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ABSTRACT: Over the last several years, various epidemic dermatological diseases have been observed
in fishes of the Tar-Pamlico estuary. The most important is ulcerative mycosis, an infection associated
with oomycete fungi that affects Atlantic menhaden Brevoortia tyrannus. In the present report we
describe lesions resembling ulcerative mycosis in other estuarine species such as southern flounder
Paralichthys lethostigma, hickory shad Alosa mediocris, striped bass Morone saxatilis, bluefish
Pomatomus saltatrix, Atlantic croaker Micropogonias undulatus, weakfish Cynoscion regalis, spot
Leiostomus xanthurus, silver perch Bairdiella chrysura, pinfish Lagodon rhomboides, and hogchoker
Trinectes maculatus. Less prevalent dermatological diseases were also observed,including lymphocys-
tis, bacterial dermatitis and myositis, Argulus dermatitis, Henneguya myositis, and various idiopathic
dermatopathies. Only one tumor, a fibroma, was seen. The occurrence of many of these diseases is of
concern to fisheries managers because of their potential impact upon estuarine fish populations. Many
environmental problems (noxious algae blooms, increasing turbidity, anoxic/hypoxic events, loss of
submerged aquatic vegetation, etc.) plague the Tar-Pamlico estuary. The relationship of the observed

diseases to these environmental problems is presently unknown.

INTRODUCTION

Skin diseases appear to be an increasingly common
problem in estuarine fishes of the Tar-Pamlico River,
North Carolina, USA. The most common disease is
ulcerative mycosis (UM), which was first recognized in
Atlantic menhaden Brevoortia tyrannus from the Tar-
Pamlico estuary (Noga & Dykstra 1986). Skin lesions
were concurrently reported in other commercially
important estuarine fishes in North Carolina (Noga &
Dykstra 1986). Recurrent outbreaks of ulcerative skin
diseases in this and other estuarine systems have
prompted increasing public concern about their impact
on the productivity of the fishery (Rader et al. 1987,
Noga 1988).

Our previous studies with Atlantic menhaden have
shown that ulcerative mycosis is associated with comy-
cete fungi. Aphanomyces has been most commonly
cultured from UM lesions, but Saprolegnia has also
been isolated (Dykstra et al. 1986, 1989). We have
previously described the pathological characteristics of
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UM in naturally affected menhaden (Noga et al. 1988).
In this paper, we describe the dermatopathies affecting
other fish species in the Tar-Pamlico estuary.

MATERIALS AND METHODS

Most fish were collected from pound nets set on the
Tar-Pamlico River during July 1984 through July 1988
(Levine et al. 1990). Pound nets were usually sampled
within 24 h of harvesting by commercial fishermen;
thus, fish were not iatrogenically traumatized. Some
fish were obtained from trawl samples of the Division of
Marine Fisheries and local fishermen.

All fish were alive when captured and most were
necropsied on site. Some were transported back to the
laboratory on ice and immediately necropsied. Most
lesions were preserved in either 10 % neutral buffered
formalin or Bouin’s fluid, embedded in paraffin wax,
and stained with hematoxylin and eosin (H&E). Selected
tissues were also stained with Gomori methenamine
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silver (GMS}, periodic acid-Schiff, Giemsa, Brown and
Brenn Gram's stain, a modified MacCallum-Goodpas-
ture Gram's stain, Fite-Faraco acid fast or with Mallory’s
trichrome. Alternatively, some lesions were examined
by preparing wet mounts of fresh material.

RESULTS

Forty-nine skin lesions from 11 species were

examined {wet mounts from 4 fish and stained tissue

sections from 45 fish}. Fungal infections were identified
in 21 fish (Table 1}. Most cases were similar to ulcera-
tive mycosis lesions described in Atlantic menhaden
(Noga et al. 1988}, being off-white to dark red, deep
ulcers (Fig. 1A) that in some cases extended through
the body wall. Chronic inflammation (Figs. 1C & 2A)
surrounded broad, aseptate hyphae (Figs. 1D & 2B).
Inflammation and hemorrhage also extended laterally
under intact skin. Lymphocytes were common and
eosinophilic granular cells were occasionally present.
Muscle damage was often associated with the fungal

Table 1. Skin lesions observed on fishes in the Tar-Pamlico Estuary. Total numbers of each case. All fish were large juvenile to
adult fish

