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Parasite communities as indicators of recovery from
pollution: parasites of roach (Rutilus rutilus) and
perch (Perca fluviatilis) in Central Finland
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SUMMARY

We compared parasite communities in fish taken from a polluted lake (L. Vatia) and two control lakes before (1986)
and after (1995) nine years of markedly reduced chemical and nutrient loading from a pulpmill in central Finland.
Discriminant analyses of the 1995 data, using a function based on the 1986 data, showed that the parasite communities in
the fish from the two control lakes had changed relatively little, whereas those from L. Vatia had converged on those from
the mesotrophic control lake, indicating substantial recovery from the effects of pollution. Only a few species of parasites
provided evidence for recovery. These were anodontid glochidia, which had increased markedly in perch, Rhipidocotyle
fennica in roach and R. campanula in both fish species. This suggests that the recovery of the polluted lake involved
increased populations of anadontid clams in shallow waters. On the other side decrease of Dermocystidium percae on perch
fins and Ichthyophthirius multifilits on roach indicate increased immune responses in the fish, reflecting better water

quality. Other parts of the system have apparently not yet recovered.
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INTRODUCTION

Chemical pollution has had serious effects on aquatic
ecosystems over the past 50 or more years. Societal
pressures have led industry and governments to
minimize the release of toxins into the environment,
and even to institute recovery programmes. In cen-
tral Finland, as in many other places in the world,
much of the chemical pollution has involved organo-
chlorines released by pulp and paper mills. In
Finland, improved technology over the past 20 years
has markedly reduced loadings of both organo-
chlorines and nutrients from these mills, despite
several-fold increases in production (Granberg,
1996 ; Kaplin, Hemming & Holmbom, 1997 ; Rantio,
1997). Current obligate monitoring systems in
Finland evaluate water quality, primary productivity,
benthic and planktonic communities, and fish popu-
lations; they are very time-consuming and expensive.
We are evaluating the usefulness of data on parasite
communities in freshwater fishes as a cheaper, but
informative monitoring system.

To be valuable as a monitoring system parasite
communities should respond to changes occurring in
as many parts of the aquatic system as possible,
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should be easy and cheap to perform and should
pinpoint where recovery (or damage) is occurring,
and where it is not. Parasite communities can reflect
changes in the population dynamics of the definitive
hosts, the population dynamics of a variety of invert-
ebrate hosts or the direct effects of chemicals on both
the free-living stages of the parasites and the im-
mune systems of the vertebrate hosts (see reviews
in Khan & Thulin, 1991; Valtonen, Holmes &
Koskivaara, 1997).

Valtonen et al. (1997) (henceforth abbreviated
VHK) showed that the extensive parasite com-
munities in freshwater fishes (roach, Rutilus rutilus,
and perch, Perca fluviatilis) in central Finland can
be good indicators of pollution. Some species of
parasites were markedly increased while others de-
creased in the most polluted waters. Consequently,
community-level analyses, particularly discriminant
function analyses, were the most revealing. Charac-
teristics (such as the life cycle) of individual indi-
cator species suggested mechanisms and identified
those parts of the ecosystem that were particularly
impacted. VHK also showed that monitoring sev-
eral of the indicator species could detect significant
changes after several years of reduced pollutant load-
ing but did not have the data to use the community-
level analyses.

Here, we report on a more extensive follow-up
study of the same system, focusing particularly on
the community-level analyses. We demonstrate that
the parasite communities can be sensitive indicators
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of the extent of recovery and can pinpoint those
parts of the system that are, and those that are not,
recovering.

MATERIALS AND METHODS
Study Area

We investigated parasite communities in roach and
perch in three of the lakes studied by VHK (Fig. 1).
Our monitoring efforts were focused on Lake Vatia,
the lake most affected by chemical pollution and
eutrophication from the pulp mills at Adnekoski,
15 km upstream. Natural variation in the system was
monitored in two lakes. L.ake Peurunka (oligotrophic,
unpolluted) flows into L. Vatia, and has been unaf-
fected by changes in effluent loading from the mills.
The northern part of Lake Saravesi receives water
from L. Vatia, is mesotrophic and has been moder-
ately affected by pollution. Communities of parasites
in this lake were indistinguishable (discriminant
function analysis, VHK) from those in the down-
stream Lake Leppévesi; it is used as the mesotrophic
control lake.

