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ABSTRACT

P ara s i te  communities of  spot,  Leiostomus xanthurus . and A t la n t i c  
c roaker ,  Micropoqonias undulatus.  were examined to  determine i f  (1) 
t h e i r  s t r u c tu r e  changed with host age, (2) geographical loca t ion  
a f f e c t s  community s t r u c tu r e ,  (3) food habi ts  a f f e c t  community 
s t r u c t u r e ,  and (4) t h e i r  p a ra s i t e  communities are  p r ed ic tab le .
Juven i le  f i s h  were co l lec ted  monthly from Chesapeake Bay and Pamlico 
Sound and adul t  f i s h  were co l lec ted  offshore north  of Cape Hat teras  in 
the f a l l ,  and offshore  south o f  Cape Hatteras  in the spring  and f a l l .
A t o t a l  of  21 p a r a s i t i c  species  occurred in ju v en i le  spot  with 19 in 
ju v e n i l e  croaker  from Chesapeake Bay and Pamlico Sound. The p a r a s i t e  
communities o f  juven i le  f i sh e s  var ied  with s iz e ,  season, and area .  
Additional p a r a s i t e s  were acquired as juven i le s  d i v e r s i f i e d  t h e i r  
d i e t s  and fed on more in termediate  host spec ies .  E qu ib i l i ty  and, 
thus ,  d i v e r s i t y  were depressed due to  la rge  numbers o f  the  digenean 
Diplomonorchis le iostomi t h a t  dominated the p a r a s i t e  communities of  
both spec ies .  Although ju ven i le  spot  and croaker  shared e igh t  and s ix  
p a r a s i t e s  between e s tu a r i e s ,  r e sp ec t iv e ly ,  many nonspecif ic  p a r a s i t e s  
( g e n e ra l i s t s )  were more common in both spot and croaker  from one 
es tua ry  than the  o the r .  All species  occurring in both hosts  have 
i n d i r e c t  l i f e  cycles  suggesting t h a t  the a v a i l a b i l i t y  of  c e r t a in  
in termediate  hos ts  as prey was important.  The es tuary  of  residence 
was c l e a r l y  as important as host species  i d e n t i t y  in determining 
p a r a s i t e  community s t r u c t u r e .  Twenty-three spec ies  o f  metazoan 
p a r a s i t e s  were recorded from adul t  spot  and 26 from a du l t  croaker .  Of 
the 33 p a r a s i t i c  species  found, 17 occurred in both spot and croaker .  
No s i g n i f i c a n t  d i f fe rences  in i n t e n s i t y  of p a r a s i t e s  occurred between 
sexes o f  e i t h e r  spot or  croaker.  All of  the p a r a s i t e s  had 
overdispersed or  clumped d i s t r i b u t i o n s  among hosts .  Adult spot and 
croaker  co l lec ted  offshore  had much g rea te r  sp ec ie s - r ich n ess ,  
d i v e r s i t y ,  and to t a l  number of  individual p a r a s i t e s  than juv en i le  
f i sh es  co l lec ted  in the  e s tu a r i e s .  The number o f  species  and 
d i v e r s i t y  of  p a r a s i t e s  in adul t  f i s h  was g r e a t e r  in croaker  than spot .  
However, when only g a s t r o in t e s t i n a l  helminths were considered, spot 
had g r e a t e r  spec ies - r ichness  as well as g r e a t e r  numbers o f  individual  
helminths,  suggesting t h a t  they had a more d ive rse  d i e t  and fed on 
more in fec ted  in termediate  hosts  than croaker.  In both adu l t  spot and 
croaker  the  mean number o f  p a r a s i t i c  species  was g r e a te r  than those of  
f reshwater  f i s h e s  and fewer than those  fo r  b i rds  and mammals. The 
t o t a l  number o f  individual  p a r a s i t e s  found in spot and croaker  was 
s im i la r  to  t h a t  o f  freshwater  f i s h e s .  Comparison o f  a du l t  spot and 
croaker  p a r a s i t e  faunas co l lec ted  offshore  ind ica ted  t h a t  t h e i r  
r e sp ec t iv e  p a r a s i t e  component communities were d i s t i n c t  and t h a t  
s im i la r  infracommunity v a r i a b i l i t y  ex is ted  in both hos ts .  Although 
the  p a r a s i t e  dominance hierarchy in adul ts  o f  both spec ies  var ied 
s l i g h t l y  between areas and seasons sampled, th e re  appeared to  be 
p red ic ta b le  dominant species  cons is t ing  of  D. leiostomi and Scolex 
polvmorphus uni 1 o cu la r i s  in spot and S. polvmorphus uni 1o c u la r i s  in 
c roaker .  The core species  were accompanied by subordinate ,  l e s s -  
p r ed ic ta b le  spec ies .  The v a r i a b i l i t y  in both r e l a t i v e  i n t e n s i t i e s  and

X



presence absence o f  p a r a s i t e s  within communities r e s u l t i n g  from t h e i r  
d ive rse  d i e t s  make them le s s  p red ic tab le  than those of  o ther  
v e r t e b ra te s  with l e s s  d iverse  d i e t s .

x l



GENERAL INTRODUCTION

Several questions  regarding p a r a s i t e  community ecology have been 

proposed rece n t ly  by Kennedy e t  a l . (1986), Bush and Holmes (1986), and 

Holmes (in p r e s s ) .  These questions p e r ta in  to  d i v e r s i t y  and 

p r e d i c t a b i l i t y  o f  p a r a s i t e  communities and how host l i f e  h i s t o r i e s  a f f e c t  

th e se  parameters .  Very few s tud ies  have addressed these  ecological  

ques t ions  with re spec t  to  p a ra s i t e  communities of marine f i s h e s .  Since 

spot  and croaker  are c lo se ly  r e l a t e d ,  have s im i la r  l i f e  h i s t o r i e s  and r ich  

p a r a s i t e  faunas,  they make ideal hosts  fo r  examining these  questions  in 

marine f i s h e s .

Spot, Leiostomus xanthurus Lacepede, and A t la n t ic  croaker,  

Micropoqonias undulatus Linnaeus, are sc iaenid  f i sh e s  t h a t  inhab i t  

e s tu a r in e  and nearshore oceanic waters  from southern New England to  Texas 

(Chao and Musick 1977). In the A t la n t ic  Ocean, they are most abundant 

from Chesapeake Bay, V irg in ia  to  the  Carolinas (Grosslein  and Azarovitz 

1982). Spot and croaker  along the  middle A t l a n t i c  coas t  spawn offshore  of 

th e  Carolinas.  Large numbers of  both species  are t ranspor ted  as larvae 

and pos t la rvae  or  migrate  as adu l ts  north o f  Cape Hatteras  in the  spring 

where they use e s tu a r in e  and nearshore areas  as nursery and feeding 

grounds fo r  ju v en i le s  and adu l ts .  Both ju v e n i l e s  and adul ts  migrate south 

o f  Cape Hat teras  in the  f a l l  as water  temperature decreases .  Although 

spot  and croaker  are o p p o r tu n is t i c  " g e n e ra l i s t s "  feeding on many of  the 

same most r e ad i ly  av a i lab le  resources ,  croaker  tend to  feed on l a rg e r ,  

more mobile ep ibenth ic  prey,  whereas spot have l a r g e r  percentages of  

infaunal  in v e r te b ra te s  in t h e i r  d i e t s  (Chao and Musick, 1977; Overs treet  

and Heard, 1978; Currin e t  a l . ,  1984).

1
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Spot and croaker are important to t h e  local commercial f i s h e r i e s ,  as 

well as being important forage f ishes  f o r  several o ther  important 

commercial f i s h e s .  In add i t ion ,  spot a re  widely used in various research 

a c t i v i t i e s ,  including toxicology,  immunology, and pathology s tud ies ,  which 

makes knowledge of  t h e i r  p a r a s i t i c  fauna e s s e n t i a l .

Most s tud ies  of  p a r a s i t e s  of the spot  and the croaker have been 

taxonomically or ien ted  (Linton 1940; Hopkins 1941a, b; Hargis 1956; 

Goldstein 1963; Overst reet  1970, 1973; Hendrix and Overstreet  1977; Fusco 

and Overstreet  1978; Deardorff and Overstreet  1980, 1981a, b, c; Roberts 

1970; and many o th e r s ) .  Life cycles have been e lucidated  fo r  a few 

spec ies .  Very few s tudies  have examined the  ecology of  p a ra s i t e s  and most 

of those only considered one species (Schlich t  and McFarlan 1967; Joy 

1974; Joy and Price 1976; Voorhees and Schwartz 1979; Coll ins  et  a l .

1984). Joy (1976) examined the  population dynamics of s ix  species o f  g i l l  

p a ra s i t e s  from spot co l lec ted  in Texas and Overstreet  and Howse (1977) 

examined p a ra s i t e  communities of croaker and spot in pol lu ted  and 

r e l a t i v e l y  p r i s t i n e  areas of M iss iss ippi .

Although Govoni (1983) examined the  pa ra s i t e  fauna in larvae of  both 

species  from the northern Gulf of  Mexico, there have been no attempts to 

study ecological aspects of the  p a ra s i te  fauna o f  e i t h e r  species  from the 

time they en te r  e s tu a r i e s  as postlarvae un t i l  they depar t in f a l l .  Most 

s ig n i f i c a n t ly ,  the  p a ra s i t e  faunas of spot  and croaker have not been 

c a re fu l ly  studied along the mid-Atlantic coast o f  the  U. S. A. where both 

species  of  f i sh  are extremely abundant and important food and recrea t ional  

f i s h e s .  Therefore, the objec t ive  of the  f i r s t  por t ion  of t h i s  study was 

to  determine the  prevalence and in te n s i ty  of helminth p a ra s i t e s  of 

juven i le  spot and croaker and to assess va r ia t ion  in these parameters with
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regard to  spec ies ,  area ,  season, and s ize of host.  The objec t ive  of  the 

second phase was to  determine how p red ic tab le  and diverse  pa ra s i t e  

communities o f  adult  spot and croaker  are by examining pa ra s i t e  

d i s t r i b u t io n s  among these  hosts .



Population Dynamics and Community Analysis of  the Paras i te  

Fauna of Juvenile  Leiostomus xanthurus and Micropoqonias 

undulatus (Sciaenidae)in  Two Estuaries  Along the 

Middle A t lan t ic  Coast of the United Sta tes

INTRODUCTION

Along the mid-Atlant ic coas t ,  spot and A t lan t ic  croaker  spawn 

offshore  of  the Carol inas .  Spot spawn during winter  (Warlen and Chester 

1985} and the  young-of- the-year  en te r  e s tu a r ie s  in spring.  Of the 

juven i les  t h a t  en te r  Chesapeake Bay, most leave by December, but a few 

over-winter (Chao and Musick 1977) in the deeper, warmer areas  of  the Bay. 

Croaker apparent ly spawn from l a t e  summer throughout the following winter  

because Chao and Musick (1977) found th a t  young-of-the-year appeared in 

Chesapeake Bay in August and continued r ec ru i t in g  in to  the Bay through 

May.

Although spot and croaker share nursery grounds and feed on many of 

the same prey there are s ig n i f i c a n t  d i f fe rences  in d e t a i l s  of  t h e i r  l i f e  

h i s t o r i e s .  In c o n t ra s t  to spot,  croaker r e c ru i t  to  e s tu a r i e s  over a 

longer period r e su l t in g  in cohorts of various s izes  being present  a t  any 

one time. In add i t ion ,  croaker tend to feed on la rg e r ,  more mobile prey 

than spot.  Since many of  the  p a ra s i t e s  have in d i re c t  l i f e c y c le s  requir ing 

one or more intermediate  hosts fo r  completion, these  f ac to rs  should have a 

s ig n i f i c a n t  influence on p a ra s i t e  community p a t t e rn s .  Determination of 

f a c t s  r e l a t in g  to these  fea tu res  was the  pr inc ipa l objec t ive  o f  t h i s  

study. To b e t t e r  understand the  ecology and seasonal dynamics of  t h e i r

4
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p a r a s i t e s ,  samples o f  young-of- the-year  f i sh es  were examined the  time from 

when they f i r s t  entered e i t h e r  Chesapeake Bay, V irg in ia  or Pamlico Sound, 

North Carolina u n t i l  they l e f t  in f a l l .  With re spec t  to  th ese  two 

e s tu a r in e  systems and the two c lose ly -  r e l a t e d  hos ts ,  several hypotheses 

were considered.  (1) Juvenile  f i sh e s  should acquire  both more p a r a s i t i c  

species  and numbers of  each species  as they grow. (2) I f  many of  the 

p a r a s i t e s  acquired by ju v e n i le  spot and croaker  are  host s p e c i f i c ,  then 

t h e i r  r e sp ec t iv e  p a r a s i t e  faunas should be d i s t i n c t  even in two d i f f e r e n t  

e s tu a r i e s .  (3) Since many p a ra s i t e s  are acquired from prey, prey 

composition should have an a f f e c t  on both the numbers and species  of 

p a r a s i t e s  present  in ju v en i le  spot and croaker .



MATERIALS AND METHODS

Young-of-the-year spot were c o l lec ted  by trawl and seine  a t  the mouth 

of  the  York River, Chesapeake Bay, V irg in ia  monthly from April 1984 

through October 1984 (Figure 1). Young-of-the-year croaker  were co l lec ted  

by trawl as near as poss ib le  to  the  mouth of the  York River in October and 

November 1983 and in January, March, A p r i l ,  and May 1984 (Figure 1).  

S a l i n i t i e s  a t  the  mouth of  the York River ranged from 16 - 25 ppt.  One 

trawl sample of croaker  was co l lec ted  near the mouth o f  the  James River in 

Ju ly ,  1984.

One sample of  pos t la rva l  spot was co l lec ted  by trawl from Ocracoke 

I n l e t  as ind iv idua ls  en tered Pamlico Sound, North Carolina  (Figure 1) in 

February 1985. Two trawl samples of  pos t la rva l  croaker  were co l lec ted  

from the mouth of the Pamlico River in September and November 1984. Other 

trawl samples of  ju v en i le  spot and croaker  were co l lec ted  monthly from 

March 1985 through November 1985 (except Apri l)  from various s t a t i o n s  near 

the  mouth of  the  Pamlico River (Figure 1).  S a l i n i t i e s  taken monthly 

ranged from 16.2 to  23.3 ppt.  fo r  the  Pamlico River except the  August 

sample which was from Broad Creek, a t r i b u t a r y  near the  mouth of  the 

Pamlico River,  where the  s a l i n i t y  was 9.5 ppt.

Most of  the  f i sh  were fixed immediately in 10% n e u t ra l -b u f fe red  

formalin and l a t e r  t r a n s f e r r e d  to  70% ethanol un t i l  examined fo r  

p a r a s i t e s .  Some hosts  from the York River were examined f re sh .  Standard 

length  was measured on a l l  f i s h .  The skin ,  g i l l s ,  and g a s t r o i n t e s t i n a l  

t r a c t s  were examined fo r  p a ra s i t e s  using a s tereo-microscope.  

Platyhelminths recovered were s ta ined  in Van Cleave’ s Hematoxylin and

6
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Figure 1. Estuar ies  in the Cape Hatteras  region from which juven i le  spot 

and croaker  were co l lec ted  (*, sampling s i t e s ) .
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mounted on s l i d e s  in Clear  Mount f o r  i d e n t i f i c a t i o n .  N ematodes and 

copepods were c leared  in g lycer in  o r  l a c t i c  ac id ,  r e sp ec t iv e ly ,  f o r  

i d e n t i f i c a t i o n .  Prey recovered from the  e n t i r e  length o f  the gut were 

i d e n t i f i e d  to  c l a s s  or ordinal  l e v e l .

The Shannon-Wiener index of d i v e r s i t y  (H) and i t s  components species 

r ichness  (S) and species  evenness (E) were ca lcu la ted  as :  H = - p-loggp^,

where p  ̂ = n^/N and i s  the  proport ion of the  co l l e c t io n  belonging to  the

i t h  spec ies ;  S = to ta l  number of p a r a s i t e  spec ies ;  E = H/loggS. These

ind ices  were ca lcu la ted  f o r  both component communities ( p a ra s i t e s  within a 

sample of hos ts )  and infracommunities (p a ra s i t e s  within an indiv idual  

h o s t ) .  J acc a rd ’ s index o f  species over lap was used to  compare p a i r s  of 

samples q u a l i t a t i v e l y  and was ca lcu la ted  by the  methods o f  Leong and 

Holmes (1981): J = 100 c / (a+b-c ) ,  where a = number of  species  in f i r s t

sample, b = number spec ies  in second sample, and c = number of  spec ies  

common to  both.  Percentage s im i l a r i t y  was used to compare pa i rs  o f  

samples q u a n t i t a t i v e ly  and was ca lcu la ted  by the  methods o f  Hurlburt 

(1978): PS = 100 [1 -0 .5( P - j ^ P ^  )]> where Pi a  and P^b are the

proport ions o f  taxon, i ,  in samples a and b, r e s p e c t iv e ly .  Ecological 

terminology follows t h a t  recommended by Margolis e t  a l . (1982). Abundance 

r e f e r s  to  the  mean number o f  p a r a s i t e s  per indiv idual  hos t  in a sample.



RESULTS

A t o t a l  of 21 p a ra s i t e s  occurred in young-of- the-year  spot from 

Chesapeake Bay and Pamlico Sound. Only e ig h t  (38%) p a r a s i t e s  were shared 

between the  two e s tu a r i e s  (Table 1). The four  most abundant (dominant) 

p a r a s i t e  species  o f  spot c o l lec ted  in Chesapeake Bay (Table 2) are 

g e n e r a l i s t s ,  in t h a t  they occur in several o ther  sympatric f i s h e s .  Fish 

of  the  smal les t  s iz e  c la s s  (0-40 mm) c o l l e c te d  in April  did not have any 

of  the  dominant p a r a s i t e  spec ies ;  however, 33% were in fec ted  (mean 

i n t e n s i t y  = 1.3) with Scolex d o ! vmorohus u n i l o c u l a r i s . By Hay a l l  four of 

the dominant p a r a s i t e  species  were p resen t .  The four  most abundant 

p a r a s i t e  species  occurring in spot c o l lec ted  in Pamlico Sound are  a lso  

g e n e r a l i s t s  (Table 3 ) .  Thir teen  percent o f  the  f i sh  (0-20 mm) co l lec ted  

in February were a lready in fec ted  with a few Diplomonorchis l e io s to m i .

