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ABSTRACT. Very high frequencies, up to 8 0 % , of fin erosion of perch Perca fluviatiljs and ruffe
Gymnocephalus cernua have been found in the area of a pulp mill releasing bleached kraft mill
effluents, situated at the Swedish coast of the Gulf of Bothnia. In the effluent area, which was studied
between 1984 and 1988, a gradient was established of both acute and healed fin erosion, showing
decreasing frequencies with increasing distance from the pulp mill outlet. No fish from a reference area
were found with these fin damages. Acute fin erosion was not found after 1984 which was congruent
with a distinct decrease in discharge from the pulp mill. However, healed stages of fin erosion, i e.
regenerated fin rays resulting in a very specific scar on the fins, were still present with highest
frequencies closest to the mill. The study clearly indicates that fin erosion of perch and ruffe in the
effluent area was caused by the bleached kraft mill effluents from the pulp rndl.

INTRODUCTION
Pollution has often been discussed as being a major
trigger for the development of certain fish diseases, e.g.
skeletal deformities, fin erosion, ulcerations and
tumours. Several field studies have indicated the presence of these relations but factors such as a nonstationary behaviour of fish and lack of a pronounced,
specific, pollution gradient have made such correlations hard to prove (Mix 1986, Thulin 1986, Malins et
al. 1988, O'Connor & Huggett 1988).
In a multidisciplinary project, the effects on the aquatic ecosystem of effluents from a Swedish pulp mill
using chlorine for bleaching have been studied during
several consecutive years (reviewed by Sodergren
1989). The biological effect studies were mainly concentrated on a stationary fish, the perch Perca fluviatilis
and compared the effects from the cell to the population level. One of the studies concerned diseases of fish
in which a pronounced disease sign, i.e. fin erosion,
was found in very high frequencies in the effluent area.
Fin rot/fin erosion is a common pathological condition of the fins of bony fishes. The primary stage of the
disease is a slight necrosis of the skin beginning with
the distal part of the fin. If the disease process stops at
this stage the fin will regenerate either partially or
completely. However, if the disease continues to
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develop the necrosis progresses down to the base of the
fin leaving it as a short stump. In this severe case the fin
cannot regenerate. The etiological agents of fin rot
have been attributed to several species of flexibacteria
(Post 1983). However, during the last 15 yr. fin rot/fin
erosion has often been associated with environmental
pollution by various authors, and in the majority of
cases bacteria have not been found. This type of fin
damage, in which there is no demonstrable infectious
agent, is preferably called fin erosion. The most
detailed studies of fin erosion have been made on
winter flounder Pseudopleuronectes amerjcanus in
New York Bight (Murchelano 1975, Ziskowslu & Murchelano 1975) and on dover sole Microston~uspacificus
in California Bight (Mearns & Sherwood 1974, McDermott-Ehrlich et al. 1977, Sherwood & Mearns 1977,
Cross 1984). Sindermann (1984) proposed 'actions of
chemical stressors on mucus and/or epithelium' as
being one possible cause of this disease condition.
This paper describes the occurrence of fin erosion of
perch Perca fluviatilis and ruffe Gymnocephalus cernua in a bleached kraft mill effluent area located in an
archipelago at the Gulf of Bothnia, Baltic Sea, Sweden.
Preliminary results of the study were presented by
Lindesjoo & Thulin (1987) and Thulin et al. (1988,
1989). The histopathology of perch will be published
elsewhere.
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MATERIALS AND METHODS

Investigation areas. Fish were sampled from 3 areas
during 1984 to 1988 (Fig. 1): Norrsundet (pulp mill with
bleaching), Sandarne (pulp mill without bleaching) and
Forsmark (reference). All 3 areas are situated in shallow areas at the SW coast of the Bothnian Sea, Northern Baltic. The salinity in the areas is stable (4 %) and

Fig 1. Map of Norrsundet pulp mill effluent area showing the
discharge point at Norrsundet (arrow) and the investigation
stations (1 to 7). Insert shotvs location of pulp mills (Norrsundet, Sandarne) and reference area (Forsmark)

