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ABSTRACT

The results of a 4 year project investigating species of mites infesting wing primary feathers
on 21 species of Passeriformes are reported. The majority of species were identified as
belonging to the genus Proctophyllodes Robin, 1877 with one new host record. In addition
Pteronyssoides obscurus Berlese 1884 was found on European swallows, also a new host
record. A novel method to enable quantification of mite intensities without causing harm
to the birds was devised and evaluated. This relied on visual inspection of wing primary
feathers and assignment of subjective infestation scores to individual feathers, the sum of
the individual scores comprising the primary feather total mite infestation score (PTMIS).
Comparisons between species revealed that birds could be grouped into four categories
depending on their infestation intensity with mites. Swallows, sand martins and green-
finches showed the highest prevalence and most intense infestations (mean PTMIS > 6.8).
Blackbirds, blackcaps, serins, goldfinches, Cetti’s warblers, great tits and house sparrows
showed moderate levels of infestation with prevalence in the range 60—-90.9% but a mean
PTMIS lower than in the former group (1.6-5.8). The third group comprised Sardinian
warblers, nightingales and short-toed tree creepers and was characterized by a prevalence
of mites %40% and a mean PTMIS of 0.6-1.4. The final group, representing wrens,
chiffchaffs, fan-tailed warblers and waxbills were without detectable mites, the only
exception being wrens on which mites were identified in only three birds of the 32 sampled.
These results are interpreted in the light of published information and possible explana-
tions for the observations are discussed.

Key words: Birds, feather mites, prevalence, intensity of infection, Proctophyllodes, P.
pinnatus, P. troncatus, P. sylviae, P. serini, P. clavatus, P. stylifer, Pteronyssoides obscurus.

INTRODUCTION

The study of the biology and ecology of ectoparasitic arthropods of wild
birds, particularly wing feather mites, has been relatively neglected in
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recent years apparently for several reasons. With the exception of domes-
tic fowl there is little evidence that feather mites cause pathology or
indeed any detectable loss to bird fitness and, hence, they do not repre-
sent parasites of economic importance (Evans et al. 1961). The taxonomy
of relevant species is still incompletely understood and their differentia-
tion at the species level is difficult, relying for the most part on the size
and number of setae and the structure of the male genitalia (Trouessart,
1885; Atyeo and Braasch, 1966). Much of our knowledge about the
different species is still based on reports published in the 1800s (Canestrini,
1886), some of which are difficult to trace, although many new species
have been described since (Bonnet and Timon-David, 1932; Fritsch, 1961;
Atyeo and Perez, 1988, 1990) and a considerable effort has been made in
recent years to unravel the relationships between the higher taxa and to
establish their phylogeny (Atyeo and Braasch, 1966; Faccini and Atyeo,
1981; Gaud, 1981; Atyeo and Perez 1990; Atyeo, 1992). Lists have been
published of mite species from individual or groups of host species (Hull,
1934; Radford, 1953; Hollander 1956). Some authors have reported on
host specificity (Cerny, 1973; Atyeo and Perez, 1990) and on site selection
among different regions of the body (Dubinin, 1951; Fitzpatrick and
Threlfall, 1977; Choe and Kim, 1988), in relation to feather types (Peter-
son, 1975; Perez and Atyeo, 1984) or regions of the feather (Atyeo and
Perez, 1988; Choe and Kim, 1989). Nevertheless, the population dynamics
of these parasites, seasonal changes in infestation rates (McClure, 1989),
their ecology in relation to other ectoparasites (Choe and Kim, 1987a,b)
and differences in prevalence of infestation between host species (Wheeler
and Threlfall, 1986; McClure, 1989) in relation to host ecology (Atyeo and
Gaud, 1979) or social behaviour (Poulin, 1991; Poiani, 1992) have been
less well documented.

However, the biology and ecology of feather mites deserves more
attention because (1) the appearance of harmlessness in parasitic associa-
tions has often turned out to be misleading on detailed investigation
(Cooper and Bundy, 1988; Booth et al. 1993), (2) the wide variation in
mite infestation and diversity within and between species demands expla-
nation and (3) there are strong theoretical reasons for supposing that both
ectoparasites and endoparasitic infestations have been important in the
evolution of host external appearance and behaviour (Hamilton and Zuk,
1982; Read, 1990; Clayton, 1991b; Mgller, 1991; Wedekind, 1992).

This paper reports on a 4 year study, conducted in Portugal, in which
wing and breast feather mites were identified and the former quantified
using a subjective scoring system, developed during initial pilot investiga-
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tions. We present data to show that the technique can be used reliably to
quantify the intensity of infestation and that it is based on a direct positive
relationship with actual mite numbers. Data are presented comparing 21
bird species and the pronounced differences in infestation rates which
were detected are discussed.

