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Discrimination of the notifiable pathogen Gyrodactylus

salaris from G. thymalli (Monogenea) using statistical

classifiers applied to morphometric data
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

The identification and discrimination of 2 closely related and morphologically similar species of Gyrodactylus, G. salaris

and G. thymalli, were assessed using the statistical classification methodologies Linear Discriminant Analysis (LDA) and

k-Nearest Neighbours (KNN). These statistical methods were applied to morphometric measurements made on the

gyrodactylid attachment hooks. The mean estimated classification percentages of correctly identifying each species were

98±1% (LDA) and 97±9% (KNN) for G. salaris and 99±9% (LDA) and 73±2% (KNN) for G. thymalli. The analysis was

expanded to include another 2 closely related species and the new classification efficiencies were 94±6% (LDA) and 98±0%

(KNN) for G. salaris ; 98±2% (LDA) and 72±6% (KNN) for G. thymalli ; 86±7% (LDA) and 91±8% (KNN) for G.

derjavini ; and 76±5% (LDA) and 77±7% (KNN) for G. truttae. The higher correct classification scores of G. salaris and

G. thymalli by the LDA classifier in the 2-species analysis over the 4-species analysis suggested the development of a 2-

stage classifier. The mean estimated correct classification scores were 99±97% (LDA) and 99±99% (KNN) for the G.

salaris–G. thymalli pairing and 99±4% (LDA) and 99±92% (KNN) for the G. derjavini–G. truttae pairing. Assessment of

the 2-stage classifier using only marginal hook data was very good with classification efficiencies of 100% (LDA) and

99±6% (KNN) for the G. salaris–G. thymalli pairing and 97±2% (LDA) and 99±2% (KNN) for the G. derjavini–G. truttae

pairing. Paired species were then discriminated individually in the second stage of the classifier using data from the full

set of hooks. These analyses demonstrate that using the methods of LDA and KNN statistical classification, the

discrimination of closely related and pathogenic species of Gyrodactylus may be achieved using data derived from light

microscope studies.

Key words: Gyrodactylus, Monogenea, Gyrodactylus salaris, statistical classifiers, linear discriminant analysis, k-nearest

neighbours.



The reports and, in certain cases, misidentifications

of Gyrodactylus salaris Malmberg, 1957 from fish

stocks from a number of neighbouring European

countries (see Table 1), is justifiably cause for

concern to the UK’s G. salaris-free status. While

Shinn, Sommerville & Gibson’s (1995) study of 234

salmonid sites throughout the UK and Platten,

McLoughlin & Shinn’s (1994) survey of 17 fish

farms and 7 rivers in Northern Ireland demonstrated

the British salmonid stocks to be G. salaris-free, the

gyrodactylid fauna of British thymallids was at that

time unknown. A survey of grayling, Thymallus

thymallus L., in 9 English rivers during the period

1995–1996 by Denham & Long (1999) found that

grayling from 6 of these rivers were infected with G.

thymalli Zitnan, 1960. The impact G. salaris has had

on fish stocks throughout Norway has warranted the

development of techniques for its identification from
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other and relatively benign close relatives. Using the

nucleotide sequence of the srRNA V4 region,

Cunningham et al. (1995) demonstrated the dis-

crimination of G. salaris from 2 species of Gyro-

dactylus, G. derjavini Mikailov, 1975 and G. truttae

Gla$ ser, 1974, commonly occurring on European

salmonids. There was, however, no variation in the

150 base nucleotide sequence between G. salaris and

G. thymalli. Cunningham et al. (1995) concluded

that while the V4 region may not provide the

information necessary to discriminate these 2

morphologically similar species, other variable

regions of the genome may. G. thymalli and its

discrimination from G. salaris represents a problem

within gyrodactylid taxonomy. Malmberg (1987b)

suggested that forms of the 2 species found on

certain salmonid hosts are morphologically similar as

shown by Fig. 1 (see also Mo & Appleby, 1990;

Shinn et al. 1995; Denham & Long, 1999); and work

by Bakke (1991) and Bakke & Jansen (1991) on the

experimental cross-transfer of G. salaris and G.

thymalli between their recognized fish hosts found

that both species of Gyrodactylus were able to survive

and reproduce. Later, in 1994, Mo’s (1994) exam-
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Table 1. Reports of Gyrodactylus salaris in Northern Europe