The o the r  th re e  dominant species  were not p resen t  in f i s h  l e s s  than 41 mm. 

Diplomonorchis leiostomi was the  only dominant species  shared by spot 

between the  two e s tu a r i e s .  Other l e s s  abundant p a r a s i t e s  p resen t  were 

considered to  be minor components of  the p a r a s i t e  community o f  spot .

A to t a l  of  19 p a ra s i t e s  occurred in young-of- the-year  croaker  from 

Chesapeake Bay and Pamlico Sound (Table 1) .  Only s ix  (32%) p a r a s i t e s  were 

shared between the two e s tu a r i e s .  Three o f  the  four  most abundant 

p a r a s i t e  species  which occurred in croaker  are g e n e r a l i s t s ;  the  monogenean 

Macrovalvitrematoides micropoaoni i s  s p e c i f i c  to  croaker  (Table 4) .  The 

four  most abundant p a ra s i t e  spec ies  in croaker  c o l le c te d  in Pamlico Sound 

also a re  g e n e r a l i s t s ,  except M. microooaoni (Table 5) .  Three of  the 

dominant p a r a s i t e s  were shared between e s t u a r i e s .  Other l e s s  abundant

9



TABLE 1. Abundances of Parasites (mean number per host) found in juvenile Leiostomus xanthurus and 

Micropogonias undulatus. 

Host Species Leiostomus xanthurus Micropogonias undulatus 

Area Chesapeake Pamlico Chesapeake Pamlico 

Bay Sound Bay Sound 

n= 116 140 103 127 

Myxozoa 

Kudoa branchiata Joy 1972 0.1 

Digenea 

Apocreadium manteri Overstreet 1970 <0.1 0.1 

Diplomonorchis leiostomi Hopkins 1941 8.0 46.5 1.0 46.3 

Zoogonus rubellus (Olsson 1868) 2.8 <0.1 

Lepocreadium setiferoides 3.1 <0.1 0.1 

(Miller & Northup 1926) 

Opecoeloides vitellosus {Linton 1907) <0.1 

Parahemiurus merus (Linton 1910) 0.5 0.4 

Lecithaster confusus Odhner 1905 <0.1 <0.1 

Site in 

Host* 
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Table 2. Abundance of parasites (mean number per host) from leiostomus xanthurus from Chesapeake 

Bay (numbers of hosts examined in· Eare.ntheses). 

Fish Apr May Jun Jul Aug Sep Oct Total 

Length Diplomonorchis leiostomi 

101-120 8.7(3) 3.6(5) 5.5(8) 

81-100 18. 5(6) 9.5(11) 4.2(9) 9. 7 ( 26) 

61-80 63.8(5} 13.8(9) 2.0(1) 1.0(1} 27.9(16) 

41-60 0.6(8) 0.1(9) 17 .6(10) 7.0(27) 

21-40 0.2(14) 0(6) 0 .1( 20) 

0-20 0(18) 0(1) 0(19) 

Total 0(18) 0.3(23) 0.1(15) 33.0(15} 15. 7( 15) 8.8(15} 3 .8(15) 8.0(116) 

Lepocreadium setiferoides 

101-120 0(3) 0.2(5) 0.1(8) 

81-100 0(6) 0(11) 0.8(9) 0.3(26) 

61-80 0( 5) 0(9) 0(1) 1.0(1) <0.1 (16) 

41-60 38.1{8) 0(9) 0.6(10) 12.0(27) 

21-40 2.6{14) 0(6) 1.8(20) 

0-20 0( 18) 0(1) 0(19) 

Total 0(18) 14.9(23) 0(15) 0.4(15) 0(15) 0(15) 0.6(15) 3.1(116) 

...... 
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Table 3. Abundance of parasites (mean number per host) from Leiostomus xanthurus from Pamlico Sound (numbers of hosts 

examined in parentheses). 

Fish Feb Mar May Jun Jul Aug Sep Oct Nov Total 

Length Oiplomonorchis leiostomi 

81-100 1.5(2) 0(3) 2.7(3) 14.8(5) 6.5( 13) 

61-80 26.5(2) 1.7(7) 2.4(7) 0.8(12) 0(15) 568.7(10) 109.0(53) 

41-60 22.5(4) 14.9(13) 2.7(6) 7.0(5) 12.0(28) 

21-40 2.5(13) 25.5{11) 13.1(24) 

0-20 0.1(15) 0.3(7) 0.2(22) 

Total 0.1{15) 1.8(20) 24.7(15) 16.5(15) 2.1(15) 3.5(15} 1.1{15) 0(15} 384.1(15} 46.5(140) 

Ergasilus lizae 

81-100 6.5(2) 42.3(3) 7.0(3) 2.6( 5) 13.2(13) 

61-80 1.0(2) 1.7(7) 34.6(7) 5.3(12) 0.3(15) 2.2(10) 6.5( 53) 

41-60 0(4) 0.3(13) 0.2{6) 2.0(5) 0.5(28} 

21-40 0(13} 0(11) 0(24) 

0-20 0(15) 0(7) 0(22) 

Total 0(15) 0(20) 0(15) 0.4(15) 1.6(15) 25.3(15) 5.6(15) 0.3(15) 2.3(15) 3.8(140) 

..... 
U'l 
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Table 5. Abundance of parasites (mean numbers per host) from Micropogonius undulatus from Pamlico Sound (numbers of hosts 

examined in parentheses). 

Fish Sep Nm Mar May Jun Jul Aug Oct Nov Total 

Length Diplomonorchis leiostomi 

101-125 152.3(4) 0(1) 246.0(12) 209.5(17) 

81-100 66.0{3) 61.1(7) 1.1(10) 24.3(3) 30.9(23) 

61-80 27.9(8) 45.6{5) 64.4(7) 45.1(20) 

41-60 29.0(2) 18.9(7) 25.0{3) 16.0{1) 20.4(13) 

21-40 0(5) 5.5(4) 18.9(8) 22.2(12) 15.3(29) 

0-20 0(10) 0.2(11) 2.0(3) 0.3(24) 

Total 0(15) 1.6(15) 20.9(10) 18.1(15) 23.7(15) 74.0(15) 59.7(15) 1.0(11) 201.7(15) 46.3(127) 

Lobatostoota ri ngens 

101-125 2.5(4} 2.0(1) 2.4(12) 2.4(17) 

81-100 0(3) 0.3(7) 3.6{10) 0(3) 1.7(23) 

61-80 0.4(8) 0(5) 0.1(7) 0.2(20) 

41-60 0(2) 0(7) 0(3) 0(1) 0(13) 
' i 21-40 0(5) 0(4) 0(8) 0(12) 0(29) I 

! 
I 

0-20 0(10) 0(11) 0(3) 0(24) 

Total 0(15) 0(15) 0(10) 0(15) 0.2(15) 0.7(15) 0.2(15} 3 .5(11) 1.9(15) 0.4(127) 
...... 
\0 
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p a ra s i te  species  p re sen t  were considered to  be minor components o f the 

p a ra s i te  community o f  croaker.

In spot c o l le c te d  from Chesapeake Bay (Figure 2) species  r ichness  

(S), and thus spec ies  d iv e r s i ty  (H), o f  component communities of p a ra s i te s  

increased from the 0-20 to  the  21-40 mm s iz e  c la s s ,  whereas species  

evenness (E) increased  only s l i g h t ly .  Species r ichness  (S) was then 

s ta b le  except fo r  th e  81-100 mm s ize  c la s s ,  which had considerab ly  higher 

values. The dec line  in S in f i s h  g re a te r  than 100 mm was most l i k e ly  due 

to  small sample s iz e  examined. Evenness and H decreased s l i g h t l y  in the 

41-60 mm s iz e  c la s s  because o f  increased abundance o f  D. le io s to m i,  

Zooaonus r u b e l lu s . and Lepocreadium s e t i f e r o i d e s . decreased g re a t ly  in the  

61-80 mm s iz e  c la s s  as numbers o f  D. leiostom i increased and numbers of Z. 

ru b e llu s  and L. s e t i f e r o id e s  decreased, then increased as the dominance of 

D. leiostom i decreased. When d iv e r s i ty  values were compared on a monthly 

basis  th e  same p a t te rn  was apparent except S did not d ec l in e  a t  th e  end o f 

the  sampling period due to  small sample s iz e .  In spot from Pamlico Sound 

(Figure 3) S increased with host s ize  from p ostla rvae  (0-20 mm) u n t i l  i t  

reached a p la teau  in the 61-80 mm s ize  c l a s s .  A la rg e  decrease in  E in 

the  21-40 mm s ize  c la s s  was caused by th e  increased abundance of D. 

le io s to m i . Species evenness (E) and d iv e r s i ty  (H) increased  s l i g h t ly  

through th e  61-80 mm s iz e  c la s s  as numbers o f  o ther species  increased . A 

sharp decrease in th e  occurrence of D. leiostom i and increased numbers of 

o ther  spec ies  re su l te d  in an increase  o f H and E in 81-100 mm s iz e  c la s s .

A much more sporadic p a t te rn  was apparent when monthly values were 

examined; however, decreased values fo r  H and E in March, May, and 

November a lso  r e su l te d  from the  presence of la rge  numbers of D. le io s to m i.
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Figure 2. D iv e rs ity  parameters c a lc u la te d  a t  th e  component community 

level fo r  p a r a s i te s  o f spot c o l lec ted  in th e  Chesapeake Bay. Figure a. 

P a ra s i te  communities examined by month. F igure b. P a ra s i te  communities 

examined by s iz e .  (H and c i r c l e ,  d iv e r s i ty ;  S and square , spec ies  

r ic h n ess ;  E and t r i a n g le ,  spec ies  evenness).
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In croaker from Chesapeake Bay (Figure 4) S increased to  a peak in 

the  41-60 mm s ize  c la s s ,  then decreased s l ig h t ly  in the  61-80 mm s ize  

c la s s  due to  the absence o f Absonifibula bvchowskv and Hvsterothvlacium 

sp. (Figure 4 ) .  The g rea t  decline o f S in 81-100 mm f ish  was undoubtedly 

because o f the  small sample s ize .  D iversity  (H) followed the  same trend 

as S. Evenness was r e l a t iv e ly  s ta b le  with a s l ig h t  decrease in the 61-80 

mm s ize  c la ss  as the  abundance of D o llfu sen tis  chandleri and D. leiostomi 

increased. A much more sporadic pa tte rn  in d iv e r s i ty  parameters appeared 

when monthly values were examined.

Mean standard lengths of croaker co llec ted  in Chesapeake Bay (Table 

4) did not continue to  increase  p as t  January, but decreased in to  May. In 

add it io n , the large  standard devia tion  around the mean standard length 

ind ica ted  th a t  f is h  varied g rea t ly  in s iz e .  This recru itm ent p a tte rn  not 

only re su l te d  in decreased p a ra s i te  species r ic h n ess ,  but a lso  decreased 

numbers o f  D. le io s to m i. which influenced species evenness and d iv e r s i ty  

g re a t ly  from March through June. Since f is h  were re c ru i te d  over a long 

season i t  proved more valuable to  examine p a ra s i te  community changes by 

host s ize  than by month.

In croaker from Pamlico Sound (Figure 5) the increase  in species 

richness  (S) in the  21-40 mm s ize  c lass  can be a t t r ib u te d  to  the 

appearance o f M. micropoaoni and fou r  minor components of the p a ra s i te  

community. Species r ichness  decreased in th e  41-60 mm s ize  c la s s  due to 

the  absence of the  same four minor p a ra s i te s .  Species evenness and, thus, 

species d iv e r s i ty  (H), decreased g re a t ly  and remained low in l a rg e r  f ish  

because D. leiostomi dominated a l l  o ther species  in these s iz e  c la s se s .

The s l ig h t  increase  of E and H in the  81-100 mm s iz e  c la ss  re su l te d  from a 

s l ig h t  decrease in prevalence of D. leiostomi and the  presence o f two
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additional spec ies . Even though S remained th e  same in the 100-125 mm 

s ize  c la s s  a dramatic increase  in mean in te n s i ty  of D. leiostomi depressed 

both E and H. A s im ila r  pa tte rn  was apparent when monthly values were 

examined.

Size o f hos ts  appeared to  have had a s tronger  influence on d iv e r s i ty  

indices than season, th e re fo re  s iz e  was used to  ca lc u la te  mean d iv e r s i ty  

indices a t  the infracommunity le v e l .  Mean d iv e r s i ty  ind ices  ca lcu la ted  

fo r  p a ra s i te  infracommunities of spot from Chesapeake Bay followed the 

same p a t te rn s  as those a t  the component community l e v e l ,  but magnitudes 

were lower (Table 6). The highest average numbers of p a ra s i te s  occurred 

in f ish e s  41-80 mm long. Mean species  r ichness  ca lcu la ted  fo r  p a ra s i te  

infracommunities of spot from Pamlico Sound followed th e  same trends ,  but 

magnitudes were lower; however, H and E continued to  increase with 

increased s ize  o f f ish es  (Table 7 ).  The h ighest  numbers of p a ra s i te s  

occurred in hosts  61-80 mm long. Few large spot had 0 o r 1 p a ra s i te  

species . Large ranges and standard dev ia tion  values ind ica ted  th a t  there  

was much v a r ia t io n  in these  p a ra s i te  infracommunities.

Mean d iv e r s i ty  indices ca lcu la ted  for p a ra s i te  infracommunities of 

croaker from Chesapeake Bay followed trends s im ila r  to  those a t  the 

component community le v e l ,  but magnitudes were lower (Table 8 ) .  The small 

sample s iz e  of 81-100 mm length f i s h  did not lead to  a decline  in S and H 

as i t  did a t  the component community level (Figure 4 ).  The la rg e s t  

numbers of p a ra s i te s  occurred in th e  61-80 mm size  c l a s s .  Mean d iv e r s i ty  

indices ca lcu la ted  a t  the  infracommunity leve l for  croaker from Pamlico 

Sound (Table 9) did not have the same pa tte rn  as those ca lcu la ted  at the 

component community le v e l .  Mean species  r ichness  values increased with 

host s ize  throughout t h e i r  range. Mean values of evenness were low but



25

Figure 3. D iv ers ity  parameters c a lcu la ted  a t  the component community 

level fo r  p a r a s i te s  o f  spot c o l le c te d  in the Pamlico Sound. Figure a. 

P a ra s i te  communities examined by month. Figure b. P a ra s i te  communities 

examined by s iz e ,  (abbrev ia tions  are as in f ig u re  2).
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Figure 4. D iv ers ity  parameters c a lc u la te d  a t  the  component community 

level fo r  p a r a s i te s  of croaker c o l le c te d  in the  Chesapeake Bay. Figure a. 

P a ra s i te  communities examined by month. Figure b. P a ra s i te  communities 

examined by s iz e ,  (abbrev ia tions  are as in f ig u re  2).
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Figure 5. D iversity  parameters ca lcu la ted  a t  the component community 

level for  p a ras ite s  o f  croaker co llec ted  in the Pamloco Cound. Figure a .  

Parasite  communities examined by month. Figure b. P aras ite  communities 

examined by size (abbreviations are as in Figure 2).
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increased s l ig h t ly  in  la rg e r  f i s h .  D iversity  followed th e  same p a tte rn ,  

showing th a t  H was dominated by e f fe c ts  of E as i t  was a t  the component 

community level (Figure 5). The la r g e s t  numbers o f p a ra s i te s  occurred in 

the  61-80 and 101-120 mm s iz e  c la s se s .  Few la rg e  individual croaker had 0 

or 1 p a ra s i te  spec ies . Range and standard dev ia tion  values in d ica te  

considerable  v a r ia t io n  in p a ra s i te  infracommunities among croaker as there  

was in sp o t.
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TABLE 6. Diversity parameters of Parasite Infracornminities of Leiostomus xanthurus 

from Chesapeake Bay by length (S, species richness; H, diversity; E, 

________ species evenness).___________________________________________________

Size

(mm)

Sample Size S H E Mean No. 

of Parasites

% of 1 

with 0 or

0-20 18 5? 0.28 0 0 0.4 100

SD 0.46 0 0 0.1

Range 0-1 0 0 1-3

21-40 21 K 1.85 0.71 0.60 5.3 38

SD 0.93 0.50 0.42 6.0

Range 0-3 0-1.33 0-1 0-26

41-60 27 5? 2.26 0.76 0.53 29.4 22

SD 1.16 0.54 0.35 36.5

Range 0-4 0-1.49 0-0.97 0-139

61-80 17 5? 1.94 0.35 0.29 29.8 35

SD 1.24 0.46 0.34 35.2

Range 0-6 0-1.58 0-0.99 6-124

81-100 27 K 3.81 1.44 0.76 22.1 0

SD 1.5 0.60 0.22 20.8

Range 0-6 0-2.41 0-0.99 2-89

101-120 7 % 4.14 1.38 0.78 15.9 14

SD 1.57 0.62 0.10 9.3

Range 0-6 0-2.20 0-0.95 7-29
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TABLE 7. Diversity parameters of Parasite Infracornnunities of Leiostomus xanthurus 

from Pamlico Sound by length (S, species richness; H, diversity; E,

Size

(mm)

Sample Size S H E Mean No. 

of Parasites

% of Hosts 

with 0 or 1 sp

0-20 22 5? 0.68 0.05 0.05 1.5 96

SD 0.57 0.21 0.21 1.7

Range 0-2 0-1 0-1 0-7

21-40 24 X 1.33 0.29 0.29 13.9 63

SD 0.56 0.42 0.42 14.0

Range 0-2 0-1 0-1 0-46

41-60 28 X 1.21 0.23 0.22 13.5 71

SD 0.62 0.37 0.37 18.6

Range 1-2 0-1 0-0.91 0-77

61-80 51 X 2.07 0.50 0.37 118.5 37

SD 1.19 0.54 0.38 359.6

Range 1-5 0-1.74

rH1O

0-2111

81-100 13 X 2.33 0.62 0.48 24.3 23

SD 1.41 0.59 0.34 32.3

Range 1-5 0-1.67 0-0.96 1-95
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TABLE 8. Diversity parameters of Parasite Infracommunities of Micropogonias undulatus 

from Chesapeake Bay by length (S, species richness; H, diversity; E, species 

evenness).

