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The metacercarial stage of trematodes is typically considered an encysted, developmentally quiescent,
resting stage. Yet the metacercariae of some species of strigeoid trematode undergo extravagant devel-
opment within specific tissues of their second intermediate host. Our understanding of patterns of migra-
tion, site selection and development of these types of metacercariae is known for only a few species. In
this study, we characterize the invasion and development of Ornithodiplostomum sp. metacercariae in
their second intermediate host, the fathead minnow, Pimephales promelas. Diplostomules completed their
migration into the abdominal cavity between 15 min and 48 h p.i. Most diplostomules migrated along
muscular and connective tissue then penetrated the peritoneal lining of the abdominal cavity en route
to the liver or pancreas. Alternatively, some diplostomules migrated within the host’s circulatory system,
including the heart and arteries of the hepatic portal system. Metacercarial development in the liver and
pancreas involved distinct growth, encystment and consolidation phases. Metacercarial volume
increased 15-fold between 48 h and 4 weeks p.i., presumably due to absorptive and/or ingestive feeding
activities within host tissues. By 2 weeks p.i., metacercariae were enveloped within a cyst wall and they
were found loosely attached to the surfaces of internal tissues or unattached within the body cavity.
These results emphasize the complex nature of metacercarial migration and growth and demonstrate
that their growth and encystment phases occur within different habitats within their intermediate hosts.

� 2010 Australian Society for Parasitology Inc. Published by Elsevier Ltd. All rights reserved.
1. Introduction

The life-cycles of many parasites include stages that are meta-
bolically and developmentally quiescent. Such resting stages are
especially common for endoparasites and include the well-known
encysted forms of most trematodes (metacercariae), cestodes
(cysticercoids, cysticerci or plerocercoids), acanthocephalans (cyst-
acanths) and apicomplexan protozoans. The view of these stages as
developmentally and ecologically resting stages most likely stems
from the characteristics of their cyst wall. For example, metacerca-
riae of many trematodes are enveloped by a cyst wall that provides
effective isolation from the adjacent environment, typically the tis-
sues of a second intermediate host (Benjamin and James, 1987;
Bock, 1988; Wittrock et al., 1991). Yet, the metacercariae of many
species of trematodes remain unencysted within their intermedi-
ate hosts. Furthermore, several species require a period of weeks
or months to develop within the tissues of their second intermedi-
ate host prior to the deposition of their cyst wall (Erasmus, 1972;
Matisz et al., 2010a). Thus, contrary to the classical view of meta-
cercariae as developmentally and ecologically ‘resting’, the poten-
sitology Inc. Published by Elsevier

: +1 403 329 2082.
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tial exists for extensive metabolic interaction between the
tegument of developing metacercariae and adjacent host tissue.

That potential is apparently realized by strigeoid trematodes.
Studies on a variety of species have described a complex sequence
of developmental stages that exist between the site at the host
where cercariae penetrate and the site within the host where met-
acercariae ultimately reside (Erasmus, 1972; Hoglund, 1991). For
example, metacercariae of Ornithodiplostomum ptychocheilus re-
quire at least 10 weeks after exposure to cercariae to become infec-
tive to avian definitive hosts (Shirakashi and Goater, 2005). The
intervening period involves obligate stages of migration, growth,
encystment and consolidation within host brain tissue (Sandland
and Goater, 2000; Goater et al., 2005; Conn et al., 2008). During
the growth phase of O. ptychocheilus, the metacercarial tegument
is a network of absorptive microvilli and microlamellae that extend
into adjacent host tissue. Most remarkably, the shift from the
growth to encystment phase is associated with a microhabitat shift
within the optic lobes of the brain (Matisz et al., 2010a). These re-
sults emphasize the complex nature of development of some met-
acercariae within host tissues and indicate that the traditional
view of ‘resting’ metacercariae is inaccurate.

