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Abstraoy

The eo-ocenrring freshwater musseis Anodonin cygred and A, anating serve ag hosts for the
water mites I'nionicolg ypsilophora and 17, intermedia, respectively. Male [7, ypsilophorn display
. a territorial behavionr, They fight with other males, and ag 4 result, there ig ustally only one male

per host. Asg consequence. this intrasexuai aggression results in femaie-defence polygyny, or a
harem mating system. In contrast, I intermedia shows Bo antagonistic behaviour between maies.
1. cygnea can sepve a8 a host for [7, intermedia, but thig mite gpeciey apparentiy is exeluded from
the mussel by [, ¥psidophory, In thig way, Ul infermediq is restricted hy competitive exclusion to
the mussel 4. anating,

L. Introduction

The cosmopolitan water mite genus Unionicolg includes species whose life cycleg
involve a moilusc or 5 poriferan host. Some Species are associated with a host through-
out their entire post-larva life; others utilize molluse or Sponge only to undergo
metamorphosiy (Mrrengny, and Pircuronp 19533, Bérrors 1972, Hzmvers 1980;
Davips et al, 1985). Those species which are bermanently associated with g molluscan
host Presumably feed on host tissue (Baggg 1977 oron materiafs entering the musge’s

Host specificity is indicated for a number of European mussel-mite species, e.g,,
Unionicola intermedica (KoeNm®) and 17, ypsilophora (Bowz) in Anodonta anating (L

3 and 4. cygnen (L), respectively (Mrrouers, and Prrcuronp 1933). U. intermedia is
oecasionally found in 4, cygnea (DAVIDS 1973). The larvae have o parasitic dependence
upen chironomidg {Jongs 1978, Hevers 1980). Data on the life histories of U. inter-
media and U, ¥psilophora are given by Hrvens {1980} and Bakggn {1987). The high
degree of host«speeificity probably results from selective host recognition hehaviour

Although severaj invertebrate species display Intraspecific aggression and territorigl
behaviour ip an assortment of ecological comtexts {MURRAY 1981), the maintenance

However, some unionicolid water mites have Population structureg suggestive of
polygynous mating systems (Gorpoy et al. 1979, Dimock 1985, BARER 1987). Dimocr
(1983) has observed intraspecific aggressive behavioupr among male Unionieoly Formosa
(DaNa and WHELPLEY) from the mussel Anodontg tmbecillis Say that ig consistent
with a harem-like mating system,
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Males of several species of unionicolid mites are routinely underdispersed, sometimes
oceurring as a single male per host (METCUELL 1963, Davins 1973, Gorpow et ul. 1979,
Hevers {980, DiMock 1985, Bakn 1987}, For permanent mussel-miteg, mating pre-
sumably only occurs within the host hussel’s mantle cavity, ‘Thus, the exclusive
occupancy by one male of a host's mantle cavity within which reside imerous females
would markedly affoct that mate’s reproductive success,

The distribution of Unionienin upsilophora and 7, intermedia could involve inter.
specifie competition between these species (Davins 1973, Hevees 1980}y, Dowsrs
{(1986) suggested that the absence of all triite species other than 7, formosa in A.
imbecillis i due to aggressive hehaviour by . formosa. On the other hand, several
unionid species may hachonr up to three different mite specvies (JONES and Baker
1984, Dowxngs 1986), Intraspecific comspetition among female [nionicola fossulute
(WOLCOTT) parasitizing several mitssel species may contribute to the common og-
carrenee of onlyv two femates and one male per mussel in this thite species (MiTcHRLL
1963, DowNes 1986).

In the present study, we have analvzed intra- and interspecific hehaviour of adult
Ul ypsilophora and U intermerdia as that hehaviour affects the dist ribution of these two
species of mites among their unionicd hosts. Evidence is presented hoth for a harem-
like mating svsten for [, upsilophora and for the competitive exclusion of /. inter-
media from one PPotential host mussel,

2. Material and Methods

Mussels were collected weekly from June 3 through September 26, 1983, and monthly from Feb-
ruary 20 through July 24, 1984 by dipnet or by hand in “het Gein”, a very slowly running stream
with a silty bottom and » maximum depth of ca. 2 m., situated 10 km S.E. of Amsterdam. The
following species were found: Anodonia cygnea, A. anating and Unio piclorum (L.). Specimens of
4. cygnea longer than 60 mm. and of 4. anatina longer than 50 mm were saved. These sizes were
selected becanse the number of mites per mussel can be influenced by the size of the mussel (Dr.
MOCK 1985} The resident mites were extracted, counted and identified without damaging the
motluse by gentiy Squeezing the mussel shell so that & small apening occurred, and then by flushing
the mites out with water or by using a soft brush, For identification purposes the mites were anesthe-
tized with a 4", urethane solution to immobilize them under magnification. After 5 to 10
minutes in clear water they beeame active again, apparentiy without being damaged.