there are no major freshwater inputs or other local
pollution sources. The topography of the discharge
areas at the pulp mills allowed gradient studies, i.e.
sampling stations of similar depths and exposure to the
open sea, similar temperature, climate, and sampling
stations were available at appropriate distances from
the effluent discharge point, etc.
Bleached sulphate pulp is produced at the Norrsundet mill. The yearly production between 1979 and
1988, and effluent characteristics are presented in
Table 1. Bleaching starts with an oxygen delignification. The pulp is distributed to 2 bleaching lines with
the sequences O(C85+D15) (E0)D and O(C85+D15)
(E0)DED (where C = chlorine, D = chlorine dioxide, E
= sodium hydroxide, 0 = oxygen) [C85+D15) imp!ies
in this case that about 15 % chlorine dioxide has been
added to the chlorine stage; (E+O) implies that the
alkali stage is boosted with oxygen. The kappa number
of the pulp after the oxygen stage is about 18 to 20. The
carry-over of released matter from the oxygen stage in
the bleaching plants corresponds to about 10 kg COD
(chemical oxygen demand) per tonne of pulp. The
effluent characteristics were fairly representative for
Swedish, bleached sulphate pulp mills in the beginning of the 1980's. Although pulp production increased,
reconstructions in 1982/1983 and further technical
improvements of the process technique led to the total
discharges of COD and organochlorine compounds
decreasing considerably, which resulted in a markedly
lower environmental load in 1985 to 1988. The mill
effluents were diluted approximately 60 times at the
discharge point as they were mixed with sea-water
pumped from a nearby bay. The calculated dilution of
the effluent from the Norrsundet mill is shown in Fig. 2.
This figure also shows a gradient of contamination
exemplified by the content of EOCl (extractable
organic chlorine) in the muscle of perch (Sodergren
1989, modified).

rable 1 Effluent charactenstics and production (in 1000 t) data from Norrsundet pulp mill between 1979 and 1988. Susp:
-:
suspended solids (kg 24 h - ' ) ; COD: chemical oxygen demand (t 24 h - ' ) ; Cl: elementary chlorine used in bleaching (t p-');
missing data. Total phosphorus (P) and nitrogen (N) given in kg 24 h-'. Data supplied by Norrsundet B N AB
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Fig. 2. Perca fluviatilis. EOCI (extractable organic chlorine) in
muscle of perch from Norrsundet effluent area and calculated
dilution (166 X etc.) of effluent. Data modified from Sodergren
(1989)

Sandarne pulp mill, which is situated in a coastal
area similar to that at Norrsundet (Fig. l ) , has a pulp
process similar to that at Norrsundet except that it
produces unbleached pulp and discharges only about
1/4 the amount of COD. The Forsmark area is unaffected by pulp mill activities and was used as a reference area.
Field sampling. A field study was performed during
1984 to 1988. With the exception of the first sampling at
Norrsundet in May 1984 all fish were caught by gill net
(survey net). These nets were composed of 5 parts with
17, 21, 25, 33 and 60 mm mesh bars, respectively.
During the first sampling at Norrsundet fish were
caught by gill net of only one size - with 25 mm mesh
bars. Total length of the fish was measured, the operculum of perch was sampled for age determination,
and fins were fixed for histological examination. At
Norrsundet altogether 1960 perch were examined from
7 stations (localities) in a gradient from the discharge
point (Fig. 1). At Sandarne, 95 perch from the area
closest to the discharge point were examined during
1985. From the reference area at Forsmark, a total of
1550 perch were examined. Ruffe were examined only
in 1985: 501 from the stations at Norrsundet, 95 at
Sandarne, and 87 at Forsmark.
Diagnostic method. In 1984 at Norrsundet, and at the
other 2 localities during all sampling periods, fish were
examined fresh, directly in the field. In 1985 at Norrsundet all fins (except the first dorsal fin) of perch and
ruffe were cut individually from each specimen and
mounted on a sheet of paper. To prevent bias, each
sheet was individually coded and mixed between stations and sampling periods before examination. During

Fig. 3 Perca f l u v ~ a t ~ l iPerch
s.
with ( a ) normal fins and (b) fins
affected by acute fin erosion (Category 1)

samplings at Norrsundet in 1986 and 1988 only the left
pelvic fin was cut off and examined. Fins were graded
into the following 5 Categories: 1 = acute fin erosion
(total loss of distal part of fins) (Fig. 3b); 2 = severe
deformations/curvatures of the fin rays distal to an area
of fracture (Fig. 4a); 3 = curvatures of the fin rays distal
to a n area of fracture (Fig. 4b); 4 = oscillations of the fin
rays without any area of fracture (Fig. 4c); 5 = normal
fin without any notable oscillations of the fin rays (Fig.
4d). Category 4 is a fin anomaly which is known to
occur in frequencies around 20 % in all perch populations along the coast line in question.
Fin regeneration experiment. To study the
regenerating capacity of the fins, 1/3 of the upper part
of the caudal fin of 25 perch (14 to 23 cm) from Forsmark was cut off. These tests were made at Forsmark
during all seasons with 5 to 10 specimens being kept in
a cage between 1 and 6 mo before examination. The
cage was an opaque plastic barrel with a volume of 90 1,
and with 120 holes (8 mm) at each flank and bottom.
The top of the cage was without holes to prevent
exposure to direct sunlight. Cages were moored horizontally halfway between the surface and the bottom.
Statistical analyses. Anomaly frequencies were
analyzed for statistically significant differences

