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Definitions of Phoresy.

Phoresy is perhaps the most widespread, yet most misunderstood, form of commensalism.
Derived from the Greek meaning ““ to carry or bear ”’, phoresy was first defined by LESNE (1896)
as follows :

We will call phoresy all phenomena of transport in the strict sense, that is, those cases in which the
transport host serves its passenger only as a vehicle.

]

He also implied, by referring to detachment at the “ destination ", that phoresy is of a tem
porary nature only.

As examples of this phenomenon, LESNE listed sphaerocerid flies attaching to dung beetles,
triungulin beetle larvae attached to Hymenoptera, various mites and pseudoscorpions on insects,
cryptophagid beetles on Hymenoptera, and silphid beetles on mice.

JaNET (1897 ; cited in WHEELER, 1919) published a more comprehensive list of phoretic asso-
ciations in six different categories. In addition to examples previously given by LEsNE, these

included :

1. Some myrmecophilous beetles which attach themselves to foraging ants and feed on
the ant prey.
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2. A few species of mites which apparently cause the ant to regurgitate food while attached
to the ant.

3. Indirect phoresy, as seen in mites which attach themselves to ant larvae and pupae
which are in turn transported by the ants.

4. A sort of obligate phoresy, as, for example, ants carrying their own young.

All four categories seem remote from LESNE’s definition, but, with the exception of cate-
gory 2, are not specifically excluded by it.

The next major addition to the phoresy literature was by DEEGENER (1917) who attempted
to provide definitions for every conceivable inter- and intraspecific relationship. He defined
phoresy, which he called ““ symphorium *’, as follows :

One animal species settles, without becoming a parasite, on the outer body surface of another animal
species, without the occurrence of a mutualistic (reciprocal) relationship between the carried and the
carrier.

Although they both used the same Greek root, DEEGENER's definition differs from LESNE’s in several
important respects, and it is not entirely clear from the examples he gave that he was referring
to precisely the same phenomenon as was LESNE. In addition to such familiar examples as mites
on beetles and triungulin larvae on bees, he included attachments of a permanent nature inclu-
ding barnacles on whales and sessile Protozoa on arthropods. Moreover, he used the same term
elsewhere in his article to refer to association between two sessile species such as clams attached
to other clams or barnacles on clams. Since the value of his term is considerably diminished
by this dual meaning, it is suggested by the authors that the term “ symphorium ” no longer be
used.

Unfortunately, several subsequent workers (VAN SoMEREN and McManox, 1950 ; NOBLE
and NOBLE, 1964) used the term *“ phoresy " in the sense of DEEGENER’s ** symphorium . Thus,
the same term has been applied to two quite different associations, one involving a normally
active species temporarily attaching to another larger, and generally more mobile, species and
the other involving a sessile animal settling permanently (or, in the case of black fly larvae, for
the duration of the larval life) on another animal. (JANET used the term for some specialized
associations in social insects which do not fit either definition, but which probably should not
be considered phoretic in any case.)

“ Phoresy " cannot be used for two quite different associations and remain a useful term.
Moreover, it is readily apparent that LEsSNE (1896) intended to restrict use of the term to tempo-
rary associations only, though his definition was unfortunately vague. Therefore, a new, more
rigid, definition is proposed by the authors :

Phoresy is a phenomenon in which one animal actively seeks out and attaches to the outer surface
of another animal for a limited time during which the attached animal (termed the phoretic) ceases both
feeding and ontogenesis, such attachment presumably resulting in dispersal from areas unsuited for
further development, either of the individual or its progeny.

This definition, slightly modified, was initially proposed by Farisu (1965). It follows logically
from the definition and examples of LESNE (1896). As such it includes primarily instances of
wingless animals of limited mobility (triungulin beetle larvae, nematodes, mites, and pseudos-
corpions) attached to winged hosts but also includes winged species (scelionid wasps on mantids,
cryptophagid beetles on bees) being carried to the oviposition site or nest of the host. In either
case, dispersal is from areas unsuited for further habitation, though this lack of suitability may
refer either to the individual or to its progeny. Although the wingless species lie in wait, rather
Acarologia, t. XIII, fasc. 1, 1971. 2
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than actively pursue a host, the fact is that they are responding to some specific stimulus produ-
ced by the host and in this sense can be said to ** seek out " a carrier.