Size

(mm)

Sample Size S H E Mean No. 

of Parasites

% of Hosts 

with 0 or 1 sp

0-20 17 X 0.24 0 0 0.2 100

SD 0.44 0 0 0.4

Range 0-1 0 0 0-1

21-40 34 X 0.50 0.16 0.11 0.7 88

SD 0.93 0.46 0.31 1.2

Range 0-3 0-1.57 0-0.99 0-4

41-60 32 X 1.23 0.41 0.32 3.19 63

SD 1.2 0.61 0.45 5.75

Range 0-4 0-1.64 0-1 0-30

61-80 20 X 1.05 0.32 0.25 3.75 65

SD 1.13 0.51 0.39 7.11

Range 0-3 0-149 0-0.94 0-14

81-100 2 X 1 0.46 0.46 1.5 50

SD 1.41 0.64 0.64 2.12

Range 0-2 0-0.91 0-0.91 0-3
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TABLE 9. Diversity parameters of Parasite Infracommunities of Micropogonias undulatus 

from Pamlico Sound by length (S, species richness; H, diversity; E, species

________ evenness)._________________

Size Sample Size S H

(mm) _______________

0-20 24 X 0.46 0.08

SD 0.66 0.27

Range 0-2 0-0.91

21-40 31 X 1.24 0.19

SD 0.99 0.38

Range 0-4 0-1.49

41-60 13 X 1.23 0.11

SD 0.44 0.24

Range 1-2 0-0.72

61-80 19 X 1.45 0.11

SD 0.60 0.19

Range 1-3 0-0.64

81-100 23 X 1.57 0.28

SD 0.66 0.44

Range 1-3 0-1.57

101-120 17 X 2.41 0.30

SD 0.71 0.34

Range 1-4 0-1.09

E Mean No. % of Hosts

________ of Parasites with 0 or 1 sp.

0.08 0.8 88

0.27 1.3

0-0.91 1-4

0.13 16 71

0.26 17.9

0-0.94 0-76

0.11 22.5 77

0.24 13.5

0-0.72 3-48

0.10 45.7 63

0.17 56.6

0-0.64 4-252

0.24 32.9 52

0.35 33.4

0-1 1-106

0.24 183.1 6

0.28 216.4

0-0.91 3-890



Comparison o f the P a ra s i te  Communities 

o f Leiostomus xanthurus and Micropogonias undulatus 

from the Two Estuaries 

Of the  28 p a ra s i te  species found in spot and croaker from th e  two 

e s tu a r ie s ,  12 (43%) occurred in both hosts  (Table 1). Jaccard ’s Index of 

species  overlap ind icated  moderate le v e ls  of shared p a ra s i te  species  

w ithin each host species in d i f f e re n t  e s tu a r ie s  and between host species 

in the same es tua ry  (Figure 6 ) .  Comparisons between spot and croaker 

taken from d i f f e r e n t  e s tu a r ie s  showed low proportions o f shared spec ies . 

When the  16 p a ra s i te s  not in both host species were excluded, only 25% of 

the  p a ra s i te s  of spot were shared between e s tu a r ie s  and only 21% of the 

p a ra s i te s  of croaker were shared between e s tu a r ie s .  However, spot and 

croaker from Chesapeake Bay shared 89% of th e i r  p a ra s i te s  while those  from 

Pamlico Sound shared 75%. When the unshared species were excluded when 

ca lc u la t in g  Jacca rd ’s Index, spot and croaker taken from the  same estuary 

shared most of the  remaining species; o ther comparisons showed low 

proportions of shared species (Figure 7).

Percentage s im i la r i ty  values ind icated  a d i f f e r e n t  p a t te rn ,  with 

h ighest s im i l a r i t i e s  between the  p a ra s i te  faunas of croaker and spot from 

d i f f e r e n t  e s tu a r ie s .  The p a ra s i te  faunas of spot and croaker from Pamlico 

Sound were a lso  very s im ila r .  Other comparisons between host and 

e s tu a r ie s  were somewhat lower (Figure 8 ) .  The high le v e ls  a l l  appeared to 

be due to  the  strong domination of the  p a ra s i te  faunas by D. le io s to m i.

33
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Figure 6. Values o f Jaccard’ s Index of species  overlap between 

component p a ra s i te  communities o f  spot and croaker co llec ted  in the two 

e s tu a r ie s  {MUCB, croaker from Chesapeake Bay; MUPS, croaker from Pamlico 

Sound; LXCB, spot from Chesapeake Bay; LXPS, spot from Pamlico Sound).



M U C B  M U P S  L X C B  L X P S

MUCB 30 38 13

MUPS 12 30

LXCB 38

LXPS
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Figure 7. Values o f  Jacca rd ’ s Index o f  species  overlap between 

component p a ra s i t e  communities o f  spot and croaker c o l le c te d  in the  two 

e s tu a r ie s  including  only those species  t h a t  occurred in both hosts 

(ab b rev ia tio n s  are as in f ig u re  6 ).



M U C B  M U P S  L X C B  L X P S

MUCB 21 89 23

MUPS 20 55

LXCB 21

LXPS



Food Habits of  Spot and Croaker In Relation 

to  Estuary Collected 

Young-of-the-year spot  (0-20 mm) in Chesapeake Bay fed mostly on 

copepods and a few gammarid amphipods (Table 10).  Juveni les  (21-60 mm) 

preyed more on benthic organisms such as crustaceans  and nematodes.

Larger f i sh  fed on a wide range of  benthic organisms including pelecypods, 

polychaetes ,  f i s h ,  and addi t ional  c rustaceans ,  and r a r e l y  had empty 

g a s t r o i n t e s t i n a l  t r a c t s .  Young-of-the-year spot  (0-20 mm) in Pamlico 

Sound fed on a v a r ie ty  o f  prey including copepods, o ther  c rus taceans ,  

nematodes and polychaetes (Table 10).  Pelecypods, in se c t  l a rvae ,  and some 

f i s h  co n s t i tu te d  a la rge  por tion o f  prey taken in l a r g e r  f i s h e s .  None of  

these  spot had empty g a s t r o i n t e s t i n a l  t r a c t s .

Small croaker  (0-20 mm) in Chesapeake Bay fed mostly on copepods, 

gammarids, and mysids (Table 11). Juveniles  depended more on gammarids, 

mysids, and polychaetes and le s s  on copepods with increased s iz e .  Small 

croaker (0-20 mm) in Pamlico Sound fed mostly on copepods, mysids, and 

some polychaetes  (Table 11). With increased s iz e  ju v en i le s  ingested more 

pelecypods, in se c t  la rvae ,  and t e l e o s t s  and fewer copepods. The presence 

of  polychaetes and mysids in gut contents  increased,  then decreased as 

host Figure 7. Values of  J ac ca rd ’s Index of  species  overlap between 

component p a r a s i t e  communities of  spot and croaker  c o l le c ted  in the  two 

e s tu a r i e s  including only those species  t h a t  occurred in both hosts 

(abbrev ia t ions  are  as in f ig u re  6 ) .  s i z e  increased .  As t h e i r  s ize s  

increased fewer individual croakers were found with empty guts .

Applicat ion o f  J acca rd ’ s Index o f  species  overlap ind ica ted  

r e l a t i v e l y  high l e v e l s  of  shared prey species  (Figure 9) .  However, leve ls  

o f  prey species  over lap (Figure 9) were not s i g n i f i c a n t l y  co r re la ted  with

36
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e i t h e r  l e v e l s  o f  p a r a s i t e  species  overlap (Figure 6) or percentage 

p a r a s i t e  s im i l a r i t y  (Figure 8 ) .  Spot c o l lec ted  in Pamlico Sound had high 

l e v e l s  of species  overlap with both spot from Chesapeake Bay and croaker 

from Pamlico Sound. Croaker from Chesapeake Bay had lower spec ies  overlap 

in a l l  comparisons and th a t  may be a t t r i b u t e d  to  t h e i r  smaller  s iz e .
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Figure 8. Values of  Percent S im i la r i ty  between component p a r a s i t e  

communities o f  spot and croaker  c o l lec ted  in the two e s tu a r i e s  (exponents 

in d ic a te  number of  shared species  in each comparison; abbrev ia t ions  are as 

in f ig u re  6).



M U C B  M U P S  L X C B  L X P S

MUCB 59.16 71,48 85.03

MUPS 90.33 95.66

LXCB 68.48

LXPS
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Figure 9. Values of  Jaccard ’s Index of species  overlap between prey 

items of spot and croaker co l lec ted  in the two e s tu a r ie s  (abbreviations  

are as in f igure  6).



M U C B  M U P S  L X C B  L X P S

MUCB 67 70 60

MUPS 80 89

LXCB 90

LXPS



TABLE 10. Percent occurrence of prey in the gastrointestinal tract of Leiostomus xanthurus from Chesapeake 

Bay and Pamlico Sound. 

Length of Fish {mm SL) 0-20 21-40 41-60 61-80 81-100 >100 

Area CB PS CB PS CB PS CB PS CB PS CB PS 

Number of Fish 18 22 21 24 27 28 17 51 27 13 7 0 

Cirripedia 0 0 4.8 4.2 3.7 0 5.9 0 0 0 14.3 

Copepoda 44.4 86.4 0 66.7 37.0 78.6 76.5 60.8 70.4 69.2 71.4 

Gammaridea 5.6 4.5 0 0 0 0 17.6 0 18.5 0 14.3 

Isopoda 0 0 0 0 0 0 11.8 0 11.1 0 14.3 

Mysidacea 0 9.1 4.8 4.2 0 21.4 5.9 15.7 11.1 23.1 28.6 

Insecta 0 0 0 0 0 28.6 0 13.7 3.7 46.2 0 

Nematoda 0 40.9 0 62.5 22.2 7.1 82.4 64.7 66.7 23.1 71.4 

Pelecypoda 0 0 0 0 0 10.7 5.9 9.8 0 69.2 0 

Polychaeta 0 9.1 0 62.5 0 60.7 29.4 35.3 74.1 38.5 85.7 

Teleostei 0 0 0 0 0 0 0 0 7.4 7.7 28.6 

Miscellaneous 0 13.1 14.3 0 22.2 17.9 17.6 78.4 11.1 61.5 14.3 

Empty 50.0 0 76.2 0 3.7 0 0 0 7.4 0 0 

..f:> 
0 
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DISCUSSION

Comparison o f  p a ra s i t e s  in Leiostomus xanthurus 

from the Two Es tuar ies  

The p a ra s i t e  communities in spot in the two e s tu a r i e s  were qu i te  

d i f f e r e n t ;  however, D. le iostomi dominated the  p a r a s i t e  communities of  

both areas  a t  p a r t i c u l a r  t imes of the  year .  In Chesapeake Bay i t  was most 

abundant in Ju ly ,  August, and September, whereas in Pamlico Sound peak 

abundance occurred during Hay, June, and November. The occurrence of  t h i s  

digenean e a r l i e r  in the yea r  in Pamlico Sound may r e f l e c t  the  presence of 

l a r g e r  s ized hos ts  in Hay and June t h a t  could have consumed in fec ted  

in te rmedia te  hos ts .  The g r e a t e r  abundance of  D. leiostomi in Pamlico 

Sound (Table 3) r e su l t e d  mainly from the la rge  numbers o f  t h i s  p a r a s i t e  in 

the November sample. A November sample from Chesapeake Bay was not 

a v a i lab le  for  comparison because most spot had l e f t  the  es tua ry  by tha t  

t ime. The presence of  D. leiostomi in pos t la rvae  (0-20 mm) and the  l a rg e r  

number o f  t h i s  p a r a s i t e  in juven i le s  (21-40 mm) from Pamlico Sound then 

ju v e n i l e s  from Chesapeake Bay may have r e su l te d  from a l a r g e r  number of 

in fec ted  in termedia te  hos ts  present  the re  than in Chesapeake Bay.

Population f lu c tu a t io n  of in termediate  hosts  may account f o r  the 

d i f fe ren ces  found between the  two e s tu a r i e s  in those p a r a s i t e s  with 

i n d i r e c t  l i f e  cyc le s .  The lower s a l i n i t y  regime in Pamlico Sound may 

a f fe c t  th e  d i s t r i b u t io n  o f  p a ra s i t e s  and t h e i r  in termediate  hos ts .  Fish 

appeared to  have fed on s l i g h t l y  d i f f e r e n t  prey items. Fish from Pamlico 

Sound fed  more on pelecypods, i n s e c t s ,  polychaetes ,  and mysids and le s s  on 

c i r r i p e d e s ,  gammarids, and isopods.
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Species r ichness  increased r ap id ly  between the  0-20 and 21-60 mm size  

c la s se s  in both e s tu a r ie s  r e f l e c t i n g  the rad ica l  change in d i e t  as 

pos t la rvae  switched from a pelagic  d i e t  of mostly copepods to  a more 

benthic  d i e t .  The continued increase  in S can be accounted fo r  p a r t i a l l y  

by the  increase  in the number of  in termediate  hos t  species  consumed and 

p a r t i a l l y  by the  presence o f  several pa ra s i t e  species  with d i r e c t  l i f e  

c y c l e s .

Comparison of Microooqonias undulatus 

from the  Two Estuar ine Systems 

The p a r a s i t e  communities of croaker  were q u i t e  d i f f e r e n t  in the  two 

e s tu a r i e s .  The absence o f  l a rg e r  f i s h  in samples from Chesapeake Bay 

probably accounted for  some of  the d i f fe rences  observed. Mean s tandard 

lengths  of  croaker  from Chesapeake Bay decreased from January through May. 

There a re  several  explanations  fo r  t h i s  apparent  negat ive growth. (1) 

Croaker i s  a "pro t rac ted  spawner"; th e re fo re ,  pos t la rvae  and ju v en i le s  

en te r ing  the bay from f a l l  through spring occurred in samples along with 

older  f i s h .  (2) The winter  of  1984-1985 was r e l a t i v e l y  cold  and many of  

the l a rv a e  died t h a t  had entered the  Bay in f a l l  and e a r ly  winter .  Dead 

f ish  were ev ident  in t rawls  during January and February. Those surviving 

the co ld e r  water temperatures  of t h a t  winter may have experienced reduced 

growth r a t e s  dur ing the cold  temperatures (Chao and Musick 1977). (3)

Older f i s h  tend to  move up in to  f r e s h e r  waters making them unavai lab le  for  

sampling a t  the mouth of  t h e  York River (Chao and Musick 1977). Although 

samples were c o l lec ted  along most o f  the York River ,  l a r g e r  indiv iduals  

were no t  found. Only two f i s h  l a r g e r  than 80 mm were captured and they 

were from the James River.
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Diplomonorchis le iostomi was much more abundant in f i s h  from Pamlico 

Sound than from Chesapeake Bay. The la r g e r  s ize  o f  the hosts  co l lec ted  in 

Pamlico Sound could have been responsib le  fo r  the  g rea te r  overal l  

abundance; however, both prevalence and mean i n t e n s i t y  were a lso  much 

g r e a t e r  in s im i la r  s ize  c la sses  o f  f i sh  (Tables 6, 8) .  Diplomonorchis 

le iostomi was more abundant than a l l  o ther  p a r a s i t e s  in f i s h  from Pamlico 

Sound, r e s u l t i n g  in low evenness and d iv e r s i t y  values fo r  the assemblage 

(Figures 3 and 5) .  In c o n t r a s t ,  D. leiostomi occurred in much lower 

numbers in Chesapeake Bay r e s u l t i n g  in E being r e l a t i v e l y  s ta b le  and a t  

higher  l e v e l s .  In t h i s  case S was much more important in a f fe c t in g  leve ls  

o f  H than E (Figures 2 and 4) .  Scolex no!vmorohus u n i lo c u la r i s  

ind iv idua ls  occurred in croaker  from both areas ,  and had s im i la r  

d i s t r i b u t i o n s  among individual  hos ts .  They occurred mainly in f i s h  0-60 

mm with lower abundance in the l a r g e r  f i s h  (Table 8) .

Macrovalvitrematoides micropoaoni did not occur in f i s h  l e s s  than 20 mm 

from e i t h e r  es tua ry  and t h e i r  numbers were low in the 21-40 mm s iz e  c la s s  

(Tables 6, 8 ) .  Abundance was g r e a te r  in l a r g e r  f i s h .  Only one individual 

o f  D. chandler i  was found in f i sh  from Pamlico Sound, whereas i t  was a 

s i g n i f i c a n t  component o f  the  p a r a s i t e  fauna in Chesapeake Bay.

The apparent absence of the  aspidocotylean L. r inaens  in Chesapeake 

Bay may have r e su l te d  from the  lack  of l a r g e r  hosts  fo r  examination. All 

o f  the L. r inaens  recovered from Pamlico Sound occurred in f i s h  l a r g e r  

than 60 mm (Table 8) .  The presence of L. r inaens  in f i sh  l a r g e r  than 60 

mm co r re la ted  well with the  increased prevalence o f  pelecypods in t h e i r  

d i e t  (Table 11).  The clam Donax roemeri p r o t r a c ta  i s  an in termediate  host 

o f  Lobatostoma r in a e n s . This pelecypod inhab i ts  high-energy, high- 

s a l i n i t y  beaches (Hendrix and Overs treet  1977). The presence o f  L.
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ringens in young-of- the-year  croaker  in the  low-energy, lo w -sa l in i ty  

waters o f  Pamlico Sound suggests  t h a t  the re  may be an a l t e r n a t i v e  

in termediate  host th e r e  unless  ju v e n i le  croaker  migrate the  long d is tance  

required  to  leave Pamlico Sound, become in fec ted ,  and then r e tu rn .



