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HELGOL)~NDER MEERESUNTERSUCHUNGEN 
Helgol6nder Meeresunters. 37, 343-352 (1984) 

J u v e n i l e  s u m m e r  f l o u n d e r ,  Paralichthys dentatus, 
m o r t a l i t i e s  in the  w e s t e r n  At lant ic  O c e a n  c a u s e d  by  the  

h e m o f l a g e l l a t e  Trypanoplasma bullocki: e v i d e n c e  f r o m  

f ie ld  and  e x p e r i m e n t a l  s tud ies  

E. M. Burreson & D. E. Zwerner 

Virginia Institute of Marine Science, School of Marine Science, 
College of William and Mary; Gloucester Point, Virginia 23062, USA 

ABSTRACT: Juvenile summer flounder (140-200 mm) inoculated with T. bullocki by leech vector 
or syringe in November 1980, and held in flowing seawater tanks all died within 11 weeks. Water 
temperature during the period of highest mortality ranged from 0.5 to 1.5 °C and may have been a 
contributing factor in mortality. No uninoculated control fish died even though held in the same 
tank. Symptoms of disease were anemia, splenomegaly and obvious ascites. Mortality of feral 
juvenile summer flunder in the lower York River during January 1981 was also attributable to T. 
bullocki because of identical symptoms to moribund fish in the experiment. Results suggest that the 
presence of ascites can be used as an estimate of mortality in fishes north of Cape Hatteras. 

INTRODUCTION 

Attr ibut ing mortal i ty  to infect ious d isease  in wi ld  mar ine  fish popula t ions  is difficult  
because  fishes w e a k e n e d  by d isease  are  subject  to predat ion,  or they may  die  and  

decompose  unobserved.  Even  more  difficult  is the accura te  de te rmina t ion  of the impac t  
of disease on host  popula t ion  size. An exce l l en t  discussion of e p id e m io lo g y  of infect ious 
disease in mar ine  fishes and a r e v i e w  of d o c u m e n t e d  ep idemics  in wi ld  mar ine  fishes 

has recent ly  b e e n  p resen ted  by Munro  et al. (1983}. One  of the major  i m p e d i m e n t s  to 

assessing the impact  of any d isease  agen t  on the popula t ion  dynamics  of its host(s) is the 

difficulty of es t imat ing  morta l i ty  rate from preva lence ,  wh ich  is often the only informa- 

tion avai lable .  Accurate  mortal i ty  es t imates  requi re  a thorough unde r s t and ing  of the 

ecology of the disease  agen t /hos t  interaction,  and  also requ i re  expe r imen ta l  s tudies  

ut i l izing the appropr ia te  range  of inocula t ion  doses, host l i fe-history stages,  and 

envi ronmenta l  variables.  Unfortunately,  such expe r imen ta l  s tudies are labor  in tens ive  
and costly and, in most cases, so li t t le data  are ava i lab le  on d isease  agen t  life cycles or 

other ecological  aspects of the associat ion that  exper iments ,  if they can be  conduc ted  at 

all, are difficult to interpret.  Fortunately,  our previous  s tudies have  p rov ided  us wi th  the 
biological  information to def ini te ly  impl ica te  the hemof l age l l a t e  Trypanoplasma 
bullocki (Strout) in mortal i t ies  of juven i l e  summer  f lounder,  Paralichthys dentatus 
(Linnaeus). 
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Species of Trypanoplasma have f requent ly  b e e n  impl icated as causative agents  of 
mortal i ty in freshwater fishes. However,  in m a n y  of these early reports, reviewed by Lom 
(1979), mortal i ty  could not re l iably  be a t t r ibuted  to Trypanoplasma for it was difficult to 
de te rmine  from the field observat ions whether  Trypanoplasma was the causative agent  
or whe ther  h igh paras i temias  had resul ted because  of the debi l i ta t ing  effect on the host 
of some other aet iological  agent.  More recent  research, however,  unde r  controlled 
condit ions,  has conclus ively  demons t ra ted  the pathological  effects of these f lagellates on 
at least  some of their freshwater fish hosts (Putz, 1972; Dykov6 & Lom, 1979; Lom, 1979; 
Lowe-Jinde,  1979, 1980; Woo, 1979). 

