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INTRODUCTION

Stress, diseases and parasites frequently interact in
natural populations and the outcome of this interaction
can be complex (Lafferty 1997, Lafferty & Kuris 1999).
Environmental stress may compromise the immune
system of fish (Jokinen et al. 1995, Aaltonen et al. 2000)
which may lead to more severe infection by parasites
and diseases (Lehtinen 1989, Khan 1990, Khan et al.
1994). Among the diseases of fish, papillomatosis
appears to be frequently associated with environmen-
tal stress (Smith et al. 1989b, Harshbarger & Clark
1990, Hayes et al. 1990, Premdas et al. 1995, Baumann
et al. 1996, Mikaelian et al. 2000, Kortet et al. 2002,
Pinkney et al. 2004). Results of laboratory experiments
support the suggested association between papillo-

matosis and environmental contamination. For exam-
ple, the induction of papillomatosis by contaminants in
fish seems to be treatment–dose dependent (Grizzle et
al. 1981, 1984, Black 1983). Not only xenobiotics but
other types of stress, such as oxygen deficiency (Mel-
lergaard & Nielsen 1995, 1997), crowding (Premdas &
Metcalfe 1994), salinity, temperature (Mellergaard &
Nielsen 1997, Peters & Peters 1977, 1979) and hormo-
nal manipulations (Premdas et al. 2001) may induce
papillomatosis in fishes. 

Epidermal papillomatosis appears as dermal lesions
which are white, smooth, ovoid tumors on the skin,
head, lips and fins of fishes (e.g. Premdas et al. 1995,
Kortet et al. 2002). Virus particles have been discerned
from papilloma tumors on fishes by electron micro-
graphs (Anders & Möller 1985, Lee & Whitfield 1992)
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and by isolation from cell culture (Schwanz-Pfitzner
1976, Bloch et al. 1986, Sano et al. 1993). However,
induction of papillomas can possibly also take place
without viral infection (e.g. Grizzle et al. 1984, Smith et
al. 1989a). Thus, the connection between papillomato-
sis and environmental stress can be produced both by
the stress induced impairment of the immune system of
fishes and by direct carcinogenic effects of contami-
nants (Sano et al. 1991, 1993 Lee & Whitfield 1992,
Baumann et al. 1996).

In the North American Great Lakes, epidermal
papillomatosis has been proposed as a bioindicator of
contaminated waters (Munkittrick & Dixon 1989, Bau-
mann 1992, Premdas et al. 1995, Baumann et al. 1996).
The International Council for the Exploration of the
Sea (ICES) has adopted epidermal papillomatosis in
dab Limanda limanda as an indicator of environmental
changes in the North Atlantic coastal areas (Bucke et
al. 1996). Because new tools are required by the Euro-
pean Union’s Water Framework Directive for deter-
mining the ecological status of lakes, we investigated
the possible use of the roach–papillomatosis system in
monitoring of environmental stress in Finnish waters. 

In contrast to prevalence, the intensity of papillo-
matosis—i.e. the number and/or size of tumors per dis-
eased fish—has been used only rarely in comparative
studies of the disease (Premdas et al. 1995, Mikaelian
et al. 2000). Thus, the need for more research on the
relationship between environmental stress and inten-
sity of papillomatosis in natural fish populations is
obvious—especially since stress has increased the
intensity of papillomatosis of fish in experimental con-
ditions (Premdas & Metcalfe 1994, Premdas et al.
2001).

Our preliminary results (Kortet et al. 2002) indicated
a higher prevalence of epidermal papillomatosis in
roach in lakes affected by human impact than in unaf-
fected lakes in Finland. Lafferty (1997) stated that field
studies on the relationship between anthropogenic
impact and parasites/diseases of fishes should have
adequately replicated designs that would overcome
the confounding of spatial and temporal variation in
the environment. Therefore, we studied further the
possible impact of industrial and/or sewage effluents
on the prevalence and intensity of epidermal papillo-
matosis in roach using a ‘matched pairs’ design (Laf-
ferty 1997) with 10 impact populations, each with a
spatially and temporally appropriate reference pair.
Our hypothesis was that both the prevalence and
intensity of papillomatosis in roach could provide a tool
for measuring environmental stress in fishes in gen-
eral. Roach is a common, widespread native cyprinid in
both brackish and freshwater systems in Finland. The
habitat characteristics of roach are well known and it is
a suitable species for laboratory experimentation and

field surveys, thereby fulfilling the criteria for a bio-
indicator species (Munkittrick & Dixon 1989, Premdas
et al. 1995).