Comparison of the  p a r a s i t e  faunas o f  Leiostomus xanthurus 

and Micropoaonias undulatus from the Two Estuar ies

Only the  monogenean Heteraxinoides  x a n th o p h i l i s . the  myxozoan Kudoa 

b ra n c h ia ta . and poss ib ly  the leech Aestabdella le iostomi occurred 

exc lus ive ly  in spot;  only the monogeneans M. micropoooni and A. bvchowskv 

were s p e c i f i c  to  croaker .  Monogeneans as a group are genera l ly  more host 

s p e c i f i c  than o the r  metazoan p a r a s i t e s ,  e s p e c ia l ly  digeneans. The leech 

A. leiostomi i s  a newly-described species  belonging to  a taxon t h a t  is  

genera l ly  not hos t  s p e c i f i c ;  t h e r e fo re ,  i t  eventua l ly  may be found on 

o ther  hos ts .  The copepod Parae raas i lu s  sp. has been c o l le c ted  from adul t  

spot and croaker  (see following chap te r ) .  The digeneans L ec i thas te r  

leiostomi and Parahemiurus merus. and the copepod E. 1izae have been 

reported  from several marine t e l e o s t s  but not from croaker  (Overs tree t  

1973; Johnson and Rogers 1973; Yamaguti 1971). The trematodes l e c i t h a s t e r  

confusus (Linton 1940; O vers t ree t  1973), Lecithochirium microstomum 

(Yamaguti 1971), and L. r inaens  (Hendrix and O vers tree t  1977) have not 

been previously  reported  from spot.  The n o n sp e c i f ic i ty  of  these  p a r a s i t e s  

in c lo se ly  r e l a t e d  and/or  sympatric hosts suggests  t h a t  t h e i r  absence in 

one or the o ther  o f  these  hosts  may be eco lo g ica l ly  and not 

phys io log ica l ly  based, i . e .  the  hosts  may be feeding on d i f f e r e n t  

in termediate  hos ts .  The leech Mvzobdella 1u a u b r i s . which has a d i r e c t  

l i f e  cyc le ,  and th e  nematode Goezia sp. have been found in fec t in g  croaker 

previously  (Deardorff and Overs tree t  1980; Sawyer e t  a l .  1975), but  were 

found in fe c t in g  only spot  during t h i s  study. The digenean 0.  v i t e l l o s u s
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has been reported  from spot previously,  but was found only in croaker  

during t h i s  study.  The species  t h a t  have been reported from both hos ts ,  

but were absent in one or  the o ther  in t h i s  s tudy, were minor components 

of  t h e i r  p a r a s i t e  communities. They might have a c tu a l ly  been found in 

both host species  had a g r e a t e r  number o f  f i s h  been examined.

Jacca rd ’s Index of  Species Overlap ind ica ted  t h a t  the  r e l a t i v e l y  high 

s im i l a r i t y  of spot or  croaker  with t h e i r  conspeci f ic  coun te rpar ts  between 

e s tu a r i e s  shown in Figure 6 re su l te d  from host s p e c i f i c  p a r a s i t e s  being 

p resen t .  In c o n t r a s t ,  spot and croaker p a r a s i t e  communities from the same 

es tua ry  had high s im i l a r i t y  (Figure 7) .  All o f  the  spec ies  t h a t  did occur 

in both hosts have in d i r e c t  l i f e  cycles  suggesting t h a t  the  a v a i l a b i l i t y  

o f  in termediate  hosts  as prey was important.  The es tua ry  o f  res idence was 

ev iden t ly  as important as host species  in determining p a r a s i t e  community 

s t r u c tu r e .

Percentage s im i l a r i t y  ind ices ,  which account q u a n t i t a t i v e ly  fo r  the 

number of  ind iv idua ls  o f  shared species ,  show d i f f e r e n t  trends  than when 

species  overlap was compared. The presence o f  la rge  numbers o f  the common 

spec ies  D. leiostomi had a dominating inf luence  on ind ices  r e s u l t i n g  in 

a l l  comparisons having high s im i l a r i t y .  The p a r a s i t e  faunas o f  croaker  

from Chesapeake Bay, which were small ind iv idua ls  and, thus ,  had few D. 

l e io s to m i , were not very s im i la r  to  those of croaker  from Pamlico Sound 

and spot from Chesapeake Bay. The p a r a s i t e  faunas o f  croaker  from 

Chesapeake Bay appeared more s im i la r  to  those o f  spot from Pamlico Sound 

because the  small number o f  shared species  re su l te d  in D. le iostomi having 

a s trong inf luence on s i m i l a r i t y .  The la rg e  numbers of  D. leiostomi and 

few shared species  between spot from Chesapeake Bay and croaker  from 

Pamlico Sound a lso  r e su l te d  in an apparent  high s i m i l a r i t y .  Spot and
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croaker  from Pamlico Sound had a la rg e  number o f  shared species  and 

numbers of each species  were s im i la r  r e s u l t i n g  in a high index of 

s i m i l a r i t y .  Spot from the  two e s tu a r i e s  had low s i m i l a r i t y  o f  p a r a s i t e  

faunas even though 8 species  were shared.  Some species  occurred in la rge  

numbers in one es tua ry  while o thers  were more common in the  o ther  es tua ry ,  

suggesting t h a t  the numbers o f  in termediate  hosts  were not c o n s is ta n t  

between e s tu a r i e s .

Though many p a ra s i t e s  occurred in both hosts  from Chesapeake Bay most 

were much more abundant in one host than the o the r .  Ascocotvle s p . ,  D. 

l e io s to m i . ,L. s e t i f e r o i d e s . and Z. ru b e l lu s  were a l l  more abundant in 

spot ,  whereas A. manteri and both t e t r a p h y l l  idean metacestodes were more 

abundant in croaker .  Both L. s e t i f e r o i d e s  and Z. ru b e l lu s  share the  same 

f i r s t  in termedia te  host,  I lvanassa o b so le tu s . with metacercaria  in 

polychaetes ,  the second in termedia te  hos ts ,  which may explain  t h e i r  co

occurrence.  Polychaetes were more common in the  guts  o f  spot than 

croaker .  The in termediate  hosts  o f  A. manteri  are unknown. In Chesapeake 

Bay more specimens of  D. chandler i  were found in spot  than croaker;  

however, they occurred in the l a r g e r  s ize  c la s ses  (81-120 mm), which were 

not av a i lab le  in croaker  samples. The la rge  abundance o f  D. chandler i  in 

the  l a r g e r  s ized spot suggests  t h a t  had l a r g e r  croaker  been sampled, they 

a lso  would have been in fec ted .  The prevalence of  D. chandleri  in i t s  

hosts  i s  d i r e c t l y  r e l a t e d  to  the  occurrence o f  i t s  in termedia te  hos ts ,  

gammarideans, in t h e i r  guts  (Tables 10, 11).  The numbers of 

Hvsterothvlacium sp. were s im i la r  in the two hos ts ,  but l i k e  D. chandler i  

may have been more abundant i f  l a r g e r  croaker had been a v a i l a b le .

Many of  the p a r a s i t e s  in both hosts  from Pamlico Sound were a l so  more 

abundant in one host than the o the r .  Diplomonorchis l e io s to m i . Scolex
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polvmorphus u n i l o c u l a r i s . Lacistorhvnchus s p . ,  S. c n c o t u s ,  and Mvzobdella 

urugitavensis were a l l  more abundant in spot .  Small spot depended more 

than croaker  on copepods in t h e i r  d i e t s  (Tables 10, 11, r e s p e c t iv e ly ) ,  

which may explain the l a r g e r  numbers of metacestodes in spot .  Except for  

M. uruauavensis . which has a d i r e c t  l i f e  cycle ,  D. l e io s to m i , which uses 

pelecypods as intermediate  hos ts ,  and S. c r i c o t u s . which may use decapod 

shrimp as in termediate  hos ts ,  l i f e  cycles  o f  the o the r  p a r a s i t e s  are 

unknown, but are genera l ly  thought to  be i n d i r e c t .  Numbers of 

Echineibothrium sp. were s im i la r  in both hos ts .

These d i f fe ren ces  in the  prevalence and i n t e n s i t i e s  o f  p a r a s i t e s  

between spot and croaker  may be explained by d i f fe rences  in t h e i r  feeding 

h a b i t s .  Although spot and croaker  fed on many o f  the same prey species ,  

l a r g e r  and more mobile epifaunal prey such as t e l e o s t s ,  mysids, and 

gammarideans, occurred in croaker  (Table 11).  Spot depended more on 

benth ic ,  infaunal prey such as nematodes, copepods, and polychaetes  (Table 

10).  The d i f f e re n c e s  in d i e t  observed between spot  and croaker  in t h i s  

study are s im i la r  to  those reported  by Chao and Musick (1977), Overstreet  

and Heard (1978), Currin (1984), Currin e t  a l .  (1984), and Sheridan e t  a l . 

(1984).

The numbers o f  p a r a s i t e  species  found in the two l a r g e s t  s ize  c lasses  

of  ju v en i le  spot  and croaker  in t h i s  study (Tables 6, 7, 8,  and 9) were 

s im i la r  to  the  l a r g e s t  numbers found in adu l t  f reshwater  f i s h e s  studied 

by Kennedy e t  a l . (1986). Estimates of  S in t h i s  study are  i n f l a t e d  

r e l a t i v e  to  those o f  Kennedy e t  a l . (1986) because a l l  p a r a s i t e s  found 

were included, not j u s t  g a s t r o i n t e s t i n a l  forms. The g re a t  d i v e r s i t y  of 

prey items (Tables 10, 11) probably c o n t r ibu te s  g r e a t ly  t o  the la rge  

number o f  i n t e s t i n a l  p a r a s i t e s  as was suggested by Kennedy e t  a l . (1986)
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fo r  p a ra s i t e  faunas of  o ther  hos ts .  In addi t ion ,  the  presence of the same 

p a ra s i t e  species  in o ther  sympatric hosts may contr ibu te  to  an in te ra c t ing  

compound community (pa ras i te s  in a l l  hosts within a area) and increase  

d iv e r s i t y  (Stock and Holmes 1987). None of  the gut p a r a s i t e s  are sp ec i f ic  

to  only spot or croaker,  but occur in o ther  sympatric f i s h e s .  The 

presence of  sympatric re se rvo i r  hosts  also probably accounts fo r  the 

l a rg e r  number of species present  by providing a l t e r n a t e  h ab i ta t s  and, 

thus,  sources of  in fec t ion .

Like the s im i l a r i t y  in species r ichness ,  the t o t a l  number of 

p a r a s i t e s  in individuals  of juven i le  croaker and spot was s im i la r  to  th a t  

found in freshwater f i shes  (Kennedy e t  a l . 1986). Again non- 

g a s t ro in te s t in a l  forms (ec to p a ras i t e s  and encysted forms) were included in 

t h i s  ana lys is ;  however, the  to ta l  numbers of  these o ther  p a ra s i t e s  were 

r e l a t i v e l y  low and have only a minor e f f e c t  on to ta l  numbers of  p a ra s i t e s .  

In t r a -  or in t e r s p e c i f i c  competition may have prevented higher i n t e n s i t i e s  

from accumulating in the smaller,  l e s s  complex in te s t in a l  h ab i ta t  of  f i sh ,  

when compared with many higher v e r te b ra te s .  Also only young-of-the-year 

f i s h e s ,  which have not had a long time to acquire p a r a s i t e s ,  were 

considered in t h i s  study. Further ,  e s tu a r ie s  are known to have less  

diverse faunas than marine systems. Fewer prey species  ( in termedia te  

hosts)  present  in these systems probably reduced species  r ichness  g rea t ly .  

Kennedy e t  a l .  (1986) also suggested th a t  v a g i l i t y  (movement of  host) was 

important in determining species r ichness .  Although both spot  and croaker 

spawn offshore ,  a r e l a t i v e l y  long d is tance  from the juven i le  nursery 

grounds, juven i le s  do not appear to  d iv e r s i fy  t h e i r  d i e t s  u n t i l  a f t e r  

reaching the es tua r ine  nursery areas .  In co n t ra s t ,  adult  f i s h  make annual 

migrations over g rea t  d is tances ,  which allows them access to  a wider range
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of  prey ( in termediate  hos ts)  and, thus ,  p a ra s i t e s .  Therefore, adult  

f i shes  would be expected to have not only more p a ra s i t e  species ,  but 

higher  abundances.

In summary, the p a ra s i t e  communities of  juven i le  spot and croaker 

changed with s iz e ,  season, and geographical area .  A to ta l  of  21 p a r a s i t i c  

species  occurred in juven i le  spot and 19 occurred in juven i le  croaker  from 

Chesapeake Bay and Pamlico Sound. More p a r a s i t i c  species  were acquired as 

juven i le s  d iv e r s i f i e d  t h e i r  d i e t s  and fed on more in termediate host 

spec ies .  As juven i le s  grew they were also exposed to  in fe c t iv e  larvae of 

p a r a s i t e s  with d i r e c t  l i f e c y c le s  over longer  periods of  t ime. However, 

e q u i b i l i t y  and, thus,  d iv e r s i ty  were depressed due to  la rge  numbers of D. 

leiostomi t h a t  dominated the pa ra s i t e  communities of  both species .

Although spot and croaker  shared e igh t  and s ix  p a r a s i t e s ,  re spec t ive ly ,  

between e s tu a r i e s ,  many of these nonspecif ic  p a r a s i t e s  (g e n e ra l i s t s )  were 

more common in both spot and croaker from one es tuary  than the o ther .  All 

of  the species  occurring in both hosts have in d i re c t  l i f e  cycles 

suggesting th a t  the a v a i l a b i l i t y  of c e r t a in  in termedia te  hosts as prey was 

important.  The es tuary  of residence was c l e a r ly  as important as host 

species  i d e n t i ty  in determining p a ra s i t e  community s t ru c tu re .



Community Ecology and Abundance of  the P a ra s i te s  of  

Adult Leiostomus xanthurus and Micropoqonias undulatus 

(Sciaenidae)  in the  Cape Hatteras  Region

INTRODUCTION

Kennedy e t  a l .  (1986) s ta te d  t h a t  both b i rd s  and mammals have a 

r i c h e r  p a r a s i t e  fauna and many more p a ra s i t e s  per  host than freshwater  

f i s h e s .  They a t t r i b u t e d  these  d i f fe rences  to  the  g r e a te r  input of  food 

needed to  support an endothermic metabolism in the higher  v e r t e b ra te s ,  a 

g r e a t e r  breadth of  d i e t  in those endotherms, a g r e a te r  v a g i l i t y  (movement 

of host) r e l a t i v e  to  prey ( in term edia te  hos ts )  e s p ec ia l ly  in b i rd s ,  and a 

l a r g e r ,  more complex gut  in many higher  v e r t e b ra te s ,  which provides 

add i t iona l  m icrohabi ta ts  fo r  p a r a s i t e s .  Although Kennedy e t  a l . (1986) 

hypothesized t h a t  marine f i sh e s  should have g r e a t e r  spec ies - r ichness  and 

numbers o f  p a r a s i t e s  per  hos t  than freshwater  f i sh e s  because o f  t h e i r  

g r e a t e r  v a g i l i t y  and wider breadth of  d i e t ,  no adequate da ta  were 

av a i l a b le  to  examine t h i s  hypothesis .  More r ec e n t ly ,  Holmes ( in  press)  

reported  t h a t  p a r a s i t e  communities of  marine reef-dwel l ing  rockf ishes  of  

the genus Sebastes have g r e a t e r  spec ie s - r ichness  than f reshwater  f i s h e s .

There has been an ongoing controversy in community ecology research 

as to  whether species  within a community are pa t te rned  and p red ic tab le  or 

"random" and unpred ic tab le .  To t e s t  Caswell 's  (1978) and Hanski’ s (1982) 

concept t h a t  communities co n s is t  o f  dominant, p red ic tab le  "core" species  

surrounded by subordinate ,  unpred ic tab le ,  " s a t e l l i t e "  species  in p a r a s i t e  

communities, Bush and Holmes (1986) examined helminths in the  l e s s e r  scaup
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duck, Avthva a f f i n i s  (Eyton). They concluded th a t  helminth pa t te rns  in 

the  l e s s e r  scaup support Caswell’s and Hanski’s concepts.  They also 

concluded th a t  much o f  the p r e d i c t a b i l i t y  found in p a r a s i t e  communities of 

l e s s e r  scaup resu l ted  from t h e i r  spec ia l ized  d i e t ,  cons is t ing  mostly of 

two species  of  gammarid amphipods. Each species  of  amphipod supported a 

s u i t e  o f  p a r a s i t i c  species  t h a t  infec ted  l e s s e r  scaup. Stock and Holmes 

(1987) came to  a s im i la r  conclusion a f t e r  they examined helminth pa t te rns  

in four species  of  grebes. However, they also concluded t h a t  t h i s  pat tern  

var ied in o ther  c lose ly  re la ted  and eco log ica l ly  s im i la r  hosts  due not 

only to host s p e c i f i c i t y ,  but to d i f fe rences  in d i e t .  Holmes (in press) 

concluded th a t  the p a r a s i t e  dominance hierarchy was l e s s  p red ic tab le  in 

the  marine f i sh  Sebastes nebulosus than in the aquatic  b irds  he s tudied.

He a t t r ib u te d  these d i f fe rences  to  the diverse  d i e t  associa ted  with t h i s  

species  o f  f i s h .

Since adul t  spot and croaker migrate over r e l a t i v e ly  long d is tances  

and feed on a v a r ie ty  o f  food items, they are ideal hosts fo r  

in ves t iga t ing  whether marine f ishes  have the r ic h  p a ra s i t e  faunas 

postula ted  by Kennedy e t  a l .  (1986). In add i t ion ,  these  hosts  are c lose ly  

r e l a t e d ,  feed on many of  the same food items, and there fo re  share many 

p a ra s i te s  allowing inves t iga t ion  o f  the ways in which d iv e r s i ty  parameters 

vary with area and season in c lose ly  re la te d  hos ts .  These c h a r a c t e r i s t i c s  

of  spot and croaker a lso  make them good hosts fo r  in ves t iga t ing  parameters 

a f fec t in g  the p r e d i c t a b i l i t y  of  p a r a s i t e  communities in s p e c i f ic  hosts .

