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- qummary. Unionicolid water mites inhabit freshwater un-
id mussels during the nymphal and aduit stages of their
C gecycle. Reguiar sampling of mussels from two sites in
i Mark’s River, Fi. established that each of four species
. water mite (Unionicola abnormipes, U. Sfossulata, U. ser-
ya and U, formosa) occurred mainly in one or two of
! s mussel species available at each site.
The role of preference for particular mussel species dur-

<. sghost location was assessed for the first three mite species
.~ choice experiments, in which mites were offered different
o § sussel species simultaneously. In five out of six experi-

. ~ents, mites entered normally unused mussels as often as
J ey did normally used ones. Additionaily, a sexual differ-
e i choice was found for U. fossulata, with males prefer-
1ng one mussel species and females showing no preference.

= ;e mussel species, {Anodonta imbecilis), normally unused
. wichosen by mite species during the lab. experiments,
s . inhabited exclusively by the fourth mite species, U. for-

wisa, in the field. An experiment showed that L/, formosa

s sdudes other mite species aggressively from Anodonta im-
i :'E'il'i.‘:.

The results illustrate the sometimes misleading nature

Usimple sampling data as an indication of host specificity

r host preference in parasites. They suggest also that the

-pulation dynamics of some parasites might be more fruit-
illy compared to unrelated. [ree-living species than to

iher parasites.

Key words: Competition — Bivalvia — Host-selection - Para-
s odes - Unionicola

| Mrasites vary greatly in the number of hosts they use.
fjik'mogeneans are often found only on a single species of

Tsh (Kearn 1973; MacDonald 1975) while ectoparasific ar-
trepods may be found on a great many different species
‘Noble and Noble 1976). Why are some parasites so highly
Rost specific ‘and what factors are responsible for this re-
riction?

Neither question — proximate or ultimate — can be ans-
sered for the majority of parasifes because available data
i mainly counts of parasites found in samples of hosts
wken at one or a few times or places. These data do not
fevea] those parasites that failed to colonize hosts nor those

that died after colonization but before sampling. Addition-
ally, high abundance is not necessarily an indication of a
highly suitable host {e.g. Holmes 1976).

An analogy is the distinction, in marine benthic ecology,
hetween initial setilement of planktonic larvae and post-
settlement mortaiity. Counts of visible adults can not distin-
guish between these two events and may suggest erronecus
ideas about what controls the distribution and abundance
of species (see Connell {1985) for a receni review).

This distinction between initial settlement and post-seti-
lement events is critical to distinguishing between compet-
ing hypotheses of parasite population dynamics, especially
those explaining apparent high host-specificity. Holmes
(1973) regards competitive exclusion between parasites as
a common explanation for restriction to particular hosts.
Bvents prior {o this, such as differential mortality, differen-
tial dispersal abilities or host availability, are not consid-
ered. Moreover, the evidence is based on counts of para-
sites, and a reduction in the number of observed concurrent
infections from that expected based on the number of indi-
vidual infections with each parasitic species.

Halvorsen (1976) reviewed the experimental evidence
for competitive exclusion but only two studies were not
demonstrated in laboratory or domesticated animalis (e.g.
Wilson 1916; Paperna 1964). Other evidence comes from
anfagonistic interactions between larval digeneans {Li and
Heyneman 1972) but overali, including more recent work
(Holland 1984; Scott and Robinson . 1984; Dobson 1985;
Millott and Cox 1985), direct experimental evidence for
competitive exclusion is rare.

An alternative view is that restriction to particular hosts
is caused by highly specific methods of host location, Many
parasites have only one or {wo individuals per host so high
fost specificity, together with site selectivity, increases the
probability of sexual over asexual reproduction (Rohde
1979). High host specificity is a consequence of preference
for particular hosts during host location regardless of the
presence of other parasitic species.

A different view is that parasite populations are always
fluctuating greatly because of the patchiness in time and
space of host availabilities. The majority of parasites die
before locating hosts so that colonization of any one host
species s very low and parasite population dynamics are
affected most by events prior to colonization (Price 1980).
There are many ways in which hosts can vary in availability
such as differential habitat selection or differential suscepti-
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bility to invasion by parasites (see Whitfield 1979; Rohde
1982). Little of this evidence comes from experimental tesis
of such hypotheses.

