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Introduction

The virtually worldwide occurrence ofblackflies (Simuliidae) where flowing water

exists, and their role as disease vectors of livestock and man, makes fuese

haematophagous Diptera of considerable economic importance. Control of sÍmuliid

populations is usually achieved through the treatment of the larval stages with

organophosphates. Biocontrol approaches have also focused on natural enemies of

the immature stages. Recently, fue mi,crobial insecticide Bacillus thuringiensis var.

israelensis has shown considerable potential in this respect, with minimal effects

on non-target organisms (Lacy & Undeen, 1987; Becker & Margalit, 1993).

Adult simuliids oviposit either directly into the water, or anta some kind of

substrate (stones, twigs, trailing vegetation, etc). The larvae batch and drift some

distance downstream before adhering to a suitable rack, or aquatic planto Clean,

fast-flowing, well-oxygenated water is preferred by larval simuliids, which filler

fine organic particulate matter from the water through cephalic fans. The larvae

go through 6-8 instars before pupating inside a tent-like cocoon. Upon emergence,

the adult fly surfaces and crawls anta a dry substrate to allow the wings to expand

and harden before flying offto mate, blood-feed, and oviposit (Crosskey 1990).

With the exception of birds, e.g. dippers, predators of irnmature simuliids

generally inhabit the same aquatic habitat as their prey. Fish are usually credited

with the greatest fraction of simuliid predation and Trichoptera, Odonata,

Ephemeroptera and Plecoptera species as fue most Ímportant invertebrate predators.

Chironomids and other dipteran species have frequently been recorded as feeding

on Simulium spp., and cannibalism also occurs (Davies 1981).

Perhaps fue greatest, yet fue most frequently overlooked afilie simuliid predators,

are watermites afilie family Hydrachnidae (Hydrachnellae or Hydracarinae) which
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due to their small size, are difficult to observe in the field. Also, because of their
size and problems relating to their taxonomy, watermites have been neglected in
studies of aquatic ecology.

In cornmon with other rnites, fue life cycle ofhydrachnid mites is made up of seven
stages: egg, prelarva, larva, protonymph, deutonymph. tritonymph. and adulto Of
fuese, only fue larva, deutonymph and adult are active. Larvae are usually parasitic
on insect hosts and are able to exploit hosts from different habitats: whether con-
tinualIy aquatic, associated with the water surface, or aerial insects with aquatic
immature stages (GledhilI, 1985). It is, however, the impact ofpredation by the
free-living adult which is fue subject of this paper. The adult Ceros by puncturing fue
soft-bodied simuliid larva and sucking the body fluids from its victim. The mite
injects saliva which may contain a toxin to paralyze or subdue fue host, thus alIowing
easier feeding. The effect of such feeding is invariably fatal to the Simulium larva
(J.M. pers. obs.)

VirtualIy nothing is known about the Tole mite predators play in the regulation
of aquatic invertebrate populations, with the exception of a series of papers by Ten
Winkel (1987) and co-workers which have attempted to qualify mite consumption
of chironornid larvae in lentic systems. Previous work on simuliid-rnite host relation-
ships has only considered the Tole of theblackfly as a dispersal agent for mite larvae
(Gledhill et al., 1982; Smith, 1988a; Gerson & Smiley, 1990). Because fue possible
Tole of watermites as simuliid predators has not previously been recognized this
study has attempted to answer the folIowing fundamental questions:

1. Which species of watermites predate simuliid larvae?
2. How many simuliid larvae does a mite consume?
3. Does fue mite display preferences for certain prey stages?
4. Are watermites and Simulium larvae sympatric?

Methods

To answer the first question, initial observations of watermite predation ofblackfly
larvae were cauied out in a glass aquarium, 45x30x6 cm, at room temperature. Large
(approximately sixth instar) simuliid larvae were offered to watermites, and those
observed feeding on simuliid larvae were removed with fue simuliid for identifica-
tion. The details of mite feeding behaviour were also observed. The species ofwater-
mites found in river sites were thus divided into predator and non-predator classes.

i) Fieldwork

Two sections of the River Ouse which were considered to be typical pool and riffle
systems were chosen as the study sites (o.s. map no 152 grid reí. 335695 and 340
679). The first section was 2.5 km in length and ran between two bridges (Hunter
Street and London Road) in the town ofBuckingham (Bucks. UK) and was visited
on a weekly basis between 18.4.90 and 29.6.90. The second section was approxi-
mately 5km upstream of Buckingham, at the village of Radclive (Bucks.).
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Ranunculus sp. was abundant for most of the summer and provided the habitat from
which simuliids and watermites were sampled. Grazing of Ranunculus by ducks
was insignificant at Radclive, which was taken as fue mainsampling site from mid-
June onwards.