It is not known whether the tissue-dwelling and habitat shift
observed in the development of the ceracariae of O. ptychocheilus
is characteristic of other strigeoids, or even other trematodes.
Ltd. All rights reserved.
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One possibility is that the complex sequence of development of
O. ptychocheilus reflects the unique habitat associated with the
CNS. In the present study, we characterize the period of develop-
ment between cercarial penetration and metacercarial encystment
for a congeneric species, Ornithodiplostomum sp., with focus on
migration, site selection and pattern of growth. This species is sym-
patric and syntopic in its minnow intermediate host, the fathead
minnow (Pimephales promelas) in Alberta (James et al., 2008;
Goater, unpublished observations). Whereas O. ptychocheilus met-
acercariae encyst exclusively within the CNS of minnows, Ornitho-
diplostomum sp., encyst within the body cavity.
Fig. 1. Schematic drawing of selected visceral organs and tissues of the fathead
minnow, Pimephales promelas. The lateral muscles are sketched below the main
body to expose organs within the visceral cavity. Relevant lateral and medial organs
have been sketched simultaneously to depict a multi-dimensional view of the
organs and tissues. Visceral cavity organs, particularly the liver and pancreas, are
exaggerated in size.
2. Materials and methods

2.1. Infection procedure

The methods used to experimentally infect fathead minnows
with Ornithodiplostomum sp. follow Sandland and Goater (2000)
for O. ptychocheilus. One-day old chickens were fed the viscera of
field-collected fathead minnows that were naturally infected with
Ornithodiplostomum sp. metacercariae. Trematode eggs were col-
lected and isolated from chick faeces using a series of filters and
washes. The F1 generation of field collected physid snails (Physa
gyrina) were exposed to miracidia in June 2007. Cercariae were col-
lected from snails commencing 4 weeks post exposure using the
dilution techniques described by Sandland and Goater (2000).

2.2. Migration to the visceral cavity

Uninfected juvenile fathead minnows (30-days-old, 1.5–2.0 cm
standard length) were obtained from a supply company. In August
2007, 30 fish were isolated within individual Petri dishes and ex-
posed to water suspensions that contained an estimated 200 cerca-
riae. The cercariae were a maximum of 3 h old. Three fish were
randomly assigned to a post exposure interval at 30 min or at 1,
2, 3, 4, 8, 12, 16, 24 and 48 h p.i. After a 15-min exposure period,
fish were transferred to holding aquaria until sacrifice using clove
oil. All experimental methods were reviewed and approved by the
University of Lethbridge Animal Welfare Committee (protocol
number 0507) under the guidelines of the Canadian Council on
Animal Care.

To allow for complete fixative penetration, minnow heads were
removed immediately rostral to the operculum, and tails were re-
moved just caudal to the visceral cavity. Bodies were fixed in 10%
neutral buffered formalin for a minimum of 7 days and decalcified
in 0.1 M EDTA titrant for a minimum of 14 days. These samples
were dehydrated in ethanol prior to paraffin embedding. Each fish
was serially sectioned along its sagittal axis (thickness = 10 lm).
Sections were deparaffinized and stained with Mayer’s H & E. All
sections were examined by light microscopy using a Zeiss axiocam
digital camera mounted onto a Zeiss axioskop 40 microscope. Only
two of the three minnows survived the 48 h treatment.

To visualize diplostomule migration, selected sections through-
out individual fish were sketched using a camera lucida. Individual
locations of diplostomules between 30 min and 48 h were mapped
onto these sketches, following methods described in Matisz et al.
(2010a). Cumulatively, these sketches were used to develop a sche-
matic image of the musculature and viscera of fathead minnows
onto which the approximate positions of individual diplostomules
were mapped.

2.3. Site selection

Temporal changes in site selection were assessed using stan-
dard histology and light microscopy. During August 2007, 18 min-
nows were exposed to 100 cercariae for 3 h, using methods
described above. At selected intervals post exposure (4, 7, 12, 14,
21, 28 days), three fish were randomly selected for sacrifice in a
lethal dose of clove oil. Preliminary studies have shown that the
developmental process for Ornithodiplostomum sp. is similar to O.
ptychocheilus (Sandland and Goater, 2000; Goater, unpublished
observations). Therefore, intervals were selected to encompass
characteristic growth and encystment stages. Following the re-
moval of heads and tails, samples were fixed in 10% neutral buf-
fered formalin, decalcified in 0.1 M EDTA titrant, embedded in
paraffin and sectioned (thickness = 10 lm) as described above. Sec-
tions were stained with Mayer’s H & E.