Chemical emissions from the mills were high
through the early 1980s, then decreased markedly
after 1985 ; solids and nutrient loading decreased less
rapidly (Fig. 2). A high proportion of the solids and
most of the organochlorines sedimented out above
(and in) Lake Vatia (Maatela et al. 1990); some of
this material is resuspended whenever water cur-
rents in the rapids above the lake reach 84 m?/sec
(Pohjonen, 1989); these conditions occur frequently
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during spring flooding (Kai Granberg, personal com-
munications). Construction of a channel bypassing
rapids between L. Vatia and L. Saravesi in 1994 also
resulted in significant resuspension that year (Fig. 2;
best seen in the solids data).
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Fig. 1. The study area in central Finland. The three study
lakes Peurunka, Vatia and Saravesi are shown and their
connections to other parts of the chain of lakes and
obstacles to fish migration.
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Fig. 2. Production of pulp and amount of effluents from the Ainekoski mill. Data from the Environmental Protection

Division, Metsd-Sellu Oy. Legends: BOD5, biological oxy
halogens, production is pulp produced in tons per year.
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Table 1. Parasites of roach from three lakes in Central Finland, 1986 and 1995. Data from 1995 in bold

are significantly different from 1986 data, data from L. Vatia in italics are significantly different from data
from L. Saravesi (P <0-05 with Bonferroni correction). Number of fish studied see, Table 3

L. Peurunka L. Vatia L. Saravesi

Location* Year Prevalence Mean+s.D. Prevalence Mean+s.D. Prevalence Mean+s.D.

Protozoa
Zschokkella nova Gb 86 19 1:04+0-0 4 1:04+0-0 5 1:04+0-0
95 0 0 0
Chloromyxum sp. Gb 86 1 1-0 3 1-:0+0-0 8 1-0
95 0 0 0
trichodinids G, F 86 2 17406 11 1-1+0-3 12 1-:34+0-7
95 7 1:04+0-0 27 1-54+0-8 8 1-:0+0-0
Apiosoma sp. G 86 1 1-0 8 1:04+0-0 3 1-54+0-6
95 6 1-:0+0-0 13 1-4+0-5 13 1-1+0-3
Ichthyophthirius G,S, F 86 11 1-1+0-5 27 44+ 95 39 12:2+19-8
multifiliis 95 8 1-:9+1-2 10 1-6+1-1 1 1-0
Myxobolus sp. G 86 7 1:04+0-0 9 1:04+0-0 9 1-14+0-3
95 7 1-:0+0-0 9 1-4+0-5 9 1-1+0-4
Rotifera
Encentrum F 86 2 1-:0+0-0 0 1 1-0
kozminskii 95 1 1-0 9 5-1+48 10 1-:3+1-0
Monogenea
Gyrodactylus spp. F, S 86 11 1-7+1-0 13 1-5+0-9 14 2:2+2:4
95 3 1-:34+0-6 7 2:8+1:6 0
Paradiplozoon G 86 8 1-44+0-8 3 1:34+0-6 9 1-:64+1-3
homoion 95 9 1-:3+0-5 1 1-0 2 1-:0+0-0
Trematoda
Rhipidocotyle F 86 0 20 1124238 92 55:94+70-4
fennica 1. 95 0 99 91-2+81-5 95 119-3+167-1
R. campanula 1. G 86 0 15 5-7+6-0 53 10-0+11-2
95 0 97 50-2+43-8 100 67-4+73-3
Tylodelphys Vb 86 88 45-8+455 13 2:0+2-1 62 16:6+18-9
clavata l. 95 78 19:8+267 4 1:0+0-0 59 10-:34+143
T. podicipina 1. Vb 86 2 2:0+0-0 0 1 2-0
95 0 0 0
Diplostomum Vb 86 71 7-:6+10-1 9 14405 19 2:54+2-8
gastervostei 1. 95 48 3-3+40 4 1-:340-6 46 2:74+3-0
D. spathaceum 1. E 86 95 32:2+448 58 2:9+27 86 9-8+23-3
95 95 10-449-2 55 2:4+1-8 89 5-8+4-5
Allocreadium I 86 26 7:3+90 0 18 47461
isoporum 95 32 3-8+52 1 1-0 43 3-3+33
Sphaerostoma I 86 0 0 11 1-94+1-2
globiporum 95 1 1-0 0 4 1-8+1-3
Phyllodistomum U 86 16 34450 11 2:7+2-8 4 1-:24+0-5
folium 95 0 0 0
Cestoda
Ligula intestinalis 1. C 86 0 0 2 1-:0+0-0
95 0 0 0
Proteocephalus I 86 2 2:0+1-4 2 3-04+2-8 1 1-0
torulosus 95 6 14409 1 1-0 2 1:04+0-0
Caryophyllaeides I 86 9 2:0+2-5 5 2:5+19 5 1-:240-5
laticeps 95 0 0 0
Nematoda
Raphidascaris L,C I 86 39 2:7+34 72 5-6+7-0 64 3342
acus 1. 95 33 2:84+2-0 78 7-0+9-3 70 49462
Pseudocapillaria sp. 1 86 5 1-:54+0-6 0 0
95 2 1-54+0-7 5 2:5+3-0 3 1-:0+0-0
Thwaitia sp. G, F 86 3 1-:3+0-5 12 1-1+0-3 3 1-:0+0-0
95 0 0 0
Acanthocephala
Neoechinorhynchus 1 86 16 4-34+3-9 19 2:4+1-5 6 3-34+36
rutili 95 6 24411 5 3-3+2:6 9 2-84+2-7
Acanthocephalus I 86 3 1-:34+0-6 1 1-0 1 1-0
lucti 95 0 1 1-0 0
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Table 1. (cont.)
L. Peurunka L. Vatia L. Saravesi
Location* Year Prevalence Mean+s.D. Prevalence Mean+s.D. Prevalence Mean+s.D.
A. anguillae I 86 0 13 14407 6 1-:34+0-8
95 0 0 0
Arthropoda
Evrgastlus briani G 86 14 45475 16 1-74+1-1 14 2:9+2-7
95 3 1-:0+0-0 4 1-:0+0-0 11 1-4+0-5
Avrgulus foliaceus S, G, F 86 4 10-8+13-3 2 1-:0+0-0 8 1-1+1-0
95 6 1-:24+0-5 13 2:5+1-5 10 1:7+1-0
Mollusca
Anodonta piscinalis G, F 86 0 3 2:0+0-0 12 2:0+2-0
95 0 38 2:5+52 6 2:0+22
Hirudinea
Piscicola geometra S, F 86 0 0 3 1-0+0-0
95 0 0 0