For experimental purposes. the mites were kept outside the mussel no longer than one day. and
were used for oniy one experiment. Except as specified below. in order to avoid problems with
intraspecific aggression oniy females were used. The musseis were kept by species in tanks with
a sandy bottom at a temperature of about 16 °C, and were fed with o Chlorelle suspension.

To obtain information about the host specificity of 1", ypsilophore and U infermedin in both
Anodonta species, 16 female miteg were put into each of 3-5 mussels of pach species. The individial
mussels were isolated during the experiment in 1.000 ml beakers, Two and five days afterwards,
the total of mites inside and outside the mussel was enumerated.

To determine whether ar not interspecific interactions oceur between (7. ypsilophora and 1.
intermedia, mussels {d. rygnea and A, anating} first were cleaned of all mites. Subsequently, 16
femude mites of ench specics were introduced inte the two musse! species. As in the previous test
two and five days later the number of wites inside and outside the mussels were enumerated for
each species,

To test for the occurrence of intraspecific aggression a mong U ypsilouhora, two methods were
used. First, the survival of mites confined us puirs jn vitre was determined, Twenty pairs each of
male-male, male-female, and female-female combinations were established in individual vials in
3 mlof pond water. Each vial was examined daily for 21 davs to monitor survivorship of the mites.
The vials were placed at 16 °C in » light regime incorporating u F2-hour dark eyele. Necondly, to
each of twenty dnodonta cygnen, two males of U, yusilophory were placed two em apart between
the giils. Every two days, the mussels were examined for presence of the males,
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Another question rrising from litersture dats is the maximum density of mites a mussel can

per mussel, This was done for U, ypsilophora ns well ug for U. intermedia in their normal host

3. Results

[nio pictorum and Awodont fritineg are the moat Common mussel species in “het,
Gein”, the latter heing less abindant, 4. “Hgiea is relatively more rare, occurring at
a ratio of about one in CVErY twenty niissels,

{"wionicola ypsilophore in all developinental stages wag nearly eXxclusively found in
the several hundred Anodontn cygnea examined, The highest number of mites found
ber nrissel was 12, The mean nunther of 7, ypsilophora per infested mussel was 3.25,
at an infestation rate of 32 0 u for 470 mussels, There were no significant differences in
the meansorthe infestationrate during the ohservation periods (February—September).
The sex ratio of [7. ¥P#ilophorn varied during the ohservation period from 0.1 to 0.3
males/female, Although there were no significant differences in sex ratio, the highest
ratios were found in May and September. No more than one male {7, ¥psilophora per
mussel was found. Adajt 77, spsitophora were found in only two of the 765 A. anating
that were examined. )

The highest number of {Twionicola intermediy, found per Anodonta anrating was 14,
The mean number of 1mites per infested mussel wasg 2.9, at an infestation rate of 35 0,
for 763 mussels, [n contrast with 77 ypsilophora, males of 77, intermedia were only found
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f - B 4 anarno ! a U intermedig
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days days

Fig. 1. Fig. 2.
Figure 1. Preforence of U ypilophora and I, intermedia for the mussels A cygmea wnd 4. anating.,
The histograms depict the menn | Z8D) number of mites of eneh species remaining after 2 and
3 days for three replicate experiments in which 16 female mites of the respective species were placed
in the mantie cavity of ench speeies of mussei.
Figure 2. Preference of U, ypsilophora and 17 intermedin in double-species infestations for the
mussels A. cygnea and A, nnating, The histograms depict the mean { + 80) rumber of mites of each
species remaining after 2 and 5 days for four replicate experiments in which 32 female mites (16 of
each species) were placed in the mantle cavity of each species of musgsel,
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from May through September. The sex ratio was highest in May (0.35 nales/females,
decreased to 0.2 in June and 1 hen gradually declined to 0.02 in September.