Trypanoplasma bullocki (Strout) is a parasi te  of mar ine  and  es tuar ine  fishes along 
the Atlant ic  coast of the Uni ted  States and  C a n a d a  (Strout, 1965; Laird & Bullock, 1969; 
Daily, 1978; Burreson & Zwerner,  1982) and  in the nor thern  Gulf of Mexico (Becket & 
Overstreet,  1979). The es tuar ine  leech Calliobdella vivida (Verrill) is the vector for this 
hemof lagel la te  (Burreson, 1981). The biology of the interact ions among  the flagellate 
and  its host are discussed by Burreson & Zwerner  (1982) and  some aspects of the role of 
the i m m u n e  system in control l ing the f lagel late  in  summer  f lounder  are presented by 
Sypek & Burreson (1982). Trypanoplasma bullocki was first impl icated as the causative 
agen t  in mortal i ty of a mar ine  fish, the summer  flounder,  by N e w m a n  (1978), a l though 
mortal i ty  could not  defini tely be  a t t r ibuted to the parasi te  at that time. 

This communica t ion  describes results of an exper iment  des igned  to assess the 
pathology of T. bullocki infections in juven i l e  summer  f lounder  held at ambien t  condi- 
t ions and  to compare  infections in  leech- inocula ted  and  syr inge- inocula ted  hosts. Tim- 
ing  of the exper iment  to coincide with the known  t ime of Trypanoplasma acquisi t ion by 
feral juven i l e  summer  f lounder  enab l ed  us to de te rmine  that mortali ty of summer  
f lounder  in the lower Chesapeake  Bay dur ing  Janua ry  1981 was at t r ibutable  to T. 
bullocki, 

MATERIAL AND METHODS 

E x p e r i m e n t a l  s t u d i e s  

Juven i l e  summer  f lounder  (140-200 mm) were collected by trawl dur ing  August  
1980 in the lower York River (Chesapeake  Bay) and  re turned alive to the laboratory (see 
Burreson & Zwemer ,  1982 for map  of study area). Fish were held in  a shallow, rectangu-  
lar (2.5 × 1.2 × 0.25 m), covered outdoor tank  with f lowing unfi l tered York River water 
(salinity about  22 700) and  were fed dai ly on l ive grass shrimp (Palaemonetespugio], live 
sand  shr imp (Crangon septemspinosa], and  frozen sliced squid. Even though previous 
research (Burreson & Zwerner,  1982) ind ica ted  these juven i le  fish should never  have 
b e e n  exposed to r. bullocki-infected leeches, all fish were examined  for the presence of 
hemoflagel la tes  on 30 and  31 October 1980. A small  amount  of blood was wi thdrawn 
from the caudal  vessels  with need le  and  syringe, mixed with a drop of 0.6 % sal ine on a 
glass slide, covered with a coverglass and  examined  unde r  low power  (100 x)  for live 
flagellates.  Microhematocri t  preparat ions  were also examined  for flagellates. No flagel- 
lates were observed in any  fish. On  4 November  1980, f lounder  were divided into two 
groups of 85 and  60 fish and  held  in  the same t ank  but  separa ted  by a plastic screen. 
Pre inocula t ion  blood paramete r  values  (described later) were de te rmined  for 8 fish from 
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the group of 85 to be inocula ted  (group A) and for 10 fish from the control group of 60 fish 