Finally, by substituting the passive term ** dispersal ”’, this definition does away with the
term ** transport " and the teleologic implication it has of directed movement to some “ destina-
tion . “ Transport ”’ can be used only in an a posteriori sense and there is, of course, a priori
no guaranty that the phoretic will in fact reach a suitable area.

Phoresy as a Phenomenon.

Phoresy is common throughout the Arthropoda, but is found in other phyla as well, notably
the Nematoda (PoiNar, 1964) and the Mollusca (BUTTNER, 1953). In any case, phoresy is most
common in species living in rapidly changing environments, such as manure, and/or in species
which have limited mobility. However, there are certain exceptions, particularly among
the higher insects. A rather different and unusual type of phoresy occurs in the hymenopteran
family Scelionidae, all of which are egg parasites. The adult females land on their orthopteran
host and remain attached to it until the host lays its eggs, at which time the wasps oviposit in
their host’s egg case before the shell can harden (Lanuam and Evaxs, 1958). Banks (1g9r11),
FERRIERE (1026), and SEGUY (1950) reviewed other instances of phoresy in Insecta, and Vacnox
(1941) and KARISILA (1949) gave extensive reviews of phoresy in pseudoscorpions.

In the Acarina, there are basically four main types of phoresy. First, there is the largely
unspecialized type, as in the Macrochelidae, in which the adult females are the only forms to
become phoretic and attachment is by means of the chelicerae, which grasp a seta or a fold of
the integument. The second type is represented by the Parasitidae, and in these mites the deu-
tonymph (stage immediately preceding the adult) is phoretic. In the Parasitidae, the molt to
the adult is evidently stimulated by the presence of fresh manure (Rapp, 1959), and the percen-
tage phoretic rate will presumably rise as the manure ages, since the potentially phoretic deuto-
nymph stage will persist without further maturation. There is generally no cheliceral or sucker
attachment in this group, the mite instead hanging on by its ambulacral claws. The third type
is represented by the Uropodidae, which are similar to the second group in that the deutonymphs
are phoretic. However, in this case, attachment to the host is by means of an anal pedicel.
A substance is extruded through the anus which hardens upon coming in contact with air and
literally glues the mite to its host (Faascn and ScHALLER, 1966). Fourth, there is the type,
exemplified by the Acaridae, in which there is a very highly modified deutonymph stage, called
an hypopus, which only occurs at certain times, presumably when environmental conditions are
no longer suitable for mite habitation. The hypopus is simplified morphologically, has many
sucker-like discs for efficient attachment, and is much more resistant to desiccation than are other
stages of the life cycle.

Phoretic attachment of mites, which generally takes place on insect hosts, was the source
of considerable controversy in the past. It is a rather common phenomenon in the Acarina,
and was first mentioned by LinNatUs (1758). Generally, however, this attachment was regar-
ded as an example of parasitism, (SHAwW and NODDER, 1794, provide an exception), and in cer-
tain groups the problem of proper ecological designation exists today. Thus, although TroUES-
SART (1902) determined the true phoretic nature of the Uropodidae, which formerly (MASKELL,
1893 ; SmITH, 1902) were regarded as parasites, and MEGNIN (1874) determined the true status
of the hypopus, which was previously considered a separate genus, there are many other similar
problems, involving relationships of uncertain status, remaining to be solved in the Acarina.



It is very likely, therefore, that the number of known instances of phoresy in mites will rise as
these cases involving uncertain relationships are examined in detail.

Previous Investigations of Phoretic Behavior.