Because spot and croaker are c lo se ly  r e l a t e d ,  have s im i la r  l i f e  

h i s t o r i e s ,  have an overlapping d i e t ,  and there fo re  share many pa ra s i t e  

species,  the  pa ra s i t e  communities o f  these  adul t  hosts  were invest iga ted  

to  examine several ecological  hypotheses. (1) Since Cape Hatteras  is
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considered a "fauna! break" fo r  the A t lan t ic  coas t ,  the p a ra s i t e  

communities o f  adu l t  spot and croaker should be d i s t i n c t  in these 

geographic a reas .  (2) Since season has an e f f e c t  on the abundances of  

many organisms (po ten t ia l  intermediate  h o s ts ) ,  seasonal d i f fe rences  in 

p a ra s i t e  communities should be de tec tab le .  (3) The d iverse  d i e t  of  spot 

and croaker  should r e s u l t  in p a ra s i t e  communities t h a t  are r i c h e r  than 

those of freshwater  f i sh e s .  (4) Diverse d i e t s  o f  spot and croaker  should 

r e s u l t  in p a r a s i t e  communities t h a t  are le ss  p red ic tab le  than other  

ve r teb ra te s  with more spec i f ic  d i e t s .



METHODS AND MATERIALS

Spot and croaker  were co l lec ted  with a 13 meter Yankee Trawl aboard 

the  R/V Albatross  IV during the  Spring (February 27 - March 16, 1984) and 

Fall  (September 12 - 30, 1983) Ground Fish Trawl Surveys o f  the  National 

Marine F ish e r ie s  Service,  Northeast F ishe r ie s  Center,  Woods Hole, 

Massachusetts.  Forty-nine spot and 55 croaker  were c o l lec ted  between Cape

Fear (32°50’N) and Cape Hat teras ,  North Carolina (35°13, N), in the  Spring

(SHS); 44 spot and 47 croaker  were c o l le c ted  between Cape Fear and Cape

Hatteras  in the  Fall (SHF); and 48 spot and 54 croaker  were c o l lec ted

between Cape Hatteras  and Delaware Bay (39°N) in the  Fall  (NHF) (Figure 

1) .  Fish were not ava i lab le  north o f  Cape Hatteras  in the  Spring.

Standard length (SL) o f  f i sh e s  ranged from 100- 230 mm (mean = 137 mm) for

spot and 127-253 mm (mean = 174 mm) fo r  croaker.  Some f i s h  were examined 

fo r  p a r a s i t e s  immediately a f t e r  capture ,  a few were fixed in 10% n e u t r a l - 

buffered formalin, but most were frozen immediately a f t e r  capture  fo r  

l a t e r  examination. The following s i t e s  in each host were examined for  

metazoan p a r a s i t e s ;  eyes , sk in ,  muscle, g i l l s ,  nares ,  mouth, stomach, 

py lo r ic  caecae, i n t e s t i n e ,  rectum, l i v e r ,  ga l l  b ladder ,  swim bladder ,  

kidney, and mesentery. Preparat ion o f  p a r a s i t e s  follow methods ou t l ined  

in Chapter I .  Ecological terms follow Margolis e t  a l . ,  1982. Abundance 

r e f e r s  to the mean number of p a r a s i t e s  per individual  host in a sample.

Following p a r a s i t e  i d e n t i f i c a t i o n ,  the  data  were subjected to  several 

s t a t i s t i c a l  analyses using SAS (1985) s t a t i s t i c a l  packages. P a ra s i t e  

i n t e n s i t i e s  (numbers o f  individual p a r a s i t e  species  per host) were 

transformed using natural  logarithms to  meet c r i t e r i a  of  Least Squares
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Figure 1. Regions north and south of  Cape Hat teras  from which adult  

spot and croaker were co l lec ted .
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Linear Regression and Chi Square Goodness of  F i t  Test .  Least Squares 

Linear Regression (Sokal and Rohlf,  1969) was used to  determine i f  

p a r a s i t e  i n t e n s i t i e s  were associa ted  with host standard length (SL), 

Kendall ’ s Tau B Corre la t ion  was used to  determine i f  spec ies - r ichness  and 

the  t o t a l  number o f  p a ra s i t e s  within indiv idual  hosts  was associa ted  with 

SL, Chi-square was used to  t e s t  f o r  overdispersion in the  d i s t r i b u t i o n  of 

each p a r a s i t e  species  (B l iss  and Fisher ,  1953), and Wilcoxon scores  of  

ranked sums (Snedecor and Cochran, 1980) were used to  t e s t  fo r  d i f fe rences  

in p a r a s i t e  i n t e n s i t i e s  between sexes o f  the  two hosts and i n t e n s i t i e s ,  

p revalences ,  abundances, and d iv e r s i t y  parameters within and between 

h os ts .  P r in c ip le  Component Analysis was used to  determine i f  the re  were 

p a t t e rn s  within  and between p a r a s i t e  communities of spot and croaker  based 

on t h e i r  p a r a s i t e  d i s t r i b u t i o n s .  P r inc ip le  Component Analysis was a lso  

used to  determine i f  the re  were pa t te rn s  within and between d i e t s  of  spot 

and croaker  based on food found in t h e i r  g a s t r o i n t e s t i n a l  t r a c t s .  Fager’s 

r ecu r ren t  group ana lys is  (Fager and McGowan, 1965) was used to  examine 

presence-absence da ta  fo r  r egu la r  co-occurring groups o f  spec ies .  Since 

common and ra re  species  cannot be combined in Fager’s r e c u r re n t  group 

ana lys is  (Holmes and Bush, 1986), c r i t e r i a  provided by Fager (1957) and 

Rottman (1978) were used to  determine which p a r a s i t e s  could be included in 

the  analyses .  Spearman’s rank c o r re l a t io n  was used to  t e s t  r e l a t io n sh ip s  

between p a r a s i t e  prevalence and mean i n t e n s i t y ,  to  examine concordance of  

i n t e n s i t i e s  of p a r a s i t e s  within  r ecu r ren t  groups, and to  determine i f  

i n t e n s i t i e s  of the common p a r a s i t e s  were p o s i t i v e ly  a ssoc ia ted  in a l l  

in d iv idua ls  of  each host.



RESULTS

Twenty-three spec ies  o f  metazoan p a ra s i t e s  were recorded from spot 

(Table 1) and 26 from croaker  (Table 2) .  Individual spot harbored a mean 

o f  6 p a r a s i t i c  spec ies  (S.D. = 1.9; range = 1-12) and a mean of  142 

individual  p a r a s i t e s  (S.D. = 187.1; range = 3-1062). Individual  croaker  

harbored a mean of  7 p a r a s i t e  species  (S.D. = 2 .3 ;  range = 2- 14) and a 

mean o f  150 indiv idual  p a r a s i t e s  (S.D. = 444.2; range = 4- 5044). Of the 

33 p a r a s i t i c  species  found, 17 occurred in both spot  and croaker .  No 

s ig n i f i c a n t  d i f f e re n c es  in i n t e n s i t y  of  p a r a s i t e s  occurred between sexes 

o f  e i t h e r  spot  or croaker .

Although mean i n t e n s i t y  of some p a r a s i t e s  o f  spot and croaker  did 

increase  s i g n i f i c a n t l y  with host length (Tables 3, 4, r e s p e c t iv e ly ) ,  the 

regress ion  c o e f f i c i e n t s  were genera l ly  q u i te  low. Only the digenean 

Aoocreadium manteri and the psuedophyllidean from spot and the  copepod 

Clavel la  inversa  from croaker ,  had s ig n i f i c a n t  r eg ress ion  c o e f f i c i e n t s .  

S imilar  t rends  occurred in both f i sh e s  when p a r a s i t e  i n t e n s i t i e s  were 

compared with hos t- leng th  sep a ra te ly  in the  th re e  c o l l e c t i o n s .  Both 

spec ie s - r ich n ess  and the t o t a l  number o f  p a r a s i t e s  increased s ig n i f i c a n t l y

with host  length  in spot ( r 2 = 0.19, P < 0.001 and r 2 « 0.34, P < 0.001, 

r e s p e c t iv e ly ) ,  whereas in croaker  species-  r ichness  increased,  but the

to t a l  number o f  p a ra s i t e s  did not increase  with host length ( r  * 0.41,  P

< 0.001 and r 2 = 0 .03 ,  P > 0.05, r e sp e c t iv e ly ) .  All p a r a s i t i c  species  in 

both hosts  had a s ig n i f i c a n t l y  la rge  variance t o  mean r a t i o  ind ica t ing
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t h a t  indiv iduals  were overdispersed (clumped) among hosts ,  i . e .  most of 

the p a ra s i t e s  occurred in a few individual hos ts .

The abundance o f  13 p a r a s i t i c  species  in spot was s ig n i f i c a n t ly  

d i f f e r e n t  in the  three  c o l lec t io n s  (Table 5).  The common digenean 

Diplomonorchis leiostomi from SHS (South of Cape Hat teras ,  North 

Carolina, in the Spring) and SHF (South of  Cape Hatteras  in the Fal l )  was 

s ig n i f i c a n t ly  l e s s  abundant than those from NHF (North of  Cape Hat teras  in 

the F a l l ) .  The encapsulated trypanorhynch metacestodes Lacistorhvnchus 

sp . ,  Nvbelinia s p . ,  and the la rva l  nematode Hvsterothvlacium sp. were 

s ig n i f i c a n t ly  more abundant in SHF than in SHS and NHF. Abundance o f  the 

digenean Lec i thas te r  leiostomi from SHS was not s ig n i f i c a n t ly  d i f f e r e n t  

from t h a t  in SHF and NHF, but SHF had a s ig n i f i c a n t ly  higher  abundance 

than NHF. Abundance of the monogenean Heteraxinoides xanthophi l is  from 

SHS was not s ig n i f i c a n t ly  d i f f e r e n t ,  from t h a t  in SHF and NHF, but SHS had 

s ig n i f i c a n t ly  more individuals  than NHF. The abundances of  ten  species  

including the  common te t raphy l l idean  metacestode Scolex polvmorphus 

u n i lo cu la r i s  ( th i s  is  a group name which most l i k e ly  represen ts  several 

species  of  metacestodes) were not s ig n i f i c a n t ly  d i f f e r e n t  among the three 

co l l e c t io n s .

The abundance of  15 p a r a s i t i c  species  in croaker was s ig n i f i c a n t ly  

d i f f e r e n t  in the th ree  co l lec t io n s  (Table 6) .  Hvsterothvlacium sp. and 

the monogenean Hacrovalvitrematoides micropoqoni were a l l  s ig n i f i c a n t ly  

more abundant in SHS than in SHF and NHF. The most common p a r a s i t e ,  S. 

polvmorphus u n i lo c u la r i s . was s ig n i f i c a n t ly  more abundant in SHF than in 

SHS and NHF. Abundances of the monogenean Neopterinotrematoides avaainata 

were s ig n i f i c a n t ly  d i f f e r e n t  in a l l  th ree  c o l l e c t io n s .  The abundances of



Ta
bl

e 
1. 

Po
pu

la
ti

on
 

pa
ra

m
et

er
s 

of 
pa

ra
si

te
s 

fro
m 

Le
io

st
om

us
 

xa
nt

hu
ru

s 
(n 

= 
14

1)
.

60

Lf>O LO
C O

CO
o

to
o

OJ
o

©o
©<0

• r-
s-
©

o
V

LO

<M

00Hm

.
LO

LO.
CO

CM.
CM

<UOc
r t i•OC3
*C

o
V

CM

o
CO

h-.O
r*-
o o

oo

©CTl©
©o£

r-*I

o
CO
o o

I
CTl
COI

1--.H1

£
•r—mca>-p

CM ct>
CVJ

to CO

LO

CTl

CO

©
©
©

©oc
©

*©
5u-
o-

2$•r*
CO
©L-<3Q-

r-.
*

o

©<Dc
<13cn

co
*

LO01

s-p
•r™ o

o •*-© p** ©■P CTl r—
C t”*4© to• H *  *r—

CL 4-> j©
€ ©  o
3 a> p

© •r* s- o•o <P c
o 03 v> o
o a» s- e

•r— v. © o
•o o >  r—S- o O  C l
© CL *r-

O -X O

r - 0 0 0 0
■ • •

LO OJ
H

COoCD to
*—t CNJto CD

n © H
S~ ■o to
© n 3© o CL -P
X s- 3 ©
X) © JZ •i"
o «p -P S-

V) •r- V. XI
3 -P o Ef-H r ~ CO © X « r

r ~ t o L0 CO H-
CTl © 0 0 TO COH .© € © CTl l/l

3 3 © ©
•> P •r- “O

CS> c *3 s- * *r—
c to o © © C o

*r~ 3 to © •r“ r -
C to s- *P ©

a. O o ♦ n S- O
© CD o o s © o
x O CL ©

o © a.
r-si o

t/t
©s-©
*©
c
©
CTl
O

CO CTl
LO
CTl
rH

CO
CTl ♦v
rH c

o
n <p

© •po 3
■p X
c

♦r— *CT
©©



61

ro
t*-
o

id
CO

ID
o

00
■

cm

co
CM ov



62
Table 1 (cont.) 

Lacistorhynchus sp. 25.5 4.9 1-30 1.2 17.1 0.09 

{Rudolphi, 1819) Diesing, 

1850 

Nybelinia sp. 11.3 3.7 1-24 0.4 5.8 0.03 

Nematoda 

Hysterothylacium sp. 53.9 8.5 1-70 4.6 115.6 0.19 

Capillaria sp. 22.7 2.7 1-8 0.6 1.9 0.28 

Acanthocephala 

Dollfusentis chandleri 22.7 1.5 1-8 0.3 0.8 0.18 

Golv an, 1969 

Serrasentis sagittifer 5.7 1.0 1 0.1 0.1 

(Linton, 1889) Galvan, 1969 

Copepoda 

Ergasil us 1 i zae 12.8 9.2 1-33 1.2 21.0 0.07 

K r(Jyer, 1863 

Paraergasilus sp. 14.2 4.5 1-33 0.6 11.0 0.03 

Lernaeenicus radiatus 1.4 1.0 1 <0.1 <0.1 

(LeSueur, 1824) Wilson 1917 

* Group name 
C'l 
N 
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Table 3 (cont.) 

Hysterothylacium sp. 0.03 -2.68 

Cap ill aria sp. 0 1.19 

Oollfusentis chandleri 0.01 0.10 

Serrasentis sagittifer 0 0.69 

Ergasilus lizae -0.02 4.02 

Paraergasilus sp. -0.01 2.07 

* p < 0.05 

** p < 0.01 

*** p < 0.001 

0.27 *** 
0 ns 

0.11 ns 

0 ns 

0.11 ns 

0.02 ns 
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Table 5. Mean abundance of parasites from Leiostomus xanthurus in each area followed by range in parentheses 

and then frequency (values with same letter are not significantly different). 

Parasite Spring South of Fall South of Fall North of Significance 

ca2e Hatteras CaEe Hatteras Ca2e Hatteras 

Cardicola sp. 0 A 0 A <0.1 (0-1} 1 A ns 

AEocreadium manteri 0 A 0.1 (6) 1 A 0.4 (0-7} 5 B * 
Diplomonorchis leiostomi 31.1 (0-104) 15 A 49.5 (0-305) 38 A 238.1 (5-1030) 48 B *** 
Zoogonus rubellus 0 A 0 A 1.9 (0-40) 8 B *** 
Lepocreadium setiferoides 0.6 (0-7} 8 A 0.1 (0-2) 2 A 1.3 (0-29) 8 A ns 

Opecoeloides fimbriatus <0.1 (0-1) 2 A 0.5 {0-17) 14 A 0.2 (0-4) 5 A ns 

0. vitellosus 1.7 (0-13) 28 A 4.1 (0-27) 30 A 3.6 (0-31) 30 B ns 

Paraheniurus merus 0.1 (0-1) 3 A 0.1 (0-1) 5 A 2.0 (0-11) 20 B *** 
Leci sthaster 1 ei ostomi 2.5 (0-24) 19 AB 7.3 (0-80) 14 B 1.2 (0-28) 8 A * 
Aponurus pyrifonnis 0.4 (0-3) 15 A 1.5 (0-9) 20 B 0.1 (0-2) "4 A *** 
Ascocotyle sp. 5.2 (0-51) 23 A 1.2 (0-44) 5 B 1.8 (0-37) 17 B *** 
Heteraxinoides xanthophilis 1.2 (0-6) 20 B 0.7 (0-3) 22 AB 0.4 (0-3) 12 A * 
Scolex polymorphus 12.2 (0-116) 45 A 15.9 (0-465) 39 A 9.2 (0-69) 42 A ns 

Psuedophyllidea 0.1 (0-1) 4 A <0 .1 (0-2) 1 A 0 A ns 

-.J 
0 
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Table 6. Mean abundance of parasites from Micropogon~~~ undulatus in each area followed by range in parentheses 

and then freguency (values with same 1 etter are not significantly different). 

Parasite Spring South of Fall South of Fall North of Significance 

Cape Hatteras Cape Hatteras C(lJle Hatteras 

Cardicola sp. <0.1 (0-1) 2 A 0.1 (0-3) 2 A 0 A ns 

Oiplomonorchis leiostomi 5.4 (0-96) 38 A 28.2 (0-529) 25 A 5.9 (0-60) 20 B ns 

Lepocreadium setiferoides 0 A 0.1 {0-2) 4 A 6.1 (0-164) 12 B *** 

Opecoeloides firnbriatus 1.2 (0-14} 17 A 5.2 (0-27} 25 B 0.8 {0-13) 12 A -k*k 

0. vitellosus 3.3 (0-18) 38 A 4.1 (0-44) 22 A 4.6 (0-34) 33 A ns 

Lecithochirium microstomum 0.2 (0-3) 7 A 0.9 (0-6) 7 A 0.6 (0-6) 12 A ns 

Aponurus pyrifonnis 0.7 (0-12) 17 A <0.1 {0-1) 2 B 0.1 (0-3) 2 B *** 
Ascocotyle sp. 10.4 (0-200) 19 A 6.0(0-200) 7 A 6.3 (0-200) 12 A ns 

Stephanostomum tenue <0.1 (0-1) 1 A 0 A 0.1 (0-3) 4 A ns 

Lobatostoma ringens 0.4 (0-7} 7 A 1.3 (0-20) 17 B 0.4 (0-6) 9 A * 
Macrovalvitrematoides micropogoni 4.5 (0-28) 46 A 1.3 (0-1) 28 B 2.0 {0-20) 26 B *** 

Neopterinotrematoides avaginata 8.6 (0-39) 51 A 2.2 (0-25) 32 B 1.3 (0-19) 21 c *** 
Scolex polymorphus 162.8 (0-5000) 55 A 8.7 (0-60) 32 B 78.5 (0-1850) 46 A *** 
P suedo\)hyll idea 1.8 {0-15) 25 A <0.1 (0-1) 1 B <0.1 {0-1) 2 B *** 

-..J 
N 
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11 species  including the common digeneans D. leiostomi and Ascocotvle sp. 

were not s ig n i f i c a n t ly  d i f f e r e n t  among the th ree  c o l le c t io n s .

