
837 Hagadorn Road 
East Lansing, Michigan
48823February 28, 1970

Dr. Robert Behnke 
Cooperative Fishery Unit 
Colorado State University 
Fort Collins, Colorado 
80521

Dear Dr. Betake:
Here are the reprints on Menidia and I hope they 

prove useful. Most of the material contained in the 
papers from the Proceedings of the Oklahoma Academy of 
Science was incorporated in my thesis, but I am sending 
all three anyway.

Did you notice the paper in the recent AFS transac
tions concerning the Introduction of Menidia in Cali
fornia? It seems they have had very good success so far.

I was sorry to hear that no positions in fisheries 
are available this year in Colorado, but please notify 
me if any openings do occur.

Sincerely yours,

James S. Mense
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III. Publications , OlCVs *

A. Estimating fecundity in Mississippi silversides, Menidia audens 
(Pisces: Atherinidae). Proc. Okla. Acad. Sci. 48:46-48. Illus.
1969.

B. Forage value of Mississippi silversides in Lake Texoma. Proc.
Okla. Acad. Sci. 47:394-396. 1968.

C. Ecology of the Mississippi silversides, Menidia audens Hay, in 
Lake Texoma. Bull. No. 6, Oklahoma Fishery Research Laboratory, 
Norman, Oklahoma. 1967.

IV. Societies and honors

A . j American Fisheries Society, member.

B. Wildlife Society, member.

C. President York High School Chess Club, 1960-1961.

D. Dean’s List at Iowa State, twice during 1964.

E. Agriculture Council Representative from Fish and Wildlife Club 
at Iowa State, 1964-1965.

F. National Science Foundation Research Grant under Dr. Kenneth D. 
Carlander, Iowa State University, 1964-1965.

V. Courses in Ecology and Aquatics

A. Ecology

1. General Plant Ecology
2. Animal Ecology
3. Population Ecology
4. Dynamics of Biologic Populations
5. Behavior of Animal Populations
6. Physiological Plant Ecology

B. Aquatics

1. Limnology
2. Chemical Limnology
3. Behavior of Aquatic Animals
4. Taxonomy and Ecology of Aquatic Plants
5. Aquatic Insects
6. Ichthyology and Herpetology
7. Fishery Management
8. Biology of Fishes
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ABSTRACT

A S TUDY OF THE LI F E  H I S T O R Y ,  D I S T R I B U T I O N ,  AND F O R A G E  V A L U E  OF THE M I S S I S S I P P I  

S I L V E R S  IDES, M E N ID I A A U D E N S , I N L A K E  T e XOM A WA S  CO N D U C T E D  D U R I N G  I 965 A ND 1966 . M e n  ID I A 

W E R E  C O L L E C T E D  P R E D O M  I N A N T L V  IN THE L ITT ORA L ^ O N E J  A FEW W E R E  T A K E N  IN THE L IMNET I C ZONE,

BU T A L W A Y S  W I T H I N  5 F E E T  OF THE  S U R F A C E . No D I F F E R E N C E S  W E R E  D E T E C T E D  B E T W E E N  T H E  N I G H T

AND d a y  c a t c h e s  w i t h  t h e  e l e c t r i c  s h o c k e r  a n d  s e i n e , a n d  it a p p e a r e d  t h a t  M e n  ID I A D I S P L A Y E D

NO D I UR N A L  M I G R A T I O N  TO AND FR O M  THE L I T T O R A L  Z O N E . A D U L T  MEN  ID I A W E R E  NEVER T A K E N  A F T E R

J u l y  31, a n d  t h u s  it a p p e a r e d  t h a t  t h e i r  m a x i m u m  l o n g e v i t y  w a s  a b o u t  16 m o n t h s . - U n i s e x u a l

A G G R E G A T I O N S  OF M A L E S  W E R E  FO U N D  1 N THE L ITTORAL ZO N E  DUR ING A p r  IL AND M A Y , A ND I ND IRECT 

E V I D E N C E  S U G G E S T E D  T H A T  S P A W N I N G  O C C U R R E D  OVER AN E X T E N D E D  P E R I O D  OF TIME , B E G I N N I N G  IN LATE

M a r c h  a n d  e x t e n d i n g  t h r o u g h  m i d - J u l y . M e n  t d i a a p p e a r e d  t o  b e  a n  i m.p o r t a n Y f o r a g e  s p e c i e s

FOR P I S C I V O R O U S  F I S H E S  INHAB ITING THE L I T T O R A L  AND S U R F A C E  W A T E R S  0 F L A K E  T E X O M A . T H E Y  

R E P R E S E N T E D  78% OF 290 I D ENT I F I AB L E FI S H  T A K E N  F R O M  S T O M A C H S  OF Y O U N G  L A R G E M O U T H  BASS,

M i c R O P T E R U S  SA L M O  IDES , C O L L E C T E D  I N ALL S E A S O N S  OF T H E  Y E A R , AND W E R E  F O U N D  I N 7 0 3  OF THE 

S T O M A C H S  C O N T A I N I N G  I D E N T I F I A B L E  FISH.

C h a r l e s  R. G a s a w a y
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E C O L O G Y  ,OF T H E  M I S S I S S I P P I  S I U V E R S I D E S ,

M E N  ID 1A A U D E N S  HAY, IN L A K E  T E X O M A

C H A P T E R  I

I N T R O D U C T I O N

T h e  'M i s s  i s s  i p p  i >.$. i l v e r s  i d e s , .M e n  i d i a a u d e n s  H a /, is a f r e s h w a t e r  a t h e r t n j d c l o s e l y .

R f t * MBL I | H t HE BROOK' S' I L V S IDES, L a b IDEST H E S  S I C C U L U S  ¡goPE, A d U L T S  'OF THE T W E C I E S

c R EAD I L Y D I S T I N G U I S H E D  BY THE  S M A L L E R  S C A L E S  AND  M O R E  P R O N O U N C E D  B E A K /;OF THE, B R O O K

S I L V E R S  ID E,S .

T h e  Mississippi Si l v e r s  i d e s  w a s  f i r s t  c o l l e c t e d  in O k l a h o m a  in 1949 f r o m  a n  o v e r f l o w  ■' 

AREA. OF THE  RED R l V E R  IN B R Y A N  C O U N T Y  ( M O O R E  AND C R O S S ,  I 9 50 ) . T H E  F I R S T  S P E C I M E N  OF 

M I SSJ,S$S I PRLf: :S I L V ERS 1 D ES F ROM LA KE T E X O M A  WAS  C O L L E C T E D  B^„ B O N N  IN 1953; BY 195,9, J T HAD 

B E C O M E  ONE OF THE M O S T  A B U N D A N T  S P E C I E S  IN THE LA K E  AND A P P A R E N T L Y  HAD R E P L A C E D  ITS Q W E

R e l a t i v e , t h e  b r o o d s  i l v e r .s i d e s  ( R i g g s  a n d  B o n n , 1959). H o w e v e r , t w o  a d u l t  b r o o k  ;i| i l v e r -

.SIDES W E R E  C O L L E C T E D  BY THE A U T H O R  IN THE  B U N C O M B E  C R E E K  ARM O f S h E LAK E IN O C T O B E R ,  I9$fe5, , 

I N D I C A T I N G  T H A T  A FEW S P E C I M E N S  S T I L ' B e XIS T IN THE A K E •

H I S T O R Y  OF THE  M I S S I S S I P P I  S I L V E R S I D E S  IN O K L A H O M A  P R IOR TO 1959 WAS  G I V E N  BY 

SA U N D E R ’S' (19 59) , BUT a t  ( e a s t  t w o  r a n g e  e x t e n s i o n s  h a v e  o c c u r r e d  i n ,t h e  s t a t e  i ni c e t h e «  

T h e  s p e c i e s  h a s  b e e n  i n t r o d u c e d  i n t o  B o o m e r  L a k e  n e a r  S t i l l w a t e r , O k l a h o m a , a n d  is a p p a r e n S

LY T H R I V I N G ,  SI N C E  S E V E R A L  H U N D R E D  S P E C I M E N S  W E R E  C O L L E C T E D  T H E R E I N  F E B R U A R Y ,  I9£*GU A n

i n t r o d u c t i o n  w a s  a l s o  m a d e  i n t o  L a k e . L a w t o n k a  n e a r  L a w t o n , O k l a h o m a  ( A l f r e d  H o u s e r ,

P E R S O N A L  C O M M U N I C A T  i o n ), B U T  THE P R E S E N T  S T A T U S  OF THE P O P U L A T I O N  T H E R E  HAS' NOT B E E N  

D E T E R VM I N E D .

T h e  n e a r l y  c o m p l e t e  r e p l a c e m e n t  o f  t h e  b r o o k  s i l v e r s i d e s  b y  t h e  M i s s  i,;s s  i p p  i '*is il 

M]IDES i n L a k e  T e x o m a  s u g g e s t s  a n  i m p o r t a n t  b i o l o g  i c a l  d i f f e r e n c e  b e t w e e n  t h e  t w o  s p e c j e s . 

T h i|| d i f f e r e n c e  r e m a i n s  u n k n o w n , d e s p i t e , thei/,e f f o r t s  o f  S a u n d e r s  ( l o c . c i t .), w h ^L c o m p a r e d

THE  FkO 0 D H A B I T S  OF||?HE/TWO S P E C I E S .  S A U N D E R S  FO U N D  L I T T L E  D I F F E R E N C E  IN THEIR FOOD H A B ITS, 

A L T H O U G H  THE FO O D S  OF THE BROOK' S I L V E R S  I D E B ' I N D I C A T E D  T H A T  If MAY FEED MOR E C O M M i ^ S V ' A T  

THE S U R F A C E  T H A N  THE M I S S I S S I P P I  S I L V E R S I D E S .

It  IS I N T E R E S T I N G ,  IN L I G H T  OF THE NEAR R E P L A C E M E N T  OF THE B R O O K  SILVERSIDES'- BY T H E

M i s s i s s i p p i  s i l v e r s i d e s  in L a k e  T e x o m a , t h a t -;b o t h  s p e c i e s  a r e  a b u n d a n t  a n d  a p p a r e n t l y  a b l e  

to EX I S T  T O G E T H E R  I N R E E L F O O T  L A K E  ( BAKER, 1939) .

I



H u b b s  (1921) AN D C a h n  ( 1927) GA V E  I N F O R M A T I O N  o n  t h e  l i f e  h i s t o r y  o f  t h e  b r o o k  s i l v e r - 

s i d e s , BUT L I T TLE PUBL I S HED W O R K  IS A V A I L A B L E  C O N C E R N I N G  THE LIF E H I S T O R Y  OF THE M I S S I S S I P P I  

S I L V E R S  I DES . C O M P A R I S O N  OF T H E S E  TWO C L O S E L Y  R E L A T E D  S P E C I E S ’ IS T H E R E F O R E  D IFF I C U L T . THE 

P U R P O S E S  O F - l H  IS S T U D Y  W E R E  TO L E A R N  AS M U C H  AS, P O S S I B L E  OF THE L IFE H I S T O R Y  OF THE M I S S I S 

SIPPI S I LVER.S I DES, AND T O . E V A L U A T E  THE C O N T R I B U T I O N  OF THE M I S S I S S I P P I  S IL VER S I DES AS 

F O R A G E  FOR>;P 1 SC I V O R O U S  F I S H E S  IN L A K E  T E X O M A  .

- CHAPTER 11

METHODS AND MATERIALS

C o l l e c t  i o n s  o f  M i s s  i s s  i p p  i s i l v e r s i d e s  w e  r e  m a d e  in e v e r  y m o  n t h  f r o m  J u n .e ,_ 1965, 

t h r o u g h  A u g u s t , 1966, a n d  p r e s e r v e d  in t e n  p e r c e n t  f o r m a l i n ". A l l  c o l l e c t i o n s  w e r e  m a d e  in 

t h e  B u n c o m b e  C r e e k  a r m  o f  L a k e  T e x o m a , u s i n g  a s e i n e , a b o o m - t y p e  e l e c t r o f i s h i n g  d e v i c e ,

AND A V E R T  I CAL G 1LL N E T .

S e i n i n g  w a s  a c c o m p l  i s h e d  u s  i.n g a 2 0 - f o o t , I/8- i n c h  a c e  m e s h , s t r a  i g h t  s e  i n e , w i t h  o n e  

N I g h t  h a u l  a n d  o n e  d a y  h a u l  b e i n g  m a d e  a t  e a c h  o f  s i x  s t a t i o n s  a t  l e a s t  o n c e  e a c h  m o n t h , 

f r o m  J u n e , 1965, t h r o u g h  A u g u s t , 1966. C h o i c e o f  t h e s e  s i x  s t a t i o n s  w a s  b a s e d  o n  d i f f e r -

EN C E S  I N B O T T O M  TYPE , V E G E T A T I O N ,  AND W I N D  E X P O S U R E . L O C A T  IONS OF T H E S E  SIX S T A T I O N S  ARE

s h o w n  in F i g . I. S t a t i o n  I f a c e d  s o u t h , n e a r  t h e  m o u t h  o f  t h e  B u n c o m b e •C r e e k  a r m  o f  t h e

LAKE, AND HAD A HARD CL AY B O T T O M  W H I C H  WAS N E A R L Y  D E V O I D  OF A Q U A T I C  V E G E T A T I O N .  S T A T I O N  2, 

L O C A T E D  0 N THE W E S T E R N  S H O R E  OF B U N C O M B E  C R E E K ,  HAD A HAR D CLA Y B O T T O M  I N T E R S P E R S  ED W I T H 

ROCKS, A ND CO NTA I NED I N U N D A T E D  T E R R E S T R I A L  S H R U B S  DUR ING PERI ODS OF H I G H  W A T E R . S T A T  I 0 N 3 

WAS L O C A T E D  ON THE E A S T E R N  S H O R E  OF B U N C O M B E  C R E E K  , F A C E D  NORT H, AND HAD A S A N D Y  TO SILTY- 

B O T T O M  W I TH A LU X U R  I ENT G R O W T H  OF C H A R A . . ' /,:

S t a t i o n s  4, 5, a n d  6, l o c a t e d  f a r t h e r  u p  t h e  B u n c o m b e  C r e e k  a r m , a l l  h a d  p r e d o m i n a n t l y

S ILTY B O T T O M S  . S T A T  I 0 N 4 WAS  L O C A T E D  FAR B A C K  IN A COVE, FACED S O U T H ,  AND HAD A L USH

g r o w t h  o f C h a r a . S t a t i o  n 6 a l s o  h a d  a t h i c  k m a t  o f  C h a r a  , a n d  b o t h  s t a t i o n s  4 a n d  6 c o n 

t a i n e d  S O M E  I N U N D A T E D  T E R R E S T R I A L  S H R U B S  D U R I N G  P E R I O D S  0 F HIG H W A T E R . STATI 0 N 5 L A C K E D  

V E G E T A T  10 N OF ANY SO RT.

W a t e r  t e m p e r a t u r e  a n d  a p p r o x i  m a t e  w i n d  d i r e c t i o n  a n d  v e l o c i t y  a t  e a c h  s t a t i o n  w e r e

R E C O R D E D ,  B O T H  NI G H T  AND D A Y , A ND S T A R T  I NG AND E N D I N G  T I M E S  FOR BO T H  NIGHT, AND DAY S A M P L  I NG 

PER IODS W E R E  AL SO R E C O R D E D . A HELL IGE A Q U A  A N A L Y Z E R  WA S  USE D TO M E A S U R E  THE TURB ID ITY OF 

A W A T E R  S A M P L E  T A K E N  F R O M  EA CH STAT I 0 N DUR ING THE D A Y . S T A T I O N S  W E R E  S A M P L E D  I N NU M E R  I CAL
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O R D E R  U N T I L  O C T O B E R ,  W H E N  THE S A MPL I NG 0 RDER W A S  R A N D O M I Z E D .