Finally, parasites’ occurrences in hosts may be affected
most strongly by post-colonization events other than inter-
specific competition. These include unsuitable environ-
ments within hosts (e.g. Bober and Dick 1983}, genetically
less suscepiible hosts (e.g. Wilson 1982} and immune or
other reactions by the host (Wakelin 1976; Mincheila 1985).

As yei, there are insufficient data to determine which
of these models might be more correct for particular groups
of parasites.

Study animals and questions

One family of water mites (Unionicolidae, Hydrachnellae,
Acari) parasitizes freshwater bivalves (Uniconidae, Bivalvia).
The four mite species studied here were U. abnormipes
(Wolcott), U. serrata (Wolcott), U. fossuluta (K.oenike) and
U. formosa (Dana and Whelpley).

These mites have been recorded from a variety of un-
ionid hosts (Vidrine 1980) excepting U. formosa, which
parasitizes mainly dnodonta imbecilis and Anodonta cata-
racra* and selects Anodonta in preference to other mussels
(LaRochelle and Dimock 1981). The number of female U.
formose per host varies. One male occurs in each mussel
and it kills any conspecilic males entering its mussel (Di-
mock 1983).

Life cycles are similar for all four mites (Mitchell 1955),
with females laying eggs within the host’s tissue. These pro-
duce Jarvae that leave the host (Jones and Baker 1984)
but return to a mussel later to ecdyse inte a nymph. Both
nymphs and aduits inhabit mussels and probably feed on
mucous and digestive cells produced by the host (Baker
1977).

In this paper I describe the distribution and relative
abundance of four mites in five mussels at two sites in
St. Mark’s River, F1. 1 tested experimentally whether higher
relative abundances in some mussels are caused by innate
host preferences of mites during host location and whether
absence of mite species, in one case, is caused by aggressive
interspecific interactions.

Materials and methods

Study sites and sampling procedure

Mussels were collected {rom two study sites in the St
Mark’s River, Leon County, Florida. These were the inter-
section of the river with Federal Highway 27 (30° 247, 84°
7’y and downstream at Natutal Bridge Historic Site (30°
17, 84° 8, At Route 27, water depth directly under the
bridge is about 2 m maximum but varies greatly with sea-
son. The substratum is coarse sand overlain with fine sit.
Current is variable with some areas beneath the bridge en-
tirely stagnant. The mussel species collected were Uniomerus
declivis, Villosa villosa and Anodonta imbecilis.

At Natural Bridge, the river is wider with less seasenal
variability in flow and depth. The substratum is fine silt

with a thick covering of decaying leaves. The water is turbid.

1 There are niae species discussed in this paper. For clarity, mite
species” names are writlen with the initial only for genus. Mussel
species’ names are written in full

Table 1. Summary of laboratory choice experiments. T, bl :
shows the mussel in which each mite species ocours most amm«m,;;' ;
and_ the musseis offered simultanecusly as hosts in two chgice ,;f
periments -

MITE SPECIES ~ HOSTS USED HOSTS OFFERED
S
FIRST SECOND 3
U/, abnormipes V. villosa U. declivis V. biflysa - *~
V. villosa A imbeegy, 2
V. vibex o
U. fossulata V. villosa U, declivis V. pibey £
U. declivis V. villosa E. jcterine %
U7, serrata U. declivis U. declivis U. decliis
V. villosa A fmbecity
U. formosa A. imbecilis - -

because of high amounts of suspended sediment. Muss -
species collected here were Villosa vibex and Elliptiv icser.
tRa.

Mussels were sampled monthly at both sites using ¢ -
scoop, composed of a mesh box with a long handle, and
by hand. Sampling by hand allows mussels well under the -
surface sediment to be'collected. Mussels were placed 1 -
separate plastic Zip-Loc™ bags with a smali amount o
water and transported back to the lab in buckets. They
were held in small containers provided with well-aeraled
water and sediment until examined for mites, generally
within three to four days. At least seven individuals of each |
species were collected except in months where fast currents
prevented efficient sampling. '

The length and height of each bivalve was measured
with calipers. Length was taken as the greatest distance
from anterior 1o posterior. Height was measured from the 2
top of the umbo to the ventral margin perpendicularly i
the measurement used for length. _