Report of G. salaris Reference

Bosnia-Herzegovina Imamovic (1987)

Czechoslovakia Ergens (1961)*; Rehulka (1973)†
Denmark Malmberg (1973)

Finland Rimaila-Pa$ rna$ nen & Wiklund (1987)

France Johnston, MacKenzie, Cunningham, Eiras & Bruno

(1996)

Germany Schmahl (1988); Lux (1990)

Karelia Ieshko, Berland, Shulman, Bristow & Shurov (1995)

Norway Malmberg (1973)

Portugal Johnston, MacKenzie, Cunningham, Eiras & Bruno

(1996)

Russia Ergens (1983)‡ ; Rumyantsev (1989)

Scotland Campbell (1974)§
Slovakia Zitnan (1974)

Spain Santamarina, Tojo, Ubeira, Quinteiro & Sanmartin

(1991)

Sweden Malmberg (1957)

Ukraine Tesarcik & Ivasik (1974)

Yugoslavia Kulakovskaya (1967)

* Believed by Tanum (1983) to be another species not G. salaris.
† Believed by Mo (1983) to be G. truttae, however, Malmberg (1987c) believes

that G. truttae is also erroneous but Rehulka’s specimens resemble another

Gyrodactylus sp. closely related to G. salaris.
‡ Recorded as Gyrodactylus sp. but suggested by Malmberg (1987b) to most

probably represent G. salaris.
§ Mis-identification, more likely to be G. derjavini or G. truttae.
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Fig. 1(A) Marginal hook sickle of Gyrodactylus thymalli Zitnan, 1960 collected from Thymallus thymallus in the

River Test, UK in April 1997. (B) Marginal hook sickle of G. salaris Malmberg, 1957 collected from Salmo salar in

the River A$ tran (Nydale), Sweden in April 1992. (C) Overlay of the G. salaris marginal hook sickle (solid line) with

that of G. thymalli (dotted line) to show differences in hook morphology.

ination of variation in the morphology of the

opisthaptoral sclerites of G. salaris between localities

sampled led him to consider that the form of G.

salaris on rainbow trout was indistinguishable from

the sclerites of G. thymalli.

An investigation by Kay, Shinn & Sommerville

(1999) demonstrated the potential for the use of

modern statistical classifiers in differentiating species

of the genus Gyrodactylus. The study applied 2

statistical methods, nearest neighbours and linear

discriminant analysis, to data derived from light

microscope images of the opisthaptoral hooks. This

approach resulted in the perfect discrimination of G.

salaris from other closely related species. The current

study investigates the ability of these 2 statistical

classification methodologies to discriminate G.

salaris from G. thymalli and the latter species from

other gyrodactylids parasitizing salmonids. The

notion of a suggested synonomy of G. thymalli with

G. salaris that could potentially invalidate the G.

salaris-free status of the UK or that present methodo-

logies may give rise to false positives with regard to
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the identification of G. salaris is worrying. Serious

consequences could stem from inaccurate species

determinations either as G. salaris being mis-

identified as G. thymalli and thus allowing G. salaris

to go unchecked in the environment or, G. thymalli

being identified as G. salaris and costly treatments

being implemented to contain and prevent its spread.

Both errors could have serious impacts on fish

communities and their environment.

  

Specimen collection and preparation

Specimens of Gyrodactylus von Nordmann, 1832

parasitizing salmonids collected during the 1990–

1992 survey conducted by Shinn et al. (1995) were

re-analysed in conjunction with specimens of G.

salaris Malmberg, 1957 and G. thymalli Zitnan,

1960. Details pertaining to the sites of collection for

the 134 specimens of G. truttae, 1974 and 254 G.

derjavini Mikailov, 1975 taken during the survey

have been given by Shinn, Kay & Sommerville

(2000). Ten specimens of G. thymalli parasitizing

Thymallus thymallus in the River Test, Hampshire,

England were collected in April 1997 and provided

for this study by Dr K. L. Denham (CEFAS). The

British gyrodactylid material was compared to 85

specimens of G. salaris collected from Salmo salar

from various watercourses across Scandinavia by Dr

G. Malmberg (University of Stockholm, Sweden)

and Professor T. A. Bakke (Zoological Museum,

University of Oslo, Norway) throughout the 1990–

1992 time-period. All the gyrodactylid material was

prepared for light microscopy, mounted in am-

monium picrate glycerine, according to the meth-

odology given by Malmberg (1957).

