




















TABIE 1

OGocurrence and Severity of Gill Lesions by Species and by Station

[Symbols: No. = Total Individuals; Occ. = No. with Lesions (Occurrence); % 0. = Z Occurrence; X Sev. = Mean Severity;
BD = Ballooning Dilatation, HPT = Hypertrophy, HPL = Hyperplasia, G = Growth Deformities. Calculations of mean
severity involve only affected animals, no negatives included.]

BD HPT HPL ®
A. SPECIES MNo. Occ. X0. XSeve Occe 20. XSev. Occ. %O X Sev. Oc. %Z0. X Sev.

Weak. 67 64 9.5 2.17 36 53.7 1.79 50 74.6 3.33 14 2.9 1.07
Croak. 59 58 98.3 1.98 28 47.5 1.95 45 76.3 2.70 10 17.0 1.05
Spot S4 50 92.6 1.73 15 27.8 1.97 44 8l.5 2.20 9 16.7 0.89
Toadf . 36 29 80.6 1.40 20 55.6 1.65 16 44.4 1.5 26 72.2 1.98
gzo Hogch. 25 13 52.0 1.62 17 68.0 2.35 10 40.0 2.80 1 4.0 1.(1)*
Totals 241 214 88.8 116 48.1 165 68.5 60  24.9
BD HPT HPL @

B. SIATION MNo. Occ. 2%0. XSeve Occ. %0. XSev. Occ. %O. X Sev. Oc. %Z0. X Sev.

Nemse. 27 2 8lL5 1.4l 9 3.3 L1219 704  2.38 1 37 Lo

ERDom. 8 73 8.0 175 % 4.9 179 6@ 732 2.2 7 207 1.8

ERSta. 7 68 61 8.7 205 39 S.4 191 4 6.3 3.5 % B3 L&

ERUp. 6 S8 9.6 2.06 32 50.0 2.2 4 0.3 2.5 18 281  1.06
%1 24 8.8 6 4.1 165 68.5 0 2.9

* ] case only. ** Also 1 case only; further, GD moted involved lamellae only and not filaments.
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FIGURE 2
Weakfish, C. regalis, from Nansemond River
showing appearance of "normal” filaments and lamellae.
Dietrich’s AFA fixative often causes lamellar
delamination (Arrows)!
Dietrich’s, H&E, Ca. 100X

FIGURE 3
Weakfish, C. regalis, from ER Sta. 7 showing
ballooning dilatation (BD) (Arrows). Hyperplasia (HPL) of
the basal interlamellar type also present.
Dietrich’s, H&E, Ca. 100X



Hypertrophy (HPT) (Fig. 4), abnormally enlarged cells of soft tissues
of the lamellae and filaments, occurred in 116/241 (48.1%) of all
individuals and in all species. Ranked percentage occurrence of HPT by
specles was; Spot, 27.87% < Croaker, 47.5% < Weakfish, 53.7% < Toadfish,
55.6% < Hogchoker, 68.0%. Mean severity was; Toadfish, 1.65 <
Weakfish, 1.79 < Croaker, 1.95 "™ Spot, 1.97 < Hogchoker, 2.35.
Hypertrophy occurred more frequently in the hogchoker than in the
toadfish and the sciaenids. 1Its severity was greatest in hogchoker as
well. Percentage occurrence in toadfish was greater than in the spot

and other sciaenids, while mean severity in toadfish was lower than in
all other species.

Of the 116 cases of HPT, 9, or 7.8%, were in Nansemond fishes while
107, or 92.2%, occurred in Elizabeth River fishes. Of the Nansemond
River fishes alone, 9 of 27, or 33.37%, were affected, while 107 of 214,
or 50.0%, of those from the Elizabeth had HPT. Hypertrophy occurred at
all stations and its percentage occurrence by station was; Nansemond,
33.3% < ER Downriver, 43.9% < ER Upriver, 50.0%, < ER Sta. 7, 57.4%:
Mean geverity was; Nansemond, 1.12 < ER Downriver, 1.79 < ER Sta. 7,
1.91 < ER Upriver, 2.26. Though HPT occurred at all stations both
occurrence and severity were less in the Nansemond and at ER Downriver
than at the upstream stations, ER Sta. 7 and ER Upriver.