T h e r e  ;.d id n o t  a p p e a r  t o  b e  a n y  c o n s i s t e n t  d i f f e r e n c e s  b e t w e e n  t h e  t u r b i d i t i e s  o r

S U R f A O C  WAT  fsR T E M P E R A T U R E S  OF THE SIX S T A T I O N S ,  A L T H O U G H  THE S U R F A C E  WATE^ I T E M P E R A T U R E S  %

OF A i » S T A T I O N S '  D R O P P E D  D U R I N G  THE N I GHT IN ALL CASES.~.W'

n H Q i  C A U G H T  A Ty EA CH OF/’T H E S E  0; IX S T A T I O N S  W E R E  P R E S E R V E D  IN S E P A R A T E ,j G L A S S  JARS,  WITH  H R

N 1 G H T? AND DAY  S A M P L E S  ALSO K EPT S E P A R A T E L Y .  U N TIL F E B R U A R Y  ,. ONL Y M I S S I S‘S I P P I lS>f$L V E R S I D E S 

W E R E  P R E S E R V E D ,  BUT T H E R E A F T E R  ALL C A P T U R E D  F I S H  W E R E  P R E S E R V E D * ^  A L A B E L  G I V I N G  THE

S t a t i o n  n u m b e r , d a t e , a n d  a p p r o x i m a t e  t i m e  o f ^ c a p t u r e  w a s  p l a c e d  i n s i d e  e a c h  j a r ; A - s i m i l a ^

L AB Ell i WA^liliAT ER A T T A C H E D  TO T H E  O U T S I D E  FOR EASY R E F E R E N C E .

pO.L-LECT I ONS AL S O  W E R E  M ADE W I TH A 2 2 0 - V ,  A-C, BOOM-TYPE- ELECTRIC, S H O C K E R ,  D E S C R I B E D  BY 

n4  ( I 9^4 ) , AT, L E A S T  O N C E  EAC H M O N T H  F R O M  J A N U A R Y  T H R O U G H  M a Y . B O T H  O P E N - W A T E R  AND S H O R E -  

M I N E  S A M P L E S  WE R E  TA K E N ,  EA CH D U R I N G  A 3 0 - M I N U T E  S H O C K I N G  P ERIOD.

V e r t i c a l  g ^ l l  n e t  s a m p l e s  w e r e |Jf a k e n  d u r i n g  A u g u s t , S e p t e m b e r , a n d  N o v e m b e r , 1965.

The -NET MEAS URED TEN FEET IN LENGTH AND TWENTY FEET IN DEPTH, RESEMBLING AN ORD I NA RY',i|3 I L L *

NET T U R N E D  ON END f F I G . '2 ) . It C O N S I S T E D  OF 3 / 8 - INCH BAR MESH N E T T I N G ,  HUN G ON A I /2

BASIS' A L O N G  LINES. E X T E N D I N G  DOWN EACH SIDE. Wo 0 D E N :D 0 W E L S , TWO INCHES; IN D I A M E T E R  AND TEN '
>

FEET  IN L E N G T H ,  W E R E  P L A C E D  A C R O S S  TH E T O P  AND B O T T O M  OF TH E  NET. T HIS A R R ANGEMENT, KEP T 

T H ^  NET S P R E A D  W H I L E  IT W A S  F I S H I N G .  A N C H OR S W E R E  A T T A C H E D  A T : THE E N D & . O F  THE B O T T O M  

DO W E L ,  A N D  F IVE F L O A T S  W E R E  A T T A C H E D  AT EQUAL I N T E R V A L S  A C R O S S  THE T O P  D O WEL. M A R K S  W E R E  

M ADE A C R O S S  THE NET AT D E P T H  I N T E R V A L S  Of FOUR FEET.'SO. T H A T  T H E  A P P R O X I M A T E  D E P T H  OF 

C A P T U R E  C O U L D  BE R E C O R D E D  ¿ O R  EACH FISH T A K E N .  W I T H  T H I S  NET, S A M P L E S  OF FISH C O U L D  BE 

T A K E N  AT ONE L O C A T I O N  . S I MULTANEOUSLY* F R O M  THE S U R F A C E  D O W N  TO A D E P T H  OF 3 0 - F E E T .

T o t a l  c o u n t s  o f .M e n i d i a  c o l l e c t e d  f r o m  e a c h  s e i n i n g  s t a t i o n . a n d  e a c h  s h o c k e r  c o l l e c 

t i o n  W E R E  MADE,  AND T 0 T A.L - L E NG T HS AN D W E I G H T S  WERE M E A S U R E D  AND R E C O R D E D  FOR EAC H FISH IN 

■ S U S;S A M P L E S T A K E N  FROM EA CH C O L L E C T I  OJf./ T O T A L  C O U N T S  OF E A C H  S PEC I E S'.t, W E R E  MADE FOR EACH 

SE I NE C O L L E C T I O N '  TAK E N A F T E R FEB R U A R Y , i 9 6s6 .

T h e  s c a l e  m e t h o d  w a s  u s e d  in a n  a t t e m p t , t o  a g e  M e n i d i a , b u t  w a s  u n s a t i s f a c t o r y .

S c a l e s  w e r e ' t a k e n  f r o m  a n  a r e a  a t  t h e  t i p  o f  T h e  p e c t o r a l  f i n  w h e n  t h a t  f i n  w a s . p r e s s e d

BA C K  A G A I N S T  THfe- SIDE OF T H E  BOD Y . S*C A LES W ERE M O U N T E D  B E T W E E N  M I C R O S L I D E S  AND  E X A M I N E D  

UNDER  A 4 5 X  S C A L E  P R O J E C T O R . A L T H O U G H  B O T H  WET AND DRY M O U N T S  OF S C A L E S  .TAKEN F R O M  FIS H
$

COLLECTED IN EVERY MONTH OF THE YEAR WERE TRIED, NO DEFINITE ANNULI WERE D E T E C T E D .

(S a u n d e r s  ( l o c . cH t v ) e x a m i n e d  M e n i d i a  s c a l e s  f o r  p o s s i b l e  a n n u l u s  f o r m a t i o n , b u t  d i d

M E N T I O N  IF ANN UL I W E R E  O B S E R V E D .
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¡’¿S E X o%' F I ||ft* GRE ATER$;THA N A B O U T  35 MM - * I N TOT AL'-LENGTH WAS D E T E R M I N E D  BY S U P E R F I C I A L  

p F E’R E^OEST l:N Ĥ̂ Efl R G O N A D S *  F E M A L E S  W E R E  FOUND TO P O S S E S S  M E L A N O P H O R E S  ON THE OUTER',

GlfebAL/ifepjFACE; M A L E S  DID N « 1  T E S T E S  A P P E A R E D  T H R E A D - L I K E  AND M U C H  S M A L L E R  T H A N ' ^ V A ^ I E S  

Dvfe I N',0 t|f§|pj OF THE Y/SAR, E X C E P T  D U R I N G  AND JUST P R I O R  fjCL THE S P A W N I N G  S E A g & N ,  WH£W''‘THE 

G OF ,B '$£¡0 INC R E A S E D  G R E A T L Y  IN SIZE. / O V A R I E S  T O O K  ON A,'YELLOW l'*SH HUE , DXJ RING THE

,^p^w n a „Kid e s t£H| b e c a m e  w h i t e .

eg||| f r o m ,32 fR i pe F e m a l e s w e r e  c o u n t e d w i t h t h e a i d w  -a i j NoO'igARs m i c'R^spo pe .

Tfi'^ft^ARIES WE'RE- F I R S T  -REMOVED F ROM E A q S f ISH AND P L A C E D  IN PETRI D I S H E ̂  *C (i^t'A l|̂  I N G A 

^jl^L't/ A M O U N T  OF W A T E R .  A L E N G T H W I S E  I N C I S I O N  WAS T H E N  M A D E  IN EACH O V A R Y  AND T H p / E G Q S V ^

"I^RAPED,,, &UT' W I T H  A S C A L P E L .  T H E  A M O U N T  OF W A T E R  USE D WAS., I MPORTANT^ IF'fTOO MUCH 

*AsW a T l ^ | ; s , ^  'UP W H I L E  C O U N T I N G , T H E  E G G S ,C O N F U S E D  THE CO U N T ,  W H I L E  IF T O O 1 L I T T L E  WAS" USED , _ 

ffij&H E TO C L U M P  T 0 G E T‘H E R̂ J A S Q U E E Z E - B U L B  PIPET-TE WAS  H E L P F U L  I N % R EMOY I NG U P S ^

'i,t'fiG(^i'FvyEF|:PT H E Y  HAD B E E N  C O U N T E D .  M A T U R E  E GGS W E R E!| R E A D I L Y D I S T I N G U I S H E D  F R O M  / i - t T  

QTHEf0feiB?Y T H E I R  Y E L L O W  ISH " C OLO R*!Na  N D L A R G E R  -SIZE ( S A U N D E R S ,  LOC. C I T;).

Co l l e c t i o n s  of ..Y-o u n g /LAr g e m o u -ih b a s s , M i c r o p t e r u s -s a.l mo ides (La c e p e d e ), w e r e  m a d e /f r o m ^

maTOBE'R, I9;^| T H R O U G H  J U L Y ,  1956. S T O M A C H  CONTENTS' OF T H E S E  BA S S  W E R E  A N A L Y S E D  T 0 ;B I | E R -  

® f N E  THE  V A L U E  OF M e  N ID I A AS F O R A G E ’ FOR1 Y O U N G  OF T H I S  S P E C I E S .  A L T H O U G H  S E V E R A L  OF THE ,,

Y 0 O N Q „ L A R G E M O U T H  B A S S^J^ S E d| IN TH IS S T U D Y  W E R E  C A U G H T  ON ROD AND REEL , M O S T  WER-E^f 

cfij'ECTED IN C O N J U N C T I O N  W I T H  S E I N I N G  AND E L E C T R 0 F I S H I N G O P E R A T I O N S  C O N D U C T E D  IN L A bC E 

T E X%MA,(I D«^;| Ns). I AND 1966.

F CS^' C 0 NT A I NED I N >S T 0 M A C H S^ OF » H  ES E BA S S  W E R E  I D E N T I F I E D  T O - S P E C I E S ,  W H E N  P-O Sp I B L E ,

AND E N U M E R A T E D .  N'O A T T E M P T  WAS* MADE TO A N A L Y S E  FOO D ITEM O T H E R  T H A N  FISH, AND NO A T T E M P T

M B  MA D E  TO MA KE V O L U M E T R I C  OR W E I G H T 1 D E T E R M I N A T I O N S  OF THE FIS H FOO D ITEMS.,

CHAPTER I I I 

D I STRI BUT I ON 

V e r t i c a l  D i s t r  i b u t i o  n

* THE, VERT 1 C A L G 1 L L NET w a s u s ed:?T0 GATHER DATA 0 N ||;6r T 1 C Ai) "D FSTR 1 BAJT 1 ON of M e N 1 D 1 A 0VER„

X; Fo.u r -m o n t PER 1 OD ! N 1965 (Ta b l e 1 ) . T h e s e L 1 M 1 TED DATA 1 ND ICATE t h a t M en i d i A'* i a

Bf^FACF DWELL 1 NG SPEC 1ES, S INCE 38 os);t h e 39; CAPTURED SPEC 1 MENS W ERE Ç'À&GHT B n THE UPPER

FOUR-Fo5/jÿèECT(LÔl^ -OFĵ THE NEt. T h e  ONE E X C E P T I O N  WAS CAO-GHT A P P R O X  LMATELY,. S I X NC H E S 'BELOW

I



THE r d ^R- Fo l h '  d e p t h  ‘Wa r k e B  I n c o n t r a s t , j ĥe c a t c h  of  s h a d , Dorosoma  s p p . ,  was- r e l a t i v e l y

u n i f o’;r m  '¿.fiC© ’a d e p t h  d f  16 f e e t .

N I P  I A  jgj a  T  C H E  s  ffw E R E CO NT AG I O & S L Y  D I S T R I B U T E D ,  W I T H  N U M B E l | iT  O F  F I S H  B E I N G  F O U N D  

X P' G^ET H E | | |  A R E A t f | ) F  T H E  NtE T  AND F A C I N G " . T H E  S A M E  D I R E C T I O N ,  I N D I C A T I N G  A ^ J E N D E N C Y

&  W AUD ' S C 1-jRo L I N G^ O R A f e  RE^jG A T  I O N .

T h e  4’S  E fcjy CAL G I l K jN ET W'AS*J E F F E C T  I VE -QrNL Y D UR I N G,;*T H E PAR T 0 F ̂ H  E-‘r YEA R W H E N  M E N I D I A WE.RC: 1 

R!£L AT i V kilL AB U N D E N T  , A C T I V E ,  AND dF A ¿CATCH AB L E S;l 2 E • S E V E N T E E N ,  M E N  ID IA CjA U'GiHT IN THE NET 

i ^ B u G U ^ T  18, R A ^ E D  FROM$j»t TO 79 MM, ’„‘T O T A L — L E N G T H  , W I Ttfr A MEAN 0 F ‘ Sty. 2 ; S P E C I M E N S

*T A K E J\l, BY I N E ON A U G-j^X * 2 I , R A N G E D  F R O M  27 T 04-89 MM, W I T H  A M EAN OF 55.1 MM. ,

Yl§p p.A'Ipi; N TL 'V  O N L Y  T  H E ;j§ A  R G E  R *8  P E  C I M E N j^ l |  N T H E  A U G U S T  P 0 P U45A T  1 % ^  W E R  E  I N  T H E  C A T p H A B J -  E G Ŝ I Z E 

‘l : « g E  O F  T H E  G I L L  n ’b|  .

J\J 0 T  H L Y W E R E  T  H E IpE M E N  I D I A M O V I N G  N E A R  T H E  S U R F A C E  W H E m C A P T U R E D ,  B U T  S I  N C E  T H E  G I L L  

N E !T ..7w A ,s l;« T  I N  W A T E f f f l l 6  p O  20 F E E T . , D E E P :  ON E A C H  O C C A S I O N ,  T H E  F 4§H W E R E  A L S U  M O V I N G  A T  T H E   ̂

' J |U R F A e E  i n  d e e p  w a t e r . .  Me  n i p  I a  w e r e  o f t e n  o b s e r v e d  s w i m m j n g , a t  T H E ; ^ R F A C E  i n  t h e  o p e n -  

W A'T E ^  R E G  I O N  O F  T H E  L A K E ,  A ND S A U . N D E R G  ( l O C .  C I T .  ) .  S T A T E D  yjpHA t 7;H  E s T O O ,  -.W,AD O B S E JS ^ E D  M E N ,1 D I A 

^  T H E  H B B B B B  W H E R E  T H E  W A T E R  WAS  D E E P .

'T a b l e  I . *"c:Ve r t  i c a:l v g i l l  n*e t  c a t c h e s  A f  f o u r - f o o t  i n t e r v a l 1s: d u r -
¿JS/n g  A u g u s t , S e p t e m b e r , A ND N o v e m b e r ,

D e p t h  
' IN 
f E  E T

A u g u s t
M E N 1 D 1 A S h a d

" S'EPTEMB ERT“ 
M e n  id i a S h a d

N o v e m b e r  ‘ 
M e n id ia S h a d

Jm
 1

4.
| ... -
R •. 33 11 3 0 1 0 .

4 - 8 ‘ 0, 12 1 V ■o 0 ^

.8 - 1 2 , 0 1 5 /•o QL

12 - l$|S Cf‘ ' - y  r\ "0-' '■ o::‘

i &  - ,.¿0- -0 , - - - M B

H



L a t e r a l  D i s t r  t b u t i o n

^‘JBlNCE V E R T I C A L  GIL L NET DA T A  I ND IC A T ED ! % H AT M E N  I D I A C O U L D  BE FOUND AT' THE S U R F A C E  IN 

D E E P  WAT  ER , AN E L E C T R I C  SH O C K E R  W I T H  B 0 Ö M - S U S  P E N D E D E L E C T R O D E S  WAS E M P L O Y E D  TO ^COMPARE TH'Ei 

R E L A T I V E  D E N S I T I E S  OF ME N  I D I A IN TH E ' O P E N - W A T E R  ZO N E  AND IN THE L I T T O R A L  ZON E (T A B L E  2). 

BoJlH N I G H T a AND DA y ||;s h o r e l  I NE C A T C H E S  WE R E  MARKEDLY, H I G H E R  TH A N  O P E N - W A T E R  C A T C H E S  , A L T H O U G H  

SOME^S-’PEC I MElfs OF M e N I D I A WERE, C O L L E C T E D  iD'THE O P E N - W A T E R  R E G I O N  OF THE L A K E  IN EV E R Y

M* J H ’^ à m p l  ED  .  A l t h o u g h  Me n  i d i a  w e r e  o f t e n / . s e e n  s w i m m i n g  a t  t h I S  s u r f a c e "  i n t h e  o p e n - w a t e r

Z Ö’NE |$l a l l  SEAS ON S'  OF THE /YEAR, T H E I R  N U M B E R S  N E V E R  A P P E A R E D  TO BE A S ,;G R E A T  Àsft-IN THE 

L I T T O R A L  ZONE. THUS'' IT A P P E A R S  , T H A T  M E N  I D I A IS C O N C E N T R A T E D  IN THE L I T T O R A L  Z ONE OF L AKE 

T e ^ O M A  D U R I N G  M O S T  OF THE YEAR.