122

Dis. aquat. Org. 8: 119-126, 1990

RESULTS

Perch

Fig. 4. Perca fluviatdis. Fin erosion Categories 2 to 5 (a to d,
respectively) of the caudal and pelvic fin of perch. Arrows
indicate area of fracture

between fin Category 2 and 3 for the different stations
by a binomial test. Furthermore, of the material from
1985 the frequencies of Categories 2 and 3 were pooled
and analyzed for significant differences between the
different stations in the Norrsundet area by a Chisquare test. The significance level 0.05 was chosen for
both tests.

During 1984, perch from the Norrsundet area exhibited 2 types of fin damage: a necrosis of the distal part
(Fig. 3b), i.e. acute fin erosion (Category l ) , and a
distinct deformation/curvature of the distal parts of the
fin rays (Figs. 4 and 5), (Categories 2 and 3). The fin
cutting experiment, which resulted in a regeneration of
fins, left the regenerated part with curvatures of the fin
rays similar to those found at Norrsundet. This indicated that the second type of damage found at Norrsundet was the result of a healed fin erosion. All fins of
perch (except the first dorsal fin) with healed erosior?
had similar deformations. However, the pelvic fin was
found to have the most recognizable deformation,
which made us choose to sample only this fin during
1986 and 1988.
Acute fin erosion was found only on one occasion
(May 1984) and only at Stn 2, i.e. the station closest to
the Norrsundet mill (Fig. 6). On this occasion, 66 O/O of
perch had eroded fins and 17% were found with
healed fins. Of the 31 specimens found with eroded
fins, 29 had erosion of all fins except the first dorsal fin
which was never found affected. At Stn 4 , during the
same year, perch with healed fin erosion were found
during all 3 sampling periods while no fin damage at all
was found on perch at Stn 6. During the following year,
1985, no perch were found with acute fin erosion, but
high frequencies of healed erosion were still evident
(Fig. 7). The frequencies of healed fin erosion during
June was 50 O/O at Stn 1 and decreased to 6 O/O at Stn 5,
while no perch were found with erosion at Stns 6 and 7.

5 Perca f l u v ~ a t ~ h sNormal
perch flns to the left and those
w ~ t h deformations/cunratures of
the f ~ rays
n
as a r ~ i u loft healed fln
e r o s ~ o nto the n q h t , ( a ) pectoral
, second dorflns, ( b ) pc lvic f ~ n s(c)
sal f ~ n(d)
, anal f ~ n(e)
, caudal fin
Fig
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Table 2. Perca flurriatdx Paired Chi-square test on the frequencies of fin erosion Categones 2 and 3 of perch sampled
from different localities in Norrsundet pulp mill effluent area.
(+) significantly different at p < 0.05; ( - ) not significant
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Fig. 6. Perca f l u v i a t h . Frequency of fin erosion of perch at
different distances from the Norrsundet pulp mill in 1984; (n)
no. fishes

During August, of the same year, the same pattern as in
June was found but with frequencies reduced by half at
Stns 1 to 4. Healed fins were also found at Stn 6 at a
very low frequency (4 % ) . Since no significant difference was found between frequencies of damage
Categories 2 and 3 these 2 groups were combined
when the data were analyzed statistically between the
stations. Category 4 was found with a similar distnbution in the whole sequence of stations and no correlation was found with the polluted area. The Chi-square
test of Categories 2 and 3 showed significant differences between stations during both June and August
(Table 2). In June there was a 'demarcation' between
Stns 1 to 4 and 5 to 7. The pattern was similar in August
but the 'demarcation' moved towards Stn 6. The sampling in September 1986 showed a high frequency of
healed fin erosion at Stn 3 (21 % ) . However, low frequencles (2 to 7 % ) were found at the other stations
(Fig. 7). The last sampling in July 1988 showed
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decreasing frequencies in the whole area. In this
sampling, as in all others, the majority of fin-damaged
fish was found at stations closest to the pulp mill.
None of the examined perch from the reference area
or from Sandarne pulp mill was found with any of the
fin damages described above.
With the exeption of the first sampling at Norrsundet,
the distribution of length and year classes of perch in the
different investigation areas were the same with a fish
length/age ranging between 13-35 cm and 2-1 1 yr and
with a mean length/age of 21 cm and 4 yr. Because of a
larger size of gill net used at the first sampling at
Norrsundet the length distribution was different at this
occasion with a length/age ranging between 22-35 cm
per 4-12 yr and with a m e a n length/age of 27 cm and 7 yr.
Due to the lack of young specimens in this catch it was not
possible to look for a direct relationship between length/

