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ABSTRACT

An in te g r a t e d  f i e l d  and lab o ra to ry  program was employed to  
i n v e s t i g a t e  f i s h  p reda to r -p rey  i n t e r a c t i o n s  in areas  of  eel  g r a s s ,
Zostera  marina . D is t r ib u t io n  and food h a b i t s  o f  th ree  abundant 
p i sc iv o re s  were determined from monthly g i l l  ne t  captures  in vegeta ted  
and ad jacen t  non-vegetated sampling s i t e s  in  the  lower Chesapeake Bay 
during 1979 and 1980. Preda to r  abundance va r ied  with re sp ec t  to  
h a b i t a t  and time o f  day. Equal e f f o r t  vegeta ted  to non-vegetated 
capture  r a t i o s  were approximately 1:3 f o r  b l u e f i s h ,  Pomatomus s a l t a t r i x , 
3:1 fo r  weakf ish ,  Cynoscion regal i s , and 5:1 f o r  summer f lo u n d e r ,  
Pa ra l ich th ys  d e n ta tu s . D i s t i n c t  peak cap tures  occurred during d ay l ig h t  
in  the  non-vegetated  h a b i t a t  f o r  b lu e f i s h  and during t w i l i g h t  and n igh t  
in the vegeta ted  h a b i t a t  fo r  weakfish.  Eel grass  r e s id e n t  prey were 
p resen t  in stomach contents  from each o f  the  th ree  p red a to r  s p e c i e s ,  
in d ic a t i n g  t h a t  some feeding had occurred in the  vegeta ted  h a b i t a t .
Eel g rass  b lad e s ,  be l ieved  to  be i n c i d e n t a l l y  inges ted  as prey were 
captured w i th in  the  v eg e ta t ive  canopy, were p resen t  in  both b lu e f i s h  
and summer f lounder  stomach contents  but  were absent  in  weakfish.

S p e c i f i c  p reda to r -p re y  i n t e r a c t i o n s  were analyzed q u a l i t a t i v e l y  
and q u a n t i t a t i v e l y  in a l ab o ra to ry  s e t t i n g  with varying h a b i t a t  
complexity.  Both v e g e ta t ive  cover and l i g h t  i n t e n s i t y  in f luenced  
p re d a to r  a c t i v i t y  and prey capture  success .  Weakfish consumed fewer 
prey ,  Leiostomus xanthurus and Menidia m enid ia , as pe rcen t  a rea  of 
a r t i f i c i a l  v e g e ta t iv e  cover inc reased .  S i m i l i a r l y ,  fewer M. menidia 
were consumed by summer f lounder  as v e g e ta t iv e  cover inc reased .
However, due to  r e s p e c t iv e  capture  and avoidance behav io rs ,  summer 
f lounder  captured  fewer _L. xanthurus in  non-vegetated experiments than 
in any vege ta ted  experiments. In g e n e ra l ,  prey which remained a t  the  
conclusion o f  an experiment were those which were o r ie n te d  w i th in  the  
v e g e ta t io n .  Peak feeding a c t i v i t y  occurred during morning and evening 
t w i l i g h t  f o r  weakf ish ,  and during morning hours between 0800 and 1200 
f o r  summer f lounder .

Data i n d i c a t e  t h a t  eel  grass  beds were u t i l i z e d  as refuge h a b i t a t s  
f o r  prey f i s h e s  as well foraging grounds f o r  p re d a to r s .  Prey which 
o r i e n t  w i th in  the  eel  grass  canopy, out  o f  the  v isua l  p r e d a to r s '  s i g h t ,  
s u f f e r  l e a s t  from p red a t ion .  However, both c repuscu la r  and l i e - i n - w a i t  
p reda to rs  appear to  be e f f e c t i v e  in  cap tu r ing  prey which migra te  from 
v e g e ta t iv e  cover.  Schooling, as a cap ture  t a c t i c  by p reda to rs  o r  as an 
escape t a c t i c  by prey ,  may be i n h ib i t e d  by the  presence of  v e g e ta t io n .

I n t e g r a t i o n  o f  f i e l d  and lab o ra to ry  s tu d ie s  i s  suggested as being 
the  most e f f e c t i v e  method fo r  eva lua t ing  s p e c i f i c  f i s h  p red a to r -p rey  
behaviora l  i n t e r a c t i o n s .

v i i



FISH PREDATOR-PREY INTERACTIONS 

IN AREAS OF 

EELGRASS (ZOSTERA MARINA)



INTRODUCTION

E elg ras s ,  Z ostera  m arina , beds are  g e n e ra l ly  considered to  play 

important  t r o p h ic  and refuge ro le s  f o r  many spec ies  o f  f i s h  in e s tu a r in e  

and coas ta l  marine ecosystems (Ried,  1954; Kikuchi, 1974; H e l l i e r ,

1962; Briggs and O'Conner, 1971; Carr and Adams, 1973; Adams, 1976a;

Orth and Heck, 1980). Through stomach con ten t  a n a l y s i s ,  r e sea rch e rs  

have demonstrated t h a t  many r e s i d e n t  f i s h  spec ie s  o f  eel  grass areas are 

heav i ly  dependent on the  a sso c ia ted  fauna and f l o r a  as a source of  

food (Adams, 1976b; Robertson,  1977). However evidence t h a t  s t r u c t u r a l l y  

complex eel  g rass  h a b i t a t s  provide small f i s h e s  refuge from p reda t ion  is  

l a rg e ly  i n f e r e n t i a l  (Colwell and Fuentes ,  1975; Cooper and Crowder, 1979). 

In a d d i t io n ,  the  e x te n t  to  which these  areas are  u t i l i z e d  as fo rag ing  

grounds by l a rg e  t r a n s i e n t  p i sc ivorous  f i s h  i s  not  well e s t a b l i s h e d .

F ie ld  and l a b o ra to ry  s tu d ie s  have in d ic a te d  t h a t  physical  s t r u c t u r e s

, may a f f e c t  p red a to r -p re y  i n t e r a c t i o n s .  S h e l t e r  from p reda t ion  appears

to  be the  most important  f a c t o r  in  the formation of  f i s h  communities

which g a th e r  around f l o a t i n g  m ater ia l  in  the  open ocean (Gooding and

Manguson, 1967). In l a b o ra to ry  s tu d ie s  t e s t i n g  the e f f e c t i v e n e s s  of

f l o a t i n g  kelp (Macrocyst is p y r i f e r a )  in reducing p re d a t io n ,  Mitchell

and Hunter (1970) noted t h a t  prey were pursued l e s s  o f t e n ,  f o r  s h o r t e r

p e r io d s ,  and were cap tured  l e s s  f r eq u e n t ly  when kelp was p re sen t  than

when i t  was absen t .  S u l l iv a n  and Atchison (1978) noted t h a t  fa thead

minnows, Pimephales promelas, used a r t i f i c i a l  v e g e ta t ion  ex te n s iv e ly

2
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when the  p re d a to r ,  the  largemouth bass ,  Micropterus sa lm o ides , changed 

p o s i t io n s  in  the  experimental  tank.  They observed t h a t  prey vu lnera 

b i l i t y  was in f luenced  by the presence of  cover.  Other i n v e s t i g a t o r s  

have demonstrated t h a t  the  physical  s t r u c t u r e  o f  macrophyte s tanding  

crop,  inc lud ing  e e l g r a s s ,  may be important  in  mediating p reda to ry  f i s h  

behavior and thus decrease  preda tory  success (Vince e t  a l . ,  1976;

Nelson, 1979; S tone r ,  1979).

Other s t u d i e s ,  however, have in d ic a te d  t h a t  v e g e ta t iv e  cover a ffords  

l i t t l e  o r  no p ro te c t io n  to  prey. Mauck and Coble (1971) found t h a t  the 

r e l a t i v e  v u l n e r a b i l i t y  o f  severa l  prey f i s h  species  to  nor thern  p ike ,

Esox l u c i u s , p reda t ion  was the  same in experiments with and without  

v ege ta t ive  cover. Johannes and Larkin (1961) noted t h a t  reds ide  s h i n e r s ,  

Richardsonius b a l t e a t u s , pursued Gammarus amphipods deep w i th in  weed 

(Chara) beds.  Thus, behavior  and morphology of  both p reda to rs  and prey 

may ove r r id e  the  in f lu en ce  o f  h a b i t a t  s t r u c t u r e .

The t h e o r e t i c a l  framework f o r  i n v e s t i g a t i o n s  of  p reda to r -p rey  

i n t e r a c t i o n s  has been e s t a b l i s h e d  (Emlen, 1966; MacArthur and Pianka,  

.1966; G r i f f i t h s ,  1975). Natural s e l e c t i o n  may favor  p reda to rs  which 

feed as energy maximizers. Simply s t a t e d ,  a p reda to r  should op t im al ly  

ob ta in  the  g r e a t e s t  c a l o r i c  y i e l d  per  u n i t  time spen t  in s e a rc h ,  capture  

and consumption of  prey.  The use of v e g e ta t ive  cover by prey f i s h  may 

have popula t ion  su rv iva l  value as a p r o t e c t i v e  h a b i t a t  which serves to  

in c rease  energy spen t  r e l a t i v e  to  energy gained by the  p re d a to r .  Glass 

(1971),  s tudying  the  p reda t ion  e n e rg e t i c s  o f  largemouth bass found t h a t  

energy expendi tu re  per  a t t a c k  inc reases  r ap id ly  in  more densely s t r u c tu r e d  

environments. In a d d i t i o n ,  n a tu ra l  s e l e c t i o n  may ac t  to enforce  the
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a s s o c i a t io n  of  prey with v e g e ta t iv e  cover: su s c e p t ib l e  prey w i l l  be

consumed while  l e s s  a v a i la b le  prey w i l l  remain to reproduce.

Recently ,  re sea rch e rs  have attempted to  i n t e g r a t e  f i e l d  and 

la b o ra to ry  s tu d ie s  in  eva lua t ing  the behavioral  i n t e r r e l a t i o n s h i p s  o f  

f i s h e s  and t h e i r  prey in  s t r u c t u r a l l y  complex h a b i t a t s  (Vince e t  a l . ,

1976; Nelson, 1979). D i rec t  f i e l d  o b se rv a t io n s ,  t r a d i t i o n a l l y  conducted 

in c l e a r  t r o p ic a l  waters  (Hobson, 1965, 1968, 1972, 1973; Majors, 1977; 

McFarland e t  a l . ,  1979) by SCUBA are  d i f f i c u l t  a t  b e s t  in t u r b id  nearshore  

or  e s tu a r in e  w a te rs .  In these  a r e a s ,  f i e l d  sampling f o r  stomach conten t  

a n a l y s i s ,  d ie l  catch f r eq u e n c ie s ,  h a b i t a t  p refe rence  or  o th e r  parameters 

in con junc t ion  with c o n t ro l le d  l ab o ra to ry  experiments may prove most 

e f f e c t i v e  in determining s p e c i f i c  p red a to r -p rey  i n t e r a c t i o n s .

This s tudy assessed  the eco log ica l  s i g n i f i c a n c e  of  submerged 

aq u a t ic  v e g e ta t io n ,  SAV ( p r i n c i p a l l y ,  Z_. marina), in f i s h  p reda to r -p re y  

r e l a t i o n s h i p s .  The e x te n t  to  which SAV i s  u t i l i z e d  as a refuge  h a b i t a t  

by prey f i s h e s  and as a foraging  grounds f o r  p isc ivorous  p red a to rs  was 

i n v e s t i g a t e d  through both f i e l d  and l ab o ra to ry  s t u d i e s .  S p e c i f i c  p reda to r -  

prey i n t e r a c t i o n s  o f  f i s h  spec ies  from a lower Chesapeake Bay SAV system 

were analyzed q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  in a l a b o ra to ry  s e t t i n g  

with varying h a b i t a t  complexity. F ie ld  sampling was conducted to  determine 

s p a t i a l  and temporal movements and feeding h a b i t s  o f  the  p re d a to r  spec ie s  

in  and around SAV. Se lec ted  p red a to r  and prey spec ies  provided c o n t r a s t  

in  h a b i t a t  s e l e c t i o n  and feeding s t r a t e g i e s .  Ju ven i le  s p o t ,  Leiostomus 

x a n th u ru s , an abundant SAV r e s i d e n t ,  and A t l a n t i c  s i l v e r s i d e ,  Menidia 

menid ia , an abundant bay-wide r e s i d e n t ,  served as prey sp e c ie s .  B lu e f i sh ,  

Pomatomus s a l t a t r i x , weakfish ,  Cynoscion regal  i s , and summer f lo u n d e r ,
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P ara l ich th y s  d e n t a t u s , ■ a l l  species  o f  major commercial and r e c re a t io n a l  

importance,  se rved as r e p r e s e n ta t iv e s  o f  the  Bay p i s c iv o re  gu i ld .



MATERIALS AND METHODS

Fie ld  Study

The study s i t e ,  a 260 hec ta re  SAV bed (mixed e e lg ra s s  and widgeon 

g r a s s ,  Ruppia maritima) was loca ted  in  sou theas te rn  Chesapeake Bay 

(approximately 37°51'N l a t i t u d e ,  76°51'W lo n g i tu d e ) .  The area was 

bounded by Hungar's Creek to the sou th ,  a sand bar  to  the north and 

west ,  and land (Vaucluse Shores) to  the  e a s t .  Gil l  ne t  sampling was 

conducted on a monthly bas is  from March through November 1979 and from 

March through September 1980. G i l l  nets  were s e t  and f i shed  every four  

hours over a 24-hour period along the t r a n s e c t s  depic ted  in Figure 1.

Two nets  were f i shed  over the vegeta ted  h a b i t a t  and one over the  non- 

vege ta ted  h a b i t a t .  For q u a n t i t a t i v e  comparisons the  vegeta ted  h a b i t a t s  

were combined and averaged. The non-vegetated s i t e  was approximately 

750-1000 meters west o f  the SAV bed. Nets were 60 meters long and 

f i sh e d  1 .8  meters o f f  the  bottom. In 1979, each ne t  was comprised of 

two t h i r t y  meter s e c t io n s  of  12.7 and 17.8 cm s t r e t c h  mesh monofilament. 

Low c a t c h ; in  the  17.8 cm mesh n e t  n e c e s s i t a t e d  a change to  8.9 cm mesh 

f o r  the  1980 sampling program. Due to  these  d i f fe ren c e s  in sampling 

gear  catch data  fo r  the two years  were analyzed s e p a ra te ly .  Average 

depths in  which the ne ts  were s e t  va r ied  from 0 .5 -1 .5  meters w i th in  

the  g rass  bed to  1 .5 -2 .5  meters over the  sand bar .

B lu e f i sh ,  weakfish and summer f lounder  were measured (s tandard

le n g th ,  SL in mm) and weighed (gms). Stomachs were removed, l a b e l l e d
6
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Figure 1 Location o f  sampling s i t e  in lower Chesapeake Bay, V i rg in ia .  

G i l l  ne t  t r a n s e c t s  d ep ic ted  by hatch marks.
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and p reserved  in 10% buffe red  formalin  so lu t io n  f o r  l a t e r  la b o ra to ry  

a n a l y s i s ,  or when time p e rm i t te d ,  were analyzed in the  f i e l d .  Contents 

were i d e n t i f i e d  to  s p e c i e s ,  enumerated and measured whenever p o s s ib le .  

