 5$ ft/s con surw -d 1-1 .1  and 34 .9 mg O~ h 1 (Fi g.  11; Tab le  1 5 ) .  Resp ira-
t i o n  r a t e s  at the  two s w i m m i n g  speeds were not si g n i f 1 c a n t l v  d i f f e r e n t ,
and oxygen c o n s u m p t i o n  r a t e s  of m a l e s  and f e m a l e s  d u r i n g  C ’ x( ’-osure to n at-
u ra l  sediment  were not  d i f f e r e n t  a t  ei t her s w i m m i n g  speed ( T a b l e  1-1 )

- , , ‘ - 0 -b , l % h i t e  l e e c h .  l ’ i sh  S e r O  jna i ri t~ rued at about 15 C e l s i u s  and a
~‘a I’ts pci’ t m o u s a n d  ~a I m i t  f o r  a m i n i m u m  of 3 days. Ox y g e n  c o n s u m j ’t  ion
ra t e s  were d e t e r m i n e d  a t  as i nn ing  s1’ceJs of 0. 2S and 1.02 ft/s under
base- line cerid it ions. \ t  a sw i m m i n g  speed of 0. 2$ ft/s

~ 
a 50—gr ;irr fish

use d 13 .3  mg O~ h ’ t ; a 150-gram f i s h  used 2 7 1  rI g 02 h~~ - F i sh of  t h e
s,i tlIe w e ig hts s1~~~ i iurg at 1 .02  f t / s  consumed 2 4 .  1 and -14 .0 mg 02 h ’~ , respec-
t i v e i v . O e s p i  r a t  ion r a t e s  w e r e  greater at 5w I mm in speeds of 1 .02 f t / s
t h a n  9. 28 f t / s  ( ‘lab 1 e 16) ; nei l e and f e m a l e  r e s p i ra t  ion r at es d i d  n o t  di i r e
at either s : eed  ( T a b l e  10 ) .

Oxygen consu- et ion r a t e s  w e r e  determined for  w h i t e  perch  0 - i c i n g  e x ; ’ c s u u r e
to  1 . 01) g 1 1 f u l  icr ’ s ea r t h  s u s p e n s i o n  a t  s w i m m in g  sp e e d s  of  0 , 2 8  ( f i g .
1 2 )  and 1. 0 2  Fi g ,  13) ft/s. The data  were d ispersed at both swimming
sp ee ’ds - -co rr e l at  ion d ’ u - f f i c i -  ct , r = 0 .017  (n o t  s i g n i f i c a n t )  a t  0 . 2s ft/s
and r = 0. 201 ( n o t  s i gn i f i c a n t  ) at 1 .02 f t/ s  - Cot ’ar  i an ce  a n a l  ses h ere
not attempted l-u ’cause I f  poor o : u t a  eorrelat ion.

Sirn i inn results w~’re o( s e r \  ed when o x >  gen consumption was determined
fo r  wh i te perch swimmin g at 0. 39 and 1 .05 f t/ s  d u r i n g  1’ \~~~i 5n  i - i,’ t o  2 . 12
g 1 — ‘ n a t u r a l  s e d i m e n t  sui sl serrs i ons .  1 ( 1% ) c o r r e l  at ion coefficients ,
r 0 . 1 13 ( itot si f i c a n t )  a t  0 .39 f t/ s  and  r = 0 . 0 1 7  k n o t  si gn f i c i n t

u t  L r u  f t  - s~ p r e v en t e d  ft i r t l i e i -  s t a t i s t i c a l  t r e a t m e n t  of these  d a t a .

i’,h i t  e p e r ch  sc re  ic 10 i n  susp en si  on , 1 -f  2 . 5$ g 1~ n a t u r a l sed i m e n t
fu r  2 h a  i t ’ s ,  0x > ’ ’,~ ’n con sumpt  ion r a t e s ’s c r c  niea surcd in  f i  I t ei ’eii ri r e m
water a t  cw i rnni i rig ~1 ’ c e I s  of 0.5 1) j r - id 1 . 05  f t  s. io t a  for  f i s h  swimming at
0 3°’ f t / s  a f t e r  a 7 2 — h o u r  expo sure w i - r e  too sc a t t o r ’ u_ d , r = 0.508 (not
S I gi r I i  ii 1 - t ‘t i-r im t f u r t h e r  a n a l  v s  i s (Fi g .  14 1 - A f i c i -  a 7 2 —  liot i 1’ expo—
511i’ r -  t o  :u I- ir a  I su ,’d i - - o u t t lie o ’,. i ge -n con sumpt  ion rat es of a 50— and a
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Fi gure 10.  Oxygen consumption of st riped bass swim m ing at 1 . 05 f t/ s
during exposure to 1.31 g 1 1 natural sediment (dashline) and
under base-line conditions (solid line) .

41 

-——- -,-- .— -‘- ---- “-- --



I



80 -

6 0-  /

log Y 0.643 log x + 0 .273  ,‘

I 

n :l 7 r :~~~~~~~~~~~IOOl

,
,
,~~

-~~~ “
. log  V : 0 8 2 2 2  log x — 0 , 2 4 6 9

10 - n : 2 0  r : 0 . 8 10 8  p < 0 0 0 I

E 8 -
On
C
0

C

0’

0 4

2 -

0 I I I I I
0 20 40 60 80 1 00 200 400

Live Weigh t ( g)
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under base-line conditions (solid line) .
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Figure 12 . Oxygen consumpt i on of white perch swimming at 0.28 ft/s
during exposure to 1.09 g 1”’ fuller ’s earth (dashline) and
unde r base-line conditions (solid line) .
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Figure 13. Oxygen consumption of white perch swimming at 1.02 ft/s
during exposure to 1.09 g l~~ fuller ’s earth (dashlinc) and
under base-line conditions (solid line) .
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150-gram fish swimming at 1.58 ft/s in filtered river water were 10.8
and 55.3 mg 02 h 1 , respectively (Fig. 15). Elevations of the lines
describing these data and base-line data at 1.58 ft/s were different at
the 5-percent level (Table 17).

c. Toadfish. Fish were held at least 5 days at 18° to 20 0 Celsius
and 5 parts per thousand salinity. Oxygen consumption rates were deter-
mined at a flow rate of 0.39 ft/s. Toadfish did not consistently ss~im into
the current. In filtered river water flowing at 0.39 ft/s,a 50-gram fish
used 5 mg 02 h~~ and a 150-gram fish used 10.1 mg 02 h* Sex influence
on oxygen consumption rates was not apparent from these data (Table 18).

Respiration rates of toadfish during exposure to 2 .20 g 1~~ fuller ’s
earth were not different from rates determined under base -line conditions
(Table 19). During this exposure a 50-gram fish consumed 5.o mg 02 

h_ I ;
a 150-gram fish consumed 12.4 mg 02 h* Sex influence on resp iration rates
was not apparent (Table 18).

Oxygen consumption rates of toadfish during exposure to 1.58 g F1
natural sediment were not different from base-line rates (Table 19). A
50-gram fish consumed 4.8 mg 02 h~~ ; a 150-gram fish consumed 9.7 mg 02 ~~
in natural sediment suspensions. Male and female resp iration rates during
exposure to 1.58 g 1~~ natural sediment differed in variance and elevation
at the 5-percent level (Table 18).

roadfish were held in 10.37 g F1 natural sediment for 72 hours before
oxygen consumption rates were determined in filtered river water. These
rates were not different from base-line rates (Table 19). A 50-gram fi sh
used 2.2 mg 02 

h_ I ; a 150-gram fish used 7.3 mg 02 h* A significant
difference was observed between the variances of respiration rates for
males and females during this experiment (Table 18).

Resp iration rates were determined for toadfish in 3..3(. g V~ natural
sediment after a 72-hour exposure to 11.09 g 1 1 of the saire material.
The variance associated with rates for fish in both the ex:~crimental and
base-line groups were different (Table 19). Oxygen consumpt ion rates of

~ 50- and 150-gr~im fish were 2.5 and 11.5 mg 02 h 1 , respectively. Sex
influence on respiration rates was not apparent (Table 18). Respiration
rates of toadfish exposed to natural sediment suspensions for 72 hours
were the same in filtered river water and in natural sediment suspensions
(Table 19).

4. Discussion.

Concentrations of suspended materials in an estuarine system are
highly variable. Storms , floods , tidal scour , or engineering activities
may increase concentrations of suspended particles. Naturally occurring
suspended loads exceeding 1 g l 1 are uncommon (Sherk , 1972). Masch and
Espey (1967) reported concentrations exceeding 10 g F 1 in dred ge discharge
plumes and 100 g F1 in dredge-generated density flows. Suspended solids
concentrations used in this study typify those found near dredg ing opera-
t ions.
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Table 17 . i i i a r i ) l i . ~1- analysis of oxy gen consumption and li ve wei g ht regressions of whi te  perch’.

1 Resid ua l variance Slope EleV a tion

Compari .on I r u l i v i d s a l s  Mean squared Degrees of Mean squared Degrees of Me an squared Degrees of
freedom- freedom- freedom-

probability prob 8b i l it y probability

Experimental 0.349 9~ 7 0.028 I , 16 0.033 1 , 17

Base line 11 0 107 p < 0 . 05 0.098 _ _ _ _ 2 0 .164 p ‘ 0 _ os 

- - i i ~y i- of . ~~ ft s in f i l t e r e d  ISa ter after 2-h our exposure to 2 .58 g l~~ natural sediment and
under base- i c e  ~~ ri.3 i t io n s .