Hyperplasia (HPL) (Figs. 3, 5 and 6), abnormally large numbers of cells
of soft tissues of the lamellae and filaments, occurred in 165/241
(68.5%) of individuals collected and in all species. Ranked
percentage occurrence of HPL by species was; Hogchoker, 40.0% <
Toadfish, 44.4% < Weakfish, 74.6% < Croaker, 76.3% < Spot, 81.5%: Mean

severity was; Toadfish, 1.54 < Spot. 2.20 < Croaker, 2.70 < Hogchoker,
2.80 < Weakfish, 3.33.

Of all 165 HPL cases, 19, or 11.5%, were in Nansemond fishes, while
146, or 88.5%, came from the Elizabeth. Of the Nansemond River fishes
alone HPL occurred in 19 of 27 individuals, or 70.4%: 1In the Elizabeth
it was 146 of 214, or 68.2%. Hyperplastic lesions occurred at all
stations and their percentage occurrence by station was; ER Sta. 7,
60.3% < ER Upriver, 70.3% ™ Nansemond, 70.4% < ER Downriver 73.2%. ER
Upriver and Nansemond were essentially equal. That its occurrence was
lowest at heavily contaminated ER Sta. 7 instead of highest seems
anomalous. Mean severity by station was; ER Downriver, 2.26 <
Nansemond, 2.38 < ER Upriver, 2.50 < ER Sta. 7, 3.51l. Severity indices
of ER Downriver and Nansemond were close: ER Upriver was somewhat
higher than Nansemond and ER Downriver, while ER Sta. 7 was
considerably higher. Thus, the anomaly of a lower percentage
occurrence at heavily-contaminated ER Sta. 7 was balanced somewhat by
the far greater severity of HPL at that station.

Growth Deformity (GD) (Figs. 7, 8 and 9), which can appear as branched
lamellae, deformed or forked filaments or deformed arches, with one or
more in the same gill, occurred in 60/241 (24.9%Z) of all individuals
collected and in all species. In some cases of deformed arches
filament forking occurred very close to the arches, themselves. A
majority of gill filaments affected by GD were well-formed otherwise
and appeared functional. Percentage occurrence by species was;
Hogchoker, 4.0% < Spot, 16.7% " Croaker, 17.0% < Weakfish, 20.97% <
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FIGURE 4
O‘Y‘ster Toadfish, O. tau, from ER Upriver
showing hypertrophy (HPT) of lamellae.
Fixation delamination (Arrows).
Dietrich’s, H&E, Ca. 500X
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FIGURE 5
Weakfish, C. regalis, from ER Upriver showing the
peculiar "medusa-shaped" interlamellar hyperplastic
(HPL) lesion frequently seen in this species.
Fixation delamination (Arrows).
Dietrich’s, H&E, Ca. 300X



FIGUREG
Croaker, M. undulatus, showing hyperplasia (HPL) with
spongiosis. Note marked overgrowth of lamellae and
filaments and interlamellar hyperplastic growth (fusion).
See also "bridges" between filaments in lesion (Arrows).
Dietrich’s, H&E, Ca. 225X

FIGURE 7
Toadfish, O. tau, from ER Sta. 7 showing gnarled
growths on a filament exhibiting growth deformity (GD).
Note cartilaginous deformities (Arrows).
Dietrich’s, H&E, Ca. 100X



, FIGURE 8
Weakfish, C. regalis, showing the growth
deformity (GD) forked or branched filament.
A ballooning dilatation (BD) also appears.
Dietrich’s, H&E, Ca. 125X
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FIGURE 9
Croaker, M. undulatus, from ER Upriver
showing growth deformity (GD) at bases of
several adjacent filaments.
Dietrich’s, H&E, Ca. 100X



Toadfish, 72.2%: Mean severity was; Spot, 0.89 < Croaker, 1.05
Weakfish, 1,07 < Toadfish, 1.98. (Hogchoker is not included in the
mean severity ranking because only a single individual was involved and
no average was possible). Toadfish had larger numbers and more severe
GD than all other specles. Within the sciaenids, weakfish had more and
more severe GD lesions than the other two species. Croaker GD, though
egssentially equal in occurrence to that in spot, was somewhat greater
in severity. All sclaenids were fairly close in occurrence and
severity of this lesion.

