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Abstract 

Metacercariae of the genus Diplostomum dwelling in the retina of perch Perca fluviatilis and the lens of 
roach Rutilus rutilus were identified on the basis of adults obtained by feeding various piscivorous birds 
of the families Laridae, Anatidae and Phasianidae with metacercariae on an experimental basis. Both 
morphological studies of the metacercariae and adults obtained from the intestine of the infected birds, 
as well as the suitability in these hosts, indicated that we were dealing with two different species of 
Diplostomum. The perch form was recognised as D. baeri Dubois, 1937. Although metacercariae of this 
species matured both in herring gull Larus argentatus and common tern Sterna hirundo, the principal 
final host seemed to be goosanders Mergus merganser. In contrast, the lens form in roach was identified 
as D. spathaceum (Rudolphi,  1819) and it seemed to be restricted to birds of the family Laridae. These 
experimental  results agree with parasitological findings from birds infected in the wild. 

Introduction 

Members of the genus Diplostomum Nordmann,  
1832 are strigeoid digeneans with an indirect 
three-host life-cycle belonging to the family Diplo- 
stomidae Poirer,  1886. The adult stage of Diplos- 
tomum spp. differs from that of other  genera 
within the family by the absence of a genital cone 
and an asymmetrical anterior testis (Dubois, 1970; 
Niewiadomska, 1970). The classification and no- 
menclature within this genus has long been con- 
troversial. For  example, many species have only 
been described as metacercariae inhabiting the 

brain, musculature or different regions of the eyes 
of cyclostomes, fish and amphibians (Hoffman, 
1967; Sudarikov, 1971; Shigin, 1986). Others are 
only known as adults living in the intestine of 
piscivorous birds of mammals (Sudarikov, 1960; 
Dubois, 1970; Yamaguti,  1975; McDonald,  1981; 
Sonin, 1986). Thus, descriptions including both 
the metacercarial stage in freshwater fish and 
adults, verified on an experimental basis in birds 
were rare until comparatively recently (Williams, 
1966; Dubois, 1970; Lester & Huizinga, 1977; 
Dick & Rosen, 1981; Niewiadomska, 1987; Shi- 
gin, 1986; Shostak et al., 1987). 
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In the past most diplostomid metacerariae para- 
sitic in the eyes of freshwater fish were assigned 
to a single species, D. spathaceum (Rudolphi, 
1819) (see Bauer et al., 1964). However,  accord- 
ing to the keys of Sudarikov (1971) and Shigin 
(1976; 1986), D. spathaceum represents a con- 
glomerate (complex) of several independent spe- 
cies inhabiting different regions within the eye, 
each characterised by definite biological and 
morphological properties. In addition, despite the 
fact that measurements of a range of morpho- 
logical characters have been performed on groups 
of individuals, differences between species within 
the genus Diplostornurn have seldom been tested 
statistically. Furthermore,  variation due to differ- 
ent methods of preparation, killing and fixation 
(Hughes & Hall, 1929; Bakke, 1988), the occur- 
rence of host induced polymorphism (Berrie, 
1960; Shostak et al., 1987) as well as geographical 
variation, age and allometry, all cause problems 
(Gibson et al., 1985). 

In this study, two species of fish were used as 
sources of metacercariae; namely, the retinal form 
found in perch Perca fluviatilis and the lens form 
found in roach Rutilus rutilus. The morphological 
similarity of the parasites was scrutinised with 
light and scanning electron microscopy and the 
data were evaluated using principal components 
analysis. The results are compared with earlier 
descriptions made of metacercariae described 
from, or reported to occur in, these host species 
and microhabitats. As the terminology previously 
used to describe the microhabitat of the metacer- 
cariae in perch seems to be confused, all metacer- 
cariae reported from perch, except from those in 
the lens, are included in the present discussion. In 
addition, adults were obtained by feeding various 
piscivorous birds with metacercariae from both 
sources. Thus the suitability of birds as experi- 
mental hosts and the morphology of the adult 
worms obtained were identified and compared 
with parasites obtained from birds infected in the 
wild. The main purpose was to identify the meta- 
cercariae, but also to assess the degree of morpho- 
logical variation of adults obtained from these me- 
tacercariae in different avian host species and as 
introduced by different methods of preparation. 

Materials and methods 

Metacercariae 

Collection and preparation 
Perch and roach were captured with gill- and/or  
fyke nets in the Baltic Sea, outside the Forsmark 
nuclear power station (60°27'N, 18°2'E). The eyes 
of the fish were dissected and stored for up to 
12 hours at about 4°C and metacercariae from a 
subsample of the fish were removed from the lens 
and the retinal layers of the eye. Some of the 
metacercariae were fixed in Berland's fluid (1 vol. 
40% formaldehyde solution: 19 vols glacial acetic 
acid), preserved in 70% alcohol, cleared in lacto- 
phenol and mounted in glycerine jelly or polyvinyl 
lactophenol, whereas others were kept in tap- 
water for 3 hours. According to Shigin (1986) 
only mature metacercariae survive this treatment. 
Thereafter ,  according to the method of Shigin 
(1976), they were killed and stained with acetic 
carmine, differentiated in a mixture of 70% etha- 
nol and 1% HC1, dehydrated in increasing concen- 
trations of ethanol, cleared in dimethylphthalate 
(DMP) and mounted on slides in Canada Balsam. 
Specimens were examined using light microscopy 
(LM) and drawings were made using a drawing 
apparatus (Leitz Wetzler, Dialux). Others were 
prepared for scanning electron microscopy 
(SEM). Glutaraldehyde (3%) in 0.1 M phosphate 
buffer (pH 7.4) was used as fixative. The speci- 
mens were then rinsed in cold 0.1 M phosphate 
buffer, post-fixed in cold (5°C) 1% OsO4 in the 
same buffer, rinsed again and dehydrated through 
a graded series of ethanol. The ethanol was gradu- 
ally replaced with filtered Freon TF and the speci- 
mens were critical point dried using CO> They 
were mounted on stubs, coated with gold-pallad- 
ium in a Jeol JCF-1000 ion sputter and examined 
in a JSM-35 scanning electron microscope (SEM). 