Tao collect mites without killing mussels, a dull kni
hlade was inserted between the valves and used (o levs
them apart slightly, A bulldog clip was inserted and ut
to open the valves to their fullest extent without causing
internal damage or destroying the shell’s margins. A cori
of suitable width was jammed between the valves (o kee
them open. Submerged in water and with high intensiy
light, all mites within the mussel can be located and -
moved by sucking them up with a hand-held pipette &
hy gently flushing the mussel with water. All parts of the
mussel’s interior may be observed directly except for av
terio-dorsal regions in larger individuals. Flushing i
water was used in these individuals. Mites were identified
and sexed with a Wild binccular microscope and note
taken on reproductive condition of females. N

For cach species of mite the data were analysed Wi
a one-way analysis of covariance. This determined whethet
mite abundances differed significantly in different s
species, and whether size of mussels had an effect
numbers present. Temporal variation was not assessed
ing to very different monthly sample sizes. Separate as
ses were done for nymphs.

Data were log-transformed but variances were stil
nificantly heterogeneous in some cases. However andy+
of variance may be used with heierogeneous variancg
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Fig. 1.a,b Mean and standard error of numbers of mites per musse! for cach sampling period for Fillosa villosa and Uniomerus declivis.

sundance of sach mussel species. 2 adults; b nymphs

specially if F-values are very large and the larger variances
e not from much smaller sample sizes (Winer 1971).

Relative abundance of mussel species

The numbers of mussels in 1/4 m? quadrats were counted

.« the upstream site on 29 vi 83 and 22 vii 83, Quadrats
. ware placed randomly throughout the collecting site. Bach
. quadrat was sampled to a depih of approximately 10 cm

1o collect mussels buried in the sediment.
A quadrat could not be used at the downstream site

| owing to dense aquatic vegetation. An estimate of relative

hundance was obtained by collecting all mussels sampled

 with the scoop during the first 3 sampling periods.

flost choice experiments

1 Mussels used in these experiments were kept in water tables.
. They were provided with sediment from the St Mark’s

River, well-aerated water and fed Invertebrate Diet™ every

* tinsed triangles = U. abnormipes; Open triangles = U. fossulata; Closed circles = U. serrara. Note that graphs are uncorrected for relative

2 to 3 days. A partial water change was done approximately
twice weekly using only well-water.

Each of the host-choice experiments followed the same
general procedure. Two mussels of different species, from
which all mites had been removed, were placed within circu-
tar arenas, 15.2 cm in diameter and 12.7 cm in height. An
exception to this is the first experiment done on U. abnor-
mipes, in which 3 mussels were offered and arenas were
20 cm in diameter. Mussels were placed diametrically oppo-
site and facing one another. Each arena contained well-
water and sand and sediment taken from the St. Mark’s
River. I allowed time for the musseis fo begin siphoning;
a single mite was placed in the centre of each arena and
allowed to enter one of the mussels. Experiments were run
at 20° C and with dim overhead lighting, except for the
first experiment with U. abrormipes, in which water temper-
atures ranged from 25-28° C. Positions of mussels within
arenas were randomized by use of a random number table.
For brevity, a summary of specific experiments done for
each species is given in Table 1.
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Interspecific Interactions

Anodonta imbecilis were collected from the field and as-
signed randomly to 2 treatments. In the first treatment all
U. formosa, (see Table 1), were removed from each mussel
and a single U. abnormipes placed on the gills before allow-
ing the mussel to close. In the second treatment the method
of mite removal was mimicked but no U. formosa were
removed, and a single U, abnormipes was placed on the
gills.

Hach Anodonta imbecilis was placed in an arena under
the same conditions as the host-choice experiments and with
a single uninhabited Uniomerus declivis. The experiment
was left for 4 days before each Anodonta imbecilis was reo-
pened and the presence or ahsence of U. abnormipes noted.

Results

Abundance of mites in mussels

Four of the five mussel species are parasitized by one or
more mite species. The unparasitized mussel is Elliptio icter-
ina. OF the 39 individuals collected only two contained mites
— a single U. abnormipes in one and a single U. fossulata
in the other.

Uniomerus declivis, Villosa sillosa and Villosa vibex com-
monly contained more than a single species of mite. In
Villosa villosa, 4% had no mites, 17% had one species,
71% had two species and 8% had three. The complementa-
ry figures for Uniomerus declivis are 1%, 21%, 43% and
35%,. For clarity, the distribution of each mite species is
discussed separately.

