3

% WILLIAM & MARY
CHARTERED 1693 W&M ScholarWorks

VIMS Books and Book Chapters Virginia Institute of Marine Science

7-2001

Infection and mortality studies with Hematodinium perezi in blue
crabs

Jeffrey D. Schields
Virginia Institute of Marine Science

Follow this and additional works at: https://scholarworks.wm.edu/vimsbooks

b Part of the Marine Biology Commons

Recommended Citation

Schields, Jeffrey D., "Infection and mortality studies with Hematodinium perezi in blue crabs" (2001).
VIMS Books and Book Chapters. 144.

https://scholarworks.wm.edu/vimsbooks/144

This Book Chapter is brought to you for free and open access by the Virginia Institute of Marine Science at W&M
ScholarWorks. It has been accepted for inclusion in VIMS Books and Book Chapters by an authorized administrator
of W&M ScholarWorks. For more information, please contact scholarworks@wm.edu.


https://scholarworks.wm.edu/
https://scholarworks.wm.edu/vimsbooks
https://scholarworks.wm.edu/vims
https://scholarworks.wm.edu/vimsbooks?utm_source=scholarworks.wm.edu%2Fvimsbooks%2F144&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1126?utm_source=scholarworks.wm.edu%2Fvimsbooks%2F144&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.wm.edu/vimsbooks/144?utm_source=scholarworks.wm.edu%2Fvimsbooks%2F144&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@wm.edu




GULF STATES MARINE FISHERIES COMMISSION

Commissioners and Proxies

Alabama
Riley Boykin Smith
Alabama Department of Conservation and Natural
Resources
64 North Union Street
Montgomery, Alabama 36130-1901
proxy: Vernon Minton
Marine Resources Division
P.O. Drawer 458
Gulf Shores, Alabama 36547

Walter Penry

Alabama House of Representatives
12040 County Road 54

Daphne, Alabama 36526

Chris Nelson

Bon Secour Fisheries, Inc.
P.O. Box 60

Bon Secour, Alabama 36511

Florida
Allan L. Egbert, Executive Director
Florida Fish and Wildlife Conservation Commission
620 South Meridian Street
Tallahassee, Florida 32399-1600
proxy: Ken Haddad, Director
Florida Marine Research Institute, FWC
100 8™ Avenue SE
St. Petersburg, Florida 32399

Virginia V ail

Division of Marine Fisheries, FWC
620 South Meridian Street
Tallahassee, Florida 32399-1600

William M. Ward
2221 Corrine Street
Tampa, Florida 33605

Louisiana

James H. Jenkins, Jr.

Louisiana Department of Wildlife & Fisheries

P.O. Box 98000

Baton Rouge, Louisiana 70898-9000

proxy: John Roussel
Louisiana Department of Wildlife & Fisheries
P.O. Box 98000
Baton Rouge, Louisiana 70898-9000

Warren Triche

Louisiana House of Representatives
100 Tauzin Lane

Thibodaux, Louisiana 70301

Frederic L. Miller
P.O. Box 5098
Shreveport, Louisiana 71135-5098

Mississip pi

Glenn L. Campenter, Executive Director

Mississippi Department of Marine Resources

1141 Bayview Avenue, Suite 101

Biloxi, Mississippi 39530

proxy: William S. “Corky” Perret
Mississippi Department of Marine Resources
1141 Bayview Avenue, Suite 101
Biloxi, Mississippi 39530

Billy Hewes

Mississippi House of Representatives
P.O. Box 2387

Gulfport, Mississippi 39505

Walter J. Blessey
1012 Beach Boulevard
Biloxi, MS 39530

Texas

Andrew Sansom

Texas Parks & Wildlife Department

4200 Smith School Road

Austin, Texas 78744

proxy: Hal Osburn
Texas Parks & Wildlife Department
4200 Smith School Road
Austin, Texas 78744

J.E. “Buster” Brown
Texas Senate

P.O. Box 12068
Austin, Texas 78711

L. Don Perkins
1319 Winrock Boulevard
Houston, Texas 77057



PROCEEDINGS: BLUE CRAB MORTALITY SYMPOSIUM

held in conjunction with

The Crustacean Society Annual Summer Meeting
Lafayette, Louisiana
May 28-29, 1999