With respect to host speoificity, it is clear from Figure 1 that [7. intermedia stayed in
A. cygnea in the absence of U. ypsilophorg, whereas, {7, ypsilophara left A. anating,
However, U, intermedia did not remain in 4. cygnea when 7. ypsilophora also was
present (Fig. 2). By the end of five days, most of the female {7, ypsilophora alse had
left 4. anating (Fig. 2), as in the previous experiment.

The survivorship of mites confined as pairs in vitro was highly dependent upon the
combination. Male [T, ypsilophora were aggressive toward one another, as could be
seen under magnification. Within 8 days, one of the twe males had died, presumably
as & result of this aggressive behaviour (Fig. 3}. In fact, within only three days, more
than 50 9 of the male pairs had heen reduced to g single animal per viai. Pairs of
males together in a mussel survived a few days longer (Fig. 3). However, at the end of
the experiment, nineteen mites were dead and were found outside the mussels; one
mite could not be accounted for., Thus, the end result wag that only one male remained

in each mussel. Male miteg Were not aggressive toward females, nor were females ag-
gressive toward other femajes,
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Figure 3. Survivorship curves for pairs of 7, ypsilophora maintained in rifro, open squares.
i vive; n=20 pairs at time O for each eombination. In al} instances, a pair that was not intact
consisted of one live and one dead animal. Experiments started in August 1983,

Figure 4. Survivorship curves for pairs of U, intermedia maintained in vilro, closed circles for
single males; n=20 at time 0 for each combination. In ail instances, u pair that was not intact
consisted of one live and one dead animal. Experiments started in June 1984, See also Fig. 3.

From another experiment, it becaine clear that individual 7, ypsilophora could be
kept alive outside the musse] for weeks. From June onward, 30 females and 15 males
were kept separately in vials, After 13 weeks, 23 were still aljve, After four weeks, 50 "
of the males were dead, with the iast one surviving 10 weeks,

In contrast to U7, ypsilophora, males of 17, intermedia, whether kept singly or in pairs
invitro, died within 7 days; however, no aggression could he ohserved. Femalessurvived
significantly longer outgide the mussel than did the males (Fig. £).

Ta see if the density could be increased experimentally, 30 female {7, upsilophora
and 30 female [, intermedia were introduced into Anodonta cygnea and 4. wnating,
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respectively. After 4 days47 mites were present in each mussel; and after 10 days 45
remained in 4. cygnea and 43 in A. anating. The experiments were repeated with nearly
identical resuits.

4, Discussion

As iz known from the litersture, U, ypsilophora has a strong host preference for 4.
cygnes (HEVERS 1980). This specificity is very evident in our collection ares (het Gein)
where this mite is found almost exclusively in 4. eygnea even though the population
of 4. anatina is about five times as dense, The observation that almost all aduit female
U. ypsilophora left A. anating within 3 days after being placed in that mussel’s mantle
cavity suggests that this mite can diseriminate one mussel species from another, Pre-
sumably this discrimination involves chemoreception as has been implicated for
similar behaviour by Unionicoln formosa in North America {LarocHELLE and DimMock
1981). Whether or not 7. ypeilophora exhibits species speeific aggregation behaviour
toward isolated pieces of musse] tissue, as does U, formosa (LAROCHELLE and Divock
1981), has not been determined. However, it is apparent that when the host musse] is
not the appropriate species, U, ypsilophora will leave the mussel (Figs. (, 2).

In contrast to 7. ypsilophora, U. intermedia will remain in both 4. cygnea and A,
anating in the absence of 7, ypsilophora. However, U, intermedia leaves A. cygnea
if that mussel hag 77, ypsilophora in the mantle cavity (Fig. 2). This suggests that 7.
intermedia may have a broader range of host preference than I, ypsilophora, but may
be prevented from colonizing 4. cygnea by the presence of [, ypsilophora. These
observations are suggestive of the occurrence of interspecific competition between
these two species of mussel-mites in 4. cygnea. However, the mechanism by which
such interspecific interactions may be mediated is not known. The conclusion by
DownEs (1986) that interspecific competition hetween Mnionicola formosa and other
unionicolids results from interspecific aggression among adult mites is not based upon
experimental evidence.