2 N~ t signif i cant.

Table  18 . C.os.’ni.srr ,e .‘rr.’ - n i s  cl i c , .i cc nrn i imprii. rl and li s- e aeig ht regress i ons of male and female toadfish .

Res a dua l variance Slope Elevation

( ‘n;..’r ison cdl iidua Is ~iean squared Degrees of ‘lecri squared Degrees of Mean squared Degrees of
freedom- freedom- freedom-

________________ —_

No .) probab i l i ty p robabil i t y probability

Fulle r s earth 1

Male- 8 0.033 6, 9 0.043 1 , iS 0.011 i , 6
Females II 0.020 __ _ _ 2 0.025 0.026

- i t  - ir . i  I - n i  m i n t

Males 14 0. 005 12 , 4 0 . 0 02  1 , 16 0.099 1 17
Females 6 0.011 0.006 p v 0 .01  0.009 

- 
p 0,01

Fi l tered Iaater 4

Males Id (( P42 12 , 4 0.001 I~ 16 0,061 1 17
l- e n n a l er  6 0.014 0.035 0.033

Natura l sedim ent 5

Males 14 0 .0 2 8  2 , 4 0 .014 1 , 16 0 0l3 1 , 17
Females 6 (I (ii)~ - - - - 0. 044 0.04 3

Base l i ne 6

Males II 0 . 032 9 . 7 0 .008 1 , 16 0 .068 1~ 17
Fepaa lp’ s 9 0 . 0 14  0 .024  0 . 023

i e , t e d  in 2 . 2 0 l l fu l ler ’ s ear th .
- S t  S i g n i f i c a n t  -
3 1n 1.09 g 1 1 na tu ra l sediment.

~!fl i t - - r u e ! S O I I - r  a f t e r  72 - O c r  nxy i . . . i i rc to 10 . 0’ . g 1 1 natural sediin ent.
I n u . l t i m r i l sed iment mit 72 - h m . u . r  expnn -.ilre to 11 .09 g i~~ natural sediment.

1 j~ , h r  l a n e - l i n e  ~mis d I t io fl S .
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The f i sh  studied are from three ecolog i c a l l y  distinct estuarine niches.
Str i ped bass , a ma jo r  sport and commercia l  f i s h , are anadromous and use
the estuary as a spawning and nursery area (Talbot , 1966). White perch
make semianadromous mi grations (Mansueti , 1964) and are usually restricted
to a certain segment of the estuary throug hout t h e i r  l i f espan . Toadfish
are sedentary , demersal fish and inhabit the sediment-water interface.

The swimming abilities of striped bass and white perch suggest that
during periods of hi gh turbidity these fish can move to more favorable
areas. however , in laboratory experiments that prevented escape , suspen-
sions of fuller ’s earth or Patuxent River sediments generally reduced
oxygen consumption at controlled levels of swimming activity. Resp iratory
responses of striped bass and white perch to suspended solids were observed
in the laboratory at concentrations exceeding those which occur naturally
in estuaries. These concentrations may occur temporarily near dredge dis-
charges.

Toadfish exhibited no significant resp irator>’ responses to suspensions
of fuller ’s earth or natural sediment. The sediment-water interface is
characterized by periods nf low oxygen concentration , hi gh turbidity, or
both. H a l l  (1929 , 1930) reported that oxygen consumption of toadfish 1 5

almost directly proportional to the oxygen tension of the water , and that
the fish are able to remove all the oxy gen f rom a linii te~ volume of water
before resp iratory movement ceases. This may explain the absence of re-
sponse.

Suspension concentrations produced by dred ging operations probably
have a limited effect on stri ped bass and white perch resp iration because
of the mobilit y of these species. Toadfish are sedentary , bu t their hi gh
tolerance to suspended soiids may minimize the effects of suspended solids
on their resp iration .

\ I . SUMMARY AM ) ONC I~I I S ION S

Suspensions of particulate matter deposited in estuarine systems by
nature or man can affect estuarine fIsh . Stress from suspended sediments
nay cause changes in  growth , survival , and reproduction of fish. The
effects of suspended particles on fish depend on the concentration and
composition of the particles and the stress tolerance of the f i s h . Sus-
pensions of commercial mineral solids were tested to determine the effects
of suspended sediments of known composition , partielc-~ i:e distribution ,
and organic matter content. Additiona l tests were run w ith resuspended
Patuxent River estuary muds to test the effects of a natural sed iment.

Exposure to sublethal suspended solids concentrations increased micro-
hematocrit , hemoglobin concentration , and red blood cell count in white
perch , hogchoker , mummichog , and stri ped killi fish . !ncrea- ~cs in these
hematolog ical parameters raise the blood’ s oxygen exchange capacit y .
Ifemato log ical values probably change in response to suspended so lids ’
interference with oxygen-carbon dioxide transport at the gill. No s i gnifi-
cant increases occurred in stri ped bass , spot , or toadfish .
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~V h it e perch exper ienced  g i l l  t i s s u e  d i s r u p t i o n  and i n t e n s i f i e d  mucus
production on the g i l l s  d u r i n g  eXpOSUre to fuller ’s earth suspensions.
Altho ugh f u l l er ’s ea th  c o n c e n t r a t i o n s  bel1i w the  2-1—hour LC 10 v a l u e  I s e r e

used , the g i l l  t i s s u e  s t r u c t u r e  of w h i t e  perch  was  a d v e r s e l y  e f fec ted  and
the  l - e sp i r a t o r y  surface ur e a  was reduced in a 5—day per iod .

Hi g h ra te - s of liver g lyc o gen  d e p l e t i o n  were recorded in hogchokers
exposed to s u b l e t h a l f u l l e r ’ s ea r th  c o n c e n t r a t i o n s .  Th i s in l i c a t e s  carbo-
h y d r a t e  ut i 1 i :at ion and d r a i n a g e  of m e t a b o l i c  r e s e rves  d u r i n g  p e r i o d s  of
s e d i m e n t  s t re s s .  I logchok ers  1 xe at  the  s e d i m e n t - w a t e r  i n t e r f a c e , but
st i l l  demand e x t r a  energy t’.or compensa to rY  a l t e r a t i o n s  of t h e i r  ph y s i o l o g y
w h i l e  exposed to suspended s e d i m e n t s .

Oxygen consumption of st i - ip c d  bass  and w h i t e  perch  i nc rea sed  w i t h
sis i Ii1l Tlil1 g speed i ll  c o n t r o l  t anks  c o n t a i n i n g  f i l t e r e d  r i v e r  s at e r .  However ,
s u s p e n s i on s  of f u l l e r ’ s e a r t h  or Pa tuxen t  R i v e r  sed iments  g e n e r a l l y  reduced
t~ i sh o xy g e n  consumption i - i t  c-s at hi g h l ev e l s  of sw i m m i n g  a c t  l v i  t y  . This
i nd c~ites that sedim ent suspens ions  i n t e r f e r e d  w i t h  the f i s h ’ s resp i r a t o r y
ab i  I i t y . Both s t r i p e d  bass and i ch i t e  p e r c h  al- c- comlLnn to  the  open w a t e r s
of t h e  e s t u a r y . However , t o a d f i s h , w h i c h  i n h a b i t  the  t u r b i d  s e d i m e n t — w a t e r
i t - t e r f u c e , showed no si g n i f i c a n t  r e s p i r a t o r y  responses  to f u l l e r ’ s e a r t h
or na tul’a 1 sed I FRuIt susp ensions.

f t  i s  c u s t n ~n II a r~ and use fu l to est ab l  i sh suspended sol ids  c r i t e r i a  b y
appl ying t h e  l e t h a l c o n c e n t r a t i o n  l e v e l s  c a u s i n g  10— to 5 0 — p e r c e n t  mor—
t i l i t y  over  a d e f i n e d  p er iod  of exposure - . h o w e v e r , t h i s  procedure  i gnores
t h e  b i o l o g i c a l l y  s i g n i f i c a n t  sublethal e f f e c t s  of suspended so l i d s  on
c-st uar inc fish. Concentratio ns of sus~ ended sediments found in eStUlri ne
syst C c  during sterns , flooding, d redg ing, and dred g e d — m a t e r i a l  d i s p o s a l
a r e  s i thin the range of s u b l e t h a l  c o n c e n t r a t i o n s  used in t he se  e x p e r i m e n t s .
Si !ce  t h e  e x p e r i m e n t a l  s u s p e n s i o n s  induced s t r e s s  responses  in severa l
fish species , p r c-p r o i ect  e v a l u a t i o n s  of  the  e f f C c t  s of  dred g ing and r e l a t e d
,lc t i vi t i e - s should include consideration of this effect.
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.1 V I R  GLYL OC I - N CONC h S b ’b tA ’b ’ IO NS IN FOUR ES ’UAR I N I F I Sf1
ASP L i t - P R  GLYCOG E N DE PI ,L [  I ON RATES IN WI ll 11 p 1:RCI

1. I n t r o d u c t i o n .

To d e r i v e  u s e f ul  e la t m i  f rom s t ud i e s  of g l o c o g e n  u t i  1 i : i t  ion i n  response
to suspended s o l i d s , s eve ra l  s pec i e s  of estu m i ri ne fish we’re screened and
‘‘ n a t u r a l ’ ’  l i v e r  g lyco gen va lues  wore  e s t ; l I n i  i shed under fi old condition s .
G l v c , n p e -n d e p i c t  ion st u d i e s  we i- e- conduc ted  t o  e s t a b l i s h  the  expec t ed  r i t e s
of g l ’n ’cog en  moh i l i z m i t  ion  i n  the  se l e c t e d  sp e c i e s .