U. abnormipes. This species occurs at both sites in Unio-
merus declivis, Villosa villosa and Villosa vibex (Figs. 1 and
2). Both nymphs and adults are most abundant in Villosa
pillosa (Table 2). Larger mussels have significantly greater
aumbers of mites — length explains 17% of the variance
for adults and 4% for nymphs. Wumbers of mites per host
was variable and differed for Uniomerus dechivis and Villosa
sillosa (Fig. 3). Many more {iniomerus declivis contained
no mites of this species.

U. formosa. This mite was found only in Anodonia inthecilis.
Recause this mussel was found only directly beneath the
bridge it was not collected on a regular basis. Amalgama-
tion of small samples produces a mean of 11.7 U. formosa
(s.d.=11.06, n=45, range= 0-50).

U. fossulata. This species occurs at the upsiream site, in
Villosa villosa and Uniomerus declivis, and downstream in
Villosa vibex (Figs. 1 and2). Slopes of the regression of
number of adutl mites on mussel length were heterogencous
among mussel species (F= 5.05, p=0.008) so adults in Vil-
losa vibex were analysed separately. No analysis was done
for nymphs because of low numbers.

For the upstream mussel species, larger mussels do not
have significantly more mites in them than do smaller ones
{Table 3a) and (here is no difference in pumbers recorded
from the Lwo species, The maximum number of mites per
mussel was three, which is significantly different from 2
Poisson distribution (p<0.05) (Fig. 4a).

Downstream, for Villosa vibex, small mussels do contain
this mite less often {Table 3b).

aduit mites
per mussel 4 1

i SE)

IAN

84
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WAk

PR OMAY 0N

Fig. 2. Mean and standard error of nmumber of aduit mites mr
mussel {or each sampling period for Villosa vibex. Symbols as for

Fig. 1

Table 2. Analysis of covarianc
normipes found in Uniomerus

o for a adult and b nymphal [ a
declivis, Villosa villosa and Pillos

vibex
SOURCE nr AR M8 F
a ADULTS
Mussel Length i 5.32 5332 4995
Musse! Species 2 9.67 4.83 45374
Error 1533 16.30 0.11

B =0.496

=017
b NYMPHS
Mussel Length 1 4.66 4.66 TR
Mussel Species 2 21.61 10.81 [ LA
Error 153 96.71 .63

F o=0.214

RI=0.04

{7 serrata. Adults of this species occur upstreatn mannn
in Uniomerus declivis with virtually

(Fig. 1). Thereis a signific

but it explains oaly 2%

species was foun

For nymphs there is

le 4b), but they show a S1
significantly more often

donta imbecilis. The 1

none in Villosa pifles

ant effect caused by size of muse

of the variance (Table 4a). Thae

d downstream only rarely (Fig. 2).

no effect of size of mussel {Tab:

per host was four {Fig. 4b}.

The mussel species in which gach mite sp
most commonly is repeated in Table 1.

Relative abundance of mussel species

Quadrats from both dates were combined for
size of 71. The mean pumb
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Fig. 3. Frequency distribution of numbers of
adult U. abnormipes in Villosa villosa (open
bars} and Uniomerus declivis (hatched bars)
for total sample. N=73 for V. uillosa and 68
for U. declivis

012 3 4

fable 3. Analysis of covariance for aduli ¥/, Sfossulara occurring
« sbin a Undomerus declivis and Villosa villosa and b Villosa vibex

SOURCE DF SS MS F
4
viugsel Length 1 0.03 0.03 0.04 ns
Yussel Species 1 2.04 2.04 3.08 ns
Sreor 108 71.63 .66
]
ussel Length 1 9.23 9.23 754 %%
o 44 53.92 1.23

B =038

R?=0.15

. lable 4. Analysis of covariance for a aduli and b nymphal U, ser-
da oecurring in Uniomerus declivis and Villosa villosa

SHIRCE DF 55 MS F
JADULTS
“lussel Length 1 2.33 2.33 5.28*
“Hussel Species 2 24.43 12.21 2768 k**
rror 153 67.53 (.44

B =0.183

R*=0.02
INYMPHS
‘fussel Length 1 0.67 0.67 $.45ns
“lussel Species 2 20,90 10.45 17.94 %%