Data were t a b u la te d  as pe rcen t  occurrence and pe rcen t  number f o r  each 

taxonomic ca tegory .  Percentages re p re se n t  the  p ropor t ion  of  the 

stomachs con ta in ing  food f o r  each spec ies  captured  in  each h a b i t a t .

Laboratory Study

Experiments were conducted in  two id e n t i c a l  4 m diameter  by 1 m 

deep d o u b le - l in ed  l i g h t  blue wading pools (Figure  2 ) .  A water  depth 

of  0 .9  m (approx.  10,000 l i t e r s / t a n k )  was maintained in the  pools .

This was the  maximum depth a t  which water  could be held to  prevent  

p red a to rs  from jumping out  o f  the  pool conf ines .  Each tank bottom 

was covered with a l a y e r  o f  coarse  sand (3-4 cm).

Observations were made from atop a 1.5 m s tand ad ja ce n t  to  the 

experimental  tanks .  The s tand  was covered with black p l a s t i c  and 

o bse rva t ion  p o r t a l s  were arranged such t h a t  the  e n t i r e  water  column 

of  both tanks was v i s i b l e  to  the  observer .

Seawater System. A c lo sed ,  r e c i r c u l a t i n g  water  system was em

ployed.  The high t u r b i d i t y  of  loca l  York River water  s e v e r ly  i n h ib i t e d  

o bse rv a t io n s  making the  use of  f low-through seawater  system u n su i t a b le .

E s tua r in e  water  was passed through a f i l t e r  bag (5 mm) before  

e n te r in g  the  experimental  system. Water was con tinuously  pumped from 

the  bottom o f  the  two experimental  tanks and an a d jacen t  1.5 m diameter  

by 1 m deep prey holding tank i n t o  a f i l t e r  box (1.5 by 1.5 by 1.0 m) 

used as a b io lo g ic a l  f i l t e r  to  remove p o t e n t i a l l y  to x ic  waste m a te r i a l s
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Figure 2. Schematic o f  l a b o ra to ry  seawater  system. A. 2-1 m deep 

x 4 m d iam eter  experimental  tanks .  B. Coarse sand sub

s t r a t e .  C. A r t i f i c i a l  v e g e ta t io n .  D. B io log ica l  f i l t e r .  

E. Siphon hose m ain ta in ing  equal water  l e v e l s  in the  two 

tan k s .  F. Water pumped from tank to  b io lo g ic a l  f i l t e r ,

G. Water g ra v i ty  fed through b io lo g ic a l  f i l t e r  and back 

i n to  tank .
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(Arnold e t  a l . ,  1978). Intake hoses were sh ie lded  to  prevent  damage 

to prey f i s h  and fo u l in g  of  pump im p e l le r s .  Water was d i s t r i b u t e d  

over the  su r fa ce  o f  the  f i l t e r  medium by ho r izon ta l  7.6 cm PVC pipe 

with 0 .5  cm d iameter  holes in two rows a t  45° from the  bottom. Water 

then passed through a 10 cm lay e r  of  coarse  sand,  a 10 cm la y e r  of  

crushed o y s t e r  s h e l l ,  and a 20 cm lay e r  o f  g rave l .  The f i l t e r e d  s e a 

water  then e n te red  a 5.1 cm PVC e f f l u e n t  pipe below the  f i l t e r  bed and 

g ra v i ty  fed back in to  each tank (Figure 2) .  Equivalent  water  l e v e ls  

were maintained by s iphoning ac t ion  through 5.2 cm p l a s t i c  vacuum 

hoses connecting the  t an k s .  No m e t a l l i c  m a te r i a l s  were perm it ted  to  

con tac t  the  seawater  a t  any po in t  in the  system. Approximately 50% 

of the water  volume was replaced each week with 'new' r i v e r  water .

Dissolved oxygen was maintained a t  or  near  s a t u r a t i o n  through the 

use of  conventional  aquarium a i r s to n e s  and airpumps. S a l i n i t y  was 

checked r o u t in e ly  with a r e f ra c to m e te r .  Water was heated during w in te r  

months by a 3000 w a t t  aquarium h e a t e r ,  and cooled during the  summer by

ambient a i r  condit ioned  room tempera tures .

A r t i f i c i a l  S e a g ra s s . Green polypropylene r ibbon ,  5 mm wide was 

used as a r t i f i c i a l  eel  g ra s s .  A s p e c i f i c  g ra v i ty  of 0 .6 allowed the 

a r t i f i c i a l  grass  blades to  s tand  n a tu r a l l y  in the  water  column. The 

ribbon was a f f ix e d  to  V  square  mesh black p l a s t i c  sc reen .  Average 

and high d e n s i ty  mats were cons t ruc ted  having 875 blades/m^ and 

1750 blades/m^,  r e s p e c t iv e ly .  These values correspond to  observed 

f i e l d  d e n s i t i e s  f o r  T. marina in the  lower Chesapeake Bay (R.J .  Orth ,  

pers comm., V i rg in ia  I n s t i t u t e  o f  Marine Sc ience ,  G louces te r  P o in t ,

V i r g i n i a ) .  Mats were anchored with a 0.75 m square  o f  1.9 cm sand-



11

f i l l e d  PVC p ipe .  Mats were placed in the tanks a minimum of 12 hours 

be fo re  i n i t i a t i o n  o f  an experiment. The coarse sand s u b s t r a t e  was 

pushed over the  edges o f  the  mat to  provide a smooth t r a n s i t i o n  from 

non-vegetated  to  vege ta ted  a re a s .

L ig h t in g . Black vinyl  p l a s t i c  enclosed the study a re a ,  a l lowing 

only minimal, i n d i r e c t ,  o u t s id e  l i g h t  p e n e t r a t i o n .  The a r t i f i c i a l  

l i g h t i n g  system approximated n a tu ra l  l i g h t  cond i t io n s  with  regard  to  

i n t e n s i t y  and d u ra t io n .  Lights  were c o n t r o l le d  by a s e r i e s  o f  automatic  

time sw itches .  F i r s t  AM l i g h t  was provided by two banks o f  double 40 

w a t t  d a y l ig h t  f l o u r e s c e n t  lamps s i t u a t e d  below tank l e v e l .  This pro

vided low i n t e n s i t y  i n d i r e c t  l i g h t i n g  o f  approximately  10 fo o t  candles 

a t  the  water  su r f a c e .  A f te r  30 minutes ,  a s e t  of  two 60 w a t t  s o f t  

whi te  incandescen t  bulbs was i l lu m in a te d .  Next, a s i n g l e  100 w a t t  s o f t  

w hi te  incandescen t  bulb lo ca te d  d i r e c t l y  over  each tank was switched 

on. The th r e e  s e t s  o f  l i g h t s  remained on to g e th e r  during the  day.

Since  Verhei jen  and DeGroot (1967) repor ted  t h a t  high l i g h t  i n t e n s i t i e s  

could i n h i b i t  normal a c t i v i t y  in  f l a t f i s h  and because p re l im in a ry  

experiments showed much the  same f o r  w eakf ish ,  maximum d a y l ig h t  i n t e n 

s i t i e s  were he ld  to  100 fc  a t  the  water  su r f a c e .  In the  evening the 

l i g h t  s e r i e s  switched o f f  in  reve rse  o rder  f o r  the  n ig h t  p e r io d .  To 

m ain ta in  n a tu ra l  seasonal  day length  cond i t ions  photoperiod  was main

ta in e d  a t  L:D 12:12 f o r  p r e d a t o r - A t l a n t i c  s i l v e r s i d e  experiments 

during mid-March through mid-April  and a t  L:D 15:9 f o r  the  p r e d a to r -  

sp o t  experiments from mid-June through mid-July .

Experimental Animals. Experimental f i s h ,  both p r e d a to r  and p rey ,  

were caught in  the  lower York River e s tu a ry  by a v a r i e t y  o f  methods,
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inc lud ing :  (1) hook and l i n e ;  (2) 16 and 30 fo o t  o t t e r  t r aw l ;  and

(3) 50 f o o t  beach s e in e .  Fish were quickly moved to  acc l im at ion  tanks 

minimizing handling whenever p o ss ib le .

P red a to r  spec ies  were acclimated to  experimental  condi t ions  f o r  

a minimum of  30 days. During t h i s  period p red a to rs  were fed a v a r ie ty  

of  l i v e  prey f i s h .  Prey species  were acclimated fo r  minimum period 

of  14 days. Both prey spec ies  were fed Purina Trout Chow**, which 

they r e a d i ly  consumed. Care was taken to  avoid use of  prey f i s h  with 

s igns  o f  abnormal swimming behavior  or e c t o p a r a s i t e s .

P re l im inary  experiments were conducted to  e s t a b l i s h  the  s i z e s  

and numbers o f  both p reda to rs  and prey. P reda to rs  were s e l e c te d  such 

t h a t  the  confines  o f  the  tanks did not s ev e re ly  i n h i b i t  t h e i r  a b i l i t y  

to  pursue and cap ture  prey.  Four p re d a to r s ,  s tandard  leng ths  (SL)

27-30 cm, were placed in  each tank.  A l a r g e r  number o f  p reda to rs  could 

surround and herd prey. Fewer p reda to rs  would reduce the number o f  

feeding behaviors  which could be observed per  u n i t  time and allow 

f o r  a l e s s  complete behavioral  c h a r a c t e r i z a t i o n .  Prey were of  a s i z e  

small enough to  be captured  and consumed y e t  not  so small as to  be 

u n a t t r a c t i v e .  Spot ranged from 50-65 mm SL and s i l v e r s i d e s  ranged 

from 60-80 mm SL. To e s t a b l i s h  the  number o f  prey to  be used with 

t h i s  experimental  des ign ,  prey were o f fe red  i n d iv id u a l ly  each day f o r  

one week with no v e g e ta t iv e  cover p resen t .  At l e a s t  twelve prey were 

consumed each day during t h i s  pe r iod .  T here fo re ,  the number o f  prey 

used in each experiment was s e t  a t  twelve. A decrease  in  the  number of  

prey consumed was assumed to  be a r e s u l t  o f  inc reased  time and energy
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spen t  by the p re d a to r  in  s e a rc h ,  p u r s u i t  and cap ture  (due to  prey 

schoo l ing  or  o r i e n t a t i o n  w i th in  v e g e ta t io n ) .

Four b lu e f i s h  were held  in the  experimental  tanks f o r  a two month 

pe r iod .  During t h i s  time b lu e f i s h  were fed a v a r i e ty  of  prey inc lud ing  

A t l a n t i c  s i l v e r s i d e s  and A t l a n t i c  menhaden, Brevoort ia  t y r a n n u s . The 

confines  o f  the  experimental  system d is ru p ted  the n a tu ra l  b lu e f i s h  

feeding behavior .  No formal q u a n t i t a t i v e  b l u e f i s h - p r e y - e e lg r a s s  

experiments were conducted, but  severa l  q u a l i t a t i v e  obse rva t ions  are  

p resen ted  in the  r e s u l t s  s e c t io n .

Experiments. Prey were moved from the acc l im at ion  tank 12 hours 

before  i n i t i a t i o n  of  t e s t s  and placed in  0 .5  m d iameter  c l e a r  p l e x ig l a s s  

' a c c l im a t io n  c y l i n d e r s '  to  minimize prey d i s o r i e n t a t i o n  upon r e l e a s e .

These c y l in d e r s  were suspended by p u l ly  system over the  c e n t e r  of  

each experimental  tank .  A f in e  mesh c l e a r  p l a s t i c  sc reen  in the  

bottom o f  the  c y l in d e rs  allowed water  to  e n t e r  f r e e l y .  From w i th in  

the  cy l in d e r s  prey had a f u l l  3-dimensional view o f  the  experimental  

t ank ,  in c lud in g  p red a to r s  and grass  when p re s e n t .  The lower h  o f  the  

c y l in d e r  was hinged and equipped with a r e l e a s e  mechanism. At i n i t i a 

t i o n  o f  each experiment the  r e l e a s e  mechanism was t r ip p e d  and the  c y l i n 

de r  opened (F igure  3) .  The e n t i r e  appara tus  was then h o i s t e d  out  o f  the 

w a te r .  All o p e ra t io ns  were conducted manually from the  o b se rva t ion  s tan d .

Each p red a to r -p re y  combination was t e s t e d  in t r i p l i c a t e  a g a in s t  

f iv e  s u b s t r a t e  v a r i a t i o n s  (Figure  4):

(1) ' N* - no a r t i f i c i a l  g r a s s ,  bare  sand s u b s t r a t e
p

(2) ’A' -  average d e n s i ty  a r t i f i c i a l  g r a s s ,  1 n r  mat
in  c e n t e r  o f  tan k ,  875 blades/m^, 7.5% area  
covered
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Figure 3. Prey r e l e a s e  sequence. A. Prey are  p laced in to  c l e a r  p l e x i 

g la s s  c y l in d e rs  12 hours p r i o r  to  initiation of  an experiment.

B. From the  observat ion  b l ind  the  r e l e a s e  mechanism i s  man

u a l ly  t r ig g e r e d  and the  c y l in d e r  opens. C. A pu l ley  system 

suspended over the c e n te r  o f  the  tank allows the obse rver  to 

remove the  e n t i r e  apparatus  from the w ater  column.
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Figure 4. Diagram of  the  f i v e  experimental  veget  t i v e  t r e a tm e n ts .

Average and high d e n s i t i e s  o f  a r t i f i c i a l  v eg e ta t io n  r e f e r  to 

observed e e l g r a s s ,  1. m ar ina , f i e l d  d e n s i t i e s  o f  875 and 1750 

blades/m^,  r e s p e c t ! v e l y , (Orth ,  p e rs .  comm.). At the  22% 

a rea  v e g e ta t iv e  cover leve l  3-1 m̂  mats were arranged t o 

g e th e r  in  the  c e n te r  o f  the  tank ( in c re ase d  area)  and evenly 

about the  tank ( in c re a se d  complexi ty) .



N=non-vegetated 
A=average d e n s i ty  
H=high d e n s i ty  
IA=increased area  
IC=increased complexity
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(3) 'H' - high dens i ty  a r t i f i c i a l  g r a s s ,  1 mat in
c e n te r  o f  tank ,  1750 b l a d e s / n r ,  7.5% area  
covered

(4) 11A1 - increased  a re a ,  th ree -1  m̂  mats placed t o 
ge the r  in c e n t e r  o f  tank ,  2-1750 and 1-875
blades/m^ mats ,  22% area  covered

(5) ' IC* -  increased  complexity ,  th ree -1  m̂  mats evenly
spaced about tan k ,  2-1750 and 1-875 blades/m^  
mats, 22% area  covered

To minimize lea rn in g  by p reda to rs  experimental  t rea tm ents  were 

randomly ordered .  One hour observa t ions  were made during morning and 

evening l i g h t  t r a n s i t i o n  and midday f u l l - l i g h t  p e r io d s .  Surviving 

prey were enumerated a t  these  t im es.  P reda to r  and prey a c t i v i t y  

l e v e l s ,  o r i e n t a t i o n  with re sp ec t  to  a r t i f i c i a l  e e lg ra s s  and cap tu re-  

avoidance s t r a t e g i e s  were a l so  noted. All remaining prey were removed 

a t  the  conclusion  o f  each experiment.  P reda to rs  were s ta rv ed  fo r  a 

24-hour per iod  p r i o r  to  i n i t i a t i n g  the  next experiment.  P reda to r -  

A t l a n t i c  s i l v e r s i d e  experiments were conducted f o r  12 hours from f i r s t  

to  l a s t  d a y l ig h t .  P re d a to r - sp o t  experiments were conducted f o r  a 24 

hour period in  o rd e r  to  include an assessment o f  n ig h t  feeding h a b i t s .