2.4. Growth of metacercariae

The methods used to evaluate metacercarial growth followed
Sandland and Goater (2000) for O. ptychocheilus. Thirty-two unin-
fected minnows were exposed for 2 h to 20 cercariae following
the dilution methods described above. Prior to exposure, eight fish
were assigned at random to a necropsy date at 1, 2, 4 or 8 weeks
p.i. The dates were selected to encompass growth, encystment
and consolidation phases of O. ptychocheilus (Sandland and Goater,
2000). Seven and eight fish were killed at 1 and 2 weeks, respec-
tively, but due to mortality, only three fish were available at 4
and 8 weeks p.i. Assessment of metacercarial length and width
was made possible by their linear orientation within the walls of
the cyst (when present). At necropsy, intact livers were removed
from the host, fixed with 1.0 ml of 70% alcohol and then teased
apart. Sandland and Goater (2000) showed that at any date of nec-
ropsy, there was no difference between individual hosts in the
morphometrics of O. ptychocheilus metacercariae. Thus, for fish dis-
sected at each date, we pooled all metacercariae dissected from
each surviving host. Following fixation, metacercariae were iso-
lated under a compound microscope, photographed with a digital
camera and measured for maximum length and width using Ima-
geJ software (http://www//rsbweb.nih.gov/ij/).

2.5. Analyses

Migration of diplostomules through host tissues were evaluated
semi-quantitatively following the methods used for O. ptychochei-
lus (Matisz et al., 2010a). Thus, the approximate locations of indi-
vidual diplostomules between 3 and 24 h p.i. were mapped onto
schematic images of the cyprinid body cavity (Fig. 1). Evaluation
of changes in mean proportions of diplostomules in the liver,
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pancreas, on the surface of the swim bladder, and in the body cav-
ity between 4 and 28 days p.i. were analyzed using the Kruskal–
Wallis non-parametric test. Changes in metacercarial volume
(3.14 X (metacercariae length/2 X metacercariae width/2)) be-
tween 1 and 8 weeks p.i. were evaluated with ANOVA using log-
transformed data. Differences between pairs of means were evalu-
ated with Tukey’s post-hoc tests. P-values less than or equal to 0.05
were considered significant.
3. Results

3.1. Migration (0.5–48 h p.i.)

Large numbers of diplostomules were observed within sub-der-
mal muscles as early as 30 min p.i. (Figs. 2A, 3). Their orientation
parallel to individual muscle fibers indicated that diplostomules
tended to navigate along muscle fibers, rather than perpendicular
to them (Fig. 2A, B). Many diplostomules were observed migrating
along myotemes (Fig. 2A) and between muscle fibers (Fig. 2B).
Commencing at 2 h p.i., diplostomules were observed exiting mus-
cles and penetrating the peritoneum lining the visceral cavity
(Fig. 2C). Diplostomules were also observed migrating along, or
within, the peritoneal lining itself (Fig. 2D). Concurrently, migrat-
ing diplostomules were observed within the cardiovascular sys-
tem, especially within the dorsal aorta (Fig. 2E), and within blood
vessels lining the surface of the swim bladder (Fig. 2F). Two-hour
old diplostomules were observed within cardiac tissues (Fig. 2G),
especially blood-filled atria of the heart (Fig. 2H). Once inside the
visceral cavity, diplostomules were observed migrating along the
interfaces between organs (Fig. 2I). Most notably, diplostomules
penetrated (Fig. 2J) and migrated within the liver (Fig. 2K) and
the pancreas (Fig. 2L).

The temporal pattern of migration within specific tissues be-
tween 0.5 and 48 h p.i. was further emphasized by semi-quantita-
tive analyses of proportional changes in the locations of individual
diplostomules within particular tissues (Fig. 3). Thus, the propor-
tion of the total numbers of diplostomules occupying muscle tissue
declined from 85% between 0.5 and 2 h p.i. (Fig. 3A), to 24% be-
tween 8 and 16 h (Fig. 3B and C), to approximately 1% between
24 and 48 h (Fig. 3D). Further, migration to the visceral cavity
was first visible between 3 and 4 h p.i., when approximately 15%
of the total number of diplostomules observed were in the liver
(Fig. 3B). By 8–16 h p.i., the proportion of diplostomules in the li-
ver, pancreas, and on the swim bladder was 42%, 10% and 10%,
respectively (Fig. 3B and C). At 48 h p.i., 88% of all diplostomules
were in the liver, whereas approximately 6% each were in the pan-
creas and swim bladder (Fig. 3D).

A small number of diplostomules (approximately 3% of the total
observed) at 0.5–2 h p.i. were in blood vessels and cardiac tissues
(Fig. 3A), increasing to 6% and 9% 3–4 h p.i. and 8–16 h p.i., respec-
tively (Fig. 3B, C). Approximately 17% of diplostomules were ob-
served within the cardiovascular system at 12 h p.i. (Fig. 3C). The
majority of diplostomules observed within the cardiovascular sys-
tem between 8 and 16 h p.i. were associated with the blood vessels
of the swim bladder (Fig. 3C and D). By 48 h p.i., diplostomules
were absent from the cardiovascular system, although those diplo-
stomules on the surface of the swim bladder remained closely
associated with blood vessels (Fig. 3D).
3.2. Site selection (4–28 days p.i.)