(group B). These  fish were  discarded.  On 5 N o v e m b e r  1980, 52 f lounder  from group A 

were  each in jec ted  in t raper i tonea l ly  wi th  about  100,000 T. bullocki in 0.1 ml of 0.6 % 
saline di luted f lounder  blood. The  r ema in ing  25 fish in group A were  p laced  ind iv idu-  

ally in glass bowls and one T. bullocki-infected l eech  (C. vivida) was p laced  on each  

fish. These  l eeches  were  laboratory raised,  newly  ha tched  ind iv idua ls  that  had  fed once,  
two weeks  earlier,  on a summer  f lounder  heav i ly  infected with T. bullocki, and all had  

large numbers  of f lagel la tes  in their  proboscis  sheaths  as d e t e rm in e d  by microscopic  

examinat ion.  All  l eeches  a t tached and fed, and upon  remova l  3 h later, f l age l la te  densi ty  

in each proboscis sheath  was  great ly  decreased.  The  50 fish in group B were  each  
in jec ted  in t raper i toneal ly  with 0.1 ml of 0.6 % saline. The  52 syr inge- inocu la ted  fish, the 

25 l eech- inocu la ted  fish and the 50 un inocu la t ed  (control) fish w e r e  all  heId in the same 

tank descr ibed above  but were  separa ted  by plast ic  screens.  The  5 N o v e m b e r  inocula-  
tion date  approximates  the t ime of rrypanoplasma acquis i t ion  by juven i l e  summer  

f lounder  in the C h e s a p e a k e  Bay (Burreson & Zwerner ,  1982). 
Initially, blood paramete rs  and f lage l la te  dens i ty  were  d e t e rm in e d  w e e k l y  for 5 

syr inge- inocula ted  and control fish and for 3 l eech- inocu la t ed  fish. After 5 weeks ,  the 
number  of hosts e x a m i n e d  was  reduced.  Sample  size was  necessar i ly  small  to avoid  

using all fish for hemato log ica l  de te rmina t ions  and thus p rec lud ing  any analysis  of 

mortality. Fish to be  examined  w e r e  chosen at r andom and re l axed  in t r icaine 
methanesul fona te  (MS 222, 200 rag/l). Blood was w i t h d r a w n  from the caudal  vessels  

wi th  need l e  and syr inge and d i scharged  into a dry, hepa r in i zed  spot -p la te  well .  Blood 

was tested rapidly in the fo l lowing order: h e m o g l o b i n  analysis,  RBC count, f lage l la te  

count, hematocrit ,  and erythrocyte  sed imenta t ion  rate. A fresh prepara t ion  in sa l ine  for 
de te rmin ing  f lage l la te  presence,  and a smear  w e r e  p repa red  from the blood r e m a i n i n g  

in the syringe. 

Hemog lob in  was de te rmined  by the c y a n o m e t h e m o g l o b i n  method.  Blood for RBC 
count was d i lu ted  in Dacie ' s  f luid in an RBC p ipe t  (Blaxhall & Daisley,  1973) and counts 

were  made  in a hemacytometer .  Blood for f lage l la te  counts was  d i lu ted  in 0.6 % sa l ine  in 

a WBC pipet  and counts were  m a d e  in a hemacytomete r .  Hepa r in i zed  microhematocr i t  

tubes  were  used for packed  cel l  vo lume  and for erythrocyte  sed imenta t ion  rate (ESR) 
determinat ions.  Hematocr i t  va lues  were  read  after 7 min  of cent r i fugat ion  at 12,000 rpm 

and ESRs were  made  at room tempera tu re  for 1 h and then  read agains t  a mi l l ime te r  

grid. Blood smears  were  f ixed for 5 min  in me thano l  and  s ta ined for 15 min  in Giemsa.  

Differential  whi te  b lood cell  counts were  m a d e  from se lec ted  b lood smears.  At least  100 
white  cells were  examined  on each  smear  and usual ly  200 to 500 cells  were  examined .  

Fish were  d iscarded after examinat ion .  Success ive  b l e e d i n g  of the same fish was  not 

conducted  for fear of unrea l i s t ica l ly  a l te r ing  b lood parameters .  S igni f icance  of b lood  

parameter  difference was tes ted by Student ' s  t test. Syr inge and leech  inocula ted  fish 

were  combined  for all statistical tests. 

