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SUMMARY

The intestinal macroparasite communities of freshwater eels (Anguilla anguilla) captured in the south of England from
Windsor (River Thames) during August 2001, and Leckford (River Test) during late June/July 2000, are reported for the
first time. Parasite component communities were among the most species rich and diverse recorded from European eels.
A total of 13 intestinal macroparasite species were encountered during the study, 8 from each eel host population with
3 being common to both. Acanthocephalans, nematodes and cestodes were recovered from each host population. Eels from
Windsor additionally harboured Nicolla gallica (Digenea), which was also the most prevalent and abundant macroparasite
species in these hosts. Each component community followed a log normal rank abundance distribution and demonstrated
reduced species dominance and increased species equitability compared with previous studies. As such, the study com-
ponent communities were suitable for testing the hypothesis of low infracommunity diversity in European eel hosts.
Specifically, this hypothesis predicts that the intestinal macroparasite infracommunities of European eels are species-poor,
displaying low density and diversity with high dominance, irrespective of component community diversity, and that this
may be more pronounced in UK host populations. This hypothesis was not upheld; study findings demonstrate that
higher infracommunity diversity in eel hosts is possible, and suggest that infracommunity diversity in individual eel hosts
may be a simple, stochastic reflection of component community diversity.
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INTRODUCTION studies that used species-rich component community
data, that eel infracommunities were of low diversity
and restricted to what appeared to be an upper limit
in this respect, rather than simply a function of com-

The intestinal macroparasite infracommunities of
eel populations from the UK and mainland Europe
display low density, diversity and species richness,
and high dominance usually by a single acantho-
cephalan or nematode species (Kennedy, 1990, 1993,
1997; Kennedy et al. 1998; Sures et al. 1999; Di
Cave et al. 2001). Uninfected eels are common, as
are single-species infections, suggesting vacant

ponent community diversity. But, if infracommuni-
ties are simply stochastic subsets of the parasite
species available to eels, species-rich component
communities are expected to lead to comparatively
species-rich and diverse infracommunities.

The study objective was to test the hypothesis that
the intestinal infracommunities of eels are of limited
and low diversity. However, a lack of firm baseline
data restricted the present study to a comparative
investigation of the strength of a prediction gener-
ated from the hypothesis, i.e. that richer more diverse

niches in the eel intestine are the norm (Kennedy
& Guégan, 1996). Although low infracommunity
diversity has been reported from both UK and
mainland European studies, eel populations from
mainland Europe have generally displayed greater
component community species richness (CCR) than
eel populations from the UK. The small number
of UK studies that encountered species-rich com-
ponent communities also reported low diversity
infracommunities (Kennedy, 1993, 1997). Kennedy
(1990, 1993, 1997) concluded from these and other

eel component communities would also be composed
of typical (low diversity) infracommunities. The null
hypothesis, that eel infracommunity diversity at the
study sites was not constrained within predicted
bounds, was examined using data from species rich
eel-parasite component communities from 2 ecologi-
cally contrasting catchments on the rivers Thames
and Test, and comparing them with the literature,
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MATERIALS AND METHODS

Eels were captured from the River Test at Leckford
in Hampshire using a weir trap during mid-June
to mid-July 2000, and from the River Thames at
Windsor (between Romney Island and Eton) using
fyke nets during August 2001. The Test at Leckford
is a lowland chalk river supporting a fish fauna domi-
nated by salmonids, and a Site of Special Scientific
Interest (SSSI). Large stretches of the river flow
shallow over a gravel bottom. The Thames at
Windsor is also lowland but the fish fauna is domi-
nated by cyprinids, and the water flows deeper over a
predominantly muddy bottom. Both Leckford and
Windsor are entirely freshwater sites.