Prevalence and in ten s i ty  o f  p a ra s i t e s  were also compared between spot 

and croaker (Tables 1 and 2) .  Both prevalence and in t e n s i t y  of  D. 

leiostomi were s ig n i f i c a n t ly  higher in spot than croaker .  The prevalence 

and in te n s i ty  of the digenean Qpecoeloides f im b r ia tu s . Lacistorhvnchus 

sp . ,  and Nvbelinia sp. were s ig n i f i c a n t ly  higher in croaker than spot.

The digenean Aponurus pyriformis had s im i la r  i n t e n s i t i e s  in both hosts ,  

but a s ig n i f i c a n t ly  higher prevalence in spot.  The psuedophyllidean 

plerocercoid ,  the encysted acanthocephalan S e r ra sen t i s  s a a i t t i f e r . and the 

copepod Lernaeenicus rad ia tus  had s im i la r  i n t e n s i t i e s  in both hos ts ,  but 

s ig n i f i c a n t ly  higher prevalence in croaker.  Scolex polvmorohus 

u n i lo c u la r i s  and the encysted metacercaria  of  Ascocotvle sp. had s im i la r  

prevalences in both hosts ,  but they had s ig n i f i c a n t ly  higher i n t e n s i t i e s  

in croaker.  The copepod Paraeraasi lus  sp. had a s ig n i f i c a n t l y  higher 

prevalence in spot than croaker and a s ig n i f i c a n t ly  higher  i n t e n s i t y  in 

croaker  than spot.  There was not a s ig n i f i c a n t  d i f fe rence  in in te n s i ty  or 

prevalence between hosts for  the  digeneans Lepocreadium s e t i f e r o id e s  and 

Cardicola s p . ,  the nematode C ap i l l a r ia  sp . ,  and the acanthocephalan 

Doll fusen t is  ch an d le r i .

Results of  p r in c ip le  component analys is  (PCA) revealed t h a t  the  f i r s t  

th ree  p r in c ip le  components accounted fo r  48.3% of the variance in pa ra s i t e  

d i s t r i b u t io n s  of spot (Figure 2). P r inc ip le  component I accounted for  

23.6% of  the variance.  Four p a ra s i t e s ,  A. py r ifo rm is . Lacistorhvnchus 

s p . ,  Nvbelinia sp . ,  and Hvsterothvlacium s p . ,  contr ibuted the most to  the 

loadings on t h i s  p r in c ip le  component and were most abundant SHF.

Pr inc ip le  component II  accounted fo r  13.1% of  the var iance.  Two
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p a r a s i t e s ,  D. leiostomi and P. merus. contr ibuted the most to  the loadings 

on t h i s  p r in c ip le  component and were most abundant NHF. Eraasi lus  l i z a e  

had a negative loading fo r  t h i s  p r in c ip le  component and was l e a s t  abundant 

NHF. Pr inc ip le  component I I I  accounted for  11.7% of  the var iance.  Two 

p a r a s i t e s ,  L. leiostomi and Ascocotvle s p . ,  contr ibuted most to the  

loadings of  t h i s  p r in c ip le  component. Ascocotvle sp. was abundant SHS and 

L. leiostomi was most abundant SHS and SHF. Spot from a l l  th ree  

c o l le c t io n s  overlapped to  some ex ten t ,  but most spot from each co l lec t io n  

formed d i s t i n c t  c l u s t e r s .  The p a ra s i t e s  of spot from SHS and NHF were the 

most s im i la r  both within and between c o l l e c t io n s ,  whereas spot from SHF 

were aggregated loosely  and associa ted  with p r in c ip le  component I (Figure 

2 ).

Results of  PCA revealed t h a t  the f i r s t  th ree  p r in c ip le  components 

accounted fo r  41.5% of the variance in p a ra s i t e  d i s t r i b u t io n s  of  croaker 

(Figure 3) .  P r inc ip le  component I accounted fo r  19.6% of the var iance.

Six p a r a s i t e s ,  A. pyr ifo rmis . M. micropoooni. N. avaqinata . S. polvmorphus 

u n i lo c u la r i s . the psuedophyllidean metacestode, and Hvsterothvlacium sp . ,  

contr ibuted the most to the loadings  on t h i s  p r in c ip le  component and were 

most abundant SHS. P r inc ip le  component II  accounted fo r  12.0% of  the 

var iance. Two p a ra s i t e s ,  D. leiostomi and Paraerqasi lus  s p . ,  contr ibuted 

the most to  the loadings on t h i s  p r in c ip le  component. These p a ra s i t e s  

were most abundant SHF. Nvbelinia sp. had a negat ive loading fo r  t h i s  

p r in c ip le  component and was most abundant NHF. Pr inc ip le  component I I I  

accounted fo r  9.8% of  the variance.  C a o i l l a r i a  sp. contr ibuted the  most 

to  the loadings on t h i s  p r in c ip le  component and was most abundant NHF. 

Pa ras i te  infracommunities of croaker co l lec ted  from SHS and NHF were less  

va r iab le  than those co l lec ted  SHF. Croaker p a ra s i t e  d i s t r i b u t io n s  from
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SHF and NHF overlapped g rea t ly  and croaker  from SHS were fo r  the  most par t  

s epara te  from o ther  c o l l e c t i o n s .

Pr inc ip le  component ana lys is  was a lso  used to  examine poss ib le  

p a t t e rn s  o f  p a r a s i t e  d i s t r i b u t i o n s  between spot and croaker  (Figure 4) .

The f i r s t  th ree  components accounted fo r  only 30.2% of  the  var iance.  

P r in c ip le  component I accounted fo r  14.6% of  the  var iance .  Four 

p a r a s i t e s ,  Lacistorhvnchus s p . ,  Nvbelinia s p . ,  Hvsterothvlacium s p . ,  and 

the  psuedophyllidean metacestode, con tr ibu ted  the  most to  the  loadings  of 

the  p r in c ip le  component. They were a l l  more abundant in croaker  than 

spo t .  Diplomonorchis leiostomi had a negative loading fo r  t h i s  component 

and was much more abundant in spot than croaker .  P r in c ip le  component II 

accounted for  8.5% of  the  variance.  Two p a r a s i t e s ,  D. leiostomi and 

Paraeroas i lus  s p . ,  con tr ibu ted  the most to  the loadings  of  t h i s  p r in c ip le  

component. P r in c ip le  component I I I  accounted fo r  7.6% of  the var iance.

Two monogeneans of c roaker ,  M. micropoqoni and N. avao ina ta . contr ibuted  

the  most to  the  loadings of  t h i s  p r in c ip l e  component. Spot and croaker 

were grouped t i g h t l y  in two separa te  areas  of  Figure 4.

A s im i la r  ana lys is  was executed using only the  10 p a r a s i t e s  t h a t  

occurred in a t  l e a s t  20 individual spot and a lso  in 20 individual croaker  

to  determine i f  d i s t r i b u t i o n s  of  shared p a r a s i t i c  spec ies  were d i f f e r e n t  

between hosts  (Figure 5) .  In t h i s  case the f i r s t  th re e  p r in c ip le  

components accounted f o r  46.3% of the  var iance.  P r in c ip le  component I 

accounted for  most (44.7%) o f  the variance assoc ia ted  with the  

f i r s t  th re e  components. Four p a r a s i t e s ,  0. f im b r ia tu s . Lacistorhvnchus 

s p . ,  Nvbelinia s p . ,  and Hvsterothvlacium s p . ,  con tr ibu ted  the most to  the
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Figure 2. D is t r ib u t io n s  of  communities of  p a r a s i t e s  of spot along 

th e  f i r s t  th ree  p r in c ip l e  components ( c i r c l e ,  south of  Cape Hat teras  in 

the  spr ing ;  square ,  south of  Cape Hatteras  in the  f a l l ;  pyramid, north of 

Cape Hat teras  in the  f a l l ) .
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Figure 3. D is tr ibu t ions  o f  communities of  p a ra s i t e s  of croaker  along 

the  f i r s t  th ree  p r in c ip le  components ( c i r c l e ,  south of  Cape Hat teras  in 

the  spring;  square, south of Cape Hatteras  in the  f a l l ;  pyramid, north of 

Cape Hat teras  in the f a l l ) .
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Figure 4. D is t r ib u t io n s  of communities o f  p a r a s i t e s  o f  spot and 

croaker  along the  f i r s t  th re e  p r in c ip le  components ( c i r c l e ,  croaker;  

pyramid, sp o t ) .
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Figure 5. D is t r ib u t io n s  of  communities o f  p a r a s i t e s  o f  spot and 

croaker ,  excluding those p a r a s i t i c  spec ies  t h a t  d id  not occur in both 

hos ts ,  along the f i r s t  th re e  p r in c ip le  components ( c i r c l e ,  croaker;  

pyramid, spo t) .



I

I. jueuodiuoQ



81

Figure 6. D is t r ibu t ions  of  prey items of spot and croaker along the 

f i r s t  th re e  p r in c ip le  components ( c i r c l e ,  croaker; pyramid, spo t) .
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loadings  o f  t h i s  p r in c ip le  component. Individual spot and croaker  

overlapped much more than when a l l  p a r a s i t e s  were included, but a host 

s p e c i f i c  p a t te rn  s t i l l  ex is ted .

P r in c ip le  component ana lys is  was used to  examine poss ib le  p a t t e rn s  of 

prey item d i s t r i b u t i o n  between spot and croaker  (Figure 6) .  P r in c ip le  

component I accounted fo r  11.8% of the  var iance .  P r in c ip le  component II  

accounted fo r  7.3% o f  the  var iance.  P r in c ip le  component I I I  accounted fo r  

7.1% of the  var iance .  Although some overlap occurred in the d i e t s  of  spot 

and croaker ,  th e r e  d i e t s  appeared to  be q u i te  d i s t i n c t  (Figure 6) (Table 

7 ) .  Spot tended to  feed more on infaunal prey such as copepods, clams, 

nematodes and foram in iferans ,  which were assoc ia ted  with p r in c ip le  

component I ,  whereas croaker  fed on more ep ibenth ic  mobile prey such as 

crabs and shrimp, which were associa ted  with p r in c ip le  component I I .  Prey 

items t h a t  were fed upon by both hosts  in s im i la r  numbers such as 

gammarideans and polychaetes  were assoc ia ted  with p r in c ip le  component I I I .

When d i v e r s i t y  parameters were ca lcu la ted  fo r  a l l  individual f i sh  

using a l l  p a r a s i t i c  species  (Table 8) croaker  had s ig n i f i c a n t l y  higher  

sp ec ie s - r i ch n e s s ,  species  d i v e r s i t y  and species  evenness of  p a r a s i t i c  

spec ies  than spot.  The d i f fe ren ce  in the  number o f  p a r a s i t e s  in the two 

f i s h e s  was not s i g n i f i c a n t .  When d i v e r s i t y  parameters o f  spot were 

compared in the th re e  c o l l e c t i o n s ,  no s ig n i f i c a n t  d i f f e ren ce  appeared in 

th e  numbers of p a r a s i t e s ,  species  d i v e r s i t y ,  and species  evenness. 

Species -r ichness  was s ig n i f i c a n t l y  higher  in SHF. In croaker  numbers of  

p a r a s i t e s ,  d i v e r s i t y ,  and r ichness  were a l l  s i g n i f i c a n t l y  h igher  in SHS,
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whereas evenness was s ig n i f i c a n t ly  lower. No d i f fe rence  occurred in 

spec ies- r ichness  in the  th ree  c o l le c t io n s .

D ivers i ty  parameters were also ca lcu la ted  only fo r  the 

g a s t r o in t e s t i n a l  helminths of spot and croaker  (Table 9) for  comparison 

with the p a r a s i t i c  faunas of o ther  host taxa represented  in the 

l i t e r a t u r e .  Spot had s ig n i f i c a n t ly  higher spec ies- r ichness  and numbers of 

gut helminths than croaker.  Diversity  and evenness were not s ig n i f i c a n t ly  

d i f f e r e n t  in the two f i sh  species .

A s ig n i f i c a n t  co r re la t io n  (Spearman rank c o r re la t io n  r  = 0.58, P < 

0.001) occurred between prevalence and mean in te n s i ty  of p a r a s i t e s  from 

spot;  p a r a s i t e s  with the highest i n t e n s i t i e s  were a lso  the most prevalent.  

When frequency of occurrence was compared with the number of p a r a s i t i c  

species  (Figure 7),  th ree  groups of  p a r a s i t e s  were id e n t i f i e d .  The two 

most abundant species  (D. leiostomi and Scolex polvmorphus u n i lo c u la r i s ) 

represen t  "core" species  and accounted fo r  84.4% of  a l l  individual 

p a r a s i t e s .  The 12 uncommon species  represen t  " s a t e l l i t e "  species  and 

accounted fo r  2.9% of  a l l  individual p a r a s i t e s .  The 9 other  species  

accounted fo r  12.7% of  a l l  individual p a ra s i t e s  and are considered 

"secondary" species  following terminology of  Bush and Holmes (1986). When 

frequency of occurrence was compared among c o l lec t io n s  (Table 5) the 

p a r a s i t e  dominance hierarchy varied to some ex ten t .  In SHS, most of the 

species  followed the same trends  as when a l l  spot were grouped, except 

t h a t  C a o i l l a r i a  sp. was a " s a t e l l i t e "  species  and the copepod Eraasilus  

1izae was a "secondary" species .  In SHF Hvsterothvlacium sp. was a "core" 

spec ies ,  C ap i l l a r ia  sp. and Ascocotvle sp. were " s a t e l l i t e "  spec ies ,  and 

Nvbelini a sp. and 0. f imbriatus were "secondary" spec ies .  In NHF A. 

ovr iformis and Lacistorhvnchus sp. were " s a t e l l i t e "  spec ies ,  the  digenean



Table 7. Percent  occurrence of prey in the g a s t r o in t e s t i n a l

_________ t r a c t  of  a du l t  spot  and croaker .___________________

Prey Spot Croaker

n= 137 13(

Foraminifera 11.8 0

Ectoprocta 1.5 0

Cladocera 13.9 0.7

Cumaeea 15.4 0

C ir r ip ed ia 0.7 2.1

Copepoda 69.1 5.8

Capre l l idea 0 1.5

Gammaridea 43.4 40.1

Isopoda 1.5 5.1

Mysidacea 22.8 20.4

Decapoda (shrimp) 18.4 38.0

Decapoda (crabs) 3.6 34.3

Kinorhyncha 3.6 0

Nematoda 22.8 2.9

Pelecypoda 74.3 29.2

Gastropoda 13.9 5.1

Cephalopoda 0 2.1

Polychaeta 47.8 48.2

Sipuncula 5.1 0

Echinoidea 22.8 15.3

Ophiuroidea 2.2 11.7

Te leos te i 2.9 20.4
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Parahemiurus merus was a "secondary" species  and H. xan thoph i l i s  and L. 

leiostomi had reduced numbers, but the  two were

considered "secondary" spec ies .  In genera l ,  th e  dominant species  were 

dominant in a l l  th re e  c o l l e c t io n s  with most changes occurring in the l e s s  

common spec ies .

Mean i n t e n s i t y  and prevalence o f  p a r a s i t e s  from croaker  were also  

s i g n i f i c a n t l y  c o r re la te d  ( r  = 0.76,  P < 0 .001).  When frequency of 

occurrence was compared with the  number of  p a r a s i t e s  species  (Figure 8 ) ,  

th re e  groups of  p a r a s i t e s  were i d e n t i f i e d .  The most abundant spec ies ,  S. 

polvmorphus uni 1 o c u l a r i s , represented  the only "core" species  and 

accounted f o r  58.2% of  a l l  individual  p a r a s i t e s .  The 19 uncommon species  

were " s a t e l l i t e "  species  accounting fo r  14.9% o f  a l l  individual  p a r a s i t e s .  

The 6 o ther  species  accounted fo r  26.9% o f  a l l  individual  p a r a s i t e s .  When 

frequency o f  occurrence was compared among c o l l e c t io n s  (Table 6) the 

p a r a s i t e  dominance hierarchy changed to  some ex ten t .  In SHS several 

species  including Hvsterothvlacium s p . ,  Lacistorhvnchus s p . ,  N. avaq ina ta . 

M. micropogoni. S. polvmorphus u n i lo c u la r i s  were "core" species  and the 

psuedophyllidean metacestode and Nvbelini a sp. were "secondary" spec ies .

In SHF S. polvmorphus u n i lo c u la r i s  was l e s s  prevalen t  so t h a t  along with 

S. polvmorphus u n i lo c u la r i s  several  species  including 0. v i t e l l o s u s . 0.  

f im b r ia tu s . D. l e io s to m i . N. avaq ina ta . M. micropogoni. and 

Hvsterothvlacium sp. were the dominant spec ies ,  but s ince t h e i r  prevalence 

was not as g rea t  as "core" spec ies  in o ther  c o l l e c t io n s  they should 

probably be considered "secondary" spec ies .  In NHF D. c h a n d le r i .

C a p i l l a r i a  s p . ,  and Nvbelinia sp. were "secondary" spec ies .  Though many 

spec ies  had a h igher  prevalence in c e r t a in  c o l l e c t i o n s  th e  overal l  

h ierarchy  o f  dominance did not vary g r e a t ly  among c o l l e c t i o n s .
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Figure 7. Frequencies o f  p a ra s i t e s  in 141 spot (AD, Apocreadium manteri 

AP, Aponurus p y r i fo rm is : AS, Ascocotvle s p . ;  CP, C a p i l l a r i a  s p . ;  CS, 

Cardicola s p . ; DC, D o l l fu sen t i s  c h a n d le r i : DL, Diplomonorchis l e io s to m i . 