Edited by

VINCENT GUILLORY
Louisiana Department of Wildlife and Fisheries
Bourg, Louisiana

HARRIET PERRY
University of Southern Mississippi, Institute of Marine Science, Gulf Coast Research Laboratory
Ocean Springs, Mississippi

and

STEVE VANDERKOOY
Gulf States Marine Fisheries Commission
Ocean Springs, Mississippi

Symposium Sponsored
and Published by

Gulf States Marine Fisheries Commission
Ocean Springs, MS

G\U\—.F .S.T-A-T.E.S , MA Rl/\/E




GULF STATES MARINE FISHERIES COMMISSION

Interjurisdictional Fisheries Management Program

Technical Coordinating Committee’s Crab Subcommittee

Vince Guillory

LA Department of Wildlife and Fisheries

P.O. Box 189

Texas Gulf Road

Bourg, LA 70343

(504) 594-4130, 594-7317-FAX

Tom Wagner

Texas Parks and Wildlife Department
702 Navigation Circle

Rockport, TX 78382

(361)729-2328, 729-1437-FAX

Harriet M. Perry

University of Southern Mississippi
College of Marine Science

Gulf Coast Research Laboratory
P.O. Box 7000

Ocean Springs, MS 39566-7000
(228) 872-4218, 872-4204-FAX

Anne Jackson

FWC/Florida Marine Research Institute
100 Eighth Avenue, SE

St. Petersburg, FL. 33701-5095

(727) 896-8626, 823-0166-FAX

ii

Theresa Bert

FWC/Florida Marine Research Institute
100 Eighth Avenue, SE

St. Petersburg, FL. 33701-5095

(727) 896-8626, 823-0166-FAX

Traci Floyd

Mississippi Department of Marine Resources
1141 Bayview Avenue, Suite 101

Biloxi, MS 39530

(228) 374-5142, 374-5220

Leslie Hartman

Alabama Department of Conservation
and Natural Resources

P.O. Drawer 189

Dauphin Island, AL 36528

(334) 861-2882, 861-8741-FAX



Preface

A symposium on sources and measurement of blue crab (Callinectes sapidus Rathbun) mortality was
held in conjunction with the Annual Meeting of the Crustacean Society in Lafayette, Louisiana, on May
28 and 29, 1999. The symposium was sponsored by the Crab Subcommittee of the Gulf States Marine
Fisheries Commission (GSMFC). The symposium addressed sources of juvenile and adult blue crab
mortality in the form of both review papers and original research findings. The information provided by
this Proceedings should stimulate additional questions, investigations, and insights into the sources of
mortality on the blue crab population and its implications for the blue crab fishery.

Appreciation is extended to Ms. Cindy Yocom and Ms. Lucia Hourihan for their assistance in the

final editing of the proceedings. Thanks also goes to numerous reviewers who provided valuable
comment on the papers submitted for this publication.
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Hematodinium  perezi

Infection and Mortality Studies with Hematodinium
perezi in Blue Crabs

JEFFREY D. SHIELDS

Department of Environm ental Scien ces,Virginia Institute of M arine Science, The College of
William and Mary, PO Box 1346, Gloucester Point, Vermont 23062

Abstract. — Bluecrabs, Callinectes sapidus, from the Delmarva Peninsula experience recurring
epizootics of a pathogenic dinoflagellate. The parasite, Hematodinium perezi, fulminates in late
summer and autumn causing significant mortalities in high salinity embayments and estuaries.
Mortality rates during epizooticsaredifficult to estimate because dead crabs quickly deteriorate. Host
mortality wasinvestigated in naturally- and experimentally-infected crabs. Detection of the paraste,
its proliferation in the hemolymph, and distribution in lower Chesapeake Bay were also examined.
The dinoflagellate was highly pathogenic, killing 100% of naturally infected crabs, and 86% of
inoculated crabs over 35 and 40 days, respectively. Inoculated hosts began dying 14 days after
infection, with a median time to death of 30.3 + 1.5 d (se). Proliferation of the paraste was rapid at
20°C, with infections progressing to high level s over oneto two week s. Detection of the parasite was,
however, variable. In infection ex periments some hosts pr esented infections after two weeks while
others were not detected until four weeks pog inoculation. The dinoflagellate was prevalent in the
seasidebays of the Delmarva Peninsula. In fall 1996, the prevalenceof the disease along the Virginia
portion of the Delmarva Peninsula varied from 20-50% in legal crabs. Prevalences of 1-30% were
noted for crabscaught between CapeHenry and Cape Charles,i.e.,the mouthof thebay. The mortality
studiesindicate that H. perezi represents a significant threat to the blue crab fisheriesin high salinity
estuaries and may preferentially infect mature females that move to higher salinities to breed.