.sjHE E L E C T R I C  S H O C K E R  WA^: 'EFFÊpT I VE O N L Y  ON L A R G E R  FISH, AND FOR T H I S  R E A S O N  WA’D* OF 

L I M I T ED/fe E A SO fa A f i g  US E IN C A T C H I N G  M E N I D I A B y MAY , NUMBERS' O F/; L A R G E R ,  A D U L T  M e N I D I A IN THE 

L A K E  W E R E  VE RY LOW, R E S U L T I N G  IN LOW C A T C H  PER UN IT E F F O R T / E V E N 1' THOUGH Y O U N G - O F - Y E A R  W E R E  

A B U N D A N T .  T H E"S Y O U N G - O F - Y E A R* C O U L D BE SEEN T H R O U G H O U T  THÉ S U M M E R ,  S W I M M I N G  A R O U N D  THE 

ELECTRODE'S' AND S E E M I N G L Y  U N A F F E C T E D '  BY TH E  E L E C T R I C I T Y .

T a b l e  2. C o m p a r i s o n s  o f  M i s s i s s i p p i  s i l v  e r s i d e s c a t  c h e s  d u r i n g  f i v e  m o n t h s , J a n  u a r y 
TSt h r -o u g H M a y , 1966, /.us i n g  a 220  V, a - c , e l e c t r i c  s h o c k e r .

J a n u a r y F e b r u a r y M a r c h A p r i l M a y T o t a l

s' . 2 
o H 1 T :’vsF1 m/ • i 1 ' o 2 '' '"s' v.o 2

D a y

■ N u m b e r  
l ^ a t c h  p e r

1 - ■?p - 50 ;V:gV: 18 2 0 73

UN I T  E F F O R T 0. 3  ~ - 0.0 - 2 5 . 0 1.0 18.0 - 1 .0 0 . 0 ,5.62

N i g h  -
N u m b e r  
C a t c h  p e r

42 17 34 107 40 18 19 288

U N I T - E F F O R T 42. Ö 17.0 3 4 . 0 6 . 0 107.0 4 0 . 0 18.0 9. 5 2.5 2 6 . 1 8

T OTAL
N u m b e r  
C a t c h  p e r

43 ’ 17 34 6 157 4 2 36 2 1 •. 5 -

UNJ.jJ EFFORt' 10.8 17.0 17.0 6.0 ‘ 5 2 . 3 14.0 18.0 5.2 1 .2,;;

*s h o R e l  I ne ’s a m p l e
^ 0 P E N - W A T ER SAMPLE



D i s.t r 'i b u t  i o kt W i t h i n  t h e  L t t t o r  a l S o n e

P o s s i b l e  d i f f e r e n c e s  i n  t h e  l i t t o r a -l  d i s t r  i B u ;T ,) ; ,p n o f  Me n  i d  i a  w e ,r e  a  n ,a l  y s 'e d ^&'V .c g m p a r i -

I I m m  Nl? |Sfri|p M THE ,̂ S IX"’S E I N I N G  S T A T I O N S

T h e  T W O - W A Y  A N A L Y O F V A R I A N C E  T E S T  WA S  US E D ’,v ?S> &;'Q>M PAR E CATCHERS OF N I G H T  AND'-D/LY

P  :.S'AMPL R O ' ^ S t A T  I ON I ON EA ^R S A M P L E  DATE, ( T A B L E  3), T U K E Y fS A D D I T I f. I T Y1 ,T EfSTj Y, I E L D E D 9%;^

Jfls'l GN I F I'CANT V(D I F F E R E N C E S  ’AT THE .05 LEV E L®A ND THUS# THE A S\£p M P T, L%N ADD I Tl V I T Y FOR T h 'e||J;

; ; ^ | )D|SwAS  S A T I S F I E D  (’S T E E L  AND ToR*RIE, I960). S I N C E  O N L Y  ONE R E P L I C A T E  FOR E I T H E R  DA^/'OR- 

NI GHT EACH DATE W A S  MADE, NO T E S T  OF N O R M A L I T Y  C O U L D  BE MADE, H 0 W E VE R^S^NE D E c | ^  ( I 9VQ'6 )

F ELT T H'A T A D D I T I V I T Y  W A S  T H E  M O S T  E S S E N T I A L  R E Q U I R E M E N T  OF THE A N A L Y S I S  OF V A'R I A'NCfE •

’ VA'L^S.-;;©^ F p j & I ^ B O T H  DA TES"tlAND T IME OF DAY W E R E  N 0 N - S I G N I F I C A N T  AT THE .05 LEV EL, A fopjf 

S Ĵ N'O E; |f̂ r A T I 0 N I C O N T A I N E D  TH E G R E A T E S T  D I F F E R E N C E S  B E T W E E N  N I G H T  AND* DAY CAT'CHEsfPF ANY 0F 

T H E ^ I X  S T A T I O N S ,  NO F U R T H E R  T E S T S  OF T H I S  N A T U R E  W E R ’E D E E M E D  N E C E S S A R Y .

Table 3.^»,An a l y sis of variance or
AT STATION 1 ON yrVARIOUS DATES

N 1 G H T
IN 1965

AND DAY CAtC'HES OF 
AND l9 ¿ 6 .

Me n i dia AUDENS^

-Source Sum of squares DF MEA N SQ’UARE f ■;

Date 1 0 , 0 9 3 , 7 6 3 . 0 6 " 18  ̂. 5 6 0 , 7 6 4  .'B 1 1 .-07 N I

;D;A Y A N D 
N 1 G H TLV; 1 , 9 3 3 , 6 6 2 . 7 4 l 1, 9 3 3 , 6 6 2 . 7 4 3.7 1 N^S.

'Hr r offig. 9 , 3 6 9 , 9 7 1 . 2 6 [8 ; ; 5 2 0 , 3 5 3  3 8 "

Add i t i v i TY ' ■ 9 3 1 , 2 8 0 . 5 0 1 ’’ 93 \ ,280.f|0 P'88:

R dN|l DUAL. 8 , 4 3 8  ,.690.80 L7 4 9 6 , 3 9 3 3 0

Total ' 2 1,397,397.05'. M

It t h u s , a p p e a r s  l i k e l y  t h a t  M e n  i d i a h a v e  n o  n o c t u r n a l  s h o r e w a r d  m i g r a t  i o n  ̂ ^ ¿ j h a s ^ b e e n  

L’̂ M i p p q ^ e o  t o  oecpij in p o p u l a t i o n s  o f  L a b  i d e s t h  e s  (C a h n , 1927), ^ S a u n d e r s  ( l o c . c i t .) ;Rr o -

PG pED ^ U C l#l A M I G R A T I O N  FOR M E N  I D I A B E C A U S E  OF TH E I R  " G R E A T E R  E A S E "  OF 'CAPTURE W I T H  .A *§EINE 

* A T  NIGHT.
A .

VjU;p I NC Ei^NO D l'.F|fRENCES W E R E  D E T E C T A B L E  B E T W E E N  C A T C H E S  OF NI G H T  AND D A . Y ^ A M P L E S ,  THE TWO 

*, WERE' C O M B I N E D  FOR EACH S T A T I O N  AND FOR EACH D A T E  AND T H E I R  M E A NsS C A L C U L A T E D .  A TWO-WAY'S’

A NA'L/Y-S I 3  ° F lAf A A N C E WAS T H E N  C O M P U T E D  C O M P A R I N G  T H E S E  M E A N S  FOR EACH ’ S.TAT I ON AND  F @ M e ACH 

/J'd'ATE. T p:H; E Y f S A D D I T I V I T Y  T E S T  WAS APPLIED; TO T H E S E  DATA AND THE R E S u k  fUG F -VAL̂ EviJOF

WHH^I B H I H  AND S  DEGREES, OF F R E E D O M  W A S  H I G H L Y  S I G N I F I C A N T ,  I N D I C A T I N G  T H A T  THE AfjsUMPTION? 

Q F A D D T T  IV ITY WAS NOT S A T I S F I E D .

9



To A T T E M P T  H O  C O R R E C T  FOR, N O N - A D D  ITI VI TY,  Ar'&L Ô G A R t T H M I C  ^ T R A N S F O R M A T I O N  WAS P E R F O R M E D  

(¿nF t HE DA TA  AS F O L L O W S  ( S TEEL AND T O R R  I E , I 960) l

Y = Lo g (X + I) ,
1 If? " I J

W H E R E  Y 1 T H E ' T R A N S F O R M E D  V A L U E  OF X ,
I J _ *S - gg \ «0 ;

AND X (J = THE M E A N  CA T C H  'OF M E N  ID I A ON
THE ITH DA T E  AT T H E - J T H TsiS^T I 0 N .

A f t e r  t r a n s f o r m a t i o n  t o  t h i s  n e w  s c a l e  t h e  d a t a  w e r e  a n a l y s e d  w i t h  a t w o - w a y  a n a l y s i s  

v a r i a n c e  in t h e  s a m e ^ m a n n e r  a s  w a s - p r e v  i o u s l y  d e s c r i b e d  (T a b l e  4). TuK€Yfs a d d i t i v i t y

T EST  Y I E L D E D  A N O N - S I G N I F I C A N T  F V A L U E  AND THE ‘ T R A N S F O R M A T  I 0 N WAS, D E E M E D  S U C C E S S F U L  IN

R e m o v i n g  n o n - a d d  iTfvf e f f e c t s . T h e  v a r i a t i o n  a m o n ^ Î s a m p l  i n,g < d a t e s  w a s  v e r y  ^ i g h l y  s i g n i 

f i c a n t , AS W A S  V A R I A T I O N  DU E TO S T A T I O N  D I F F E R E N C E S .  S A M P L I N G  D AT -E/S’ .‘AND M E A N  C A T C H E S  OF 

M e n  I D I A FOR EA CH  S T A T I O N  ON EA.CH OF J H E S E  D A T E S  ARE S H O W N  IN T A B L E .̂ 5. ,

D u N C A N fS NEW MU L T I P L E  R A N G E  l/S EST W A S - A P P L I E D  TO T H E S E  S T A T I O N  G R A N D  M E A N S  to D E T E R M I N E  ^

WH ER E I G N I F I CA NT D I F F E R E N C E S  -EXISTED. (S T E E L  AND T O R R I E ,  I960). 'RESULTS OF T H h S  T;E S T ARE 

C O N T A  INED IN, T A B L E  6. - - . —  - ‘ , - , , - - . - • , . - - - 7

T h e s e  r e s u l t s  i n d i c a t e  t h a t  M e n  i d ia w ë r e  f o u n d  m o r e  a b u n d a n t l y  a t  t h o s e  s t a t i o n s

D I S P L A Y I N G  S OME SORT OF P R O T E C T I O N  F R O M  THE P R E V A I L I N G  S O U T H E R L Y  W I N D S ,  AND H A V I N G  R E L A T I V E 

LY. S A N D Y  B O T T O M S  WI T H  S O M E ,S O R T  OF S U B M E R G E N T  V E G E T A T  I 0 N S UCH AS C H ARA .

T a b l e  4. A n a l y s i s  o f  v a r i a n c e  o f  m e a n  c a t c h e s  o f  M e n i d i a  a u d e n s  f o r  
A L ijlj STATIONS ON VAR I OUS D A T ES I N I 965 A ND I 966.

S.OU RCE S u m  o f  s q u a r e s D F ..Me a n  s q u a r e F

-Da t e 7 4 . 9 5 18 4. 16 19 . 8 1 * *

S TA T 1 ON 10.57 5/'’ 2.1 1 1 0 . 0 5 * *

E r r o r 18.93 90 0 . 2  1

A d d  i t i v i Tf 0 *¿3 \ 1 0 . 6 3 ' 3 . 0 0  N .s .

R e s i d u a l 18.30 0.21

T o t a l 10 4.45 1 13

*P <.05
* * P  < .01

B



4 a b l e 9 Í  M ë â n ; s e i n ë  c â -̂ 'IÏr ë s  o f  M ein i p i a .á u d e n s  f r o m  | | r x 's t â T i o n || l o c a t e :d|^ i n t h e : 
B # M l ®  e S e e k  a fot o fSL'âkjeJ T e: x o m a ,bur iB g i B M f ;A n d 1sfl§&

D A f B
1 2

S t a4Îi 0 n
, 1 m  H

æ i ê j e r

4 5 B
1 ÔfJ:

1 196 5
50 .5 3 10.5 I p 4 . 0 1 B B p p ^ î « 0 6 5.0

J U L Y 24 
1 19.65

j 4 . 0 13 2,3. „ " 1 0 . 5 4 | f « 0 . 0 B
1965

; ‘3 4 m I B & § . '  ' 12 B E  1B 8 3 2.0 3 6 5 . 0

•Alfe . jÉlîJÂ 
1965

B ^ B 4 4 . 0 1 50f|- . H 7 0 ' B

| | ® tS  4 
1965

8 . 0 1 M - W " ^ ^ B 9 6 6 . 5

1965 11 ^fl¡ 1 .O’: m 3 .  ° ^ B  i 1® B

/Npÿv’- r a m
196 5

01 3 3 . 0  ■ 1 ¡ ^ | ill. 5 n 1 b

D è c C II 
1 9 «

1.0 1 ?:P \§.o 1 '24. H ® 2 Í ‘5 18.0

‘ItiPP
w ä S M

' ° •5 (ÿVo 3.5 1 . 0 23:-è^

M * B p  1 9̂  
b 9

m & < * ’ ^ 0 Æ | H 1 1 i0l| 18.5

làôffj
o.qj B f - o - B ^ B

H p R I LfeßO 
I960 '

• '\$V0 0 . 0 ■ 4. 0 0 . 0 B
B B B ■ i . l - fe5|,3.5 . 3 . 5  - : > | p

,,I)Mn e  i 2

B B

p 3  1 3.0 \0M . 0 J 1 B | $ ! L ¿ B itB 4 2 . 5 2 18.5

HotnÈ 20^'

1Bfl 1 Q 0 7.0 * fil 1 B 4 ¿ ß f 0 . o  '■ 1 B  7 .0 ^ ^ B u m ^ M m

J u l y  .J I
1 94,6,

H  5 .5 18 l ¿ C T m m m E B B f ^ B

J|9_ Y ffji 
i h

M ' Î . O  ' 4 0 5 . 0 f  # ¿ 4 .0 B B . 5 6 5 . 5 85 1.0

4f|K tfi 
1 y ô é v

,t> 2 Í 9 4 . 0 * 108.0 224^0.^ B 2 H 96. B j 9

|| ù g . *23
i r 1 B M I

8 2 8 .5Ì^ ** "3 4 ®® 1 22 1 7 9 . 5 ( 34.5 2 9 1 . 0



T a b l e  6 • C o m p a r i s o n s  o f  m e a n  c a t c h e s .' o f  M e n  i d i a a t  s i x

S T A T I O N S  D U R I N G  1965 AND 1966 US I N G  D U N C A N  fS NEW MUl'^IPLE 
R A N G E  TEST .

S- I  ( e r r o r  M S ) / r = 0 . 2 1 / 1 9  = 0 . 1 0 5

W H E R E  R = THE N U M B E R  OF O B S E R V A T I O N S  PER M E A N  

E R R 0 Pv D E G R E E S  OF F R E E D O M  = 90

N u m b e r  q f - m e a n s  '
IN VOLVED, P 2 3 ■' 4 6 '

SSR , ‘2 . 8 0 2 . S H 3 . 0 5 3. 1 2 3. 18

LSR '0.29 0.3 1 0 . 3 2  . 0 . 3 3 0 . 3 3

S t a t i o N*
N U M B E R  5 2 I 4 6 _______3

^ S t a t i o n s  e n c o m p a s s e d  w i t h i n  a « i n e  a r e  s i m i l a r .

CHAPTER IV 

* ¿L t F’E HISTORY 

A g e  a n d  G r o w t h

G r o w t h  o f  M e n i d i a  w a s  d e t e r m i n e d  b v  m e a s u r e m e n t  o f  f i s h  t a k e n  b y , s e i n i n g  o n l y , b e c a u s e 1

OF THE S E L E C T I V I T Y  OF THE E L E C T R I C  S H O C K E R  AND THE GILI. NET FOR C E R T A I N  S I Z E S  OF FISH.