The median t e s t ,  a nonparametric  procedure (Conover, 1971), was 

employed fo r  s t a t i s t i c a l  examination of  experimental  da ta .  The median 

number o f  prey consumed among the  5 p red a to r -p re y  combinations t e s t e d  

were compared. S ig n i f ic a n c e  was chosen to  be the  alpha=0.05 l e v e l .



RESULTS

Fie ld

The num erica l ly  dominant a d u l t  t e l e o s te a n  p reda to rs  in the  1979 

and 1980 g i l l  ne t  catch data  were b l u e f i s h ,  weakf ish ,  and summer 

f lounder  (Appendix I ) .  P re l im inary  a n a ly s i s  in d ic a te d  no s i g n i f i c a n t  

d i f f e r e n c e  in catch numbers fo r  the  th ree  p re d a to r  spec ies  over the 

two vege ta ted  sampling s i t e s .  Thus, f o r  comparative purposes ,  g i l l  

ne t  cap tu res  f o r  the  two areas were combined and averaged to  y i e l d  a 

r e p r e s e n ta t i v e  SAV h a b i t a t  value.

B l u e f i s h . A t o t a l  o f  157 b l u e f i s h ,  average length  450 mm SL, 

were cap tured  from April  to  November (1979 and 1980). Water temp

e r a t u r e  a t  time of  capture  ranged from 11 to  29° C. B luef ish  were 

caught more f r e q u e n t ly  over the non-vege ta ted ,  sand bottom h a b i t a t  

in both 1979 and 1980. Equal e f f o r t  sand to  SAV catch r a t i o s  fo r  

b lu e f i s h  were 3.6 and 1 .8  f o r  1979 and 1980, r e s p e c t iv e ly  (Figure  5) .  

Five o f  the  26 g i l l  ne t  s e t s  con ta in ing  b lu e f i s h  c o n s t i t u t e d  g r e a t e r  

than 50% o f  the  t o t a l  catch over the sand bottom h a b i t a t  (Figure  6 ) .  

These f i v e  s e t s  conta ined  between 6 and 17 b l u e f i s h ,  averaging 10.2 

per  s e t .  The m a jo r i ty ,  88%, o f  s e t s  cap tu r ing  b lu e f i s h  over SAV 

conta ined  3 o r  l e s s  f i s h .  At no time were more than 5 b lu e f i s h  cap

tu red  in  a s i n g l e  4 hour SAV s e t .

General d ie!  catch frequency t rends  a re  s i m i l a r  fo r  b lu e f i sh  in

1979 and 1980 sampling program. Sand and SAV catches  a re  shown

17
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Figure 5 Equal e f f o r t  cap ture  r a t i o s  over the sand and SAV sampling 

s i t e s  f o r  b l u e f i s h ,  weakfish and summer f lo un d er  (1979 and 

1980).
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Figure 6 The number o f  b lu e f i sh  captured  per  4 hour s e t  in the  

g i l l  ne ts  f i she d  over the SAV s i t e  and the s in g le  60 m 

f i sh e d  s im ultaneous ly  over the sand s i t e .

2-60 m 
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se p a ra te ly  fo r  each of  the  two years  (Figure 7 and 8) .  Maximum catch 

over the  sand h a b i t a t  occurred between 1200 and 2000 hours. This peak 

accounted f o r  a l a rg e  po r t ion  of the  t o t a l  d ie l  catch (43% in 1979,

74% in 1980).

Over the SAV h a b i t a t ,  b lu e f i sh  catch frequency e x h ib i ted  no 

d i s t i n c t  d ie l  p a t t e rn  in 1979. R e la t iv e ly  low numbers were caught 

throughout the  24 hour per iod .  In 1980, g r e a t e r  numbers were observed 

between 1200 and 1600 and between 2000 and 2400.

A t l a n t i c  menhaden ( Brevoort ia  ty rannus) , sand shrimp (Crangon 

septemspinosa) , spo t  and mulle t  (Mugil cephalus) were the dominant 

food items of  the b lu e f i sh  examined. Order of dominance depended 

upon h a b i t a t  and method o f  p resen ta t io n  (Table 1) . Six ty-one  percent  

o f  the  stomachs from b lu e f i s h  captured over the sand h a b i t a t  contained 

menhaden while 6% contained sand shrimp and 6% spo t .  Menhaden a lso  

dominated on a numerical b a s i s ,  rep re sen t in g  58% of the  t o t a l  prey 

i tems. Over the  vegeta ted  h a b i t a t ,  menhaden were the most f req uen t ly  

occurr ing  food item (31%) followed by spot  (12%), m ulle t  (12%) and 

sand shrimp (8%). The numerical ly  dominant food item over the  vegetated 

h a b i t a t  was sand shrimp (54%). Stomachs from b lu e f i sh  captured over 

SAV contained a t o t a l  o f  7 prey species  while stomachs from those  

captured over sand conta ined  3 prey sp e c ie s .  Eel grass  was found in 

3 stomachs, a l l  from b lu e f i s h  captured over SAV.

Weakfish. A t o t a l  of  89 weakfish ,  average length  403 mm SL, 

were captured from April  to  September (1979 and 1980). Water temp

e ra tu r e  a t  the  time of  capture  ranged from 14 to  28° C. Weakfish were
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Figure 7. Diel catch  frequency f o r  b lu e f i sh  captured  by g i l l  ne t  over 

the  sand sampling s i t e .  Equal f i s h i n g  e f f o r t  was maintained 

during each 4 hour i n t e r v a l .  Captures f o r  1979 and 1980 

sampling programs are  shown s e p a r a t e ly  due to  d i f f e r e n t  ne t  

mesh s i z e s  employed. Poin ts  r e p re se n t  aggregate  cap tu res  

f o r  each 4 hour i n t e r v a l .
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Figure 8. Diel catch frequency f o r  b lu e f i sh  captured by g i l l  ne t  over 

the  SAV sampling s i t e .  Equal f i s h in g  e f f o r t  was maintained 

during each 4 hour i n t e r v a l .  Captures fo r  1979 and 1980 

sampling programs are shown se p a ra te ly  due to d i f f e r e n t  ne t  

mesh s i z e s  employed. Poin ts  r ep re sen t  aggregate captures  

f o r  each 4 hour i n t e r v a l .
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TABLE 1. Percent occurrence ,  and percent number of  food i tems in  the  
stomachs o f  b l u e f i s h ,  containing  food,  which were captured over the 
sand and SAV sampling s i t e s .

SAND SAV •
(N=26) (N-26)

Food Item % % % %
occurrence number occurrence number

Vegetation
Zostera marina 

Invertebrates  
Gastropoda
Crangon septemspinosa  
C a l l in e c t e s  sapidus  

Fish
Brevoortia tyrannus 
Leiostomus xanthurus 
Mugi1 cephalus  
Ather inidae  
Unid. f i s h  remains

11.5 -

3 .8 1.8
7.7 6 .4 7 .7 53.6

- - 3 .8 1.8

57.6 61.3 30.7 14.3
3.8 6 .4 11.5 5.4

- - 11.5 5 .4
3.8 1.8 - -

30.7 25 .8 34.7 16.1
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captured  more f r e q u e n t ly  over the  SAV h a b i t a t  than over the  sand 

h a b i t a t  in  both y e a r s .  Equal e f f o r t ,  sand to  SAV capture  r a t i o s  f o r  

weakfish were 1:12.5  f o r  1979 and 1 :2 .5  f o r  1980 (Figure  5 ) .

Considering only 4 hour s e t s  in  which weakfish were c ap tu red ,

1 to  2 in d iv id u a l s  pe r  s e t  predominated (Figure  9 ) .  Only 5 o f  the  

52 t o t a l  s e t s  cap tu r ing  weakfish con ta ined  4 or  more i n d iv i d u a l s .

The two l a r g e s t  s i n g l e  s e t  cap tu res  were 6 and 8 weakf ish ,  both 

o ccu r r in g  over the  vege ta ted  h a b i t a t .  Only one 4 hour s e t  over sand 

con ta ined  g r e a t e r  than two w eakf ish .

Diel catch  frequency p a t t e r n s  over the  SAV h a b i t a t  f o r  weakfish 

a re  s i m i l a r  f o r  both sampling y e a rs  (cap tu res  over the  sand bottom 

h a b i t a t  were too few f o r  comparative purposes)  (Figure  10). Peak 

ca tch  per iods  over the  SAV area  occurred  between 2000 and 2400 hours .  

Approximately 33% of  a l l  weakfish (32% in 1979 and 40% in 1980) were 

cap tu red  during t h i s  4 hour p e r io d .  Low numbers o f  in d iv id u a l s  were 

cap tu red  between 0800 and 1600 hours and f o r  the two years  combined 

only 5% o f  the  t o t a l  catch was taken  in  t h i s  pe r iod .

Dominant food i tems o f  weakfish  examined were anchovies (Anchoa 

m i t c h i H i ) ,  sand shrimp, blue crabs ( C a l l in e c te s  sapidus)  and spo t  

(Table 2 ) .  Anchovies occurred  most f r e q u e n t ly  (44%) while  sand shrimp 

were num erica l ly  dominant (60%) in  stomachs o f  weakfish captured  over 

the  sand bottom h a b i t a t .  Over SAV, sand shrimp and blue crabs were 

the  most f r e q u e n t ly  o ccu r r ing  food items (35% and 38%, r e s p e c t i v e l y ) . 

Numerical ly ,  sand shrimp (21%), b lue  crabs (20%), anchovies (17%) and 

sp o t  (16%) dominated. Stomachs from weakfish captured  over the  sand
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Figure 9 The number of  weakfish captured per  4 hour s e t  in the  2-60 m 

g i l l  ne ts  f i sh e d  over the SAV s i t e  and the  s in g le  60 m ne t  

f i sh e d  s imultaneously  over the sand s i t e .
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Figure 10. Diel catch frequency fo r  weakfish captured  by g i l l  ne t  over 

the  SAV sampling s i t e .  Equal f i s h in g  e f f o r t  was maintained 

during the 4 hour i n t e r v a l .  Captures f o r  1979 and 1980 

sampling programs are  shown s e p a r a t e ly  due to  d i f f e r e n t  ne t  

mesh s i z e s  employed. Poin ts  r e p r e s e n t  aggregate  cap tu res  f o r  

each 4 hour i n t e r v a l .
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TABLE 2 .  Percent occurrence and percent number of  food i tems in the 
stomachs o f  weakf i sh ,  conta ining food,  which were captured over the 
sand and SAV sampling s i t e s .

Food Item

Invertebrates
Crangon septemspinosa  
Cal1i n e c t e s  sapidus  

Fish 
Anchoa sp.
Brevoortia  tyrannus  
Leiostomus xanthurus 
Menidia menidi a 
Syngnathus fuscus  
Unid. f i s h  remains

SAND
(N=9)

% % 

occurrence number

11.1 60.0
11.1 2 .8

44 .4 25.7
11.1 2 .8

33.3 8.5

SAV
(N=29)

% % 
occurrence number

34.5 20.5
38.0 19.9

24.1 17.4
13.9 2.9
17.2 15.5

3 .4 2.1
3 .4 2.1

27.6 6.1
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h a b i t a t  conta ined  a t o t a l  o f  3 prey spec ies  while  stomachs from those

captured  over SAV conta ined 7 prey sp e c ie s .

Summer F lounder . A t o t a l  o f  45 f lo u n d e r ,  average length  274 mm SL, 

were captured  a t  w a ter  temperatures  ranging from 19.5 to  26.5°  C from 

May to October (1979 and 1980). A small percentage  (7%) o f  these  

were taken over the  sand bottom h a b i t a t  (Figure  5 ) .  Flounder were 

captured  in each o f  the  s i x  4 hour sampling pe r io d s .  No d i s t i n c t  

temporal p a t t e r n  was d iscerned  from the  a v a i l a b l e  da ta .

Only seven o f  the  t o t a l  f lounder  captured  conta ined  i d e n t i f i a b l e  

stomach c o n te n ts .  Prey items included s p o t ,  p ip e f i sh  (Syngnathus 

fu sc u s ) , sand shrimp, grass  shrimp ( Palaemonetes v u l g a r i s ) and e e l -  

g ra s s .  Stomach con ten ts  o f  f lounder  captured  over the SAV sampling 

s i t e  by both g i l l  n e t t i n g  and o t t e r  t raw l in g  from 1978 through 1980

r e f l e c t e d  s i m i l a r  food h a b i t s  (VIMS EPA-SAV Final Repor t) .  Tabu

l a t e d  by p e rc en t  weight o f  prey items in the  26 stomachs analyzed,  

spo t  dominated (56%), followed by u n id e n t i f i e d  f i s h  (31%). F i f t y -  

e ig h t  p e rcen t  o f  the  stomachs contained mysid shrimp ( Neomysis 

am er icanus ) , 42% conta ined  sand shrimp and 17% conta ined  spo t  and 

eel  g r a s s .

Laboratory

S a l i n i t y  va r ied  between 16 and 20% and water  tempera ture  was 

mainta ined a t  22+ 2° C over the  du ra t ion  o f  the  experiments .  Remaining 

prey were enumerated a t  the  completion o f  each experiment and used to 

assess  the  p r e d a t o r ' s  r e l a t i v e  cap tu re  success  a t  each o f  the f iv e  

vege ta ted  t r e a tm e n ts .
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Weakfish captured  more prey,  of  both s p e c i e s ,  in  the non-vegetated 

t rea tm en ts  than in  any vegeta ted  t rea tm ent  (Figure  11).  L i t t l e  d i f f 

erence in  cap tu re  success  occurred between the average and high dens i ty  

v e g e ta t iv e  t rea tm en ts  (7% area  covered) in e i t h e r  weakf ish-prey  combi

n a t io n .  G re a te s t  w i th in  t rea tm en t  v a r i a t i o n  occurred in  inc reased  area 

and inc reased  complexity experiments .  Weakfish cap tured  the  fewest  

prey in the  in c reased  complexity t rea tm ent  (Table 3) .  P rog re s s iv e ly  

fewer prey ,  o f  both s p e c i e s ,  were captured as the  amount (% area)  o f  

a r t i f i c i a l  g rass  in c reased  (Figure  12). This t r e n d  i s  most pronounced 

in the  weakfish vs spo t  experiments where the  percentage  of  prey 

su rv iv ing  r i s e s  from zero  f o r  non-vegetated to 15 f o r  7% covered to 

40 f o r  22% covered.

Summer f lou n der  cap tured  a l l  s i l v e r s i d e s  in  the non-vege ta ted ,  

high and average d e n s i ty  t rea tm ents  (Figure  13). Capture success 

dropped only a t  the  22% v e g e ta t iv e  cover l e v e l ,  IA and IC t r ea tm e n ts .  

Flounder captured  the  fewest  s i l v e r s i d e s  in  the in c re a sed  area t r e a t 

ment. The general  t r e n d  in  percentage  of  prey su rv iv a l  vs percentage  

v e g e ta t iv e  cover i s  reversed  in the  f lounder  vs sp o t  experiments 

(Figure  12). Here, f lo u nd er  captured fewer spo t  in the  non-vegetated  

t r ea tm en t  than in  any vege ta ted  t rea tm e n t .