KEYWORDS: Callinectes sapidus, Hematodinium perezi, epizootics, crab fisheries, parasitic
dinoflagellate

is a parasitic pots and shedding facilities.

The Delmarva

dinoflagellate found in the hemolymph of blue
crabs, Callinectes sapidus, and other decapods. The
disease occursin high salinity waters (>11%.) from
Delaware to Florida, and into the Gulf of Mexico
(Newman and Johnson, 1975; Messick and
Sinderman, 1992; Messick and Shields,in press).In
Virginia and Maryland, H. perezi has caused
serious losses to the crab fishery of the Delmarva
Peninsula (Messick, 1994; S. Rux and M.
Oesterling, VIMS, persona communication). In
1991 and 1992, an epizootic of the parasite affected
the blue crab fishery in seaside bays of the
Delmarva Peninsula. Watermen reported reduced
catches and lethargic, moribund and dead crals in
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Peninsulahas several characterstha may facilitate
epizootics of H. perezi, including relatively closed
crab populations (i.e., those with little immigration
and emigration of juveniles and adults), relatively
little water exchange between the open ocean and
backwaters, and stressful conditions such as heat
stress, seasonal hypoxia, seasona fishing and
predation pressure (Shields, 1994). Smilar
conditions exist in many small estuaries along the
mid-Atlantic and southeastern USA.

In 1997, blue crabs supported the largest
commercial fishery within Chesapeake Bay and the
second largest fishery in Virginia(Kirkeley, 1997).
The crab industry harvests from 80-120 million
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pounds from Chesapeake Bay annually; of that,
approximatdy 10-14 million pounds are soft-shell
crabs (Kirkeley, 1997; Rugolo et al., 1998a).
Declines in crab catches in 1998 and projected
declinesin 1999 indicatethat mortality processesin
blue crabs are not well understood. Current models
project estimates of natural mortalities, but they do
not account for the potential epizootics and
mortalitiescaused by Hematodiniumperezi. While
fishing pressuremay be high (Rugolo et al., 1998b),
disease and environmental processes have not been
well examined; yet, both processes cortribute to
declines and population cycles in other crustacean
fisheries (e.g., Hobbs et al., 1992; Kuris and
Lafferty, 1992). Given theimportanceof thefishery
to the region's economy, and the relative effect of
the disease in blue crabs, it is imperative that we
clarify the epizootiology and pathology of the
disease.

Hematodinium spp. threaten other important
crustacean fisheries. Recent outbreaks of
Hematodinium-like parasites have been reported
from Alaskan stocks of Tanner crab, Chionoecetes
bairdi (Meyers et a., 1987, 1990, 1996); Eastern
Canadian stocksof snow crab, C. opilio (Taylor and
Khan, 1995); the Scottish fishery for Norway
lobster, Nephrops norvegicus (Field et al., 1992;
Fieldand Appleton, 1995); and theFrench fisheries
for the velvet crab, Necora puber (Wilhelm and
Miahle, 1996) and rock crab, Cancer pagurus
(Latrouiteet al., 1988). In Austraia, H. australis
occurs at low levels in stocks of sand crabs,
Portunus pelagicus, and mangrove crabs, Scylla
serrata (Shields, 1992; Hudson and Shields, 1994).
An unusua dinoflagellate has also been reported
from spot and pink shrimp, Pandalus borealis and
P. platyceros (Bower et a., 1993; Meyers et a.,
1994).