Since previous investigations of phoretic behavior are limited both in number and in expe-
rimental detail, the need for further work is readily apparent. These investigations may be
reviewed briefly. In non-arthropods, Poixar (1964) speculated that a diminishment of the bac-
terial food of the nematode Pelodera acarambates caused the nematode to ensheath on the dorsum
of certain mites, and contact with areas of adequate food caused exsheathment. In cases invol-
ving mites, HULL (1917) hypothesized that detachment of phoretic Parasitus coleoptratorum mites
was motivated by hunger, but offered no data to demonstrate the validity of his premise. PEREIRA
and de CasTrO (1947) showed that a 1 9, ammonia solution would cause detachment of the mite
M. muscaedomesticae from house flies. On the other hand, GREENBERG (1961) found that many
hypopi of the mite Myianoetus muscarum (Anoetidae) on Muscina stabulans remained attached
to the fly despite repeated visits to CSMA and postulated that many must ultimately die. HarL
(1959) conjectured that the hypopi of Histiostoma laboratorium (Anoetidae) were able to attach
to flying insects by being stimulated by the air currents created by wing movement. GREEN-
BERG and CARPENTER (1960) reported that Myianoetus muscarum hypopi were attracted to the
anterior end of Muscina stabulans puparia, and that attractivity was retained when pupae were
killed in cyanide or washed with acetone, but was lost when pupae were boiled in water or dried
in air.

By far the most extensive and significant data, however, were by Rarr (1959) who inves-
tigated the phoretic deutonymphs of Parasitus coleopiratorum. His work is described in detail
in the Discussion. However, since this is the only extensive investigation of phoresy in mites
(or any other organism), additional studies of other phoretic species, particularly species with
different hosts and/or different phoretic stages, seem justified. Partly because it meets theses
criteria and partly because of its ease of rearing, its importance as house fly predator (AXTELL,
1963), and the rather complete knowledge of its biology (see Farisn and AXTELL, 1966), Macro-
cheles muscaedomesticae proved an ideal subject for phoretic investigation.

MATERIALS AND METHODS.

M. muscaedomesticae were reared in a mixture of fresh cow manure, CSMA (Chemical Special-
ties Manufacturers Association) medium (Ralston Purina Co.) which had previously been used
to raise house fly larvae, and vermiculite ina 3 : 2 : 1 ratio. The mites were fed house flyv eggs
which were previously frozen to prevent hatching.

Comparisons of the frequency of phoresy were made in four categories of experiments :

1. The phoretic attachment rates in the presence of different substrates or with aged vs
fresh samples of the same substrate.

2. The attraction of mites to chemicals possibly present in manure and to manure extracts.

3. The detachment rate of phoretically attached mites in the presence of different subs-
trates or with aged vs fresh samples of the same substrates.

4. The phoretic attachment rate on dead vs immobile house flies.
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All experiments were conducted in a rearing room at 27°C and 50 9, relative humidity on
a table with a surface illumination of 150 ft. candles.
In testing substrate effects the following were compared :

Test 1 — Cow manure aged 6 months in (a) a 35°C controlled temperature cabinet, (b) a green-
house, (c) a 24°C controlled temperature room, and (d) a freezer.

Test 2 — (a) Cow manure aged 6 months in the laboratory, (b) old manure from a pasture and (c)
fresh manure.

Test 3 — (a) l-wk-old cow manure, (b) fresh chicken manure, (c) CSMA freshly mixed with
water, and (d) vermiculite.

Test 4 — CSMA media mixed with water and aged in the laboratory for up to 6 wks.

Test 5 — (a) Freshly mixed CSMA medium, (b) CSMA medium that had been used to rear house
flies, (c) CSMA medium infested with fly larvae, and (d) vermiculite.

Test 6 — Chicken manure aged in the laboratory for up to 7 wks.

Test 7 — (a) Fresh chicken manure, (b) water soluble extract from chicken manure and (c)
acetone soluble extract from chicken manure.

The substrates to be tested were placed in the bottom of the emergence apparatus previously
described (Farisa and AXTELL, 1966). Twenty-fives mites were then placed on the substrate
and then house flies (immobilized by low temperature exposure) were added 30 min. later. After
10 min. the flies began emerging into the upper container, and after 30 to 60 min. the whole
apparatus was placed into a freezer. Counts were made of the mites attached to the flies after
all were frozen.

To determine the response of M. muscaedomesticae to various ammonia compounds, an olfac-
tometer and procedures previously described (FarisH and AXTELL, 1966) were used. Sub-
stances tested included urea, NH,NO,, and NH,OH at various concentrations.