F I G!;f. 3 S H O W S  THE A V E R A G E  L E N G T H  AND R A N G E  IN L E N G T H  OF F ISH S A M P L E S  ! P L O T T E D  A G A I N S T ‘ S A M P L I NG 

D A T E S  r.ì N 1965 AND 1966.. THE  G R O W T H  OF M E N I D 1 A A P P A R E N T L Y  S T O P P E D  IN O C T O B E R  —  AS, I N D I C A T E D  

BY T H L ' T | N D e n c Y OF THE L I N E  TO .ASSUME A S L O P E  OF ZER O —  A N D R E S U M E D  A G A I N  IN M A R C H .

A d u l t  M e n i d i a w e r e  n e v e r  t a k e n  a f t e r  J u l y  3 1 , w h i c h  s u g g e s t s  a m a x i m u m  l o n g e v i t y  q f

A B O U T  16 M O N T H S .  THE M A X I M U M  SI ZE OF ME N  I D I A C A P T U R E D  IN L A K E  T E X O M A ,  A S' S H 0 W N'.B Y L E N G T H -  

F R E Q U E N C Y  D I S T R I B U T I O N S  IN F I G . 4, WAS I 19 MM, TO T A L - L E N G T H ; H O W E V E R ,  A 4 3 0  MM S P E C I M E N  

W E I G H I N G  9 . 6 5  G WAS T A K E N  FR O M  B O O M E R  L A K E  IN F E B R U A R Y ,  1966. THE  L E N G T H-F R E Q U E N C;t D I S T R I 

B U T I O N S  A LSO SH O W  BO T H  THE 1964 AND 1965 Y E A R - C L A S S E S  D I S A P P E A R I N G  INF L A T E  J u L Y / o F THE  YEAR  

F O L L O W I N G  THE YEAR OF H A T C H I N G .  THE D I S T R I B U T I O N S  ARE  A P P R O X I M A T E L Y  N O R M A L L Y  D I S T R I B U T E D

12



K)
O
T

J U N E  10

JULY 10 
JULY 24  

AUG 7 
AUG 21
SEPT  4

O CT 16

NOV 20  

DEC II

F E B  5

MAR 19 
APR 2
APR 16 
APR 30  
MAY 14 
MAY 28

JUNE 12 
JUNE 26 
JU L Y  II

J U LY 25  
AUG 7

AUG 23

TOTAL-LENGTH (MM)

T---------------- 1----------------1--------- ------ T

F i g . . YY#1e a a J jd'" r a n g e s  in t o YAm l e n g t h  o f  .t n e  f S $ 4 , ; | jy65y  ( B ) ;  >An-d
'19,6§ ,  ( C ) ;  y e a R“ C l ;%S'|e^  B i i  Men  i d i a B B H B M B H B W B IM  L a k K t e xo m-a . d:up  i N&
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NUM
BERS DENOTE SAM

PLE SIZE



JUNE*
12

JULY*
11

JULY * 
24

AUG*
21

SEPT. * 
4

OCT.**
16

NOV.**
20

FEB.**
5

MAR.**
19

* 0. 6  MM B A R  = I F I S H  
* * 1.2 MM B A R  = I F I S H

— ■----- 1--------1-------1-------1-------1-------1_______i_______

10 20  30 4  0 50  60 70 8 0 90 100 110
TOTAL LENGTH, MM

F i g . 4. L'ENGT^^FREQu!E;hlC'Y'' D I S T RJ Ip. y T <Jr© X) F M E N I D I A A U D E N S
’̂ T>AKEN BY S'EVf FRjDM;1 L a W -  Tg'^bMA’i PUR I NG AND -

H



* 0. 6  MM B A R 
* * 1. 2 MM B A R

I
N»T4APRIL**16

MAY**
14

M AY*
28

JUNE*
12

JUNE*26

JULY*
11

JULY*
25

AUG.*
23

= I F I S H
= I F I S H  

m ■ uL L l i - I

a a kJk lla
m  §«§

l l u .  .

Ns MO

AM
N » 567

1 » i . » » ■ » « .  .

10 20 30 40 50 60 70 80 90 100 110
TOTAL LENGTH, mm

4 ’,'v, ; (*G

n



D U R I N G  THE  EÁ R L Y  LI FE OF T H E  F I S H , - 0 U T  B Yjf, O C T O B E R  A M O R E  C O N T A G I O U S  OR B I M O D A L  P A T T E R N  CAN 

BE D E T E C T E D ,  P O S S I B L Y  I N D I C A T I N G  A D I F F E R E N T I A L  G R O W T H  R ATE OF M A L E  AND F E M A L E  FISH.

To T E S T  T H I S  H Y P O T H E S I S ,  O N E - W A Y  A N A L Y S E S  OF V A R I A N C E  W E R E  C A L C U L A T E D  C O M P A R I N G  L E N G T H S  

OF MALES' AND F E M A L E S  OF THE  1964 Y E A R - C L A S S  IN J U :NE, 1965, AND THE 1965 Y E A R - C L A S S  T H R O U G H 

OUT THE YE AR (TABLE 7). D I F F E R E N C E S  B E T W E E N  L E N G T H S  OF MALES' AND F E M A L E S  OF THE 1965 Y E A R -  

C L A S S  W E R E  N,p N-S hG;N I F LC A NT U NTIL O C T O B E R .  A F T E R  TH* IS D A T E  T H E  L E VEL OF S I G N I F I C A N C E  T E N D E D  

TO, B E C O M E  G R E A T E R ,  E X C E P T  FOR THE D E C E M B E R  SAMP L E ,  W H I C H  W A S ,N O N - S I G N I F I C A N T . T h / jg ONE 

E X C E P T I O N  MA Y B E ; A T T R I B U T E D  TO C H A N C E  D E V I A T I O N  R E S U L T I N G  FROM S M ALL S A M P L E  SIZE. D I F F E R 

E N C E  B E TWEE N ;;f e  NG »Tit'S OF M A L E  AND F E M A L E  FIS H OF TH E  1964 Y E A R - Q L A S S  IN JUNE , 1965, WAS VERY  

H I G H L Y  SÍGNI'FICANJ. F R O M  ."THESE DATA IT CAN BE C O N C L U D E D  T H A T  F E M A L E S  G R O W  AT A F A S T E R  RATE 

T H A N  M A L E S  .

T a b l e  7. A n a l y s e s  o f  v a r i a n c e 'o f  d i f f e r e n c e s - in l e n g t h s
OF M A L E  AND', F E M A L E  M E N I D I A T A K E N  FRO M L A K E  T e XOMA IN 
V A R I O U S  M O N T H S  OF 1965 AND 1966.

J u n e  1965 (1 9 6 4 Y E A R - C L A S S ) N = 148 (59//; 89 ? ? )

S o u r c e ,D F S u m  o f ‘/s q u a r e s M e a n  s q u a r e s ■ F

A m o n g  j i 6 , 4 7 3 . 7 5 ^ 6 , 4 7 3 . 7 $ ' " ! 6 0 . 7 8 * *

W i t h  i n 146 1 5 , 5 5 0 . 3 3  ' 10.6 , '5 1

T o t a l 147 * 2 2 , 0 2 4 . 0 8

A u g u s t 1965 ( 1 9 6 5  y e a r - c l a s s ) w ! = 76 . ( 15//; 61? ?)

S o u r c e d f S u m  o f  s q u a r e s M e a n  s q u a r e s F

A m o n g ■ 1 1 7 . 6 2 17.52; 3 ,58 n I s

W  1 TH I N 74 3 7 2 . 2 0 5 . 0 3  •'

T o t a l 75 3 8 9 . 7 2 ’*

S e p t e m b e r  1965 N = 33 (9//; 24 g?)

S o u r c e 1 D F S u m  o f  s q u a r e s M e a n  s q u a r e s F

A m o n g 1 1 . 14 1.14 0 . 0 5  N . s

W  1 T H 1 N 31 7 4 8 . 8 6  " 2 4 . 1 6

T o t a l 32 7 5 0 . 0 0

* P  < . 0 5  
* * P  < . 0  I
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T a b l e  C c o n t  i n u e d  )

O C T ’OB^ER ■ i\i = iS S T '  ( 2 3 # t
p S* ©STr C Ef0\ $|if|uM OF "SIQUAr S s* S e a  n s o u^ e  e s , • FT ’

A m o n g  ■ 1 t ,5P6.9‘0 ^ I B ^ B b f t » * ’*
With i 6,339.90"; s 86^80*'s
T o t a l  * !v‘f / 9  4 6 ^ 9 0 ^

N o v e m b e r i-ofes . M = azlv. ( 14/J1: S3 if )  .
'8;t$j r o e 1 *.ppJUM OF' S Q U A R E S WEiA Np),’̂0'-U A R ¥s

Aiytd NG i 4 0 8 . 4^sf. o §p
1 N ajy  ' M  i. 4 ^ i

T qIt a l ■ ■ ' 2 ,2 9 9  . OOf0

D e c e m b e r 1965 ‘ii;%t <3g (J 6 Ip m )
igo Û OjE .Cgllfe* ,SUM- ,OE/;SQvUA:'RES J^A;N . ^ u  a r:e;sAy| f '

^ M O N ’Gi - 1 t  i ¿# {111 ' 1 3l; N . .s .
w |  1 N b b :/7 ^ .«

yfc|gj&L ' B H ^ ^ 4 o , . q o j .

J a n u a r y ,. I9 ^ K §1 32 W)'
B ^ ^ B H B 1 pU'M “OF S ^ U A R  ES* M e a nT e ^ u A r e s F

Ai^JprG i i , i?e,.s5 o : i, B  *
W i t h i n 55 (*t&i 7 9 2 . 5 0 lHrabj|£|

Th-T a l 5'^,:; i ojfg|.,op

F e b 'r u a r  y i96i^; N ■ ( 4 2 < ^ ; 48ii)

'$0 UR C E D P p'UM OF 'SQUARES B e a n  S ^ a r 'fB F

1 2,8 8lt. S & 1 0.09'**

WT'TH 1 N , ¿24,f3l .%5Q ;;

T o t  Ail 89 1 % 27^5:6#^)0^

■ H  <.0® **p’ mm i

B



T a b l e « ;  (c o n t i n u e d )

M a & c h 1 9 6 6  ■' N = 174 , (78//: 9£??)

So?'UPCE DF S u m  'OFn SQUARES* M e a n  s q u a r  e s  F

AYi q n g 1 3,371 .2 3}'%$ 1.2; : 3 O'MS-**

W  1 TH 1 N ' » f I8,a$30. 1 109.6

T o t a l i & ,  ’ eg, 23 1,3v'i

A p r  i l 1966 N '= 182. (i 55//:

S o u r c e DF / S,UtM OF -^SQUARES M e a n  s q u a r e s  F

A S q.ti g 1 145 2,145.0' 10 /go**

W i t h i n 1 80;/, ;3r7 (>849.0 i r a y i j

T u T'A^t;! 18 1 3 9 , 9 9 4 . 0

■  ■  1 H 9 fi. 1  2 0 a ( I H I l  5 5 ??)

S<§,UR C E D F' S u m  VqfF- s q u a r e s  - M e a n  s q u a r e ,̂ *1/ ■ F

A m o n g 1 4,753.,5 - a 4 , 7 5 3 . 5  3 9 . 7 1 * *

W i t h i n 20 6  X 2 4 ^ 1 . 4 119.7

T o t a l . 1 2 0 7  r • 2 9 , 4 0 4 . 9

*P <  05- 
* * P  < . 0  I

S e x  Ra t i o s

' S,E X fR AT I 0 S OF F I S H  FR O M  THE  1965 Y E A R - C L A S S  W E R E  C O M P A R E D  US I N G  C H I - S Q U A R E  T E S T S / A N S  

THE A S S U M P T I O N  OF A 5 0 : 5 0  RA T I O  ( T A B L E  8). O N L Y  S E I N E - C A U G H T  FIS H W E R E  USED IN A N A L Y S E  s|̂ 0'F 

SEX R A T I O S  B EC ATI $ E ' THE  S H O C K E R  WA S  F OUND TO BE S E L E C T I V E  FOR L A R G E R  F I.SH , AND iisl|CNC E MAL ES,

0 N T,HE A V E R A G E ,  W E R E  F OUND TO BE - S M A L L E R  TH A N  F E M A L E S ,  THE USE OF FISH C A & H T  W I T H  T H E  , 

S H O C K E R  W OULD I N T R O D U C E  BI A S  INTO SEX RA T I O  D ATA FOR THIS» TjfP EC I ES. S I NX E F ISH S M A L L ¿Kj TT H A t| 

/S#’ MM, T O T A L - L E N G T H ,  C O U L D  NOT BE S E X E D  POSITIVELY, BY S U P E R F J C I A L  E X A M I N A T I 0 N' 0 F 

THE I G O N A D S ,  0 NL Y ̂  A R G ER F i d ^ W E R E  US ED IN D E T E R M I N I N G  $£X P A T I O S .

t 81



T a b l e  8 . Re s u l t s * qE #€ x| ^  t  i _q ,a n a l y s e s  "of  s a m p l e s 1 of
Me  N I D I A A U D E N S  T A K E N  I N J A T jO U S  MONTHS"’ >0 F I 9 6 AND I 9 60 , 
A S S U M <1H  A M l  50 B  T I 0 H

:;‘j|;0-N.T H OF? 
C A P T  U R 'S?

• S a m p l e
11 Z'E \ "

Ma l e  ¿ '{p e r  - 
LO/O. ' F E'M A;L e-'s { Ch ©SQUARE

^j&p 1 S T B h h H ■ 1 2 * *

B e p Tc ffe  e R; m m  1 5 . 9 2 *

t̂ C.T 0 B E'R>J. 1 4 J§ 2 *

'N|$/ e m b e r ' p Y i ^ 2 .6 4  pkyS’Y ^

D̂ ec em bO ^ T py&f. 48 N‘o|p||

P e b  rua  ff-yjp 57" 97 a 040.2 N ..is ,

March 41 f t r i 1 . 2%  N . S . '

L 137 ^ 8 7$\ ' |C« V 2* *

H A Y 165 5 1 1

J u n e 1H K | |5 5 7 *¿2 * *

J u l y 16 I H 1 .0 0  N. s .

’* P  < . 0‘5: 
* * P  <*.0 1

{/O h I - « U A R E  VALUES: W E R E  S I G N I F I C A N T  PUR A U G U S T ,  S E P T E M B E R ,  ATI D 0 C TO B E H ^ A  M P L £

A P R E D O M I N A N C E  OF F E M A L E  S O  C h I - S Q U A R E  'VALUES W E R E  N 0 N - S I G N I F I C A N||i TH-RO U G H OUT 

#jHE RE S T  ;T| F T H E J A L L v AND WINTER, UNX I L A D I F F E R E N C E  WA S  A G A I U, D'E'T-E^TE D S A  PR I iS A N D MAY

ii|WPLEs. T h e s e  n i f i c a n t  d i f f e r e n c e s , -Ho w e v e r , i n d i c a t e d  a -p:.r fTto m i n « B If p iff m a  l e s i’w 'h e

ftl TTORAlfAz.O'NE^POPULAT I 0 N D U R I N G  T H E S E  MQtyT.HS. A P O S S I B L E  (E X P L A N A ^  I 0 N|^'F T H I Aj&P/gjjjjE N T '

INC R E A S E  I N G L E S  WAS TH E T E N D E N C Y  OF M A L E S  TO FOR M U N I S E X U A L  AGG-REG A%\i 0 N8. IT) T H E^SfcP R I NG .

TfcjU^, T H E M C A P T ¥ R E  OF '-ONE 'MALE IN A S E I N E  HAU L I N C R E A S E D  THE P R O B A B I L I T Y  0 F j$T H e|||| B E ')[

I {$ ,THE S A M E  E I N E H A U LS.J§ Mo^ST SiAjTPLES OF H L S H  T A K E N  “AT T l B i  T I M E  OF YE/fR ^|1| t A I N E

‘ON L Y M A L E  FISH, W H I L E  T H O S E  -FEW S A M P L E S  'CONTAINING FE M A L ES ' U S U A L lS  A L;S:<f| 00 NT A I N E MA

It A L &4y  poa'8.1 b l e ’t h a t  t h e  i n c r e a s e d  c a t c h  o f  w a l e  i|| s?h .r e s u l t e d  f r o m  t h e  m o v e m e n t  of ,

FEMAL^j&IS'H OUT O IF TH E L I T T O R A L  ZONE.