Identification 
Morphologically discrete body characters of meta- 
cercariae from each source (i.e. lens of roach, 
retina of perch) were measured by means of a 
Kontron Electronics Group image-analysis-system 
Mop-Videoplan (Zeiss), from drawings of 30 



specimens mounted unstained in glycerine jelly 
and 20 specimens treated according to Shigin 
(1976). The following measurements were made 
on unstained worms: body length (TL); body 
width (TW); oral sucker length (OSL); oral sucker 
width (OSW); ventral sucker length (VSL) ; ven- 
tral sucker width (VSW); distance from anterior 
margin of worm to anterior margin of ventral 
sucker (VS); pharynx length (PHL); and distance 
between lappets (LAP). The product of oral 
sucker length and width was divided by the prod- 
uct of length and width of the ventral sucker 
(OVR), and the ratio between body length and 
width was calculated and expressed as a per- 
centage (WLR). In stained specimens the width 
(TOL) and length of Brande's organ (TOW) and 
pharynx (PHW) were also measured. In addition, 
the product of body length and width was divided 
by the product of the length and width of Brande's 
organ (BR); and product of length and width of 
Brande's organ was divided by the product of the 
length and width of the ventral sucker (TVR), 
and the ratio between the distance from the centre 
of the ventral sucker to the anterior margin of the 
body and body length were calculated (VLR). 
Specimens were identified and compared with the 
keys of Shigin (1976; 1986) and the descriptions 
of Diplostomum spp. metacercariae by Sudarikov 
(1971) and in the papers of Hughes (1929), Willi- 
ams (1966), Komiya (1938), Cichowlas (1961), 
Lester & Huizinga (1977), Dick & Rosen (1981) 
and Niewiadomska (1988). 

Statistical analysis 
The measurements were log transformed in order 
to remove effects of size. A multidimensional 
image of the metacercariae was produced by ana- 
lysing the morphometric information using princi- 
pal components analysis (PCA). Data processing 
was carried out at Uppsala Datacentral (UDAC). 
The programme used for computing the PCA was 
SAS procedure PRINCOMP based on the covari- 
ance matrix (SAS Institute, 1985). By plotting 
the first principal component against the second, 
bivariate scattergrams were produced. 
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Adults 

Maintenance of birds 
Eggs of the herring gull Larus argentatus, the com- 
mon tern Sterna hirundo and the goosander 
Mergus merganser were taken from nets in the 
Forsmark archipelago. Similarly eggs of the black- 
headed gull Larus ridibundus were taken from 
nests in lake Barken (Dalarna, Sweden). The eggs 
were hatched in an egg incubator (EHRET, KMB 
Gr. 2 no. 11000) at 38°C. In addition, domestic 
chicks Gallus gallus domesticus were provided by 
the Department of Virology (Uppsala Univer- 
sity), and hens and cocks were obtained from a 
local farm. The gulls and goosanders were hand- 
reared and fed on chopped fish that had been 
deep-frozen. Domestic cocks, hens and chicks 
were fed on commercial pellets. 

Experimental infection procedures 
When used for infection, the birds were at least 
one week old. Prior to infection, they were 
starved for 24 hours. The lens was separated from 
the rest of the fish eye. Metacercariae, either from 
the lens or the retinal layers of the fish eye, were 
thereafter administered to the birds together with 
a small piece of fish meat. 

Collection and preparation 
The birds were killed and examined at minimum 
3 days post-infection. The worms removed were 
fixed in Berland's fluid. They were either mounted 
unstained in glycerine jelly or stained in Mayer's 
paracarmine, differentiated in acid alcohol, dehy- 
drated in ethanol, cleared in creosote and 
mounted on slides in Canada Balsam. Drawings 
were made with a drawing apparatus as described 
above. For preparation for SEM, see also above 
under collection and preparation of metacercar- 
iae. 

Identification 
The following measurements were made from un- 
stained adults mounted in glycerine jelly: body 
length (TL); forebody length (FL); forebody 
width (FW); pseudosucker length (PSL); pseudo- 
sucker width (PSW); hindbody legnth at the bor- 
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der to the forebody (HL1); oral sucker length 
(OSL); oral sucker width (OSW); ventral sucker 
length (VSL); ventral sucker width (VSW); phar- 
ynx length (PHL); pharynx width (PHW); and 
Brande's organ length (TOL). The hindbody to 
forebody (HLFL) and oral to ventral sucker ratios 
(OSVS) were also calculated. In addition from 
stained specimens measurements were taken as: 
hindbody width at junction with forebody (HW2); 
Brande's organ width (TOW); ovary length 
(OVL); ovary width (OVW); anterior testis 
length (ATL); anterior testis width (ATW); post- 
erior testis length (PTL); posterior testis width 
(PTW); distance between anterior testes and an- 
terior end of body (TS). The oral sucker length to 
pharynx length ratio was also calculated (OSPH). 
Specimens were identified using the keys of Suda- 
rikov (1960), Dubois (1970), McDonald (1981) 
and Sonin (1986), and compared with the descrip- 
tions of adult Diplostomum spp. by Williams 
(1966), Sweeting (1976), Lester & Huizinga 
(1977), Dick & Rosen (1981), Niewiadomska 
(1984) and Shostak et al. (1987). 

Statistical analysis 
As for the metacercariae, adult worms were com- 
pared using PCA. 

Results 

Metacercariae 

Identification 
Measurements of metacercariae dwelling between 
the retina and choroid of perch, from both the 
present study and the literature, are presented in 
Table I. Table II lists corresponding morpho- 
metric values of metacercariae reported from or 
living in the roach's lens. As a rule, regardless of 
the source of metacercariae, the degree of 
morphological variation found in the present 
study was greater than previously reported, es- 
pecially in the size of the lappets and calcareous 
corpuscles, as indicated in the photograph in Fig. 
5. Furthermore, fixatives and staining methods 
affected dimensions, especially in the case of the 

retinal form. Examination of the metacercariae 
with the SEM technique shows the general body 
surface and it confirms the external features ob- 
served with LM, namely, the oral and ventral 
suckers, the pseudosuckers and the tribocytic 
organ (Fig. 6C-D). 

Judged from the information in Sudarikov 
(1971) and the key of Shigin (1976), the metacer- 
cariae from the retina of perch treated according 
to Shigin (1976) appeared morphologically most 
similar to D. baeri Dubois, 1937 and, with respect 
to the forms appearing in the roach lens, with D. 
indistinctum (Guberlet, 1923). Using the key of 
Shigin (1986), the perch form most probably must 
be identified with D. volvens Nordmann, 1832 and 
that from the roach with D. helveticum (Dubois, 
1929). However, irrespective of their identity, it 
was possible to separate these metacercariae by 
overall differences in their morphology. This is 
especially true for the specimens fixed in Berland's 
fluid. Fig. 1 displays the grouping of individuals 
fixed in Berland's fluid when PRINC is based on 
the covariance matrix, whereas Fig. 2 shows speci- 
mens treated according to Shigin (1976). The as- 
sociated eigen values and coefficients are listed in 
Table VIII. 