W

m

Fig. ?. Perca fluviatihs. Frequency of healed fin erosion
of perch at different distances from the Norrsundet pulp
mill between 1985 and 1988;
(n) no, fishes
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Fig. 8. Gymnocephalus cernua. Frequency of fin erosion of
ruffe at different distances from the Norrsundet pulp mill in
1985; (n) no. fishes

a g e a n d acute fin erosion. Durlng 1985 the majority of
perch with healed fin erosion ranged between 17 - 24 cm
a n d 3 - 6 yr. They were equally distributed compared
with fish with unaffected fins and no relationship
between length/age/sex and healed fin erosion was
found. During the last sampling in 1988 all perch affected
by healed fin erosion were 5 yr or older which indicates
that n o erosion has been induced after 1984.

Ruffe
During 1985 ruffe were found with the same type of
healed fin erosion as found earlier in the perch. The
frequencies were very high with a maximum of 64 %
recorded at Stn 2 in J u n e (Fig. 8). The damage was,
however, more pronounced than on perch a n d several
specimens exhibited incomplete healing of fins. Three
specimens were found with one of their fins without
any regeneration at all. Because of the small number of
ruffe caught at Stns 6 and 7 during both sampling
periods, it was not possible to make any comparison
between the inner a n d outer stations. In contrast to
perch, a significantly increased frequency of severe fin
damage (Category 2 vs Category 3) was found on ruffe
at Stn 1 in J u n e 1985 (Fig. 9).
Like perch, none of the examined ruffe from the
reference station or from Sandarne pulp mill was found
with any fin damage.

DISCUSSION
The present study has shown a clear correlation
between a specified pollution source, bleached kraft
mill effluents, and a specific fish disease sign, fin ero-

stn

i

Fig. 9. Gyrnnocephalus cernua. Frequencies of fin erosion
Categories 2 and 3 of ruffe at different distances from the
Norrsundet pulp mill in June 1985; (n) no. f~shes;asterisk:
significant difference between fin erosion Categories 2 and 3
at p < 0.05