T h e  :;pk;i- s q u a r e  v a l u e  c a l c u l a t e d  f o r  . f t s h -* c a u g h t  in J u n e  w a s  a g  a i n •$§ i g nj f i c a n t  , % u t

» 1  s T I W e;, INDICATED A P R E D O M I N A N C E  OF F E M A L E S .  T h IS-.MA?' HAV E R E S U L T E D  F'RO^ A D I S.PER'SAjUVjO F 

‘M& L E  A.G&rV g AT 10 NS ¿. ; S A U?N}D' E R S (>LOC . C IT. ) J F 0 U N D F E M A L E S  T 0 ;G-U T N UrM-B E R M A L E S  20 TO I IN JUNE 

‘[A N’D ? „J U LiY f S A M P L ES„ • J  \ ' -

B



# E  P R O D U C T  1-0 N

A l t h o u g h  ¿ p a w n i n g  o f  M e n  i d i a w a s  n e v e r  o b s e r v e d , i n d i r e c t  e v i d e n c e  i n d i c a t e s  t h a t

' SPA’W^. I rig B E'G, À N I N ‘ L A>TE M A R C H  OfT E A Ri Y A r r I L AN'Ôf'(£ X TE N D E D' OVE R A W I D E  W  ANG [ ’OF T I ̂  %  IN

a; d̂ IÄ . -Sa u n d e r s  ( l o c  .^ c i t . ) f e l t  t h a t .. M e n  i d i a s p a w n e d  f r o m  l a t e  M a r c h , t h r o  ij<|H m i d

IN L a KÈ: ÎE.XOMA , AND 'THAT S P A W N  I *N G O C C U R R E D  1 N ‘ *T P U L S E S n .’ H e F O U N D ^ T H A T  IS M A'L L SPECIMENS-'

BE € A U G,H T T HR Q UMS? H 0;̂l T /^(.E m#U M M ER , AND B E L I E V E D  T H A T  THE Y 0§|l/4 C p̂ LLl̂ p , B E P L A C,<E 0Ë?-, l N

>€RP U P S * F i g , 4 I n d i c a t e s  t h a t  a n  a l m o s t  p e r f e c t  g r a d a t i o n  o c c (/r s  b e t w e e n

L E NG.T HBp’OF EA FË|Y , H A T C H E D AND LATE ’H A T C H E D  YOUNG', AND T H E R E F O R E  W H ILE ^SPAWNI NG  OF I N D rfV I D.S-̂  L S 

"-HA Y ^C'CU'|?| IN Tf PiUj§E S ,T , ::T H E ’/SP A W N I N G  OF THE P O P U L A T I O N ,  AS A W H O L E ,  O C C U R S  M O R E  S’M O O T H L Y  

T H A N  S a u NDER\S-SUB JE CT ED  .

T h e ‘/lOWER - L I M I T fa F TH E L E N G T H  R A N G E S  FOR '$(|§| N G - O F - Y E A R F ISL- C O L L E C T E D  IN T H I S %|T U plYlff 

K e MAJ/^ED R E L A T I V E L Y  C O N S T A N T ' " T H R O U G H O U T  THE S U M M E R  (Fl G. 3). T H (ÄS E ND I V l D U A ^ ^ R  E P RE S E N T - 

I.NsG “THE L O W E & L  l‘MF.1 T OF TH E R A N G E  A P P R O X I M A T E D  THE S M A L L E S T  C A T C H A B  LE s|| e/FOR T H E  I/S - I INC H

M£'„s ^ s e  i n e  F r o m  F i g . *’a  j  i b c a n  b é -̂ s e e n  t h a t  a l t h o u g h ’ t h e  l o w e r  l i m i t  o f  t h e  r a n g J ^ r’e m a n n e d  ^

RE'LAT I V ELY 'CONSTANT T H R O U G H O U T  TH E S U M M E R ,  FALL, AND W I N T E R ,  FOR THE  I 9 B 5 Y E A R - CL A3 S , IT 

W E N T  UP p U I T E RAP I D L V t 4 ÉL • G'R 0 W T-’h ^RESUMED l N T H E PR I N G , F L U C T U A T I O N  I N ® H  E f è A NG E-iFS^k NO W N 

TO BE DUE TO THE S E N S I T I V I T Y  OF THE R A N G E  TO F L U C T U A T I O N S  IN S A M P L E  SIZE , AND S I N C E  S A M P L E  

E VARIE D,  C O N S I D E R A B L Y  FR O M  "/¿AMPLE TO S A M P L E  IN THE 1965 C O L L E C T I O N S ,  ¿OM E FLUC tS0 A T I O N I N 

THE R A N G E  ‘̂l.̂ | TO BE E X P E C T E D .  In THE SUMMEÄ; OF 1966, S I Z E S  ;OF S A M P L E S  W E R E  MORE C O N S T A N T  

A ND F L U C T U A T I O N S  IN THE R A N G E  W E R E  M I N I M A L .  A D D I T I O N A L  E V I D E N C E  'FOR AN EARLY AND P R O L O N G E D "  

S P A W N I N G  P E R I O D  WAS O B T A I N E D  BY, E X A M I N A T I O N  OF O V A R I E S .

G o n a d s .- éf f e m a l e s  t a k e n  in e a r l y  M a r c h  w e r e  w e l l  d e v e l o p e d , a n d  s o m e  c o n t a i n e d  n e a r l y '. '

M A T U R  ÉLI EG GS . A l Ü ^ R I P E  F E M A L E S  E X A M I N E D  T H R O U G H O U T  THE S U M M E R  W E R E  F O U N D  TCT* CO NTA"I N 

ADD.I/PIONAL I MMATURE EGGS, AND NO C O M P L E T E L Y  S P E N T  F E M A L E  WA S  EVER F O U N D .  I$AU ND e S‘|J1 ( L 0 C . 

CIT.) AL S O  F OUND T H A T  M A N Y  IMMAT U R E  E G G S  R E M A I N E D  IN THE O V A R I E S  OF F E M A L E  MEN ID I A A F T E R -  

S T R I P P H N G  a n d  c o n c l u d e d  f r o m  t h i s  t h a t  f e m a l e s  m a y  s p a w n  m o r e  t h a n  o n c e . C a h n  ( ISpI?) Fujl^D

NO EGG'S OF ANY KIND R E M A I N E D  IN' O V A R I E S  OF F E M A L E  LAB I D E S T H E S  C A P T U R E D  IMMED IATELY - A F T E R  ■

s p a w n i n g . T h u s , M e n i d i a  m a y  h a v e  a h i g h e r  t o t a l  f e c u n d  i t y  t h a n  L a b  i d e s t h e s  if t h e  n u m b e r

OF M A T U R E  EG GS S P A W N E D  AT ONE T IME D O E &  NO T< D I F F E R FOR THE T W O V S b  EG I E S .

F e c u n d  i t y

T F é c o n d  I t y  o f  M e n  i d i a W a s  d e t e r m i n e d  b y  m a k i n g  t o t a l T c o u n t s / q f  m a t u r e  e g g s A f &S'M" 31

F E M A L E S  C O L L E C T E D  D U R I N G  THE S U M M E R S  OF' 1965 A ND 1966 i ONE A D D I T I O N A L  F E M A L E  W-A S E XC L UD E D 

W H E N  A C O U N T  S H O W E D  T H A T  THE N U M B E R  Ö F- M A T U R E  EGG S FO U N D  IN TH I !;■ F I SH Vlëk-E FAR B E L O W  THE
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^ U M B » f e ^ F O ( J  M-P IN '0 T HE, R INDIVIDUAL'S OF NEARt.Y||HE S A M E ^ S  t  Z E . T H I S  I N D I C A T E D  THAT;;SHE M A ^ I ’

H^^|e B E % N  "PARTIALLY S P E N T  AT T I M E  OF CA PT UR'E’C"'

M e A ^  NUM B E R  OF M A T U R E  E’G.G S’ P E'R F E M A L E  WAS 984, W I T H  A S T A N D A R D  D E V I A T-l 0 N hO Fv.;3 h | R A N D 

A T RlA NG^EjV^RiQM '”384 S'A UN DE ff§S(;L 0 C . CIT.) F O U N D  T H A T  HE CO UL;D%| EM OVE OR L%C r  E T W E BN I 0 "

A ®  'gB  B Y I P P I N G , HOW E;||e| H |

Fo.Utt M E,A E M E Nl T S W E R E  C O M P A R E D  W I T H  N i i ^ B E R ^ O F  M A T U R E  E G g ||| PER F E M A L E  Bp.."; D ‘BT Er I^ N  E

B  EST I MAT I n C ' ^ E C U N D  I TY l ( I )pTO T A L-L'E N&TN , 8HH T O T A L  W E I G H T ,  (3)|l|vAPY 

W # $ H T ,  (4) B O D Y  W E I G H T .  BoD,Y W E I G H T  W A S> C 0 N S I D E R E D AS THfe W E I G H T , O F  T^E F lfS>K

| ^ 9 S | | | P j  w h i l e  o v a r y  w e i g h t  w a s  o b t a i n e d  ||n d i r e c t  l f b y  I^Bpfft a c CIt j g , b o q C u ,

WJe i g h t B f l  t oSJa l w  H  g h t ;

T h e  DA TA IfOR^T H E S E  ^ M > p y R  ELATIONSfrjPS, W I T H  F ’lTTED R E G R E S S  1 if# E S A R ; i » f  0 l|f^

F  1 G’.^;5;^STAT I Sf 1 CS~ A'RE” CO’NTA f NED IN T A B L E  9. A b C  F OUfc /R EL"A T 1 0 NS H I P S |SH'OW A H I G H^D EGREE* OR' 

PEL AT tjj# N>. ¿j H p  J AJ_ SWE I G H T -AND BO D Y  W E I G H T  HAD T H E . H I G H E S T  „CORRELATION W NTH .MATURE. ÊSrli 

sNUMBEf|g, W H„I L̂ g .THE .¿ORE £ L A T I Q N, 0 F I O T A L - L  E NGTH W I T H  MA W R £  EGG -NUMBERS W A S ^ S O M  E WH A T< LO W E R  /

T h e  §it> r r  e l a t i o n rq f , „m a t tige e g r  n u m b e r ’s  a n d  o v a |&y w e i g h t  w a s * t h e  l o w e s t .

T a b l e  SfaJ: S t a t i s t i c s
W E I G H T ,  A N D ’ O V A R Y

F 0 p C O M PARÌ 
W E I G H T  W 1TH

S ONS 0 f H »  T A L - L E N G T H  . :T-OTA.lM  
M A T U R E  EGG N^MB.ERS IN M e NID

W E I G H T ,  BODY* 
IA A U D E N-$

T o t a l -
l e n g t h

T o t a l
WE I^HT

B o d  Yr 
W E 1 G H T

O v a '^,;, 
WE 1 GHT|?C

C A R R E L A T  10 N
. ^ E F F I C I E N T ,  R 0 . 8 7 2  - , 0 . 9 1 3 m a m m

N F 1 D E’N C E 0 . 7 4 3 0 . 8 2 6 o  :$gè'~ '
5,I;-N:T e r v a l  f o r  'r TO • B H J H R H H B

0.93*7 Ì Ò . 938 0.9KÌI, ^  0 . 8;é&;!

R e g r e s s  i o n :

J p C O  PE , 1 ^ 8 4 ‘' 8 4 ^ . 7 5 ^ i

INT E R C E P T ,  A -1278 . 18 126.99 153.10' ' 8 3Ì f 90u

:/ CO NF IDENCE 18.34 l§6\4 1 181.27 7?j94. T ®
INTERVAL FOR B . TO Tlffe, m ; T ^ b 7'

1  2 8 .24 175.39 2 Q 4 . 4 0 W  *
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E
G

G
S

F 1 G • ‘ & E,L At 1 QNS H I Pj^ Of - .-VAR I 0^4 * 'Mt‘A s^v|f M E N;T 4 TO; NUMB E rJS^O F
tK MA T URE E G G ’S' *1*0 y„ND 1,N THE GVARIES-.ÒÉ ME N( I D I A UD E NS .



H U m S H H ii t h a t  t h .eS ^ q^ b e l a t  i o n  b e t w e e n  l e n g t h  a n d  n u m b e r s  o f  m a t m e  m S B B m m  t h e

M O ' S m ^ A C T  I CALj^ETHOiD FR O M  WH I C;f$/T/C> E S T I M A T E ’ N U M B E R S  OF M A T U R E  EG G S  IN THE F I E LJĈ , A L T H O U G H  

& F  BQJH, 'ipTAs®  WE I^HT A N Y B O D Y  W I E G HT W I T H  NUMBER'S OF MAT  U‘R E EGGS ARE M O R E  

R E L I A B L E ”!  T  H e6 r  E A ST) N FOR1 THE P O O R E R  c| | M E  L A T I 0 N B E T W E E N  !‘|m  A T U R E p E  GS NUMBE^,, A^D OVARY'«*WE I G HT 

l S / B  E fl$3$E V A R T ^ B  I T Y IN N U H R E R 4 / S F  IM M A T U R E  EGG.Siu ̂ COi|TA I NED IN EACH I N D fV  | « J  A L PA I R '<

o r  Cq j X r I ES .'

L e n g t h - w e i g h t  R e l a t i o n s h i p s

f |^ ^ ‘NGTH-WE I GHT RE L ATt|o N S H 1 PS,* FOR- M e NIDIA T A K E N  IN -EACH B E A S U ’N^OF THE Y E A f ^ W E R E  

C A‘.L C |J®A TED' U S I N G ’ T HiE^F 0 R'MU L A l

L/o g w IbOG A .+ b L o g

w h e r e w ■«:|Vä a m WE 1 GflT 1 N G R A M S ,

A = THE, 1N T E R C E P T OF L O N  W ,

/|7 = ijlL OPE .DUE TO R E G R E S S  1 OH,

A N D B M = T O T A L - L E J ^ F ’H 1 N MIL L 1 M E T E R S .

B i ^ E S  AND ELEV AT I O^NS /OR ‘R E G R E B ^  ip N ’L I NEf* C A L C U L A T E ©  FT)R#MALES AND F E M ^ L B È  'WERE^tOM-i 

’Nfp' F TEs/i|: TO TE S T  E L E V A T E S  ' l l  W ^ A c ESSARY'-TO A D O  O^T H  EA N WE l-QHTS AS IN THE

AH AJL I 'S , O'F COVAR! AH$>E ( L,U X AND POR TER, I 9 66 ) . R ErS UJi TS.* D F T H E S E  CO MPIWT A T^fo N B ^ ^ g E  c 6 iÌTA Sfl E D 

IN/ T a b  LE I

f e ;BiE 10. S e a s o n a l e n g t h - w e  i g h t £ r e l a t  i o n s h  i p b  f o r  M e n  id i a a u d e n s  t a k e n  f r o m  La k e  T e x - 
* / ’QMA/ D$;R I NG IpS '^ A N D  1966.

( l o g  1 O'^L )
S'E X„‘ \rM , B A

'S l o p e  • ” 6 l e v  a t  i>o n_ R a %&,e in
S F F TOTAL-LENGTH

S u m :m e p 19 66
l a  M à - M B t 3. 2 0 1 1 - 3 . 6 3 6 9 m m m m m 0 . 0 7 5 N .,S . 0.87JI N . s . \ M m  10 1

"•/F^m g m 3. 2 8 3 1 - f c % 0 3 4 6,.0304;j 6 4 -  Itó

«jas|f|||| - l * M -2. 7 0%9 0.06.22 - % $ . 0 7  .:N. B-. * <#2-6%/,
P W f  y e a p  ; F «m m 2 *8 9 7 2 4 ;^ $ $ 0 8 * 6 $ .  ; 0 . 0 3 0 0 3 5 1 - 8 %

M H  ■  ¡Hh UI
- lM v * 12 A -2 .*6,92 1 O'. 036 1 -0 .11 N . S / 0.,33 k ß . 5:8-93

0 E- !Y©A R - | 1m m  H y ,2-7257;.; . ' - 2 / f # 3 4 ^0. 0 2 4 Ä 4  63-1 10

^ W ;lpT;LR; 19^5-H
TÉ'f p\ "2.944,6 • <-3/203£vH ' 0 20283 3.11 N-.wB. 1 . 1 1 N .S</% "49- IQ5§

F -m g m '/3.,0574 " - 3 . 4 1 3 1 ß \  03 ( ß ß < - 1 1 1

1 NG1 1 9 6 Id
M- > 29 3“ 2 . 3 8 SB / -3. G'48'6 0/0283-' 0.. fe: N 1 5 ' -43- 107
if1''" 1 19 2 / 8 3 6 4 - 2 . 9 4 0 3 V O , 0316 4 4 - 1 2 0

~*P ^€¡5 
**P IVoi
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D I F F E R E N C E S "  I N S L 0 P E S’' W ER E^H O N-S I G N I F I C A N T IN EVERY, S E A S O N  OF THE Ŷ E A R , BUT THE 

EL E VAT I ON*SvJoF THE L I N E S  D I F F E R E D  S I G N I F I C A N T L Y  FOR Y 0 U NG - 0 F - Y E A Rg: F I S H I'N S U M M E R  AND FQR '

A D U L T S - t N  S P R I N G .  IN THE F I R S T  CASE, M A L E S  OF A G I V E N  L E N G T H  WE R E  H E A V I E^ f J H  A N' f EM A L ES'V!.