L i  ocr g 1 cilgen do t  e’ i - rn i flat ions We ’ i~~’ per fo rmed  on four spec i es : bIb I t e
perch , s t r i p e d  b ass , hogchoker s  , and spot . -1 g lycogen  d e p i c t  ion s tudy
sos conduc ted  m i t  t s ’  t eni h le r a tu i ’es 1% i th w h i t e  perch .

2. ‘- ‘ i e r i al s  and M e t h o d s  -

Live r g lycogen sas , I ~.-t er m in ed for each  of  t h e  fou r sp eci  c’5 wi,thin S
hours  of c :ip ture .  G lycogen  was ext r a c t  eel a c c o r d i n g  to  the  m e t h o d  of Good ,
i r m i m o r , and Somogy l I l 933 N and quan t  i f l e d  ho the  pheno l  su i  f u r  i c m ic I d
method I Mo n t  gornerv , 1957 1

Glycogen  m obi l  i :at ion  of w h i t e  pe r ch  i s  d ependent  on the  br eakelowy of
g l y co g e n  (a l o n g — c h m i  i i i  i o l v m c r of g lucose )  to  g lucose  ( n — p hosp h a t e  ( B l a c k ,
~n , i be rt son 3fl~ I P a r k e r , 196 1 ; Engram , 1970 ’) . This en:ymni t Ic  react  ion i s
h i  511 ly dependent  on t e m p e r a t u r e .

G l y c o g e i i  d e p l e t i o n  in w h i t e  perch  was dete , ’mi  ned it  10 2
0 and

21) - 2 0 C e l s i u s . On t h e  d ie of capture , w h i  t o  perch  were d i v i d e d  i n t o
tw o  g r o u p s  of nO f i  s h i  and p1 iced i n  seoa r a t e  h o l d i n g  t a n k s  m a i n t a i n e d  at
e i t h e r  10 ° or 20 ° C e l s i u s  by i m m e r s i e n n  i n  a i s m i t e r  b a t h .  ‘[en f i sh were
i- -moved at random fr.im each group m& t t he  in i t  lot  ion of the exper iment  and
a f t e r  2 , 3 , 7 , and 8 dmi v s i n  t b -  h o l d i n g  t a n k s .  L i v e r  g l~~cogen w a s  deter-
mined a c c o r d i n g  1 0  the methods prc -v i ou-~1y described.

3. R e s u l t s  and Interp i’c-t mit ion .

Mc ’ , i r i  l i v e r  g 1 \‘ coge - n v a l u e s  for  w h i t e  perch , s t r i ped bass  , mind  spot
re sembled  one a n t  l n .’r on t he  day of capture  l I a b l e  A — i )  . L i v e r  g iv eogen
1, 1 Iues  for  hogch oke i ’ s we - i - c’ si gn i f i  c a n t  ly  g r e a t e r  t h a n  those fe c  t h e  et h e r
t h e n - -  sp e c i e s .  The pr oc i si on of l i v e r  g lycogen  d e t e r m i n m i t  i o n s  w as  s m i t  i s -
t a c t  or v  in  pe rch  , bass , and hogch ok c  ro (‘F able A —I) . I n  spot t h e  \‘ ; i i ’  i it ion
w a s  gr e at  r ; however , t he  s t a n d a r d  e r r o r  of t h e  mean  w m i F  o n l y  15 .5 p e r c e n t
of the  mean . These d at a  show that l o v e - I s  of g I  000g en reserves were i’e l a —

i ye ly const ant  i n  a p epu  l i t  i on .

The rate of glycogen mob i l i - m i t  ion  in  ~t a  r y c - n I w h i t c’ p -rch i n c r e m i s e d
w i t h  temperature . \t 10 ” Celsius , g ly c og e n  s i - n r c ’ - decr eased by 59 .;
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Table A-l. Liver glycogen determined on day of.  capture  for
four species of estuarine fish.

Species Individuals Liver glycogen S.E.~ as
(No.) (mg 100 mg 1 ± S.h~~~

1) pct of mean

White perch 10 5.407 10.5

±0 .572

S t r i ped bass 10 4 .780  10 .5

±0.  508

10 16.304 5.3

± 0 .868

Spot 10 5 . 2 7 7  15.5

±0 . 8 16

‘Standard error of the  mean .

p e r c e n t , f rom a mean of 5 .41 ± 0 . 5 7  mg 100 mg~~ l i v e r  at t he  t i m e  of cap-
ture  to 2 . 2 2  ‘ 0 .39 mg 100 mg 1 ( ‘fable  A - 2 ) .  At 20 ° C e l s i u s , g l y c o g e n
decreased from 5 . 4 1  0 .57  rng 100 mg~~ to 0 .098  ± 0 .015  mg 100 mg 1 , a
9 8 . 2 - p e r c e n t  r educ t ion  over the  8-day’ h o l d i n g  pe r iod  ( ‘fab le  A - 2 ) .

‘l’he g lycogen  m o b i l i z a t i o n  curve for white perch at both temperatures
was changed to linear form by stra i ght-line regression . Based on this
reg ression line , mobili zation at 10 ° Celsius occurred at the rate of 0.39
mg 100 mg ’ per day . -\t 20 ° Celsius , mobilization almost do ubled  to 0 .67
nig 100 mg ’~ per day’ .
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‘l’a h le  A - 2 .  Livei’ g lycogen d e p l e t i o n  and r e g r e s s i o n
analysis of white perch at 10 ° and 20°
Gels  ius  1

Liver g lycogen value

Days a f t e r  I n d i v i d u a l s  10 t 2 °C 20
start

______________— 
‘ ) N o . )  (nig 100 mg 1 ) (mg 100 nig~~~)

0 20 5 . 4 0 7  5. 20
± 0 . 5 7 2

2 10 5 .205  5. S n I
± 0 .  570 • to .

3 10 5. 4 2 2  3. 7n8
± 0 .699 ‘0 . 3-1 5

7 10 3.588 0 .590
± 0 . 8 7 5  ± 0 . 1 2 8

8 10 2 . 22 3  0 . 098
‘0.390 ± 0 . 015

Regress  ion  ana l y s i s

Tempera tu re  Slope I n t e r c e p t  C o r r e l a t i o n
coefficient

( ° C)

10° -2 .301 13.853 —0. 919

20 ° — 1 .  266 7. 905 —0 . 9 2

‘V a l u e s  of mean  l i e - e r  g ly c o g en  a re  g i v e n  for  each s a m p l i n g
day p l u s  ot - r r in u s  s t a n d a r d  er ror  of t he  mean .

6 1
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1 . l o t  r oduc i d in .

Red I n 1 oend c e l l  c o l i l i t  , nil e ;  r oh i e in i a toc  i - i t  (packed blood cell ccl one) , and
liem og 1011 I f i  colic eat r o t  ion in f i s h  b 1 ood ho e - c been e~ t I flIn t e d  b y several  ano —

1 ot I cal  t c ’~ hin i cue ’ s ~b ,esse’r , lOon ; -tnt lionv , l O u  1; La r sen  and Sn i e sz k o  ,
l . mi ’:n-ei~, 196-b ; t 7 , m c . , n -~ ’i ’ e- I t , L e w i s , and U l r i c h , 1 0 n 7 ;  B e i ’ i i m m i t l  and C r o w i e y ,
1 9 7 2 ) .  I con t h e s e  n a i ’ m i: c- t e r n  o t h e r  uve -ful h e m a t o l o g i c m i l i n d e x e s  m a y  be
calcul a t e d , si~cbi mi s m c m l i i  r i c i - n h e r n a t o c i ’ i t and h c - n n n o g l o h i n  c o f l t e -n t  of i n d i v i d —
cial reel l i i  OOcl c e l l  s Il l  m t  i ’oI’e . 1 OS o ; h o  I t o i l  and R a n d a l l  , 1 t i i - 7

‘-‘ee era ~ t t ca pt  s have-  I ce- n m ade t el e’st oh 11 sh pi ’ed i c t i v  e oi ’ i ’ c’ la t  ions
b e t w e e n m i - c r - he ’ :  . , i t o c i ’ i t  mind  red b l , nod c e l l  c o u n t  or hicl:ic g lol in collo cil t i ’m —
t 100  in  he’ mac i  i c ’ and fcc ’ s l~ smi te i ’  t e l  c- es t s ( I  i s  i c r , 1 0(3; Sumnierfe It
L ew i s , ,ui d  t l l r ’i c h , 19u7 ;  h n n m ’ , t o n  m i n d De l l i l d e - , 1 9 68 ) .  A h i ghl y p r e d i c t i v e -
reg rc ’ss  ion  at  ‘. l O l ’ n ’ i l e f l . Ot e l c I ’ i t  w i t h  rd - U b l o o d  c e l l  count  and h e n o g l o h : n  c n n -

n’~ t i on  mmi v e n ab l e  work-i’s . d e r i v e ’  mi—e t ’i:l l n e - n : , i t n ’ l o g i c m i l  d a t a  fi -om a
si n g le- r,lcro I e’ I:- m it , c r m  t : : e m i - i i i ’ on .c ’n t  w i t h o u t  red b l o o d  c c - l i  e l n l i n n ’ o r a t i O n  m i n d
henni n g j o b  in Jet e i ’ :  i n a t  i o n .

l i oim ton m 1 l i n ~ 1 ~~ i i d e  (1 P i n S )  showed H. t an e~ t m a t e  of l n l c l ’o h e n a t o c r i  t
fo r  t i n e -  r a i n 1 ’ , !,  t rout  : : Ann7i , , ‘ 

, n: m \ be- used  t i n  p r e d i c t  red b lood
c c - i l  c o u n t s  , i : n d  h n e n : n i g l o l - i n  concentration in  rout  i n c  : s s e s s n n e ’l i t  mc of h n e ’i n mi-
r . o l o g n c a l  S t a t i O n . h lo i~e e e r , t he - r e - e l i c t  ‘i i  w a s  h o t  s u f l ’ n c i e n t l v  ex a c t  fec ’
r e s e ar c h  pur l o v e ’s.