* C=coelom, G =gills, Gb =gall bladder, E=eye lens, F=fins, | =intestine, L. =liver, S =skin, U =ureter, Vb =vitreal

body.

VHK’s samples were taken in 1986, and reflected
the pollution from the previously high emission
rates. Our samples are from 1995 and reflect the
lower emission rates (and resuspension rates) of the
intervening 9 years.

Sampling and examination of fish

In 1995, 15 adult roach and 15 adult perch were
collected from each lake each month (bimonthly
during the period of ice-cover), as in VHK; a total of
257 roach and 261 perch were examined. Each fish
was examined by the methods of VHK, except that
the musculature was not examined, the kidneys were
not examined for protozoans, nor were the fins
examined for Neoergasilus japonicus. The gills were
examined in toto for large parasites, but only a single
scrape sample was examined for small mono-
geneans; as a result, data on dactylogyrids on roach
were not comparable to those of VHK, and are thus
not used.

Data presented here for 1986 are limited to those
species recoverable by the methods used in 1995;
prevalence data have been presented in VHK and
are presented here for ease of comparison. In this
paper, we use intensity data (parasites per infected
fish), rather than the abundance data (parasites per
examined fish) used in VHK.

Analyses

Infracommunity and component community mea-
sures are those used by VHK; data for 1986 were
recalculated, omitting species not covered by the
examinations in 1995. Differences in prevalence
were tested by the maximum likelihood G-test, dif-
ferences in other measures by the Kruskal-Wallis
non-parametric analysis of variance, using programs
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in Systat (Wilkinson, 1990). Unless otherwise stated,
significance was at the 5% level, using Bonferroni
corrections for multiple testing.

Discriminant function analyses were calculated on
transformed intensity data [In(x+ 1)] using the pro-
grams in BMDP. Analyses were done on the re-
calculated 1986 data, the 1995 data, and once more
on the 1995 data, using the discriminant function
calculated from the 1986 data.