Adults 

Identification 
The measurements of adult worms obtained in the 
present study are shown in Table IV. Correspond- 
ing figures for species reported in the literature as 
metacercariae from the lens of roach and from 
layers between the retina and choroid of perch 
are presented in Table V, whereas body dimen- 
sions from various descriptions of D. spathaceum 
and D. baeri are shown in Table VI. As in the 
case of the metacercariae, there is a considerable 
degree of variation within both groups of adults. 
Although there is some overlap, the adults of the 
retinal form can be morphologically distinguished 
from the lens dwelling ones by a smaller hind- to 
forebody ratio (Figs 6, 7). However, from the 
bivariate scatter diagrams showing the grouping of 
the specimens according to their first two principal 
components, it also appears distinct, but slight 
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Table 11. Compar ison  of the metric dimensions (in micrometres)  of Diplostomum spp. metacercariae described, or reported,  from 
the lens of  roach Rutilus rutilus, with the exception of D. spathaceum (see Table III). 

Reference Shigin (1976) Shigin (1986) Shigin (1976) Shigin (1986) (Shigin (1986) 

Species D. commutatum D. heh'eticum D. indistinctum D. mergi D. parviventosum 
Source of worms lens lens lens lens lens 

Perca fluviatilis Leuciscus idus Leuciscus idus Abramis bramae Gobio gobio 
USSR USSR USSR USSR USSR 

Number  of specimens 20 20 20 20 20 
range range range range range 

Body length 350-435 352-469 352-460 382-458 405-485 
width 165-245 166-206 166-206 157-174 185-220 

Oral sucker length 45-55 48-58 48-58 33-50 37-45 
width 45-55 32-42 32-42 33-40 35 -45 

Ventral sucker length 45-53 37-46 37-46 45-53 40-45 
width 50-55 44-53 44-53 45 -55 40-53 

Brande ' s  organ length 75-110 69-88 69-88 70-85 80-120 
width 80-115 78-106 78-106 70-90 80-105 

Pharynx length 28-35 25 -33 25 -30  
width 18-22 18-23 20-29 

Lime bodies number  122-279 304-449 304-449 702-854 496-724 
Between lappets 
Anter ior  to ventral sucker 
Ratios: 
AB body to AB Brande ' s  7.24-10.5 8.0-11.7 8.0-11.7 9.43-13.38 6.95-13.4 
AB oral- to AB ventral sucker 0.82-1.11 0.75-1.23 0.75-1.23 0.56-0.79 11.63-1.07 
AB Brandes" to AB ventral 2.64-5.12 2.89-4.16 2.89-4.16 2.21-2.99 3.09-7.32 
B to A of body (%) 45.7-59.7 43.5-53.6 43.5-53.6 34.5-43.2 39.6-49.4 
O to A of body (%) 52.9-62.0 56.1-61.5 56.1-61.6 56.l)-60.2 59.0-67.9 

A, length; B, width; AB,  product of AB; O, distance from centre of ventral sucker to anterior margin of body. 
Tribocytic organ = Holdfast  organ = Brande 's  organ; Ventral sucker = Acetabulum.  
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morphometr ic  variables shown in Table VIII. 
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Shigin (1976) Shigin (1986) Shigin (1976) Shigin (1986) Present work Present work 

D. paraspathaceum D. paraspathaceum D. rutili D. rutili Unstained Shigin's 
lens lens lens lens lens lens 
Leuciscus idus Salvelinus alpinus R. r. /acustris Rtttihts rutihts Rutihts rutihls Rutihls rutilus 
USSR USSR USSR USSR Sweden Sweden 
20 20 20 20 30 20 
range range range range mean (range) mean (range) 

395-465 370-455 370-470 355-390 342(280-400) 331 (237-511) 
155-185 170-200 200-290 195-211)  253(220-300) 231(150-311) 
45-50 45-50 47-55 49-55 51(30-60) 47(37-57) 
35-42 43-47 36-49 40-47 51(40-60) 42(33-54) 
35-40 38-42 47-52 40-47 42 (20-50) 40 (27-55) 
40-45 40-45 52-60 47-55 51(40-70) 48(38-60) 
65-80 70-85 70-I07 80-95 67(47-99) 
60-75 60-75 88-t28 90-100 98(73-127) 

27-30 36-41 28-32 36(30-40) 29(19-39) 
17-22 25-31) 18-22 22(15-33) 

201-271 188-258 122-279 
105-157 

187(139-284) 

13.0-16.7 10.1-15.8 8.09-9.70 12.0 (8.7- i 1.0) 
0.98-1.31 1.08-1.47 0.66-0.91 0.92-1.13 1.1 (0.54-1.4) 0.96 (0.76-1.2) 
2.17-3.56 2.50-3.99 2.28-4.50 3.29-4.28 4.1 (2.9-5.3) 
34.7-45.4 40.2-50.0 46.0-64.0 51.3-57.7 52.3 (48.4-59.1) 54.9 (39.1-96.4) 
63.8-67.2 60.5-72.5 51.5-63.2 51.4-55.8 54.5 (48.2-60.2) 

differences are found within each group (Figs 3, 
4). The associated eigen values and coefficients 
are listed in Table IX. Following the keys of Suda- 
rikov (1960), Dub• i s  (1970), McDonald (1981) 
and Sonin (1986), the average adult worms ob- 
tained from our birds experimentally infected with 
the lens metacercariae, as well as those found in 
the herring gull infected in the wild, should be 
identified as D. spathaceum (Rudolphi,  1819). On 
the other hand, adults of the retinal form obtained 
from the experimental infections and from the 
go•sanders infected in the wild are more likely to 
be identified as D. baeri Dub•is ,  1937 or D. mergi 
Dub•is ,  1932 (depending on the host) following 
the keys of Sudarikov (1960) and Dub• i s  (1970), 
to D. mergi Dub•is ,  1932 according to McDonald 
(1981) and to D. volvens Nordmann, 1832 or D. 
mergi Dub•is ,  1932 using the key of Sonin (1986). 
Furthermore, as in the case of the metacercariae, 
examination of the adults with SEM confirms the 
external features observed when using LM, rather 
than providing any additional information (Fig. 
6A, B). 