Morphometric data on the attachment hooks were

collected from slide preparations of Gyrodactylus

using an eye-piece graticule at ¬100, oil immersion

on a BH2 Olympus binocular microscope with

phase-contrast. Ten point to point morphometric

measurements were made, 3 from the hamulus (total

length, shaft length and point length), 2 from the

ventral bar (total length and total width) and 5 from

the marginal hook (total length, shaft length, sickle

length, sickle proximal width and sickle distal width).

Using the marginal hook numbering system of

Llewellyn (1970), marginal hook number 8 was

measured on each individual gyrodactylid. Where

this was not possible, then marginal hook number 7

was measured.

Statistical methods

Various statistical classification techniques were used

to build classification rules and to assess their likely

performance in the classification of new specimens

(McLachlan, 1992).

Canonical variate plots were constructed in each

case in order to visualize the data with respect to the

canonical variate axes. These are determined by the

linear functions of the measurements which best

separate the different classes. The canonical variates

may be used to classify objects into one of the classes.

When there are 2 classes, there is just 1 canonical

variate and when there are 4 classes there are 3

canonical variates.

The method of Linear Discriminant Analysis

(LDA) was used to estimate a classification rule;

when it is used just for classification this method is

identical to the use of canonical variates. Because the

specimens which are available for analysis are not

necessarily representative of the naturally-occurring

frequencies, and particularly because the number of

G. thymalli specimens is small relative to the other

types, it was assumed a priori that the class

probabilities are equal. In the absence of precise

relevant information of the relative costs of misclassi-

fications, it was assumed that these costs are equal ;

this results in specimens being allocated to the most

likely class on the basis of the measurements. The

method of k-Nearest Neighbours (KNN) was also

used in each case, and this provides a completely

non-parametric approach which allows non-linear

boundaries to be fitted between the classes. In the

applications described herein, 3 nearest neighbours

were used.

The method of repeated, stratified, 5-fold cross-

validation was used to assess the generalization error

likely to be obtained when a classifier is applied to

new specimens. In this approach the available

specimens are split randomly into 5 groups in

proportion to the numbers of each type that are

available. One of the 5 groups of data is held back to

form a test set, and the remaining data are used to

build the classifier. The resulting rule is then applied

to the test set and the predictions obtained for each

test specimen are compared with the true types; thus

the number of misclassifications are calculated. This

procedure is repeated taking, in turn, each of the

other 4 groups to be the test set, and the numbers are

combined to form an overall estimate of the rates of

correct classification and also each type of misclassi-

fication. This method makes efficient use of the

available data. This entire procedure was then

repeated 100 times and the mean and range of the

resulting estimates of the classification percentages

were computed.

The analyses were conducted using scripts using

public-domain software provided (Venables &

Ripley, 1997) for the S-PLUS statistical package (S-

PLUS 4, 1997).



Discrimination of G. salaris and G. thymalli

A canonical variate plot was constructed using all 10

measurements taken from the 10 G. thymalli
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Fig. 2. Canonical variate plot of morphometric data

from the species Gyrodactylus salaris and G. thymalli.

specimens and the 85 G. salaris specimens and this is

displayed in Fig. 2. It is clear that there is very good

separation between the classes and that this method

produces only 1 misclassification (G. salaris as G.

thymalli) when applied to these ‘training’ specimens.

Of course, as the aim would be to use the classi-

fication rule on new specimens we need to assess the

predictive ability of this classification rule. The

method of repeated, stratified, 5-fold cross-vali-

dation was used to estimate the misclassification

rates likely to be found with new specimens. The

results are given in Table 2.

Using the LDA classifier we may estimate that

98±1% of G. salaris specimens would be classified

correctly as being G. salaris and 99±9% of G.

thymalli specimens would be classified correctly as

being G. thymalli (on average) ; also 1±9% of G.

salaris specimens would be misclassified as being G.

thymalli and 0±1% of G. thymalli specimens would

be misclassified as being G. salaris. The results

obtained using the KNN method are similar to the

LDA results for G. salaris, but not as good for G.

thymalli.