RESULTS

Overall, only 23 parasite species were found in roach
in 1995, compared with 31 in 1986; all species found
in 1986 were also present in at least some of the lakes
in 1995 (‘Table 1). In perch, 31 species were found in
1995, compared with 34 species in 1986; one species
present in 1995 (Dactylogyrus sp.) was not present in
1986 (Table 2). Eleven of the 15 species present in
only one year were rare (prevalence in any lake less
than 10%), the others had maximum prevalences of
less than 20 %.

The total number of parasite species found in each
host in each lake also decreased from 1986 to 1995
(Table 3), although in each lake, species not found
in 1986 were found in 1995 (Tables 1 and 2). Despite
this reduction in total numbers of species found,
mean numbers of species per fish increased in 1995
in L. Vatia in both roach and perch, and did not
change in the other two lakes (or dropped, in roach
from L. Peurunka; Table 3). There was a significant
increase in total numbers of parasites per fish in both
roach and perch in L. Vatia, and in L. Saravesi,
whereas in L. Peurunka, numbers in roach decreased
and there was no change in numbers in perch
(Table 3). Mean diversities decreased significantly in
roach in L. Vatia, but did not differ elsewhere.
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Table 2. Parasites of perch from three lakes in Central Finland, 1986 and 1995. Data from 1995 in bold
are significantly different from 1986 data, data from L. Vatia in italics are significantly different from data
from L. Saravesi (P <0-05 with Bonferroni correction). Number of fish studied, see Table 3

L. Peurunka L. Vatia L. Saravesi

Location* Year Prevalence Mean+s.D. Prevalence Mean+s.D. Prevalence Mean+s.D.