Recovery in the various bird hosts 
The recovery of the Diplostornum adults in vari- 
ous birds infected on an experimental basis either 
with metacercariae from the lens of roach or with 
metacercariae from between the retina and cho- 
roid are given in Table VII. Compared with the 
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retinal form, the recovery of the lens form was 
bet ter  in the family Laridae. However ,  whereas 
the retinal form produced heavy infections when 
given to the goosander (family Anatidae),  no 
adults were obtained when goosanders were fed 
with the lens form. Fur thermore ,  in our experi- 
ments the domestic chicken was infected only with 
the retinal form. 

Discussion 

Morphology has been the criterion used in studies 
of the characterisation of populations within the 
genus Diplostornum. So far, metacercariae of thir- 
teen different species have been found in the eyes, 
excluding the lens of fish of the genus Perca. Some 

Fig. 5. Diplostomum metacercariae f rom the lens of roach ( A - C )  and between the retinal layers of perch (D-F) .  Fixed in Berland's  
fluid, cleared in lactophenol and mounted  in glycerine jelly. Scale-bars: 0.1 mm.  



Johan HOglund and Jan Thul in  9 

".7. 

e-  

E 

E 

© 

E 
~5 
~9 

E 

E 

z ~  

r -  

e -  

E 

l:m t '~  . r .  

e9 

~9 ~9 

~9 

~9 

I I 1 ~ 1 1 1 1 1 1 1  

e -  

© 

~9 

E 

e~ 

z 

e~ 

E~ 

e- ..~ 

> 

o 

~5 ib 

~ o  

e- ~9 
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Fig. 6. SEM photographs showing adult worms from the intestine of herring gulls infected with metacercariae from the lens of 
roach (A) and the retinal layers of perch (B) and the metacercariae from roach (C) and perch (D). 

species, like D. clavaturn Nordmann,  1832, D. 
scheuringi Hughes, 1929 and D. brevicaudum, 
Nordmann,  1832 have been reclassified to the re- 
lated genera Tylodelphys Diesing, 1850 and Post- 
hodiplostomum Dubois, 1936. Others, like D. gas- 
terostei Williams, 1966, D. pseudobaeri 
Razmaskin & Andrejuk,  1978, D. pungitii Shigin 
1965 and D. spathaceum (Rudolphi,  1819), have 
only been reported to occur in perch without hav- 
ing been described (Ltihe, 1909; Sudarikov, 1971; 
Kennedy,  1975, Shigin, 1676; Andrews, 1979). 
This is also the case for the American record of 
D. huronense (La Rue, 1927) from yellow perch 
Perca flavescens (Hughes & Hall, 1929: Tedla & 

Fernando,  1969; Sudarikov, 1971). Furthermore,  
as a rule the adult stages are often unknown and, 
of the metacercariae mentioned above, the life- 
cycle has only been experimentally verified for D. 
gasterostei and D. spathaceurn. The description 
of D. gasterostei is, however, based on parasites 
obtained from pigeons given retinal forms of met- 
acercariae from the three spined stickleback Gas- 
terosteus aculeatus from a Scottish pond (Willi- 
ams, 1966). Thus, D. gasterostei is considered 
synonymous with D. pungitii in the Russian keys 
of Sudarikov (1971) and Shigin (1986). D. spa- 
thaceurn was found in perch by Kozicka (1958) 
and Wootten (1973) in Poland and the UK, re- 
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Fig. 7. Diplostomum adults from the small intestine of herring gulls infected with metacercariae from the lens of roach (A-D) and 
with metacercariae from the retinal layers of perch (E-H). Fixed in Berland's fluid, cleared in lactophenol and mounted in glycerine 
jelly. Scale-bars: 0.5 mm. 

spectively. However ,  it is not clear whether  any 
of these authors separated metacercariae in the 
lens from those in the retinal layer of the eye. 
The life-cycle of D. spathaceum has since then 
been verified, and subsequent experiments  have 
clearly shown that the metacercariae live in the 
lens of the second intermediate fish host (Sweet- 
ing, 1976: Dick & Rosen,  1981: Niewiadomska,  
1986). This is also probably true for the American 
records of D. huronense  in yellow perch: feeding 
experiments  per formed by La Rue (1927) indi- 
cated that the vitreous humour  form of D. hu- 

ronense  is distinct from that dwelling in the lens. 
D. huronense  is considered a subspecies of D. 
spa thaceum in the key of Dubois (1970). 

In contrast,  the descriptions of D. baeri Dubois,  
1937 and the American species D. adamsi  Lester 
& Huizinga, 1977 are both based on metacercariae 
from the retinal layer of perch and yellow perch, 
respectively (Sudarikov, 1971: Shigin, 1976: Les- 
ter & Huizinga, 1977). Also the adult stages have 
been described for both species. However ,  in the 
case of D. baeri, the adult stage was originally 
described from material obtained from larid birds 
infected in the wild (Dubois,  1970) and experi- 
ments performed to identify the retinal form of 
metacercariae by feeding herring gulls with meta- 
cercariae from two Canadian species of coregonid 
were not performed until quite recently (Dick & 
Rosen,  1981: Shostak et al.,  1987). The descrip- 
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Table IV. Metric dimensions (in micrometres) of Diplostomum spp. adults obtained from birds infected in the wild and from 
feeding experiments. 

Experimental, 
Source of worms Experimental, roach lens perch retina 

Host L. argentatus L. argentatus L. ridibundus Sterna hirundo Domestic chicken 
Stain Mayer's 
Number of specimens 15 30 33 27 9 

mean (range) mean (range) mean (range) mean (range) mean (range) 

Body length 
Forebody length 877 (677-1116) 

width 448 (?-664) 
Hindbody length 1108 (742-1571) 

width 1 189 (87-255) 
width 2 273 (160-341) 

Oral sucker length 64 (31-82) 
width 64 (31-81) 

Lateral lappet length 82 (35-113) 
width 53 (32-86) 

Ventral sucker length 74 (45-95) 
width 83 (50-110) 

Pharynx length 58 (31-79) 
width 45 (27-57) 

Brande's organ length 201 (132-267) 
width 138 (107-162) 

Ovary length 115 (77-143) 
width 115 (81-134) 

Anterior testis length i93 (126-279) 
width 196 (104-279) 

Posterior testis length 234 (168-334) 
width 239 (138-327) 