The median t e s t ,  a non-parametr ic  p rocedure,  was employed f o r  

s t a t i s t i c a l  examination o f  data  (Table 4 ) .  My nu l l  hypothes is  (H0) 

was no d i f f e r e n c e  among the  t rea tm en ts  in the  median number o f  prey 

consumed. T es t  r e s u l t s  in d ic a te d  H0 i s  r e j e c t e d  (p=0.95) f o r  the  

weakfish vs spo t  exper iments .  Although s t a t i s t i c a l  a n a ly s i s  with 

the median t e s t  does not  i s o l a t e  d i f f e re n c e s  between s p e c i f i c
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Figure 11. The number of  prey consumed by weakfish in  each of the  3

r e p l i c a t e s  fo r  the  5 vege ta t ive  t r e a tm e n ts .  The ho r izon ta l  

bar  rep re se n ts  the  median o b se rv a t io n ,  the  v e r t i c a l  bar  

r ep re se n ts  high and low observat ions  and in d ic a t e s  the 

range among the 3 va lues .
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TABLE 3 .  Average number o f  prey consumed for 3 r e p l i c a t e s  o f  each 
v e g e ta t iv e  treatment.

Predator Prey N
Treatment 

A H IA IC

Weakfish
Spot

A t la n t i  c 
s i l v e r s i d e

12

12

10.7

11.3

10

11.3

8

9 .7

6

8 .7

Summer
flounder

Spot

A t l a n t i c
s i l v e r s i d e

6

12

9 .3

12

10

12

8

10

9

11

N = non-vegetated
A = average d e n s i t y ,  7% area covered
H = high d e n s i t y ,  7% area covered
IA = increased area ,  22% area covered
IC = increased com plex i ty ,  22% area covered

TABLE 4. Median t e s t  r e s u l t s .  H - th e  median number o f  prey consumed 
does not d i f f e r  s i g n i f i c a n t l y  among the 5 v e g e ta t iv e  treatments .  H0 
i s  r e je c te d  when the value o f  the ca lc u la ted  s t a t i s t i c  exceeds the  
c r i t i c a l  value a t  = 0 . 0 5 .

Predator vs Prey
Calculated

S t a t i s t i c «0

Summer f lounder  vs A t l a n t i c  s i l v e r s i d e  6.64. accept

Weakfish vs A t l a n t i c  s i l v e r s i d e  7.49 accept

Summer f lounder vs Spot 4 .24 accept

Weakfish vs Spot 10.27 r e je c t .

C r i t i c a l  value at  = 0 .0 5 -  9 .48
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Figure 12. Percentage  of  prey remaining a t  0%, 7% and 22% a rea l  v ege ta 

t i v e  cover f o r  each p re d a to r -p re y  combination. Data po in ts

a re  connected to  i n d ic a te  p o s s ib le  t r e n d s ,  not  exac t  b io 

lo g ic a l  r e l a t i o n s h i p s .
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Figure 13. The number of prey consumed by summer f lounder  in each of  

the  3 r e p l i c a t e s  fo r  the  5 v e g e ta t iv e  t r ea tm e n ts .  The hor

i z o n ta l  ba r  r e p re se n ts  the  median o b se rv a t io n ,  the  v e r t i c a l  

ba r  r e p re se n ts  high and low obse rva t ions  and in d ic a t e s  the 

range among the  3 va lues .
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t rea tm ents  (Conover, 1971), v isual  in spec t ion  of  i l l u s t r a t e d  data 

(Figure  11), revealed  most apparent  d i f fe ren ces  occurred between the 

non-vegetated  and increased  complexity t rea tm en ts .  No s i g n i f i c a n t  

d i f f e r e n c e s  occurred among t rea tm ents  f o r  the o th e r  p reda to r -p rey  

combinations.

Behavioral  Observations

B lu e f i s h . B luef ish  schooled continuously during observat ion  

pe r iods .  Ind iv idua ls  broke o f f  from the school only to  pursue prey 

or  when s t a r t l e d  by o u ts ide  s t i m u l i .  Prey were consumed both whole 

and in p o r t io n s .  Small prey were genera l ly  consumed whole. Other 

in d iv id u a ls  were c lean ly  severed and only the  p o s t e r io r  por t ion  was 

consumed. The a n t e r i o r  por t ion  was o f ten  immediately consumed by 

another  b l u e f i s h .  On occasion ,  the uneaten ,  severed por t ion  reached 

the  sand bottom where i t  was l a t e r  picked up and consumed. Remnants 

of  m u t i l i t a t e d  prey a lso  remained untouched on the bottom. Captures 

were observed only a f t e r  high-speed p u r s u i t s .  This observat ion  is  

s i m i l a r  to  t h a t  repo r ted  by 011a e t  a l . (1970). B luef ish  did not  move 

through vege ta t ion  during any observa t ion  per iod .

Weakfish. Weakfish ex h ib i ted  th ree  d i s t i n c t  a c t i v i t y  p a t t e r n s :

(1) r e s t i n g ,  (2) swimming, and (3) feeding .  These p a t t e rn s  were observed 

to  c o r r e l a t e  well with changes in d ie l  i l lu m in a t io n  i n t e n s i t i e s .  While 

r e s t i n g ,  weakfish hovered near the  bottom. S t a b i l i z e d  by slow r e p e t i t i v e  

pec to ra l  and caudal f i n  motions, l i t t l e  change in v e r t i c a l  or  ho r izon ta l  

p o s i t io n in g  occurred.  Resting was observed only a t  n igh t  under near  

t o t a l  darkness ( f l a s h l i g h t s  were occas io n a l ly  used to  observe n ig h t 

time a c t i v i t y ) .
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Swimming was observed a t  a l l  l i g h t  i n t e n s i t i e s  and g e n era l ly  

occurred th roughout  the  d a y l ig h t  pe r iod .  Weakfish would o f ten  swim 

slowly back and f o r th  along a s h o r t  s e c t io n  o f  the  pool f o r  hours a t  

a time during maximum l i g h t  i n t e n s i t y  p e r io d s .

Feeding was observed during a l l  l i g h t e d  p e r io d s ,  but  was most 

in te n se  a t  very low l i g h t  l e v e l s .  Yawning, mouth wide agape and 

operc les  extended (see  Rasa, 1972), was observed in  most experiments 

and o f ten  marked the  t r a n s i t i o n  from swimming to  feed in g .  During a 

feeding per iod  f i s h  g e n e ra l ly  swam a c t iv e l y  about the  e n t i r e  tank.

At l i g h t  i n t e n s i t i e s  too low f o r  v isua l  o b se rv a t io n  ( lowest  l ig h t e d  

l e v e l s )  weakfish could be heard popping o r  sp la sh in g  the  water  su r fa c e .  

These noises  were assumed to  be r e l a t e d  to  feed ing  a c t i v i t y  s ince  s im i 

l a r  no ises  occurred  when a weakfish r a p id ly  b ea t  the  caudal f i n  and 

turned  downward a f t e r  an a t t a c k  a t  the  w a te r  s u r f a c e .  No feeding 

r e l a t e d  no ises  were aud ib le  a t  t o t a l  darkness .

The prey cap tu re  sequence e x h ib i t e d  by weakfish i s  o u t l in e d  in 

Figure 14. Active  p u r s u i t  followed v isua l  f i x a t i o n  and o r i e n t a t i o n  

towards prey.  Once w i th in  s t r i k i n g  d i s t a n c e ,  about 20-50 cm, the  caudal 

f i n  b e a t  r a p id ly  and the  weakfish lunged forward and upward, jaws agape 

and op e rc le s  sp read .  Prey were taken whole, g e n e r a l ly  around the  mid

s e c t i o n .  Upon c ap tu r ing  prey ,  weakfish r a p id ly  tu r n e d ,  l ev e le d  and 

then slowed. At t h i s  p o in t  pharyngeal-esophageal  motions occurred as 

the  weakfish in g e s te d  the  prey.

Although a r t i f i c i a l  eel  g rass  did not  a l t e r  the  b a s ic  elements o f  

prey cap tu re  by weakf ish ,  the  sequence of  v i sua l  f i x a t io n - p r e y  cap ture



36

Figure 14. Feeding behavior  sequence f o r  summer f lou n der  and weakfish .
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was i n t e r r u p t e d .  Open w ater  p u r s u i t s  o f ten  ended on the p e r im e te r  o f  

the  vege ta ted  a rea  as prey moved in to  the grass  and out  o f  s i g h t .  Weak

f i s h  moved through and d i r e c t l y  over the  grass  in  a l l  vege ta ted  t r ea tm e n ts .  

Captures were observed w i th in  the  grass  when weakfish were ab le  to  main

t a i n  o r  o b ta in  v isua l  f i x a t i o n  ( s i m i l a r  to  f lo u n d e r ) .  Captures a lso  

occurred  d i r e c t l y  over  o r  a longs ide  the  g ra s s .

I l lu m in a t io n  i n t e n s i t y  and v e g e ta t iv e  cover  a f f e c t e d  weakfish 

feed ing  a c t i v i t y  and cap tu re  success .  In non-vegeta ted  experiments 

weakfish captured  55% o f  a l l  s i l v e r s i d e s  during the  f i r s t  hour ,  the 

remaining 44% were captured  by the  midday ob se rv a t io n .  Feeding ac

t i v i t y  was most in te n s e  during the  f i r s t  hour and g e n e ra l ly  p e r s i s t e d  

to  a l e s s e r  e x te n t  u n t i l  a l l  s i l v e r s i d e s  were consumed. At the  7% 

v e g e t a t i v e  cover l e v e l ,  A and H t r e a tm e n t s ,  weakfish cap tured  86% o f  

a l l  s i l v e r s i d e s  by the  midday obse rv a t io n  (54% during the  f i r s t  hour) .  

Feeding a c t i v i t y  waned to  a low p o in t  during a f te rnoon  hours (no cap

t u r e s )  and inc reased  during the  l a s t  hour ,  l i g h t  t r a n s i t i o n  per iod  

(8% c a p tu re d ) .  At the 22% v e g e ta t iv e  cover  l e v e l ,  IA and IC t r e a tm e n t s ,  

weakfish cap tured  68% o f  a l l  s i l v e r s i d e s  during morning and evening 

l i g h t  t r a n s i t i o n  p e r io d s .  Capture success  was g r e a t e s t  (39%) during 

the  evening p e r io d ,  fo l lowing the  time l i g h t s  began to  dim u n t i l  near  

t o t a l  da rkness .

Enumeration o f  remaining spo t  in  vege ta ted  experiments was not  

p o s s i b l e .  Spot  o r i e n t e d  deep w i th in  a r t i f i c i a l  vege ta t io n  and could 

not  be seen from the  o b se rva t io n  s ta n d .  Only by removing a r t i f i c i a l  

v e g e ta t io n  a t  the  conclus ion  o f  the  experiment could an e x ac t  numerical 

count be made. Thus, only general  d ie !  feeding  a c t i v i t y  was noted in
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vege ta ted  exper iments .  In non-vegeta ted  experiments weakfish  feeding  

a c t i v i t y  began s h o r t l y  a f t e r  i n t r o d u c t io n  o f  spo t  and continued in to  

the  midday o bse rv a t io n  u n t i l  a l l  i n d iv id u a l s  were cap tu red .  An in c re ase  

in swimming a c t i v i t y  occurred  during evening low l i g h t  hours even though 

no prey remained. In vege ta ted  t r e a tm e n t s ,  e s p e c i a l l y  in c re ased  area 

and in c reased  complexi ty ,  feeding a c t i v i t y  was much g r e a t e r  during both 

morning and evening low l i g h t  per iods  than during f u l l  d a y l ig h t  p e r io d s .

Summer F lounder . The feeding  behav io r  o f  summer f lo u n d e r ,  preying 

on two spec ie s  o f  shrimp (Crangon septemspinosa and Palaemonetes v u lg a r i s )  

i s  well documented (011a e t  a l . ,  1972). In t h i s  s tudy summer f lo u nd er  

e x h ib i t e d  s i m i l a r  feed ing  behaviora l  c h a r a c t e r i s t i c s  preying on f i s h  

(Figure  14).  Thus, desc r ibed  here are  s p e c i f i c  f l o u n d e r - f i s h  prey- 

e e lg r a s s  i n t e r r e l a t i o n s  and those behaviors  in  a d d i t i o n  to  noted des

c r i p t i o n s .

Flounder moved in to  a r t i f i c i a l  e e lg r a s s  (one o r  more t imes)  in 15 

of  the  t o t a l  24 vege ta ted  exper iments .  Movements i n to  the  g rass  gener

a l l y  occurred  when (1) v isua l  f i x a t i o n  upon prey was m ain ta ined  during 

a p u r s u i t  i n i t i a t e d  o u ts id e  the  g r a s s ,  o r  (2) v i sua l  f i x a t i o n  upon prey 

occurred  dur ing  search  i n i t i a t e d  o u ts id e  the  g r a s s .  P u r s u i t s  i n to  the  

e e lg r a s s  were made by both swimming and c raw l ing .  Several  cap tu res  

w i th in  the  g rass  were recorded and on occasion a r t i f i c i a l  e e lg r a s s  was 

severed and in g es te d  with the  prey.  Flounder a l s o  o r i e n t e d  on the  bo t 

tom, a l e r t  y e t  m o t io n le s s ,  near  the  g ra s s - s an d  i n t e r f a c e .  From t h i s  

p o s i t i o n  f lo u n d e r  made b u r s t  a t t a c k s  a t  prey as they  moved from the 

e e l g r a s s .  The angle  o f  these  sudden, r ap id  motions v a r ie d  from h o r i 

zonta l  (a long the  bottom d i r e c t l y  in f r o n t  o f  f lounder )  to  v e r t i c a l
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( d i r e c t l y  over the  f lounder  in the  water  column). This behavior  was 

not observed by 011a e t  a l . (1972).

Peak feeding a c t i v i t y  ( s e a r c h - p u r s u i t s / u n i t  time) g e n e ra l ly  

occurred  during d a y l ig h t  hours between 0800 and 1200. In experiments 

with no v e g e ta t ion  p re s e n t  f lo u n d e r  captured  89% of  a l l  s i l v e r s i d e s  

during the  i n i t i a l  hour o f  the  12 hour experimental  pe r iod .  With 

v e g e ta t io n  p re s e n t  72% were cap tured  during t h i s  same pe r iod .  No 

changes in  feed ing  a c t i v i t y  were d i sc e rn a b le  as a d i r e c t  r e s u l t  o f  

changing l i g h t  i n t e n s i t i e s .  A general  decrease  in  feeding  r e l a t e d  

a c t i v i t y  occurred towards midday although search ing  behavior  o f ten  

continued a f t e r  a l l  s i l v e r s i d e s  were consumed. With no vege ta t io n  

p re s e n t  a l l  s i l v e r s i d e s  were consumed by the  midday o b se rv a t io n .  No 

s i l v e r s i d e s  were consumed, in  any t rea tm en t  between the  midday and 

evening o b se rv a t io n s .  Flounder g e n e ra l ly  remained in seden ta ry  

p o s i t i o n s ,  o f ten  p a r t i a l l y  o r  e n t i r e l y  bur ied  in  the  sand s u b s t r a t e .  