Protozoa
Ichthyobodo S 86 1 1-0 0 0
necatrix 95 1 1-0 0 0
Capriniana G 86 9 1:94+0-6 15 1:6+0-8 8 1:94+0-8
piscium 95 21 1:6+0-9 32 2:0+0-9 17 1-:94+1-0
Apiosoma spp. G, F 86 39 1-540-6 66 2:1+1-3 49 2:04+1-3
95 78 1:6+0-8 94 2:14+09 71 1-84+0-9
trichodinids G 86 39 1-:54+0-8 26 1-:0+0-0 31 1:34+0:6
95 50 1-:3+06 40 1-1+0-3 28 1-:0+0-2
Ichthyophthirius G, F 86 0 3 1-:0+0-0 3 1-:0+0-0
multifiliis 95 2 1-:0+0-0 4 17406 1 1-0
Henneguya spp. G, M, Gb 86 37 1-:9+0-9 24 1-:3+0-5 26 1-4+0-8
95 38 1:6+0-8 39 1:6+0-8 40 1-24+0-5
Myxobolus G 86 3 1-:04+0-0 0 1 4-0
guyenoty 95 1 1-0 0 2 1-:0+0-0
Zschokkella sp. Gb 86 3 1-:04+0-0 0 6 1-:04+0-0
95 0 0 0
Dermocystidium F 86 14 84+10-6 41 42-8+123-8 19 91-0+159-0
percae 95 17 17-3+242 24 67-6+123-2 13 148-3+446-3
Microsporidea Vb 86 3 1-:0+00 2 1-:0+0-0 0
95 0 0 0
Rotifera
Encentrum G, F 86 19 1:34+06 17 1-:0+0-0 15 1:6+0-7
kozminskii 95 4 2:7+06 21 59+11-5 9 45433
Monogenea
Gyrodactylus F 86 0 2 1-0 7 7-8+10-3
gasterostetl 95 12 21422 2 1-0 4 1-54+06
Ancyrocephalus G 86 4 1-:04+0-0 3 1-04+0-0 7 1-54+0-5
percae 95 1 1-0 0 0
Dactylogyrus sp. G 86 0 0 0
95 4 1-:3+06 5 1-:0+0-0 1 1-0
Trematoda
Rhipidocotyle I 86 0 0 11 1-5+09
campanula 95 0 29 15-4+243 17 6:74+12-9
Tylodelphys Vb 86 98 45-2+44-2 8 42+36 86 29-34+32-7
clavata l. 95 94 15:3+17-4 27 2:3+2-0 88 12:0+16°5
T. podicipina l. Vb 86 36 1-7+1-1 3 1-:0+0-0 10 1-42+0-8
95 12 1-2+0-4 0 0
Diplostomum Vb 86 98 10-:3+10-0 34 14408 80 44449
gasterostei 1. 95 100 13-5+10-1 38 2:1+16 70 3-7+59
D. spathaceum 1. E 86 48 1:6+0-9 5 1-:0+0-0 29 1-:34+0-7
95 42 2:6+2-0 6 1240 16 1-:0+0-0
Ichthyocotylurus C 86 55 7-7+30°9 20 4-9+41 79 11-2+13-5
variegatus 1. 95 74 10-1+165 74 39-9+57-0 88 20-1+309
Bunodera 86 85 32:44+47-3 71 9-0+9-1 75 28-4486'5
luciopercae I 95 92 36:2+40-1 64 27-4+43-3 89 9-8+10-2
Allocreadium sp. I 86 4 34+1-5 0 3 1-:04+0-0
95 1 1-0 2 1-:0+0-0 0
Cestoda
Triaenophorus C 86 32 1-6+1-1 16 1-54+1-0 29 1-54+1-0
nodulosus 1. 95 48 1-7+1-0 14 1-:3+09 31 1-24+0-3
Eubothrium sp. I 86 0 0 3 1-:34+0-6
95 0 0 0
Proteocephalus percae 1 86 37 71476 9 1-:0+0-0 17 1-8+1-2
95 54 5-4+4-4 12 51+83 22 42451
Nematoda
Camallanus I 86 2 8-:0+2-8 38 2:6+16 64 9-3+9-8
lacustris 95 0 75 9-14+15-2 60 43467
Desmidocercella Vb 86 0 5 1-:3+06 13 1-:3+0-7
sp. L. 95 0 0 7 1-7+1-2
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Table 2. (cont.)
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L. Peurunka L. Vatia L. Saravesi
Location* Year Prevalence Mean+s.D. Prevalence Mean+s.D. Prevalence Mean+s.D.
Raphidascaris C 86 0 7 1-:0+0-0 8 1-440-7
acus 1. 95 0 4 1-:0+0-0 7 1-:04+£0-0
Acanthocephala
Neoechinorhynchus I 86 4 2:8+2-1 4 1-:04+0-0 0
rutili 95 0 4 1-7+1-2 0
Acanthocephalus I 86 47 61460 57 3-6+34 27 32430
lucii 95 20 27424 32 2:7+2-1 33 3-8+46
Arthropoda
Ergasilus sieboldi G 86 14 1-5+0-8 10 1-:0+0-0 2 1-5+0-7
95 12 1-:34+£0-5 0 3 1-:04+£0-0
Achtheres percarum G 86 27 1-94+1-3 0 11 1-:34+0-6
95 30 14407 6 1-24+0-5 6 1-:0+£0-0
Avrgulus foliaceus S, F, G 86 12 3-:34+3-0 22 2:44+1-8 27 33429
95 9 14407 15 35423 19 2:34+1-3
Mollusca
Anodonta G, F 86 0 31 1-84+14 53 12:74+13-2
piscinalis 1. 95 0 60 20-14+22-3 33 42452

* Abbreviations for locations as in Table 1.

Table 3. Data on communities of parasites in roach and perch from three lakes in Central Finland, 1986 and
1995. Data from 1995 in bold are significantly different from 1986 data, data from L. Vatia in italics are
significantly different from data from L. Saravesi (P <0-05 with Bonferroni correction)

Peurunka Vatia Saravesi

1986 1995 1986 1995 1986 1995
Roach
Component communities
Number of fish 123 90 93 77 119 90
Number of species 24 18 25 21 30 21
1/SI (prevalence) 8-1 6-1 10-5 7:4 10-7 87
Infracommunities (mean +s.D.)
Number of fish 103 90 76 77 93 90
Number of species 47416 3-5+1-5 34+16 4-8+1-9 57417 59416
Number of individuals 89-0+78-1 30-1+34-5 12:9+16-8 149-:0+106°5 90-2+94-4 199-9 +227-1
1/1S (individuals) 2:2+06 2:1+0-8 24410 1-9+0-5 2:54+1-0 2:54+0-8
Perch
Component communities
Number of fish 118 86 61 85 120 90
Number of species 26 25 25 21 30 26
1/SI (prevalence) 13-6 12-7 13-6 13-9 15-3 135
Infracommunities (mean +5s.D.)
Number of fish 102 86 44 85 102 90
Number of species 7-:84+1-7 8:3+16 56420 74427 79422 79421
Number of individuals 98-:0+80-0 81-1+50-2 38:3+95-0 95-2+118'5 99-0+122-4 706 +166-7
1/SI (individuals) 3:0+1-3 32+1-1 31+1-4 3:0+1-2 32+1-4 35+1-5