Anterior testes to anterior 219(127-303) 
end 

Oral to ventral sucker 405 (143-639) 
Oral sucker to pharynx ratio 1.1 (1.0-1.4) 
Oral to ventral sucker ratio 0.9 (0.6-1.2) 
Hind- to forebody ratio 1.3 (0.8-2.1) 

2383 (1742-2710) 1999 (1369)-2751) 2419 (1622-3204) 1492 (1319-1681) 
965 (757-1417) 1047 (726-1459) 978 (718-1292) 863 (754-948) 
649 (515-772) 363 (271-506) 652 (401-845) 615 (530-685) 

1431(908-1727) 939(632-1353) 1410(971-2073) 621(566-678) 
407(323-477) 9 446(306-577) 455(416-498) 

81(60-98) 67 (50-86) 78 (48-129) 98(85-108) 
77(61-102) 66 (50-89) 74(54-92) 91(78-105) 

80 (61-98) 86(62-105) 88(70-117) 94(79-114) 
93 (74-111) 85 (70-102) 111(80-148) 111(102-142) 
74 (60-98) 59 (34-81) 73 (57-94) 80 (69-90) 
53 (43-70) 47 (35-68) 57(40-75) 56(47-66) 

271(172-360) 194(118-277) 355(228-561) 264(223-305) 

460 (402-550) 

1.0(0.8-1.2) 0.8 (0.5-1.2) 0.9(0.6-l .1)  1.1 (0.8-1.3) 
1.5 (0.7-2.2) 0.9 (0.6-1.5) 1.5 (1.0-1.9) 0.7 (0.6-0.8) 

Tribocytic organ = Brande's organ = Holdfast organ: Ventral sucker = Acetabulum: Pseudosucker - Lappets. 

tion of D. adamsi on the other hand is based on 
adults from herring gulls infected experimentally 
with metacercariae from the yellow perch (Lester 
& Huizinga, 1977). Compared with D. adamsi the 
identity of D. baeri is much more confusing. For 
example, Shigin (1976) first considered D. baeri as 
synonymous with D. yogenum (Cort & Bracket, 
1937) and then in Shigin (1986) as synonymous 
with D. volvens. This latter species was originally 
described by Nordmann (1832) on material from 
the eyes of various freshwater fish, including 
perch, without distinguishing metacercariae from 
the different microhabitats within the eye. Thus 
the original description of D. volvens, like the 
records of D. spathaceum by Kozicka (1958) and 
Wootten (1973), probably represents a conglom- 

erate of species. Nevertheless, Niewiadomska 
(1988) found no similarity in the original descrip- 
tion of D. volvens and that of D. baeri and the 
synonymy of D. baeri (yogenum) and D. volvens 
is not accepted by her. Instead metacercariae in 
the eye-ball of perch derived from two lakes in 
Poland were identified as D. baeri. In addition, D. 
numericum Niewiadomska, 1988 was described. 
However, this species is primarily a parasite of 
rudd Scardinius erythrophthalmus and ruffe Gym- 
nocephalus cernuus and the infection in perch can, 
therefore, be considered as accidental (Niewia- 
domska, 1988). Thus, it is not surprising that the 
parasite found as a metacercariae between the 
retina and choroid of perch in the present study 
has been identified differently, apparently de- 
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Infected in the wild 

L. argentatus L. argentatus M. merganser M. merganser Ster, a hirundo M. merganser L. argentatus 
Mayer's Mayer's Mayer's Mayer's 
19 33 20 32 4 18 24 
mean (range) mean (range) mean (range) mean (range) mean (range) mean (range) mean (range) 

1448 (668-2090) 1554 (1293-1867) 1807 (1622-1974) 
754 (468-934) 854 (475-1202) 521 (437-623) 848 (704-10011) 799 (709-8911 707 (577-790) 986 (711-1176) 
416 (315-528) 466 (262-585) 347 (286-419) 497 (399-638) 396 (380-420) 320 (232-379) 518 (411-623) 
644 (405-752) 614 (198-950) 409 )327-479) 710 (585-880) 1015 (974-1079) 471 (368-847) 1247 (717-1656) 
273 (204-345) 336 (207-488) 241 (180-323) 358 (305-459) 391 (354-421) 209 (173-263) 231 ( 187-2701 
259 (154-332) 204 (176-236) 176 (123-221) 331 (226-466) 
72 (50-87) 84 (61-104) 66 (47-79) 82 (64-125) 61 (49-81) 61 (56-73) 82 (6(/-95) 
69 (38-82) 81 (62-106) 69 (60-85) 91 (68-126) 51 (46-62) 52 (42-63) 73 (53-86) 
78 (51-100) 75 (62-82) 66 (43-100) 119 (100-161) 
55 (32-69) 51 (42-59) 45 (34-60) 68 (52-85) 
89 (55-103) 89 (61-1171 73 (61-811 912 (68-1261 66 (58-72) 77 (59-88) 82 (61-961 

84 (56-98) 94 (67-1231 75 (68-83) 103 (76-1341 76 (61-991 69 (54-85) 81 (67-95) 
70 (51-79) 75 (52-94) 62 (56-70) 83 (67-1061 57 (46-67) 52 (44-64) 67 (51-79) 
50 (30-60) 55 (35-69) 51 (46-611 66 (52-83) 37 (33-42) 35 (24-49) 47 (34-56) 

195 (128-253) 231 (137-332) 156 (95-177) 245 (199-300) 236 ( 192-2761 175 (129-228) 237 (158-321) 
112 (69-1601 106 (82-130) 115 (80-161) 182 (119-272) 
104 (63-1451 74 (58-90) 115 (80-161) 182 (119-2721 
108 (73-132) 81 (59-103) 61 (44-78) 117 (72-181) 
172 (100-2131 105 (77-125) 94 (58-119) 224 (128-326) 
142 (118-226) 97 (58-124) 84 (53-135) 271t (167-369) 
185 (114-231) 107 (73-177) 108 (68-1631 279 (162-384) 
230 (109-299) 177 (125-201) 149 (i07-186) 260 ( 177-351) 
217 (143-262) 167 (110-229) 172 (I53-217) 214 (135-259) 
422 (272-5171 304 (242-341) 415 (317-4901 439 (384-477) 410 (287-481) 551 (4(/9-670) 
1.0(0.9-1.31 1.1(0.8-1.3) 1.2(0.9-1.5) 1.2(1.(/-1.4) 
0.8 (0.7-1.01 0.9 (0.6-1.5) 0.9 (0.7-1.1) 0.9 ((/.6-1.2) 0.9 (1/.8-1.4) t/.8 (0.7-1.0) 1.0 ((t.6-1.3) 
0.9(0.7-1.11 0.7(0.4-0.9) 0.8((1.6-0.9) 0.8(0.6-1.0) 1.3(1.1-l.4) (/.7(0.5-l.4) 1.3(0.9-1.71 