It is clear that, as a result of their aggressive hehaviour, male 7. ypsilophors have
& very uniform distribution in natural circumstances, There is only a single male in
& musgel in combination with one or more female wites. In an experimental situation
two males survive together tonger in & miussel than they do confined in a vial. This is
understandable, since there is more space in a mussel, and it will take more time for
the males to encounter each other. The interaction hetween males does not always
end in the death of one of the two mites; sotnetines a male may survive an encounter
with another male and end up outside a mussel, but alive.

From Figures3and { it is clear that female mites can he kept in pairs for several
weeks. This is in accordance with g survival time of months for female 17, ypsilophora
in the field. Unpublished data, however, indicate that female 7. intermedia combined
with female U, ypsilophora do not survive as well ag solitary I7. intermedia. In contrast
to male U. ypsilophora that survive a couple of weeks as solitary males in vitro, male
U. intermedia die within a week, whether or not they are paired with other males (Fig,
4), even though these experiments were done in June with a new, presumahly vigorous
generation of males. No aggression was observed among male I, intermedia, which is
consistent with the fact that thege males often occur at a density of more than one
male/mussel (Hevigs 1980y,

From the literature data, combined with our findings it is clear that males of U.
ypsylophora aceur throughout the year (BAKER 1987}, while the males of {7, intermedic
are confined to the summer montha, Possibly, this difference in life history contributeg
to the lack of intraspecific aggression among male U, intermedia, Moreover, the mating



636 C. Davips ef al,

behaviour of U, ypsilophora is unknown and thus a comparison hetween these two
species of mussel-mites cannot he eomplete. For example, in contrast to [7, ypsilo-
phora, the fourth pair of legs of male U. intermedia are modified as gonopods for indirect
copulation (HEvers 1878).

The mean number of . ypsilophora per mussel agrees with the data of Baxrr
(1987) for a population of 4. cygnea in England, but the incidence of occurrence of
this mite approached 100 ', in Baxer’s study. HEVERs (1980) has reported as many
as 131 adult U. ypsilophora in an 4. cygnea in Germany. It is apparent from our data
that 4. cygnea and 4. anating can sustain nearly 50 mites for more than a week. It is .
possible that the territoriality that one of us (Davips 1973} attributed to female I/,
ypsilophora may occur at relatively low densities,

We do not agree with HEveRs (1980} that U, intermedic has a generation time of
two years. Following his conclusions, that nymphal and adult periods are equal, one
would expect to find more nymphs than adults in the field in the winter time, and this
is not so. Like Hrvers we found most nymphs in September and most females in
June.

BAKER (1987) determined that U, ypsilophora also has a generation time of one year
in England but found that some females can live for two vears. Qur data are compara-
ble, and like BAKER we found peaks in the oceurrence of females in April. These data
are in contrast to those for the closely related North American U, formosa, which ap-
parently lives two years and has a peak abundance of females in mid-winter (Divock
1985).

In the river “(iein” we found five species of unionicolid mussel-mites occurring in
symbiotic asseciations with three species of freshwater mussels. The other three species
were Unionicola bonzi {CLAPAREDE) restricted to Unin pictorum, and two transient
species, U, aculeata (KoENIRE) and [ tricuspis (KOENTKE), which only use mussels as
sites for oviposition and for developmental transformation. The transformation stages
of these two species were found in all three mmussel species; however, U, uculenla scems
to have a preference for Anodonta anating. It is possible that this relationship of U7
aculeatn with 4. anatine also involves competitive exclusion of U. aculeata from A,
cygnea by U. ypsilophora. U, tricuspis is new to the Netherlands fauna.

HorLMEs (1973) regards competitive exclusion hetween parasites as a common
explanation for restriction to particular hosts, However, direct experimental evidence
for such competitive exclusion is rare (DoBson 1985), Dowxks (1986) hasdemonstrat-
ed that such interactions may oceur hetween Undonicola formosa and other unioni-
colids, and we have now shown that V. ypsilophora is able to exclude U. intermedin
from Anodonta cyguea, The great species diversity within the genus Unionicols and
the variety of mussel-mite symbiosis involving this genus throughout the world mayv
ake this taxon especially antenable to studies of hasic questions of popuiation hiology
and evelutionary ecology,
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