Tor 153 89.13 (.58

10/1/4 m* (s.d. = 0.34, range 0-2) and Anodonta imbecilis
6 per 1/4 m? (s.d.=0.29, range 0-2).
For the downstream site, 30 Villosa vibex and 23 Elliptic
fering were collected by random sampling during the Jan.
o Mar. "84 sampling periods, suggesting a relative abun-
- ince at this site of approximately 1:1.3.

o - .
< Most choice experiments

ibnormipes. Experiments were run for 24 h. This was
: :ul‘ﬁcient time for almost all individuals to enter & mussel.
- “ach replicate of the first experiment was observed until
; “¢mite had entered a mussel. This species swims well off
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Fig. 4.0,b Frequency distribution of number of mites per mussel
for a U. fossulata and b U, serrata in Villosa villosa {open bars)
and Uniomerus declivis (hatched bars), Actual sample sizes are giv-
en above bars. Sex of individuals is indicated also for . serrara

the substratum, and enters by way of the incurrent siphon.
Three mites were observed to be sucked in by the current,
but the rest walked along the mantle’s edge and then entered
voluntarily,

The first experiment {Table 5} found no effect on choice
due to sex or origin of mite. Origin is the species of mussel
from which the mite had been removed originally. Such
past history can influence choice of host in parasites (e.g.
Boxshall 1976),

When the table is collapsed across sex and origin, no
preference for any one species of mussef can be detected
{(X?=03813 ng).

In the second experiment (Table 6) there is again no
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Table 5. Data from the first host choice experiment with U. abror-
mipes together with analysis by fitting log-linear models {Sokal
and Rohlf 1981 ; Fingleton 1984)

ORIGIN SEX CHOICE
O
U. declivis V.villosa  V.vibex
.M 8 5 9 22
U. declivis ¢ 10 5 6 2
, M 9 10 6 25
U, villosa v 5 7 g 23
34 27 30 91
DELTA G
SOURCE DF G Dr G
Sex by Origin 4 3.55n3 2 1.67 ns
Sex by Choice 4 2.17 as (.28 ns
Origin by Choice 3 1.88 ns 1 0.0005 ns
Sex by Origin by Choice 2 1.88 ns
Simultaneous Test:
Yex by Origin= Sex by Choice = Origin by Choice=0
G=379ns
D —
Table 6. Data from second host choice experiment with U. abnor-
mipes
CHOICE SEX
MALE FEMALE
T
A. imbecilis 7 11 18
V. villosa 6 9 15
13 20 33
G =0.006 ns
Xi=0273ns

e

Table7. Data from [irst host choice experiment with U, Sossulata

MW

CHOICE

SEX
MALE FEMALLE
V., villosa 4 11 i3
U. declivis 23 15 38
27 26 53
G =507*

Gladj.}=4.89*

T

difference in choice between the sexes, and no detectable
difference in the numbers entering Anodonta imbecilis as
opposed to Villosa villosa (X?:=0.273 ns).

U. fossulata. Host-choice experiments for this species were
run also for 24 hours to allow the majority of mites 1o
enter mussels. Location is achieved by walking over the
substratum until a mussel is contacted, and entry achieved
by watking through the incurrent siphon. Mites were some-
times unsuccessful in gaining entry when they touched the
sensory tendrils surrounding the siphon causing mussels to
close the valves abruptly and blow mites away. Because

Table 8. Data from a first and b second host choice expenge,
with . serrata B

s U
. 1: e

in
Aetecl

Alten

CHOICE SEX
MALE FEMALE
b
V. villosa 8 19 27
U. declivis 15 25 i
23 44 63
G =0.45ns
X2=2.52ns
b
A. imbecilis 5 9 14
U. declivis 6 15 n
11 24 M
¢ =0.20ns
X?1=1.40ns

Table 9, Data from experiment sesting for competitive interacuos
netween U. formasa and U. abrormipes

U. fornosa U. abnormipes
In Mot In
A. imbecilis A. imbecilis
PRESENT 4 29 13
ABSENT 12 1 i3
16 30 46
G =802 %%

successful location and entry took hours in this species,
individuals were not observed until successful entry.

A significant difference was found between the chois
of males and females in the first experiment (Table )
Males chose Uniomerus declivis more often than they &
Villosa villosa, while females chose these species abou!
equally often.