2 , A i t  e r !  a I s an d  ‘‘ c t  ‘ - C S

I c-ma t o  1 n n g  I cmi I J o t  a w e r e ’ t , t h e - n ,  f r - c n n  H i  y e spec i e~ con: mol l  t o tIne l’ m tuxent
P i t  o r  c-n t no cc’ : Nh i t  e perch , .‘‘ n ’ ~1c n ”. ‘ 

‘ -
- - - ; St r ip eel bass , . ‘ ‘ . ‘ m c ’ m

I - - ~~~~ ‘‘ c’ “_ ,~~~ ,m ’ t ’ , t ’  n n ’ m o ’;  ho gchiokei’ , • i A n - . - . ‘ t~ 0 - ‘  - ‘ -. , , ,  .‘ , n C  and menhaden ,
‘0 ’ c : - : no .- ~.

‘ , “h i  Ic  and female fish S cc:- ea ch  species were used t i n

- i  udv h c - n n a t o l o e ’ i c m i l r e s p o n s e  t o  sun n [ e’ n s i on s  ci ’ m i n e r a l  s o l i d s  ( She r k  and
Q ’ oi in or , 1971). J m j  sh i , e -r e  c u l t u r e d  by i t t  c i ’ t r a w l  I r on  t h e  ‘m i t u x e ’ r n t
R i v e r  e s t u a r y . Blood  samp les  w e r e  t ak e n  f rom l ’ o t h  tI ne ’  c on t  rol f i sh  and
t h e  C i  sh e- .n nosed t c sub ’ l e t  In ,i I concen t  n’ m i t  i o n s  of lu 11c r ’ ’ s c ’ ; i r t h .  I he dmi t a
rep i’ m - - ~ e ’ f lt  I i ’ - l : ’ , t o !  ogv of ’ f i  sh u n d e r  i lo i ’ : : , m u  1 laho  n ’m i t , ’ cv conch t i n l f l S  ( 18  ‘ 1°
( ‘ e l s i u s , s a l  m u t e 5 . 3  [ - a r t s  per tliousand l , and f i s h  un dc - i ’ stress f r o m
SU -js’ llde ’ei sed i m e n t ,

Bl ood i’, m u s  c o l l e c t e d  i n  li epa rini zed p ipe ’t mc and mixed ‘el i- c a n a l y s  i s .
~1 i c r o h l ( ’ l n l n ( t  o c r i t  w a s  elete’iann ined accord m m  t o  n n e ’ t h u o d s  ou t  l i n e d  by b iessi’r

I’.lt u ) ), and w a s  read on i n  m t  rn :m t i o n a l  h - m h i l i p m e n t  ( o f l i p a i l \ ’  n i c i - o c m i p i  I b r
rc id e - i’ , Ik-mo glob in was U t~ ’ i :  m e d  b y- the’ cyanme t imn ’nnm n globi n methm n el - ~ mi I’ i —
p I e s  we’ i’ c- co r u t ri ft igc c l  a t  1 1 , 301 1 re ’e ’ o lu t  i o n s  per m i n u t e  f o r  20 m i n u t e ’ s t o
i- ernoe - e r e d  c e - I l  l i l .!e’ l e i  f r o m  Su -n 1n eiis ion  be-C ore  t a k i n g  a r e a d i n g  ( l a r s e n ,
l i ) ( ’ i )  , ‘ ‘ m t  i c a l d e - n s i t v  of the ’  hemo g lo b in samples  w a s  d e t e r m i n e d  at 3- I l ,)
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l , n h u , ’ : ’ : e ’ t  c i ’s , c i s i n g  a Cole man -J u n i o r  I I  s t ’ e-c t r o p h o t m : : : e ’t e r . t o n c i - n i  rat ion was
plot tod m i g m u  i n  t a lie c n _’l (mammalian) :-:tOndml l-d cur V e- - R e d  b lood  c e l l  O i ’ ’ . i l , t  -

isere ‘ , u e l e ’  n i t  .\ 10n 1 , using an improved Nc’m -.!’m luc r he bn: ucyt m’:’ e-te r ’ . .-\ m o d i f i e d
llavnne’ ’ s solot i , ’;m thI c’ i nle and Mc’ i’ gmu n , 1972) w : l S  t b -  dilutin g medium ‘ m r i’ m-U
b l e n n n d  c e l l  eiulun:c - Oat cii .

R e g r e s s i o n  and c o r n ’ e l o t  j oin a n a l y s e s  were  done a c c o r d i n g  t o  Snedecor  m i n d
Loc i i’ m i n l , l : i - 7 ) .  S i m p l e - mo b p o i ’t i a l  coi - r e ’ l at i o n  con _- l imo n e n t s  were  c a i c u i m i t  I_ e l

f o r  each -c enln nh n in a t ion  of pm i i ’am etei’ s . M i c r o h e m a t o c r i  t data were f i r s t  t ra ins—
t ’e’i’ :,i ed t - - - log to t mc b:- t se  10 (iogto ) to p e r m i t  t h e  u s e -  of p a n ’ mi ne’ t i ’ u c  s t a —
t is  t I ’ m  a i pi’oc edn:res hrougimc’ui t lie ann 1 ses

3 .  Re sult s and lntei’1nretat ion.

R e g r e s s  i e ’fl an a l y s t -s bet Inc e c : independ ent pa ir s  of benai tolog ical p0cm::- —
cr 5 in t h e  f i V e  f i s h  spec ies  showe d si g iu i f i  cant ce ’r ’r e l n i t  ion b e tw een

11110 r l~~- n, m ,u  t ocr  i t inC Ine; :mog 1 ci i n  coino entrat ion in wh i  te perch , Sp ot , :. h f l U

~t r i ped  bass  (p < 1 .01 , ‘fable I n — I )  , Correlation between micr oheo::u tcnci- i t
value ’s and red h i - ecU cc’l l counts m ere’ also i ’oll l mdl to  be s i g n i f i c a n t  in  w h i t e
i’ercli . -n i - n t  , and b mo g c  lie e ’ O S  . : ~‘r r e la t  ion  n i l  hemog l c n n  i n  c o n c e n t r a t i o n  m m d
r n_ - el ce- i l  counts i~mi s s i gnificant in  wh i t e  cr c h  and s lot (p - - 0 . 0 1 )

The sign i f i c a n c c -  of cn r ” e l , u t .ion i s  :n !n m n rt ahl t in estimat ing a parametel’
f rom a s t m u t  i :t i ca l  r e l a t i o n s h i p between it and another pa i- m i m e - t n _ i ’ . The
p r e d i c t  i c e  capac  i t  y of t h e  m a t h e m a t i c a l  n o d e l  i s  a l s o  i m p o r t  m a t  ; e . g .  , the
correla t ion elii ta for su ite perch. A l l  t h r e e  paired compai’ i soils are sig—
n u t ’ic , m n r at t he  ( 1 .01 ic e d ; i . e . ,  chances are 1 i n  100 (or l e s s )  t h at  t h e
re l m i t i cash ip e st ah l  1 shed he twe ’enn any two of t i n . , b lood parameters could he
due t -  c h a n ce  a l o n e .  llowe’,e ’n ’ , time- correlot ion  c o e f f i c i e n t s  (i’ ) d i f f e r b y
as n e u c l i  m i s  0.21 ln e-tw eein the- m ic eohn e n-mnu tocri t w it h hen i m i g l o l n u n  conccrl ti -at ion
corre -lo t ion (0.885) and the red blood cc l  1 couint w i t h  hemog l o b i n  c o n c e n —

r , n t i o n  cn n r n ’ e~l a tj o n  ( 0 . 6 7 ( m ) .  t h e n c e coen ’elat ion s m m l i , ’ be si gnificant a t  t i n e
-m aIn e’ p r o b o h i l i t ~ ’ levels , but the  p r e d i c t  i c - c c u p - i c  i t ’-  of t h e  n - c ’ ! at i o n s h i p
cl i  f t e ’r s  . ‘fin is i s s l o i ,  a n e ’ V he C O e ’ Ilic i ent of d e t e r m i  n at  ion  I r ’  , a inc as —
ci i’ e of’ corre- Lit join which estim ate - s  t i l e  p ropor t  mon of v a r i a n c e  accounted
for by t h i _ -  c o r r e l a t i o n .  ( ; in ’ e l l  a m u c r o h n e n i a t o c r m t  v a l u e  w i t h  t ine  lnemcg l o h i n
con ce- mnt ration correlat ion r’ = 0.78-i f rom a w I , i t e  i n e r c h , the  inemog lob in
cont e l u t  (y)  is e s t i m a t e d  by i egress i ott , k n o w i n g  t i n n i t  t h e  m i c r o h e n : n o t o c r i t
v a l u e  accoun t s  for  78 . 4 percen t of t he  car  l a n c e  in tin e lne m o g lm h n in  concen-
t r a t i o n  ‘ ‘- ;t c - : :i t e .