MATERIALS AND METHODS

Fish collections and laboratory examinations. We
collected a total of 1714 roach from 20 populations. The
populations combined 10 matched pairs so that each
impact population was influenced by industrial and/or
sewage effluents and the reference population was
from a practically pristine location (Fig. 1). Sources of
contamination of the impact sites, dates of collection,
sample sizes, prevalence and mean intensities of the
disease, mean lengths and male proportions of the
populations studied are given in Table 1. Roach were
captured by ice-fishing (2004) and netting (2005),
killed with a sharp blow on the head, and carefully
transported to the laboratory. The total length of each
fish was measured to the nearest 1 mm and sex was
determined by examining the gonads. Fish body sur-
faces, fins and head were inspected for papillomas,
both visually and by palpating by hand. We counted
the number of scales the tumors covered on each fish
(Vainikka et al. 2004b); this is a reliable method for
evaluating the intensity of epidermal papillomatosis in
roach (Korkea-aho et al. 2006).

The information of point source-loadings to impact
sites was obtained mainly from the Finnish Environ-
ment Institute, Helsinki; Environmental Information
System-HERTTA (www.environment.fi/default.asp?
node=14812&lan=en). Three pairs of populations were
from River Kymijoki waterway, which discharges into
the Gulf of Finland, Baltic Sea (Populations 1AB, 2AB,
3AB; Fig. 1). Impact Population 1A, Lake Jyväsjärvi, is
surrounded by the city of Jyväskylä (85000 inhabi-
tants). The lake has been polluted by discharges from
paper and pulp-mill industry, rubbish dumping ground
near the shore, burning of waste and sewage effluents,
and its sediments are rich in PCBs (Paasivirta et al.
1986). Reference Population 1B was Puolakka on Lake
Päijänne. Impact Population 2A, Jauholahti on Lake
Iisvesi, was influenced by saw-mill and peat industries,
and sewage effluents from the nearby city of Suonen-
joki, (8000 inhabitants). Reference Population 2B was
Lintuniemi on Lake Virmasvesi. Impact Population 3A,
Tervonsalmi on Lake Rasvanki, is impacted by the
aquaculture industry and sewage effluents from 2000
inhabitants; Reference Population 3B was Vuonamon-
niemi on Lake Nilakka.

Seven pairs of populations were collected from the
River Vuoksi waterway, which flows to the Gulf of Fin-
land (Fig. 1). Three pairs (Populations 4,5 and 6) were
chosen from a large complex of interconnected lakes
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Fig. 1. Locations of Rutilus rutilus populations studied. Main waterway areas are illustrated by dotted lines. Waterflow patterns
are indicated by arrows. Population details in Table 1

Population Impact Date n0 Prevalence Intensity Length Male

1Aa P,B,S 30.03.04 1030 22.0 3.9 ± 0.9 185 ± 1 28
1B Reference 04.04.04 58 1.7 – 178 ± 3 44
2Aa E,C,S 02.04.04 20 30.0 10.3 ± 4.5 198 ± 4 15
2Ba Reference 03.04.04 81 4.9 24.8 ± 9.9 180 ± 2 16
3Aa F,S 08.04.04 72 9.7 7.0 ± 2.1 170 ± 2 52
3Ba Reference 12.04.04 78 9.0 3.7 ± 1.5 168 ± 2 30
4Aa D,S 17–24.3.04 2440 10.0 9.6 ± 2.0 164 ± 1 22
4B Reference 04.04.04 51 3.9 – 157 ± 1 18
5Aa P,O,G 17–22.3.04 3010 11.0 16.8 ± 4.3 152 ± 1 34
5B Reference 11.04.04 1020 2.0 – 159 ± 1 14
6Aa M,S 1–4.04.04 39 21.0 8.5 ± 3.8 166 ± 2 18
6Ba Reference 03.04.04 93 9.7 18.1 ± 5.9 165 ± 2 25
7A P,T 25.04.04 82 2.4 – 159 ± 2 41
7Ba Reference 25–26.4.04 53 5.7 3.7 ± 1.5 174 ± 2 17
8Aa P,S 10.04.04 50 14.0 5.6 ± 2.6 178 ± 3 48
8B Reference 11.04.04 58 4.8 – 170 ± 2 37
9Aa P,E,S 17.05.05 26 30.8 22.8 ± 7.1 207 ± 5 62
9Ba Reference 17.05.05 27 14.8 6.0 ± 4.7 206 ± 2 26
10Aa P,S 20.05.05 1440 11.8 7.7 ± 2.0 178 ± 3 57
10Ba Reference 20.05.05 32 9.4 1.7 ± 0.7 191 ± 6 41

aPrevalence and intensity data from our previous study (Korkea-aho et al. 2006)

