
2004. Proceedings of the Indiana Academy of Science 1 1 3( 1 ):26—32

EFFECTS OF LOW pH AND HIGH TEMPERATURE
ON HATCHING AND SURVIVAL OF THE WATER MITE

UNIONICOLA FOILI (ACARI: UNIONICOLIDAE)

Dale D. Edwards: Department of Biology, University of Evansville, Evansville,
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ABSTRACT. Adult females, larvae, and eggs of the water mite Unionicola foili were removed from

their host mussel Utterbackia imbecillis, and their tolerance to varying pH (4.1, 5.2, 7.0, and 7.8) and

temperature (25°, 33°, and 38° C) was examined. Longevity of adult U. foili was significantly reduced at

pH 4.1, whereas survival of larvae was significantly reduced at pH 5.2. Hatching of mite eggs was

unaffected by exposure to low pH. Survival of adult mites was significantly reduced when exposed to

increasing temperature treatments. Larval mites experienced a significant decrease in survivorship at 33°

C, but exposure to higher temperature yielded no further changes in longevity. Egg hatching was not

affected by exposure to increasing temperature. Although eggs of U. foili were comparatively more resis-

tant to low pH and elevated temperature than adults or larvae, the reason for the observed differences

remains to be tested. Overall, U. foili were fairly sensitive to low pH and elevated temperature. Active

stages of U. foili appear to be more vulnerable to pH changes than their adult host mussels, making them

useful biomonitors of acute exposures to acid-contaminated waters.
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Water mites of the genus Unionicola (Ac-

ari: Unionicolidae) are common symbionts of

freshwater mussels of the family Unionidae.

Their life cycle is complex and includes lar-

vae that leave a host mussel and undergo a

brief parasitic phase with chironomid dipter-

ans. Following this association, larvae re-in-

vade a host mussel and undergo developmen-

tal transformation that is typical of

acariformes, eventually becoming sexually

mature adults. The extent to which members
of the genus depend on host mussels is vari-

able. Some species are free-living as nymphs
and adults, using mussels only as a site for

oviposition and post-larval developmental

transformations. Other species are obligate

symbionts of their bivalve hosts.

Although there is a substantial amount of

information pertaining to the tolerance of their

insect (Thornton & Wilhm 1974; Jernelov et

al. 1981; Pascoe et al. 1989) and mussel hosts

(Holwerda & Veenhof 1984; Pynnonen 1990;

Keller & Zam 1991) to a variety of environ-

mental conditions, there is very little known
about the effects of environmental stress on

unionicolid water mites. With the exception of

a few biological monitoring studies (Scullion

& Edwards 1980; Kowalik & Biesiadka 1981;

Rundle 1990; Biesiadka & Kowalik 1991; Ci-

colani & Di Sabatino 1991) and a laboratory

study by Rousch et al. (1997), the physiolog-

ical ecology of water mites as a group is lim-

ited. The lack of information on the tolerance

of water mites to changing environmental

conditions is disconcerting because field stud-

ies suggest that water mites are sensitive to

acid stress (Rundle 1990) and organic pollut-

ants (Cicolani & Di Sabatino 1991) and thus

may be useful as indicators of pollution.

The present study addresses the tolerance of

various developmental stages of the water

mite Unionicola foili to changes in pH and

thermal stress. Adults of this species are com-
mon symbionts of freshwater mussels of the

genus Utterbackia (Unionoida: Unionidae).

Larval U. foili typically occur in parasitic as-

sociation with midges (Diptera; Chironomi-

dae). Unionicola foili was selected for study

because of its broad distribution and high

prevalence and abundance with mussels and

chironomid midges in the southeastern and

midwestern United States.

METHODS
Study animals.—Unionicola foili was ob-

tained from a population of Utterbackia im-

becillis that was collected from Butler's Pond,
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Figures 1, 2.—Survivorship curves of Unionicola foili at four values o\~ pH. 1. Adult L\ foili: 2. Larval

U. foili. Percentage based on n = 24-25.

a 4 ha farm pond located in Perry County,

Indiana (37°56'N, 86°43'W). Mussels were

collected from May to July 2000 when mite

larvae were emerging from host gill tissue. In

the laboratory, adult U. foili were removed
from their host mussels and were washed sev-

eral times in artificial pond water (APW)
(Dietz & Alvarado l

c)70). Onl\ females were

isolated because they are substantial!) more

abundant than males (Dimock 1985), Larvae

and eggs were obtained by teasing apart hosts"

gills in petii dishes containing APW and
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Table 1.—The in vitro survivorship (mean ± SE) of adult and larval Unionicola foili at four values of

pH. // = sample size.