Of the 60 cases of GD the Nansemond had 1, or 1.7%, while the Elizabeth
had 59, or 28.3%Z. Of the Nansemond River fishes alone only 1 of 27, or
3.7%, had GD, while 59 of 214 of the Elizabeth River fishes, or 27.6%,
were affected. Percentage occurrence of GD by station was; Nansemond,
3.7% < ER Downriver, 20.7% < ER Upriver, 28.1% < ER Sta. 7, 35.3%.

Mean severity by station was; ER Upriver, 1.06 < ER Sta. 7, 1.42 < ER
Downriver, 1.87. [As indicated, only 1l fish in the Nansemond was
affected by a subtype of this lesion category. It was rated 1.0 in
severity. Because 1) it was the only Nansemond individual with GD and
2) only the "soft" lamellae, as opposed to the cartilaginous or bony
elements of the filaments and arches of most other cases, were involved
it is accorded little weight in these comparisons.] Essentially,
Nansemond exhibited no GD lesions which were comparable to those in
most Elizabeth fishes. Within the Elizabeth, occurrence was lowest at
ER Downriver and highest at ER Sta. 7. That mean severity was higher
at ER Downriver (1.87) than at ER Sta. 7 (l1.42) and ER Upriver (1.06)
was due to the fact that a single affected individual at ER Downriver
showed a uniquely high mean severity datum of 8.0 making the calculated
mean very high in comparison with the mean severities of GD observed at
other stations.

DISCUSSION AND CONCLUSIONS

1. Microscopic studies of gills from 241 individuals of 5 species of
fishes revealed lesions of 4 categories; Ballooning Dilatation,

- Hypertrophy, Hyperplasia and Growth Deformities. All species were
affected. The first three histologic gill lesions (BD, HPT and
HPL) occurred in both subestuaries, the highly-contaminated
Elizabeth River and the '"cleaner" Nansemond. The single GD seen in
the Nansemond River involved the soft lamellae alone while most
others of this lesion category involved the bony or cartilagenous
support elements of filaments and/or arches. Consequently, the
Nansemond fishes could be considered essentially GD-free. There
were differences in occurrence and severity of all four lesions
(BD, HPT, HPL and GD) between rivers, stations of the Elizabeth and
species also, apparently reflecting the geographical variations in
levels of chronic toxicity of sediment-borne contaminants. These
differences also reflect variations in time and nature of exposure
to the toxicants and susceptibility of the fishes to toxic insult
by biologically active contaminants. Ballooning dilatation (BD),
the most ubiquitous lesion probably was brought about by handling
in the most severe cases, as well as by toxic stress. HPT, HPL and
GD are all clearly related to chronic toxicity and, perhaps, other
long-term environmental stressors and not to handling.
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Though exceptions (explainable) occurred, several general patterns
emerged:

Ae

Ballooning dilatations (BD) were the most numerous of the four
lesions: Growth Deformities (GD) were the least. The ranked
sequence of mean occurrence of lesion categories was GD, 24.9%
< HPT 48.1% < HPL, 68.5% < BD, 88.87% (Table I, Part A).

A lower percentage of lesions of all types occurred in the
Nansemond than the Elizabeth (Table I, Part B). Severity was
lower in the Nansemond River fishes as well. Undoubtedly, this
reflects the more polluted condition of the sediments and
waters of the Elizabeth and, probably, the greater toxicity of
the contaminants involved as well. At ER Sta. 7 PAHs related
to creosote and other petroleum hydrocarbons predominate and
are most likely candidates as primary contributors to
occurrence and severities of the microscopic gill lesions seen
in our collections, especially those taken at the two upstream
stations, ER Sta. 7 and ER Upriver.