Temporal differences in the proportions of metacercariae ob-
served in the liver between 4 and 28 days p.i. were significant
(Fig. 4; Chi-square = 14.92; df = 5; P = 0.011). A sharp decline in
the proportion of metacercariae in the liver tissues over this interval
was paralleled by an increase in the proportion of metacercariae
occupying the body cavity (Fig. 4). The proportions of metacercariae
in the pancreas and on the surface of the swim bladder between 4
and 28 days were constant (Fig. 4). By 4 weeks p.i., virtually all met-
acercariae were found encysted within the body cavity (Fig. 4).

Observations made on histological sections at the host-parasite
interface provided further insight into the nature of the habitat
shift between developing versus encysted metacercariae. At 4 days
p.i., a narrow space existed between the diplostomule tegument
and adjacent liver tissues (Fig. 5A). By 1 week p.i., both the diplo-
stomules and the surrounding gap had increased in size, although
diplostomules remained embedded within liver tissue (Fig. 5B). At
12 days p.i., the association between diplostomules and liver tis-
sues was less distinct. While some diplostomules were still embed-
ded within host liver tissues, others were observed along the
periphery (Fig. 5C). Those diplostomules that were no longer in tis-
sues often appeared on the surface of organs in the visceral cavity
(Fig. 5C), particularly on the liver and pancreas. By 4 weeks p.i.,
metacercariae were found on the surfaces of visceral organs
including the gut, liver, pancreas, swim bladder and abdominal lin-
ing (Fig. 5D).

Twelve day-old diplostomules within the liver had two distin-
guishable body parts; a main larger cylindrical body and a smaller,
spinous organ protruding from the anterior end (Fig. 6). Numerous
thin extensions from the tegument gave diplostomules a fuzzy
appearance (Fig. 6). A large gap between the diplostomule body
and liver tissues contained cellular debris, including solitary hepa-
tocytes, red blood cells, and a filamentous matrix (Fig. 6).
3.3. Metacercarial development (7–28 days p.i.)

Changes in metacercarial volume were highly significant be-
tween 1 and 8 weeks p.i. (F3, 104 = 194.0, P = 0.0001; Fig. 7). Post-
hoc comparisons showed that the sevenfold increase in volume be-
tween 1 and 2 weeks was significant, as was the 3.2-fold increase
between 2 and 4 weeks. The 5.4-fold decrease in metacercarial vol-
ume between 4 and 8 weeks p.i. was also significant.
4. Discussion

Our results indicate that the development of Ornithodiplosto-
mum sp. metacercariae within its second intermediate host in-
volves obligate migration, growth, encystment and consolidation
phases. This complex pattern of development is similar to that de-
scribed for the metacercariae of its congener O. ptychocheilus in the
brains of minnows (Sandland and Goater, 2000; Goater et al., 2005;
Conn et al., 2008; Matisz et al., 2010a). The presence of a spined
proboscis during the migration phase and the elaborate extensions
to the tegument during the growth phase are also similar in
appearance to those described for O. ptychocheilus (Goater et al.,
2005; Conn et al., 2008). We have not determined when Ornitho-
diplostomum sp. metacercariae become infective in definitive hosts.
However, the similarity in overall pattern of development between
the two species suggests that Ornithodiplostomum sp. requires a
similar 8–10 week period of development under laboratory condi-
tions (Shirakashi and Goater, 2005). Thus, one important result of
this study is the demonstration of an obligate and extended period
of development for metacercariae within its second intermediate
host, regardless of infection site. A future challenge is to evaluate
patterns of metacercariae migration, site selection and develop-
ment for other trematodes, especially those for which an extended
period of development is required prior to infectivity.