Adult mites Larval mites

treatment Longevity (days) Range n Longevity (days) Range n

4.1 7.2 ± 1.9 1-31 25 1.4 ± 0.1 1-3 24

5.2 24.1 ± 2.3 4-44 24 3.8 ± 0.4 1-7 24

7.0 24.4 ± 2.2 9-49 25 7.6 ± 0.8 2-15 24

7.8 31.3 ± 3.2 5-52 24 8.4 ± 0.9 2-16 24

washing them several times in this medium.

Adults, larvae, and eggs were kept in APW at

25° C for no longer than 24 h prior to use.

pH tests.—To test the sensitivity of U. foili

to changes in pH, adult and larval mites were

placed individually in wells of a flat bottom

tissue-culture well plate (1.5 cm i.d.) contain-

ing 3 ml of APW adjusted to one of four pH
levels: 4.0, 5.2, 7.0, 7.8. Each well was ex-

amined daily until it contained a dead mite.

Larval and adult mites were defined as dead

when they did not respond to tactile stimula-

tion.

Treatment solutions were prepared and

stored in 1000 ml Erlenmeyer flasks. To min-

imize pH drift, stock solutions were adjusted

with a 1 mol solution of sulfuric acid or so-

dium hydroxide every 24 h. Preliminary tests

with no animals indicated that pH levels in the

well plates fluctuated between 0.2—0.8 pH
units over a 48 h period. Test solutions in each

of the wells were replaced with freshly ad-

justed APW every 24 h.

TO

PH

Figure 3.—Hatching of Unionicola foili eggs ex-

posed to four values of pH. Percentage based on //

= 24.

The longevity of 24-25 adult and larval U.

foili was monitored in each test solution. In

an effort to test females of similar ages, only

those individuals with approximately the same
body length (1.10-1.30 mm; mean = 1.18 ±
0.01 SE, n = 96) were selected for study. Lar-

vae were used in assays if they had metamor-

phosed from prelarvae within 24 h of their

removal from host gill tissue.

The potential effect of different pH levels

on the eggs of U. foili was assessed by mon-
itoring the percentage of eggs that hatched at

pH levels 4.0, 5.2, 7.0, and 7.8. Twenty-four

eggs were placed individually into wells con-

taining 3 ml of pH adjusted APW and each

well was examined daily for the presence of

free-swimming larval mites. Treatment solu-

tions used for pH tests were prepared, adjust-

ed, and replaced following the procedures out-

lined above for assays involving larval and

adult mites.

Thermal tests.—To test the effects of ther-

mal stress on U. foili, adult and larval mites

were placed individually in 20 X 30 mm
open-ended plastic tubes fitted with 200 u,m

Nitex® mesh as a floor. The plastic tubes were

fitted into a Plaskolite® rack (12 tubes/rack)

and immersed in a 22 X 20 X 14 cm clear

acrylic plastic C'Plexiglas®") chamber con-

taining approximately 4 1 of APW held at 25°

(control) 33°, or 38° ± 0.2° C. The plastic

tubes were positioned in the rack so that the

bottom half of the tubes was immersed in wa-

ter. At the beginning of each assay, adult and

larval mites were exposed to water at 25° C.

Temperatures in the chamber were adjusted

and maintained by a constant-temperature, cir-

culating water bath (Neslab Model RTE-1 1 1).

Equilibrated APW was pumped into the

chamber using a peristaltic pump, and an air-

stone was introduced into the chamber to pro-

vide continuous aeration. Experimental tern-
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Figures 4, 5.—Survivorship curves for Unionicola foili at two experimental temperatures (35° and 38
c

C) and one control temperature (25° C). 4. Adult U. foili; 5. Larval U. foili. Percentage based on n = 24.

peratures were achieved within approximately microscopic examination b\ placing the tube

25 min of pumping equilibrated APW into the in a 50 ml glass vial containing APW from
Plexiglas® chamber. the Plexiglas^ chamber. The longer it> of 24

The contents of each tube were examined adult and Larval U. foili was monitored at each
daily, using a stereoscopic microscope, for the temperature.

presence of dead mites. Temperature of water Tolerance of the eggs of U. foili to thermal

in the plastic tube was held constant during stress was determined by monitoring the per-
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Table 2.—The in vitro survivorship (mean ± SE) of adult and larval Unionicolafoili at two experimental

and one control (25°C) temperature. // = sample size.