Eels were transported to aquaria at Royal Hollo-
way, University of London, where they remained
unfed, until killed by overdose of Benzocaine (max.
4 days post-capture). Each eel was measured to the
nearest centimetre (alimentary tract and total body
length) and weighed to the nearest gram, prior to
dissection and examination for intestinal macro-
parasites. Both sagittal otoliths were also removed,
dried, and stored together in a labelled Eppendorf
tube. Eels were later aged in whole years by counting
annulations within each otolith (ISAF, 1974); whole
otoliths were wet-ground in the horizontal plane,
and viewed in immersion oil under low-power mag-
nification with transmitted light. Eels were sexed
according to the appearance of the gonads (Tesch,
1977 and T. Bark, personal communication). All
eel hosts examined during the study were female,
typical of larger eels captured from inland locations
(Tesch, 1977), and host sex was not considered
further. Total body length among Leckford eels
ranged between 54 and 79 cm (mean: 63 cm; S.D.
49 cm); among Windsor eels this range was
38=77 cm (mean: 59 cm; s.D. 9°9 cm).

Parasites were generally stored individually, along
with the host’s identification number, in Eppendorf
tubes containing 70% ethanol. Cestodes and digen-
eans were initially fixed in formalin or Bouin’s fixa-
tive prior to staining with Meyer’s paracarmine.
Acanthocephalans and nematodes were satisfactorily
preserved in, and identified from, 70% ethanol.
Laterly, digeneans were counted iz situ using a hand-
held count meter, and cestode scolices and proglot-
tids were satisfactorily preserved in, and identified
from, 70% ethanol. Acanthocephalans with invagi-
nated proboces were dissected to facilitate identifi-
cation. Parasites were identified to species using the
keys of Dollfus (1958); Brown, Chubb & Veltcamp
(1986); Chubb, Pool & Veltcamp (1987); Hoffman
(1999); Bykhovskaya-Pavlovskaya et al. (1962) and
Moravec (1994).

Infra- and component community parameters
were assembled after Bush et al. (1997); mean in-
tensity values were derived using data from infected
hosts only, while mean abundance values were
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derived using data from all hosts. Additional com-
munity descriptors were used for direct comparison
with previous studies that adopted them i.e. Ken-
nedy (1993), Kennedy & Guégan (1996), Kennedy
et al. (1998), Sures et al. (1999) and Sures & Streit
(2001). The parameters used to describe infra-
location included the mean
number of helminths +s.D. (infected eels and all eels
separately), the mean Brillouin diversity index + s.D.
(infected eels only), infracommunity species rich-
ness (ICR) calculated as the number of parasite
species, the maximum and mean parasite species

communities per

richness for all eels per sample (ICRmax, I[CRmean),
the proportion of eels infected, and the proportion
with 0-1 parasite species per sample. The par-
ameters used to describe component communities
per study location were: total number of helminths
(N), total number of species (S), prevalence (% P),
aggregation indices (variance over the mean, & of the
negative binomial and Poulin’s index of discrepancy
D), Simpson’s index (reciprocal form, for diversity),
Shannon—Wiener’s diversity index H'log,, Shannon
evenness index [H'/logy(S)], Berger—Parker domi-
nance index, and the dominant species. Rank abun-
dance curves were also constructed for component
communities. Indices of component community di-
versity are displayed alongside those from published
studies from the UK and mainland Europe that
published suitable data, to determine the suitability
of Leckford and Windsor eels for testing predictions
of infracommunity diversity in eels.

The independence of infracommunity parameters
from eel host parameters was tested using data from
both study locations. Because the variances of ICR
data and eel host data remained unequal after log
transformation, with one exception (ICR ovs eel
weight for Windsor eels) where linear regression was
used, non-parametric Spearman’s rank correlation
coefficients were calculated. Each parameter of the
eel host was ranked individually first with ICR, and
then total number of helminths.

Test statistics were computed using SPSS 7.5,
PRIMER V35, Microsoft Excel 97 and the Quanti-
tative Parasitology program of Roézsa, Reiczigel &
Majoros (2000) accordingly. Regression analyses
used the least squares method (LLSR). Spearman’s
rank test (r®) was used for non-parametric corre-
lation analyses.