No attempt was made to test for sexual difterences ¥
choice in the second experiment. Of 17 individuals used
(9 females and 8 males), 13 were found in Villosa vibex
4 in Elliptio icterina, a statistically significantly differencs
(X1=4.T7%}

U. serrata. These experiments required three days time fe?
the majority of mites to be found within mussels. This s
cies is similar to U. fossulata in that movement was mamnk
by walking over the substratum and mites were sometme
blown away by mussels. Again, exact times to locats &
enter mussels are unknown.

No differences between the sexes in choice Was foun
for the first experiment (Table 8a), and no statisticaily s
nificant preference found for Uniomerus
ble that significantly more mites might enter Uniomeris @
Jivis with a larger sample size, but it would still be 4 rafl
weak preference. .

Because this result was so different from the distribul
of this mite in the field, the experiment was repeated u8
nymphs to see whether they determine the locatiot
adults. OF 22 replicates, 13 were found in Villosa villos

declivis. 1t is poste
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'1n the final experiment, no effect of sex on choice was
sected, and mites entered Anodonta imbecilis aboul as
qen as they did Uniomerus declivis (Table 8b).

qerspecific interactions

e presence of U. formosa had a very strong effect on
sether UL abnormipes were velocated within Anedonta im-
ilis {Table 9). Of the 29 U. abnormipes not in Anodonta
Secilis when U formosa were present, 8 were relocated
ahin the Uniomerus declivis provided. The remaining
- mites could not be relocaied despite intensive searching
< the arenas.

Niscussion

ound higher relative abundances of mites in one or (wo
.ussel species of those available. These higher relative
mndance patterns can be divided into three general types:

(1} A total absence of particular mites: Elfiptio ictering
.15 unparasitized, and Anodonta imbecilis was parasitized
sclssively by U, formosa, which in turn lived nowhere else.

{2) Mites found in highest abundance in an uncommeoen
ssel: U, abrormipes were found in highest abundance
- the less commeon mussel, Fillosa villosa.

(3) Those mites occurring in about the same relative
wndance as those of their hosts: U. fossulata and U. ser-

L

The samples revealed also that the density of mites per

*ussel differed for each mite species and sometimes in dif-

went hosts, U, abrormipes aliains high numbers per host
+l does so mostly i Villosa villosa. U. fassulata have no
-ore than three mites per host. Recent data (Downes, un-

b, data) confirm that this represents a maximum of (wo

sales and one male per mussel as has been reported else-
fere {Mitchell 1963). . serrata also have relatively low
ambers per host

Of the three patterns described, the frst can be ex-
sined by the preferences and aggressive interaction be-
seen mite species. The lack of mites in Elfiptio ictering
dearly because this is an unsuitable host. Although the
devant choice experiment was not done for U. abnormipes,
¢ dispersal ability of this mite (Downes, in prep.) together
+th the overlapping distributions and roughly equivalent
nndances of the two mussels, make it likely that this
e can locate Effiptio ictering in the field. Since U, fossu-
= will respond to mantle-water taken from Effiptio icte-

e (Downes, in prep.} it is probably attracted to this mus-

Shut conditions within it are somehow unsuitable.
Absence of mite species other than U. formosa in A.
weeilis 1s almost certainly due to aggressive behaviour
s U, formosa. Although this experiment was done only
1 U. abnormipes, some data from another river system

‘ggest U, formosa may be agpressive generally. Lake Tal-

Cdin, an artificial lake produced by the damming of the
. kklochonee River in Florida, had large numbers of Ano-

smta imbecilis and closely related Anodonta peggyae before

fwas drained in 1983. Samples taken in February 1983
-ad April 1983 showed both mussel species were parasitized
UL formosa and another much smaller species, U. wol-
ot High numbers of U, formosa within a mussel were
s iver found with high numbers of U. wolcotti, and vice
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Fig. 5. Number of U. formosa and U. wolcotti in each Anodonta
imbecilis and Anodonta peggyae collected from Lake Talguin. Size
of dot indicates relative number of poin{s at those coordinates.
N=355

versa (Fig. 5). The evidence to date suggest that U, formosa
at least were excluding U, wolcotri at higher densities. It
is unknown whether many U. wolcotti are able to exclude
U. formosa. Draining of the lake caused greater than 90%
mortaiity of mussels before experiments could be done.

For the remaining patterns one possibility not yet dis-
cussed is that the distribution of adults is determined pri-
marily by selectivity of nymphs, which then remain in the
same host even after metamorphosis. This can be rejected
for U. serrefa since nymphs are demonstrably not selective.
However, adults of all three species do move and select
hosts in the field (Downes, unpub. data) so choice experi-
ments should detect preference for particular mussel spe-
Cigs.