Unfortunately, background mortalities due to
Hematodinium are often difficult to assess because
dead crabs quickly become undagnosable. The
timing of host mortalities was investigated in
natural and experimental infections as well as the
detection and proliferation of the parasite in
infected crabs. In addition, the prevalence of the
parasite was reported for Chesapeake Bay.
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Lowrer Bay Crab Sanctuary
ER Hamptonh Foads Management
ATey

FIGURE 1. — (A) Distribution and prevalence of H.
perezi in blue crabs from Chesapeake Bay, fall, 1996.
Black circles represent locations where the disease was
found. Gray dots represent reference locations (Hungars
and Red Bank creeks). Numbersindicate infected crabs
versus total number sampled. Schematic of aggregate
locations used in the analyss (cf. strata used by VIMS
Trawl Survey). (B) Crab management areas designated
by the Virginia Marine Resources Commission. The
Kiptopeake and Hampton Roads areas are closed to
dredging in winter. The Lower Bay is closed to pot
fishing but open to dredging.
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Methods

Crab Collections

Bluecrabswere col lected from the coastal bays
and creeks on the "seasi de"* (e.g., Red Bank Creek,
Wachapreague) and "bayside” (e.g., Nassawadox
Creek, Hungars Cresk, Cape Cherles) of the
Delmarva Peninsula and from many locations
within the mainstem of the lower Chesapeake Bay
(Figurel). Additional collectionswere madeinthe
York, James, and Rappahannock rivers. Regular
monthly sampling was done viapot and trap fishing
at two reference locations: bayside at Hungars
Creek and seaside at Red Bank Creek. The broad-
scale sampling was done in conjunction with the
Virginialnstitute of Marine Sciences (VIMS) trawl
(April through December, December through
March, respectively) and dredge surveys.
Additional samples were collected via trawls and
crab pots. In most cases, crabs were chilled onice
for transportation to the laboratory. Up to 60 crabs
from each trawl or dredge were examined for
Hematodinium perezi. Low salinity locations
(<11%0) were not sampled for the disease, but
subsamples (n=60-75) of several hundred crabs
were sampled from the Y ork River as a baseline.

Laboratory Analyses

Crab sex; carapace width (with and without
spines); condition (maturity, natural vs. trawl
damage); molt stage and collection location were
recorded. Crab hemolymph was taken from the
axillae of the 5th walking legwith a 27 ga needle
and tuberculin syringe. Hemolymphwas examined
as a wet smear, with an additional smear being
processed and stained as described in Messick
(1994). Briefly, acid-cleaned, poly-l{ysine-coated
microslides were smeared with 2-3 drops of fresh
blood, allowed to sit for 2-3 min, then fixed in
Bouin's fixative. Thesmears werethen processed
through aroutine hematoxylin and eosin procedure.
Wet smearswere read at 400x using phase contrag;
matching prepared smears wee read with oail
immersion at 1000x. The density of infection was
estimated via direct cell counts using a
hemocytometer (Neubauer, Bright-ling). Intensity
was the proportion of parasites (trophonts and
plasmodia; Figure 2) to the total number of host
cells multiplied by 100, giving parasites per 100
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host cells.

For infection studies, Hematodinium perezi was
maintained in the laboratory by serial passage of
infected hemolymph. Raw hemolymph or buffer-
washed (see below) paasites from naturaly
infected crabs was injected directly into naive
crabs. Naive crabswereobtainedfrom areasoutside
the enzootic region, and their hemolymph was
examined prior to challenge. Uninfected crabs
were acclimated for 3-7days prior to treatment to
ensure absence of overt bacterial or protozoal
diseases. During experiments, crabs were fed fish
and squidsemiweekly and heldindividuallyin 5gal.
(19 I) aguaria (static, box filters with activated
charcoal) at 20°+2°C and 24%o salinity.

Proliferation and Mortality Studies

Observationson the proliferation of the disease
were undertaken in two Proliferation Studies. In
Proliferation |, naturally infected crabs were held
individually for observation and hemolynmph
sampled regularly as described above. In
Proliferation 11, unexposed, naive crabs were
inoculated with infected hemolymph containing
plasmodia of H. perezi. Hemolymph was taken
from an infected creb, the density of the parasites
was counted with ahemocytometer (10° plasmodia
ml™), and 100 pl of hemolymph was injected
directly into the axillae of the fifth walking leg of
uninfected, naive crabs. Bothmaleand femal ecrabs
were inoculated (n = 12 and 3, respectively). The
onset and course of the infections were monitored
viaweekly hemolymph smears.

