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ABSTRACT

The relationship between municipal wastewater discharge
and the two most prevalent external diseases of demersal fish
collected near the outfalls in the coastal waters off Los An-
geles, California (U.S.A.), was examined using monitoring
data collected from 1971 through 1983. Fin erosion occurred
in 8.5% of all individuals and in 23% of all species collected.
Epidermal tumors occurred in 0.3% of all individuals and in
12% of all species collected. Dover sole (Microstomus pacif-
icus) accounted for 89% of the fish with fin erosion, 93% of
the fish with tumors, and 23% of all fish collected. Thirty-two
percent of the Dover sole had fin erosion and 1.2% had
epidermal tumors. Both diseases developed some time after
the fish recruited to the area around the outfalls. Fin erosion
occurred in all size classes examined; epidermal tumors
occurred primarily in smaller individuals. Fin erosion did not
appear to affect the nutritional condition or seasonal migra-

'_ - Fin Erosion and Epidermal Tumors
in Demersal Fish from Southern California

tory behavior of juvenile Dover sole but did lower survival.
Epidermal tumors, however, appeared to alter the seasonal
migratory behavior of Dover sole. During the study period,
the number of species with both diseases declined, and the
prevalence of fin erosion declined in two of the three most
affected species. The declines were directly correlated with
decreased mass emission of contaminants in the effluent,
decreased contamination of surface sediment, and decreased
body burdens of contaminants in fish. The prevalence of
epidermal tumors in Dover sole did not decline during the
study period; however, the prevalence was significantly
higher at stations closer to the outfalls than at those farther
away.

6.1. INTRODUCTION

The most prevalent and visible external abnormalities ob-
served in fish collected near the municipal wastewater outfalls
in the coastal waters off Los Angeles (California, U.S.A.) are
fin erosion and epidermal tumors (Mearns and Sherwood,
1974, 1977; Sherwood and Mearns, 1977). Both conditions
occur in marine fish, especially pleuronectid flatfishes, in
coastal waters off urban and industrialized areas in other
parts of the world (Stich et al., 1976; Méller, 1979; Dethlef-
sen, 1980; Murchelano and Ziskowski, 1982). The role that
pollution plays in these conditions remains controversial and
elusive (Moller, 1979; Sindermann, 1983; Patton and Couch,
1984). In this chapter, the relationship between municipal
wastewater discharge and fin erosion and epidermal tumors in
fish is examined through the use of data collected over more
than a decade of monitoring in the coastal waters off Los
Angeles.
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6.2. METHODS

The data analyzed in this study were collected by County
Sanitation Districts of Los Angeles County (CSDLAC) dur-
ing regular monitoring cruises. The station numbers used
herein are the CSDLAC designations.

‘The data consisted of catch records of fishes and the
frequency of fin erosion and epidermal tumors by species
along seven transects sampled by otter trawl on the Palos
Verdes shelf (Fig. 6.1). At each transect, 10-min daytime
trawls were made along depth isobaths at 23, 61, and 137 m
twice a year (spring and fall) from 1971 through 1978 and
quarterly after 1979. Additional trawls at irregular intervals
were also included in the analyses. Fishes were sorted from
the catch by species and measured to the nearest cm board
standard length (BSL). As each fish was measured, it was
examined externally for fin erosion and epidermal tumors by
trained biologists.

Time trends in the diseases were determined with linear
regressions of the prevalence [proportion (p) of diseased fish
per trawl transformed to arcsin \/;] against time in months

(numbered consecutively from 1971). The null hypothesis of
slope = 0 was tested with a t-test.

Seasonal trends in the quarterly trawl data (1979-1983)
were estimated from a multiplicative decomposition mode]
(Bowerman and O’Connell, 1979), using numbers of fish per
trawl and prevalence data after the appropriate transforma-
tions:

Y =T, XS5 +e 1

where Y, is the number of fish per trawl (or proportion with the
disease) at time ¢, 7, is the trend component at time ¢, S, is the
seasonal component at time ¢, and e, are the remaining com-
ponents (cyclical and aperiodic) at time 7. Regressions were
fitted to the catch and to the prevalence data to estimate T
(regression coefficient) for each quarter. The trend was elimi-
nated by dividing the quarterly Y values by T. The value for §
was then estimated for each quarter (assuming e was small),
normalized to four (the number of quarters in one year), and
multiplied by 100. The seasonal index is a correction factor
(in percent) that adjusts for seasonality in the time series.
Values > 100 indicate that Y, is greater than that predicted by

PALOS VERDES
PENINSULA

Figure 6.1. Map of the study transects (TO, T1, . . . , T6) on the Palos Verdes shelf. Three depths were sampled at each transect.
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the trend; likewise, values < 100 indicate that Y, is less than
.that pmd.icted by the trend.