Although f lounder  o c c a s io n a l ly  swam around the pool p e r im e te r ,  pur

s u i t s  o f  remaining s i l v e r s i d e s  were in f req u e n t  during t h i s  p e r iod .

General d ie l  feed ing  a c t i v i t y  followed a s i m i l a r  t r end  in  the  

24-hour f lo u n d e r - sp o t  exper iments .  Since spo t  f r e q u e n t ly  o r i e n t e d  

deep w i th in  a r t i f i c i a l  g r a s s ,  enumeration o f  remaining in d iv id u a l s  

dur ing  o bse rva t ion  per iods  was prec luded.  Peak a c t i v i t y  occurred 

during  morning per iods  and decreased  by midday i r r e s p e c t i v e  o f  number 

o f  prey rem a in in g ,o r  v e g e ta t iv e  cover .  Ind iv id u a ls  bur ied  ( i n d i c a t i v e  

o f  lowered s t a t e  o f  responsiveness  from which feeding  r e l a t e d  a c t i v i t y  

does not  occur ,  011a e t  a l . ,  1972) most o f ten  during afte rnoon  and 

n ig h t  p e r io d s .  While some n ig h t  feeding did occur (as demonstrated by
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prey enumeration between l a s t  v i s i b l e  evening l i g h t  and f i r s t  v i s i b l e  

morning l i g h t  in non-vegetated t rea tm en ts )  such feeding did not account 

fo r  a s i g n i f i c a n t  number of  prey cap tu re s .

S i l v e r s i d e s . S i lv e r s id e s  g e n e ra l ly  schooled in the upper 30 cm 

of the  water  column during d a y l ig h t  hours. Both p o la r ized  ( in d iv id u a l s  

o r i e n te d  in the  same d i r e c t i o n  with even spacing) and non-polar ized  

(random o r i e n t a t i o n )  schooling s t r u c t u r e s  were observed.

Under a t t a c k ,  the  po la r ized  school broke-up and then reformed as 

the  p re d a to r  passed.  Occasionally  in d iv id u a l s  became d i s o r i e n t e d  and 

s p a t i a l l y  sepa ra ted  from the school .  These ind iv id u a ls  were then most 

s u s c e p t ib l e  to  p reda t ion .

S i l v e r s id e s  o f ten  evaded a d i r e c t  a t t a c k  by jumping out  o f  the 

w ater .  Jumping occurred most f req u e n t ly  a t  very low l i g h t  i n t e n s i t i e s ,  

when a t t a c k s  by weakfish were most f r eq u en t .

S i l v e r s id e s  were observed to  form n o n -p o la r ized ,  i n a c t iv e  schools 

d i r e c t l y  over the a r t i f i c i a l  e e l g r a s s .  Schools did not  move through the 

g ra s s .  Only in d iv id u a l  s i l v e r s i d e s  were observed w i th in  the g ra s s .  These 

f i s h  hovered w i th in  the  grass  fo r  periods  ranging from severa l  minutes 

to  severa l  hours .  All in d iv id u a ls  remaining a t  the end o f  an experimental  

per iod  were o r i e n t e d  e i t h e r  w i th in  o r  d i r e c t l y  above the  a r t i f i c i a l  grass  

mats. N e i the r  schools nor ind iv idua l  s i l v e r s i d e s  o r i e n te d  to  the  a r t i 

f i c i a l  e e lg r a s s  in  the  absence o f  p re d a to r s .

S p o t . Spot e x h ib i t e d  severa l  d i s t i n c t  behavioral  modes: schoo l ing ,

"huddl ing" ,  o r i e n t in g  w i th in  e e l g r a s s ,  and r e s t i n g .  Fish g enera l ly
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schooled 1-3 cm above the  bottom although schools  were occas io na l ly  

observed In mid-water  and near  the  su r face .

Spot a l so  huddled near  the bottom. As a c i r c u l a r  shaped group, 

huddling spo t  o r i e n te d  randomly with r e s p e c t  to  neighboring f i s h ,  but  

gen e ra l ly  faced toward the ou ts ide  of  the c i r c l e .  When approached by 

a p re d a to r  while  in t h i s  formation the  group broke-up,  moved around to 

the s ide s  and rehuddled behind the  p reda to r .

Spot f r e q u e n t ly  o r i e n te d  w i th in  the  a r t i f i c i a l  e e l g r a s s .  Several  

observa t ions  were made o f  schools d i sp e r s in g  and f l e e in g  f o r  the  vege

t a t e d  a re a s .  As many as 9 spot  were observed huddling w i th in  the 

v e g e ta t io n .  In d iv id u a ls  i s o l a t e d  from the school a lso  moved in to  the  

g ras s .

During pe r iods  o f  near  t o t a l  darkness spo t  were widely d ispe rsed  

over the  bottom o f  the  tank .  In d iv id u a ls  hovered,  v i r t u a l l y  motionless 

both w i th in  the  g rass  and over the  bare  sand s u b s t r a t e .  In the  absence 

of p reda to rs  sp o t  schooled and o r i e n te d  to  e e lg r a s s  l e s s  f r e q u e n t ly .



DISCUSSION

Experimental Design

Laboratory c on d i t io ns  may have d i s t o r t e d  the  e f f e c t s  which e e lg ra s s  

would have on p red a to r -p re y  i n t e r a c t i o n s  in the  w i ld .  R e s t r i c t e d  space 

w i th in  the  experimental  system was the most "abnormal" cond i t ion  a f f e c t i n g  

both p red a to r  and prey.  Under such cond i t ions  prey have l im i te d  p o s s i 

b i l i t i e s  o f  escaping from p red a to rs  (Neil l  and C ul len ,  1978). In d iv id u a l s ,  

e s p e c i a l l y  those  i s o l a t e d  from sch o o ls ,  are  more s u s c e p t ib l e  to  p reda t io n .  

In the  wild  these  i n d iv id u a l s  have the a d d i t io n a l  p o s s i b i l i t y  o f  escape. 

P re d a to r s  such as b l u e f i s h ,  which use s t r a ig h t f o r w a r d ,  rundown prey 

cap tu re  t a c t i c s  a re  c e r t a i n l y  a l so  space l im i te d  (as evidenced by high 

speed c o l l i s i o n s  with the  tank w a l l s ) .  In a d d i t i o n ,  the  c l e a r ,  f i l t e r e d  

w a te r  in  experimental  tanks  d i f f e r e d  from the  of ten  t u r b id  Bay w a te rs .

Such cond i t ions  could in c re a s e  the  d i s tan c e  a t  which p red a to rs  are  able  

to  v i s u a l l y  c o n ta c t  prey.

Despite  drawbacks, the  use o f  an experimental  system in a sse s s in g  

p re d a to r -p re y  i n t e r a c t i o n s  does provide c e r t a i n  advantages over d i r e c t  

f i e l d  o b se rv a t io n s .  According t o  DeBoer (1980) the  idea l  design fo r  

s tudying  the  causa t ion  o f  behavior  i s  one in  which the  f i s h  i s  sub jec ted  

to  a s i n g l e  s p e c i f i c  e x te rn a l  s t im u lus .  Noting changes in behavior  in 

response to  t h i s  e x te rn a l  s t im ulus  can lead to  a b e t t e r  unders tanding  

o f  the  i n t e r n a l  f a c t o r s  c o n t r o l l i n g  the  behavior .  Such cond i t ions  can

not be e a s i l y  reached in  the f i e l d ,  where s a l i n i t y ,  tem p era tu re ,  d i e l

42
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l i g h t  regime and o th e r  parameters are  s u b j e c t  to  continuous f l u c t u a t i o n .  

Behaviors can be s tu d ie d  and compared under only r e l a t i v e l y  s i m i l a r  

ex te rn a l  f i e l d  s i t u a t i o n s ,  In the  l a b o r a to r y ,  experiments can be r e p l i 

ca ted  u n t i l  the  observer  i s  s a t i s f i e d  t h a t  e x h ib i t e d  behaviors have 

v a l id  im p l ic a t io n s  in  the  n a tu ra l  environment. Also,  t ime,  o f ten  a f a c t o r  

in  the  f i e l d  (due to  w eather ,  expenses,  e t c . )  i s  not  as l im i t i n g  a f a c t o r  

to  the  o bse rver  in  the  l a b o ra to ry .

N e i the r  l a b o ra to ry  experiments nor f i e l d  s tu d i e s  concerning p r e 

d a to r -p re y  i n t e r a c t i o n s  should be conducted ex c lu s iv e  of  the o th e r .

For example, f i e l d  sampling can provide in form ation  concerning p red a to r  

food h a b i t s .  Yet,  w i thout  obse rva t iona l  d a ta  s p e c i f i c  a t t a c k  and escape 

behaviors  can only be i n f e r r e d .  I n t e g r a t i o n  of f i e l d  and l a b o ra to ry  

programs in  t h i s  s tudy increased  the number of  f a c t o r s  sampled and 

observed and allowed f o r  a more complete d e s c r ip t io n  o f  p red a to r -p re y -  

e e lg ra s s  i n t e r r e l a t i o n s h i p s .

Learning (here  meaning advantages ga ined  by f a m i l i a r i t y  to  e x p e r i 

mental co n d i t ion s  and design) can b ias  r e s u l t s  o f  lab o ra to ry  experiments .  

By removing animals a f t e r  each experiment and rep lac in g  them with i n d i 

v idua ls  r e c e n t ly  cap tured  in  the  wild  l ea rn in g  would be minimized.

Also ,  behav io ra l  c h a r a c t e r i z a t io n s  would be based on a l a r g e r  sample 

of  the  n a tu r a l  p o pu la t ion .  Two important  f a c t o r s ,  handling and a c c l i 

mation, make such procedures u n s a t i s f a c to r y .  Handling,  cap tu re  and 

movement to  the  l a b o r a to r y ,  can cause physica l  i n ju r y  which in  tu rn  can 

a l t e r  behav io r .  Animals placed in  experimental  tanks must be acc limated 

and observed f o r  per iods  s u f f i c i e n t l y  long to  assure  t h a t  they are  in 

good c o n d i t io n .  Also,  cons iderab le  time (15 days f o r  weakfish)  may be
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req u i red  befo re  an animal in  a s im ula ted  environment w i l l  r e a d i ly  

consume l i v e  prey.

Learning by p re d a to r s  d id  no t  seem to  a f f e c t  the  e f f i c i e n c y  with 

which prey were cap tu red .  I f  l e a rn in g  had a f f e c t e d  the  p r e d a t o r ' s  

cap tu re  e f f i c i e n c y  chronolog ica l  o rder ing  o f  cap tu re  da ta  should r e f l e c t  

t h i s  t r e n d .  Data i n d ic a te d  t h a t  no such t r en d  o ccu r red ,  in c re a s e s  and 

decreases  o f  cap tu res  w i th in  t rea tm en ts  occurred with s i m i l a r  f requency.

P red a to r  cap tu re  success  was not app rec iab ly  d i f f e r e n t  between 

equal a reas  o f  v e g e ta t io n  with d i f f e r e n t  b lade d e n s i t i e s  ( e .g .  high 

vs. average d e n s i ty  t r e a tm e n t s ) .  Vince e t  a l . (1979) noted t h a t  fewer 

prey were consumed by the  s a l t  marsh k i l l i f i s h  ( Fundulus h e t e r o c l i t u s ) 

in  densely  v e ge ta ted  high marsh (S p a r t in a  p a te n s ) h a b i t a t  r e l a t i v e  to  

the  l e s s  densely v e ge ta ted  low marsh (S p a r t in a  a l t e r n a f l o r a )  h a b i t a t  

and concluded t h a t  decreased  m o b i l i ty  o f  the  p red a to r s  in  the  dense 

v e g e ta t io n  reduced hunting su ccess .  In the  p re s e n t  s tudy a d i s t i n c t  

t rend- tow ards  inc re ased  prey su rv iv a l  as the  p e rcen t  a rea  with v e g e ta t iv e  

cover  in c reased  was e v id e n t  in  t h r e e  o f  the  four  p re d a to r -p re y  combi

n a t io n s  (F igure  12). Thus, in a d d i t io n  to  p o ss ib ly  d ec reas in g  p re d a to r  

m o b i l i t y ,  the  in c reased  v e g e ta t iv e  cover a p p aren t ly  decreased  the  prob

a b i l i t y  o f  v isu a l  c o n ta c t  and subsequent  a t t a c k - c a p t u r e  sequences.

P r e d a t o r s ,

The e x te n t  t o  which the p re d a to r s  in  t h i s  s tudy foraged over e i t h e r  

the  v e ge ta ted  o r  non-vege ta ted  sampling s i t e s  was d i f f i c u l t  to  determine 

from f i e l d  stomach c o n ten t  da ta  a lone s ince  th ese  h igh ly  m o t i le  preda

t o r s  could q u ick ly  cover the  e n t i r e  expanse of the  SAV bed. The presence
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of  i d e n t i f i a b l e  prey in  stomach con ten ts  was not  conc lus ive  evidence 

t h a t  feeding  occurred in  the  h a b i t a t  over which the  p re d a to r  was cap

tu re d .  However, the  presence o f  c e r t a i n  prey s p e c i e s ,  p rev io u s ly  

c h a ra c t e r i z e d  as e e lg r a s s  r e s i d e n t s  ( e .g .  those which u t i l i z e  the  beds 

f o r  food and p r o t e c t i o n ) ,  coupled with a d d i t io n a l  f i e l d  and l a b o ra to ry  

in fo rm a t io n ,  was useful  in  de termining a probable  lo c a t io n  and manner 

in  which feed ing  occurred .

A concep tua l ized  model o f  the  feeding behavior  sequence e x h ib i t e d  

by summer f lounder  and weakfish under la b o ra to ry  cond i t ions  in  t h i s  

s tudy i s  p resen ted  in Figure 15. Tr iggered  by i n t r i n s i c  (hunger) and 

e x t r i n s i c  (sensory  re c e p to r s )  s t im u l i  the  p re d a to r  e n te r s  the  search 

mode. Once c o n ta c t  (u s u a l ly  v i s u a l )  i s  made, the  p re d a to r  o r i e n t s  

d i r e c t i o n a l l y ,  approaches ,  a t t a c k s  and cap tu res  the  prey .  The r a t e  

a t  which the  sequence proceeds i s  v a r i a b le  and dependent on s i z e  and 

behavior  o f  both p re d a to r  and prey.  F a i lu re  or i n a b i l i t y  by th e  p re 

d a to r  to  complete the  sequence and cap ture  prey may r e s u l t  from 1) prey 

school ing  (p r e d a to r  unable to  main ta in  v isua l  o r i e n t a t i o n  on a s i n g l e  

p r e y ) ,  2) lo ss  o f  v isua l  o r i e n t a t i o n  to  prey ( e .g .  prey escapes i n to  

s t r u c t u r a l  cover such as v e g e ta t io n  o r  3) low p re d a to r  m o tiva t ion  

( feed ing  i n t e n t io n  behaviors  d isp layed  by s a t i a t e d  p r e d a t o r ) .  E x i t  

from the  sequence occurs when the  p re d a to r  becomes s a t i a t e d  o r  r eq u i re s  

r e s t .