In the  e S t i ’ n m l t  ion of red blood ce l l  count from ni ic rc n i ie ’ I n m i t o cr i t ,
r~ = 11 . b u n - b : n nl v 4 6 . 4  p e r o m - i n t  of t h e  v a r i a n c e  of t h c  p r e d i c t e d  red b lood
c e l l  count  c a n  h e  accounted  for b y t i ne  m ic roh n - m : i t o c r i t .  The c o r r el at i o n
c o e f f i c i e n t s  wc’ro hi ghly si g n i f i c a n t  when e s t i m a t i n g  two b lood  p ar a m e t e r s
from t h e  same m i c r o h e m a t o c r i t  v a l m u e  - hut the pred ict lye capacity m n f  t i n e
tc ’r n : :e r  r ’e la t  I onsh i p wni S a Irnost 80 p e r c e n t  ; the ’ latten ’ was hel ow 50 percen t

‘l ine c u e - I t  c i e n t s  of th t c r m i n a t i o n  - ‘ m u - I  exceed 0. 75 Icr  a p a i r e d  r e i n -
t i o n s h i p h i _ tore es t  m a t e d  p a r a m e ’t c - I ’s may he- use  U for  r e s e a r c h  purposes .
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Tab le B-i. Regression , signif icance of correlation , and coefficien ts of determination of
paire d hema tological parameters from estua rine fish ,

Species Comparison individuals Slope Corre lation Probabi lity Coefficient of
coefficien t determina tion

(No.) 
________________

iflUte perch M ic ro in ematocr i t 23 3.8808 0.8854 ‘0.01 0.7839
versus

hemoglobin concentration

Hicroh ematoc rit 23 3.9572 0.6813 ‘0.01 0.4642
versus

red blood cel l coun t

Hemoglobin concentration 23 2 .0275 0.6760 <0.01 0.4570
versus

red blood cell count

Spot M icroh ematoc i-it 18 3,009 0,8750 ‘0.01 0.7656
versus

hemoglobin concentration

M icro hematocirt 11 8.910 0.6024 <0.Oi 0.3629
versus

red blood c cii count

Hemoglobin concentration 18 2.389 0,5869 <0.05 0.3445
versus

red blood cell count

Striped bass M icro hema toc i- it 14 4.9203 0.8373 ‘0.01 0.7011
versus

hemoglobin con centration

Mi crohematocr it 14 4.1040 0.2828 ‘0.05 0.0800
versus

red blood cell count

Hemoglobin concentration 14 1.0206 0.4133 >0.05 0.1708
versus

red blood cell count

Me~,haden Mi croh ema tocrit 9 2.1403 0.5547 ‘0.05 0.3077
versus

hemog lobin concentration

M ic rohemato c r i t 9 7.2995 0,6554 >0.05 0.4295
v ersus

red blood ccii count

Hemog l obin concentration 9 1.5556 0.5389 >0.05 0.2904
versus

red blood cell count

Iio gn hok e r Microhe m ato crit 39 9.9183 0.8632 ‘0.01 0.7451
versus

red blood cell coun t

64



Coefficients of determination between 0.60 and 0.74 were sufficient in
routine estimates of hematolog ical status.

Coefficients of determination sufficient for research purposes were
found in the correlation of microhematocrit with hemog lobin concentration
for white perch and spot (Table B-i). The correlation of microhematocrit
w i t h  red blood c e l l  count in hogchok ers was of no predic ti ve v a lu e  in
parame tric es t ima tes for research purposes (r 2 = 0 . 7 4 5 1) .  The microh ema-
tocrit with hemoglobin concentration correlation in striped bass was suf-
ficient for routine hematolog ic nil work (r2 = 0. 70 11) .