Discrimination of the 4 species

The canonical variate plot using the first 2 canonical

axes and based on all 10 measurements taken from

the specimens of G. salaris, G. thymalli, G. derjavini

and G. truttae is shown in Fig. 3. The most striking

feature of the plot is that G. thymalli is most similar

to G. salaris and that these 2 types are clearly

separated from G. derjavini and G. truttae ; these

Table 2. Estimated classification percentages for the discrimination of Gyrodactylus salaris and G.

thymalli using the LDA and KNN methods of classification

Classification

LDA KNN

Mean Min Max Mean Min Max

G. salaris as G. salaris 98±1 95±3 98±8 97±9 95±3 100±0
G. salaris as G. thymalli 1±9 1±2 4±7 2±1 0±0 4±7
G. thymalli as G. salaris 0±1 0±0 10±0 26±8 20±0 30±0
G. thymalli as G. thymalli 99±9 90±0 100±0 73±2 70±0 80±0

Fig. 3. Canonical variate plot of morphometric data

from the 4 species of Gyrodactylus (G. derjavini, G.

salaris, G. thymalli and G. truttae).

latter 2 types show a fair degree of overlap. The

predictive ability of the classifiers for all 4 types was

assessed using repeated, stratified, 5-fold cross-

validation and the results are given in Table 3.

With the LDA method we may estimate that

94±6% of G. salaris specimens, 98±2% of G. thymalli

specimens, 86±7% of G. derjavini specimens and

76±5% of G. truttae specimens, respectively, would

be classified correctly. With the KNN method, the

corresponding percentages are 98±0, 72±6, 91±8,

77±7%. Hence the KNN method is likely to perform

better for the G. salaris, G. derjavini and G. truttae

specimens, although overall LDA is better for the

discrimination of G. salaris and G. thymalli and

KNN is better for the discrimination of G. derjavini

and G. truttae. Table 3 shows also the percentages

of the various types of misclassification; the main

problem lies in the confusion between G. derjavini

and G. truttae, although with the KNN method

there is confusion between G. thymalli and G.

salaris. It is clear that there is very little confusion

between the pairing G. salaris–G. thymalli and the

pairing G. derjavini–G. truttae.

A 2-stage classifier

Given the results obtained in the previous 2

subsections, namely that (a) the LDA results are

better for discrimination of G. salaris and G. thymalli

in the 2-class case than in the 4-class case and (b) the

pairings G. salaris–G. thymalli and G. derjavini–G.

truttae are clearly separated from each other, it seems
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Table 3. Estimated classification percentages for the discrimination of Gyrodactylus salaris, G. thymalli,

G. derjavini and G. truttae using the LDA and KNN methods of classification

Classification

LDA KNN

Mean Min Max Mean Min Max

G. salaris as G. salaris 94±6 91±8 96±5 98±0 96±5 100±0
G. salaris as G. thymalli 5±2 3±5 8±2 2±0 0±0 3±5
G. salaris as G. derjavini 0±2 0±0 1±2 0±0 0±0 0±0
G. salaris as G. truttae 0±0 0±0 0±0 0±0 0±0 0±0
G. thymalli as G. salaris 1±8 0±0 10±0 27±4 20±0 30±0
G. thymalli as G. thymalli 98±2 90±0 100±0 72±6 70±0 80±0
G. thymalli as G. derjavini 0±0 0±0 0±0 0±0 0±0 0±0
G. thymalli as G. truttae 0±0 0±0 0±0 0±0 0±0 0±0
G. derjavini as G. salaris 0±3 0±0 2±8 0±1 0±0 0±8
G. derjavini as G. thymalli 0±0 0±0 0±0 0±0 0±0 0±0
G. derjavini as G. derjavini 86±7 82±9 91±2 91±8 86±8 94±8
G. derjavini as G. truttae 13±0 8±8 17±1 8±1 5±2 13±1
G. truttae as G. salaris 0±0 0±0 0±0 0±0 0±0 0±0
G. truttae as G. thymalli 0±0 0±0 0±0 0±0 0±0 0±0
G. truttae as G. derjavini 23±5 19±4 26±9 22±3 18±7 26±9
G. truttae as G. truttae 76±5 73±1 80±6 77±7 73±1 81±3