Two mortality experiments were undertaken
and are briefly described here (for details, see
Shields and Squyars, 2000). In Mortality |, raw,
infected hemolymph wastheinoculant.In Mortality
I1, buffer-washed parasites were adjusted to the
density of the inoculant used in Mortaity I.
Mortality 11 was a close replicate of M ortality |
except for the use of centrifugation with buffer
washes and the use of mostly plasmodia versus
uninucleate stages of the parasite (see below).
Controls consisted of injeding uninfected
hemolymph (or buffer in Mortdity 1) into
uninfected crabs and handling uninfected crabs
smilarly. The controls served as comparisons for
the onset and severity of the infection in the
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Ficure 2. — (A) Small plasmodium inthe hemolymph (approx.20 um long) (arrow). (B) Amoeboid trophont (12-
14 um) in the hemolymph (arrow). (C) Schizogony of aplasmodial stage (approx. 80 um) (arrow). (D) Rounded trophont

(12-14 um, arrow) in the hemolymph.

inoculated crabs, as well as for monitoring
survivorship. Crabs were monitored daily for
mortalities and bled weekly to assess infection
status.

Mortality | consisted of an experimental group
(n =20 crabs) inoculated individually with 100 pl
of infected hemolymph containing 1.3 x 10°
parasites (100% trophorts). Controls(n=22 crabs)
were inoculated with 100 pl of uninfected
hemolymph.  Mortality Il consisted of two
experimental groups (n =10, 10 crabsrespectively)
inoculated with 100 pl of buffer containing either
1.0 x 10° parasites per crab (high dose; 97%
plasmodia, 3% trophonts) or 1.0 x 10° parasites per
crab (low dose, sameratio). Controls (» = 8 crabs)
wereinoculated with 100 pl physiological buf fer. In
Mortality I, infected hemolymph was diluted 1:1
with filter-sterilized buffer (modified from
Appleton and Vickerman, 1998; Nad 19.31 g/l,
KCI 0.65 g/l, CaCl,® 2H,0 1.38 g/l MgSO, ® 7H,0
1.73d/l, Na,SO, 0.38 g/l, HEPES 0.82g/l, adjusted
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to pH 7.8, with added glucose 1.0 mgml),
centrifuged at 4000 rpm for ten minutes, washed
twice more as above, and the parasites resuspended
in buffer to obtain 1.0 x 10° parasitesml™ and 1.0 x
10" parasitesml ™.

The proportional hazards model was used to
analyze survival data(Cox and Oakes, 1984). The
Tarone-Ware log-rank test was used to examine
differences between survivorship curves
(Wilkinson,1997).SY STAT (Wilkinson, 1997) and
SAS were used to perform the statistics. A
significance level of p < 0.05 was accepted as
significant.

Results
Proliferation Studies
In aquaria, naturally infected crabs with light
infections (0.33 to 3.00 plasmodia/100 host cells)
developed heavy infections (>100 trophonts/100
host cells) over two to three weeks (Figure 3).
Proliferation of the parasite was faster in moderate
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Ficure 3. — Proliferation of H. perezi in naturally infected blue crabs with light infections (0.33-3 parasites/100
host cells), moderate infections (3.1-10 parasites/100 host cells), heavy infections (>10 parasites/100 host cells). Females
(dashed lines) and males (solid lines). Endpoints represent crab death.
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infections with log growth rapidly pushing
intensitiesto enormouslevels (>3000 parasites/100
host cells). Proliferation in heavy infections was
not as rapid as the moderate infections, but log
growth was apparent in two crabs after ten daysin
the laboratory.

Survival of the host was not consistent between
light, moderate and heavily infected crabs. (Figure
3). Crabswith moderate infections appearedto die
more quickly than those with light and moderate
infections, and mortalities may have been
associated with high parasite intensities. In some
cases, heavily infected crabs survived as long as
lightly infected crabs (Figure 3). A few crabs
survived for up to 35 days before dying from the
infection (Figure 4), with one female showing a
declinein theintensity of the infection (Fgure 3).