Discriminant function analyses on the revised
data sets for 1986 correctly classified 87% of the
roach and 82% of the perch (91% and 96% of the
fish from L. Vatia) (Table 4). Discriminant analy-
ses of the 1995 data also correctly classified a high
proportion of the fish (88% of the roach, 87 % of the
perch; 86% and 87% of those from L. Vatia) (not
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shown). Species included in the discriminant func-
tions for these two years overlapped broadly, but
with different rankings; in addition, some species
differed (Table 5). In each year, therefore, the
parasite communities in each fish species clearly dif-
fered among lakes, but the distinguishing parasites
differed somewhat.
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Table 4. Classification of individual fish by the discriminant function based on 1986 data. Classified
distributions of the 1995 fish shown in bold are significantly different (G-test for homogeneity, Sokal & Rohlf,

1995) from 1986 distributions (P<0-01)

1986 fish

1995 fish

Classified as

Classified as

True P Y S % Correct P \Y S % Correct
Roach Roach

Peurunka 91 12 0 88 70 20 0 78

Vatia 1 69 6 91 0 1 76 1

Saravesi 8 18 137 84 1 11 78 87

Totals 100 99 143 87 71 32 154 58
Perch Perch

Peurunka 93 3 6 91 78 3 5 91

Vatia 0 42 2 96 0 44 41 52

Saravesi 24 28 143 73 9 24 57 63

Totals 117 73 151 82 87 81 103 69

Table 5. Discriminating parasites and their coeflicients for the first two canonical discriminant variables
(CV1, CV2) that separate roach or perch from three lakes in Central Finland. Variables are ranked in order

of addition by the stepwise analysis run on log-transformed intensity data

1986 1995
Species Rank F CV1 CV2 Rank F CV1 CV2
Roach
Rhipidocotyle fennica 1 3182 —0-954 0-421 5 10-2 —0-331 0-127
Diplostomum spathaceum 2 140-1 0-397 0-492 2 347 0-198 —0-505
Raphidascaris acus 3 21-0 —0-170 —0-493 6 63 —0-046 0-417
Tylodelphys clavata 4 24-3 0-169 0-431 7 7-2 0-027 —0-376
Diplostomum gasterostei 5 10-2 0-292 0-118
Gyrodactylus sp. 6 7-0 —0-228 0-104 9 4-8 —0-098 0-269
glochidia larvae 7 65 —0-080 0-253 3 17-6 —0-195 0-318
Acanthocephalus anguillae 8 4-4 —0-117 —0-174
Rhipidocotyle campanula 1 686 —0-766 —0-455
Allocreadium isoporum 4 10-7 0-137 —0-388
Ergasilus briani 8 5-5 —0-192 —0-178
Perch
Tylodelphys clavata 1 81-8 0-612 —0-561 2 40-1 0-294 —0-873
glochidia larvae 2 51-4 —0-109 —0-719 5 19-6 —0-401 0-325
Camallanus lacustris 3 427 —0-500 —0-218 3 29-0 —0-532 0-126
Proteocephalus percae 4 21-3 0-428 0-022 6 10-5 0-333 0-010
Diplostomum gasterostet 5 16-8 0-330 —0-263 1 2169 0-566 0-427
Achtheres percarum 6 135 0-343 0-071 8 62 0-183 0-278
Acanthocephalus lucii 7 9-4 —0-039 0-364
Bunodera luciopercae 8 9:2 0-127 0-329 4 19-1 0-422 0-221
Diplostomum spathaceum 9 85 0-321 —0-014 7 8:0 0-254 0-295
Desmidocercella sp. 10 63 0-252 0-130
trichodinids 11 5-8 —0-114 —0-283
Ichthyocotylurus variegatus 12 5-6 —0-241 0-042
Tylodelphys podicipina 9 41 0-183 0-143