The correlation of iricrolnematocrit with red blood c e - I l  coon ’ and t h e ’
c o r r e l a t i o n  of hemog l o b i n  c o n c e n t r a t i on with red blood c e l l  ‘ m i n t , did  m i t
account for sufficient variance to use regressL n methods in 

~~~~~ 
, i i c t  iv e

est imates of hematoloc,ical parameters in perch , spunt , St i’i ped I mu — , anu
menhaden (Table  B - i ) .

The three hematolog ical parameters are closely i’e’ l , i t e - U  in  a p h y s i c a l
and b io log ical  sense.  M i c r o h em a t o c r i t  measures  tin e per cent col u In m e n I  red
blood cells in a sample. Red blood c e l l s  in most vertebrate - ’ - t l ’ m u 1 I ~n b n n r t
the resp ira tory p igmen t , heinog i m U  n n .  Therefore , the predict ive c o n i c -  L it  ~,‘ns
be twe e n  microhema tocri t and hemog lobin concen tration in w hite ’ perch and
spot are l a r g e l y  dependent  on the  c~u a n t i t y  of red blood c e l l s  prc ’— c i m t  -

‘l’o establish whether the correlation of niicroinematocr it and hemog lobin con-
cen tra t ion was s i gnifican t and independent of red blood ce ll ~-,‘m int , ,n i t  m l
correla tion coefficients were determined for m icrohemate nc i i  t - lm e ’ nn ’c i oh in
concen tration-red blood cell count interrelationshi ps . This s tm i t i~~t ic
est ima ’ ed the correlation of two variables , mic n ’ohe -nn umitoc n’ ut and hemoglobin
concentration ; the red blood cell count variable wa- c a c i d  c o n s t a n t .

Part  m u  c o r r e l a t i o n  c o e f f i c i  en ts  we ’re det  e r m in e d  t n  , u h l  s p ec i e s  u n
w h i c h  the  t h r e e  v m i r L d n l e s  is n_’i’C s t u d i e d  (T abl e ’  B — U ) .  h u r l  i a l  c or i ’ e l a t i o n
coefficients show-ed the relationshi p of mic rohemat I_nc i i t  and h -cinucg l cm in
c o n c e n t r a t i o n  in w h i t e  per ch  and spot s t a t i s t i c a l l y  independent  of red
blood cell count (‘Iahle B-U).

‘fhe r e l a t i o n s h i ps e- -t mi bnl ished for these sine-c i c -s have si gnifica nt value.
The ab i  l i t > ’  t u ’  e— ~t n n u t  C m i - n h parameters in  estuarine fish from a sim~’~
d e ’t er rn ine e l  v a l u e , such a~ n l l c r o l m e - ’ , , u t , n c n i t , may’ f a c i l i t a t e  h y s i o l o g i c a l
studies of e--ec ua r urle ’ f i s h  i n  t he field and in  t h e  laboratory . These hema —
t c i l o g i c a l  s t u d i e s  can C’- i l ’ - ,l t e ’  ‘- t r e s s  responses  i n  f i s h  ( l le s se r , 1960;
S u mm e r f e l t , 1,ew~~s , mind lu n ch l t O 7 ) .  P h y s i o l o g i c a l  and h e m a t o l o g i c a l
f i e l d  s t i i d i e-s c o u l d  u n c n e ’mise  th e- c -aloe- of o n s i t e  e n v i r o n m e n t a l  disturbance
studies. I no t i cia t es n t  u i b n l e ’ t h a  1 effect s of var ious  pci l u t an t s  on f i sh
popu l a t  ions s h u n i  Id pr i n t ’  U- -c ’ t i i  I to c’stua rine biolog is ts.
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lable B— U , , -‘cna 1 ys is  in I part ia 1 c u r t - c- l o t  ion of no i c rohemat  c o n  t
w i t h  h e m o g l o b i n  concen t  ra t  ion eliminating the
e ’ f f e ’c t of red b l o o d  c e l l  c o u n t

Spec ic - S N o .  P a r t  i a l  m e’ g n ’eeS of P r o b a b i l i t y
con r e l a t i o n  I rc’edonm
c o e f f i c  l e n t ’

budiit c perch O . T S T b  U 0 <0 .01

I s  0.8060 15 <0.01

Stri ped ‘miss 14 0. ~~ 45 11 < 0 . 0 1

~u1enhadcui 0 0.31 oT (n oO . 05

1~0 . 3
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A P h 1 i m N l u  I X  C

P R F L  IMIN AR Y O B S E R V A t I ON  ON I i  IROIJ (;l i- t:iu lRANSPOR’I’ OF
SU SPEN DED SOLIDS BY hSi’ij ,-\R I N b F I ~n 1J

1. I n t r o d u c t i o n .

The objective- of this study cs’as to d etermine tine accumulation of par-
ticulate matt e - n on the g ills one! in  the  a l i m e n t a r y  c a n a l  of f i s h  exposed
to s u b l e t h a l  co in c e n t r a t i o in s of suspended s o l i d s .  O b s e r v a t i o n s  we - re  made
on winite’ perch , stri ped bass , and hogchokers .

U . M a t e r i a l s  un d

The fo 11 ill s A i n g  ‘ - m m —  n e ’ nid t’ el s o l i d s  u~e re used :

(a)  k n o l i n i t e ’ c l a y s :

(1)  I ly d r i t e  ~h l’ , m e d i a n  p a r t i c l e  s i z e  9 nn icnomete r s .
( U )  i h y d r i t e  l I m i t — I ) , m e d i a n  p a r t i c l e  s i z e  4 . 5

mi c r n n n n n e - t  ers
(3)  i l y - d r i t e — I O , med ian  p a r t i c l e  size ’  0 .55 m i c r u n n m e ’ t e-r .

(h)  F u l l e r ’ s earth , median particle size 0.50 micrometer.

Ic)  \ , i t m m r m i i  H , t  t o m muds t m ui , -,-tn frou:m Lon g P o i n t , l ’ m i t u x e - n t  R i \ ’e r ,
t i n t  rn ’ l a n d .

The p a r t i c l e — s i z e  d i s t r ih u t  ion of the  n atc i r a l P a t u x e n t  R i v e r  mud i s  shown
in Fi gure C-i.

F t  sin were ’ cap tu red  by o t t e r  trawl in t i ne  l ’ m i t u n x e ’iu t  R i v e r  c-st nary and
t r a n m ~p i ’r t  e l i  to t h e  l:ul n iun’mi t or) in a f l o w — t i n r o u g h S s t em of r i ve r  w a t e r .
A l l  spec i I:ue’ ns u~e rc  stan .vee l 72 to 96 Incurs before  exposure  to  suspended
solids , and were not feel during an exposure.

Groups of 6 to 10 f i s h , dependent  upon size aind species , were- exposed
to gr ad ed concentrat ions of suspended s o l i d s  for  24 hours .  The’ g i l l s ,
st o m a c h , and i l n t e - m t i n e  of each i n d i v i d u a l w ere  e x a m i n e d  to d e t e r m i n c -  t ine
accumulation n t  suspended solid following an exposure.

- \ c c u m u l a t  ion  of s o l i d s  on t ine  g i l l s , in the stomach , and in  tine intes-
tine was scored on a se nile from 0 (no accumulation) to -l (continuous coat-
i n g  of b l u r t u cu lat e nu mit t e -i’ ) . S c o r i n g  was based on e- i sua l  nhs e ’ n - v a t  ion by a
st i n g le , t r a in e d  obse rve - i - . ~t e - nunu accumula t ion for each group of fish exposed
t n  eac h concen t ra t io n  was p l o t t e d  as a histogram.

Rep lica te exposures of e’ , i ch  sp e c i e s  to  g raded  eunce u t ra t  ions of each
solid were a u n t  done . Da ta are f rom t h e  pr c i  i n o i n a o ’ v  ob se ’ r v m i t  i o n s .
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Fi gure C-i . Particle -size dist ribution of natural mud collected at
l ong Point , I’atuxent R i1 - ’r , Maryland.
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3. Results.

h’hite perch accum ulated little ilydrite MP c l a y  (mean p a r t i c l e  s i z e
9 m i c r o m e t e r s )  in a 24-hour  per iod . A c c u m u l a t i o n  from concentrations of
6 to  13 g F1 was gre-atest in the intestine and least on tin e g i l l s . Acc it—
mu lation in  tin e i n t e s t i n e  at 9 and 13 g 1_ i  I ly e l r i t e  Mb c l a y  was a p p r o x i —
m u t e l y  doub le  t h e  a c c u m u l a t i o n  a~ 

‘ g l~~ (Fi g. C—U ).

More l l v d r i t c  F l a t — I )  (mean p a r t i c l e  s i z e  4 . 5  m i c r o m e t e r s )  t h a n  lly drite
NP c l o y  p a r t i c l e s  were  accumula t ed  by u s i n i t e  pe o ’cin (F i g .  C — 3 ) .  At 6 .7
g 1~ , F l a t — V  accein iu l m i t  ion in the stomachn and tin e latest inc was  g r e a t e r
t h a n  Ml’  a c c u m u l a t  j oin m y  a f a c t o r  of t h r e e .  Less a c c u m u l a t  ion occurred mi t
16 .3  g i~~ t h a n  at 6 . 7 g 1 1 . P a r t i c l e  a c c u m u l a t i o n  in tine intestine
exceeded 2 at c o n c e n t  rat  ions of 7 , 2—b , aind 57 g F 1

F u l l e r ’ s e a r t i n  a c c u m u l a t i o n  on t h e  g i l l s  of w h i t e  perc h w a s  g r ea t e r
than  e i t in e r  el f  t ine kool  m i t e  c l a y s , r e g ar d l e s s  of c o n c e n t r a t  ion (F i g .  C — 4 )
,-\ecc imu latio in of f e i l l e r ’ s ear t in  on t ine  g i l l s  of f i s h  exposed to  6 . 7 , 8 .3 ,
and 10 .7  g i~~’ r o inged between 1. 5 aind 2 ; l i t t l e  or no f u l l e r ’ s ear t in  was
d e t e c t e d  i n  t h e  s t o m a c h s  or the  i n t e s t  i n c - s .

h i t  i t e  p erc ln  c’XpO see1 to suSpein s i o n s  of 6 . 7  to  So. 2 g 1~~ n n i t u r a  1 muds
f o r  24 Incurs , showed grea te s t  a c c u m u l a t i o n  on the  g i l l , in t ine ’ s tomach ,
m i nd  in  t ine  i in t e s t i n e  m i t  6 . 7  g 1_ I  (,F i  g. C — S i  . least accumulat join wane noted
n i t  1-1 .  1 g F1 . G i l l  accumulation was ini g in a t  2 5 . 9  g F 1 . A c c u m u l a t i o n  in
stomacins cin ch intest i Ines was approximately tine same ’ (between 1 .5 and U) at
25.0 a~ el 36.2 g l 1 .

Whi te perch e’xposed to lower conc ci ntr ntt ions  of n a t u r a l  muds fo r  72
hocirs had mippro x i umi m it e l > ’ the same accumu l i t  ion scores , f rom 5 . 6  to  17.8
g — 1  ( i~ i g . I o ) , intestinal accumul n i t  i c l i t  score ’ s rena m e d  bet  use -e l I  2 and