To further assess survival  of ascit ic fish, j uven i l e  summer  f lounder  (150-200 mm) 

col lected from the lower  C h e s a p e a k e  Bay and offshore dur ing winter ,  1982/83 were  he ld  

in tempera ture  control led seawate r  tanks at 5 °C or 10 °C. All fish were  infected with  T. 
bullocki w h e n  col lec ted  but not all  fish had obvious  ascites. One  smal l  fish (156 rnm) 

with obvious ascites col lec ted  at 5.7 °C was w a r m e d  over  24 h to 13.5 °C and then  he ld  at 

that temperature .  Fish were  he ld  for three  months.  
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F i e l d  c o l l e c t i o n s  

In the Chesapeake  Bay, fish were collected with a 30 ft otter trawl dur ing  fall, 1980 
and  winter,  1981. Fish from offshore were collected with a high rise 41 yankee  trawl with 
roller gear  dur ing  the Nat ional  Mar ine  Fisheries Service spr ing groundfish survey 
aboard R/V Delaware  II. All juven i le  f lounder  were collected wi th in  5 km of shore in 
depths  less than  20 m. Collect ions from Cape Hatteras south to Ocracoke Inlet, North 
Carol ina  were made  on 21 March 1981. Collect ions from Cape Hatteras north to the 
mouth  of Chesapeake  Bay were made  on 27 March 1981. Aboard Delaware II fish were 
examined  immedia te ly  after capture. Each ind iv idua l  was measured  to the nearest  
mi l l imeter  (total length),  and  blood was wi thdrawn and  examined  for flagellates as 
descr ibed above.  F lagel la te  in tens i ty  was es t imated subject ively  (always by the first 
author) as light, modera te  or heavy. These  categories have b e e n  shown (unpubl.  data) to 
correspond genera l ly  to hemacytometer  counts of less than  250/ram 3, 250-2,000/mm 3 
and  greater  than  2,000/mm 3, respectively.  The degree  of ascites was also recorded. 

RESULTS 

E x p e r i m e n t a l  s t u d i e s  

The tempera ture  in  the ho ld ing  tank,  the course of the f lagellate infection and  the 
cumula t ive  mortal i ty dur ing  the exper iment  are shown in Figure 1. The hematological  
de te rmina t ions  are shown in  Figure  2. Average  paras i temia  was highest  three weeks 
pos t - inocula t ion  in fish in  the syr inge- inocula ted  group, but  peaked  a week  later in  the 
l eech- inocu la ted  group. Intensi ty  of infect ion var ied greatly in both groups at peak  
average  parasi temia.  Hematological  parameters  for infected and  control fish (Fig. 2) 
were not s ignif icant ly  different prior to inocula t ion  (p < 0.05}, but  d iverged gradual ly  as 
f lagel late  in tens i ty  increased.  Hemoglobin ,  hematocri t  and  RBC count  values  in infected 
fish were s ignif icant ly  lower than  corresponding va lues  in  control fish from weeks 2 
through 11. Differential  leucocyte cell counts r emained  relat ively constant  in uninfec ted  
fish unt i l  week  11. In infected fish there was a genera l  shift to the granulocyt ic  series. 
Erythrocyte sed imenta t ion  rate r anged  from 1 to 6 mm, but  magn i tude  was not related to 
severi ty or dura t ion  of infection. 

The only consis tent  gross pathological  manifes ta t ion  was a progressive ascites first 
no t iceable  4 weeks  post- inoculat ion.  By w e e k  9, the abdomina l  cavity of all  infected fish 
was grossly d i s tended  (Fig. 3). A s ingle  leech- inocula ted  fish died dur ing  week 5 
(Fig. 1), but  dur ing  weeks  10 and  11 mortal i ty of infected fish rapidly reached 100 %. 
Water  t empera ture  dur ing  the period of h ighest  mortal i ty r anged  be t w e e n  0.5 and 1.5 °C. 
No control fish died dur ing  the exper iment .  Abdomina l  fluid and  blood were wi thdrawn 
from all mor ibund  fish. Flagel la te  dens i ty  in  per i tonea l  fluid r anged  be t w e e n  5 and 10 
t imes h igher  than  f lagel late  densi ty  in the blood. Smears of abdomina l  fluid revealed 
phagocytosis  of f lagel lates  by macrophages.  Sp lenomega ly  was p ronounced  in  all 
mor ibund  fish examined.  