OF THE SAM, E ¿LENGTH, W H I L E  IN TIHe 's E C OND  CASE, F E M A L E S  W E R E  /H E A V l E R T H A N  MALES'. It THtfS

A P P E A R ^  T H A T  l|f THE F I R S T £ 0‘NT H S OF LI FE, M A L E  M e N I D I A O U T W E I G H  T H E I R  f F EMA L E Co5 N T E R P Af?t S<, * * i ? ' ^

W H I L E  D E V E L O P M E N T  $*f EG GS I.N A D U L T  F E M A L E S  >¡1 N S P R I N G  I N C R E A S E S  T H E I R  W E I G H T  R E L A T I V E  TO 

T H A T  OF ‘M A L E S  OF THE SA ME LENGTH-,. IN S U M M E R ,  THE LOSS' OF EGGS?-IN S P A W N I N G ,  COM B I N ED. .W I TH 

THE G R A D U A L  LO SS OF E N E R G Y  R E Q U I R E D  FOR THE P R O D U C T I O N  O F . M O R E  EGOS, MAY ACT T 0 ̂ D'BG’RE A S.«E

W E I G H T  OF : F E M ALE S • O B S E R V A T I O N  OF $0 NAD D E V E L O P M E N T  T H R O U G H O U T ’! THE .̂'E A R j NO 1 C A T H A T < 

g G ^ ’S' B E G I N  D E V E L O P M E N T  I N P£ A r|_ Ŷ ;jS P R I N G AND V ERY 'liMTTLE D I F F E R E N C E  IN G 0 N A D S^O F M A U E  AND 

F E M A L E  F I *S‘H  E X I S T S  O^VElt<\THE W I N T E R .  ^ L T H O U G H  G O N A D S  .OF YO U N G -0 F-Y EA R FIS H B E G A N  TO D E V E L O P  '

IN T H E  F A G L ,  ' T H E Y  S 0 0 R E  G R E S & i  D AND 1 R E M A  I N E D '  I N  T H A T  C 0 ND I T  I 0 N F u  D E V E L j O  P M E frjjjg B E ’G A|M | [

A N E W  T O W A R D  T H E  END OF W I N T E R .

F l u c t u a t i o n s  in S e i n e  C a t c h e s  m

F i g . , ; S HOWsflMEA-N C A T C H  PER. S E I N E  HAUL OF M e N I D I A IN NIGH T,  DAY, A NDF GTv8 m s T N e d  'iSl GH Ijpl 

AND DAY S A M P L E S .  C A T C H  PE R 'HAUL OF TH E I 9 6 5|| Y E A R - C L A S S U N D E R W E N T  A R E L A T I V E L Y  C O N S T A N T  . fi

RAT E OF D E C R E A S E  F R O.M* "EARLY' S U MM E R UN T I L  M a Y , W H E N  THE R A T E  OF D E C R E A S E  I N C R E A S E D  U N T I L  

THI S Y E A R - C L A S S  D I S A P P E A R E D  F R O M  THE S A M P L E S  IN LATE JU L Y .  C A T C H  PER. HAU L FOR THE  I 

Y E A R - C L A S S ,  AS R E P R E S E N T E D  BY S P E C I M E N S  L A R G E  E N O U G H  TO BE C A UGH Tf^W I T H THE  SEINE,, R E A C H E D  

PEAK  NUMBERS;. IN EA RLY JU L Y  AND B E G A N  A R E L A T I V E L Y . C 0 N ST A N T RATE, OF D E C L I N E  T H R O U G H  A U G U S T ,

W H E N  THE S T U D Y  WAS T E R M I N A T E D .

S i n c e  M e n i d i a  a p p e a r s  t o  b e  a s u r f a c e  d w e l l i n g  f i s h  w i t h  a m a r k e d  p r e f e r e n c e  f o r  t h e

:€ITTORAL Z O N E , " C A T C H  PER S E I N E  HAUL MAY R E P R E S E N T  A FAI R INDEX OF S U R V I V A L  AND M O R T A L I T Y .

E i t h e r 'a s e a s o n a l  c h a n g e  in d i s t r i b u t i o n  o r  a n  i n c r e a s e d  e s c a p e m e n t  a s  t h e  f t s h  b e c a m e

L A R G E R ,  W O U L D  M O D I F Y  TH E S I G N I F I C A N C E  OF T H I S ^ C U R V E  AS AN INDEX OF T H E S E  POP HE-A T'̂ ,0 N, P A R A 

M E T E R S .  F o r  t h i s -r e a s o n , m o r e  w o r k  o n  t h e  s e a s o n a l  d i s t r  i b u t  i o n  p a t t e r n s  o f  M e n  i d i a  Fn e e d s F

TO BE DO N E  B E F O R E  ANY C O N C L U S I O N S  CAN BE MADE.

T h e  m e a n  c a t c h  o f  t h e  I 5 B ^ y e a r - c l a s ',s in l a t e  A u g u s t  w a s  "248, a p p r o x  i m a t  e l  y^ ' q u a 'l To^Jrr' •

THE M E A N  C A T C H  OF ¿58 , R E P R E S E N T I N G  THE I 9 6 5,' Y E A R - C L A S S , D UR I N G EARLY  J ULY, 1^66 . T H E "ty E A ^

CATCHES.-’0 F THE- ’ 19.6;©, YEA-R-CLASS D;U'F I NG J U L Y  A N D  A U G U S T ,  1966, W E R E  C O N S I S T E N T L Y  h|^G HER T H AM,

'THE 'MEAN C A T C H E S  OF'- THE 1565’YEAR -C L A S S  ' ,0 V E R THE SAME P E R I O D  IN 1965.. T HE;S E OQ M P AH I S  

I N D I C A T E  E I T H E R  A L A T E T l A T I 0 N OF S P A W N I N G  FOR ME N  I D I A IN 1966, A tS r E A T E R TC H

M E N I D I A IN IS‘6£, ,0R ,A' G h;£A‘T£R M O R T A L I T Y  OF M E N  ID I A I N. THE S U M M E R  OJT 1965.
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CHAPTER V

/•. ‘ ^  ; FORAGETpLUE

:§jg|>,M A L L A Mÿ^ SI i|Ë*, ’ AN *A P P A R E N T L*j* PB§|É|Sn G E D yëtA WNING PERI O'p , A^D gHE RELAT mi.^ ‘ pH.

M E N I D I A O © M B ! N't IN MA K I |)f| ]M R& E F¿ T H \*A \ A*H_ A B ¿Íe AN

FORA g e p q|Ra dult aI we lil̂ » a s- v o uïffo - o f ~Y e A rT p Fs /̂i v o r ou é fishes throng hoùt t h t ye a(i|#I|

Me nip i a pa pr.arentl y b egpISn -js ra w-n^Wq t e Mars h fTi Lake Te-Yo ma^Rnd so nt.i n u e ç h r g /û h;̂

H h I WH IJE^CRAPP IE, POMO X I S ANNULARIS, -AP p'éÉ«ÿc'SP A W ̂  Ma%„ A‘ns J’UNE

.(oWhfil'T-èsXo E , 1 9 ® ;  WHITE Bt$&S, ROCCUS CHRYSOPS , SPAWN .Rùïfl Nj|f THE FIRST H A Ljf* OF Ma Y Rfy :LA¿E 

T E A (R I J GAR , LEP I SOSTEUS SPP. , SPAWN '% R Q.M ' Kl|ftRR' I L ,/fU N T I L J ¡if|S;-L I NfjM ^€*/T E X ($$$

(Ec h e l l e, <I§|k7); ASffc A r-gemouth b a s o., M icropterus salmo ides, appeareo^ m |̂ begt,ni B H lWn i no i|ffi

E A T E tf A pSl' L DUR I NO'H î M E N IP IA ARE AVAILABLE TO THESE^RÚfe SPORT Fiâtes M M Ih E I R

INITIAL F liSŴ E'A TINO t S T’A G% S .

'a£L.! B. M^ser (unfinished M.S. Th e s i s, Un i v erçH t y 'p f Ok l a h o m a) nd. Men id T a t̂ |¿bJ the

PREDOMINANT FOOD I T EIVL\T:N WP.ITE B A S,S '/3;8 TO 148 MM, TOT|S-LENGTH. ALTHOUGH L É^Jp’LM P oj&T 4f̂"T

S P E C I IREN'S, S I L Y*#® I D Eg WERE A S,To N I F A NT FOOD ITEM '1_N' WH LTE B A SO "’o F ALL SÿLẑ fe |;' J 

,Â;NrD §ÎÇUR;RED BN WHITE BASSET A KEN IN A lR  StE,A SO N S OF THE YEAR'. MÂ X I- M |ImM M  B ER'á R RE D I N, ̂ /

SÏ#RRcHS OF F I ON TAKEN^-URIMG MAY AND ù»JJ NE.

W H I TibS! IDE ( Ipjffe); ’CLASS I F I ED Me N I D I A AS A nM I sRelR a NEO U||| F§&S ITEM1’ W bB t O M A I 9

WH I TE ËRAPP I E FF̂ OM LAKE TeX;OMA. IrN TH^ BUNCOMBE CREEK ARM OF THE LAKE T H Ë/ W H I T¡|b CHAPPIE 

£|||tl Rs PRIMARILY AT DEPTHS EXCEED I NO FC U R FEET (Gr INSTEAD, l 9i£ji) > WHILE MEN I D I A R^E L Y

REACHES DEPTHS EXCEEDING F I V|* F EfrRR FURTHERMORE, DjJRJ RO TVKE PRIENT OMDYCj W H IgE \RrA PRIE

WERE RARELY TAKEN BY SEINE OR E L E C T R O F I SH I N G DEVICES. THE INFREQUENT 0 ¿0® R E N C£l 0 F Me N I D I A

'T N/’r GjR A P P I E STOMACHS MAY BE EXPLAINED BY THE D I FFERENCES'^I N HABITAT PREFERE N T«E TWo|g|

spE'c íes in Lake TexoMffffe

M E N I D I A were; the predominant fish f o u n d.j n  s’tomachs of 3B;6 yo uiidppARS * EXAM I NED &Y\: 

Echelle ( fô£7 ), and represented^54^;;6f the fish found in aoSÉÍSlo^ g nose gar;¿ Lep i sosteus 

osseus , -feoM Lake TexOma '(Edw i n B. Ma y , pe^SM^ÍT"c’aM&iRi 1 cAt io~n ).

By NOM.BER, M e n i d i a was the most .important fish in stR ach^  OF YOtUNG LAROE(iM0>UTH 

EXAMINED IN THe É r ^SENT STUBS', REPRESENTING 78fo 4f THE F I SN¿ IDE^flFIED T ENOS AND

^®UR% I N^  I ̂  72?J OF SJOMACHS CONTAINING IDENTIFIABLE F I S,H ( T A'B k̂E ll). Th||¡ NUMBER LpM 

ANALYSED AND THEIR MONTHS 0 F.; C A PTLÇ?|E , AS'WE L-L AS THE N UMB ER * O F - \S T 0 M A Ĉ)j ̂  TO COwA I N

FISH, ARE I N C L W.D E D »  N TABLE i 2. é

m



T a b l e .; I I .  ‘ . S e a s o n a l  ^ ^ r r e n c e  o f  f  i s h E S f ] f o -.u n d  i n S I t P m a c h s
,1 I^ F  ' 5\ÿ&fi i f  p tlT j O L A R G E M O U T  H B A S'S T A K E N  F RO M  L  A K E T E X Ö M A } HF '

l §|>S AND 19 ÎÉ6 » ,

Q
CO itfeFyf
=}. CO .....—

TFjÉ - , tu
.. < LU • p m Ê X —

m CO Z ¡ci# vT# Z>IÄ feT,'
■— 2 o ‘ , — CL 2 — > & Tj; FFMbM
O LU , f(iZ' O . —rfË; VvV is*;  ̂»L ULHi*
— o ;/.y, 0 ‘ ■T DC I DCJm /-'LU?r(3
Z E| Q- b\ CL i;';Z' . —■ • —
LU o — >- '0: — > 2

- i : Q H B I ■ 3 | -CS *CL Z)

W I N T  E R;( ,
F R E Q U E N C Y  

< NUMBER'
i a B l a
;* ̂ F R E Q UENCY 

NUMB ETR^I'
S u m m e r

F R E Q U E n 'q Iy ' 
U M B E R

•F SkWSH
f f p  E QfU E 1-0 Y- 

* NUMBER

1 3 1 / ; 4
1 B I 1 - : n -v 1 < *'

>24 4 ' 1 l‘6:
1B 4 . 1 - 1 -

45 13 M |§É2î 1 2 ‘ ^ "38
1.07 B | 13 , 4 F

1
1

IIFVfîF ■ 'Tv/ F “ - P’:;vt. y; ;’2

T Q'JA.L
FOFREQUENCŸ * 
jjJ§pFREQUENCY ‘ 

N’U M,ßfe Ft /
||^$o,H 1 d e Fit l F 

.F

?* Jf 1 '20 ^
72  ̂,.20 

’* 2 2 ë t 43
l E D

' 15\-

'8
■  B 1 

12 - ’

4

B i  2
* f i  «

I 1 'j j fê ff i

2
> 2 .
B I

1

^för

T ablée* Ig'.F FMe q u e n c Vf 'q f \ f‘ ms h i nr «  0 M A C H SfF 0 F 5 3 Sî V 0 U fefl .L A R Q E‘M 0|8t H
f ß g  A & S T  A K’ E N FROM La k e T e x ö ma DUR ING 1 3'66 A N D 4 1 à f F

Fl o l|ïH:< 0 F T o t a l Em p t V. S t o m a c h s '
CAPTURE s t o m a c h s STOMACHS WITH1 f/ish

J a n u?a° flY l .y  ^

F E B R ){è\\

M a r c h ■ • :S ‘ 5 b'

ÄpR 1 L ¥ $  i

S a .y '■ ^33  ̂  '

J u n e 2 3 1 14 ! B S

Juç;yy 3 4 " |2 ,>

Q  Ä s t 41 ■

ßEPTEMB-ER i3p B 1

O'CT.pB ER z ’3 F. ̂

■N p|/ B M̂ B E R 4 1

Total 536 m m 14.7



M ETA I D I a R,R E D IN LARGEMOUTJjfc BASS- AS SMALL A S / 2 4  MM, T O T A L - L E N G T H , AND REPRESENTED

T¥|''146 FIS H I D E N T I F I E D  FR OM L A R G E M O U T H  B A S S  LESS T H A N  50 MM.

B H H S l  s e v e r a l  M e n id i a w e r e  f o L n d  i n a s t o m a c h , a n d i in H R  c a s e , a 30 mV t b a s s / w / $ 7 f o u n d  H |

T W ? ‘0 N T A I N  49yjsÁc f r y . T h e s e  c a s e s  c o ú e d  h a v e  ,b e e n  c o n s e q u e n c e s  h H B  ks o H O ^ g N g o r ';

VÚG0JR.EGAT I NG B EH A V I Q áBb F M e,N„ I D I A . '“©N E  P E C U L I A R  .CASE 'OF A .0 A S Sr/F E E D I N G ON A M e N I D I A T O O Ä | § /  ,

p o ;>s J i t &;: 4|',g e s t  1 v E t r a c t  w a s . ,d i sjcp.v e r e d  . 77ÍHÍ: b a s s , a n l ÖO, m m  s p e c  fmje:n¿ a p p a  r e  n t l  y in g ö o d

C O N D I T I O N ,  HAD S W A L L O W E D  A 58/ MM  * S/|LVERSIDE. TH E  T AIL OF T H I St/j|^ijH P R O T R U D E D  FROM THE | H H R B |

OF THE B A S S , W H I L E  THE  A N T E R I O R  PORTION- W A S  P A R T I A L L Y  D I G E S T E D .  -6'INCE THE B:ASS WAS..