RESULTS

Results are presented in 3 sections. The first section
details the results from analyses that tested the as-
sumed independence of infracommunity parameters
and host parameters. The second section details
findings from the component community analyses,
conducted to determine the suitability of Thames
and Test component communities for the study ob-
jective. Necessary criteria were met and findings
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Table 1. Component community diversity of Leckford and Windsor eels, and comparison with selected publications

(Superscripts: 'Kennedy, 1993 ; 2Kennedy, 1997; 3Sures et al. 1999; *Sures & Streit, 2001 ; 3Schabuss et al. 1997. * Denotes a value calculated from published data; { denotes a value
derived from both intestinal and swimbladder communities;  denotes the highest and § the lowest values found by Kennedy (1993, 1997). Dominant species: E.t, Echinorhynchus
truttae; N.g, Nicolla gallica; A.c, Acanthocephalus clavula; A.l, A. lucii; A.a, A. anguillae; P.a, Paratenuisentis ambiguous; P.m, Proteocephalus macrocephalus; S.i, Spinitectus inermis;
P.t, Paraquimperia tenerrima.)

UK Germany Belgium
River River River River River River River River River River River River River River River
Test Thames Clyst! Clyst! Clyst! Clyst! Otter? Otter? Otter? Rhine? Rhine? Rhine!  Rhine? Leie® Leie®
2000 2001 1981 1987 1991 1992 1987 1991 1996 1995 1995 1999 1999 1994 1994
Leckford Windsor Exeter Exeter Exeter Exeter Devon Devon Devon LA RH Alb Worms Bavik St Ba.
CCR 8 8 3 8 97 7 8 8 6 6 4 6 4 3 3
Total no. of 536 378 86 657 424 584 334 61 119 — — — — — —
helminths (NV)
Shannon H’ 1-92 2-11 1-04+ 0-96 0-99 0-79 1-04 1-83 1-21 0-797 0-847 1-11 0-42 1-03F 0-43F
(H' log,)
H' evenness 0-64 0-70 0-66* 0-32% 0-31% 0-28% 0-35% 0-61% 0-47% 0-31%F 0-42%7 0-43% 0-21%* 0-65%1  0-27*7
(H'/log, (:S))
Simpson 2:72 345 2-677 1-79 1-79 1-58 1-64 5-55 2-5 171+ 1-80F 2-12 1-23 1-76%F 1-24%%
(reciprocal)
Berger—Parker 0-54 0-34 0-5§ 0-73 0-74 0-78 0-77% 0-25§ 0-59 0-92 0-9 0-67 0-90 — —
Dominant Et N.g A.c Pt Pt Pt Pt Pm S Pa Pa P.a Pa Al A.a
species
Number of eels 50 32 179 206 101 100 233 16 17 61 60 19 35 31 30
% Eels infected 86 78 30 56 58 81 72 49 88 43 73 58 20 — —
% Eels with 38 44 99 78 61 77 97 56 12 85 83 63 95 — —

0 or 1 species
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Fig. 1. Co-dominance and evenness of helminth species from Leckford () and Windsor ([J) component communities.

Relative abundance refers here to the number of parasites (per species) as a proportion of all parasites contained in the

component community.

from the infracommunity analyses that followed are
presented in the third results section.

The effect of host size on infracommunity parameters

Findings suggested that host size was not influenc-
ing the infracommunity parameters chosen for in-
vestigation. Although ICR was positively and signifi-
cantly correlated with eel body length (P=0-025,
r’30=0-316), and weight (P=0-015, 1%,=0:342)
among the 50 river Test eels, the low r° values under-
mine these correlations and they were rejected. A
similar situation was observed between ICR and
alimentary tract length (P=0-009, r*3,=0-365). ICR
was not correlated with age in the 47 eels whose age
was established (1%3,=0-150, P=0-315). The total
number of helminths per infracommunity did not
correlate with host body length (r®3=0-218, P=
0-129) or host weight (r°=0-196, P=0-172).