A single core sample was taken weekly at fue Buckingham site, from a randomly
chosen Ranunculus bed for fue first 16 weeks of the study. This gave an estímate
ofthe relative numbers oflarval simuliids and watermite adults. The core sampler
was 27cm in diameter, with an afea of 572.5cm2, Core samples were sieved and
sorted in trays. Core samples were not replicated and cannot be regarded as more
than indicators of fue relative abundance of simuliids and predatory mites in these
stretches of the river.

To answer the question 'Are watermites and Simulium larvae sympatric?',
Ranunculus weedbeds from fue water surface to a depth of approximately 3cm below
the surface, were sampled using a 15cm quadrat at the Radclive site. One sample
(225cm2 afea) was taken each day for 4 consecutive days between 23.7.90-26.7.90
inclusive, during which period fue flow rate of fue river did not significantly change.
This sampling also gave an estimate of the relative abundance of other likely mite
prey, (chironomid larvae and caddisfly nymphs) during this late July periodo Data
were averaged to give a mean density of each species ayer fue 4 days.

ii) Laboratory studies

Simulium larvae were taken from fue river by agitating a weedbed by hand: dislodged
larvae were caught in a dip net placed immediately downstream of the weedbed.
Larvae were sorted and kept alive in the lab in large beakers of river water on
magnetic stirrers. Watermites were collected from the river in a similar manner.
The two most abundant mite species showing predatory behaviour in the earlier
observations were selected for experiments: Hygrobates jluviatilis (Strom) and
Lebenia (Pilolebenia) porosa Thor.

Blackfly larvae require clean flowing water and an appropriate food supply to
survive. Therefore, experiments were ron using the following appara,tus. This
comprised a tray of 2mm thick glass 45cm x 30cm, slightly tilted and placed such
that water overflowing from the tray poured ayer a lip 3cm high and into a
recirculation tank from where it was pumped back to fue top of the tray. Cells were
constrocted from large glass microscope slides and measured 7 .5m long by 5cm
wide by 5cm high. The front and back ofthe cells were covered in fine mesh (2¡.tm)
to permit the through-flow of water. Six cells were lined up across each tray, in
one or more rows (6 or 12 cells in total) to give identical experimental chambers
for confining miles and simuliids together.

Methylene blue dye was used to show uniformity of flow characteristics of each
cell and to calculate the current speed afilie apparatus which Tan at a flow Tale of
47 cm3 sec-l. The water in fue system was replaced each day with fresh river water
to supply fue simuliid larvae with food and to remove metabolic waste. Experiments
were ron at ambient temperatures.
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iii) Experimental procedures

Mortality of Simulium larvae was avoided by replacing control and experimental
larvae on a daily basis. Watermites were not so sensitive and remained in situ for
fue duration of each experimento Death of simuliid larvae due to mite predation was
determined by inspection oflarvae under a dissecting microscope. The victims of
mite attacks all bofe a distinct puncture mark on the soft parts of the body, which
when gently squeezed, allowed the escape of body contents. Mites were never
observed feeding from dead Simulium larvae, thus, death by predation could be
differentiated from death by other causes.

Two size classes oflarvae were used in fue experiments: smalllarvae were second
and third instars with head capsule lengths ofO.37-0.54 mm. Large larvae were
generally sixth instar with head capsule lengths oro. 75-0. 86 mm and with obvious
histoblasts. Head capsules were measured from the most anterior point between
the cephalic fans to the posterior dorsal edge of the head capsule during a calibrated
eyepiece graticule to an accuracy of 1.2 x 10-2 mm.

Experimental

Experiment 1.. Rate oi predation oi large and smalllarvae by Hygrobates fluviatilis
and Lebertia porosa.

In this experiment, 15 blackfly larvae of different size classes were placed in each
cell together with 5 female watermites of one particular genus. Two lines oí cells
were set up in the tray. Smalllarvae were placed in the first row of cells: 2 cells
contained H. jluviatilis, 2 cells contained L. porosa, and 2 cells were left as controls
(simuliid larvae only). Large larvae were placed in fue second line of cells together
with mites of each species as for the'smalllarvae. The position of each type of cell
was randomized across the rows.

The experiment was ron for 6 days and repeated for H. jluviatilis alone with a
5-day ron. Thus, theLebertia results are for 2replicates, whereas the Hygrobates
results are based on 4 replicates for 5 outof6 days. Water temperatures during this
period ranged between 19-23°C.

Experiment 2: Differential attack of small and large larvae by individual Hygrobates
fluviatilis females.

H. fluviatilis females were confined individually in cells containing 5 small (second
and third instar) and 5large (sixth instar) larvae. Larvae were replaced each day
as usual, and the daily mortality of each instar was recorded. A total of 9
experimental and 3 control cells were set up in two randomized rows of 6 cells.
The experiment ran for 5 days. Water temperatures ranged from 21-23°C.

Results

Three species ofwatermite, out of seven species examined, clearly showed predatory
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