6.3. RESULTS AND DISCUSSION

From 1971 through 1983, 672 otter trawls produced 15,670
individuals with fin erosion, representing 8.5% of all fishes
collected, distributed among 29 species (23% of all col-
lected). The trawls also produced 539 individuals with epider-
mal tumors, representing 0.3% of all fishes collected, distrib-
uted among 15 species (12% of all collected). It is not known
whether the etiology of the epidermal tumors was the same in
all affected species. Dover sole (Microstomus pacificus) ac-
counted for 89% of the fish with fin erosion, 93% of the fish
with epidermal tumors, and 23% of the fish collected.

6.3.1. Characteristics of the Diseases
in Dover Sole

Of the Dover sole collected from 1971 through 1983, 32% had
fin erosion, and 1.2% had epidermal tumors. Most Dover sole
recruited to the study area when they were 40-50 mm BSL.
Fin erosion was rarely observed in fish <80 mm BSL, and
epidermal tumors were rarely observed in fish <60 mm BSL
(Fig. 6.2).

The prevalence of fin erosion increased with fish size up to
120-129 mm BSL and then declined slowly to <1% in fish
>270 mm BSL (Fig. 6.3). The prevalence of epidermal

1 WITH TUMORS
£ 207 WITHOUT TUMORS &=-----=
z
E 10 P O
a ) “\,_
0' T T T T T L} T T 0 L) L} L 1
20 60 100 140 180 220 260
15
r ] (b WITH FIN EROSION
Z 10 WITHOUT FIN EROSION ===
Q
61 .
o e
-
0 ~t~fFrrrfrrrrr T T T T T Ty

LI
20 60 100 140 180 220 260 300
BOARD STANDARD LENGTH (MM)
Figure 6.2. Size distribution of Dover sole (Microstomus pacificus) col-

lected on the Palos Verdes shelf from 1971 through 1983 (a) with and without
epidermal tumors and (b) with and without fin erosion.
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Figure 6.3. Prevalence of (a) epidermal tumors and (b) fin erosion by size
class in Dover sole (Microstomus pacificus) collected on the Palos Verdes
shelf from 1971 through 1983.

tumors peaked in fish 80-90 mm BSL and then declined
rapidly to <0.1% in fish >150 mm BSL (Fig. 6.3).

Among Dover sole <120 mm BSL (the average size of
individuals ~1 y after recruiting to the Palos Verdes shelf),
16.9% had fin erosion, 3.4% had epidermal tumors, and 1.1%
had both diseases. The two diseases were not independent;
significantly more individuals were afflicted with both dis-
eases than predicted (x> = 45.4, p < .001).

The weight—length relationships for Dover sole were not
significantly different either for males or for females with and
without fin erosion (Cross, 1985). Comparable data are not
available for Dover sole with epidermal tumors; however,
Campana (1983) showed that starry flounder (Platichthys
stellatus) with similar epidermal tumors had lower growth
rates than did individuals without tumors.

Time series analyses of the quarterly trawl data for Dover
sole showed consistent seasonal peaks in total catch, number
of individuals with fin erosion (but not proportion), and
proportion of individuals with epidermal tumors (but not
number) (Fig. 6.4). Total catch and number of fish with fin
erosion were highest in the spring and summer, and lowest in
the fall and winter. These trends are probably the result of
seasonal onshore—offshore migrations. Dover sole migrate in
the winter into deeper water to reproduce and return in the
summer to shallower water to feed (Hagerman, 1952). Appar-
ently the juveniles also participate in the offshore migration
in the winter.
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Figure 6.4. Seasonal trends in (a) the proportion of Dover sole (Microstomus pacificus) with epidermal tumors per trawl, (b) the number of Dover sole caught
per trawl, and (c) the number of Dover sole with fin erosion per trawl from 1979 through 1983.

The high proportion of tumorous Dover sole that were
collected during the fall and winter suggests that these indi-
viduals do not participate in the offshore movement to the
same extent as do fish without tumors. Stich et al. (1976)
suggested that the emigration of juvenile English sole (Paro-
phrys vetulus) from shallow nursery areas to deeper water
may be slower in individuals with epidermal tumors.