Temperature

(°C)

Adult mites Larval mites

Longevity (days) Range n Longevity (days) Range //

25 17.0 ± 1.2 1-31 24 11.4 ± 0.7 1-15 24

33 11.3 ± 0.9 5-21 24 2.8 ± 0.4 1-7 24

38 4.1 ± 0.4 5-28 24 3.2 ± 0.2 1-5 24

centage of eggs that hatched in APW held at

20°, 33° and 38° ± 0.2° C. For each temper-

ature, 24 eggs were placed individually in 20

X 30 mm open-ended plastic tubes fitted with

200 \xm Nitex® mesh as a floor. Following

the same procedures used to monitor larvae

and adults, tubes containing eggs were ex-

amined daily for the presence of free-swim-

ming larval mites. Water in the Plexiglas®

chamber was equilibrated and aerated follow-

ing the procedures outlined above.

Data analysis.—Analysis of variance (AN-
OVA) was used to compare the longevity of

adult and larval U. foili exposed to the various

pH and temperature treatments. Multiple com-
parison a posteriori tests were conducted us-

ing a Tukey's honestly significant difference

(HSD) test (Zar 1999). The LT50 and LC 50 val-

ues for U. foili for each exposure treatment

were calculated using the Kaplin-Meier sur-

vivorship analysis (SPSS Inc. 1993). A Chi-

square analysis was used to compare the

hatching success of mite eggs in the pH and

temperature treatments (Zar 1999).

RESULTS

pH tests.—In vitro survivorship of adult

and larval U. foili from different pH treat-

ments is presented in Table 1 . Adult mites

lived significantly fewer days in pH 4.1 when
compared to other pH treatments (ANOVA, F
= 16.5, elf = 3, P < 0.001, Tukey's HSD).
Despite an apparent increase in survivorship

at pH 7.8 (Fig. 1), there were no significant

differences in the longevity of mites for this

treatment when compared to pH 5.2 and 7.0.

Exposure of adult U. foili to pH 4.1 had a

median LC
5()

of 3 days. Adult mites experi-

enced 50% mortality at pH 5.2, 7.0, and 7.8

after 23.5, 22, and 32.5 days respectively.

The longevity of larval U. foili was signif-

icantly lower at pH 4.1 and 5.2 when com-
pared to the other pH conditions (ANOVA, F
= 23.4, df= 3, P < 0.001, Tukey's HSD; Fig.

2). Exposure of larval mites to pH 4.1 and 5.2

yielded 50% mortality within 1 and 3 days,

respectively. Survivorship improved dramati-

cally in the other treatments, with the median

LC 50 occurring after 8.5 days in pH 7.0 and

6.5 days in pH 7.8.

The hatching success of U. foili eggs at dif-

ferent pH levels is illustrated in Fig. 3. Hatch-

ing of eggs was unaffected by pH (x
2 = 1.4,

df= 3, 0.50 < P < 0.75).

Thermal tests.—The longevity of adult

and larval U. foili at different temperatures is

presented in Table 2. There were significant

differences in the longevity of adult mites in

the three temperature treatments (ANOVA, F
= 49.5, df = 2, P < 0.001, Tukey's HSD).
Overall, adult U. foili exhibited diminished

survival when exposed to increasing temper-

ature (Fig. 4). Exposure of adults to 25°, 33°,

and 38° C resulted in 50% mortality within

16.5, 11, and 4 days, respectively.

The longevities of larval U. foili at the 33°

and 38° C were significantly lower when com-
pared to the 25° C exposure (ANOVA, F =

101.9, df= 2, P < 0.001, Tukey's HSD). Sur-

vivorship curves for larval mites indicated

that the survival of U. foili was greatly re-

duced at 33° C, while exposure to 38° C had

no apparent effect (Fig. 5). Larvae experi-

enced 50% mortality at 25° C after 12 days.

Exposure to 33° and 38° C resulted in an LT50

of 2 and 4 days, respectively.