Survival  of na tura l ly  infected ascitic fish collected dur ing  1982/83 and  held in the 
laboratory d e p e n d e d  on severity of ascites and  ho ld ing  temperature.  Fish with severe 
ascites (Fig. 3) w h e n  collected (11 individuals)  never  survived longer  than 3 days at 
ei ther  5 °C or at 10 °C. Fish with obvious bu t  not severe ascites (23 individuals)  survived 
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Fig. 1. Results of experimental studies and field collections in the lower York River. Solid line in 
f l a g e l l a t e s / m m  3 c o n n e c t s  m e a n s  f o r  s y r i n g e - i n o c u l a t e d  f i sh ,  b r o k e n  l i n e  c o n n e c t s  m e a n s  f o r  l e e c h -  

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

from 2 weeks  to 6 weeks  at 5 °C, but  in all  cases ascites p rogress ive ly  wor sened  and no 

fish survived longer  than 6 weeks .  Two fish with obvious ascites he ld  at 10 °C and one 

fish held  at 13.5 °C survived for 3 months  and were  then  re leased.  These  3 fish d i sp layed  
no ascites after 2 weeks  at the ho ld ing  tempera ture .  Infected fish wi thout  asci tes  (10 

individuals)  all  survived for 3 months  at 5 °C. 

F i e l d  c o l l e c t i o n s  

Average  catch of juven i l e  s u m m e r  f lounder  pe r  t rawl in the lower  York River is 

shown in Figure  1. The  decrease  in catch through the fall p robably  reflects migra t ion  of 
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Fig. 2. Hematological  parameters  for infected and  control fish. L = lymphocytes; T = thrombocytes; 
G = granulocytes;  P = progranulocytes.  Solid l ines for leucocytes are control fish, b roken  l ines are 

infected fish 

s o m e  f i sh  t o w a r d  t h e  m o u t h  of C h e s a p e a k e  B a y  a n d  i n t o  t h e  n e a r s h o r e  z o n e  o u t s i d e  t h e  

Bay.  Of  25  i n d i v i d u a l s  e x a m i n e d  f r o m  t h e  8 J a n u a r y  co l l e c t i on ,  a l l  w e r e  i n f e c t e d  w i t h  T. 

bullocki a n d  t w o  f i sh  h a d  o b v i o u s  a sc i t e s .  B o t t o m  t e m p e r a t u r e  a t  t r a w l  s t a t i o n s  r a n g e d  

f r o m  2.5 to 3 .3  °C. O n  19 J a n u a r y ,  1981, 80  % (47 of 59) of t h e  j u v e n i l e  s u m m e r  f l o u n d e r  

c o l l e c t e d  w e r e  m o r i b u n d  or  d e a d .  Al l  l i ve  f i sh  a n d  d e a d  f i sh  f r o m  w h i c h  b l o o d  w a s  

o b t a i n a b l e  w e r e  i n f e c t e d  w i t h  T. bullocki, a n d  m o s t  f i sh  h a d  n o t i c e a b l e  asc i t es .  B o t t o m  

t e m p e r a t u r e  i n  t h e  l o w e r  Y o r k  R i v e r  w a s  0.9 °C. O n  22 J a n u a r y ,  8 s u m m e r  f l o u n d e r  w e r e  
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Fig. 3. Severe ascites in juvenile summer flounder from the experiment,  10 weeks  postinoculation. 
Three views of the same individual 

c o l l e c t e d  in  a s i n g l e  t o w  a n d  all w e r e  d e a d .  O n  10 F e b r u a r y  1981, two  b a d l y  d e c o m p o s e d  

s u m m e r  f l o u n d e r  w e r e  c o l l e c t e d  at  t h e  m o u t h  of t he  York  River.  No s u m m e r  f l o u n d e r  

w e r e  c o l l e c t e d  in  four  t o w s  on  16 F e b r u a r y  1981 in  t h e  l o w e r  C h e s a p e a k e  Bay n e a r  t he  

m o u t h  of t he  J a m e s  River  or  in  s ix  t o w s  in  t h e  l o w e r  York  River  on  23 F e b r u a r y  1981. O n  

26 M a r c h  1981, no  s u m m e r  f l o u n d e r  w e r e  c o l l e c t e d  in  two  t o w s  n e a r  t h e  m o u t h  of t he  

J a m e s  River,  b u t  o n e  j u v e n i l e  f l o u n d e r  w a s  c o l l e c t e d  in  o n e  t o w  at  t h e  m o u t h  of t h e  York  

River.  