B l u e f i s h . B luef i sh  feeding behavior  has been examined in  both 

l a b o r a to r y  and f i e l d  s tu d ie s  (011a a t  e l . ,  1970; 011a and Studholme,

1972; O v i a t t ,  1977). This spec ie s  e x h ib i t s  voracious p e la g ic  feeding 

h a b i t s ,  consuming a l a r g e  v a r i e ty  of  prey f i s h e s  (Sykes and Manooch,
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Figure  15. C oncep tua l iza t ion  of  feeding  behavior  sequence fo r  summer 

f lo u n d e r  and weakfish .  E x i t  from the  feeding sequence 

(arrows leav ing  broken c i r c l e )  occurs when the p re d a to r  

becomes s a t i a t e d ,  r eq u i re s  r e s t  or  y i e l d s  low e n e r g e t i c  

re tu rn s /exp en d i  t u r e s .
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1979). Shaw (1979) noted t h a t  school ing  b lu e f i s h  swim ra p id ly  through 

prey sch o o ls ,  randomly m u t i l a t in g  and consuming i n d iv id u a l s .  She con

cluded t h a t  such p reda to ry  behavior  seemed aimed a t  d i sp e r s in g  the  prey 

sc h o o ls ,  i s o l a t i n g  i n d iv id u a l s  which are then e a s i e r  to  cap tu re .  Few 

s tu d i e s  document b lu e f i s h  feeding h a b i t s  in and around SAV. Orth and 

Heck (1980) suggested t h a t  b lu e f i s h  and o th e r  la rge  p i s c iv o re s  may be 

t r o p h i c a l l y  important  t r a n s i e n t  components o f  the  SAV f i s h  community.

This study in d i c a t e s  t h a t  b lu e f i s h  i s  an important  p red a to r  spec ies  

over both vegeta ted  and non-vegetated  sampling s i t e s .

B luef ish  e x h ib i t e d  d i s t i n c t l y  d i f f e r e n t  p a t t e r n s  of  d i s t r i b u t i o n  

and abundance over the ad jacen t  SAV and sand h a b i t a t  sampling s i t e s .

While common, with r e sp ec t  to  o th e r  p i s c iv o r e s ,  over both h a b i t a t s ,  

roughly 3 b lu e f i s h  were captured over sand f o r  every 1 over SAV. G i l l  

ne t  da ta  in d ic a te d  b lu e f i s h  e n te red  and moved through the e e lg ra s s  bed 

s in g ly  o r  in  small groups of 2-3 in d iv i d u a l s .  At the  non-vegeta ted  s i t e  

severa l  l a r g e r  s i n g le  s e t  (4 hr)  c a p tu re s ,  con ta in ing  as many as 17 i n d i 

v id u a l s ,  in d ic a te d  the  occurrence o f  school ing .

Diel abundance p a t t e r n s  a lso  d i f f e r e d  between h a b i t a t s .  B luef ish  

were p re s e n t  in  r e l a t i v e l y  low abundance during both day and n ig h t  periods  

in the  SAV h a b i t a t .  Over the  non-vegetated  s i t e  however, a d i s t i n c t  peak 

in  catch occurred during a fte rnoon  and evening hours (1200-2000 hours ) .  

This peak corresponded well with the  occurrence of  la rge  s in g le  s e t  cap

t u r e s .  011a and Studholme (1971) suggested t h a t  b l u e f i s h ,  using v i s io n  

as a primary sense in f eed in g ,  would be most e f f i c i e n t  a t  lo c a t in g  and 

cap tu r in g  prey during d a y l ig h t  hours when l i g h t  i n t e n s i t i e s  permit  high

e s t  v i sua l  a c u i ty .
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Observed die! and i n t e r h a b i t a t  d i f f e r e n c e s  in d i s t r i b u t i o n a l  p a t 

t e r n s  may be r e l a t e d  to  d i s t i n c t  feeding behavioral  modes employed over 

each h a b i t a t .  Co inc iden t ,  abundant catches of  b lu e f i s h  and menhaden 

and the high pe rcen t  occurrence (83%) o f  menhaden in stomach con ten ts  

in d ic a te d  t h a t  school ing  b lu e f i s h  fed predominatly  on school ing  prey 

over the sand bottom h a b i t a t .  This feeding behavior  was not  ev id e n t  

over the  SAV s i t e .  Here, the  d i e t  of  the  s o l i t a r y  fo rag ing  b lu e f i s h  

was broadened, p o ss ib ly  r e f l e c t i n g  the c o n s t r a i n t s  o f  s t r u c t u r a l  com

p l e x i t y ,  and conta ined  a g r e a t e r  percentage  o f  the  SAV r e s i d e n t s  spo t  

and j u v e n i l e  blue c rabs .  S t r u c t u r a l l y  complex environments can lead 

to  inc reased  search and p u r s u i t  times which in tu rn  can lead  to  i n 

creased  d i e t  b readth  (Cooper and Crowder, 1979).

F ie ld  and l a b o ra to ry  data  r e f l e c t  the  p o ss ib le  means by which SAV 

a f f e c t s  b lu e f i s h - p r e y  i n t e r a c t i o n s .  By se rv ing  as a p a r t i a l  v i sua l  and 

a c o u s t i c  b a r r i e r  which i n t e r f e r e s  with normal school ing  beh av io r ,  SAV 

could i n h i b i t  the  feed ing  s t r a t e g y  e x h ib i te d  by school ing  b lu e f i s h  over 

the  non-vegeta ted  h a b i t a t .  Shaw (1969) and Cahn (1972) found t h a t  when 

f i s h  were se p a ra ted  by an a c o u s t ic  b a r r i e r  the  ty p ic a l  hydrodynamic flow 

p a t t e r n s  were i n t e r r u p t e d  and c h a r a c t e r i s t i c  spacing o f  the  school was 

u pse t .  I p o s t u l a t e  t h a t  the  p r e f e r r e d  b lu e f i s h  feed ing  s t r a t e g y  (maxi

mizing e n e r g e t i c  r e tu r n s / e x p e n d i tu re s )  i s  t h a t  observed over  the  sand 

h a b i t a t .  I n t e r f e r e n c e  in  the  SAV beds leads  to  an a l t e r n a t e  feeding 

mode in which in d iv id u a l  b lu e f i s h  feed on a l a rge  v a r i e ty  o f  indivdual  

prey i tems.

Weakfish. Morphology, l i f e  h i s t o r y ,  general  food h a b i t s ,  r ep ro 

duction  and development o f  weakfish have been a l l  documented (Welsh
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and Musick 1977; Wilk, 1979). Lacking,  however, i s  information  con

cerning eco lo g ica l  aspec ts  such as feeding behav io r ,  p a r t i c u l a r l y  as 

r e l a t e d  to  SAV communities. Data from t h i s  s tudy in d ic a t e  weakfish 

are  importan t  top ca rn iv o res  in the  SAV h a b i t a t .

Weakfish e x h ib i t e d  d i s t i n c t  p a t t e r n s  of  d i s t r i b u t i o n  and abundance 

with re s p e c t  to  h a b i t a t .  Weakfish were the  numerica l ly  dominant t e l e o -  

s tean  p i s c iv o re  taken over the SAV h a b i t a t .  In c o n t r a s t ,  ne ts  f i sh e d  

over the  sand h a b i t a t  y ie ld e d  fewer in d iv id u a l s  than those  f i sh e d  s imul

taneous ly  over SAV. The high SAV to  sand cap ture  r a t i o  suggest  a p o s s ib le  

weakfish p re fe ren ce  f o r  the e e lg ra s s  h a b i t a t .

Weakfish ap paren t ly  t r a v e r se d  the SAV sampling s i t e  s in g ly  or  in

small groups. E ig h ty - s ix  pe rcen t  o f  a l l  4-hour SAV g i l l  ne t  s e t s  which

captured  weakfish conta ined  1-2 i n d iv id u a l s .  Only 2 s e t s  captured 

g r e a t e r  than 4 in d iv id u a l s  (6 and 8 ) .  Large s in g l e  s e t  c a p tu r e s ,  i n d i 

c a t iv e  o f  school ing  behav io r ,  did not  occur.

A d i s t i n c t  d ie !  catch p a t t e r n  was ev id en t  f o r  weakfish captured 

over SAV. Eighty-two pe rcen t  (61 f i s h )  were captured  during the  dusk,  

n igh t  and dawn per iod  between 2000 and 0800 hours .  Visual avoidance of  

g i l l  n e ts  by weakfish during d a y l ig h t  hours was probably of  minor impor

tance in shaping the  observed catch  p a t t e r n s  s ince  b l u e f i s h ,  ano ther  

h igh ly  s i g h t  o r i e n t e d  p red a to r  (011a e t  a l . ,  1970), were caught most 

f r e q u e n t ly  during d a y l ig h t  hours.

The presence o f  c e r t a i n  prey spec ies  in weakfish  stomachs i n d i 

ca ted  the  probable  h a b i t a t  over which feeding  occurred .  Merriner  (1973)
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noted t h a t  the  foods o f  weakfish may include  any l o c a l l y  abundant organ

ism of a p p ro p r ia te  s i z e .  Ju ven i le  spo t  and j u v e n i l e  blue crabs were 

cons iderab ly  more abundant in the  SAV s i t e  than a t  ad ja ce n t  non-vege

t a t e d  sampling s i t e s  (VIMS EPA SAV, 1980) and sp o t  were be l ieved  to  

use the e e lg ra s s  beds as nursery  grounds (Adams, 1976b). The high per

cent  occurrence o f  crabs (40%) and spot  (18%) in stomachs in weakfish 

captured  in the  SAV bed in d ic a te d  t h a t  a t  l e a s t  some feeding  occurred 

th e r e .

The p r e d a t o r ' s  fu c t io n a l  morphology coupled with the presence of 

e e lg ra s s  in stomach con ten ts  was sugges t ive  of  the  manner in which 

prey were captured in areas  o f  SAV. Stomachs from 1-2 y e a r  old sandbar 

sh a rk s ,  Caracharhinus plumbeus, captured over e e lg r a s s  beds f req u e n t ly  

contained s o f t - s h e l l  blue crabs along with varying amounts of  e e lg ra s s  

(VIMS EPA SAV, 1980). Unable to  swim e f f e c t i v e l y  and lack ing  the  hard 

p r o t e c t i v e  s h e l l ,  molt ing crabs probably hide among the  grass  blades 

to  avoid p red a t io n .  Sandbar sharks probably feed deep w i th in  the  SAV 

and i n c i d e n t a l l y  in g es te d  e e lg r a s s  along with  the  c rabs .  The mouth 

p o s i t io n  of  these  sharks  (unders ide  the  head) would f a c i l i t a t e  t h i s  

type of  ben th ic  p re d a t io n .  Conversely,  weakfish mouth p o s i t io n  (obl ique)  

and the  absence o f  e e lg r a s s  in  stomachs con ta in in g  SAV r e s i d e n t  prey 

suggest  t h a t  weakfish did not  feed deep w i th in  the  v e g e ta t io n .  Rather ,  

as suggested by Chao and Musick (1977) weakfish feed " a n t e r io - d o r s a l ly "  

and p e l a g i c a l l y .

In l a b o ra to ry  experiments weakfish t y p i c a l l y  captured  prey around 

the  pe r iphe ry  of  the  a r t i f i c i a l  vege ta t io n  r a t h e r  than deep w i th in .  

Although weakfish  o c c a s io n a l ly  pursued and captured  prey w i th in  the
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v e g e ta t i o n ,  p u r s u i t s  were g e n e ra l ly  te rm ina ted  along the  o u te r  perim

e t e r s .  Eelgrass  ap p aren t ly  in t e r r u p te d  the v isua l  f i x a t i o n  fol lowed 

by prey cap tu re  feeding  sequence e x h ib i t e d  by weakfish .  S i m i l a r ly ,  

Johannes and Larkin (1961) noted t h a t  rainbow t r o u t  (Salmo g a id n e r i ) 

remained some d i s t a n c e  above grass  (Chara) beds and would only a t t ac k  

in d iv id u a l  Gammarus t h a t  appeared on the pe r iphe ry  of  the g ra s s .

Vegeta t ive  cover in f luenced  weakfish cap tu re  success .  Weakfish 

captured  fewer p rey ,  o f  both sp e c i e s ,  as the  percen tage  o f  vege ta t iv e  

cover in c reased  in l ab o ra to ry  experiments (Figure  12). The number o f  

spo t  consumed by weakfish was s i g n i f i c a n t l y  d i f f e r e n t  among the  v e g e ta t iv e  

t r ea tm e n ts .  The g r e a t e s t  d i f f e r e n c e s  occurred between the  non-vegetated 

and the  22% v e g e ta t iv e  cover t r ea tm e n ts .  Although the  c a lc u la te d  s t a 

t i s t i c  f o r  the  weakfish vs. s i l v e r s i d e  experiments was not  s i g n i f i c a n t  

(a lpha  = 0 . 0 5 ) ,  a s i m i l a r  t rend  was e v id e n t .

The behavior  o f  both p red a to r  and prey in r e l a t i o n  to  the  a r t i f i c i a l  

e e lg r a s s  l a r g e ly  determined the  number o f  prey consumed in  any t rea tm en t .  

The rap id  tu r n in g ,  d a r t in g  motions e x h ib i te d  by feed ing  weakfish were 

e f f e c t i v e  in cap tu r in g  both schooling and s o l i t a r y  i n d iv id u a l s  of  both 

prey sp e c ie s .  However, in a l l  t rea tm en ts  with v eg e ta t io n  p re sen t  a 

minimum o f  2 prey surv ived  in  a t  l e a s t  one r e p l i c a t e .  The e x te n t  to  

which a prey sp e c ie s  u t i l i z e d  e e lg ra s s  as a refuge  apparen t ly  a f f e c te d  

weakfish cap tu re  success .  Spot e x h ib i t e d  a g r e a t e r  tendency to  o r i e n t  

w i th in  e e l g r a s s  than did s i l v e r s i d e s  and a g r e a t e r  percentage  o f  spo t  

surv ived  each r e s p e c t iv e  v e g e ta t iv e  t r ea tm en t .  When a t t a c k e d ,  both 

school ing  and in d iv idu a l  sp o t  o f ten  swam in to  the  a r t i f i c a V  e e l g r a s s .

Spot remained v i r t u a l l y  motionless  w i th in  the  g rass  and were apparen t ly
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undetec ted  by the weakfish .  Conversely, s i l v e r s i d e s  schooled in  open 

w ater  and when a t t ack ed  the  school d ispe rsed  with some in d iv id u a l s  

r e tu r n in g  to  the  school and o th e r s  remaining i s o l a t e d  from i t .  These 

i s o l a t e d  in d iv id u a l s  were observed to  be most su s c e p t ib l e  to  p reda t ion  

in  my experiments and th ese  f ind in gs  are  s i m i l a r  to  those  noted by Shaw 

(1970). Only ind iv idua l  s i l v e r s i d e s  o r i e n t e d  w ith in  e e l g r a s s ,  g en e ra l ly  

those  i s o l a t e d  from the school o r  those  remaining when most o th e r s  had 

been consumed. Only those  i n d iv id u a l s  which hid among the  g rass  b l ad e s ,  

remained a t  the  conclusion  o f  an experiment.