Table 1. Rutilus rutilus. Collections from Populations 1 to 10 used in this study. Impact: sources of contamination in impact site
(F = fish-farming, P = paper and pulp industry, B = PCB, S = sewage effluents, M = mining industry, O = Oil storage, C = peat
industry, E = sawmill industry, D = rubbish dumping site on land, G = snow dumping site on land, T = thermal effluents; Reference
= reference site); Date: sampling date (dd.mm.yy); n: number of fish collected; Prevalence: prevalence of papillomatosis (%);
Intensity: mean ±SE intensity of papillomatosis; Length: mean ±SE fish length (mm); Male: proportion of male fish (%) in pop-
ulation. Population pairs 1 to 10 were used to compare prevalence, Population pairs 2, 3, 4, 9 and 10 to compare intensity of

papillomatosis in relation to environmental stress 
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around the city of Kuopio all with the same water sur-
face level. Impact Population 4A, Neulaniemi on Lake
Kallavesi, was influenced by a large waste-disposal
site on land; Reference Population 4B was Autioranta
on Lake Kallavesi. Impact Population 5A, Siikalahti on
Lake Kallavesi, was influenced by industrial dis-
charges (a pulp-mill and oil storage), snow removal
(salts and roadway pollutants) runoff, and sewage
effluents from the nearby city of Kuopio (90000 in-
habitants); Reference Population 5B was Melalahti on
Lake Melavesi. Impact Population 6A, Haaslahti on
Lake Koirus, was influenced by mining industry and
sewage effluents; Reference Population 6B was Lit-
malahti on Lake Kallavesi.

Impact Population 7A, Huruslahti on Lake Hauki-
vesi, was influenced by discharges and thermal efflu-
ents from a paper and pulp mill; Reference Population
7B was in Kinkamonselkä on Lake Unnukka. Impact
Population 8A, Pääskyniemi on Lake Pihlajavesi, was
influenced by effluents from the plywood industry and
sewage effluents from the nearby city of Savonlinna
(28000 inhabitants); Reference Population 8B was
Ahvensalmi on Lake Joutenvesi. Impact Population
9A, Joensuu on Lake Pyhäselkä, was influenced by a
paper mill, plywood mill, sawmill and sewage effluents
from 60000 inhabitants (sediments contaminated by
wood preservatives released by the sawmill contained
high concentrations of chlorophenols, arsenic,
chromium and copper at 9A: Lyytikäinen et al. 2001a);
Reference Population 9B was Napaluoto on Lake
Pyhäselkä. Impact Population 10A, Noljakansaaret on
Lake Pyhäselkä, was near the city of Joensuu and thus
received the industrial and sewage effluents of the
city; Reference Population 10B was Perhesaaret on
Lake Pyhäselkä.

The prevalence of papillomatosis in roach popula-
tions peaks at spawning (Kortet et al. 2002). Therefore,
we collected fishes from reference populations on the
same day, or a maximum of 22 (on average 5 d) later
than from the impact populations (Table 1). 

Statistical analyses. We used Generalized Linear
Mixed Models (GLMM) to study the prevalence of
papillomatosis in impact and reference populations.
Using the canonical link, a GLMM for the data was
specified as log[πij /(1 – πij)] = m + βi + θj where m is the
intercept, βi is the fixed site effect (impact, reference)
and θj is the random population pair effect due to the
matched pairing of sampled populations. The model is
an extension of logistic regression to cases where stan-
dard model assumptions are violated, for example due
to the hierarchical nature of the data. Fish size and
gender has been previously shown to affect the preva-
lence of epidermal papillomatosis in roach (Kortet et
al. 2002, 2003a). Therefore, the model was extended
such that we included the fixed effects of sex and fish

size in the model as covariates. The interactions
between impact and sex and between impact and
length were also studied by including them as fixed
effects in the model. The differences in male propor-
tions between populations (impact vs. reference) in the
matched pair were analyzed by similarly applying
GLMM. The differences in fish length between popu-
lations were analyzed applying Linear Mixed Models
(LMM) for the continuous response variable (length)
using site (impact, reference) as fixed effect and popu-
lation pair as random effect in the model. 