Migration of Ornithodiplostomum sp. diplostomules from the
host’s epidermis to specific sites within the visceral cavity occurred
via two alternative pathways. The first involved direct tissue



Fig. 2. Light micrographs of migrating diplostomules of Ornithodiplostomum sp. in various tissues and organs of experimentally infected Pimephales promelas between 2 and
16 h p.i.. Between 2 and 3 h p.i. diplostomules (arrows) were observed migrating along myotemes (A) and between muscle fibers (B). Diplostomules were observed
penetrating (C) and migrating inside, or along the peritoneal lining of the abdominal cavity (D). At 3 h p.i., diplostomules were observed in various locations within the
cardiovascular system including the dorsal aorta (E), blood vessels associated with the swim bladder (F), cardiac tissues (G), and blood-filled atria of the heart (H). Frequently,
diplostomules were observed migrating along tissue interfaces (I), and penetrating and migrating within liver (J and K) and pancreatic tissues (L). Blood vessels (bv); cardiac
tissues (c); epidermis (d); dorsal aorta (da); gut (g); kidney (k); liver (l); muscle (m); pancreas (p); peritoneum (pe); red blood cells (rbc’s); swim bladder (sb); visceral cavity
(vc); scale bar = 100 lm.
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penetration. Thus, within the first 2 h following exposure to cerca-
riae, many diplostomules were observed migrating along sub-der-
mal connective and muscular tissue. Shortly thereafter, they were
observed penetrating the peritoneum that lined the visceral cavity,
followed next by penetration of the surface of the liver or pancreas.
The second migration pathway involved indirect navigation to the
visceral cavity via the circulation system. Thus, migrating diplo-
stomules were observed within the dorsal aorta, within ventricles
and atria of the heart, and within blood vessels surrounding the
swim bladder. Conceivably, diplostomules that reach the heart
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could follow the direction of blood flow to the dorsal aorta, from
which they could directly access blood vessels on the surface of
the swim bladder or indirectly access the pancreas and liver via
the hepatic portal system. The use of two alternative migration
routes through muscular and cardiovascular tissues contrasts the
migration strategy of its congener, O. ptychocheilus, which navi-
gates exclusively via the CNS (Matisz et al., 2010a), but it is consis-
tent with reports of other strigeoids that utilize a combination of
s.c. tissue and the circulatory system to reach their site of develop-
ment (Diplostomum flexicaudum, see Ferguson, 1943; Diplostomum
spathaceum, see Hoglund, 1991; Haas et al., 2007; Cotylurus
erraticus, see Johnson, 1991). Inter-specific variation of this magni-
tude is not exclusive to strigeoid trematodes. Whereas most
migrating cercariae of schistosome trematodes navigate within



Fig. 3. Schematic sagittal diagram of the body of fathead minnows (Pimephales promelas) experimentally infected with Ornithodiplostomum sp. between 0.5 and 48 h p.i.
Labels of specific tissues and organs are outlined in Fig. 1. The approximate locations of all observed metacercariae are depicted by unique symbols according to the time
elapsed since exposure. Arrows denote those diplostomules observed within blood vessels. The diagrams summarize the location of metacercariae pooled across three fish
per interval, at specific times post exposure; 0.5–2 h p.i. (A), 3–8 h p.i. (B), 12–16 h p.i. (C) and 24–48 h p.i. (D).

Fig. 4. Mean temporal changes in the proportion of metacercariae in the liver,
pancreas, on the swim bladder, and body cavity of minnows experimentally
infected with Ornithodiplosotmum sp. cercariae. Metacercariae from three fish were
examined at each interval. Bars represent standard error.

1494 C.E. Matisz, C.P. Goater / International Journal for Parasitology 40 (2010) 1489–1496
the circulation system of the definitive host, the schistosome Trich-
obilharzia regenti utilizes peripheral nerves to access the spinal
cord of its definitive fish host (Blažová and Horák, 2005).

Our interpretation of alternative migration routes requires two
important caveats. First, due to the size constraints of these small
hosts, host blood vessels were not preserved in perfusive fixative,
making the identification of diplostomules within blood vessels
challenging. Thus, we cannot discount the possibility that the
diplostomules we observed directly penetrating the peritoneum
or liver were not previously in the circulation system. Because
we observed diplostomules penetrating the liver as early as
15 min after exposure, we view this scenario as unlikely. Second,
a well recognized limitation of the sampling-after-autopsy ap-
proach we used in this study is the assumption that the frequency
of observation in specific tissues parallels the overall importance of
that tissue in the migratory process (Wilson, 1994). Although we
incorporated numerous examination times following infection into
our sampling protocol, it is conceivable that important migration
events between these intervals were overlooked. Visualization
and quantification of migrating parasites in live hosts via methods
such as magnetic resonance imaging offer potential directions for
future studies.