To determine the effect of substrate on the detachment of mites from house flies, a modified
version of the standard WHO (World Health Organization) apparatus for testing insecticides
against adult mosquitos was used. This apparatus consisted of two clear plastic cylinders joined
together by a sliding plastic shutter such that when the shutter was open there was effectively
a single tube. This tube was modified by placing 50-mesh wire screen over one end and covering
the other end with blotting paper to provide a base for the substrate being tested. Each tube
could be removed from the shutter section.

The procedure in the detachment tests included the following sequence. Ten mites and
3 flies (the latter immobilized by low temperature exposure) were placed in the lower end of the
upright tube and the shutter closed for 30 min. to allow time for the mites to attach. The shutter
was then opened which allowed the flies to move into the upper chamber in response to an over-
head light. The shutter was closed and the number of phoretic mites determined by subtrac-
ting the number left in the lower tube from the original number (10). The test substrate was
added to the paper base of the lower tube, the shutter opened and the flies knocked down into
the lower chamber by striking the whole apparatus sharply on the table top. (This action did
not cause the phoretic mites to dislodge.) As soon as the flies were in the lower section the
shutter was closed and the flies allowed to remain with the substrate for 10 min. The shutter
was then opened which allowed the flies to return to the top section, leaving any detached mites
behind. The entire apparatus was next placed in a freezer until both mites and flies were dead.
Finally, the detached and attached mites were counted.

The emergence apparatus was also used to test the effects of fly condition on phoretic rate.



The procedure was essentially that described for substrate tests, except that the number of

flies used was reduced to 10. Two experiments were performed :

Test 1 — Three groups of flies were left in the freezer for (a) ro min. which killed all of them,
(b) 6 min. which killed approximately half, and (c¢) 4 min. which rendered them immobile
for several minutes but did not cause any mortality.

Test 2 — The same as above, except that all containers were placed back into the freezer as
soon as the flies showed the first sign of recovery.

RESULTS.

As shown in Table 1, the rate of phoresy was highest in cow manure aged in exposed situa-
tions in relatively high temperatures. The phoretic rate was significantly lower in manure which
was frozen and then thawed. The most obvious difference between the two was that the exposed
manure was much drier than was the frozen manure after thawing. In the second test, the pho-
retic rate was significantly higher in the presence of cow manure aged in the laboratory as compared
to fresh manure and manure of unknown age from a pasture (Table 1). Once again, the labora-
tory aged manure was much drier than the other samples.

TaBLeE 1. Number of phoretically attached adult female M. muscaedomesticae.
on house flies in the presence of different substrates.

Mean No.
Phoretic Mites !

Substrate

Experiment A*
Cow manure aged 6 months in :

Freezer 4.5 a
25°C Room 9.4 ab
35°C Cabinet 14.0 b
Greenhouse 16.2 b
Experiment B*
Cow manure :
Aged in field 6.0 a
Fresh 8.0a
Aged in Lab 6 months 17.8 b
Experiment C4
Fresh chicken manure 3.2 a
1-week-old cow manure 6.8 a
Fresh CSMA medium 10.5 b
Vermiculite 15.8 ¢

1. Within each experiment, means not followed by the same letter were significantly different at the 5 9
level (Duncan’s new multiple-range test).

Each replicate was 25 mites and 10 flies.

2. 11 replicates per treatment.

3. 5 replicates per treatment.

4. 12 replicates per treatment.
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Experiment D!
CSMA medium aged (weeks) :

0 (fresh) T200 4
T 15.0 a
2 11.8 a
3 12.8 a
4 16.8 a
5 10.8 a
6 13.5 a
Experiment E?
Fresh CSMA medium 8.z a
“Used” CSMA medium 10.2 a
CSMA medium and fly larvae II.2 a
Vermiculite 21,0 b
Experiment I3
Chicken manure aged (weeks) :
o (fresh) 3.7 ab
I 2.8 a
2 2.9 a
3 5.3 abc
4 g.0 bede
3 10.1  cde
6 13.0 de
7 14.4 e
Experiment G*
Fresh chicken manure 0.5 a
Water extract of chicken manure 4.8 b
Acetone extract of chicken manure 6.0 b