^•RESE^VED I M M E D I A T E L Y  A F T E R  C A P T U R É ,  IT WAS I M P R O B A B L E  T H A T  IT ' H A D - ¿S W A L..L OWED T H E . S“f,L VERS I D E Ú-J 

A C C I D E N T A L L Y  W H I L E  T R Y I N G  TO E S C A P E ’THE SEIN E.

T h e  P E R C E N T A G E S  OvF -’ME N  I D I A AND  P O R O S O M A  I N THE T O T A L  ¿ E I N E  CAT C H ,  A P P R O X I M A T E D  THE 

P E R C E N T A G E S  TH A T  T H E S E  G E N E V A  'MADE UP OF THE I D E N T  FF l AB L E  FIS H IN T H E;físí" O M A C H S O, ¿ SjC A Rjf E -

m o u t h  b a s £  (T a b l e s  II a n d  13). T h e 4,c o r r e l a t  i o n  d o e s  n o t  s e e m  t o  h o l d  f o r  t h e  o t h e r , f o r a ,g e

SP Ê C I É S , P R O B A B L Y  B E C A U S E  OF LOW N U M B E R S  R E S U L T I N G  IN R E L A T I V E L Y  HIG H C H A N C E  DEVIATIONS-.;,/

*
T h e s e  d a t a  i n d i c a t e  t h a t  t h e  v a l u e  o f  M e n  i d i a  a s /;f o r a g e  f o r  y o u n g  l a r g e m o U j h  b a s s  t i e s  in

I TS/-' AB UNDA NC E IN T H E  L I TT0 R a B  ,Z 0 N E R A T H E R  T H A N  A N V ’ SEL ECT I V E P R E F E R E N C E  T O W A R D  I T ’ B'Y THE 

B AS S .

T a b e e  13. C a t c h  p e r  u n i t  e f f o r t  o f  f i s h e s  t a k e n  b y  s e i n e  f S oT i 
.' L a k e ■T e x o m a  in 1966.-,

W I N T E R “ S p r i n g ‘ S u m m e r % OF TOTAL 
CA"TCH

M E N 1 D 1 A 7 *4. 34.3 p t  i3.8 7 1.1

D o r o s o m a 0.2. ' 5.3 < "2,65.4 1 h H h

L E P 0 M 1 S " 0.2 1 . 1 17.4 1 .8

P 1MEPHA L ES 4.9 5 0,5? 5. 4 0;:6 y ;

NoTROP IS 0.3 1 .0 2.0 >,J0

M i c r o p t e r u s 0.0 . 0.4 1.0. 0.1

G a MB US 1 A 0.0* . 0.0 1 .4 0. 1

A l l o t h e r 0.0 I m m 0.9 ; L p • 1

Ba s e d  on a va i l a b l e : . i nformat i on and t h e ,r e s u l t s  of  t h i s  s t u d y , Men id i a a p p e a r s ,* i o|̂ b e

AN IMPORTANT FORAGE SPECIES JO. THO SyE P J SC IVOROUS F /SH ES__ FEED LI\IG AJ THE, S.URFACE Q R , > 

LITTORAL AREAS OF LAKE T e XOMA.
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CHAPTER V I

SUMMARY

I. A;'sT C d-Yv ô f  t h e  l i f e  h i s t o r -y ; k v e f t  i c a l ^, l a t e r a l , a n d  l i t t o i r a l - d i s t r  i b u t  l ô n  ;

A'ND -THE Fî&R iAQTE^V AL UE OF T H E./.-M I s"s -I SS I P P‘ I' S I L V E R S I D E S ,  M E N  ID I A A U D E N S  , IN L A K E  T E X O M A  WAS; ’

c,'o n d u g Y e d  ' d u r h  n 'g I9;6 5 , a n d  I 9&l6 . C o l l e c t i o n s  o f  f i s h  w e r e  M'Ad e  u s i n g ,a s m a l l '-m e s h ^ v e r t i c a l

g 'i l-L'NET; jl^' M- TYP E EL ECT R I C * /^R OC KE R ; AN/D A S M ALL SEI NE.

‘ M e n  i d i a w e .r f  n1€ v e r | c o L l e c t e d '-a t  d e p t h s  g r e a t e r  * h a $ * i.v e  F EET W I T H f THE

VER,flCAT GILL NET, D U R I N G  L A T E  > è U M M E R./, AND FALL, A W . WE R E'f S E E N S W I M M I N G  AT THE S U R F A C E  IN

ALL *’;|fe'A«éfb/N,S Vô F T HR. .YEAR. Ï H US, IT A P P E A R E D  TH A T  THE -VERTICAL' D I S T R I B U T I O N  OF M E NID I A WAS'- 

f|kà'ÿR I CT ED TO THE UPPE R FI V E  F EET >OF "THE L AKE T H R O U G H O U T  THE YEAR.

3. M e n  ID I A W E R E  c o l l e c t e d  p r e d o m i n a n t l y  in t h e  l i t t o r a l  z o n e  w j t h  THE E L E C T R I C  

|> KIP G”K E R U u W t JG$|t HE WINTE'FTAND S PRING, BUT A FEW  W E R E  AL S O  T A K E N  NEAR THE S U R F A C E ^  N THE

Ô PEN-WAT^R'\R EG I ON D F\; THE L AKE. O B S E R V A T I O N S  D U R I N G  ALL SEASONS' OF .THE, î’-Ÿ EAR ALS O I N D I C A T E D

$ r]e a t e r1 Ab o n d a n c e  o f  M e n  i d i a in t h e  e ’-i t t o r a l  z o n e  t h a n  n e a r  t h e  s u r f a c e  in t h e ;,o p e n -

'W&pEfR ZONE.

4. W kTîH I N THE L I T T O R A E  ; ZONE, M E N  I D I A W E R E  M O S |  ABUNDANTLY. FO U N D  ’O V E R  R E L A T I V E L Y

S A n d y J b o t t o m ,̂' p o s s e s s  i n g  a m a t  o f  C h a r a  a n d  p r o t e c t e d  f r o m  t h e  p r e v a i l i n g  's o u t h e r l y  w i n d s '^t

.Në^'D I F F E R E N C E S  W E R E , D E T E C T E D B E T W E E N  N I G H T  AND DAY CATCHERS, AND IT A P P E A R E D  L I K E L Y  T H A T

M e N ID I A D I S P L A Y E D  NO D I U R N A L  M I GRA T I ON 'TO AND  F ROM THE L ITT ORAL ' ZONE.

G r o w t h  o f  M e n  i d i a s t o p p e d  in O c t o b e r  IJ|n L a k e - T e x o m a  a n d  b e g a n  a g a i n  in M a r c h ,

d u r i n g  1965 -6 6. T h e  l a r g e s t  s p e c i m e n  o ft M e n i d i a  t a k e n  f r o m  L a k e  T e x o m a  d u r  i n g h t h lS'Cs t u o y ?

W I I 9 i 'MM, T O T A L - L E N G T H ,  BUT  A 130 MM S P E C I M E N  WAS C O L L E C T E D  F ROM B 0 0':M t R ' L A K E IN F E B R U A R Y ,

1966. A d u l t  M e n  i d i a w e r e. n ë v e r t a k e n  a f t e r , J u l y  31, a n d  t h u s  it a p p e a r e d ^ h a t  #|h e  i ,r.* m a  x /l ~ l

MUM 1 L O N G f  V ITY WAS A B O U T  16 M O N T H S .  THE S C A L E  M E T H O D  WAS ;"^NREL I A BLE , FOR A G ^ N G  ME N  I D I A FROM

L a k £ T e x o m a .

tl'§ + F e m a l e s  w e r e  ,/o u n d  t o  ̂ g r o w  a t  a f a s t e r  r a t e , t h a n  m a l e s , a n d  f è m a l eJ , sj g H i-f i-

C A'N T L Y ‘ O'4U;t N U M B E R E D  M A L E S  IN S A M P L E S  'TAKEN BY S E I N E . D U R I N G  THE S U M M E R  AND,/.EARLY FALL.

S E R R A T  I Q'y D I D NOT D E V I A T E  S I G N I F .1 C A NT L Y FROM 5 Q î 5 0  FOR S A M P L E S  ,'ÇOLLECTED T H R O U G H O U T  TH€\.

W I rN T E (R AND E A RLY S P R I N G ,  BU T THË SEX 'RATIOS OF S A M P L E S  OF FIS H T A KE f&'ï N . Ap R I L, '% ND ||:AY £

|'èu G g4 ^ 7  E D A GR EAT P R E P O N D E R A N C E  OF M A L E S  UN THE L I T T O R A L  ZON E P O P U L A T I O N .  T H US' *€ A N BE MQ-ST 
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Developmental Rates of Menidia audens with 
Notes on Salt Tolerance

Cla r k  H u bbs , H. B ryan  S h a r p  and J o e l  F. Sc h n eid er1
The University of Texas, Austin, Texas, and The University of Oklahoma 

Biological Station, Willis, Oklahoma

ABSTRACT ^

Fertilized eggs of Menidia audens were incubated at temperatures from 10.2 to 36.4 C, normal 
development occurred between 13.2 and 34.2 C, high survival was between 17.0 and 33.5 C, and 
optimal development seemed to be between 20 and 25 C. Cold lethality was associated with 
depletion of yolk supply prior to hatching. Eggs in hi sea water did as well as those in fresh 
water; development through eye pigmentation was normal even in full strength sea water.
Adults were more salt tolerant with critical salinities being near full sea water.

INTRODUCTION

Reservoir construction and enlargement has 
placed large bodies of quiet water in biogeo- 
graphic areas in which natural lakes are rare 
or absent; therefore, balanced and integrated 
lacustrine biotas are not locally available. 
Unfortunately, we can not wait until this fauna 
evolves. In the interim a species can become 
excessively abundant; many exotics have been 
introduced to control the pests, sometimes with 
the result that a second pest must also be con
trolled.

The control of pest organisms by carefully 
selected predators has been advocated by Train 
et a l., (1970). Biological control seldom re
sults in extermination of the pest but may re
duce the problem to manageable proportions. 
Cook and Moore (1970) have advocated the 
use of the Mississippi silversides, M enidia 
audens, to control the pestiferous gnat, C hao- 
borus astictopus, in Clear Lake, California. 
The availability of the Mississippi silversides

1 Present address: Williston High School, Williston, 
North Dakota.

as forage for game fish contributes to its de
sirability. If  this fish is to be considered as a 
biological control agent, its life history must 
be fully understood so that reasonable predic
tions can be made.

This investigation was designed to deter
mine tolerances of Mississippi silverside eggs 
and young to thermal and salinity stress. 
Several other items were observed that apply 
to the life history of M enidia audens. Some 
agreed with the published reports, some sup
plemented the available information, and 
others that were discordant were checked to 
confirm the validity of our observations which 
are reported below.

MATERIALS AND METHODS

Stocks of adult M enidia audens were ob
tained at several localities on the north shore 
of Lake Texoma, most notably at Mayfield 
Flat, Willis Bridge, and Willis Island, and re
turned to the University of Oklahoma Biologi
cal Station. The adults were placed in styra- 
foam coolers as soon as possible. Those left 
in the seine more than 10 seconds after beach-
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Figure 1.—Survival percentages of fertilized M. 
audens eggs incubated at constant temperatures. A 
successful test is one in which the larva depletes its 
yolk after previously free swimming.

ing suffered severe mortality as did those in 
slightly crowded coolers. Transfer between 
coolers and/or checking for gametes had to 
be done with extreme care to avoid 100% mor
tality. Gametes were mixed in petri dishes 
and inoculated into individual screwcapped 
culture tubes (20 X 125 mm), which were 
placed in the temperature gradient blocks de
scribed by Hubbs, Peden, and Stevenson 
(1969).

The eggs were checked daily for develop
mental stage; the 4 intervals used had patterns 
typical of the others. Gastrulation was con
sidered to be equivalent to Oppenheimer 
(1937) Stage 19; eye pigmentation equivalent 
to Oppenheimer Stage 28 ; and hatching equiv
alent to Oppenheimer Stage 34. The fourth 
stage, starvation death, was thought to reflect 
rates of yolk consumption (or general metabo
lism) . Eggs were considered to have been 
successful if the young were normal and died 
with small or absent yolk sacs. Those that 
were abnormal (usually with the tail curled 
ventrally) often were quiet when examined 
and lived longer than their active siblings at 
the same temperature. The number of days 
required to reach each stage was recorded for 
each egg, and the days were averaged for each 
temperature station. After one to four days 
of free swimming, normal young sank to the 
bottom and did not move but had a visible 
heart beat. Such young were allocated a half 
day survival as they were obviously dying.

Most of the tests were run in Lake Texoma 
water— water pumped from the Buncombe 
arm— that had been placed in the culture tubes 
2 +  hours before inoculation (adequate time 
for temperature equilibration). This water 
may have contained supplies of microorga
nisms but little population growth would be 
likely in 5 cc water held in darkness.

The salt tolerance experiments used Rock 
salt added to Lake Texoma water (ca 800 
ppm total solids). Sea water was assumed to 
be 33 ppt. Egg incubation salinity tests used 
the same culture tubes and techniques as the 
temperature stress experiments; evaporation 
was nil in the covered culture tubes. The salt 
toleration tests on adult M enidia used fish that 
had been maintained at least 48 hours in styra- 
foam containers. The fish were placed in vari
ous sea water concentrations and mortality 
rates recorded. Only those tests with minimal 
(25% or less) mortality of controls were used 
to calculate experimental results. Most experi
ments (and all discussed belowfjwere done at
20 ±  2°C.

DEVELOPMENTAL TEMPERATURE TOLERANCE

Eggs placed at incubation temperatures 
shortly after exposure to sperm had successful 
development between 13.2 and 34.2 C (Figure 
i l l  Survivals were more or less equivalent 
between 17 and 33.5 C with a narrow upper 
sublethal temperature zone and a gradual in
crease in mortality associated with decreasing 
temperatures below 17 C. These data were 
paralleled by relative ability of the eggs to 
gastrulate. Only one egg was able to gastrulate 
at 34.9 C and none at 35.6 and 36.4 C. In 
contrast six, four, five, and three gastrulated 
at 12.6, 12.0, 11.4, and 10.8 C, respectively. 
The differences occurred despite the greater 
frequency of inoculations at high temperatures 
(at high temperatures the eggs died in one 
day but at low temperatures might live a week 
without gastrulating).

Large numbers of eggs were incubated at 
optimal temperatures and then transferred to 
lethal temperatures at various developmental 
stages. If  transferred before gastrulation the 
results paralleled those of eggs placed at incu
bation temperatures shortly after fertilization. 
If  gastrulation had occurred, most eggs de-
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Forage Value of Mississippi Silversides in Lake Texoma 
ANTHONY A. ECHELLE1 and JAMES B. MENSE2 

University of Oklahoma Biological Station 
; r Introduction

The first specimen of Mississippi silversides, Menidia audens Hay, from Lake 
^e'xoma was collected by Bonn in 1 9 ®  by the summer of 1954 the species was' 
quite common, and b|^1959StAwas one of th| most abundant species in the lake 

jjgRiggs and Bonn, 1959).' Its abundance in Lake Texoma prompted the present 
studp;:.%

BjjOiis study is an evaluation of the forage value of Menidia in Lake Texoma, 
based on food habits ŝtudies of white bass, Roccus chrysops (Rafinesque), (B. B. 
Moser, unfinished M. S. thesis, University of Oklahoma); white crappS Pomoxis 

Rafinesque, (Whiteside, 1^§S| gars, Lepisdsteus sp., (Echelle and E. B. 
May, unfinished M. S. theses, University of Oklahoma); and young largemouth bass, 
Micrppterus salmoidesmlLacepede), done as part of this study.