sion. It has further been shown that a fin affected by fin
erosion may regenerate, thereby marking the fin for
several years. Fin damage of both perch and ruffe was
found only in the vicinity of Norrsundet pulp mill, with
decreasing frequencies at increasing distance from the
discharge point.
Acute fin erosion of perch was found only on one
occasion, i.e. closest to the pulp mill in May 1984.
However, acute fin erosion and 'bleeding fins' of perch
and ruffe as well as of other fish species like pike Esox
lucius, roach Rutilus rutilis, and rudd Scardinius erythrophthalrnus, were noticed regularly during both
1982 and 1983 at stations closest to the pulp mill (Sandstrom pers. comm.). These observations indicate that
the total frequency of fin damaged perch, especially at
the station closest to the mill, had its maximum in May
1984 and then decreased during the following sampling periods. The absence of acute fin erosion after
May 1984 can very Likely be linked to the considerably
improved water quality due to the decreased discharges from the pulp mill, particularly after 1984. The
character of the bottoms in the receiving bodies of
water, being erosion and/or transport bottoms instead
of accumulation bottoms (Sodergren 1989), combined
with the temporary closing down of the pulp mill during the summer of 1985, have probably contributed to
the quick recovery of the effluent area. During 1985
a n d 1986 there was a comparatively faster reduction in
the frequencies of perch with healed fin erosion at
stations close to the pulp mill. This could be due to the
increased rate of mortality recorded among fin damaged perch, in this area (Sandstrom & Thoresson 1988).
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It is interesting to note that all fins except the dorsal
one in perch were found to be affected by fin erosion.
This might be explained by the more aberrant construction of this fin which is made up of homogeneous,
hard, fin rays while all other fins are composed of
paired hemisegments without any supporting skeleton
(Lanzing 1976).
The majority of perch caught with healed fin erosion
during 1985 were between 3 and 6 yr, i.e. 2 to 5 yr
during 1984, which could indicate that the erosion had
been induced only in the first years. However, this
seems unlikely since perch with acute fin erosion
caught in May 1984 were 5 to 10 yr old. Therefore, it
seems probable that acute fin erosion was not related to
any specific ageAength. This is also supported by our
results of healed fin erosion where no relationship
between length/age/sex and fin damage was found.
Similar findings has been found by Mijller (1984) who
showed that no relationship seems to exist between
specific length/age groups and prevalence of fin rot.
The observations clearly indicate that the fin erosion
was induced in the inner part of the area (Stns 1 to 4).
This is congruent with the results obtained in studies of
the water flows and flow paths in the Norrsundet area,
which shows the lowest water flows and consequently
low dilution of the process water in the inner area
(Kolset & Heiberg 1988). Furthermore, a gradient of
decreased levels of EOCl was found in sediment traps
as well as in muscle tissue of perch with increasing
distance from the pulp mill (Sodergren 1989).
General fish ecology studies in the Norrsundet area
showed a decreased density of the fish community
closest to the outlet which was interpretated as the
result of the eutrophicating, toxic and repelling properties in the area (Neumann & Kards 1988).The finding of
the highest impact on the fish in the most polluted area
was also in parity with the findings made in a fish
physiology study in the same area in which visibly
affected as well as unaffected perch were examined.
Here it was shown that toxic effects were most pronounced in fish from the inner area. However, some
disturbances could be observed in the whole effluent
area (Andersson et al. 1988). The effects included
enlarged liver, very strong induction of certain cytochrome P-450-dependent enzyme activities in the liver,
elevated levels of ascorbic acid in liver tissue, abnormal
carbohydrate metabolism, marked effects on white
blood cell pattern and alterations in the red blood cell
status and in the ion balance, results which indicate
that the immune defence system of the fish was
impaired. Furthermore, it has also been shown that
perch with healed fin erosion caught in October 1984
and August 1985 had gonads that were significantly
less developed than those of unaffected perch (Sandstrom et al. 1988).
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The results described above from a brackish water
area of the Baltic Sea were further supported by a
comparative study recently made in the southern
hemisphere in a river in New Zealand (Lindesjoo &
Thuliil 1988, mimeographed). The river Kopakorahi
Stream I S used as a recipient by a pulp mill which
discharges effluents similar to those discharged by the
Norrsundet mill. In a gradient, with the highest frequencies closest to the outlet, we found goldfish Carassius auratus, with frequencies up to 36 % of acute a n d
healed fin erosion of the same macroscopical appearance as the fish with fin erosion from Norrsundet.
Furthermore, in histological sections the affected fins of
the goldfish did not show any presence of bacterial
aggregates (Lindesjoo unpubl. data).
The significantly higher frequency of severe fin dama g e found on ruffe at Stn 1, the station closest to the
mill, might b e explained by the different biology of this
fish compared with that of perch. Ruffe, like perch, is a
stationary but more benthic fish which probably leads
to a n increased exposure to toxic substances from the
bottom sediments. Studies made on dover sole off Los
Angeles, showed that fish living on highly polluted
sedinients develop fin erosion which is more severe on
fins that come in contact with the sediments (Sherwood
& Mearns 1977). The fin damage on ruffe in the Norrsundet area was generally more pronounced than that
on perch, and 1-uffe wlth acute fin erosion were still
found during a test fishing programme in the discharge
area in late August 1984 (Sandstrom pers. comm.) in
spite of the improved water quality. All these findings
may i n d ~ c a t ethat ruffe have a different susceptibility to
fin erosion than perch and that this may be reflected in
the different distribution of fin erosion of ruffe in the
area compared with perch.
The results of the experimental cutting of fins clearly
indicated that ihe curvature of the fin rays was caused
by the healing process. It further showed that the
regeneration speed was temperature dependent a n d
only occurred at temperatures above 10°C. This is in
accordance with the general temperature dependence
of growth for perch (Karis 1987).
In conclusion, a clear correlation between the occurrence of fin erosion of perch a n d ruffe a n d
bleached, kraft mill effluents has been found outside
Norrsundet pulp mill, Sweden. Furthermore, w e have
clear indications that the disease can b e found in other
countries and areas where these effluents occur. It w a s
also shown that no outbreaks of the disease occurred
after changes and improvements in the industrial process at Norrsundet resulting in a markedly lower
environmental load. This leads to a conclusion that fin
erosion of perch a n d ruffe living in the vicinity of
Norrsundet was caused by effluents from the pulp
mill.
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