Cross (1985) estimated the survival rates of Dover sole that
were collected on the Palos Verdes shelf between 1972 and
1975 from age—length data. The survival rates of fish with and
without fin erosion were not significantly different from ages
1-3 y; thereafter, however, the survival rates of fish with the
disease were significantly lower. Comparable data are not
available for Dover sole with epidermal tumors; however,
Campana (1983) showed that starry flounder with epidermal
tumors were more susceptible to stress and had much higher
mortality rates than did individuals without tumors.

The two diseases possess important similarities and differ-
ences. Both diseases develop some time after the fish recruit
to the area around the outfalls. Epidermal tumors affect far
fewer individuals than does fin erosion but reach peak preva-
lence earlier and decline more rapidly. Over 90% of Dover
sole with tumors were estimated to be <2y of age. The tumor
prevalence of <0.1% in fish between 150 and 220 mm BSL
suggests, however, that some individuals either survive sev-
eral years with tumors or develop them later in life. Fin
erosion is a more chronic disease that takes longer than
tumors to reach peak prevalence and declines more slowly

with increasing fish size. It occurred in all size classes of
Dover sole examined.

6.3.2. Relationship to Municipal
Wastewater Discharge

The number of species affected by fin erosion declined from a
high of 18 in 1971 to a low of 3 in 1981 and rose slightly
through 1983 (Fig. 6.5). The number of species affected by
epidermal tumors declined from 6 in 1971 to 1 in 1976 and
remained at 1 or 2 through 1983 (Fig. 6.5). The negative
Spearman rank correlations (r,) between the number of spe-
cies with fin erosion and year (r, = —0.626), and between the
number of species with epidermal tumors and year (r, =
—0.706) were significant (p < .05), while the correlation
between the total number of species collected and year (r, =
—0.080) was not significant (p > .50).

The number of species affected by either disease declined
most rapidly from 1971 to 1976 (Fig. 6.5). As discussed by
Stull et al. (Chapter 2) and Young et al. (Chapter 3), the
modifications to the wastewater treatment made by CSDLAC
in the early 1970s greatly reduced the mass emission of many
contaminants during this period (Table 6.1). This was re-
flected in decreased concentrations of DDT in surface sedi-
ments and in the muscle tissue of Dover sole around the
outfalls (Fig. 6.6). The decline of DDT was exponential for
effluent and sediment and linear for muscle.
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Figure 6.5. Total annual number of species, number of species with fin erosion, and number of species with epidermal tumors collected on the Palos Verdes shelf
from 1971 through 1983.

Table 6.1. Mass Emission of 15 Contaminants from Los Angeles County Outfalis (t y—1)*

Maximum Emission

Concentration Concentration Concentration
Contaminant in 1971 (ty-7) (ty-" Year in1883 (ty-Y) r, p
Oil and grease 38,000 38,000 1971 13,640 -0.934 -
Cyanide 62 205 1974 18 -0.681 *
Phenols 1,640 1,945 1975 1,260 ~0.500
Ag 10.8 10.8 1971 5.1 -0.533
As —b 11.3 1974 3.1 -0.385
Cd 15.4 19.6 1974 7.4 -0.731 -
Cr 462 462 1971 70 -0.951 b
Cu 267 286 1974 62 —0.951 -
Hg 0.7 0.7 1971 0.4 —0.486
Ni 144 187 1976 75 -0.848 -
Pb 144 144 1971 41 -0.956 e
Se 8.2 145 1981 6.5 0.286
Zn 1,400 1,400 1971 254 -0.967 -
DDT 21.5 21.5 1971 0.2 —-0.984 -
PCB 5.2 5.2 1971 0.2 -0.967 -

“Data presented for years 1871, 1983, and the year of maximum mass emission (Schafer, 1984). Spearman rank correlation (r,) between year and
mass emission is for the years 1971-1983; p = probability that , = 0 (two-tailed); * = significant at 0.05, ** = significant at 0.01.
®Not measured in 1971.
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Figure 6.6. Median total DDT concentration (mg kg~ wet wt) in muscle of Dover sole (Microstomus pacificus) collected between transects T1 and TS5 on the
Palos Verdes shelf during regular monitoring cruises (sample sizes were n = 21,1972;n=9,1973;n = 20, 1974;n =10, 1975;n = 6,1976;n = 10, 1978:n = 10,
1980; n = 7, 1983) (County Sanitation Districts of Los Angeles County, 1983), mass emission [metric tons (t) y='} of total DDT in effiuent (Schafer, 1984), and
total DDT concentration (mg kg~ dry wt) in surface sediments (0-2 cm) at 61 m on transect T4 by year (Cross, 1985).