There was no significant difference in the phoretic rate in the presence of fresh chicken manure
and 1-wk.-old cow manure (Table 1). However, the phoretic rate was higher in the presence
of moistened vermiculite than with CSMA medium or manure CSMA medium freshly mixed
with water also resulted in a high phoretic rate. However, no significant differences were found
in the phoretic rate in the presence of CSMA medium -+ water aged for periods up to 6 weeks.
At all ages of the substrate the phoretic rate was high (Table 1). Other treatments of the CSMA
medium did not produce significant differences in the phoretic rate (Table 1). In this com pari-
son, the phoretic rate in the presence of moistened vermiculite was significantly higher than in
the presence of any form of CSMA medium.

The rate of phoresy increased in the presence of chicken manure aged for periods up to 7 wk.,
as shown in Table I.. The rate of phoresy increased rapidly when the manure was in the 3rd-
sth wk. of aging. After the manure had aged for 6 wk., there was little increase in the rate of
phoresy.

1. 4 replicates per treatment.
2. 4 replicates per treatment.
3. 4 replicates per treatment.
4. 4 replicates per treatment.



Some component of the chicken manure was thought to be attractive to the mites and when
present caused a low rate of phoresy. A water extract and an acetone extract of manure did not
duplicate the low rate of phoresy found in the presence of fresh chicken manure (Table 1). These
extracts did, however, cause a lower rate of phoresy than was typical of very dry manure.

Ammonia vapors from manure are easily noticed, but the mites were not attracted to similar
vapors from various concentrations of urea, NH,NO, and NH,OH (Table 2). At the highest
concentration of NH,OH the mites were repelled.

Table 2. Mean total number of adult female M. muscaedomesticae at ports
(with and without test materials) of olfactometer.
Based on sum of counts at 4 successive I5-min. intervals. 50 mites/test.

No. Mites at Fort Per Test

Chemical No. of Tests With Chemical Without Chemical
0.0I 9, urea 3 33 26
0.1 9% urea 4 35 65
I.0 Y urea 5 46 40
o.0o1r % NH,NO, 4 28 20
0.1 % NH,NO, 7 56 32
1.0 9% NH,NO; 4 33 39
o.o1r % NH,OH 3 28 20
0.1 9% NH,0H 8 53 34
1.0 % NH,OH 3 13 44

Detachment of the mites from the fly did not occur in the presence of dry filter paper and
occurred at a low level in the presence of 10-wk-old chicken manure. The detachment rate was
high in the presence of fresh manure and 5-wk-old manure. Detachment was uniformly high
in the presence of fresh chicken manure moistened in various ways, but did not occur in the pre-
sence of dry manure or NH,OH or in the absence of manure (Table 3).

TasLE 3. Percentage detachment rate of adult female M. muscaedomesticae
from house flies on different substrates.

Substrate Mean Detachment Rate'!

Experiment A?

Dry filter paper 0a
10-wk-old chicken manure 10 a
5-wk-old chicken manure 34 b
Fresh chicken manure 70 ¢

1. Within each experiment, means not followed by the same letter were significantly different at the 5 9
level (Duncan’s new multiple-range test). Each replicate was 10 mites and 3 flies.
2. 4 replicates per treatment.



Experiment B*
Dry filter paper

0 a
15 drops of water 0a
15 drops 1 9, NH,OH 0 a
Dry chicken manure 0a
Chicken manure -+ water 50 b
Chicken manure + 1 9%, NH,OH 60 b
15 drops water extract of manure 57 b
Fresh chicken manure 63 b

Mite attachment to living flies was significantly higher than attachment to freshly killed
flies. Attachment was also considerably higher on living, though immobile, flies than on freshly
killed flies (Table 4).

TABLE 4. Number of phoretically attached adult female M. muscaedomesticae
on house flies treated in different ways.

House Fly Treatment Mean No. of Phoretic Mites *

Experiment A*
Flies cold treated —

0 9%, mortality 8.0 a
Flies cold treated —

50 %, mortality 5.4 b
Flies cold treated —

100 9, mortality 2.6 ¢

Experiment B*
Flies cold treated —

0 9%, mortality 2.4 a

Flies cold treated —

100 9, mortality 0.4 b
DiscussionN.