Although most diplostomules developed within liver tissue,
they were also observed within the pancreas and in blood vessels
lining the swim bladder. Such variation in development site was
unexpected. One explanation is that individual diplostomules tar-
get highly specific sites for development. Our data cannot discount
this possibility, although detailed observations of individual diplo-
stomules of D. spathaceum in laboratory culture indicate that intra-
specific variation of this sort is uncommon (Haas et al., 2007).
Alternatively, variation in development site may reflect intra-spe-
cific variation in migration strategies and chance encounter with
alternative navigation routes. Matisz et al. (2010a) proposed that
site selection of O. ptychocheilus diplostomules in the optic lobes
versus cerebellum of fathead minnows resulted from migration
along alternative neural pathways in the brain. Similarly, Ornitho-
diplostomum sp. diplostomules that utilize the circulatory system
may localize at sites such as the swim bladder, whereas those that
directly penetrate the peritoneum may localize in the liver or
pancreas.



Fig. 5. Light micrographs of Ornithodiplostomum sp. diplostomules in the body of Pimephales promelas. At 4 days p.i. migration tracks (arrowhead) caused by diplostomules
(arrows) are still visible (A). Diplostomules at 1 week p.i. remained embedded within liver tissues (B). By 12 days p.i., several diplostomules were observed both within and on
the periphery of the liver (C). At 4 weeks p.i., metacercariae were most frequently observed on the surface and between visceral organs in the body cavity (D). Epidermis (d);
loops of the gut (g), kidney (k), liver (l), muscle (m), ovaries (o), pancreas (p), peritoneum (pe); spleen (s), swim bladder (sb). Scale bar = 200 lm.

Fig. 6. Light micrograph of a diplostomule at 12 days p.i. in the liver tissues of a
fathead minnow (Pimephales promelas) experimentally exposed to Ornithodiplosto-
mum sp. cercariae. Liver (l), red blood cells (RBCs), prosoma (p), opithosoma (o). Fig. 7. Changes in body volume of Ornithodiplostomum sp. metacercariae between 1

and 8 weeks p.i. in fathead minnows (Pimephales promelas) exposed to 20 cercariae.
Metacercariae from seven, eight, three and three fish were examined at 1, 2, 4 and
8 weeks, respectively. Bars represent standard error.
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One unexpected result of our study was the microhabitat shift
that occurred between developing and encysted Ornithodiplosto-
mum sp. metacercariae. Thus, during the development phase, Orni-
thodiplostomulum sp. diplostomules occurred primarily in liver
tissue, whereas encysted metacercariae were found within the
body cavity. The period of rapid development between 5 and
10 days p.i. in liver tissue was associated with the same type of
microvillar extensions on the surface of the tegument as those
described for O. ptychocheilus during its development phase in
brain tissue (Matisz et al., 2010a). As Ornithodiplostomulum sp.
development proceeded, the gap between host and parasite tissue
expanded, presumably due to the feeding activities of individual
metacercariae. Yet by 4 weeks p.i., all metacercariae were en-
cysted, the tegumental extensions had disappeared, and most met-
acercariae were free within the visceral cavity. We believe these
results, together with those for O. ptychocheilus, are the first to
show a pronounced shift in microhabitat for trematode metacerca-
riae. Since the shift in microhabitat corresponds to both the timing
of encystment and a shift in metacercariae growth rate, the impli-
cation is that metacercariae support the resting phase of their
overall life-history via a feeding phase within host tissue.
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The presence of an obligate development period within tissues
of the intermediate host has important ecological implications.
Previous studies involving O. ptychocheilus indicate that the extent
of metacercarial-induced alterations in host morphology (Sandland
and Goater, 2000), host behaviour (Shirakashi and Goater, 2005)
and host response (Matisz et al., 2010b) are stage-dependent. Thus,
negative effects on the intermediate host were associated with the
development phase, whereas host inflammatory responses coin-
cided with the encystment phase. Likewise, developing Ornithodip-
lostomum sp. diplostomules retarded growth in minnows, whereas
encysted metacercariae did not (James et al., 2008). Our prelimin-
ary observations on the transient nature of host tissue damage are
also striking. Thus, damage to liver tissue adjacent to developing
Ornithodiplostomum sp. diplostomules appears extensive, similar
to the damage to the optic lobes caused by developing O. ptychoc-
heilus (Goater et al., 2005). Yet in both cases, tissue pathology ap-
pears minimal subsequent to the development phase. This pattern
implies rapid tissue regeneration or rapid tissue repair following
the growth phase. Further experimental tests on a range of species
are needed to evaluate whether natural selection for rapid meta-
cercarial growth is linked to site selection within highly regenera-
tive host tissue.
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