I n t ens i t y  of T. bu l lock i  i n f e c t i o n s  in  s u m m e r  f l o u n d e r  c o l l e c t e d  on  t h e  M a r c h  1981 

N M F S  g r o u n d f i s h  su rvey  f rom n e a r s h o r e  w a t e r s  of V i r g i n i a  a n d  N o r t h  C a r o l i n a  a re  

s h o w n  in F i g u r e  4, N o r t h  of C a p e  H a t t e r a s  23.4 % of t h e  j u v e n i l e  f l o u n d e r  h a d  h e a v y  T. 
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bullocki  infect ions and obvious ascites, south of Cape  Hatteras  25.0 % of the juveni le  
f lounder  had heavy  infections but  no ascites was observed.  Bottom tempera ture  at trawl 

stations north of Cape  Hatteras  where  juven i l e  f lounder  were  col lected ranged  from 5.3 

to 6.3 °C; south of Cape  Hat teras  bot tom tempera tu re  r anged  from 10.5 to 11.9 °C. 

MARCH 1981 
NORTH OF CAPE HATTERAS 

MARCH 1981 

SOUTH OF CAPE HATTERAS 

~,.oo Asc 

S A M P L E  S I Z E  = 6 4  S A M P L E  S I Z E  = 3 2  

Fig. 4. Computer-generated pie charts of 7". bultocki intensity in juvenile summer flounder. Each 
segment lists intensity category, number of fish in that category and percent of total sample size in 
that category. MOD ASC, moderate intensity with ascites; HVY ASC, heavy intensity with ascites 

DISCUSSION 

Al though  sample  size for b lood parameters  and f lage l la te  intensi ty  was necessar i ly  
small  and a l though the same indiv iduals  were  not  sampled  consecut ively,  it is possible  

to reach some ten ta t ive  conclusions.  The  characteris t ics  of 7". bullocki  infections result- 

ing from leech  and syr inge- inocula t ion  were  similar. The l eech- inocu la ted  infections 

p e a k e d  one w e e k  later  than the syr inge- inocula ted  infect ions and reached  a h igher  
ave rage  peak  paras i temia  but cons ider ing  the var iabi l i ty  of intensi ty at any sampl ing 

date  the courses of infect ion for the two inocula t ion  types were  similar. Hemato log ica l  

de te rmina t ions  (anemia) and pa thologica l  symptoms (ascites, sp lenomegaly)  were  also 

s imilar  for the two inocula t ion  types, and were  consis tent  wi th  those reported for various 
t rypanoplasms in f reshwater  fishes (Putz, 1972; Lom, 1979; Lowe-J inde,  1979; Woo, 

1979). These  results sugges t  that a syr inge inocula t ion  dose of 105 is not unreal is t ic  when  

compared  to the effects p roduced  by inocula t ion by a single,  small  but heavi ly  infected 

leech.  There  have  b e e n  no at tempts  to quant i fy  the n u m b e r  of f lagel la tes  present  in the 

proboscis  sheath  of a heav i ly  infec ted  C. vivida, but even  if it were  known,  it would  be 
difficult  to es t imate  how many  f lage l la tes  ac tual ly  w e r e  inocula ted  into the fish host. The 

observed  shift in infected fish to the granulocyt ic  ser ies  compared  to uninfec ted  fish was 
also noted  by Hines  & Spira (1973) dur ing Ichthyophthirius infections in carp. 
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Results clearly indicate  that observed mortal i ty in the exper iment  was caused by 7". 
bullock1. Disease symptoms were progressive and  consistent  with previously  reported 
cases of t rypanop lasm- induced  mortali ty (Lom, 1979}, Water  tempera ture  in the experi-  
mental  tank dur ing  the per iod of highest  mortal i ty r anged  from 0 to 1.5 °C and  this 
unusua l ly  low tempera ture  stress may have b e e n  a cont r ibut ing  factor in the mortality. 
However,  low tempera ture  was not the sole cause of mortali ty because  no control fish 
died even  though held in the same tank as the infected fish. 