Parasitic
dermatitis

Fungal
myositis®

Species

BOTHIDAE
Southern flounder
Paralichthys lethostigma

CLUPEIDAE
Hickory shad 1b
Alosa mediocris
Gizzard shad
Dorosoma cepedianum
White shad
Alosa sapidissima
PERICHTHYDIAE
Striped bass 1°
Morone saxatilis
POMATOMIDAE
Bluefish 1
Pomatomus saltatrix
SCIAENIDAE
Atlantic croaker 2 1€
Micropogonias undulatus
Weakfish
Cynoscion regalis
Spot 2 1¢
Leiostomus xanthunus
Silver perch 2 1
Bairdiella chrysuna
SOLEIDAE
Hogchoker
Trinectes maculatus
SPARIDAE
Pinfish 1P
Lagodon rhomboides

3 24

1b

inflammatory infiltrate

inflammatory response
¢ Henneguya sp. chronic dermatitis
4 Argulus sp. mononuclear dermatitis
¢ Long, thin, gram-variable rods
' Most cases were small lesions with lymphocytic infiltrates
9 Fibroma

Bacterial
dermatitis

Diagnosis
Bacterial Lympho-
myositis cystis

Idiopathic Idiopathic Neoplasia
dermatitis' myositis’

2 19

1€ 6

3¢ 1 1

¢ At least one individual of each species had a UM-like lesion (UMLL), defined as a deep ulcer with broad (at least 7.5 pm in
diameter), aseptate hyphae. See text for variations in this response. All fish examined histologically had a chronic

" Fish had deep skin ulcers with 7.5-12 um aseptate hyphae, but histopathology was not performed to determine the type of




89

Dermatologtcal diseases of fish

Noga et al

01 X 'SINO (smolre) aeydAy aeydase "proiq Buimoys (D) jo utels 19ans ()

0€E x 'gRH UuOIs9[ 9[2SNW © UI () 120] AIOJRWIWPR[JUI 2UOIYD)

(D) 17 X 'I’8H S[PSNU 0jUl SPUDIXS 1RY) UOTIRWWERJUT DTUOIYD d19Aas Buiary ssew Alojpwweljut pasey (g)

670 X [(UOIS3] YI-SISODAW 2ATRIAI[M) UOISD] aanieIad(N 'daap [e21dAy e jo oduereadde sso1n) (y) Iopunol) ulayjnos ut suotsal [ebung ewbnsoyier sAyayorered | big




Dis aquat. Org 10 87-92, 1991

90

26 x 'Y 1920 ay3 burpunonns () wnrayiide onseidiadAy pue a3enjjul JRIONUOUOW BY) 90N SHjPWIBD STynbIy
Unm ysyeap () p81 x Ty uondajul [ebung e yiim pajeidosse sem jey) etbeydoiw pue siaqyy arosnw jo uorjejuswbely Buimoys yoiad 19A71s © Jo uoisa] yuelq (D) '0gl x
'SIND “(smoure) aeydAy [efunj snorownu Burmoys (y) Jo urels 1oang (g) 26 x 'I7RH 21qisia jou a1e 1bunyg seydAy (ebuny Buipunoums (smoiie) 100} Arorewwepur odynw
yyim jods e jo uoisa] yuerq () 'siyebal uosoud) ysiyieam pur ‘einsAryd ejjaipiieg yslad I8AlIS 'SmUnyjuex snwoisoray 10ds ul suoisal unys Jo asuereadde a1dodsodyy g By




Noga et al.: Dermatological diseases of fish 91

invasion and appeared as necrotic muscle fibers with
loss of striations that were being phagocytized by mac-
rophages (similar to that seen in Fig. 2C).

In addition to the deep ulcers described above, some
fungal lesions in southern flounder were instead, flat,
shallow ulcers or raised oval lesions up to 10 mm in
diameter (Fig. 1B) having diffuse to organized inflam-
matory foci with macrophage-like cells. In some cases,
the lesions were undergoing epithelial regeneration.
Many other skin diseases were present in other sam-
pled fish, including virus-, bacteria- and parasite-
associated lesions {Table 1, Fig. 2D). Some cases had
no histologically detectable pathogens.