In the 32 eels captured from the Thames at
Windsor, the significant relationships with ICR de-
scribed above were not replicated (alimentary tract
length: r°3,=0-139, P=0:449; body length: r*;=
0-37, P=0-840; weight: LSR F3;,=0-0034, P=0-95).
Nor did the total number of helminths per infra-
community correlate with host body length (r*3=
0-044, P=0-812) or weight (1r°3=0-009, P=0-961).

Parasite component community profiles

Component from Leckford and
Windsor were similar in that each contained a total
of 8 species, and included 3 species of acantho-
cephalan, 2 species of cestode and at least 2 species
of nematode (generalist, specialist and accidental
helminth species were all present). The only digenean
species, Nicolla gallica, was found at Windsor.

communities
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Of the previous UK studies, 2 were suitable (Ken-
nedy, 1993, 1997) for comparison with this study.
Selected years from these long-term studies are pre-
sented, reflecting the highest CCR values from
each with the exception of River Clyst in 1981, sel-
ected because the component community displayed
highest diversity and evenness and lowest domi-
nance found during the 13-year study, although
CCR was typically low.

Leckford and Windsor component communities
demonstrated similar values for both Shannon and
Simpson diversity indices, and Shannon evenness.
Shannon diversity values for the study component
communities exceeded all those from previous stud-
ies. Simpson’s indices exceeded all but 3 values
recorded in previous studies, were very similar to 2
of these (River Otter 1994, 1995 — not shown), but
not to the highest (River Otter 1991) (Kennedy,
1997).

Dominance at Leckford was similar to that found
throughout Kennedy’s (1997) River Otter study but
lower than values from the river Clyst (Kennedy,
1993). The component community at Windsor
(present study) was dominated by a single parasite
species to a lesser degree than the majority of stud-
ies, a lower value being found in only one case i.e.
River Otter 1991 (Kennedy, 1997). However, the
lower Berger—Parker indices calculated for Leckford
and Windsor during the present study do not reflect
the full picture at either study site. Each component
community was dominated by 2 species, and prin-
cipally by a generalist species (Fig. 1): Echino-
rhynchus truttae and Paraquimperia tenerrima at
Leckford, and Nicolla gallica and Acanthocephalus
anguillae at Windsor. The co-dominance pattern
interpreted here could not have occurred in the ma-
jority of previous cases, with the exception of River
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Fig. 2. Rank abundance of helminth species per
component community. Leckford (@), Windsor (O). Data
points are joined to assist visual assessment of best curve
(after Magurran, 1988), interpreted here as approximately
log normal.

Otter in 1986 (not shown), since the published
Berger—Parker indices did not leave a large enough
proportion of the total number of helminths to
compete with the dominant species. It appears that
the co-dominance observed at Leckford and Windsor
is not common. Rank abundance curves were con-
structed to visualize dominance and evenness in
communities, and revealed a strong similarity be-
tween Leckford and Windsor. Based on appearance
alone, both rank abundance curves appeared to fit
a log-normal distribution (Fig. 2). The only study
found that reported rank abundance from rich
component communities (River Clyst study, years
1987, 1991 and 1992) also reported a log-normal
distribution (Kennedy, 1993).

Infracommunity profiles

Infracommunity measures are displayed alongside
those from published studies from the UK and
mainland Europe that reported suitable infra-
community data (Table 3). Leckford and Windsor
infracommunities were almost identical in all four
measures of diversity. When all measures were com-
pared, infracommunities from Leckford and Windsor
eels had more in common with one another than
with those found in previous studies (in particular
the UK studies), which reported lower ICRmax and
ICRmean values, lower or comparable mean num-
ber of helminths per infracommunity, and lower
diversity.