2 . 5  over t ine  range  of  c o in c e in t r a t  i ons .  P a r t  id e- a c c u n i u l a t  j oin i n  s tomachs
and on g i l l s  was si i ght  ly  more var i m ul ’ I c - . G i l l  aecum u lot  join was gre’mitest
t o n  f i s h  e x p o s e d  to 5. in g 1 1 aind l e a s t  a c c u n i u l a t  ion occur red  at 17 .8
g F ’ .

~nt  r ip e d  b ass  accun iulat ion scores for bydr ite Mb ’ pnl rt I d e s  ra inged front
0.75 t o  l . i i  sI’i i c i n  sos  relativel y low ( F i g. C — 7 ) .  -\ceumulat ion cm t Ine  g i l l s ,
i n  the ’  St o n u m i c h  , am nd i n  the ’  I n t e s t  i mi es  wan ; s m i  b r  over concent rat ions rang—

m g  f r om In to 15 g l~~ . A c c u m u l a t i o n  of hh yd n i te Mb ~~y s t r i p e d  bass was
g r e a t e r  than n i c c u i n i e i l a t  ion  b y w i n i t e  p erc in  by ,t fact n O ’  of t h r e e  or more-
(Fig. c - U ) .

h t y c l  r i t  c -  P i n t  t — I )  a c c um u l a t  ion by St r i ped b ass  csas greatest omn the go 11
( F i g.  C — 8 )  . P a r t  id e’ accumulation i i i  n e t u n u n n , i c h s  and inte st in e s  ra inged Iron:
0 to  1 . 2  i n  c o n c e ’n t r m u t  i ons  of 3 .3  to  17 . 1  g i l , except for a v m i l u c  of 2
i n  t hu e stomachs ot bass c ’xp c see i  to S g l~~ Fla t— fl .

Si rng le ex J nn n-~u ir ’e of st o’i ped bass  and h o g c in o k e r s  t o  n u t  u i rm il muds suspen-
Sions resulted in l a r ge  n i c e u m u l u t  ion  on t i n e  g i l is , m odermit e’ accumulat ion
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in the stomachs , and li ttle or no accumulation in the intestines (Fi gs.
C-9 and C-b ).

4 . Conclusions.

A mechanism for g i l l  c leansing in whi te perch , st riped bass , and hog-.

choker s in hi ghly turbid water was entrapment of partic ulate matter on
the g ills and transport of entrapped par t icles throug h the a l imen tary
cana l

Ex treme l y- fi m ne particles , such as resuspended bo tt om muds , fuller ’s
ear t h , and ilydr ite Flat- fl , accumu late more than larger par t icles (Hydri t e
N P ) .

5. Additional Observations and Discussion.

Microscop ic examina t ion  of g i l l s  revealed a poss ib le  mechanism for
t h roug h-gu t transport of suspended particles. Gills examined at X 30
showed that fine particles become entrapped between g i l l  f i l aments  and
be t ween t i n e secondary la m e l l a e . Fish exposed to the suspended solids had
streams of par ticle-laden mucus on the g i l l  and att ached to the pharyngeal
teeth on t in e inner  marg in of the g i l l  arch . A func t ion of t in e pharyngeal
tee tln is to assist in passing food from the mouth to the esophagu s , and it
is  l i k e l y  that t ine  mucus streamS on the g i l l  and on the pharyngea l teeth
were b e i n g  imngest cd . However , the hogchoker , a demersal fish , had a
reduced acce imnulation of p a r t i c u l a t e  matter u n  tine gut when exposed to
similar concentratio mn s of the s o l i d s  used w i t h  w h i t e  perch and bass .

i-eos of t h e s e  d a t a  may be directly’ compared because of the wide range
of suspend ed sol ids concentr atiomns. However , i t is evident that accumu-
la t  ion n u t  p a r t  i d es was much t i n e  sam e i n  severa l i n s t a n c e s , r ega rd les s  of

c o m n c e n t r a t i u u m u . F i m n e r  s o l i d s  a c c u m u l a t e d  the ’  m o s t ;  i.e., f u l l e r ’s earth
rs p c r c c m n t  ~- U  n t i c r o m c t e r s , med ian  S i z e ’ 0 .5  m i c r o m e t e r ) ,  I l yd r i t e  F l a t - V
(40 percent <U micrometers , median size - 2 .5 mi crometers), and resuspended
a , i t u r t 1  muds ( 0  pe rcen t  ‘- U  m n i c r o m e t e i ’ -~, m ed i ,’um n s i z e  0 .87  micrometer ).

Muc u s -~t re ’ .u m t r a n s p o r t  of p a r t i c l e s  exposes t h e  entrapped m a t e r i a l  to
r :,,, i l di ges t ive’  processes and , thus , to a wide range of chemical  environ-

m e n t s .  P a r t i c l e s  are exposed for y ar n ing per iods of time to acid conditions
in the stomach. The p 11 ranges from 2 to 3 and material undergoes a strong
acid hydrol ysi s. The p1! environment changes from acid to moderatel y basic
as ma t er i a l pa sses  from t i n e st omach to t he in t es t ine (p H 7 to 8). Hydrol-
v sis of food material in the intestine is carried out by enzymatic processe s.

Par ticles in tine stomach are  exposed to approximately the same condi-
t i o n s  as absorbed m a t e r i a l s  s t r ipped from p a r t i c u l a t e  matter for chemical
anal y sis . Po tentiall y - toxic materials such as heavy metal ions , pes t ic ide
res idues , pe trochemical residues , and various biocides of organic ori gin ,
may become available to the organ ism . Throug h-gu t transport of par ticles
removed from suspension provides an avenue for accumulation of noxious
ma t e r ia l  in the t issue of f i s h .
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APPENDIX D —

ANALYS 1S OF SEDIMENTS

1 . Introduction.

Experimental work during 1971 and 1972 used artificial [commercially
a v a i l a b l e )  mineral solids to provide base-line data for biolog ical effects
of ,a)  di f fe ren t  concentrations of solids , (b) different particle-5ize
dis t r ibu t ions , and (c) different mineral types of so l ids .

Work during 1973 concentrated on the biolog ical ef fec ts  of natural ly
occurri ng sedimentary material. The material was collected by anchor
dred ge a t Long Point (38°29’30” N. , 76 °39’45” h’.) in the Pa tuxent River
and st ored in large polye t hylene tanks before use in experimen t s . ‘l’he
sedimen t surface was covered with a layer of water (salinity range 4 to 6
parts per thousand) to maintain the natural ionic equilibria between sedi-
ment and water occurring in the Patuxent River . A microoxidized sediment
layer developed at the sedime nt-water interface in tinese tanks after a few
day s of storage.

Analyses were performed on hotin the  c o m m e r c i a l l y  available minera i
solids and the naturally occurrin g sediments. TIne sedimen t characteristics
meas ured were organic matter content (wei gh t loss on i gni tion), inorgan-
ical l y hound heavy metals (atomic absorpt ion), and par ticle-size distribu-
tions (settling diameter).

The par ticle-size distributions were determined in distilled water ,
and may represen t tin e basic particles which can be hound into aggre gate s
by atomic and molecular forces. The composite units are stable under dis-
persio n me thods. The basic particles also may form aggregates in saline
wa ter ; however , these units are relativel y weak ly  bonded by elec trostatic
forces, surface tension , and ‘st i ck y organic ma tter.

U.  M a t e r i a l s  and Methods.

a. Size Distribution. Artificial sediments (mineral solids) were as
f o l l o w s :

(a ) K a o l i m i t e

(I) lindrite- lO (Georgia Kao l in Company)
(2) Ihy’drite Flat-[) (Georgia Kaolin Company)
(3) iiydri te MP (Georgia Kaolin Company)

(b) F u l l e r ’ s earth (F isher  No. F-90 )

Particle-size distributions were determined by the sed imen ta t ion  method
(Am erican Society for Testing and Materials , 1968) for paper- coatin g clay -s .
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The n at e ir a l  s e d i m e n t s  co l l e c t ed  from the P a t u x e n t  R i v e r  were a n a l y z e d
as f o l l o w s :  P r e l i m i n a r y  work show ed t h i s  ma te r i a l  was a p p r o x i m a t e l y 75-
to SO-pci-cent salt aind water by wei ght. Appropriate triplicate volumes
of n a t u r a l  s ed imen t s  were removed from the- m olding tanks. The volumes were
c a l c u l a t e d  to con ta i mn between 5- and 10-gram inorganic  dry so l ids , and
i’Ve- re  cor rec ted upward for t ine wei ght  of organic noatter present (see method
of mi n a lv sis b e l o w ) .  Measured q u a n t i t i e s  of so l i d s  were p laced in 1 - l i t e r -
c a p a c i t y  Py r e x  beakers  and an app ropr i a t e  amount of 30-percent  iny’drogen
pen-oxide (ih aO2) was added. ‘t he  v o l u m e  of 11 20 2 needed to oxidize the organic
e m i t t e r  p r c s e m n t  in t ine sedimeint  produced a f i n a l  S-percent  c o n c e n t r a t i o n  of
I i 0 2 u n  t ln e  seeb i noent v o l u m e .  Tine o x i d a t i o n  reac t ion  was i n i t i a l l y ’  v i o l e n t .
I t  proceeded ove n-m i ght in a hood with air hubblimng s l o w l y  th roug h the  sedi-
nnc ’Iu t - i i ~ O - m i x t u r e  to remove tine exc e’ss 11202 .

Wbi e m n gas e v o l u t i o n  had ceased , 750 m i l l i l i t e r s  of d e i o n i z e d , g l a s s -
dist illed u -ate i - were added to each beaker. The sedimen t was resuspended
by stirring w i t h  a g lass rod and alloweei to settle. The supernatant was
carefull y decamnted , and another 750 milliliters o- i rose of deionized , glass-