Discriminant analyses of the 1995 data using the
discriminant functions from the 1986 data correctly
classified only 58% of the roach and 69% of the
perch; fish from lakes Peurunka and Saravesi were
correctly classified at about the same percentages
as in 1986, whereas only 1% of the roach and 52%
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of the perch from Lake Vatia were correctly classi-
fied (Table 4). Individual fish from lakes Vatia and
Saravesi formed a single cloud of points, almost en-
tirely within the range predicted by the 1986 analysis
for L. Saravesi (roach) or spanning the predicted
ranges from both lakes (perch), and quite distinct
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Fig. 3. Locations of group centroids of parasite infracommunities in roach and perch from three lakes in Central
Finland in 1986 and 1995. Lines separate areas classified by maximum likelihood as L. Peurunka (P), L. Vatia (V) or
L. Saravesi (S), based on discriminant function analyses of parasites from fish from 1986. Centroids labelled 95 are for

1995 data analysed by the 1986 discriminant function.

from the fish from L. Peurunka (not shown). Cen-
troids of the data for both years from fish from lakes
Peurunka and Saravesi were fairly close together and
within the ranges predicted for those lakes by the
1986 data; however, centroids for the 1995 data from
fish from L. Vatia were within the area predicted for
L. Saravesi, well within data from roach, just inside
data from perch (Fig. 3). Thus, in terms of the
parasites that most clearly distinguished the polluted
lake, L. Vatia had, by 1995, converged toward the
mesotrophic control lake, whereas the other lakes
had remained fairly stable.

The most obvious changes in the parasites in
L. Vatia were the marked increases in anadontid
glochidia and in the two species of Rhipidocotyle
(Tables 1 and 2). These parasites (prevalence and
intensity of R. fennica in roach and of anadontid
glochidia in perch, prevalence of R. campanula in
both roach and perch) were significantly lower in
L. Vatia than in L. Saravesi in 1986, but not in 1995
(Tables 1 and 2).

Other notable changes (all in perch) were the in-
creases in prevalence and intensity of I. variegatus
and in prevalences of T. clavata and C. lacustris,
and the decreases in prevalences of A. lucii and E.
sieboldi. All (except T'. clavata and E. sieboldi) differed
significantly between lakes Vatia and Saravesi in
1986, but not in 1995.

DISCUSSION

The data, especially those from the discriminant
function analyses, suggest that the communities of
parasites in roach and perch from lakes Peurunka
and Saravesi changed relatively little between 1986
and 1995, but that those from Lake Vatia changed
considerably, and converged with those from fish
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from Lake Saravesi. Given that all evidence indicates
that Lake Saravesi is much less affected by pollutants
(see review in VHK), this pattern indicates that the
marked reductions in organochlorine and nutrient
emissions over the intervening 9 years has resulted
in considerable recovery from the effects of pollution
in Lake Vatia.

We do not intend to imply that there were no
changes in the parasite communities in the two
control lakes. In each lake, some of the less common
parasites occurred in only one year, and there were
significant differences in prevalence or intensity of
some of the more common species. Temporal vari-
ation does occur. In some cases (such as the apparent
disappearance of some species, the increases in
metacercariae of Rhipidocotyle spp. in roach, and
the increases in intensity of I. variegatus or preva-
lence of Apiosoma spp. in perch) this variation was
consistent across lakes and appeared to reflect some
feature that affected the entire system. In other
cases, there was significant variation only in one of
the control lakes (as in the intensity of 7. clavata in
roach), or changes were in different directions in the
two control lakes (as in 7. clavata in perch). These
changes appeared to reflect the random variation seen
in other systems (Janovy & Hardin, 1988 ; Kennedy,
1993).

However, in the control lakes, temporal variation
was not sufficient to markedly shift their centroids
when the 1986 discriminant function was applied
to data sets from both years. In contrast, changes
in L. Vatia were adequate to shift the 1995 centroid,
reflecting much more extensive and pervasive
changes.

In 1986, fish from L. Vatia were characterized by
markedly lower numbers of glochidia and trema-
todes than in fish from the other lakes (details in
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VHK). Roach from L. Vatia were also characterized
by higher numbers of dactylogyrids, whereas perch
were characterized by higher numbers of D. percae
and A. lucii and lower numbers of cestodes and
A. percarum.