Time o f  day with i t s  corresponding l i g h t  i n t e n s i t y  was a major 

f a c t o r  r e g u la t in g  weakfish a c t i v i t y  and feeding behavior .  Under e x p e r i 

mental l ab o ra to ry  cond i t ions  the  th ree  b as ic  a c t i v i t y  p a t t e r n s  e x h ib i t e d  

by weakfish ( i . e . ,  r e s t i n g ,  swimming, and feeding)  followed d i s c r e t e  

d ie l  schedu les .

A r t i f i c i a l  v eg e ta t io n  a l t e r e d  d ie l  feed ing  a c t i v i t y .  In non- 

vege ta ted  t rea tm en ts  feeding  con t inued ,  i r r e s p e c t i v e  o f  l i g h t  i n t e n s i t y ,  

u n t i l  a l l  prey were cap tured .  With v e g e ta t io n  p re sen t  feeding  occurred 

almost  e x c lu s iv e ly  during low l ig h t e d  p e r io d s ,  po ss ib ly  because search 

and p u r s u i t  y i e ld e d  low e n e r g e t i c  r e tu rn s  during d a y l ig h t  hours when 

prey were more l i k e l y  to  o r i e n t  w i th in  e e l g r a s s .

Inc reased  feeding a c t i v i t y  during low l i g h t  per iods  in  the  l a b o r 

a to ry  and the  h igh e r  n ig h t  time g i l l  n e t  ca tch  over the  SAV bed suggest  

weakfish may be p r im a r i ly  a low l i g h t ,  c re p u sc u la r  or  noc turna l  preda

t o r .  Causal f a c t o r s  f o r  concen tra ted  feed ing  a c t i v i t y  by p reda to ry  

f i s h e s  during t w i l i g h t  have been suggested by severa l  r e s e a rc h e r s  

(Major,  1977; Munz and McFarland, 1973; McFarland e t  a l . ,  1979).
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Hobson (1979) noted t h a t  t r o p ic a l  r e e f  f i s h  p reda t ion  was most in te n se  

during the  " q u ie t  p e r io d " ,  an in te r v a l  o f  about 20 minutes during both 

morning and evening t w i l i g h t .  He p o s tu la te d  t h a t  c rep u scu la r  p reda to rs  

are  success fu l  because diurnal  and nocturnal  prey f i s h e s  on the  r e e f  

are  a t  a v i su a l  d isadvantage  during t w i l i g h t .  Possess ing s p e c i a l i z e d  

v isua l  s t r u c t u r e s ,  the  t w i l i g h t  feeding p i s c iv o r e s  have g r e a t e r  v isua l  

acu i ty  and s e n s i t i v i t y  during low l i g h t  t r a n s i t i o n  periods than e i t h e r  

d iurnal  o r  noc turna l  groups.

S p e c ia l i z ed  anatomical a dap ta t ions  may account f o r  the  observed 

c re p u scu la r  feed ing  tendencies  e x h ib i t e d  by weakfish .  A r e f l e c t i n g  

l a y e r ,  tapetum lucidum i s  p resen t  in  the eyes of  the  congeneric  species  

Cynoscion nebulosus and C_. a renar i  us (Wang e t  a l . ,  1981). The s t r u c t u r e  

ac ts  as a d i f f u s e  r e f l e c t o r  allowing the f i s h  to  use a v a i l a b l e  l i g h t  

more e f f i c i e n t l y  in  periods of  dim i l lu m in a t io n .  This process e f f e c 

t i v e l y  in c re a s e s  v isua l  s e n s i t i v i t y  in environments where l i t t l e  l i g h t  

i s  a v a i l a b l e  (Somiya, 1980).

S p e c i f i c  behavior  p a t t e rn s  may f u r t h e r  in f lu e n ce  weakfish-prey  

i n t e r a c t i o n s  which occur in  t w i l i g h t  o r  low l i g h t  con d i t io n s .  By 

p o s i t io n in g  themselves below the p rey ,  p reda to rs  can d i s t i n g u i s h  the  

prey s i l h o u e t t e  a g a in s t  the  r e l a t i v e l y  l i g h t  background o f  the  t w i l i g h t  

sky and w i th in  th e se  periods prey are  unable to  d e t e c t  p red a to r s  in  the  

dark waters  below (Hobson, 1966, 1968).

I observed the  above phenomenon f r e q u e n t ly  in the  l ab o ra to ry  ex

periments .  During t w i l i g h t  feeding episodes the prey were observed a t  

the  water  su r fa ce  whereas weakfish were v i s u a l l y  u nde tec tab le  l e s s  than
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1-meter  below. Popping, sp la sh ing  noises  documented t h a t  weakfish were 

d e te c t in g  and feeding on prey pos i t ioned  near  the  water  su r fa ce .  The 

r e l a t i v e l y  high cap tu re  success during t h i s  per iod  in d ic a te d  prey may 

have been v i s u a l l y  d isadvantaged ,  l e s s  able  to  d e t e c t  a t t ac k in g  weak

f i s h  from below.

Weakfish were f r e q u e n t ly  caught over the  SAV study s i t e  during tw i

l i g h t  and n ig h t  per iods  y e t  r a r e ly  occurred in daytime samples from SAV. 

Assuming t h a t  g i l l  ne t  avoidance during d a y l ig h t  hours i s  n e g l i g i b l e ,  

the  ques t ion  as to  t h e i r  d a y l ig h t  lo ca t io n  remains. Local sp o r t  and 

commercial fishermen maintain  t h a t  the  main channel en trance  of  Hungar's 

Creek, ad ja ce n t  to  the  SAV study area (Figure  1 ) ,  provides the b e s t  day

time weakfish ca tches .  Such s p a t i a l  and temporal d i s t r i b u t i o n  might be 

expected ( i . e . ,  weakfish in deeper channel waters during the day and 

shallow eel  g rass  f l a t s  during low l i g h t  p e r io d s ) .  The dim l i g h t  regimes 

under which weakfish are  most e f f e c t i v e  p reda to rs  occur a t  these  times 

in these  h a b i t a t s .

In c o nc lu s io n ,  f i e l d  data  and la b o ra to ry  behavioral  obse rva t ions  

suggest  t h a t  weakfish forage  in SAV beds during the  low l i g h t  p e r io d s ,  

probably cap tu r in g  prey along the  per iphery  o f  the  SAV bed r a t h e r  than 

deep w i th in  the  v e g e ta t io n  proper .

Summer F lounder . 011a e t  a l . ,  (1972) observed t h a t  summer f lo u n d e r ,  

under l a b o r a to r y  c o n d i t i o n s ,  e x h ib i ted  a v a r i e ty  o f  behaviora l  t a c t i c s  

which allowed them to  feed e f f i c i e n t l y  both in the  w ater  column and on 

the  bottom. Powell and Schwartz (1979) descr ibed  the  food h a b i t s  o f  the  

summer and sou thern  f lounders  ( P a ra l i ch th y s  den ta tus  and F\ le thos t igma)



55

in North Caro l ina  e s t u a r i e s .  They repor ted  t h a t  these  spec ie s  are  well 

adapted f o r  feeding on r e l a t i v e l y  l a r g e ,  moti le  prey inc lud ing  f i sh e s  

and shrimp which a re  p resen t  throughout the water  column.

Few s tu d ie s  have documented the  predaceous h a b i t s  o f  a d u l t  summer 

f lounder  in eel  g rass  beds. Previous sampling programs have been conduc

ted over non-vege ta ted ,  sand or  mud bottom h a b i t a t s  (Powell and Schwartz, 

1977, 1979). Adams (1976) examined stomach con ten ts  o f  summer and southern  

f lounder  captured over eel  grass  beds.  Juven i le  and l a r v a l  f i sh e s  c o n s t i 

tu te d  41% of  the  annual average food in take  by weight o f  39 in d iv id ua ls  

examined. However, the  percentage o f  these  39 in d iv id u a l s  which were 

summer f lounder  and the s i z e s  o f  these  in d iv id u a l s  was not  noted. Orth 

and Heck (1980) noted t h a t  summer f lounder  were r e g u l a r ly  c o l l e c t e d  in 

low numbers in  lower Chesapeake Bay e e lg ra s s  beds but d id  not  include 

t h i s  spec ies  among those  having a major p reda to ry  impact on the SAV 

community. Though summer f lounder  were appa ren t ly  num erica l ly  underes

t imated  by sampling methods employed in  t h i s  s tudy ( r e l a t i v e  to  b lu e f i sh  

and w e a k f i s h ) , stomach content  a n a ly s i s  and la b o ra to ry  behavioral  obser

va t ions  in d ic a te d  t h a t  t h i s  spec ies  may be a major h igher  o rd e r  consumer 

in the  SAV community.

Flounder were captured during both day and n ig h t  p e r io d s ,  and th e re  

were no conspicuous t rends  in  d ie !  abundance. Observations by 011a e t  

a l . ,  (1972) i n d ic a te d  t h a t  f lounder  were p r im a r i ly  d a y -a c t iv e .  Captures 

a t  Vaucluse Shores were most f requ en t  (3:1) over the vegeta ted  h a b i t a t ,  

r e f l e c t i n g  a p o s s ib le  p refe rence  by summer f lounder  f o r  t h i s  area of  

h ighly  concen tra ted  p o t e n t i a l  food i tems.
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G il l  n e t  da ta  and l a b o ra to ry  obse rva t ions  revealed  t h a t  f lounder  

en te red  and fed  in areas  o f  SAV. Although r e l a t i v e l y  few stomachs were 

examined, the  presence o f  e e lg ra s s  and the  prey spec ies  s p o t ,  p ip e f i s h  

(Syngnathus fuscus)  and grass  shrimp ( a l l  abundant e e lg ra s s  r e s i d e n t s ,

VIMS EPA SAV Final Report ,  1981) in  stomachs from f lounder  captured over 

e e lg ra s s  in d ic a t e d  t h a t  feeding occurred in t h i s  h a b i t a t .  In a d d i t i o n ,  

stomach con ten ts  o f  f lounder  cap tured  by 16‘ o t t e r  trawl in  the  same 

h a b i t a t  r e f l e c t e d  s i m i l a r  food h a b i t a t s .  The presence of  e e lg ra s s  along 

with r e s i d e n t  prey spec ies  in d ic a te d  t h a t  f lounder  capture  prey w ith in  

the  v e g e ta t io n .  In l ab o ra to ry  experiments f lounder  f r e q u e n t ly  en te red  

the a r t i f i c i a l  e e lg r a s s  in p u r s u i t  o f  prey.  On severa l  occasions a r t i 

f i c i a l  e e l g r a s s  was i n c i d e n t a l l y  severed and inges ted  as prey were 

a t t ac k ed  w i th in  the  g ras s .

Behavioral  and morphological a d ap ta t ion s  and r e s t r i c t i o n s  of  both 

p re d a to r  and prey may ove rr ide  the  e f f e c t  o f  SAV on s p e c i f i c  i n t e r a c t i o n s .  

S t a t i s t i c a l  analyses  o f  experimental  da ta  in d ic a te d  no s i g n i f i c a n t  d i f 

fe rence  in the  median number o f  prey (o f  e i t h e r  spec ies  t e s t e d )  consumed 

by f lo u n d e r  among the  f iv e  experimental  t r e a tm e n ts ,  bu t  do not  r e f l e c t  

behaviora l  a sp ec ts  o f  prey cap tu re  or  p re d a to r  avoidance r e l a t i v e  to  the 

a r t i f i c i a l  e e l g r a s s .  Flounder consumed fewer spo t  on the average in  the  

non-vege ta ted  t rea tm en t  than in  any vege ta ted  t rea tm en t .  In the  absence 

o f  SAV, sp o t  v i s u a l l y  d e tec ted  and avoided summer f lounder .  Through 

t h e i r  morphological r e s t r i c t i o n s  summer f lounder  were not  able  to  exe

cute  the  rap id  tu rn in g  motions necessary  f o r  success fu l  cap tu re  of  

a l t e r t e d  schoo l ing  o r  huddling sp o t .  Flounder e f f e c t i v e l y  a t tacked  and 

cap tu red  unsuspec t ing  spo t  which were p o s i t io n e d  d i r e c t l y  in f r o n t ,
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groups and moved around to  the  s id e s  and r e a r  o f  the f lo un d er ,  thus be

coming l e s s  su scep tab le  to  cap tu re .  Fathead minnows e x h ib i t e d  a s i m i l a r  

avoidance behavior  when a t tacked  by th e  largemouth bass (S u l l iv a n  and 

Atchison,  1978). In. vegeta ted  experiments f lo un d er  appeared to  enchance 

t h e i r  prey cap ture  c a p a b i l i t i e s  through s t r a t e g i c  p o s i t io n in g  r e l a t i v e  

to  the  a r t i f i c i a l  e e lg r a s s .  A f te r  ly ing  motionless  c lose  to  the  pe r im ete r  

of  the  a r t i f i c i a l  vege ta t io n  f lounder  would a t t a c k  the in d iv id u a l  spo t  

which ventured too c lo s e ,  coming from w ith in  or  the opposi te  s id e  o f  

the  a r t i f i c i a l  SAV.

Im plica t ions  o f  e x h ib i ted  cap tu re  and avoidance behaviors d i f f e r  

from the ' a  p r i o r i '  not ion t h a t  vege ta t ion  serves as a prey re fuge .  

Flounder u t i l i z e  the  SAV as a "b l ind"  and a t t a c k  unsuspect ing prey 

t h a t  e n te r  w i th in  s t r i k i n g  range.  Thus, in a patchy SAV environment 

those  prey which wander from w i th in  the  confines  of  e e lg ra s s  may lose  

any d i s t i n c t  refuge advantage to  such a p reda to ry  s t r a t e g y .

Prey type ( f i s h )  and s u b s t r a t e  (vege ta t ion )  u t i l i z e d  in t h i s  study 

d i f f e r e d  from p rev ious ly  noted s t u d i e s .  These d i f f e r e n c e s  a re  be l ieved  

to  have e l i c i t e d  the  observed summer f lounder  feeding behaviors  which 

a re  a d d i t io n a l  to  noted d e s c r i p t io n s .  011a e t  a l . ,  (1972) did not  

observe summer f lounder  to  a t t a c k  prey (g rass  and sand shrimp) from the 

"head-up" p o s i t io n  on the bottom withou t  i n i t i a t i n g  a c t iv e  search  ( i . e . ,  

swimming or  c raw l ing) .  On severa l  occasions I observed f lou n d e r  lunging 

forward from t h i s  sedentary  p o s i t io n  to  s t r i k e  a t  and cap ture  prey f i s h .

As prey moved w i th in  s t r i k i n g  d i s tan c e  the f lounder  would swim ra p id ly  

upward a t  angles up to  90° from the  bottom with exceptional  qu ickness .



58

This s t r a t e g y  proved e s p e c i a l l y  e f f e c t i v e  in cap tu r ing  unsuspect ing 

spo t  and implies t h a t  f lounder  a re  capable of a " ly in g - in - w a i t "  method 

of  prey cap tu re .

Prey

A t l a n t i c  S i l v e r s i d e . Schooling appears to be the  most important  

p re d a to r  avoidance mechanism employed by s i l v e r s i d e s .  Although every 

s i l v e r s i d e  was captured in each r e p l i c a t e  o f  the non-vegetated  t r ea tm e n t ,  

school ing  members were i n f r e q u e n t ly  cap tured .  Ind iv idua l  s i l v e r s i d e s  

which had become i s o l a t e d  from the  school a f t e r  an a t t a c k  were f req u e n t ly  

pursued and captured by both summer f lounder  and weakfish.  The tendency 

of  prey to  qu ick ly  reform schools a f t e r  an a t t a c k  by a p red a to r  i s  an 

important  f a c t o r  in avoiding cap tu re  (Shaw, 1979).