An interesting possibility is that interactions between
U. abnormipes and U. serrata result in reduced numbers
of the former in Uniomerus declivis and none of the latter
in Villosa villosa. Hypothetically, the interactions might oc-
cur because of potential overlap in egg-laying site. Hach
waler mite species lays its eggs in specific tissues of the
mussel. 1. abnormipes and U. serrata both lay their eggs
in the mantle (Mitchell 1955; Vidrine 1983). Also, the loca-
tion of U. serrata females inside mussels in the first host
choice experiment differed for each mussel species. Four-
teen of 15 females in Villesa villosa were located on the
edge of the mantle whereas only 5 of 13 individuals were
found there in Uniomerus declivis. The remaining fermales
were located on the labial palps. This is a significant difter-
ence (G = 10.49, p < 0.001). This suggests that females might
use Fillosa villosa just as places in which to lay eggs, but
that Uniomerus declivis is used for other functions such
as location of mates.

Other possibilities are that mussel species differ in habi-
tat selection or behaviour and that this alters their relative
availability to mites. Any differences in habitat selected by
mussel species are certainly subtle. One possibility is that
mussels may select sites by how fast the water current i8
directly over the substratum, since the presence of logs or
rocks can make a large difference to local current velocities
(Voge! 1981). Mites may also be affected by slight differ-
ences in current velocity.

Behaviourally, mussels could exclude mites by spending
less time siphoning, since a mussel that has its valves shut
is unavailable to mites. However, since all mites enter mus-
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sels the same way, any difference in siphoning time ought
to affect all mite species. One possibility is a temporal
synchronicity where a mite species searches only for hosts
at a time when only a particular mussel species siphons.
There was no evidence of this during choice experiments
because all mussel species began siphoning generally within
15-20 min of being placed in arenas.

Finaily, ihe occurrence of U, serrata in Uniomerus decli-
vis only might be explicable just on the basis of relative
abundance of mussels. However, a more recent estimafe
of mussel densities sugpests that Villosa villosa is more
abundant than first thought (density =0.50/1/4 m?, 11 vi
1985). The almost total absence of U. serrala from this
mussel is unlikely to be simply because of the lower
numbers of hosts available.

In this system, interactions between conspecifics seem
potentially to be important (oo. The sexual difference in
choice found for U. fossulata, together with a sexual differ-
ence in host location behaviour (Downes, unpublished
work) suggest that the behaviour of males during host loca-
tion might depend more upon the presence of females than
just the presence of mussels per se. Also, more mites can
be found in larger mussels, There are two possible explana-
tions for this. First, larger mussels may be easier 1o locate.
Possibly, farger mussels have a stronger excurrent stream
that is more easily detecied by mites. Second, mites may
reside in mussels only up to a maximum density so that
larger mussels can accommodate more mites.

Both factors may be operating. Both U. fossulara (Tab-
le 4b) and U. serrata {Table 5a) occur less in small mussels
in some circumstances. The proportion of the variance ex-
plained is very small showing that it is a relatively weak
effect, U. abnormipes are affected by the size of mussels
during both nymphal and adult stages but the variance ex-
plained is less for nymphs than it is for adults. If it is
assumed that nymphs and adults search for mussels equally
effectively, the greater R* value for adults may reflect inter-
actions between individuals within the same mussel. Maxi-
mum pumbers per host are not set and occasionatly reach
large values (Fig. 3).

Overall, these resulis illustrate how interpreting host
preference or host specificity from sampling data can be
misleading. A better understanding of the causes and conse-
quences of variation in host specificity will be hard to reach
in the absence of experiments.

Additionally, the population dynamics of the parasites
in this system are probably more akin to those of some
free-living animals using highly patchy resources. The high
percentage of mussels parasitized, the common Joiit occur-
rence of different mite species in one host and the high
rates of recruitment to mussels are all nunusual characteris-
tics. Other parasites often occur on only a small proportion
of the host population and mixed infections tend to be
uncommon. In general, comparisons of population dynam-
ics of parasites across widely different life cycles and taxo-
nomic groups are probably not very useful, and seem
mainly responsible for the perceived differences in view-
points discussed earlier.
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