Methods ANq Materials
Largemouth bass for food analysg were, obtained by seining and electrofishing 

operations during 1965 and 1966 in the Buncombe Creek arm of Lake Texoma. 
Electrofishing was done with a boom shocker described by M ingBl964). Collec
tions were made at v a ries  times of day and night during all months of the year 
except December.

A total of 536 young largemouth bass, ranging from 17 to 363 mm total length, 
were examined, most (73°gg of which were collected during May and June. Each 
kind of food item in the stomachs was ¿numerated and recorded. Data on food 
items other than fish were not analysed.

Collections for relative abundance data for the Buncombe Creek arm of the 
lake were obtained by making one seine haul with a 20-ft, Vfc-inch, ace-mesh 
seine at each of six stations, once by day and once by night. Collections were made 
from February through August, 1966. In analysing the data of Table II, each seine 
haul was treated as one unit of effort.

Results and Discussion
In Lake Texoma, Mississippi silversides began spawning in late March and 

continued through the month of July (Mense; unfinished M. S. thesis, University 
of Oklahoma). Whiteside ■ (1962) stated that white crappie spawned in May and 
June in the lake. Riggs (195$) reported that white bass spawn from April through 
June, depending on the locality. Largemouth bass in Lake Texoma appear to be
gin spawning in late April. Based on these spawning dates, Menidia apparently is 
available as food when the young of these game fishes are in their initial fish- 
eating stages.

Menidia are about 5 mm long at hatching and by September maximum total 
lengths approximate 85 mm. Adults reach maximum lengths of about 130 mm 
and have a maximum life span of about 16 months. Ovaries of 37 Menidia ex
amined by Mense (loc. cit.): m 1965 and 1966 contained both immature and mature 
eggs, indicating more than one spawn by individuals. The number of mature eggs 
per fish ranged from 384 to 2094. Small adult size, coupled with the early and pro
longed spawning period and relatively high reproduction rate, make large numbers 
of fish available to adults as well as young-of-year piscivorous fishes throughout 
the year.

Supported by the United Sth^s Army Gores'of {l^M^eers through an <$klahomJ|Fish and 
Game Council assi t̂an'tplvp.

Supported by Federal Air Prpject F -16-R through the Oklahoma Fishery Research 
Laboratory.
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MoseT/i(loc. hit.) found Metàdia to be the predominant food item in whiti 
bass- 38/to 148 mm," total length. Although l^ J  important in larger specimeiS silv- 

;ersides~ were a'significant item in white - b^p^É^allW^psI and occurred^ in bass 
taken in all seasons of the year, with maximum numbers Recurring in May and 
June!

w/Whiteside|j|l962) classified Menidia as a ‘‘mfscellaneoi^ food item” in stomachs 
of 719 white jerappie from Lake Texoma. In Buncombe Creek the whit^crappie^ 
occurs primarilyf|a;&depths exceeding 4 ft Sf(lGxinstead, 1%65>);vw^^mMenidia rarelyj 
reaches depths greater than 5 ft (Men^MloSciiS- The infrequent òècùrv/hce 'oh 
Menidia in «ap piè stomachs may begexplained by the difference in habitat pref
erence of the two species.

M f z t i U .' thp most important fish in tnjg stomachs of the largemouth l)̂ ss| 
we^examined, representing 78^g of the 290 fish identified to family and occurring 
in 73$®jof the stomachs containing, identifiable fish^Table wm M enidiaoccurred in 
largemouth b ^ ® ^ s m a ll as 24 mm, and, although insignificant compared with 
other food items, it represented 90%*jof the 146?Jff)M identified from bass of lessi 
than 111 mm total length.

Table I. Seasonal Occurre]ydE*:of Fishes Fouî d Stomachs of Largemou/tiì Bass Taken From Lake Texoma #  1965 and 1966.

Menidia Dorò,som a Centrar® ids Cyprinids

Winter. . (11) 4*
frequency):/' 1 1 0
number 1 8 1 0

Spring (189) 29
frequen«g| 24 4 1 1
number 116 4 1 1

Summer (306) 66
frequency 45 13 9
number 107 31 13/ / 6

Fall (30) 1
frequency 1 0 0 0
number 0 0 0

Total (536) 100
frequency 71 20 li 4

gB > frequency 71 20 li 4
number 225 43 15 7

°f identified
//fishes ' 78 • l5m 5 . 3

* Numbers in this column refer to the number of stomachs containing identifiable 
fish; numbersfiin parentheses refer to the total number of stomachs examined.

Menidia ranging from sac fry to adults were usually found singly in the stom
achs of largemouth bass. Instances in which bass were found filled with Menidia 
(e.g., a 30-mm specimen contained 49 sac fry) may have resulted from the school

ing behavior of/young silversides. Throughout pie;- summers of 1965 and 1966, 
schools of several hundred young silversides were common near shore. Such schools 
move through littoral areas in swarms and are relatively easy prey for predaceous 
fishes resting among the vegetation.
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Based on relative abundance dataHjTable II) NLejiidia may be the most im
portant buffefilspecies in littoral areas of the lake. Menidia represented 71% ■ Of 
total number of fisll taken and was the predominant species sampled in „every 
month. Bec^as^of its abundance it probab|)f lessens the degree of inter-fllthd.intra- 
specific predation among game fish. Furthermore’̂ studies indicate that the abun
dance of Menidia probably reduces predation on game fish by nongame species 
such as gars. May (loc. cit.) found that Menidia represented 5§%|jof the fish found 
in adult longnosep gar, Lepisosteus p55^t^5®LinnaeitS Menidia represented 8 2 ^  of 
466 fish found in <386 ffbung gat^ examined bv<Eehelle;.;[(lodfficit.), while only 3^1 
were game species. This is significant mbJi of these gar||were taken from
littoral habitats where young largemouth bass were quite-common.

Based on this study, Menidia appears to be mbst important as food for those; 
fish, that feed in surface waters or in littoral areas of the lake. Menidia was im- 
portan t for the white bass,, a specie^ that feeds in littoral areas and at the surface 
in open waters. It was also important for gar and yoking largemouth bass; but was 
relativelyvunimportant for the white prappie, a speeifl||of deeper water. x

Table II. Catch Per Unit Effort of Sei îjsíg in Lake Texòma, 1966.

Winter’ ' . Spring Summer ^ fc^ b f Total

Menidia 7.4 34.3 713.8 71.1
Dorosoma 0.2 5.3 265,4 25.9
Lepomis 0.2 1.1 17.4 1.8
Pimephales 4.9 °Jp ' 0.6

Notropis 0.3 1.0 2.0 0.3
Micropterus 0.0 0.4 1.0 0.1
Gambusia 0.0 0.0 1.4 0.1
All other 0.0 0.2 0.9 0.1
Units of effort 12 55v 71
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Estimating Fecundity in Mississippi Silversides,
Menidia audens (Pisces: Atherinidae)

JAMES B. MENSE and LOREN G. HILL,
University of Oklahoma, Norman 

I ntroduction

Jordan and Evermann (1896) give the two type locations for Mis
sissippi silversides, Menidia audens Hay, as the Mississippi River near 
Vicksburg, Mississippi, and near Memphis, Tennessee. These were the 
only places from which the species was known in 1896; however, the Mis
sissippi silversides apparently is found throughout the lower Mississippi 
River drainage, in Reelfoot Lake, Tennessee (Rice, 1 9 4 2 and as far 
north as the southwestern tip of Kentucky (Clay, 1962).

Except for range descriptions, information on this species is scarce. 
Apparently nothing has been published on the fecundity of Mississippi 
silversides, although Saunders (1959) studied the embryology of the fish. 
The purpose of this study was to estimate fecundity of the Mississippi 
silversides and to evaluate different methods for rapid estimation of the 
fecundity of this species.

METHODS AND MATERIALS

Thirty-two specimens of Mississippi silversides containing mature 
eggs were collected from Lake Texoma during spring and summer, 1966. 
The specimens ranged from 68 to 118 mm in total length. While several 
sizes of eggs were evident in each ovary examined, mature eggs were 
readily distinguishable from all others by their larger size, transparency, 
and yellowish coloration (Saunders, 1959).

Ovaries were removed from each fish and placed separately in petri 
dishes containing a small amount of water. The amount of water used 
was important: if too much was used, turbulence confused the count, 
while if no water was used, the adhesive eggs tended to stick together and 
became difficult to count.

After placing an ovary in the petri dish, a sagittal incision was made 
through the ovary wall, and the eggs scraped out with a scalpel. A bin
ocular microscope was used to separate and count mature eggs. A drop
per was helpful in removing groups of eggs after they had been counted.

R e s u l t s  an d  D isc u ssio n

The mean number of mature eggs contained in 31 fish was 984, with 
a standard deviation of 358.6 and a range from 384 to 1699. One female 
86 mm in total length contained only 225 eggs. Since it is probable that 
it was partially spent at time of capture, this fish was excluded from 
analyses. One unusually large female caught in 1965 contained 2094 
mature eggs, but was not included in analyses because of inadequate in
formation.

Four measurements were compared with numbers of mature eggs to 
determine the best technique for estimating fecundity: 1) total length, 
2) ovary weight, 3) total weight, and 4) body weight. Body weight was 
considered as the weight of the fish after ovary removal. Ovary weight 
was determined indirectly by subtracting body weight from total weight.

Graphs with fitted regression lines for these four relationships are 
contained in Figure 1, with statistics for the four relationships shown in 
Table I. All four comparisons were found to be statistically reliable, but
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Figure 1. Correlation graphs and fitted regressions for total weight, to
tal length, ovary weight, and body weight, A. B. C, and D re
spectively, with mature numbers of eggs for the Mississippi 
silversides.
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T a b l e  I. St a t istic s  for C om parisons of T otal L en g t h ,, T otal W e ig h t , 
B ody W e ig h t , and Ovary  W eig h t  W it h  M a t u r e  E gg Num
ber s  in  Menidia audens.

Length
Total
weight

Body
weight

Ovary
weight

Correlation 0.8724 0.9129 0.9122 0.7748
coefficient, R

95 confidence 0.748 0.826 0.825 0.578
interval, R to to to to

0.937 0.958 0.957 0.886

Test for correlation:
T value 9.80** 12.86** 11.97** 6.57**

Regression:
B 23.29 192.84 846.75 165.90

A B —1278.18 126.99 153.10 83.90

95 confidence 18.34 156.41 181.27 764.76
interval, B to to to to

28.24 175.39 204.40 928.73

to different degrees. The 95 96* confidence intervals for the correlation 
coefficient, R, probably give the best comparable estimate of reliability. 
The total weight and body weight relationships have the narrowest con
fidence intervals, while the confidence interval for the total length rela
tionship was only slightly larger. The confidence interval for the corre
lation of mature egg numbers and ovary weight was the widest.

It is apparent that the correlation between body length and numbers 
of mature eggs ié the most practical method from which to estimate the 
fecundity of a population of Mississippi silver sides, although correlations 
between both total weight and body weight with numbers of mature eggs 
are probably more reliable. The reason for the poorer correlation between 
mature egg numbers and ovary weight could be due to variability in num
bers of immature eggs contained in each individual pair of ovaries.
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Figure 1.—Localities seined (darkened areas) for 
brook silversides in Crooked Lake, Indiana.

Life History of the Brook Silverside, 
Labidesthes sicculus, 

in Crooked Lake, Indiana1
The brook silverside, Labidesthes sicculus 

(Cope) , is a common forage lish in the lakes 
and streams of eastern Nmith America,—This 
annual fish is the only widespread atherinid 
in the fresh waters of the United States and 
Canada. It ranges from Minnesota, through 
southern Ontario and southern Quebec, to 
New York and south to Texas and to Florida. 
Silversides occur throughout Indiana (Gerk- 
ing, 1945) and are abundant in the northern 
lake district. They occur in schools at the 
water surface and frequently make short 
jumps” out of the water. Much information 
on the life history and feeding habits of 
silversides has been gained through the studies 
of Hubbs (1921), Cahn (1927), .Ewers and 
Boesel (1935), Boesel (1 9 3 7 )jF o g le  (1959), 
and Keast and Webb (1966). This paper 
presents additional observations on the life 
history of silversides.

STUDY AREA AND METHODS 
Silversides were studied in Crooked Lake 

(Figure 1 ), located in the headwaters of the

1 Contribution No. 807, Department of Zoology, 
Indiana University.

Tippecanoe River drainage, part of the 
Wabash system of Indiana. This marl lake 
lies on the border of Noble and Whitley 
counties in northern Indiana at 41° 16' N 
latitude and 85°29/ W longitude, 35 km north
west of Fort Wayne. It has a length of 2005 
m, a maximum depth of 33 m, a mean depth 
of 14 m, an area of 76 ha, and an elevation 
of 276 m above sea level. During the summers 
of 1966 and 1967 the surface pH ranged be
tween 8.4 and 8.7 at mid-day. Summer Secchi 
disk readings ranged from about 5.0 m in 
July and early August to as low as 3.0 m 
in late August. Surface temperature is given 
in Figure 2. The only inlet is a 75 m channel 
connecting Crooked Lake with Little Crooked 
Lake, which also contains silversides. The 
outlet was dry during much of the 1966 
summer. Although Kirsch (1895) did not 
report silversides in Crooked Lake he did note 
them from the following nearby lakes: 
Shriner, Cedar, Round, Big, and Loorii 

Silversides were seined at least once a 
month, except in February, in a bag seine 11 
m long, 3.2 mm oval mesh, between 9 Janu
ary 1966 and 23 August 1967. On 5 Novem
ber 1965, a sample was collected with a 6.4 
mm sq mesh seine. Seining was usually con
ducted at dusk, between 1800 and 2100 hrs. 
Newly hatched silversides were collected with 
a fine mesh dip net. Scales were removed 
from the side beneath the first dorsal fin.
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Figure 2.— Growth of brook silversides in Crooked Lake. The mode (heavy line) and range (thin line) 
are indicated for each year class. Total number of fish employed is about 11,500. Surface temperature 
near shore at dusk in °C is superimposed.

The recommendations of Hubbs and Lagler 
(1964) were followed in making meristic 
counts.

RESULTS AND DISCUSSION

In 1966, silversides spawned from at least 
17 June to 5 August. Spawned eggs were 
numerous when their presence was detected on 
17 June. They remained numerous until 19 
July and were found as late as 5 August. 
Most eggs were attached to Scirpus and were 
most abundant on the offshore portion of the 
bed, to water depths of 80 cm. Eggs were 
seldom found near shore where Scirpus was 
dense. Many eggs were also found attached 
to Potam ogetón. Paired silversides were ob
served around the emergent aquatic vegeta
tion, N ym phaea, Nuphar, Peltandra, and 
Püntederia. These plants, which were not as 
abundant as Scirpus, supported few eggs. 
Silverside eggs were commonly found attached 
to floats placed in the limnetic area over water 
25 m deep and on the anchor-rope of floats, to 
depths of 9 m. It is not known whether the 
eggs were laid at these depths or whether they 
became passively attached. In April the eggs 
in silversides were 0.15-0.25 mm diameter. 
Fully ripe females in June had eggs which

were 0 .8-1 .2  mm and orangish but also had 
many immature whitish eggs of 0 .2-0 .6  mm. 
The distinctive long filament attached to eggs 
was about 0.008 mm in diameter (measured 
from enlarged photographs). In the ovary each 
egg was enveloped by its filament. Virtually 
all eggs had one filament, as noted by Hubbs 
(1921) and Cahn (1927) . Fogle (1959), 
however, found two filaments on each egg. 
Eyed eggs that were taken from Crooked 
Lake and hatched in the laboratory produced 
young of 4 mm total length.

Because of the fast growth rate and short 
life-span of silversides the length-frequency 
method was used for age and growth deter
minations. An analysis of scales was also 
employed but was necesary for age determina
tion in few individuals. First year growth 
of silversides is rapid (Figure 2 ) .  The rate 
at which maximum size is reached exceeds 
that of all but one species in the list of 
Beverton and Holt (1959). Some young of 
the 1966 year class, when 3 months old (mid- 
September), had already reached the modal 
size of the 12 month old spawning group of 
the same year class.

In both 1965 and 1966 there was a marked 
decrease in the modal length of the popula-





ALSO:
Statuenti: | | K  - ralnbow trout, Scotch lake trout, and stèelhead trout 

are now firmly established in Colorado, noneof them being indigenou .
The brook trout affords better fishing than the native ±
trout, and more eggs of brook trout can be colledted in in
any other state, where hatcheries are located, to which the species i
native.”