The most obvious changes in the parasites of
fish from L. Vatia in 1995 involved marked increases
in anodontid glochidia and the two species of Rhipi-
docotyle, which use Amnodonta piscinalis as first
intermediate hosts (Taskinen, Valtonen & Gibson,
1991). All three had shown increases in prevalence
in roach, but not perch, in 1994 (Valtonen et al.
1997). Anodonta piscinalis is located primarily in
shallow, vegetated littoral areas (Haukioja & Hakala,
1974 ; Taskinen, 1992 ; Saarinen & Taskinen, 2003),
is known to concentrate organic pollutants (Herve,
Paasivirta & Heinonen, 2001), and were absent, or
at very low levels of abundance, in L. Vatia in 1986
(J. Taskinen, U. Jyviskyld, personal communi-
cation). The recovery of these three parasites to
levels indistinguishable from those in L. Saravesi
is undoubtedly due to recovery of the anodontid
population in L. Vatia.

Metacercariae of Ichthyocotylurus variegatus in
perch also increased significantly in 1995 (and in
prevalence in 1994, VHK). There was an apparent
system-wide increase in this species, but the increase
in L. Vatia was markedly greater, to levels in-
distinguishable from those in the other two lakes.
Valvata piscinalis, the first intermediate host of
1. variegatus (Bell, Sommerville & Gibson, 1999) did
not occur in lake Vatia in the 1980s although it was
common in nearby lakes of the same water system
(Hynynen, 1987). There was also an increase in the
prevalence of T'. clavata metacercariae in perch (but
not in roach) in L. Vatia; this was not seen in the
1994 data of VHK. These changes could indicate
an increase in the populations of VValvata and other
snails, but the system-wide pattern for I. variegatus,
or the inconsistent pattern for 7. clavata, make any
such conclusion problematic. Note that there were
no significant increases in numbers of any of the
other trematodes.

The prevalence of D. percae in perch in L. Vatia
also decreased to a level equivalent to that in
L. Saravesi and prevalences of I. multifiliis in roach
decreased in both lakes. Changes in the protozoans
may indicate improved immune function in the
fish due to lower concentrations of organochlorines,
and perhaps other chemicals, in the efHuents (cf.
Lehtinen, 1989; Khan et al. 1994). Jokinen, Aaltonen
& Valtonen (1995) showed that serum immuno-
globulin levels of roach originating from L. Peurunka
decreased when fish were transferred to L. Vatia
and that the peak response of fish immunized against
bovine gamma globulin was lower in the fish trans-
ferred to L. Vatia than in those kept in L. Peurunka.
In addition, Aaltonen, Valtonen & Jokinen (1997)
showed that roach exposed to bleached pulp and
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paper mill effluents (BKME) in the laboratory had
decreased numbers of immunoglobulin-secreting
cells in the spleen compared to control fish and that
the antigen-specific response of bovine gamma
globulin-immunized roach exposed to BKME was
significantly lower than that in control fish. Inter-
estingly, Aaltonen et al. (1997) also showed that the
immunosuppression caused by BKME was revers-
ible when fish were transferred back to clean water.
In retrospect, it is unfortunate that our methods did
not allow us to compare levels of infection with
dactylogyrids in roach, for which there is the most
convincing evidence of the importance of an im-
paired immune response in L. Vatia in 1986 (see
Bagge & Valtonen, 1996 and Siddall, Koskivaara &
Valtonen, 1997).

Our results suggest, therefore, that the decreased
toxicant loadings in effluents since 1986 have al-
lowed some recovery in L. Vatia. This recovery has
involved general water quality (the improved im-
mune responses, and perhaps the presence of the
copepod A. percarum in perch — see Anikieva, 1982)
and an increase in population of anadontid clams,
and perhaps some other molluscs in shallow, inshore
waters. However, the continued paucity of trema-
todes indicates that populations of most molluscs
have not recovered as yet.

The clearest evidence for recovery is the con-
vergence of the parasite communities in fish in
L. Vatia with those in fish from L. Saravesi when
the 1995 data are examined using the 1986 dis-
criminant functions. The strong convergence in
roach suggests that further use of the 1986 function
with data from roach may not be instructive, al-
though the 1986 function may still be useful in
assaying further recovery in perch. However,
1995 functions still separate fish from these two
lakes; further recovery may be tracked using these
functions.

In addition, it is clear that the additional in-
formation provided by careful examinations of
gills for dactylogyrids (in roach) would justify the
added expense. In roach, dactylogyrids were the
main positive indicator of adverse effects from
pollution, which has been shown to be due to an
impaired response (references above).
Monitoring dactylogyrids might be an inexpensive
way to monitor the status of the immune response
in roach.

immune
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