Inoculation of 10* plasmodia (Proliferation 1)
successfully transmittedthe parasiteto naive hosts.
In general, no infections were observed before six
days post inoculation. Light infections,
characterized by plasmodia(1-3 plasmodia/100 host
cells), wereobserved after approximately 13 daysin
14 of 15 hosts (Tablel). Moderateinfections (3-10
parasites’100 host cells) with plasmodia and
trophonts occurred after 16 days, and heavy

—=— Naturally infected — @— Inoculated

0 T T T T T T

w T T

0 5 10152025 30354045505560
Days
FIGURE 4. — Survival of of naturally infected crabs
(Proliferationl; solid line, diamonds) and ex perimentally
inoculatedcrabs (Proliferation |1, dashed line, circles,10?
plasmodia per crab) held in the laboratory.
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infections (>10 parasites/100 host cells) occurred
after 30 days. Host mortalities to the infection
occurred after 17 days, peaked between 45 to 52
days, withthelast infected crab dying 55days after
the injection (Figure 4).

Animportant aspect regarding occult infections
was revealed. Densities of less than 0.33
parasites/100 host cells (approximately 1.0 x 10*
parasites/ml) cannot be effectively diagnosed using
hemolymph smears. This was confirmed by
reexamining crabs from Hungars and Red Bank
Creek (referencel ocations) after they had been held
separately for five to ten days. Several crabs that
had been diagnosed as uninfected from field
collections had converted to light infections.
Hence, there was aminimum prepatent period of at
least eight to ten days before infections could be
observed.

Mortality Studies

Hematodinium perezi was highly pathogenic
(Figures 4 and 5). Inoculated crabs that became
infected began dying two weeks after inoculation.
The mortality rate of the infected crabswas 86%,
while only 20% of the controls died. Uninfected
crabs (controls) experienced significantly fewer

100

80

il -

40

20
I:l T T T T T T T T T T T T

6 12 13 M 30
Days post-moculation

Survival function (100%)

FIGURE 5. — Survival analysis (Kaplan-Meier,
Weibull distribution) of experimentally inoculated crabs
(Mortality | and 11, 10% and 10° parasitesper crab) held at
20° C, 24 %o. N = 20 uninfected controls, 30 inoculated
crabs. The proportional hazards model indicated a
significant difference between uninfected and infected
crabs (with a 14 day lag) at P<0.001.
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TaBLE 1. — Detection of H. perezi in hemolymph of experimentally inoculated blue crabs over the course of
infection. Crabsin Proliferation | were given 10 plasmodia (n = 15 crabs). Crabsin Mortality experiments (combined
results) were given 10° or 10° plasmodia or trophonts. Mean intensity is given for the Mortality ex periments only.
Numbers in parenthesis are sample sizes Only those crabsthat devel oped infectionsare included.

Days post Proliferation Il Mortdity | and Il Mean Intensity (parasites/100 hog cells)
inoculation Prevalence (%) Prevalence (%) (£s9)

0 0.0 0.0 (21) 0.0+0.0

7 0.0 8.7 (21) 0.037+0.04

14 933 36.3(11) 2.876 + 1.66

18 100 30.0 (10) 0.256 + 0.14

21 60.0 (10) 202.27 £ 197.55

26 87.5 (16) 48.27 £ 23.82

32 75.0 (4) 46.6 + 24.28

35 100.0 (4) 46.74 + 4.49

mortalities than infected hosts (Chi-square
19.267, df 1, P<0.001). There were no
differencesin mortalities between infected crabsin
Mortality | and Il (Chi-square= 1.212, df = 1, P=
0.271). There were also no dfferences in
mortalities between uninfected crabs in the two
experiments (Chi-square 0.652, df 1,
P =0.419); hence the datawere grouped for further
analysis. The median time to death (MTTD) for
infected crabswas30.3+ 1.5 (se)days. TheMTTD
could not be calculated for the controls since they
exhibited too few mortalities. Infected crabshada
significantly higher mortality rate that was 7 to 8
times greater than that of the uninfected controls
(proportional  hazards, Chi-square 13.503,
P <0.001, relative risk = g-055/0517%)