Table 4. Estimated classification percentages for the discrimination of the 2 hybrid pairings Gyrodactylus

salaris–G. thymalli (SalThy) and G. derjavini–G. truttae (DerjTrut) using the LDA and KNN methods of

classification

Classification

LDA KNN

Mean Min Max Mean Min Max

SalThy as SalThy 99±97 98±9 100±0 99±99 98±9 100±0
SalThy as DerjTrut 0±03 0±0 1±1 0±01 0±0 1±1
DerjTrut as SalThy 0±6 0±3 1±8 0±08 0±0 0±3
DerjTrut as DerjTrut 99±4 98±2 99±7 99±92 99±7 100±0

appropriate to consider a 2-stage classifier. In this

classifier, the pairings G. salaris–G. thymalli and G.

derjavini–G. truttae would be considered as 2 hyper-

classes and the LDA and KNN methods applied to

classify specimens into 1 of these 2 hyper-classes. If

a specimen is classified as a G. salaris–G. thymalli

hyper-class, the methods would be applied to just

the data from the G. salaris and G. thymalli

specimens to decide whether it is likely to be G.

salaris or G. thymalli (as in Table 2 and Fig. 2). The

method of repeated, stratified, 5-fold cross-vali-

dation was applied to all 10 measurements from the

95 G. salaris–G. thymalli specimens and the 385 G.

derjavini–G. truttae specimens and the results are

given in Table 4.

With the LDA method, it may be estimated that

99±97% of specimens from the G. salaris–G. thymalli

hyper-class and 99±4% of specimens from the G.

derjavini–G. truttae hyper-class would be correctly

classified. The corresponding percentages for the

KNN method are 99±99% and 99±92%. These

results combined with those of Table 2 demonstrate

that this 2-stage classifier based on the LDA method

is likely to be very successful as long as future G.

salaris and G. thymalli data are similar to the

specimens considered here.

Discrimination using subsets

As described in the Materials and Methods section,

the available measurements fall naturally into 3

subsets corresponding to the sclerite structures: the

hamulus, the ventral bar and the marginal hook, and

it is of interest to discover whether classification

based on just a single sclerite structure is likely to be

sufficiently accurate. Hence the cross-validation

experiments which are described in the previous

subsections were repeated for each of the 3 subsets.

We now report on the experiments corresponding to

the use of the 2-stage classifier. The results obtained

with LDA and KNN for the hyper-classes are given

in Table 5.

While in some cases, particularly with the mar-

ginal hook subset, the results are quite good they are

not quite as good as those obtained using the full set

of measurements. Similarly, the LDA and KNN
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Table 5. Estimated classification percentages for the discrimination of the 2 hybrid pairings Gyrodactylus

salaris–G. thymalli and G. derjavini–G. thymalli using the LDA and KNN methods of classification –

separate analyses based on the sclerite subsets of the measurements

Classification

LDA KNN

Mean Min Max Mean Min Max

Hamulus

SalThy as SalThy 96±8 96±8 96±8 93±7 91±6 96±8
SalThy as DerjTrut 3±2 3±2 3±2 6±3 3±2 8±4
DerjTrut as SalThy 3±4 3±1 3±6 0±6 0±3 1±3
DerjTrut as DerjTrut 96±6 96±4 96±9 99±4 98±7 99±7

Ventral bar

SalThy as SalThy 47±6 33±7 52±6 21±6 14±7 29±5
SalThy as DerjTrut 52±4 47±4 66±3 73±4 70±5 85±3
DerjTrut as SalThy 47±9 43±6 54±0 12±8 9±4 16±1
DerjTrut as DerjTrut 52±1 46±0 56±4 87±2 83±9 90±6

Marginal hook

SalThy as SalThy 100±0 100±0 100±0 99±6 96±8 100±0
SalThy as DerjTrut 0±0 0±0 0±0 0±4 0±0 3±2
DerjTrut as SalThy 2±8 2±6 2±9 0±8 0±5 1±6
DerjTrut as DerjTrut 97±2 97±1 97±4 99±2 98±4 99±5

Table 6. Estimated classification percentages for the discrimination of Gyrodactylus salaris and G.