The hatching success of mite eggs at 25°,

33°, and 38° C was 100% (24 of 24), 96% (23

of 24), and 79% ( 19 of 24), respectively. Tem-
perature had no effect on egg hatching (x

2 =

1.1, df= 2, 0.50 < P < 0.75).

DISCUSSION

Unionicola foili were reasonably sensitive

to low pH, but sensitivity did vary somewhat

with stage of development. Eggs were unaf-

fected by low pH, and mite larvae appeared

to be more sensitive than adults. These results
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differ somewhat from those of Rousch et al.

(1997) who found that low pH had similar ef-

fects on the survival of larvae and adults of

the water mite Arrenurus manubriator. The

reason for the greater relative sensitivity of

larval U. foili to low pH is uncertain. Rousch

et al. (1997) reported that deutonymphs of A.

manubriator were more sensitive than adults

to low pH and suggested that their relative

tolerances could be due to differences in the

number of genital acetabula they possessed.

Genital acetabula, which presumably function

in osmoregulation among water mites (Alberti

& Bader 1990), are considerably more nu-

merous in adults than deutonymphs (Rousch

et al. 1997) and therefore could provide them

with greater osmoregulatory potential. Al-

though female U. foili have a relatively large

number (n > 30) of acetabula in their genital

region (pers. observ.), the larvae, which lack

a genital opening, possess none. Most larval

water mites do, however, possess Claparede

organs at the base of legs I and II that pre-

sumably serve the same function as acetabula

(Alberti & Bader 1990). Unfortunately, the

extent to which either of these structures play

a role in ion regulation among adult and larval

U. foili has not been investigated, making it

difficult to comment on their osmoregulatory

potentials and their contributions to the tol-

erances of adult and larval mites to low pH.

The reason for the greater relative tolerance

of U. foili eggs to low pH is also unknown.
Rousch et al. (1997) found that hatching of

eggs of A. manubriator was unaffected at pH
4, but significantly reduced at pH 3. In addi-

tion, Rousch et al. (1997) suggested that the

gelatinous covering associated with A. manu-
briator egg masses may enhance their toler-

ance to low pH. This hypothesis was sup-

ported by the observation that the gelatinous

coating on mite eggs became opaque and

gummy when exposed to pH 3. Eggs of V.

foili are different from those of A. manubria-

tor in that they are deposited singly rather

than in clusters. Whether they are covered in

a gelatinous matrix reminiscent of A. manu-
briator and to what extent it may serve to pro-

tect them from increased exposure to H + ions

remains to be tested.

Thermal tolerance of adult U. foili followed

classic patterns, with diminished survival ac-

companying exposure to increasing tempera-

ture. Interestingly, larval mites experienced a

significant decrease in survivorship at 33° C.

with exposure to higher temperature yielding

no further changes in longevity. Why larval

U. foili were relatively more sensitive to in-

creasing temperature than adults is presently

unknown, but may reflect size-related differ-

ences in thermal tolerance. The overall size of

adult female U. foili (body length = 1 .36 mm
± 0.02 SE, n = 186; body width = 0.80 mm
± 0.01 SE, n = 186) (Edwards 1993) is sub-

stantially greater than that of newly emerged

larvae (body length = 0.36 mm ± 0.01 SE, n

= 20; body width = 0.22 mm ± 0.01 SE. n

= 20) (Edwards & Dimock 1995). The effects

of temperature on the longevity of adults or

larvae have not been reported for any other

species of water mite. An increase in temper-

ature had no effect on hatching of U. foili

eggs. Whether some type of encasement or

coating on the eggs may contribute to their

tolerance, as was suggested for the tolerance

of eggs to low pH, remains to be tested.

Adult and larval U. foili appear to be fairly

sensitive to low pH and elevated temperature,

with larval mites exhibiting greater sensitivity

than adults. Although there are no compara-

tive data for exposure to temperature, the re-

sults of this study for pH are consistent with

field studies indicating that water mites are

sensitive to low pH (Scullion & Edwards

1980; Rundle 1990). Interestingly. Larval and

adult U. foili appear to be more vulnerable to

pH changes than their adult host mussels

(Pynnonen 1990; Machado et al. 1988) and

are equally as sensitive as juvenile stages (Di-

mock & Wright 1993). making them useful

biomonitors of acute exposures to acid-con-

taminated waters.
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