Within the Elizabeth there were fewer and less severe gill
lesions at the ER Downriver station, with the single exception
of GD. Usually, lesions were highest at the upstream
locations, ER Sta. 7 where sediments are most heavily
contaminated by PAH's, among other pollutants, or ER Upriver.
Between ER Sta. 7 and ER Upriver occurrence and severity of BD
were essentially equal: Occurrence and severity of GD was
greater at ER Sta. 7 than at E.R. Upriver. With HPT and HPL
the relative position of one or the other of these lesions at
the same two upstream stations was reversed. Significance of
these last findings is not clear at this point.

Basically the patterns of general occurrence of microscopic
lesions of gills agreed with those of earlier studies which
employed the occurrence of gross lesions as a basis for
analysis of the possible effects of contaminated sediments on
the health of finfishes in the Elizabeth River, between
stations in the Elizabeth and between the Elizabeth and
Nansemond Rivers (Hargis and Colvocoresses 1986 and Huggett et
al. 1987). Gross lesions were virtually non-existent in the
Nansemond samples. Within the Elizabeth, where the largest
number of both gross and microscopic gill lesions occurred,
fewer were downstream than upstream generally. Both were
usually more prevalent (occurrence) or severe at ER. Sta. 7
and/or ER Upriver, the upstream stations.

Of the 5 species of finfishes studied, the most '"resistant" to
toxic effects from contaminants in the Elizabeth (and
Nansemond) in terms of occurrence and/or severity of
microscopic lesions of the gills were the more-or-less endemic
bottom-dwelling hogchoker and toadfish, usually in that order
(Table 1, Part A). Generally the least resistant were the more
pelagic, ocean-spawning, migratory sciaenids. One exception
was Hypertrophy (HPT), with the hogchoker highest in occurrence
at 68.0% and the toadfish second at 55.6%. Comparative mean
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severity of HPT was also highest in the hogchoker (2.35) but
lowest in the toadfish (1.65). HPT may require close and
frequent contact with the source of toxicants, the sediments,
for its initiation and/or continuance. This condition would be
met by hogchokers and toadfish since they live nearest the
bottom and are in closest and most frequent contact with the
sediments and with those waters affected most by sediment-
assoclated toxicants. The soleid flatfish, hogchoker, usually
is found on or in the bottom sediments. That HPL was more
severe though not more prevalent in hogchoker than in all other
species except the weakfish is probably related to the long-
term and regular close contact with bottom sediments and bottom
water of this benthic fish.

The other exception was Growth Deformity (GD) in which
toadfish was highest by far in both percentage occurrence
(72.2%) and mean severity (1.98). Since initiation of most
€111 GD must occur early in the development of the organ
systems involved and toadfish are the single species of those
studied here whose eggs, larvae and, probably, early juveniles
develop closest to the bottom, it 1is not surprising they were
most severely affected. Indeed, it would have been surprising
had they not been.

d. Of the three sciaenids, weakfish generally were highest in
occurrence and/or severity of lesions, while spot were least.
Where reversals in either were observed (Table 1, Part A) as in
HPT, spot and croaker (and in that order) were more affected
than weakfish. This probably reflects their more intimate
contact with the source of the toxicant, the contaminated
sediments, during feeding. The greater occurrence of HPT in
these two species agrees with the likelihood that a closer
association with contaminated sediments is involved with this
lesion as discussed above when considering its occurrence and
severity in the bottom-dwelling hogchoker and toadfish.

Generally, our histopathological findings confirm

shipboard and laboratory experiences that hogchoker and
toadfish are most resistant to trauma or ecological insult,
with spot, croaker and weakfish increasingly susceptible and in
that order. Weakfish, the predator operating at the highest
trophic levels of the three sciaenids, seems generally the most
susceptible of all five species studied to toxic stress in
relation to likelihood of direct exposure to the contaminated
sediments and closely-associated benthic waters.
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