Fac intensity, we included only pairs in which the
number of diseased fishes was ≥3 in both populations
(Population Pairs 2, 3, 6, 9 and 10; Table 1). To avoid
the problem of non-normality we analyzed log10-trans-
formed, individual level, intensity data. We applied
LMM for comparing the differences between impact
and reference populations by including site (impact,
reference) as a fixed effect and population pair as a
random effect in the model. Furthermore, we analyzed
the differences in papillomatosis prevalence between
impact and reference populations within these 5 popu-
lation pairs using GLMM. 

We present the results for the analyses of binary dis-
ease risk data as Odds Ratios (OR) and their 95% con-
fidence intervals (CI). The effect is statistically signifi-
cant at the 5% level if the CI does not include 1. For
continuous outcomes we represent results as marginal
means and their standard errors (SE). Statistical analy-
ses were performed using the SAS system for Windows
release 8.2 (SAS Institute). 

RESULTS

Prevalence in impact and reference populations var-
ied from 10.0 to 30.8% and from 1.7 to 14.8%, respec-
tively. Prevalence of the disease was higher in the
impact population than in the reference population in
every pair of populations, except 7A/7B (Table 1). The
mean ± SE prevalence of papillomatosis was 16.6 ±
0.7% in impact populations and 5.8 ± 0.5% in refer-
ence populations (Fig. 2). GLMM results indicated that
the risk (95% CI) of fishes being diseased was 2.72
(1.82 to 4.06) times higher in impact populations than
in the reference populations, the difference being sta-
tistically significant.

In addition, the GLMM results suggested that the
risk of papillomatosis was 7.35 (5.08 to 10.66) times
higher for males than females, the difference being
statistically significant. The mean ± SE proportion of
males was 36.1 ± 1.5 and 30.6 ± 1.8% in the impact and
reference populations, respectively, the difference
being statistically significant (GLMM, OR = 1.28 (1.02
to 1.62)). Furthermore, a 10 mm increase in fish length
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increased the risk of papillomatosis 1.31 (1.22 to 1.41)
times, the increase being statistically significant. The
mean (±SE) lengths of fish from the impact and refer-
ence populations were 173.6 ± 4.7 mm and 173.7 ± 4.7,
respectively. The difference was not statistically signif-
icant (LMM, F(1,1703) = 0.01, df = 1703, p = 0.95).

When adjusted for sex and length the OR for papillo-
matosis in impact populations in comparison to refer-
ence populations was 2.79 (1.71–4.55) suggesting that
adjustment did not alter the results. The interactions
between impact and sex or between impact and length
were not statistically significant (GLMM, p = 0.52 and
p = 0.65, respectively). This indicates that the effects of
the covariates length and sex were consistent in impact
and reference populations.

For the intensity data, impact and reference popula-
tions were not statistically significantly different with
respect to the length and male proportion (LMM,
F(1.67) = 0.17, p = 0.87 and GLMM, OR = 1.21 (0.40 to
3.68), respectively). The mean (±SE) intensity of papil-
lomatosis was approximately at the same level in
impact (10.7 ± 1.8) and reference (11.7 ± 2.9) popula-
tions (Fig. 2); the difference was statistically not signif-
icant (LMM, F(1, 67) = 0.31, p = 0.58). In comparison, the
risk for papillomatosis was 2.10 (1.23 to 3.57) times
higher in impact populations (15.3 ± 2.1%) than in ref-
erence populations (8.7 ± 1.6%) in these 5 population
pairs, the difference being statistically significant.