EL, E raas i lus  Tizae : HS, Hvsterothvlacium sp . ;  HX, Heteraxinoides  

x a n th o p h i l i s ; LC, Lacistorhvnchus s p . ;  LL, L e c i th a s te r  l e io s to m i : LS, 

Lepocreadium s e t i f e r o i d e s : LX, Lernaeenicus r a d i a t u s ; NS, Nvbel inia s p . ;  

OF, Qpecoeloides f im b r i a tu s : OV, 0. v i t e l l o s u s : PL, psuedophyllidean 

metacestode; PM, Parahemiurus merus: PN, P a raerqas i lus  s p . ;  SP, Scolex 

polvmorphus u n i l o c u l a r i s : SS, S e r ra sen t i s  s a o i t t i f e r : ZR, Zooqonus 

r u b e l lu s l .
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Figure 8 . Frequencies of  p a r a s i t e s  in 156 croaker  (AP, Aponurus 

p y r i fo rm is : AS, Ascocotvle sp . ;  Cl, Clavel la  in v e r sa : CP, C a p i l l a r i a  sp. 

CS, Cardicola  s p . ;  DC, D o l l fu sen t i s  ch a n d le r i : DL, Diplomonorchis 

l e io s to m i . HF, Hvsterothvlacium f o r t a l e z a e ; HM, Hvsterothvlacium MD; HS, 

Hvsterothvlacium sp . ;  LC, Lacistorhvnchus s p . ;  LP, Lecithochirium 

microstomum; LR, Lobatostoma r in a e n s : LS, Lepocreadium s e t i f e r o i d e s : LX, 

Lernaeenicus r a d i a t u s ; MM, Macrovalvitrematoides micropogoni: NA, 

Neopterinotrematoides avaq ina ta : NS, Nvbelinia s p . ;  OF, Qpecoeloides 

f im b r ia tu s : OV, 0. v i t e l l o s u s ; PL, psuedophyllidean metacestode; PN, 

Paraergas i lus  s p . ;  SC, Spirocamallanus c r i c o t u s : SP, Scolex polvmorphus 

u n i l o c u l a r i s : SS, S e r ra sen t i s  s a q i t t i f e r : ST, Stephanostomum tenue) .
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Only the s ix  most common p a ra s i te s  of  spot (Table 10) and the e ight  

most common p a ra s i te s  of  croaker (Table 11) were examined using Fager’s 

recu r ren t  group ana lys is .  The two "core" and one "secondary" p a r a s i t i c  

species  of  spot were included in the  recurren t  group. The s ing le  "core" 

species  and four "secondary" p a r a s i t i c  species of croaker  were included in 

the r ecu r ren t  group.

Relat ive i n t e n s i t i e s  of  the p a r a s i t i c  species  within the  recurren t  

group were t e s te d  to  determine i f  they were concordant.  Only hosts which 

harbored a l l  species within the  recurren t  group were included in the 

ana lys is .  Thir ty-nine  spot met t h i s  c r i t e r i a  and 22 of  those were 

co l lec ted  from SHF. Of the 741 comparisons among spot,  584 had a pos i t ive  

r e la t io n sh ip  and only 85 were s ig n i f i c a n t .  F i f ty - fo u r  percent had a 

c o r re la t io n  c o e f f i c i e n t  ( r)  g rea te r  than 0.7 . Only 10 r e la t io n sh ip s  (6%) 

were s ig n i f i c a n t  negat ive as soc ia t ions .  Twenty-seven croaker harbored all  

species  in the recurren t  group and 22 of  those were co l lec ted  from SHF.

Of the 351 comparisons among croaker 230 showed a p o s i t iv e  re la t io n sh ip  

and 46 were s ig n i f i c a n t .  Thirty-seven percent had a co r re la t io n  

c o e f f i c i e n t  (r)  g rea te r  than 0.7. Only four r e la t io n sh ip s  (3%) were 

s ig n i f i c a n t ly  negat ive assoc ia t ions .
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DISCUSSION

Many of the  p a ra s i t e s  recovered in t h i s  study have been reported 

previously .  Lacistorhvnchus sp . ,  Nvbelinia sp , ,  and S. s a a i t t i f e r  were 

reported  fo r  the  f i r s t  time from spot.  The copepod L. r a d i a t u s . Nvbelinia 

s p . ,  N. avaginata , and two larval  ascar idoids ,  which resemble 

Hvsterothvlacium M.D. and H. fo r t a l e z a e . are reported fo r  the f i r s t  time 

in croaker .  A new species  of Paraeroasi lus  (to be described in a separate 

paper) was observed on juven i le  spot co l lec ted  in both adjacent  e s tua r ie s  

(see Chapter I ) ,  but not on croaker .

Several species  reported in t h i s  study including A. ovr ifo rm is .

Cardicol a s p . ,  0. f im br ia tus . Nvbelini a s p . ,  C a p i l l a r ia  sp . ,  S. tenue,  N. 

avagina ta . C. inversa . and S. s a a i t t i f e r  were not found in juven i le  f ishes  

c o l lec ted  in the  adjoining es tua r ine  systems (see Chapter I ) .  The absence 

of  these  species  in ju ven i le  f ishes  from Chesapeake Bay and Pamlico Sound 

(except N. avaginata and C. inve rsa . which have d i r e c t  l i f e  cycles)  

in d ica te s  e i t h e r  tha t  t h e i r  intermediate hosts do not  occur in those 

e s tu a r in e  systems or t h a t  juven i le  f i sh  fed on d i f f e r e n t  prey. S a l in i ty  

could have been a f ac to r  l im i t ing  the d i s t r i b u t io n s  o f  N. avaginata and C. 

in v e r sa . as well as o ther  p a ra s i t e s .  Also, several species  reported in 

ju v e n i le  f i sh es  in these e s tu a r ie s  (see Chapter I) were not recovered 

offshore ,  including the myxozoan Kudoa b ranchia ta . the  digenean 

Lec i thas te r  confusus. the  monogenean flbsonifibula bvchowskv. the la rva l  

nematode Goezia sp . ,  and two leeches Mvzobdella luqubris  and M. 

uruauavensis . All of these  species,  except Goezia s p . ,  L. confusus and, 

poss ib ly ,  K. b ranch ia ta . have d i r e c t  l i f e  cycles .

94
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P a ra s i te s  from adu l t  of fshore  f i s h e s  examined in t h i s  study were 

e i t h e r  more or le ss  abundant than those of  ju v e n i l e  f i sh e s  (see Chapter 

I ) .  Several p a r a s i t e s  o f  spot including,  D. l e io s to m i , L. le io s to m i . 

flscocotvle s p . ,  H. x a n th o p h i l i s . A. p v r i fo rm is . P. merus. P a raeraas i lus  

s p . ,  Hvsterothvlacium s p . ,  and S. polvmorphus uni 1 o c u l a r i s , were more 

abundant of fshore  than in e i t h e r  es tua ry  suggesting t h a t  p a r a s i t e s  were 

e i t h e r  accumulating over time ( in  o lder  hosts)  or  t h a t  more in termediate  

hos ts  were a v a i lab le  offshore  (except f o r  H. x a n th o p h i l i s . which has a 

d i r e c t  l i f e  cy c le ) .  Zoooonus rube l lus  and D. chandleri  were more abundant 

in ju v e n i le  f i s h  from both e s tu a r in e  systems than from of fshore  suggesting 

t h a t  e i t h e r  more in termediate  hosts  are  in fec ted  or t h a t  the  d i e t  of 

ju v e n i l e  f i s h  i s  l e s s  d i v e r s i f i e d  and they  are s p e c ia l i z in g  more on those 

in termediate  hos ts .  Several p a r a s i t e s  o f  croaker ,  including I .  

microstomum. 0. v i t e l l o s u s . L. r in a e n s . Ascocotvle s p . ,  M. micropoaoni. S. 

polvmorphus uni 1 o c u l a r i s , the  psuedophyllidean metacestode,

Lacistorhvnchus s p . ,  Hvsterothvlacium s p . ,  and D. c h a n d le r i . were more 

abundant o f fshore  than in e i t h e r  e s tua ry .  Greater  abundances offshore 

suggest t h a t  these  p a r a s i t e s  had e i t h e r  been accumulating over  time or 

t h a t  a g r e a t e r  number o f  in fec ted  in termediate  hosts  were av a i l a b le  to  

f i s h e s  offshore  (except fo r  M. micropoaoni. which has a d i r e c t  l i f e  

cy c le ) .  Lepocreadium s e t i f e r o i d e s  from spot and croaker  and Z. rubellus  

from spot were more abundant north of  Cape Hat teras  in both es tua r ine  and 

offshore  environments, whereas D. le iostomi from spot  and croaker  was more 

abundant south of  Cape Hatteras  in both environments.  Lobatostoma r inaens  

was more abundant south o f  Cape Hat teras  in both inshore and offshore 

environments.
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Adult spot co l lec ted  offshore  in t h i s  study had much g r e a te r  species-  

r ic h n e s s ,  d i v e r s i t y ,  and to t a l  number of individual p a r a s i t e s  than 

ju v e n i l e  spot c o l lec ted  in adjoining e s tu a r i e s  (see Chapter I ) .

Individual  p a r a s i t i c  species  co l lec ted  from ju v en i le  f i sh  were genera l ly  

l e s s  evenly d i s t r i b u t e d  among hosts  than those from adu l t  f i s h  co l lec ted  

o f fsho re .

Adult croaker  c o l lec ted  offshore in t h i s  study had g r e a t e r  species-  

r ic h n e s s ,  d i v e r s i t y ,  and evenness than ju v e n i le  croaker  co l lec ted  in 

ad jo in ing  e s tu a r i e s  (see Chapter I ) .  The to t a l  number o f  individual  

p a r a s i t e s  was a lso  much lower in juv en i le  croaker  co l lec ted  in e s tu a r i e s ,  

except the  l a r g e s t  s ize  c la s s  (101-125 mm SL) of  ju v e n i le  croaker  

c o l l e c te d  in Pamlico Sound in which a few f i s h  harbored la rge  numbers of 

D. l e io s to m i . A l a r g e r  number o f  ju v en i le  spot  and croaker  were 

uninfected than ad u l t s .

Host length was associa ted  with i n t e n s i t i e s  of  7 p a r a s i t i c  species  in 

spot  and 6 in croaker .  I n t e n s i t i e s  o f  four  adu l t  digeneans o f  spot and 

one digenean and the  common metacestode S. d o ! vmorphus uni 1 ocu la r is  from 

croaker  increased with host length suggesting t h a t  these  p a r a s i t e s  e i t h e r  

l i v e  long enough to  accumulate as hosts  grow, t h a t  l a r g e r  f i s h  are 

consuming la r g e r  numbers o f  in fec ted  prey during a circumscribed per iod of 

t ime,  or  both. The two monogeneans of  croaker  increased in i n t e n s i t y  with 

hos t  length  suggesting t h a t  they too l i v e  long enough to  accumulate as 

croaker  grow. The o th e r  p a r a s i t e s  t h a t  increased in i n t e n s i t y  with host  

s iz e  were a l l  encysted forms t h a t  are  able  to  accumulate over time due to 

t h e i r  longevi ty .  The la rge  amount of v a r i a t io n  assoc ia ted  with i n t e n s i t y  

of  each p a r a s i t i c  spec ies  and host length i s  r e f l e c t e d  in low regress ion  

c o e f f i c i e n t s .  Overdispersed (clumped) populat ions are expressed as
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negative binomial d i s t r i b u t io n s  tha t  are defined by the  mean (abundance) 

and an exponent k which is a measure o f  dispers ion (Table 1 and 2) .  The 

more overdispersed a d i s t r i b u t io n  i s ,  the  lower the value for  k. All the 

p a ra s i t e s  had overdispersed or  clumped d i s t r ib u t io n s  ind ica t ing  t h a t  

f ac to rs  associa ted  with individual hosts  (infracommunity level)  were 

extremely important in determining p a ra s i t e  i n t e n s i t i e s  among hos ts .

These f a c to r s  probably r e l a t e  to  individual s u s c e p t i b i l i t y  and the  

a v a i l a b i l i t y  and d i s t r i b u t i o n  of  in fec t iv e  s tages .

When samples of spot from spring and fa l l  south o f  Cape Hat teras  were 

compared with those from north of  Cape ha t te ras  in the f a l l ,  both seasonal 

and geographical d i f fe rences  in abundances of  p a ra s i t e s  were apparent 

(Table 5) .  Paras i te  infracommunities o f  spot co l lec ted  from south o f  Cape 

Hatteras in the spring and nor th of Cape Hatteras  in the  f a l l  were less  

var iable  and more s im i la r  to  each o ther  than those co l lec ted  South of Cape 

Hatteras in the f a l l .  The occurrence o f  more d iverse  h ab i ta t s  south of 

Cape Hat teras  may have r e su l ted  in more heterogenous samples of spot,  

which may explain the  g rea te r  v a r i a b i l i t y  of infracommunities from tha t  

area when compared with north of  Cape Hat teras .  The lower v a r i a b i l i t y  in 

infracommunities co l lec ted  in the  spring may have r e su l te d  from fewer 

infected in termediate  host species  being present  in the spring co l lec t ions  

than in those  of the f a l l .  The three co l lec t io n s  also formed groups tha t  

overlapped to  some ex ten t ;  however, d i f fe rences  in abundances of various 

p a r a s i t i c  species  d i s t in g u ish  the  th ree  co l le c t io n s .  D ivers i ty ,  evenness, 

and the numbers of p a ra s i t e s  appear to  have been r e l a t i v e l y  homogeneous 

with season and area (Table 7) suggesting tha t  empty s i t e s  within hosts 

were f i l l e d  rapidly  by ava i lab le  p a r a s i t i c  spec ies .  In addi t ion,  the  10
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p a r a s i t i c  species  t h a t  showed no d i f fe rences  with season and area 

con tr ibu te  to  the s t a b i l i t y  of  the component community.

When samples of  croaker from spring and f a l l  south of  Cape Hatteras 

were compared with each o ther  and with those from north of  Cape ha t te ras  

in the f a l l ,  both seasonal and geographical d i f ferences  in abundances of 

p a r a s i t e s  were apparent (Table 6) .  The component p a r a s i t e  community of 

croaker  co l lec ted  from north of  Cape Hat teras  more c lose ly  resembled the 

component community co l lec ted  south o f  Cape Hatteras  in the f a l l  and was 

d i f f e r e n t  than th a t  co l lec ted  in the spring. These s i m i l a r i t i e s  were also 

shown when d iv e r s i t y  parameters were examined in the th ree  co l lec t ions  

(Table 8 ) .  Species-r ichness  was not d i f f e r e n t  in the th re e  co l le c t io n s ,  

but the to t a l  number of  individual p a ra s i t e s  was higher in the spr ing.

Since d iv e r s i t y  was g re a te r  and evenness was lower in the  spring i t  is 

l i k e l y  t h a t  the g r e a te r  abundance of  species such as S. polvmorphus 

u n i l o c u l a r i s . N. avagina ta . and Hvsterothvlacium sp. had s ig n i f i c a n t  

influence on the component community o f  croaker p a ra s i t e s  in spring.  In 

croaker co l lec ted  during t h i s  study, season had more of  a dominating 

influence on p a r a s i t e  communities than geographical loca t ion .  Croaker 

appear to be more d iscr iminant  in t h e i r  d i e t  than spot,  which may have 

re su l te d  in p a ra s i t e  infracommunities having l e s s  v a r i a b i l i t y  in the three  

c o l l e c t io n s .

Comparison of  spot and croaker p a r a s i t e  faunas indicated t h a t  t h e i r  

r espec t ive  p a r a s i t e  component communities were d i s t i n c t  and th a t  s im i la r  

infracommunity v a r i a b i l i t y  ex is ted  in both hosts (Figure 4) .  There were 

16 p a r a s i t i c  species  t h a t  did not occur in both spot and croaker and the 

fauna exhib i ted  l i t t l e  overlap between species.  I f  those p a ra s i t e s  

occurring in only one host or  the other  were removed so t h a t  only shared
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p a r a s i t i c  species were analyzed the component communities of spot and 

croaker  overlapped g rea t ly ,  but not completely (Figure 5).  Clearly ,  

d i s t r i b u t io n s  of  the  shared p a r a s i t i c  species in most o f  the spot  and 

croaker were somewhat d i s t i n c t  a t  the infracommunity l e v e l .

A few of the  individual p a r a s i t i c  species  of spot and croaker  found 

in t h i s  study, such as Ascocotvle s p . ,  which i s  in fe c t iv e  in low s a l i n i t y  

areas,  met c r i t e r i a  es tabl ished  by Mackenzie (1983, 1987) and Sindermann 

(1983) as being good biological tags .  Since spot and croaker p a ra s i t e s  

were examined only a t  a few s i t e s  within the two e s tu a r ie s  the poten t ia l  

usefulness  of these  p a ra s i t e s  as b io logical  tags  is  unknown. Spot and 

croaker occurring North of  Cape Fear, North Carol ina,  probably spawn 

offshore  o f  North Carolina,  and there fo re  ind iv iduals  of  each species  may 

be considered as coming from a s ing le  populat ion. Since f ishes  from both 

north and south o f  Cape Hat teras  congregate south of  Cape Hatteras  in l a t e  

f a l l  through ea r ly  spring,  t h e i r  respec t ive  p a r a s i t e  communities should 

have been a mix o f  both c o l l e c t io n s .  In add i t ion ,  seasona l i ty  influenced 

the p a r a s i t e  communities s trongly  s ince some o f  the p a ra s i t e s  are  probably 

short  l ived .