p e n d i n g  on  its s tage  of  d e v e l o p m e n t  and  accord ing  

to the  key  used .  O n  the basis  of  its d i s t r ibu t ion  

and with r e spec t  bo th  to the  adu l t  w o r m  and the 

m e t a c e r c a r i a e ,  the  spec ies  l iving b e t w e e n  the re t -  

ina  and  cho ro id  in pe rch  in Swedish  wa te r s  most  

p r o b a b l y  c o r r e s p o n d s  with D. baeri. 

A s  in the  case of  fish be long ing  to the  Pe rc idae ,  

d i f fe ren t  spec ies  of  m e t a c e r c a r i a e  of  the  genus  

Diplos tomurn  have  been  r e p o r t e d  f rom fish of  the  

genus  Ruti lus.  Exclus ive ly  lens forms at p r e sen t  

are  e ight  species ,  i . e . D ,  c o m m u t a t u m  (Dies ing ,  

1850), D. he lve t icum (Dubo i s ,  1929), D. indis- 

t inctum ( G u b e r l e t ,  1923), D. parv ive tosum (Du-  

bois ,  1932), D. mergi  Dubo i s ,  1932, D. paraspa- 

thaceum,  Shigin 1965, D. rutili R a z m a s h k i n ,  1969 

and D. spa thaceum ( R u d o l p h i ,  1819) (Suda r ikov ,  

1971; Shigin,  1976; Lee ,  1977: Bur rough ,  1978: 

Shigin,  1986: K a l f a - P a p a i o n n o u  & Sinis,  1985). 

H o w e v e r ,  some  of  these  spec ies  at p r e sen t  a re  

c ons ide r e d  as s y n o n y m o u s .  F o r  e x a m p l e ,  D. com-  

m u ta tum  in the keys  of  S u d a r i k o v  (1971) and Shi- 

gin (1976) is s y n o n y m o u s  with D. rutili in the  key  

by Shigin (1986). D. indist inctum in Suda r ikov  

(1971) and Shigin (1976) is r e g a r d e d  by Shigin 

(1986) as s y n o n y m o u s  with bo th  D. helve t icum 

(Dubo i s ,  19291 and D. parv i ven tosum Dubo i s ,  

1932. F u r t h e r m o r e ,  D. paraspathaceum is syn- 

o n y m o u s  with D. paracaudum (I les ,  1959), ac- 

cord ing  to B y k h o v s k a y a  & K u l a k o v a  (1987), and  

D. paracaudum is in turn s y n o n y m o u s  with D. 

spathaceum accord ing  to Shigin (1986). 

S imi la r ly  to m e t a c e r c a r i a e  in pe rch ,  most  me ta -  
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cercariae in the lens of roach have only been re- 
ported and the only species previously described 
is D. rutili (see Shigin, 1986). However ,  unlike 
the situation with regard to Diplostornum meta- 
cercariae in perch, seven out of eight species re- 
ported from the lens of roach are also known as 
adults. Although these descriptions have some- 
times been based on adults obtained from experi- 
mental infections, the source of metacercariae,  as 
in the case of D. rutili, was either unknown 
(Sonin, 1986) or, as in the case of D. comrnuta- 
turn, derived from the lens of the rudd Scardinius 
erythrophthalrnus (Yamaguti,  1975). Thus most 
descriptions of adult forms with metacercarial 
stages in the lens of roach are based on material 
from birds infected in the wild and they have 
yet not been verified on an experimental  basis. 
According to the taxonomic keys of Sudarikov 
(1960, 1971), Dubois (1970), McDonald (1981) 
and Sonin (1986), the adults can be divided into 
two groups. One frequents goosanders. It has a 
conical hindbody and hind- to forebody ratio vary- 
ing between 0.5-1.0,  namely D. rnergi and D. 
parviventosurn. The second group is harboured by 
birds of the family Laridae. These worms have a 
more club-shaped hindbody and a hind- to fore- 
body ratio above 0.7. They are described as D. 
cornrnutaturn, D. indistincturn, D. paraspatha- 
ceurn, D. rutili and D. spathaceum. In the present 
study metacercariae from the lens of roach and 
recovered as adults from birds of the family Lari- 
dae were identified as D. spathaceurn. This species 
was also found in one herring gull infected in 
the wild. Consequently,  with respect both to their 
habitat and morphology we suggest that both D. 
rnergi and D. parviventosurn may prove to be the 
adult stage of the retinal form of metacercaria. 

In conclusion, as stated by Thompson & Lymb- 
ery (1988), a clear view of what constitutes a spe- 
cies is essential for constructing formal taxonomic 
groupings and understanding modes of speciation. 
As species concepts channel our thinking the con- 
tinuing controversy over the taxonomic status of 
variant populations within the genus Diplosto- 
mum is probably partly due to disagreement over 
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appropriate criteria for distinguishing species. 
However ,  it is clearly demonstrated in the present 
study that we are dealing with species character- 
ised by different morphology as well as suitability 
to different final hosts. One species lives in the 
retina of perch with adults mainly in goosanders, 
but it also becomes sexually mature in birds of 
the family Laridae. The second species is found 
as a metacercaria in the lens of roach and with 
adults exclusively in various larid birds. Further- 
more,  in agreement with Shostak et al. (1987), we 
found that the degree of morphological variation 
was greater than previously described. Thus, on 
that account several of the species described in 
the past ought to be regarded as synonymous. As 
regards forms of Diplostomum parasitic in perch 
and roach, the present investigation leads to the 
opinion that among earlier descriptions of Diplos- 
tomum spp. two main forms really exist, at least 
in Baltic coastal areas. These are here considered 
to agree with D. baeri Dubois, 1937 in the retinal 
layers of perch and D. spathaceum (Rudolphi,  
1819) in the lens of roach. The reason for this 
judgment is the appearance of the corresponding 
morphologically distinct adults in different bird 
hosts, although they do exhibit a certain degree 
of overlap. 