W h e n  considered in l ight  of the exper imenta l  results, it is clear that dead  summer  
f lounder  t rawled from the lower York River were  also ki l led by T. bullock1. Date of 
mortal i ty in  the York River coincided exactly wi th  date of mortal i ty in  the exper iment ,  
mor ibund  fish were all infected with the f lagel late  and  all had obvious ascites. Low 
water  temperature  may have  aga in  b e e n  a cont r ibut ing  factor. It is imposs ib le  to 
determine the total n u m b e r  of j uven i l e  summer  f lounder  that d ied  in  the lower 
Chesapeake Bay and  tr ibutar ies  as a result  of 7". bullock1, or even  the pe rcen tage  of 
f lounder that died. Al though only a s ingle  l ive juven i l e  f lounder  was collected in  the 
lower Chesapeake  Bay the r ema inde r  of the winter,  sugges t ing  high mortality, it is 
possible that the rapid decrease in  water  t empera ture  in  early J anua ry  from about  5 °C to 
near  0 °C (Fig. 1) may have caused  some juven i l e  summer  f lounder  to migra te  out of the 
Chesapeake  Bay into somewhat  warmer  water  a long  the coast. It is well  k n o w n  that a 
proportion of the juveni le  summer  f lounder  overwinter  in  the lower Chesapeake  Bay and  
tributaries while  the r ema in ing  ind iv idua ls  migrate  into the nearshore  zone a long  the 
middle  Atlantic states dur ing  late fall (Powell & Schwartz, 1977; Smith & Daiber,  1977). 
The t iming of migrat ion seems to depend  upon  temperature ,  but  it is unc lea r  what  
proportion of the indiv iduals  migrate  offshore in  any  g iven  year. Juven i l e  summer  
f lounder overwinter ing in the nearshore zone have not b e e n  examined  rout inely  for T. 
bullocki, but  l imited sampl ing  dur ing  March 1981 suggests  that about  50 % of the fish 
are infected with T. bullocki at that t ime and  half of the infected fish north of Cape 
Hatteras have obvious ascites. 

Results of this study demonstra te  that T. bullocki does cause mortali ty in  wild 
populat ions of juveni le  summer  f lounder  dur ing  winter  and  suggest  that this mortal i ty 
may be temperature  dependent .  Results of ho ld ing  ascitic fish at various tempera tures  
indicate that fish with ascites will  not survive typical  win te r  water  tempera tures  north of 
Cape Hatteras (5 °C or less} at least from December  through February.  Fish with ascites 
in  March may be able to survive unt i l  water  tempera tures  warm to 10 °C in  April. Thus, it 
appears from this study that the presence  of ascites in juven i l e  summer  f lounder  can be 
used as a measure  of mortal i ty north of Cape Hatteras. No ascites was observed south of 
Cape Hatteras and exper imenta l  results, a l though limited, suggest  that ascitic fish could 
survive T. butlocki  infections most years because  win te r  water  tempera tures  usua l ly  
remain  above 8 °C. 

Future sampl ing  wil l  emphas ize  overwin te r ing  nearshore  popula t ions  both north 
and  south of Cape Hatteras to ob ta in  more data on T. bullocki  preva lence  and  presence  
of ascites in  these fish. Exper imenta l  s tudies wil l  ana lyze  in  more detai l  the role of 
temperature  in  mortali ty and  wil l  a t tempt  to de te rmine  why only some infected ind iv idu-  
als develop high paras i temias  and  ascites. 
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