It was difficult to demonstrate precise differences in the effect of substrate on the rate of
phoretic attachment by M. muscaedomesticae since manure samples varied from time to time.
It was clear, however, that gross differences in the condition of the manure affected the degree
of phoresy. Age of the manure was one factor but was not necessarily the only and may not
even be the major factor. The possibility of the phoresy rate being in part governed by factors

1. 5 replicates per treatment.

2. Within each experiment, means not followed by the same letter were significantly different at the 5 9,
level (Duncan’s new multiple-range test). Each replicate was 1o mites and 10 flies.

3. Experiment was concluded 30 min. after addition of flies ; 5 replicates per treatment.

4. Experiment was concluded approximately 2 min. after addition of flies (at first sign of recovery) ;
5 replicates per treatment.



intrinsic in the mites was not eliminated. It is conceivable that the age of the mites, nutritional
status, and population density affect the rate of phoresy.

The finding that the age of the manure affected the phoresy rate suggested that there is some
attractive substance or substances in the manure. Moisture loss is not by itself an adequate
explanation because the CSMA medium, although drying with age, did not lead to an increasing
phoretic rate. CSMA medium was found also not to be attractive to mites in the olfactometer.
In contrast to the lack of effect on phoresy by aging CSMA medium, the age of the chicken manure
was correlated with an increased rate of phoresy. Samples of the manure were taken throughout
the experiment and the percentage of moisture calculated. Fresh manure contained approxi-
mately 75 9%, water, and no loss occurred during wk 1. During wk 2, about 10 9, of the water
was lost. With additional losses of 20 9, in wk 3 and 15 9, in wk 4, the phoretic rate suddenly
rose sharply. However, the rise was much less over the last 3 wk when a total of only 15 9,
more water was lost. Thus, the correlation of increased phoretic rate with increased age of
manure can equally well be made with the drop in moisture content of the manure.

These opposing results with CSMA medium and chicken manure may be reconciled by the
hypothesis that there are attractive substances in manure which are water soluble and are rende-
red ineffective by precipitation as the manure dries. Concurrently, CSMA medium must lack
these attractive substances and consequently does not induce increased phoresy as it dries. The
preliminary experiment designed to extract such substance from manure with water and acetone
resulted in extracts which were not as effective as fresh manure in suppressing phoresy. The
low level of phoresy in the presence of these extracts suggested, however, that this approach
warrants further investigation. Whatever the attractive substances were in the manure they
were apparently not lost during the process of drying. The re-moistening of the manure caused
the mites to detach from the flies. The fact that the detachment rate decreased as the chicken
manure aged supports the converse data indicating that attachment (phoresy) increases as the
manure ages.

The observation by PErREIrA and de CAsTRO (1947) that 1 9 ammonia solution caused
detachment of M. muscaedomesticae from the house fly could not be confirmed. The mites were
not attracted to various concentrations to urea, NH,NO, and NH,OH. The apparent repelling
or irritating effect of 1 9%, NH,OH in the olfactometer tests could perhaps be interpreted as a
detachment stimulus but this was not substantiated in the actual detachment experiments.
Adding a 1 9, NH,OH solution to the dry manure did not increase the degree of detachment over
that produced by adding water and furthermore, NH,OH alone did not cause detachment. Ammo-
nia compounds were shown to affect the predatory behavior of M. muscaedomesticae (WALLWORk
and RODRIGUEZ, 1963) but do not appear to be responsible for regulating phoresy.