thymalli using the LDA and KNN methods of classification – separate analyses based on the sclerite

subsets of the measurements

Classification

LDA KNN

Mean Min Max Mean Min Max

Hamulus

Salaris as Salaris 88±2 84±7 89±4 98±8 97±6 98±8
Salaris as Thymalli 12±8 10±6 15±3 1±2 1±2 2±4
Thymalli as Salaris 19±9 10±0 20±0 49±9 40±0 50±0
Thymalli as Thymalli 80±1 80±0 90±0 50±1 50±0 60±0

Ventral bar

Salaris as Salaris 82±4 78±8 85±9 95±5 90±6 98±8
Salaris as Thymalli 17±6 14±1 21±2 4±5 1±2 9±4
Thymalli as Salaris 15±1 10±0 30±0 79±7 70±0 100±0
Thymalli as Thymalli 84±9 70±0 90±0 20±3 0±0 30±0

Marginal hook

Salaris as Salaris 90±9 87±1 94±1 99±3 97±6 100±0
Salaris as Thymalli 9±1 5±9 12±9 0±7 0±0 2±4
Thymalli as Salaris 15±4 0±0 20±0 21±3 20±0 30±0
Thymalli as Thymalli 84±6 80±0 100±0 78±7 70±0 80±0

methods were applied to the sclerite subsets for the

G. salaris and G. thymalli classes and the results are

given in Table 6; again the marginal hook subset

shows the best performance but it is not quite as

good as that obtained using the full set of measure-

ments.

Again, while the results in individual cases are

quite good, the level of likely accuracy is not high

enough compared to that obtained with the full

dataset.



Malmberg (1993) commented that the ‘form’ of G.

salaris parasitizing Oncorhynchus mykiss (Walbaum)

was reminiscent of G. thymalli and that the dis-

crimination of such forms could only effectively be

resolved by the collection and comparison of both

species of Gyrodactylus from the full range of hosts

and environmental conditions under which both

species are found. Because of the scarcity of G.
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thymalli specimens available for this study, however,

it has not been possible to encompass the full range

of host and environmental variation for this species.

For the comparator species G. salaris, material from

a number of rivers, taken over a 15-month period,

has been available for study and therefore provides a

more satisfactory data-set. Whilst the present investi-

gation has indicated clear differences between these

species, it is nevertheless unwise to draw definitive

conclusions until a larger sample of G. thymalli can

be obtained.

Mo’s (1991b) report of a species, tentatively

identified as G. salaris, from O. mykiss cited

differences from G. salaris taken from S. salar in

terms of the possession of a stouter ventral bar and

hamuli. In the same paper, no difference in the shape

of the marginal hook was noted between these two

morphs. In the present study it has not been possible,

however, to obtain specimens of ‘G. salaris ’ from O.

mykiss and therefore the affinity of this species

appears uncertain. The differences in shape between

the marginal hook sickles of G. thymalli and G.

salaris, however, are presented in Fig. 1C of the

present study. While both sickles collected from the

same month of the year are of a similar size, the

marginal hook of G. salaris has a deeper foot to the

sickle, the toe being noticeably broader. Both sickle

points follow a similar curve but the sickle shaft and

point of G. salaris are more robust. The variation in

the size of the opisthaptoral sclerites of G. salaris

with season was investigated by Mo (1991a, b, c),

who found that the hooks were larger in colder water

temperatures and smaller in warmer water

temperatures. Variation in the shape of the sclerites

with season was, however, less pronounced, the

shape of the marginal hooks being notably constant.

Regardless of season, the attachment hooks are fully

developed at birth and undergo no further de-

velopment or growth, only the hamulus root portion

may continue to grow (Ergens, 1965; Malmberg,

1970).

Both G. salaris and G. thymalli belong to the G.

salaris-group but are designated within different

subgroups, their placement within these being based

on the relative robustness of their hamuli and ventral

bars (Malmberg, 1993). Whilst subtle differences in

the shape of the marginal hook sickle, which are

highlighted by the measurements used in the present

study, allow experts to discriminate these species, it

is questionable whether discrimination of these

species may be achieved using univariate statistics on

the classical point to point morphometrics gathered

from the gyrodactylid attachment hooks.