In terms of the proportion of eels infected with at
least 1 parasite species, values for the Leckford and
Windsor eel samples were similar to, or exceeded,
the highest values from the other studies. The
proportion of study eels infected with either 0 or 1
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Table 3. Infracommunity diversity from Leckford and Windsor eels, and comparison with selected
publications
(Superscripts: 'Kennedy, 1993; 2Kennedy, 1997; 3Sures et al. 1999; *Sures & Streit, 2001 ; *DiCave et al. 2001.)
Leckford Windsor Nr. Exeter Nr. Exeter LA RH Alb Worms 3 lagoons
R. Test R.Thames R. Clystt R.Otter> R.Rhine® R. Rhine® R. Rhine* R. Rhine* Adriatic?
Location UK UK UK UK Germany Germany Germany Germany Italy
Year 2000 2001 1979-92 1985-96 1995 1995 1999 1999 1997-99
n eels 50 32 (32-86) (16—43) 61 60 19 35 (21-42)
Number of parasites
X 10-7 11-8 0-06-10-2 0-05-7:0 17-8 15-0 9-1 4.7 10-1-45-9
S.D.+ 11-3 17-1 0-24-15-4 047-74 372 239 212 189 27-8-59-9
Number of parasite species (all eels)
x 19 1-8 0-06-1-44 0-05-2-23 06 0-9 1-3 0-3 0-8-2-2
(ICRmean)
S.D.+ 1-3 1-4 0-24-0-96 0-21-1-31 0-8 07 1-5 06 0-9-0-9
max. 5 5 4 5 3 3 5 2 4
(ICRmax)
Number of parasite species (infected eels only)
x 22 2:2 — — 1-4 1-3 22 1-3 1-2-2-2
S.D.+ 1-1 1-2 — — 0-6 0-5 1-3 0-5 0-:6-0-9
Brillouin index (infected eels only)
x 0-49 0-53 0-34-0-51 — 0-43 0-40 0-38 0-02 0-29-0-46
S.D.+ 0-26 0-32 0-14-0-20 — 0-17 0-19 0-36 0-08 0-25-0-26
max. 1-24 1-04 0-98 — 066 0-67 1-02 0-37 0-46-1-08

Table 4. Percentage of eels in each ICR class,
Leckford and Windsor

(n=Number of eels per sample.)

ICR class

(number of Leckford Windsor
parasite species) n=>50 n=32

0 14 16

1 24 28

2 36 34

3 12 6

4 10 9

5 4 6

species was conspicuously lower than most previous
studies (Table 3). It appeared that Leckford and
Windsor eels were at least as likely to be infected as
the eels from other studies, and often more so. The
frequency distribution of ICR values (Table 4) sup-
ports this, and shows that the most frequently en-
countered parasite species richness class in eels from
both Leckford and Windsor was 2 species, not 0 or
1 as previous studies have reported (Kennedy &
Guégan, 1996). In fact, a considerable proportion
of infected eels harboured more than 2 species. Not
only were Leckford and Windsor eels at least as
likely to be infected, but they were less likely to
harbour single species infections.