Acknowledgements 

We thank Mr Lars Tiberg, Mr G6sta Henriksson, 
Dr Olof Sandstr6m and the Depar tment  of Virol- 
ogy, Uppsala University for providing us with bird 
eggs and birds, Mr Velislav Radev, Mrs Ivanka 
Kostova, Mrs Sophia Kokulska and JK Marianne 
Dahlen for translation from Russian and French, 
and Dr  G0ran Malmberg who introduced one of 
us (JH) into image analysis and provided facilities 
at the Depar tment  of Zoology, Stockholm Uni- 
versity. This study received financial support from 
the Swedish Royal Academy of Sciences, The 
Swedish Environmental  Protection Board, the 
Swedish State Power Board and Stiftelsen f6r Zo- 
ologisk Forskning. 



16 Identification of Diplostomum spp. 

Table V1. C o m p a r i s o n s  o f  the  m e t r i c  d i m e n s i o n s  ( in m i c r o m e t r e s )  o f  D. spathaceum a n d  D. baeri adul t s .  

Species D. spathaceum 
Reference Krause Dubois Cichowlas Dubois Dubois Dubois Sweeting 

(1914)* (1938) (1961) (1970) (1970) (1970) (1976) 

Subspecies huronense indistinctum spathaceum 
Source of worms L. argentatus L. argentatus L. ridibundus Larus spp. Larus spp. Larus spp. Experimental in 

L. fuscus ? Poland USA USA Sterna spp. L. argentatus 
L. canus (Baltic) Rissa tridactyla Source 
BRD Alca t o r d a  Cyprinidae 

10 
range 

Number of specimens 
range range range mean (range) mean (range) range 

Body length 1500-3370 1250-4450 3250 3400 1250-4450 737-2277 
Forebody length 600-1360 640-1800 731-1003 520-1620 820-1500 600-180 737-862 

width 360-690 270-960 510-935 450-920 270-850 270-960 
Hindbody length 770-2100 520-3220 850-1105 520-1800 880-2280 520-3220 550 1416 

width 230-710 210-750 306-442 400-710 250-810 210 750 
Ora l sucke r  length 54-94 40-100 68-75 65-112 55-110 40 100 70-91 

width 54-99 48-104 ±51 51-105 49-97 46 104 
Lateral lappet length 80-135 75 180 
Ventral sucker length 54-110 48-101 ±60 60-120 60-110 48-110 98-102 

width 59-140 48-130 ±96 73 138 60 135 48-140 
Pharynx length 41-81 48-91 51-98 50-94 39 91 

width 36-72 26-75 36-64 30-79 25-75 
Brande's  organ length 220-410 125 450 119-165 180-360 110-310 125-450 200-234 

width 240-390 90-432 ±119 150-340 120-320 90-390 
Ovary length 77-130 50-205 ±102 69-170 80-190 50-205 136-197 

width 100-170 70 235 ±170 123-225 90-200 70-235 
Anterior  testis length 170-340 95-460 ±323 200 435 170-420 95 460 494-273 

width 280-520 130-560 ±459 330-630 220-490 130-560 
Posteriortest is  length 210-400 90-485 m306 225-500 220-560 90-485 385-519 

width 320-590 190-650 m435 370-610 240-560 190-650 
H i n d - t o f o r e b o d y  ratio (1.41) (1.30) (1.14) 0.90-1.29 0.73-2.00 0.66-2.62 (1.19) 

T r i b o c y t i c  o r g a n  = B r a n d e ' s  o r g a n  = H o l d f a s t  o r g a n ;  V e n t r a l  s u c k e r  - A c e t a b u l u m ;  P s e u d o s u c k e r  = L a p p e t s .  
V a l u e s  wi th in  the  b r a c k e t s  is the  m e a n  r a t i o  b a s e d  o n  the  m a x i m u m  a n d  m i n i m u m  va lues .  

*As  c i ted  in D u b o i s  (1938) .  

Table VII. R e c o v e r y  o f  e x p e r i m e n t a l  Diplostomum i n fec t ions  in d i f f e r en t  a v i a n  hos t s .  

B i rd  hos t s ,  f ami ly  a n d  spec ies  N u m b e r  o f  i n f ec t ed  S o u r c e  o f  m e t a c e r c a r i a e  R e c o v e r y  as adu l t s  

hos t s  in fish in b i rds  

F a m i l y  L a r i d a e  

B l a c k - h e a d e d  gull  

C o m m o n  t e rn  

H e r r i n g  gull  

F a m i l y  A n a t i d a e  
G o o s a n d e r  

F a m i l y  P h a s i a n i d a e  
D o m e s t i c  c h i c k e n  ( juven i l e )  

D o m e s t i c  c h i c k e n  (ma le )  

D o m e s t i c  c h i c k e n  ( f e m a l e )  

Larus ridibundus 1 r o a c h  lens + + + 
Sterna hirundo 1 r o a c h  lens + + + 

1 p e r c h  r e t i n a  + 

Larus argentatus 3 r o a c h  lens + + + 

2 p e r c h  r e t i n a  + + 

Mergus merganser 2 r o a c h  lens  - 

2 p e r c h  r e t i na  + + + 

Gallus gallus 1 r o a c h  lens  - 

1 p e r c h  r e t i na  + 

Gallus gallus 1 r o a c h  lens 
2 p e r c h  r e t i n a  - 

Gallus gallus 1 p e r c h  r e t i na  - 

- miss ing ,  + p r e s e n t ,  + + f r e q u e n t ,  + + + ve ry  f r e q u e n t .  
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D. baeri 
Dick & Rosen Niewiadomska Sonin Dubois Dubois Dick & Rosen Shostak et al. 
(1981) (1984) (1986) (1970) (1970) (1981) (1987) 

indistinctum baeri buccuh'ntum bucculentum bucculentum 
Experimental in L. ridibundus Larus spp. Stercocarius spp. Larus spp. Experimental in Experimental in 
L. argentatus Poland Eurasia Switzerland USA L. argentams Larus spp. 
Source (Lake Memry) (Alaska) Source Source 
Coregonus Coregonus Coregonus 
clupeaformis clupeaformis sardinella 
8 20 30 3 259 
range range mean (range) mean (range) mean (range) range range 

2730-3484 3830 1800 1700 1625-2106 930-2952 
1326-1651 1110-1480 850-1630 500-930 460-1060 858-1235 460-1504 
585-884 590-850 400-1090 260-600 380-590 507-774 235-543 