The discrimination of gyrodactylid species has

been achieved to a certain level in earlier studies

using multivariate analyses such as principal com-

ponents analysis (PCA) applied to morphometric

data derived from specimens prepared for light

microscopy (Shinn, 1994; Shinn et al. 1996) and

on sonication liberated hooks examined using the

scanning electron microscope (SEM) (Shinn, Gibson

& Sommerville, 1993; Shinn, 1994). While these

studies allow for the discrimination of a species as a

collective of individuals, however, the confidence

that one might place upon the discrimination of an

individual gyrodactylid is dependent upon its relative

position in the PCA matrix and thus its position in

relation to all other specimens within the analysis.

Specimens positioned at the distal periphery of its

species range in a PCA matrix might be clearly

discriminated from another specimen situated on

the distal periphery of its own species range but the

confidence in discriminating 2 species diminishes

where 2 species overlap. Thus it was not surprising

that, where Gyrodactylus species were difficult to

classify using conventional taxonomic procedures,

the progression in gyrodactylid taxonomy and}or dis-

crimination was to move away from methodologies

with a numeric or morphometric basis to techniques

with a molecular biology basis (Cunningham et al.

1995). However, Kay et al. (1999) and Shinn et al.

(2000) established that the discrimination of closely

related and morphologically similar Gyrodactylus

species was possible using a variety of statistical

classification approaches applied to morphometric

data. The use of a statistical classification system

once optimized and validated presents a rapid, re-

liable and cheap alternative to traditional methods

and permits the early detection of pathogens from

large numbers of samples.

This paper demonstrates with some success, the

high correct percentage classifications of 2 closely

related and morphologically similar species of Gyro-

dactylus, G. salaris (98±1% LDA; 97±9% KNN) and

G. thymalli (99±9% LDA; 73±2% KNN), using 2

statistical classification methodologies, LDA and

KNN. Expansion of the analysis to include ad-

ditional species of Gyrodactylus illustrates that

G. thymalli can also be discriminated from these

(G. salaris – 94±6% LDA; 98±0% KNN);

(G. thymalli – 98±2% LDA; 72±6% KNN); (G.

derjavini – 86±7% LDA; 91±8% KNN); and (G.

truttae – 76±5% LDA; 77±7% KNN). It is important

to reiterate at this stage that the classification of these

species is based upon relatively crude light-derived

morphometric data i.e. 10 morphometric characters

(3 hamulus, 2 ventral bar and 5 marginal hook).

Thus by the addition of extra feature descriptors

and}or by the development of algorithms for the

detailed shape analysis of all or individual attachment

hooks it would perhaps be possible to obtain better

classification performance. The results from these

early analyses illustrated that higher correct classi-

fication scores were obtained for G. salaris and G.

thymalli by the LDA classifier in the 2-species

analysis over the 4-species analysis. Also, the clear

discrimination of the morphologically similar G.

salaris–G. thymalli (99±97% LDA; 99±99% KNN)
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pairing from the G. derjavini–G. truttae (99±4%

LDA; 99±92% KNN) pairing proposed the de-

velopment of a 2-stage classifier. When the in-

dividual attachment hooks were considered, the

classification percentages for the marginal hook were

equally good (G. salaris–G. thymalli pairing 100%

LDA, 99±6% KNN; G. derjavini–G. truttae pairing

97±2% LDA, 99±2% KNN) but not so for the other

hook structures. While the benefits of using a 2-stage

classifier are suggested here, a combined procedure

working as an entire system is as yet to be evaluated,

but it is clear that it would work well. Mis-

classifications, particularly in the case of G. salaris,

would have serious consequences should they allow

this species to slip through undetected. It is possible,

however, to incorporate estimates regarding the

relative seriousness of each type of misclassification

into the classifier and thereby weight the discrimi-

nation to minimize more serious errors. For the

purposes of this study no such estimates were built

into the system, with the costs of the various types of

misclassification assumed to be equal.

This work is promising, but more G. thymalli

specimens are required in order to be more confident

about the success of the application of our rules to

new specimens. The high classification efficiencies

are based on the data at hand and our estimates of

likely future performance are contingent on the

future data being similar to that of the present data.

While G. thymalli material from a variety of hosts

and environmental conditions was sought from

national helminth collections across northern

Europe, virtually no deposited material was avail-

able. The problem here is that with only 10 G.

thymalli specimens collected from a single locality,

we must be cautious in our statement of discrimi-

natory power.
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