d i s t i l l e d  wate i ’  was added to  each beake r .

A 0 . 2 - m i l l i l i t e r  samp le of s e m p e r m n a t a n t  w a t e r  w a s  t a k e n  from eacin beaker
amnd the dissolved ion c o n c e n t r a t i o n  of each s o l u t i o n  w a s  d e t e r m i n e d  w i t h
t h e  f r e e z i m n g - p o i n t  depress iomi  osmometer .  S a l t  conce - n n r m i t i o n  was read from
a s tandard  co in - y e i - e l a t i n g  f r e e z i m n g - p o i n t  d e p r e s s i o n  and o s m ol a l  cone emntra-
t ion to sodium cinloride (NaIl) conceintrat ion in m l i i i  ~‘ia m p er kilogram
(mg k g 1 ) w a t e r .  I f  t ine  s a l t  conce r n t m’ at i on  w a s  u ’ r n ~~~er t h a n  300 rng NaI l  ~~~ 

i
w a t e - i- , t ine susp em n s io m n  was allowed to s e t  t i e  , t he clean ’ s’ipe. o u t  m uiu t was
decante ’ d , and an a d d i t i o n a l  r i n s e  of 7 5 0 — m i l l i l i t e r  e b e ’ i , n r m i : e ’d d i s t i l l e d
u s m i t e r  was added to eac ln beaker .  The s ed imen t  w a s  re- ~ - , -~ e nj e d  and a l l o w e d
t u n  s e t t l e .  Tine c l e a r  supe rna t amn t  was d ec a n t e d  and tin e i e - n k e r  c o n t a i n i n g
t~~u e washed sediment was f i l l e d  to 500 m i l l i l i t e r s  w i t h  fresh , de ionized ,
gl ass—distilled water amn d placed into an ultrasonic hatin (4S  k i l o h e r t z )  for
3)) m i m n u t e s .  The suspens ion  w a s  p la ced in  a g l a s s  c~- l i n d e r , made up to
vo l ume with e h e i o n i : e d  d i s t i l l e d  i~a t e r , and a n a l y z e d  as de - s cr i h e d  in A m e r i c a n
So C i e t y ’  t om’ b e -st ong am nd M a t  e ’r i a i s  ( l t l u S)  , but t ine  d i s p e r s i n g  agen t  sod ium
pyrop ho - ‘ ‘h , u  t e ’ N, i ~ P 9 07) , was not  added,

V a l ue s  are r e p n n m ’ t  ed a s pe rcen t by wei ght  r e m a i n i n g  in suspension (per-
d e ’ n : t  f i n e r  t 1 u m n)  ~Iotted a g a i m n s t  e q u i v a l e n t  s p h e ri c a l  d i a m e t e r s  a c c o r d i n g
to  ‘~t ‘kes ‘ law

h.  ()r ~~i n u c  M m i t t e r  l o n t e n t .  Samp les  of the na tura l  sedimen t co l l ec ted
f m ’ i n u i m the b 5 i t  ;u\ en t R i v e r  nit  I u n g  Po in t  were ovendried for Ut inours at  100 °
Ce l s i u s , g r o u n d  f i n e  w ith a porcelain mortar and pestle , and ashed for 3
houi i’ -e m i t  300 ° C e l s iu s .  Organic  ni m i t t em - 

~alues are repor ted as percent of
dry weig ht lost on i gni tion. No ap p r e c i a b l e  loss  of i n o r g a n i c  ca rbona t e

n c ’ c u u m r e d  d u r i n g  t ine ash i ng p rocedur e , as ev idenced  by nons i g m n i f i c ~~nt wei g ht
losses f c a l c i u m  c m i n l o n n a t e ’  (CaCO ~) samp les ashed along wi th the ovendried
im , it m mr al sediments.
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c. H eavy  M e t a l s .  Amounts  of e x t r a c t a b l e  ca t  ion s in t h e  miner a l
sol ids amn d in t ine m n a t u r a l  s e d im em n t samples  were  d e t e r m i n e d  t hroug h m i l d
acid extraction and atomic absorption analysis by Mn , )u n ivjd Boon , Ne’m if~ cud
Processing lnibo m’ n it o ry , Crisf ield , Maryland . ‘tes ts for inorganically bound
cmitiomns mi s described b y Soil ‘l’esting and Plant Analysis Laboratory (1970)
,i mnd Perkin— i lmer Corporation (1971) were conducted for zinc , copper , iron ,

‘nmu m u g m l n e ’ se- , l ead , cobalt , m n i c h e l , chronn i unin , and cadmium . Tota l  mercury
v m i l u e s  arc r epo r t ed  from s e d i m e n t s  d i g e s t e d  fo r  1 m i n u t e -  in b o i l i n g  aqua
o- e ’gia ~ M~-~ m d , i ’ A S — \ M — 7 0 .  13 , 22 Jumn e 1970 rev  i ‘Se-d , Chlorine Institute ,
M ad isom i A~ c - l I ly ’ , Ne w York , Ne- a York)  . ‘k-I m l  v a l u e s  nrc ’ mg k g~~

1 d ry  we i ght
of s o l i d s .

3. Re sults amnd l i i  scuss on.

a. Size ’ Distr i~ - nI I - !1s . a rtic l e—size ei . stri i u n tiorn s al’ the extremely
f m O e ’  m i n e r a l  sol  ids  , n~mJ t i e - nat a m - m i 1 5ed i~:n e ml t  a r e  l i s t e d  in P1 ouo r e  0 — 1  and
Tab le  l ) - l .  M a t o i ’ i a l s  -ire r anked  c o a r s est  to f i n e s t  by m e d i a n  s i z e  as
f o l l o w s :  i i y ’d r i t e  M l ’ , k a o l i m n i t e -  (Georg ia ~m uo limo Company), median  s i ze  =

9. 3 m icrom mo et c l ’ 5 , ‘-2 m i c  r u n m n e t e r s  = 12 p e r c e n t ;  h iy -dr i  I Flat— fl , kaolini te
(Georgia Kaolin Com pni m in .’), mcd i eimn size = 1.5 m i c r o m e t e r s , < 2  m i c r o m e t e r s
= 34 percent; Patuxent River silt ~conuposite less o r gm u m ui c n ma t t e - m ’ fraction ,
11 .5 percent of dry w ei ght ), median size = <U .S m i c r o m e t e r , < 2  microme ters
= 72 p e r c e n t ;  f u l l e r ’ s e a r t h , m o n t m n o r i l l o n i t e - , and at t apoi l g it e (Fisiner
No. F—90) , median size = < 0 . 5  m i c r o m e t e r , <2  m i c r o m e t e r s  = SU pe ’ r c e ’m n t ;
iby’drite- lO , k a o l i n i te (Georg ia k m u o l i n  Companv~~, m e d i a n  s i :e -  < 0 . 5  micro-
a e t y ’r , <2 mic rometers = 92 per ’cemnt. Cm ’ap l ic  so lu t ions (Fo i L , l~J68) aind
nmi t h ema ti cal calc emlat ions (Trask , 1968) Lan be used to determine tine
seco mnd , t h i r d , and f o u n - t i n  m o m e n t s  of t i < ’~ e d i s t r i b u t i o n s .

Additional size- —distribut i on analyse- s for t h e  n a t u r a l  sed ime ,~~ s (by
d a t e  of c o l l e c t  i o s m )  l i r e -  presented un  Fi gure 0—2 and ‘lable i l -U. Med i amn
s i z e s  ranged  f rom a h i gh of api  i’o~ i n m m i t  e ’ly’ I .  I to a low of <0 .5 micrometer
(August  e o l l u ’c t i , n m n ~~. i r m u c t i o i n  t n  w e g ht  f i n e r  t lnan 2 m i c r o m e t e r s  ranged
frore  a h i g in of approx ima tel y 82 p e r c e n t  to  a low of tn 5  percen t (August
c o l l e c t i o n ) .  ‘I ’!nese p a r t i c l e - s i z e  distributions of solids (Tables D—l and
l u - U , Pi gs.  1 ) — i  and 1 1 — 2 )  a re  c o mp a r a b l e  w i  t in  hose re ’j -or t e d  by M m u o  (1973)
in the mud f l o w  I ’ m ’’ ~u 1 m mi s loe 11 dred ge- (Tab le  I ) — 3)

is . Organ m c  M a t t e - m t o m m t e n t  . Org i m u i c  m a t t e r  c n n n t e n t  of m n a t u r a l  s e d i m e n t
s m i r i u p l e ’ s  t em id ed  to increase tinrou ghenut t in e summer of 1973 from 8 .9  p e r c e n t
in  June  to  over l b  ~n e - r c e ’n t  i n  A u i g u s t  and September  (Tab le  l i — - f l . A compar-
i son  of mean orgamu t: matter values (‘Fable 1)_N ) showed tine difference ’s
I)et’i’,’ eemn earl y mind I IC samples we’re si gnifica mnt. Organic matter , which
has set I  l ee! l i t  nit u n r i g  fou nt , may come f rom m a r shes  w i n i c h  line the shores
of the P n i t i x e ’nt is , uI er- shed.

Organic matter anal yses we’re also conducted on ti ne mim neral solids.
A slni rm g c a r l o  1 no si gnit ’ i c u u i t  wei gint loss in fu ll em- ’ s earth solids. Sub—
st ant m u  wei ght losses in tine kao 1 m l  t i ’ s ( a l n u n i u t  11 percent of dry - weig h t )
w u - i - e m i t  t r  m h u n t ed I - )  the bound water lost ( a t  temperat u u r - ’  i f  500° Ccl sius)
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Fig ure 0—2 . Particle-size distribut i omn s of natural Patimx ent River silt
samples (two replicate determinations) collected by anchor
dred ge at Long Point .
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Table 0-4. Organic matter content of natural mud collected by
anchor dredge from the Patuxent River (Long Point ) 1 .

collection date Sample No. Organic Con tent Standard error
of t he mean

(19 7 3) (mean ± standard deviation)

17 June 1 9.4120 ± 1 . 0 0 3 8  0 . 3 1 7 4

2 10.3580 ± 1.0272 0.4594
3 10 . 9 4 0 0  ± 0 . 3 2 7 0  0 .14 6 3

28 June 1 9 . 8 7 4 0  ± 0.3808 0.1703

2 9 . 4 7 20 ± 0 , 4 1 2 7  0 . 1 8 4 6
3 8 .9120  0.6079 0 . 27 19

14 July 1 11.2467 ± 0 . 5 5 5 5  0 . 226 8
2 10 .0983 ± 0 . 86 8 2  0 .3545

27 Aug. 1 11.4483 ± 0 . 8 3 2 1  0 . 3 3 9 7
2 11. 4617 ± 0 .7 8 4 9  0 . 3 2 05
3 11 .9700 ± 0 . 6 7 1 2  0 . 2 7 4 0
4 12 .6483 ± 0.4317 0.1762

18 Sep t. 1 11.8567 ± 0. 3038 0. 12 4 0

25 Sep t. 1 1 1 . 4 217  ± 0.4881 0.1993
2 11 . 8 7 5 0  ± 0 . 513 1  0 .2095
3 11 .2200 ± 0.4626 0.1889

‘Samples were dried for 24 hours at 100° Cels ius , ground f ine with a mor tar
and pes t le , then ashed for 3 hour s at 500 0 Celsius. Organic matter
values reported are percent loss of dry wei gh t on ignition.

Table 0-5. Compad-ison of means of organic matter
de terminat ions by collection date.

Sample collec tion 28 June 14 July 27 Aug. 18 Sept. 25 Sept.
dates
( 197 3 )

17 June 1 p < 0.001 p < 0.001 p < 0.001

28 June p < 0.001 p 0.001 p < 0.001 p < 0.001

14 J u l y  p 0.001

27 Aug.

18 Sept.

1 Not significant.
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