The prevalence of fin erosion in Dover sole declined dur-
ing the study period (Fig. 6.7). The slopes of the trend lines
were significantly (p < .05) negative at stations T1, T4, and
T5; the slope of the trend line for station TO was not signifi-
cantly different from zero. The prevalence of epidermal tu-
mors in Dover sole that were <120 mm BSL did not show a
significant decline during the study period. Tumor prevalence
in these smaller fishes was, however, significantly (x2 =
25.4, p < .001) greater at stations closer to the outfalls
(station T1, 4.4% prevalence in all individuals that were
collected from 1971 through 1983 and were <120 mm BSL;
T4, 4.4%; T5, 3.5%) than at the farthest station (T0, 1.2%).

While the prevalence of fin erosion declined in Dover sole
and in rex sole (Glyptocephalus zachirus), which were the
third most frequently affected species on the Palos Verdes
shelf (Cross, 1985), the prevalence increased in calico rock-
fish (Sebastes dallii), the second most frequently affected
species (Fig. 6.7). This increase was significant (p < .05) at
stations T4 and TS5.

Calico rockfish were rarely collected before 1975 (only
0.8% of the individuals collected during the study were
caught before 1975). None of the 1485 calico rockfish col-
lected in 1975 and 1976 had fin erosion, while 26% of the
1947 individuals collected in 1977 and 1978 had the disease.
Most of the calico rockfish collected were adults. Since the
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Figure 6.7. Trends as determined by linear regression in the prevalence of
fin erosion (a) in Dover sole (Microstomus pacificus) and (b) in calico
rockfish (Sebastes dallii) collected at four transects on the Palos Verdes shelf
(1971-1983 for sole; 1975-1983 for rockfish). Closed circles are actual data
for T4.




4:to the magnitude of body burdens of chlorinated
b (McDermott-Ehrlich et al., 1977; Sherwood and
2 ~ Mearns, 1977; Sherwood, 1982), several years may be neces-

= Wfar newly exposed adult fish to accumulate the contami-
pants that directly or indirectly contribute to the disease. In a
Isboratory experiment, juvenile Dover sole that were col-
w from relatively uncontaminated sites off southern Cali-
fornia were exposed to contaminated sediments from the
Palos Verdes shelf and developed fin erosion in 13 months.
Control fish held on clean sediments did not develop the
lesions (Sherwood and Mearns, 1977).

The spatial patterns of disease prevalence in fish collected
on the Palos Verdes shelf are closely related to the spatial
patterns of sediment contamination (Fig. 6.8). The preva-
lence of both diseases was highest at T4 and T35, the stations
flanking the outfalls; lowest at TO, the station farthest from
the outfalls; and intermediate at station T1 (Fig. 6.9).

6.4 CONCLUSIONS

The spatial patterns of fin erosion and tumors in demersal fish
on the Palos Verdes shelf show enhancement of both diseases
near the municipal wastewater outfalls. The spatial patterns
of contaminants in surface sediments suggest that the magni-

TOTAL DDT

(vad"
10 e i

Figure 6.8. Distribution of total DDT (mg kg~! dry wt) and Cu (mg kg™*
dry wt) in surface sediments (0—2 cm) on the Palos Verdes shelf in 1975 (after
Hershelman et al., 1977).
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Figure 6.9. Overall (1971-1983) prevalence (a) of fin erosion and (b) of
epidermal tumors in Dover sole (Microstomus pacificus) collected on the
Palos Verdes shelf as a function of distance from the outfalls. Station
transects labeled across the top.

tude of disease prevalence is directly related to the magnitude
of sediment contamination. The temporal patterns in disease
prevalence, body burdens of contaminants in fish, mass emis-
sion of contaminants, and contamination of surface sediment
further suggest that both diseases are directly related to the
environmental contaminants that emanated from the outfalls.

While there are strong correlations between the pres-
ence and magnitude of both diseases and degraded environ-
ments, the etiologies of the lesions are either unknown (fin
erosion) or controversial (epidermal tumors). Sindermann
(1979) described fin erosion as “the best known but least
understood disease of fish from polluted waters” and attrib-
uted it to a combination of environmental stress, facultative
pathogens, host resistance, and latent infections. Recent evi-
dence suggests that epidermal tumors are caused by a uni-
cellular protozoan parasite resembling a parasitic amoeba
(Dawe et al., 1979; Dawe, 1981; Watermann and Dethlefsen,
1982). Peters et al. (1981, 1983), however, suggest that the
tumor cells are virus-transformed fish cells.
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