DISCUSSION

The study objective was to test the hypothesis that

infracommunity diversity in eel hosts is low,
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regardless of component community diversity. The
first part of the present study assessed the suitability
of the Thames and Test eel-component commu-
nitites for this purpose. In summary, the component
communities from Leckford and Windsor were of
higher species richness than generally reported and
among the highest yet reported. In past studies eel—
parasite component communities have varied con-
siderably in species richness, but general diversity
has been low, as reported for the infracommunities
contained within them. The component communi-
ties from Leckford and Windsor appeared to differ
from previous studies in terms of their greater gen-
eral diversity, not just species richness, and as such
were suitable component communities for the study
objective. Component communities from Leckford
and Windsor eels were highly similar. They ap-
peared to follow the common and widely reported
log normal rank abundance distribution, were among
the most diverse yet recorded from eels, and dis-
played lower species dominance and increased
species equitability than previously reported from
eels. The component community in Windsor eels
was unusual in that it was dominated by a digenean
(Nicolla gallica). No previous record of N. gallica in
UK eels was found, although this species has pre-
viously been recovered from UK populations of
bullhead Cottus gobio (from the river Test: NHM
parasite collection), and stone loach Neomacheilus
barbatulus (Kennedy, 1974), and from Anguilla
anguilla in Egypt (Fischthal & Kuntz, 1963).
Infracommunities from Leckford and Windsor
were, on average, more species rich than those from
the majority of previous studies. The mean number
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of helminth species (ICRmean) at Leckford and
Windsor was exceeded only in the River Otter eels
(in 1996) and Italian lagoon eels (in 1997). However,
a greater proportion of eels was infected at the
Leckford and Windsor study sites compared to
other studies, inflating ICRmean values from these
eel samples. The mean number of helminth species
(all eels) and maximum infracommunity richness
(ICRmax) together better describe infracommunity
richness values when all eels are considered (as in
previous studies). ICRmax from Leckford and
Windsor exceeded the highest value (3 spp.) from
the 64-location study published by Kennedy &
Guégan (1996) and equalled the highest of the sub-
sequent studies summarized in Table 3 (River Clyst
reached 4 during 2 years, River Otter reached 5
during 1 year). When ICRmean and ICRmax were
compared between studies, Leckford and Windsor
contained among them the highest ICR values yet
recorded from UK and European eel populations.

The mean number of parasite species (infected
eels only) gives a better comparison with mainland
European studies. This value was not available for
the UK studies but Leckford and Windsor values
were identical, and reached the highest previously
recorded levels when this index is compared together
with ICRmax: both measures mirrored those found
from the River Rhine at Alb 1999 by Sures & Streit
(2001). While the percentage of Alb eels at ICRmax
was low and similar to values recorded during the
present study, the most frequently encountered
richness class at Alb was zero, and multiple species
infections were less likely than that observed in
Leckford or Windsor eels.

The question then remained as to whether the
study infracommunities could also be described as
more diverse, historically measured using the Bril-
louin diversity index. The mean Brillouin index
recorded from Windsor infracommunities was the
highest i.e. most diverse, among all the studies con-
sidered here. The mean value for Leckford infra-
communities was only exceeded by one of the River
Clyst years (1980) and 1 Italian lagoon (Kennedy
et al. 1997 recorded a value of 0-5 — not shown). The
most diverse infracommunity (Brillouin max.) in
any study was from Leckford, and the most diverse
from Windsor exceeded all but one recorded else-
where. The prediction generated by the stated hy-
pothesis of infracommunity organization was not
upheld: richer more diverse component communi-
ties delivered richer more diverse infracommunities.
The null hypothesis was accepted; study findings
suggest the intestinal infracommunities of eels are
probably simple, stochastic subsets of the com-
ponent community.

ICR correlated positively with host size at Leck-
ford, but the total number of helminths did not.
Similar findings have been reported by a small num-
ber of eel-macroparasite studies (Moravec, 1985;
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Conneely & McCarthy, 1986), although such analy-
ses have been rare in the past with hosts generally
being regarded as replicates in sampling terms. If
the ICR/host size relationship can be replicated at
Leckford, hosts could no longer be regarded as rep-
licates. However, if the ICR/host size relationship
is real, and mean host size and range from Leckford
were unusually high, both might together explain the
generally high species richness among these infra-
communities. But the ICR/host size relationship was
not strong, nor found among eels with a similarly
diverse parasite fauna from Windsor (eels which had
a similar mean length but larger standard deviation
and range). Host size ranges also compared well with
the European studies that published host data.
Thus, the evidence for an ICR/host size relation-
ship, and the implications for eel—parasite infra-
community diversity, remains weak.
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