1482-1872 1560-2920 1090-280 310-850 430-730 520-1027 366-1450 
355-637 560-660 325-770 300-520 330-510 325-494 282-686 

65-105 57-95 55-100 50-85 73-122 100-125 64-120 
65-110 74-102 60-111 72-100 73-113 105 135 71-120 
90-105 102-153 70-130 75-95 52-130 65-105 41-92 
75-115 78-95 65-110 60-103 76-113 100-145 60-122 

100-125 89-102 65-130 63-108 89-115 110-150 75-135 
65-95 59-74 50-85 60-96 57-87 68-93 53-94 
50-70 51-74 45-70 40-67 46-62 60-80 37 79 

225-415 238-374 150-460 145-270 125-220 215-300 112-307 
259-399 150-440 120-225 

90-170 138-222 90-180 90-105 70-105 75-155 71-209 
105-195 163-236 70-270 105-155 95-113 100-200 78-172 
325-400 185-540 190-430 110-235 130-220 160-315 188-216 
285-500 421-629 220-500 250-360 170-300 180-390 
320-425 348-592 220-550 115-250 150-250 190 355 188-357 
355-510 466-658 280-550 280-435 300-460 290 435 291-630 

1.05-1.33 (1.69) (1.62) 0.52-1.00 0.53-0.88 0.51-1.04 0.53-1.53 

Table VIII. Principal components analysis of 11-17 morphological measurements of Diplostomum metacercariae (values are for first four components 
as given below). 

Treatment Unstained in glycerine jelly, n = 40 Prepared according to Shigin (1976), n = 60 

Component 1 2 3 4 1 2 3 4 
Eigen value 7.61 1.27 0.71 0.48 7.42 5.39 1.47 0.81 
Cumulative proportion 0.69 0.80 0.87 0.92 0.43 0.75 0.83 0.89 

Eigen vectors for character: 
TL 0.35 0.03 0.15 -0 .03 0.06 0.40 0.20 0.01 
TW 0.28 0.11 -0 .64 0.03 0.27 -0.22 0.21 0.07 
VS 0.34 0.00 0.22 -0 .10  0.05 0.40 0.18 -0.14 
OSL 0.26 0.43 0.08 0.65 0.21 0.19 0.44 0.00 
OSW 0.26 0.42 -0 .17 0.56 0.28 -0 .09 0.24 -0.21 
PHL 0.32 -0 .18 0.05 -0 .06 0.33 0.13 0.02 -0 .16 
PHW 
LAP 0.34 0.09 -0 .03 -0.23 0.35 -0 .04 0.01 -0.03 
VSL 0.33 -0 .18 0.12 0.04 0.33 0.13 0.02 -0 .16 
VSW 0.31 0.07 0.15 0.44 0.35 0.04 0.01 0.03 
TOL 0.13 0.37 0.11 0.29 
TOW 0.34 0.03 -0 .20 -0 .02 
HL 0.04 0.28 0.33 0.59 
BR -0.19 -0 .18 0.48 -0 .30 
OVR 0.18 0.73 0.16 -0.02 0.25 -0.03 0.49 0.03 
TVR 0.11 0.34 - 0.08 0.46 
WLR 0.09 -0.41 0.04 0.05 
VLR 0.30 -0.05 0.64 -0 .06 0.30 0.11 -0.01 - 0.36 

For abbreviations see Materials and methods. 
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Table IX. Principal components  analysis of  19-28 morphological measurements  on 166-96 adults of Diplostomum spp. (values are 
for first four components) .  

Trea tment  Unsta ined in glycerine jelly, n = 166 Mayer ' s  Paracarmine,  n = 96 

Componen t  1 2 3 4 1 2 3 4 
Eigen value 4.78 3.37 1.39 0.75 13.6 3.3 2.1 1.7 
Cumulat ive proport ion 0.36 0.62 0.73 0.79 0.52 0.65 0.73 0.79 

Eigen values for character: 
LEN 0.26 -0 .41  - 0 . 1 0  0.17 
FL 0.15 0.24 -0 .35  0.57 0.21 -0 .21  0.21 0.18 
FW 0.39 - 0 . 0 3  0.18 0.20 0.19 0.05 0.17 - 0 . 0 2  
VS 0.15 -0 .12  - 0 . 2 4  0.40 
OSL 0.26 0.26 0.23 0.47 0.21 0.18 0.19 0.32 
OSW 0.21 0.34 0.10 0.18 0.17 0.31 0.15 0.09 
PHL 0.24 0.32 - 0 . 0 2  23 0.18 0.34 0.06 - 0 . 0 6  
P H W  0.26 0.28 -0 .08  - 0 . 1 9  0.13 0.36 0.11 -0 .15  
PSL 0.23 0.04 0.20 0.10 
PSW 0.20 0.12 0.22 -0 .01  
VSL 0.16 0.22 - 0 . 5 2  0.12 0.13 0.26 - 0 . 3 6  0.26 
VSW 0.32 0.19 0.21 -0 .11  0.18 0.26 - 0 . 0 6  0.08 
T O L  0.38 - 0 . 0 9  -0 .01  - 0 . 0 3  0.22 -0 .07  - 0 . 1 8  0.10 
T O W  0.21 - 0 . 1 7  0.05 0.13 
HL 0.27 - 0 . 4 2  0.00 0.01 0.23 -0 .23  0.07 0.13 
HW1 0.29 0.02 - 0 . 0 2  -0 .15  0.08 0.41 - 0 . 0 6  0.07 
HW2 0.24 - 0 . 4 0  - 0 . 0 6  - 0 . 0 2  
OVL 0.24 - 0 . 0 4  - 0 . 1 6  - 0 . 1 4  
O V W  0.23 -0 .02  -0 .13  -0 .25  
O V W  0.23 - 0 . 0 2  -0 .13  -0 .25  
ATL 0.25 - 0 . 1 0  - 0 . 0 4  - 0 . 1 4  
A T W  0.23 0.20 0.02 0.04 
PTL 0.24 - 0 . 1 6  -0 .05  - 0 . 1 0  
PTW 0.23 0.00 -0 .15  -0 .07  
TS 0.20 0.04 -0 .19  - 0 . 0 8  
HLFL 0.24 0.36 0.21 -0 .31  0.18 0.19 0.25 0.33 
OSPH 0.07 0.20 0.21 0.54 
OSVS 0.11 - 0 . 0 6  0.56 0.10 

For abbreviations see Materials and methods. 
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