It was established previously (Farisa and AXTELL, 1966) that the mites are attracted to
adult house flies (live, frozen and mashed) as well as to fly pupae. Additional experiments indi-
cated that the mites would usually attach only to the living flies. This suggests that separate
stimuli are involved in the orientation of the mites to the fly and in the act of attachment. The
nature of the attachment stimulus is open to conjecture. Since mites attach to immobilized
flies much more readily than to freshly killed flies, presumably the attractant stimulus is not
simply movement on the part of the fly. It mays be CO, (tests to substantiate this were unsuc-
cessful due to anaesthetization of the mites), or even the movement of air in and out of the spis
racles, since the mites are often found in that vicinity. Warmth may play a part as it doe-
in the case of the tick Ixodes ricinus (LEES, 1948). Since the temperature gradient between the
environment and the homoiothermic tick hosts is much greater than that between the environ-
ment and the poikilothermic mite hosts, this is not likely to be a significant factor.
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The stimuli emitted by the fly must be in competition with the attractive stimuli emanating
from the manure. It is hypothesized that phoretic attachment takes place when the manure
attractiveness is less than that of the flies and detachment occurs when the manure attractive-
ness exceeds that of the flies. The identity of the attractive substances from the manure and
the house fly are unknown. Likewise the causes of the attractiveness of other insects for phore-
tic macrochelids is unknown. The common manure inhabiting macrochelids differ in their pho-
retic behavior (AXTELL, 1964).

It is worthwhile to compare phoresy in M. muscaedomesticae with the only other extensive
experimental study of phoresy, that of RapP (1959). His test animal was the parasitid mite
Parasitus coleoptratorum which is also a mesostigmatid mite though not closely related to Macro-
cheles muscaedomesticae. P. coleoptratorum is also a manure dweller, but in contrast to M. mus-
caedomesticae it 1s phoretic on dung beetles rather than flies and it is the deutonymphal stage
rather than the adult female which is phoretic.

Of the six substrates Rapp tested, he found a phoretic rate of 0.5 9%, in fresh manure and
45 % remoistened manure. He obtained approximately the reciprocals of these values in detach-
ment tests. In both instances, the mites were also markedly influenced directly by humidity,
some 44 %, detaching in moist filter paper. Rapp attempted no experiment to demonstrate
whether there was a gradualincrease in phoresy with age of manure. Presumably, however, because
of peculiarities in this species which are discussed below, there is a critical manure age before which
the deutonymphs molt normally and phoresy is minimal and after which the deutonymphs do
not molt and phoresy is frequent.

It is apparent from Rapp’s data that qualitatively, the control of phoresy in P. coleoptrato-
rum 1s similar to that in M. muscaedomesticae. This similarity is hardly surprising since both
species live in manure, which is suitable for mite colonization for a very limited period of time only.
However, there are important quantitative differences in the amount of phoresy (or detachment)
between the two species. TFirst, the attractive substance produced by the beetle which causes
phoresy is evidently not the same type of attractant produced by the fly since freshly killed beetles
are as attractive to P. coleoptratorum as living beetles whereas freshly killed flies are very much
less attractive to M. muscaedomesticae than are living flies. Second, phoresy is very high and
detachment very low in conditions of high humidity alone in M. muscaedomesticae whereas high
humidity itself has a considerable attraction to P. coleoptratorum. Third, remoistened manure
is almost as attractive to M. muscaedomesticae as is fresh manure whereas, on the basis of attach-
ment and detachment rates, remoistened manure is very much less attractive to P. coleoptrato-
rum than is fresh manure. Finally, manure of virtually any age or condition is somewhat attrac-
tive to M. muscaedomesticae, certainly much more attractive than wet filter paper, whereas even
manure which is only slightly aged is less attractive to P. coleoptratorum than is wet filter paper.

The most obvious explanation for these differences between P. coleoptratorum and M. mus-
caedomesticae would seem to hinge on the fact that different stages of the life cycle are the phoretic
forms in the two mites. RaPP (1959) demonstrated that, in the absence of fresh manure, deuto-
nymphs of P. coleoptratorum do not molt to adults. Therefore, the species survival is enhanced
by a * strong " beetle attractant, and only the odor of fresh manure is sufficient to cause a majo-
rity of the phoretically attached mites to leave the beetle.

The situation in M. muscaedomesticae is very different. Only adult female mites become
phoretic, and there is no molting stimulus provided by manure at any stage. If provided a suffi-
ciently moist environment and fly eggs for food, female M. muscaedomesticae will lay eggs which
ultimately hatch and become mature mites although they have never been in contact with manure.
The differences in phoretic behavior between these two species are correlated with the fact that