When a t tacked  by a p red a to r  s i l v e r s i d e s  e x h ib i t ed  a g r e a t e r  tendency 

to  school than to  o r i e n t  w i th in  the  a r t i f i c i a l  SAV. Major (1977) termed 

the school a 'mobile  b io lo g ic a l  re fug ium ' .  Schooling provides a means 

o f  cover  seeking f o r  those  f i s h  occupying u ns t ru c tu re d  open waters (Williams, 

1964; Shaw, 1979). Fr ightened schools o f  s i l v e r s i d e s  never h id  among 

v e g e ta t io n ;  however ind iv idua l  s i l v e r s i d e s  which were e i t h e r  i s o l a t e d  

from the school a f t e r  an a t t a c k  by a p red a to r  o r  remained a f t e r  o th e r  

members had been consumed, f l e d  f o r  the  e e lg r a s s .  All ind iv idua l  s i l v e r 

s id e s  remaining a t  the  end o f  an experiment were o r i e n te d  e i t h e r  w i th in  

or  d i r e c t l y  above the  e e l g r a s s .  Ne i l l  and Cullen (1974) repor ted  t h a t  

the  presence o f  vege ta t ion  helped s in g le  f i s h  escape but  provided l i t t l e  

f u r t h u r  b e n e f i t  to  f i s h  which a lready  had the  p r o t e c t i o n  o f  a school .

S p o t . Huddling appeared to  be an e f f e c t i v e  p red a to r  avoidance 

s t r a t e g y  employed by s p o t ,  e s p e c i a l l y  in non-vegeta ted  experiments.
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Attacking p reda to rs  were apparen t ly  unable to  maintain v isua l  f i x a t i o n  

on an in d iv id u a l  spo t  as the  group d i sp e rsed .

Non-polarized schools o f  spo t  f l e d  f o r  v e g e ta t iv e  cover when a t t ac k ed .  

In c o n t r a s t ,  non-po lar ized  A t l a n t i c  s i l v e r s i d e s  schools p o la r i z e d  when 

a t tacked  and did not  f l e e  f o r  cover . Thus, spot  may form non-po lar ized  

schools as a low i n t e n s i t y  f r i g h t  response ( i . e . ,  in the  presence o f  a 

p r e d a t o r ) ; bu t  when a t t a c k e d ,  f l i g h t  f o r  v e g e ta t iv e  cover appeared to  be 

a primary p red a to r  avoidance mechanism.

General

That e e lg ra s s  beds serve  as p r o t e c t i v e  h a b i t a t s  f o r  small prey 

f i s h e s  has long been i n f e r r e d .  This study revealed  t h a t ,  indeed ,  prey 

which remained w i th in  v eg e ta t iv e  cover enhanced t h e i r  chances f o r  s u r 

v iv a l .  However, da ta  a l so  sugges t  t h a t  p reda to rs  u t i l i z e  e e lg ra s s  beds 

as fo rag ing  grounds in ways which b e s t  f i t  t h e i r  morphs and behav io rs .

Several  p reda to ry  s t r a t e g i e s  appear to  be e f f e c t i v e  in  areas  o f

submerged aqu a t ic  v e g e ta t io n .  Heck and Orth (1980) suggested t h a t  the 

presence o f  v e g e ta t iv e  cover  would be l e s s  l i k e l y  to  reduce the  e f f i c i e n c y  

o f  l i e - i n - w a i t  p r e d a to r s .  In t h i s  s tudy summer f lounder  were observed 

l y in g - i n - w a i t  along the v e g e ta t iv e  p e r im e te r ,  e f f e c t i v e l y  c ap tu r ing  

prey which moved from w ith in  the  g ra s s .  Thus, t h i s  t a c t i c  should be 

e s p e c i a l l y  e f f e c t i v e  in  patchy g ra s s -b a re  sand a reas .  However, remaining 

inconspicuous in densely  vegeta ted  areas  would be u n l ik e ly .  As summer 

f lounder  moved through v e g e ta t io n  in l a b o ra to ry  experiments g rass  blades 

were matted down and e s s e n t i a l l y  ' t r a c e d  o u t '  t h e i r  body shape.

Crepuscular  p red a to rs  pose a t h r e a t  to  prey which migra te  i n to  the

w ater  column o r  out  o f  the  bed on a d ie!  b a s i s .  Hobson (1979) has
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documented the  high occurrence o f  c repuscu la r  p reda t ion  in t r o p ic a l  r ee f  

f i s h  communities. Data presen ted  here in d ic a t e  t h a t  weakfish are  p a r t i c 

u l a r l y  success fu l  a t  foraging  e e lg ra s s  beds during the t w i l i g h t .  However, 

f u r t h e r  study must be conducted to  determine the sp e c t r a l  s e n s i t i v i t y  o f  

r e t i n a l  pigments f o r  t h i s  spec ies  (see Hobson e t  a l . ,  1981).

L i t t l e  o r  no reduct ion  in  cap ture  e f f i c i e n c y  should occur in e e l 

grass  beds fo r  p reda to rs  which u t i l i z e  sensory recep to rs  o the r  than 

v is ion  to  lo ca te  and capture  prey.  Eelgrass may not be a b a r r i e r  to  

sharks and rays which d e te c t  chemical o r  e l e c t r i c a l  emmisions from prey.

At l e a s t  one example of  p reda tory  s t r a t e g y  can be c i t e d  which may 

be l e s s  success fu l  in e e lg ra s s  beds.  School ing-feeding  p r e d a t o r s , such 

as b l u e f i s h ,  plunge in to  prey s c h o o ls ,  d i sp e r s in g  in d iv id u a ls  which are 

then e a s i e r  to  cap tu re .  Eelgrass  could: 1) provide a b a r r i e r  to  e f f i c i e n t

school ing  by the  p re d a to r  ( t h u s ,  reducing prey d i s p e r s a l )  and, 2) provide 

a means of  cover seeking f o r  d i s o r i e n te d  prey. E i th e r  case would reduce 

p red a to r  e f f i c i e n c y .

Since v a r i a t i o n  in  i n t r a s p e c i f i c  avoidance behaviors  could serve  to  

in c re a s e  p r e d a t io n ,  prey f i s h  spec ies  should be expected to  u t i l i z e  

e i t h e r  schooling o r  v e g e ta t iv e  cover  as primary avoidance t a c t i c s .  In 

the  p resen t  i n v e s t i g a t i o n ,  A t l a n t i c  s i l v e r s i d e s  schooled continuously  

( o b l i g a t e ) ,  in both p o la r ized  and non-polar ized  fo rm at ions ,  and did not 

f l e e  f o r  a r t i f i c i a l  vege ta t ion  when a t t acked .  Spot schooled o cca s io n a l ly  

( f a c u l t a t i v e )  and o r ien ted  w i th in  ee lg ra s s  when a t t ack ed .  Thus, one 

could p r e d i c t  t h a t  the presence o f  vege ta t ion  would not enhance p red a to r  

avoidance e f f i c i e n c y  o f  o b l ig a te  schooling prey sp e c ie s .  F a c u l t a t iv e  and 

non-schooling prey spec ies  should b e n e f i t  from v e g e ta t iv e  cover.
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These are  but a few examples of s p e c i e s - s p e c i f i c  p re d a to r -p re y - 

e e lg r a s s  i n t e r a c t i o n s  which req u i re  f u r t h e r  i n v e s t i g a t i o n .  They serve 

to  i l l u s t r a t e  the  d e l i c a t e  balance which e x i s t s  in n a tu ra l  p red a to r -p rey  

r e l a t i o n s .  Through evo lu t io na ry  f o r c e s ,  the  e f f e c t i v e  use o f  v eg e ta t iv e  

h a b i t a t s  as r e fu g ia  by prey f i s h e s  has evoked e f f e c t i v e  p reda to ry  s t r a t 

eg ies  f o r  foraging  in  t h i s  h a b i t a t .  Thus, the  ro le  o f  e e lg r a s s  beds as 

nursery  h a b i t a t s  f o r  small f i s h e s  must be expanded to  inc lude  t h e i r  

importance as p red a to r  fo rag ing  grounds.



SUMMARY

1. B luef ish  e x h ib i t e d  d i s c r e t e  d i s t r i b u t i o n  p a t t e r n s  and food h a b i t s  

over the non-vegetated  and vege ta ted  sampling s i t e s .  Data i n d ic a te d  

t h a t  school ing  b lu e f i sh  fed predominantly on schooling prey over the  

non-vegeta ted  h a b i t a t  during d a y l ig h t .  Over the  SAV h a b i t a t ,  where 

b lu e f i s h  occurred s in g ly  or  in  small groups during both day and n ig h t ,  

stomachs conta ined a v a r i e ty  o f  prey spec ies  inc lud ing  SAV r e s i d e n t s .

2. Weakfish were the  dominant t e l e o s t e a n  p i s c iv o re  cap tured  over the  

SAV h a b i t a t  occurr ing  th e re  predominantly during evening, n igh t  and 

e a r l y  morning per iods  between 2000 and 0800. The r e l a t i v e l y  l a rg e  

number o f  sp o t ,  a SAV r e s i d e n t ,  in  the  d i e t  o f  weakfish cap tured  in

the  SAV h a b i t a t  i n d ic a t e d  fo rag ing  occurred t h e r e .  Weakfish were r a r e ly  

cap tured  over the  non-vegeta ted  sampling s i t e .

3. Although stomach con ten t  d a ta  in d ic a te d  t h a t  summer f lo u n d e r  foraged 

in the  SAV h a b i t a t ,  f i e l d  o bse rva t ions  revealed  t h a t  t h e i r  abundance, 

and th u s ,  r e l a t i v e  importance as a p re d a to r ,  was underest imated  by g i l l  

n e t  sampling. Due to  t h e i r  morphology summer f lounder  were rendered 

l e s s  s u s c e p t i b l e ,  r e l a t i v e  to  b lu e f i s h  and weakfish ,  to  cap tu re  by g i l l  

ne ts  employed in t h i s  s tudy .

4. Under l a b o ra to ry  c o n d i t io n s ,  v e g e ta t iv e  cover in f luenced  weakfish 

prey capture  success .  S t a t i s t i c a l  r e s u l t s  in d ic a te d  t h a t  the number of 

sp o t  consumed by weakfish va r ied  s i g n i f i c a n t l y  among the  var ious  vegeta ted

62
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and non-vegeta ted  t r ea tm e n ts .  Weakfish consumed fewer p rey ,  spo t  and 

A t l a n t i c  s i l v e r s i d e s ,  as the  pe rcen t  area of  a r t i f i c i a l  v eg e ta t iv e  

cover in c reased .

5. Die! l i g h t  i n t e n s i t y  v a r i a t i o n s  regu la ted  weakfish a c t i v i t y  and 

feeding behavior  in l ab o ra to ry  experiments . The th ree  b a s ic  a c t i v i t y  

p a t t e r n s  e x h ib i te d  by weakfish ( r e s t i n g ,  swimming and feeding ) followed 

d i s c r e t e  d ie l  schedu les .  Peak feeding a c t i v i t y  occurred during morning 

and evening low l i g h t  pe r iods .

6. Due to  t h e i r  morphology, summer f lounder  ex h ib i ted  l im i te d  success 

in cap tu r ing  school ing  prey.  However, through s t r a t e g i c  p o s i t io n in g  

r e l a t i v e  to the  a r t i f i c i a l  e e lg ra s s  summer f lounder  s u c c e s s f u l ly  cap

tu red  in d iv id ua l  prey. In a d d i t io n  to  documented prey capture  s t r a t e g i e s  

summer f lounder  a lso  e x h ib i t e d  a " ly in g - in -w a i t "  t a c t i c  in  which i n d iv i d 

uals  r ap id ly  lunged from a seden ta ry  ben th ic  p o s i t io n  to  a t t a c k  prey 

w ithout  i n i t i a t i n g  p r e - a t t a c k ,  a c t iv e  search movements.

7. Schooling was the major p re d a to r  avoidance s t r a t e g y  employed by 

s i l v e r s i d e s .  Upon a t t a c k  school ing  s i l v e r s i d e s  d isp e rsed  and regrouped; 

those  d i s o r i e n t e d  from the  school were most s u s c e p t ib l e  to  p red a t io n .

Only ind iv idua l  s i l v e r s i d e s  o r i e n t e d  w i th in  e e lg r a s s .

8. To avoid p re d a t io n ,  spo t  schooled ,  huddled and o r i e n t e d  w i th in  e e l 

g ra s s .  Both i n d iv id u a l s  and schools f r e q u e n t ly  moved in to  a r t i f i c i a l  

v e g e ta t io n .

9. I n t e g r a t i o n  of  f i e l d  and la b o ra to ry  programs can maximize the  num

ber  o f  f a c t o r s  sampled and observed and provide a more complete under

s tand ing  of  p re d a to r -p re y  behavioral  i n t e r r e l a t i o n s h i p s .
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10. Based on in t e g r a t e d  f i e l d  and l a b o ra to ry  da ta  hypotheses concern

ing s p e c i f i c  p re d a to r -p r e y - e e lg r a s s  i n t e r r e l a t i o n s h i p s  can be formula ted .  

These a re :

a. B luef ish  u t i l i z e  non-schooling prey cap ture  t a c t i c s  w i th in  
areas of  SAV, consuming a v a r i e ty  of  prey spec ies  inc lud ing  
SAV r e s i d e n t s .

b. Weakfish e n t e r  areas  o f  SAV during low l i g h t  i n t e n s i t y  hours 
( t w i l i g h t  and n igh t)  cap tu r ing  prey which are  encountered
in the  water  column along the per iphery  of  the  v e g e ta t io n .

c. Summer f lo u nd er  use l i e - i n - w a i t  prey cap tu re  t a c t i c s ,  o r i e n t 
ing on the  bare  s u b s t r a t e  in patchy SAV areas and capture  
prey which wander from the  v e g e ta t ion .  Active search prey 
capture  t a c t i c s  are  a lso  u t i l i z e d .

d. Schooling A t l a n t i c  s i l v e r s i d e s  do not  u t i l i z e  SAV areas  as 
p r o t e c t i v e  h a b i t a t s .  Ind iv idu a ls  s p a t i a l l y  separa ted  from 
the s c h o o l , however, may do so.

e . Spot u t i l i z e  SAV areas as p r o t e c t i v e  h a b i t a t s  by o r i e n t in g  
w i th in  the v e g e ta t iv e  canopy out o f  the p reda to rs  v isua l  
f i e l d .



APPENDIX I 

SUMMARY OF GILL NET DATA

The fol lowing t a b l e  summarizes g i l l  ne t  cap tu re  da ta  fo r  

Cynoscion regal  i s , Pomatomus s a l t a t r i x  and P a ra ! ich th ys  d e n ta tu s . 

Catch-time equals  se t - t im e  p lus  ^ ( p u l l - t im e  minus s e t - t i m e ) .  All 

times a re  EST. SAV1 i s  the  Zostera  marina s i t e  and SAV2 i s  the  

mixed Z_. marina-Ruppia maritima s i t e .  Food items were i d e n t i f i e d  

to  s p e c i e s ,  enumerated and measured whenever p o s s ib le .
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