The number o f  p a r a s i t i c  species and d iv e r s i t y  in adu l t  f i sh  was 

g re a te r  in croaker  than spot.  Since the t o t a l  number o f  individual 

p a r a s i t e s  was s im i la r  in both f i sh e s ,  g rea te r  species  evenness in croaker 

can be a t t r i b u t e d  to  the smaller number of ind iv idua ls  of  species  such as 

D. leiostomi and la rg e r  numbers of indiv iduals  of  species  such as L. 

s e t i f e r o id e s  and Ascocotvle sp. When infracommunity d iv e r s i t y  parameters 

for  the  g a s t ro in te s t in a l  p a ra s i t e s  alone were examined, spot had grea te r  

spec ies- r ichness  as well as g rea te r  numbers of  individual helminths, 

suggesting th a t  they had a more d iverse  d ie t  and th a t  they fed on more
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in fe c ted  in termediate  hos ts  than croaker.  The p a r a s i t i c  spec ies  of  spot  

were a lso  d i s t r i b u t e d  among the l a rg e  number of  indiv idual  p a r a s i t e s  in 

such a way t h a t  n e i th e r  d iv e r s i t y  nor evenness were d i f f e r e n t  between 

f i s h e s .  Adults o f  both spot and croaker  harbored 12 g a s t r o i n t e s t i n a l  

spec ies  th a t  made up 52% and 45% o f  the p a r a s i t i c  spec ies  recorded.

Marine f i s h e s  tend to  have r i c h e r  helminth communities than 

f reshwater  f i s h e s  but harbor s im i la r  numbers of  individual  helminths 

(Holmes, 1989). Values f o r  spot and croaker  obtained during t h i s  study 

f i t  t h i s  g en e ra l iz a t io n .  In both spot and croaker  the  mean number of 

p a r a s i t i c  spec ies  was g r e a t e r  than those f o r  f reshwater  f i sh e s  and fewer 

than those fo r  most b i rds  and mammals (Kennedy e t  a l . ,  1986). The t o t a l  

number of  individual p a r a s i t e s  was s im i la r  to  t h a t  o f  f reshwater  f i shes  

(Kennedy e t  a l . ,  1986). Marine benth ic  f i s h e s  do not n e ce s sa r i ly  have 

r i c h e r  helminth faunas than  marine pelagic  f i s h e s  (Holmes, 1989), but the 

l a r g e r  v a r ie ty  o f  prey ( in te rm edia te  hosts )  and the  migra tory hab i ts  of  

these  adu l t  f i s h e s  probably co n t r ib u te  to  the  g r e a te r  r ichness  and 

abundance of t h e i r  p a r a s i t e  communities. The ju v en i le  spot  and croaker  

s tud ied  in Chapter I had le ss  time to  acquire  p a r a s i t e s  and inhabi ted  l e s s  

d ive rse  and more confined h a b i ta t s  in inshore e s t u a r i e s ,  which r e su l te d  in 

l e s s  d iverse  p a r a s i t e  communities than offshore  f i s h e s .

Spot and croaker  contained fewer "core" species  than the  China 

ro c k f i sh ,  Sebastes nebulosus Avres studied by Holmes (1989). The number 

of t h e i r  core species  were more s im i la r  t o  o ther  marine t e l e o s t s  (Holmes, 

1989). The presence of  few "core" species  caused low p r e d i c t a b i l i t y  o f  

p a r a s i t e  communities. In add i t ion ,  most p a r a s i t e s  o f  marine f i s h e s ,  

including  those o f  spot and croaker ,  are " g e n e r a l i s t s , "  in c o n t ra s t  t o  the 

s p e c i a l i s t s  occurring in b irds  (Bush and Holmes, 1986; Stock and Holmes,
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1986), which may a l so  cause the lower p r e d i c t a b i l i t y  of  the communities of 

marine f i sh  hos ts .  Despite the low numbers of "core" species  and large 

number of  "g en e ra l i s t s "  p resent ,  s im i l a r i t y  appeared r e l a t i v e l y  high in 

each c o l l e c t io n  fo r  each host.

Although the  p a r a s i t e  dominance hierarchy in adu l ts  o f  both species 

did vary s l i g h t l y  between areas and seasons sampled, the re  appeared to be 

a p r e d ic tab le  group o f  dominant species  t h a t  was accompanied by 

subordinate ,  l e s s  p red ic tab le  spec ies .  In adu l t  spot ,  D. le iostomi and S. 

polvmorphus u n i !o c u la r i s  dominated a l l  o ther  c o l l e c t io n s  except south of 

Cape Hat teras  in the  f a l l ,  where Hvsterothvlacium sp. would have been 

considered a "core" species  had prevalence been th e  so le  f a c t o r .  Several 

p a r a s i t e s  from croaker  co l lec ted  in the spring could have been considered 

"core" species  based on prevalence alone; however, considering abundance 

S. polvmorphus u n i lo c u la r i s  e a s i l y  dominated a l l  o the r  p a r a s i t e s .

P a ra s i t e s  considered "core" spec ies  dominated p a r a s i t e  communities of 

a du l t  croaker  c o l l e c te d  south o f  Cape Hatteras  in the  f a l l ,  but t h e i r  

abundances were not as grea t  as "core" species  observed in o the r  

c o l l e c t i o n s .  Scolex polvmorphus u n i lo c u la r i s  was a "core" spec ies  of  a l l  

th re e  component communities of  adu l t  spot and croaker ,  in d ica t in g  th a t  i t  

was a "g e n e ra l i s t "  in regard to  host s p e c i f i c i t y .  Since spot and croaker 

are  fed upon by many o f  the same predators  i t  would be advantageous fo r  a 

metacestode to  i n f e c t  two such c lo se ly  r e l a t e d  in termediate  ho s ts .  Spot 

and croaker  are a l so  in termediate  hosts  fo r  Lacistorhvnchus sp. and 

Hvsterothvlacium sp. Diplomonorchis leiostomi was not only a "core" 

spec ies  of  spot,  i t  was a "secondary" species  o f  c roaker ,  in d ic a t in g  t h a t  

i t  too was a " g e n e r a l i s t , "  even though more common in spot.  Qpecoeloides 

v i t e l l o s u s  and several  " s a t e l l i t e "  species  found in fe c t in g  both hosts  were
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"g e n e ra l i s t s "  with more even d i s t r i b u t i o n s  among individual  f i s h .  Several 

p a r a s i t e s ,  most of  which were considered " s a t e l l i t e "  spec ies ,  did not 

occur in both hos ts ,  but were s t i l l  considered " g e n e ra l i s t s "  because they 

occurred in o ther  species  of  sympatric f i s h e s .  All o f  these  l e s s  common 

"g e n e ra l i s t "  species  were extremely important co n t r ib u to r s  to  d i v e r s i t y  a t  

both the  component and in f ra -  community l ev e l s  (Kennedy e t  a l . ,  1986).

Only the  monogeneans were host s p e c i f i c ,  which agrees with Rohde’s (1982) 

conclus ions regarding o ther  monogeneans.

Fager’s r ecu r ren t  group analys is  ind ica ted  t h a t  spot had four  and 

croaker  had s ix  r e g u la r  co-occurring p a r a s i t i c  spec ies .  All "core" 

spec ies  as well as a few "secondary" species  were included in the 

r e cu r r e n t  groups. Only 54% o f  the a du l t  spot harboring a l l  four  recurren t  

group spec ies  were concordant ( r  > 0 .7 ) ,  suggesting v a r i a b i l i t y  in the 

r e l a t i v e  i n t e n s i t i e s  of  those p a r a s i t e s .  Since only 28% of  the  spot

harbored a l l  four  r ecu r ren t  group species  th e re  a lso  appears to  be

v a r i a b i l i t y  a s soc ia ted  with presence-absence o f  those p a r a s i t e s .  Only 14%

of the  croaker  harbored a l l  s ix  recu r ren t  group species  and only 37% of

those were concordant ( r  > 0 .7 ) ,  suggesting t h a t  th e re  was also 

v a r i a b i l i t y  in both i n t e n s i t i e s  and presence-  absence o f  p a r a s i t e s  in 

croaker  as well .

Holmes (in press)  concluded th a t  a high degree o f  phylogenet ic,  

eco lo g ica l ,  or phys iological s p e c i f i c i t y  r e s u l t s  in component communities 

t h a t  are  r e s t r i c t e d  subsets  o f  the compound community and th a t  

infracommunities are  genera l ly  "random" samples o f  the  component 

community. I f  host s p e c i f i c i t y  i s  not important ,  then infracommunities 

are subsamples of  the  compound community. P a ra s i t e  communities of  adu l t  

spot and croaker f a l l  in between the two extremes. The occurrence of  a
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few " s p e c i a l i s t s "  among a l a r g e r  number of p a r a s i t e s  t h a t ,  even though 

they a re  " g e n e r a l i s t s , "  occurred only in one hos t  or o the r ,  r e s u l t s  in 

component communities th a t  a re  r e s t r i c t e d  subse ts  of the  compound 

community. There were a l so  a number of p a r a s i t e s  t h a t  occurred "randomly" 

in both f i sh es  t h a t  con tr ibu ted  to  v a r i a b i l i t y  making t h e i r  component 

communities le s s  d i s t i n c t  and p red ic tab le .  In genera l ,  the  component 

communities of a d u l t  spot and croaker  were more s im i la r  within each host 

species  than between host spec ies  suggesting t h a t  t h e i r  communities were 

r e l a t i v e l y  p red ic tab le  and s ta b le  f o r  marine f i s h e s .  However, the 

v a r i a b i l i t y  in both r e l a t i v e  i n t e n s i t i e s  and presence-absence o f  p a ra s i t e s  

within communities make them l e s s  p red ic tab le  than those  of l e s s e r  scaup 

s tudied  by Holmes e t  a l .  (1986). Scaup were more s p e c ie s - s p e c i f i c  in d i e t  

than spot  and croaker ,  feeding mostly on two species  o f  gammarid amphipods 

t h a t  were in te rmediate  hosts  fo r  many o f  the p a r a s i t i c  spec ies .  As a 

r e s u l t  t h e i r  p a r a s i t e  faunas were s i g n i f i c a n t l y  concordant and 

p re d ic t a b le ,  whereas the much more d iverse  d i e t  of  spot  and croaker  

r e su l t e d  in much l e s s  p red ic tab le  p a r a s i t e  communities than those  in 

scaup.



SUMMARY

Twenty-three species  of  metazoan p a ra s i t e s  were recorded from adul t  

spot and 26 from adult  croaker.  Of the 33 p a r a s i t i c  species  found, 17 

occurred in both spot and croaker.  No s ig n i f i c a n t  d i f fe rences  in 

i n t e n s i t y  of p a ra s i t e s  occurred between sexes of  e i t h e r  spot or croaker.  

All o f  the p a r a s i t e s  had overdispersed,  or clumped, d i s t r i b u t i o n s  among 

hos ts .  Adult spot and croaker co l lec ted  of fshore  had much g rea te r  

spec ies-  r ichness ,  d iv e r s i t y ,  and t o t a l  number of individual  p a ra s i t e s  

than juven i le  f i sh es  co l lec ted  in adjoining e s tu a r i e s .  The juven i le  spot 

and croaker had le ss  time to  acquire p a ra s i t e s  and inhabited  l e s s  diverse 

and more confined h ab i ta t s  in inshore e s tu a r i e s ,  which re su l ted  in less  

d iverse  p a r a s i t e  communities than offshore f i s h e s .  The number o f  species 

and d iv e r s i t y  o f  p a ra s i t e s  in adult  f i sh  was g rea te r  in  croaker than spot .  

However, when only g a s t ro in te s t in a l  helminths were considered, spot had 

g r e a t e r  spec ies- r ichness  as well as g rea te r  numbers of  individual 

helminths, suggesting t h a t  they had a more diverse  d i e t  and t h a t  they fed 

on more infec ted  in termediate hosts than croaker .  In both adu l t  spot and 

croaker  the mean number of  p a r a s i t i c  species was g re a te r  than those of 

freshwater  f i s h e s  and fewer than those for  b i rd s  and mammals. The to ta l  

number of individual p a r a s i t e s  was s im i la r  to  th a t  of freshwater  f i shes .  

The oppor tun is t ic  d i e t  and the migratory hab i t s  of  both spot and croaker 

con tr ibu te  to  t h e i r  d iverse  pa ra s i t e  faunas. Comparison of ad u l t  spot and 

croaker  p a ra s i t e  faunas co l lec ted  offshore  indicated t h a t  t h e i r  respect ive  

p a r a s i t e  component communities were d i s t i n c t  and th a t  s im i la r  p a ra s i t e  

infracommunity v a r i a b i l i t y  exis ted  in both hosts  and t h a t  t h e i r
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communities were not "random" samples, but r e s t r i c t e d  subse ts  of  the 

compound community. Although the  p a r a s i t e  dominance h ierarchy in adu l ts  

o f  both species  var ied  s l i g h t l y  between areas and seasons sampled, the re  

appeared to  be a p red ic tab le  dominant species  t h a t  was accompanied by 

subordinate ,  l e s s  p red ic tab le  species .  However, the  v a r i a b i l i t y  in both 

r e l a t i v e  i n t e n s i t i e s  and presence-absence of p a ra s i t e s  within  communities 

r e s u l t i n g  from t h e i r  d iverse  d i e t s  make them l e s s  p red ic tab le  than those 

of  o ther  v e r t eb ra te s  with l e s s  d iverse  d i e t s  such as the  l e s s e r  scaup and 

more l i k e  those of o the r  marine f i sh e s .



GENERAL SUMMARY AND CONCLUSIONS

(1) Species r ichness  increased rap id ly  in ju v e n i le  spot  and croaker

r e f l e c t i n g  the rad ica l  change in d i e t  as pos t la rvae  switched from a 

pe lag ic  d i e t  o f  mostly copepods to  a more d ive rse  benthic  d i e t .

(2) The es tua ry  of  res idence  was c l e a r ly  as important as host  species  in

determining p a ra s i t e  community s t r u c tu r e .

(3) The number of p a r a s i t i c  species  and the t o t a l  number of  p a r a s i t e s  in

in d iv id u a ls  of th e  l a r g e s t  s iz e  c la s se s  o f  ju v e n i l e  spot and croaker  

were s im i la r  to  those found in freshwater  f i s h e s .  In genera l ,  

e s tu a r in e  f ish es  probably have g r e a t e r  numbers o f  p a r a s i t i c  species  

than most freshwater  f i sh e s  because of  the  more d iverse  assemblage of  

prey  (po te n t ia l  in termediate  hosts) av a i lab le .

(4) Both adul t  spot and croaker  c o l lec ted  offshore  had much g re a te r

s p e c ie s - r i c h n e s s ,  d iv e r s i t y ,  and t o t a l  number o f  individual  p a r a s i t e s  

than ju v en i le  spot  and croaker  co l lec ted  in adjoining e s t u a r i e s .  The 

more d ive rse  offshore  h a b i t a t s  provide more po ten t ia l  in termediate  

hos ts  than e s tu a r in e  h a b i t a t s ,  and in a d d i t io n ,  adu l t  f i s h  have had 

more time to  acquire p a r a s i t e s .

(5) The number of  p a r a s i t i c  species  and t h e i r  d i v e r s i t y  in ad u l t  f i s h  was

g r e a t e r  in  croaker  than spot.

( 6) When infracommunity d i v e r s i t y  parameters f o r  the  g a s t r o i n t e s t i n a l

p a r a s i t e s  alone were examined, spot had g r e a t e r  s p ec ie s - r i ch n es s ,  as 

well as g r e a t e r  numbers of  individual helminths,  suggest ing t h a t  they

106



107

had a more d iverse  d i e t  and th a t  they fed on more infec ted  

intermediate hosts  than croaker.

(7) Adult spot and croaker  co l lec ted  offshore were s im i la r  to  most other

marine f i shes  in t h a t  they have g rea te r  spec ies- r ichness  than 

freshwater  f i s h e s ,  but s im i la r  numbers of  individual p a r a s i t e s .  Most 

b irds  and mammals examined thus f a r  tend to  have g r e a te r  numbers of 

individual  p a ra s i t e s  and to  have g re a te r  numbers of  individual  

p a r a s i t e s  and g re a te r  species r ichness .

(8) All p a r a s i t i c  species  of adul t  f ishes  co l lec ted  offshore  had clumped

d i s t r i b u t io n s  ind ica t ing  th a t  f ac to rs  associa ted  with individual 

hosts were important in determining p a ra s i t e  i n t e n s i t i e s  among hosts .

(9) The component p a ra s i t e  community of  croaker  co l lec ted  from north of  

Cape Hatteras  more c lose ly  resembled the component community co l lec ted

south of  Cape Hat teras  in the  f a l l  and was d i f f e r e n t  than th a t  

co l lec ted  in the  spr ing.  Seasonal d i f fe rences  were g re a te r  than 

d i f fe rences  between geographical areas.  In c o n t r a s t ,  a l l  component 

communities of spot were d i s t i n c t  from each o ther ,  with those 

co l lec ted  north of  Cape Hatteras  in the f a l l  being more s im i la r  to 

those co l lec ted  south of  Cape Hatteras  in the spring than to th a t  

co l lec ted  south of  Cape Hat teras  in the f a l l .

(10) Although the p a ra s i t e  dominance hierarchy in adu l t  spot  and croaker 

varied s l i g h t l y  between areas and season samples, th e re  appeared to  

be a p red ic tab le  group of core species t h a t  were accompanied by 

subordinate ,  l e s s -p re d ic t a b le  species .  However, the  v a r i a b i l i t y  in 

both r e l a t i v e  i n t e n s i t i e s  and presence-absence of  p a ra s i t e s  within 

communities r e su l t in g  from t h e i r  diverse d i e t s  make them le s s
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p red ic tab le  than those of o the r  ve r te b ra te s  which have le ss  d iverse  

d i e t s  such as the  l e s s e r  scaup.

(11) Comparison of spot  and croaker  p a r a s i t e  faunas ind ica ted  t h a t  1)

t h e i r  r e spec t ive  p a r a s i t e  component communities were d i s t i n c t ,  2) 

s im i la r  infracommunity v a r i a b i l i t y  ex is ted  in both hos ts ,  and 3) 

t h e i r  communities were not "random" samples, but r e s t r i c t e d  subsets  

o f  the compound community.

(12) Additional s tu d ie s  of p a r a s i t e  communities o f  various marine and

freshwater  f i sh e s  with d i f f e r e n t  l i f e  h i s t o r i e s  and feeding hab i ts  

need to  be conducted in order  to  b e t t e r  examine these  e f f e c t s  on 

p a r a s i t e  communities.
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