DISCUSSION

The risk for papillomatosis was 2.7 times higher in
impact populations influenced by industrial and/or
sewage effluents than in their reference populations.
Reference and impact populations were from the same
lake — except for 2 population pairs (3 and 7) for which

water flowed from one lake (reference site) to a lake
below (impact site), the source of environmental stress
lying between the two. For each pair, roach were gen-
erally collected at approximately the same time from
the impact and the reference populations; the few
cases in which samples were collected slightly later
from the reference population, should merely under-
estimate the effect of environmental contamination,
since in roach populations disease prevalence in-
creases towards spawning in spring (Kortet et al.
2002). The matched pairs design minimizes any tem-
poral and geographic variation confounding the effect
of environmental stress by matching both sampling
time and spatial location (Lafferty 1997). Furthermore,
we controlled for the variation in fish length and sex
ratio — factors known to influence the prevalence and
intensity of papillomatosis in roach (Kortet et al. 2002,
Korkea-aho et al. 2006) — by testing possible differ-
ences between reference and impact populations in
regard to these factors and, if applicable, using these
variables as covariates in statistical analyses. 

The results of the present study are in accordance
with our preliminary results (Kortet et al. 2002), sug-
gesting that the prevalence of epidermal papillomato-
sis in roach increases due to environmental stress in
Finnish waters. These results, together with other field
studies (Smith et al. 1989b, Hayes et al. 1990, Vethaak
et al. 1992, Premdas et al. 1995, Baumann et al. 1996,
Pinkney et al. 2004) indicate that the association
between the prevalence of papillomatosis and environ-
mental stress may be a frequent pattern in natural fish
populations. In addition, a positive relationship be-
tween the prevalence of papillomatosis and concentra-
tions of contaminants in fishes tissues has also been
found (Vethaak et al. 1992, Premdas et al. 1995, Yang
et al. 2003, Pinkney et al. 2004). Furthermore, labora-
tory experiments have revealed, for example, that
chlorinated wastewater effluents (Grizzle et al. 1981,
1984), sediments containing polynuclear aromatic
hydrocarbons (PAHs) (Black 1983) and mining waste
waters (Black et al. 1982) can induce papillomatosis in
fishes. 

Only in Population Pair 7A/7B was the disease
prevalence lower in the impact population than in the
reference population. The impact site of Population 7A
was subject to thermal effluents and differed from all
other sites by being partly uncovered by ice during our
sampling. In such conditions, roach spawn earlier than
normal (Kortet et al. 2003b). The fish of Population 7A
had probably spawned prior to sampling since, in con-
trast to fish from all other sites, most fish from Popula-
tion 7A had empty gonads, although they were of
mature size. High levels of reproductive and stress
hormones are related to the peak in papillomatosis
prevalence prior to spawning (Lee & Whitfield 1992,

5

Fig. 2. Rutilus rutilus. Mean (± SE) prevalence of papillomato-
sis in 10 reference populations and 10 impact populations
and mean intensity (no. of scales covered by papillomas) of
papillomatosis in 5 reference populations and 5 impact

populations. Population details in Table 1
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Kortet et al. 2002, Vainikka et al. 2004a,b). Both the
prevalence of papillomatosis and the levels of these
hormones decrease steeply after spawning in roach
(Kortet et al. 2002, Vainikka et al. 2004b). These factors
may have contributed to the different result obtained
for Population Pair 7A/7B.

In steady-state lake habitats, roach usually migrate
only distances of a few kilometers between summer
and winter habitats where they remain rather seden-
tary (Jepsen & Berg 2002). Thus, it is reasonable to
assume that the roach from the impact and reference
populations represent separate populations as the dis-
tance between populations in the present study was at
shortest 5 km. Roach may also migrate from large
inland lakes to early-warming small lakes to spawn in
spring (Kestemont et al. 1999). Since none of the pre-
sent lakes was a small and early-warming lake,
spawning migrations are not likely to have mixed the
sampled populations in this study.

Impact site Joensuu in Lake Pyhäselkä (population
9A) has been previously studied in detail for chemical
contamination (Lyytikäinen et al. 2001a, b, Kostamo et
al. 2004). The highest prevalence of papillomatosis
within Lake Pyhäselkä was observed in Population 9A.
At this site sediments are contaminated by wood
preservatives released by a sawmill. The sediments
contain high concentrations of chlorophenols, arsenic,
chromium and copper (Lyytikäinen et al. 2001a) and
are toxic (Lyytikäinen et al. 2001b). The effluents from
the pulp mill affecting Population 9A has been shown
to increase metabolic demands and decrease growth of
rainbow trout Oncorhynchus mykiss (Mattsson et al.
2001). In addition, crucian carp Carassius carassius
exposed to pulp mill effluents affecting Site 9A have
higher concentrations of organic halogen compounds,
resin acids and β-sitosterol in the bile compared to ref-
erence fish (Kukkonen et al. 1999). These observations
within Lake Pyhäselkä are in accordance with the
hypothesis that environmental stress increases the
prevalence of epidermal papillomatosis.