From Proliferation 11 and the mortality studies,
parasites were detected in the hemolymph
approximatdy two weeks dter injection (Table 1).
In Proliferation 11, 93% of the inoculated crabs
had detectable infections ater two weeks, but in
the mortality experiments, detection was low (30-
35%) after 14 to 18 days, reaching 80 to 85% after
26 to 32 days and 100% after 35 days. (Detection
wasbased solely on crabsthat devel oped infections.
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Four crabs from Mortdity Il did not become
infected and were excluded from the analysis of
detection.) Proliferation of the parasiteand related
hematology of infected crébs in the mortality
studies are reported elsewhere (Shields and
Squyars, 2000).

Additional Observations

Duringthe course of routine maintenanceof the
parasite, four crabs presented long-term chronic
infections. One crab (#3977) was monitored
weekly over thetime courseof infection (Hgure®6).
Observations on the other crabs were intermittert.
Synchronoussporulation of the parasite occurred at
least twice in Crab #3977, with each event lasting
less than four days. Parasite density was
extraordinarily high (1.6 x 10° dinospores ml™)
during sporulation and dropped to moderate levels
(3.3 x 10° trophonts ml™*) thereafter. Dinospores
were observed five times over the course of 26
days, beginning 43 days after injection.
[Dinospores were only enumerated twicel]
Surprisingly, the crab did not die during the mass
sporulation events.
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Ficure 6. — Crab #3977 presenting a chronic, experimental infection of H. perezi (plasmodia, circles; trophonts,

triangles; dinospores, boxes). The crab died after 80 days.

Prevalence in Lower Chesapeake Bay

In 1996, atotal of 3259 crabswere sampled. Of
these, 733 were sampled in the winter, 446 in the
spring, 871 in the summer, and 1209 in the fall.
The collection gear was biased toward mature
crabs. Since most of the sampling was donein the
mainstem of the bay, more female crabs were
collected than males (1940 versus 1239,
respectively). A total of 111 crabs were infected,
with virtually all of the infections occurring in the
fall (Figure1).

In the fall 1996, a limited outbreak was
documented along the Eastern Shore, at the mouth
of Chesapeake Bay, and at several stationsalong the
southeastern portion of the bay (Figure 1). The
prevalenceof thedisease along the Virginiaportion
of the Delmarva Peninsula varied from 20-50% in
legal size crabs. Lower prevalences (1-10%) were
noted for crabs caught between Cape Henry and
Cape Charles, i.e, at the mouth of the bay. In
November, the prevalence of the disease was
notably higher in cabs caught between Cape
Henry and Cape Charles (10-30%).

In 1997, atotal of 870 crabs were sampled. Of
these, six were sampled in the winter, 148 in the
spring, 358 in the summer, and 358 in the fall. At
least 47 crabswereinfected, with theinfected crabs
evenly spread through the three seasons. 1n 1997,
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H. perezi festered at moderate prevd ences (1-10%)
at both the seaside and bayside reference stations.
In the summer and fall 1997, the prevalence and
distribution of the disease were higher than that
observed in 1996. The d sease was present at both
referencel ocationsduring spring and summer 1997.
Hungars Creek had a surprisingly high prevalence
of 20% during September 1997. This creek is
located over 30 miles from the bay mouth on the
bayside of Delmarva Peninsua.

Discussion

Experimental infections of Hematodinium
perezi were highly pathogenic and proliferated
rapidly in the hemolymph. The mortality rate of
86% at 20°C over 40 days is equivalent to that
reported for bubonic plague in human populations.
Lower mortality rateswith longer survival duration
have been observed at lower temperatures (12° and
16°C) in naturally infected crabs (Messick et al.,
1999). Parasitesarelost or become dormant belov
10°C. High mortality rates have been noted in
Hematodinium-like infections in Tanner crab,
Chionoecetes bairdi,and Norway lobster, Nephrops
norvegicus.  Naturally-infected Tanner crabs
experienced 67% mortality (n=11) over 158 days
(Meyers et al., 1987). Mortalities occurred in
assocation with secondary bacterial infections.
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Uninfected control s exhibited no mortalitiesduring
the time course (Meyers et al., 1987). Naturally-
infected Norway | obsterssuffered mortality ratesof
86% to 100% over 27 days and 75 days,
respectively (Field et al., 1992). Mortality rates
were two to four times higher than uninfected
lobsters(Field et a., 1992). Infectionsin blue crabs
kill the host very quickly; hence, infected crabs do
not acquire the bitter flavor found in Tanner crabs
with their lengthy Hematodinium infections
(Meyerset al., 1987).