DISCUSSION

Most of the common fish species inhabiting the Tar-
Pamlico estuary are susceptible to deep fungal infec-
tions that are similar to those previously described in
Atlantic menhaden (Levine et al. 1990), although the
former fishes are much less frequently affected than
menhaden (Levine et al. 1990). Affected species
occupy virtually all ecological niches, from benthic
carnivores (e.g. southern flounder Paralichthys lethos-
tigma) to pelagic planktivores (e.g. hickory shad Alosa
mediocris). All fish with these ulcerative mycosis-like
lesions (UMLL) frequent low to moderate salinities.
We have not seen UMLL in freshwater fishes of the
Tar-Pamlico estuary, nor does it appear to affect
species that are restricted to high salinities. For exam-
ple, while the southern flounder is affected, the
closely-related summer flounder Paralichthys dentatus,
which is usually restricted to at least 10 ppt salin-
ity, has never been observed with UMLL in North
Carolina (J. Hawkins unpubl.). Some estuarine species
that frequent low to moderate salinities are not affected
by UMLL, including longnose gar Lepisosteus osseus,
bay anchovy Anchoa mitchilli, and American eel
Anguilla rostrata (Levine et al. 1990, Hawkins unpubl.),
although American eels commonly have ulcers due to
Aeromonas salmonicida (Noga & Berkhoff 1990). The
reason for some species’ resistance to UMLL is un-
known,

The invading fungi in UMLL elicited 2 types of
chronic inflammatory responses. In southern flounder,
epithelioid granulomas were histologically similar to
the mammalian epithelioid cell response. These cells
had abundant ground-glass cytoplasm, vesicular nuc-
lei, and indistinct cell borders (Fig. 1C). However, most
fish responded to fungal invasion by producing inflam-
matory cells with more epithelial-like features (Fig. 2A)
(Noga et al. 1989). Whether this represents a difference
in host response or a difference in etiology awaits
further study.

The relatively low occurrence of UMLL in species
other than menhaden (Levine et al. 1990) has hindered
attempts to isolate the fungi. While definitive diagnosis
of these lesions must await culture, Oomycetes are
most likely the causative agents because broad asep-
tate hyphae are virtually pathognomonic for Qomy-
cetes (Neish & Hughes 1980). While Ichthyophonus
also has broad aseptate hyphae, its other developmen-
tal (non-hyphal) stages are also present in lesions
(Neish & Hughes 1980).

Fungal skin ulcers have recently affected fishes in
numerous estuarine systems along the Atlantic coast of
the USA, including the Tar-Pamlico (Levine et al.
1990), St. Johns River, Florida (Grier & Quintero 1987,
Dykstra et al. 1989), Indian River, Florida (Grier &
Quintero 1987), and Chesapeake Bay, Maryland (Har-
gis 1985, Dykstra et al. 1989) estuaries. Weakfish
Cynoscion regalis, redfish Sciaenops ocellatus, striped
mullet Mugil cephalus, and white mullet Mugil curema
have been reported with UMLL (Grier & Quintero
1987%).

Deep ulcerative fungal dermatopathies have also
been reported in many freshwater and estuarine fishes
throughout the world (Hatai et al. 1984, Boonyaratpalin
1985, Callinan et al. 1989). While the relationship of
these other fungal diseases to UM is uncertain, the
prevalence of such problems on a worldwide scale is of
some concern.

Many other dermatopathies were seen in the sam-
pled fishes, including parasitic, fungal, bacterial, and
viral infections (Table 1). The relationship of these
diseases to UMLL is uncertain, but they appear to be
pathologically distinct from UMLL and probably repre-
sent different diseases. All of these diseases were
uncommon compared to fungal infections (Levine et al.
1990j).

Skin ulcers are indicative of polluted environments
(Sindermann 1990), which suggests that poor water
quality may be responsible for the preponderance of
sick fish in the Tar-Pamlico estuary. Thus, future
studies should focus on determining possible linkages
between specific environmental conditions and specific
diseases. While some have lumped these skin diseases
into a single category such as 'ulcerative disease syn-
drome’ (Hargis 1985) or ‘red-sore disease’ {Esch &
Hazen 1980), they differ in host range, infectious etiol-
ogy, and seasonal distribution. Consequently, whether
they share common environmental inducers remains to
be determined.
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