Several, mutually nonexclusive explanations can be
proposed for the observed higher prevalence of epi-
dermal papillomatosis in populations impacted by
sewage and/or industrial effluents. (1) Susceptibility to
infection by papilloma-inducing viruses may have
increased due to stress-induced impairment of the
immune system or immunotoxic effects of contami-
nants. Many of the present impact sites received
paper- and pulp-mill effluents (Population Pairs 2, 6, 7,
8, 9 and 10) which suppress the immune function of
roach (Jokinen et al. 1995, Aaltonen et al. 2000) mak-
ing them more susceptible to disease. For example,
pollutant-induced immunosupression has been shown
to increase susceptibility of fishes to protozoan para-
sites (Lehtinen 1989, Khan 1990, Khan et al. 1994).

Other extraneous variables may also have affected the
immune system of the roach, e.g. malnutrition may
have increased susceptibility to papillomatosis. How-
ever, Vethaak et al. (1992) did not find a relationship
between condition factor, somatic liver index or
somatic gonad index and papillomatosis prevalence in
dab Limanda limanda, whereas papillomatosis did
have an apparent relationship with a pollution gradi-
ent in their study. (2) Exposure of some roach to papil-
loma-inducing viruses may have increased during our
study, e.g. density may have increased due to eutroph-
ication of the impact populations. High population
density can promote the transmission and persistence
of the disease within a fish population (Mollison &
Levin 1995). However, no correlation between stock
density and prevalence of papillomatosis was found in
dab by Mellergaard & Nielsen (1995), suggesting that
differences in fishes density may not explain our
results. (3) Tumor growth may have been enhanced
due to hormonal and carcinogenic effects of effluents.
Wood extracts, especially plant sterols, have adverse
endocrine effects including altering the reproductive
biology of fishes (Lehtinen et al. 1999). This may have
contributed to the observed difference in the preva-
lence of epidermal papillomatosis between impact and
reference populations since the occurrence of papillo-
matosis in roach is associated with high concentrations
of testosterone (Kortet et al. 2003a) and sex steroid
injections induce papillomas in white sucker Catosto-
mus commersoni (Premdas et al. 2001). Moreover, we
cannot rule out the possible direct genotoxic effects of
industrial and/or sewage effluents as an alternative
explanation for the higher disease prevalence in
impact populations (Baumann 1998). 

In contrast to disease prevalence, studies on the pos-
sible relationship between environmental stress and
the intensity of fish papillomatosis are scarce. Premdas
et al. (1995) found that at a contaminated site, multiple
papillomas were more common than at the reference
site in a field study on white sucker. However, in
another study using the same fish species, Mikaelian et
al. (2000) did not find differences in the intensity of
papillomatosis in relation to contamination. In our
study on Rutilus rutilus, mean  disease intensity did not
differ between impact and reference populations in 5
pairs of populations, while the difference in the pre-
valence of the disease was twice as high in impact pop-
ulations. This is in line with our previous observation
that prevalence and mean intensity of the disease were
not correlated in 19 roach populations (Korkea-aho et
al. 2006). On the other hand, under experimental con-
ditions, concomitant changes in intensity and preva-
lence have been reported in fish (Premdas & Metcalfe
1994, Premdas et al. 2001), suggesting that the inten-
sity of papillomatosis increases with increasing preva-
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lence. The number of individuals available for inten-
sity comparisons between impact and reference popu-
lations in the present study was low; thus, the possibil-
ity that the intensity of epidermal papillomatosis can
indicate environmental stress in roach populations
cannot be rejected and requires more detailed study. 

To enable epidermal papillomatosis to be used as a
bioindicator of environmental stress it would be bene-
ficial to experimentally examine the influence of
industrial and sewage effluents on the induction and
development of epidermal papillomatosis in roach.
Furthermore, future studies should assess the viral eti-
ology of the disease in roach. Thereafter, studies on the
association between epidermal papillomatosis and
environmental stress should (for example) include
experimental infection of healthy roach (see Premdas
& Metcalfe 1996) exposed to chemical and other types
of stressors. 
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