Hematodinium infections in blue crabs have
four apparent stages. (1) the occult stage occurs
when parasites are not detectablein thehemolymph
(but detectable in the heart, Shields and Squyars,
2000); (2) the acute stage is when parasites are
rarely observed in the hemolymph, and mortalities
occur quickly (14 to 40 days); (3) the chronic stage
occurs over lengthy periods (Up to 90 days) with
one to severa mass sporulation events (10°
dinospores ml™* — a density far higher than most

algal blooms) or sequelae; and (4) therefractory or
immune state, where exposed crabs survive and do
not develop infections.

Estimates of host mortality to diseaseare often
difficult to obtain. They areimportant in predicting
the scale or impact of parasites and diseases on a
fishery. Blue crab catches fluctuae yearly in
Chesapeake Bay but causes for these fluctuations
are not well understood. Current models for blue
crab populations in Chesapeake Bay are based on
population assessments from various surveys
(Lipcius and Van Engel, 1990; Abbe and Stagg,
1996; Rugolo et al., 19983, 1998b). Thesemodels
project crab abundance for the fishery asa whole
but do not separate the larger, low salinity
“bayside” fishery from the smaller, high salinity
“seaside’ fishery in theregion. Natural mortality is
often assigned aconstant termin models, it does not
vary with potential epizootics and resulting
mortalities caused by H. perezi. Differentia
modelsof exploitation by region may be warranted
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Ficure 7. — Temporal patternsin reproductive patterns of female blue crabs shown with underlying prevalences
of H. perezi. Barsrepresentpeak periods of activity; lines, ranges of activity. Red Bank Creek isthe "seaside" reference

site; lower bay is the mouth, and adjacent strata.
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especialy during or
epizootics.
Hematodinium perezi was present at low to
moderatepreval encesinthemainspawninggrounds
of the blue crab near the mouth of Chesapeake Bay.
Most of the crabs collected from thelower bay were
in or adacent to the Crab Management
Areas/Sanctuaries designated by the Virginia
Marine Resources Commission (Figure 1b). These
sanctuariesaredesigned to protect preovigerausand
spawning crabs during sensitive partions of their
life cycles. The parasite occurred in the spawning
grounds during the fall. The peak season for crab
reproduction islate spring and summer (Van Engel
1958, 1987; Hill et a., 1989). In 1996, the
prevalence of the parasite was low during the
prebreeding and ovigerous season (Figure 7), but
moderateto high later in the ovigerousseason. The
moderate prevalence and heavy infections in adult
female crabs, coupled with the predilection of the
disease for juvenile crabs (Messick, 1994),
indicates that during epizootics the disease may
threaten reproduction in the sanctuaries and may
impact survivorship of the next season's harvest.
Hematodinium perezi occurs in high salinity
waters (Newman and Jonson, 1975). However, the
occurrence of the disease on both sides of the
Delmarva Peninsula indicates that theproblem
isnot strictly a"seaside”" phenomenon. Apparently,
the parasite fulminates in small foci aong the
Eastern Shore throughout much of the year with
small to moderateoutbreaks occurring inthe mouth
and southeastern portions of the mainstem of
Chesapeake Bay during the fall (Messick and
Shields, in press). The risk of infection to larval
and migrating juvenile crabs has not been well
assessed. Larval crabs must pass through high
salinity waters, hence, they may risk exposure to
infectious stages (dinospores?) of H. perezi. The
possible impact of the disease on juvenile
recruitment to the stock should be incorporated into
further analyses of blue crabsin Chesapeake Bay.
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