MATERIALS AND METHODS

Study site

The project was carried out over 14 days in mid April in 1990-1993. The
work was conducted as part of the Department’s Terrestrial Zoology Field
Course and was carried out by second year undergraduate students under
the strict supervision of academic staff. Most birds were caught at the
Quinta de Sao Pedro in Sobreda near Lisboa, but two other sites were
also used with the landowner’s permission. These were the Quinta Niza,
approximately 3 km further southeast and Pancas, a site near the Tejo
estuary where the species range sampled earlier at Sobreda was extended
with the addition of waxbills (Estrilda astrild), sand martins (Riparia
riparia), Cetti’s warblers (Cettia cetti), nightingales (Luscinia megarhyn-
chos) and a single stonechat (Saxicola torquata). Throughout the study
close contact was maintained with the Centro de Estudos de Migragoes e
Protecgdo de Aves (CEMPA) and the techniques used were approved by
that organization for the study.

Capture and treatment of birds

All the birds were caught in standard mist-nets. Birds were handled in
accordance with British Trust for Ornithology (BTO) established proce-
dures (Spencer, 1984), by trained, licensed bird ringers.

Examination of birds for mites

Initial pilot studies established that it was not possible to conduct a
thorough search of all feathers for mites without causing distress to most
birds. Examination was therefore limited to all ten wing primary feathers
on the left wing. In consequence, the data which we present cannot be
regarded as reflecting total mite burdens for the birds. However, since
sampling methods were consistent throughout the study, each bird being
sampled in exactly the same manner, the data are likely to reflect the
relative prevalances and intensities of infestations with reasonably accu-

racy.
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On completion of morphometric measurements, the left wing of each
bird was extended and held up to ambient light. The complete length of
the primary feathers was exposed, primary covets and under wing covets
being moved gently aside if necessary and both sides of each feather were
examined by eye. Feather mites were visible along the shaft of each
infested feather and in more intense infestations running along the barbs
and barbules. It was thus possible to examine each of the ten primaries
and to ascertain which carried mites in a consistent and rapid manner
without undue distress to the birds. Such data were collected during all 4
years.

With experience it also became possible to compare the intensities of
infestation on individual feathers using a novel procedure, based on a
modification of that reported by McClure (1989). This involved a subjec-
tive scoring system in the range 0-3, where 0 represented feathers which
were not detectably infested, 1 represented feathers with some mites
congregating around the feather shaft (usually at the mid-shaft /base) and
little or no evident spread to barbs, 2 represented feathers with mites
along at least 50% of the length of the feather shaft and some limited
spread to the barbs and 3 represented feathers in which mites were
observed packing the feather shaft and extending along the barbs. Thus
each of the ten feathers was given a subjective score and a total was
calculated by adding all the individual scores. In this way a maximum
possible score for a bird was 30. This was termed the primary feather total
mite infestation score (PTMIS). In order to calibrate this subjective score
with actual mite counts we regularly sampled feathers (never more than
one primary from an individual bird) and counted the total number of
mites with the aid of a dissecting microscope. These mites were preserved
in 70% ethanol and 5% glycerol and mounted in Berlese’s fluid for
subsequent identification and description. Data of this type were only
collected in 1991-1993, although samples of mites from earlier years were
also preserved for taxonomic purposes.

Identification of mites

Feathermites of the genus Proctophyllodes Robin, 1868 were identified
using the keys of Atyeo and Braasch (1966) and other genera using Zumpt
(1961) and Dubinin (1951, 1953, 1956).

Statistical procedures
Where appropriate, the data are presented as the prevalence of infesta-
tion (% of birds infected). The mean + the standard error of the mean
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(sem) and the median values are given for the number of infested feathers
and the PTMIS. Non-parametric statistical procedures were employed
because ordinal data, showing overdispersed distribution, were involved.
Correlations between variables were examined with the Spearman rank
order correlation test and r, values are given as appropriate. For probabil-
ities, p values < 0.05 were considered to be significant, unless multiple
analyses were undertaken, in which case a p < 0.025 was considered to be
significant in order to prevent type I errors. The coefficient of skewness
(g,) was calculated by standard procedures.

RESULTS

Species and numbers of birds examined

A total of 473 birds of 21 species were caught and examined for wing
feather mites. Table 1 shows the number of each species examined. It is
evident from these data that blackcaps (n =138) and house sparrows
(n=95) were the two dominant species sampled. Some species were
caught in very small numbers and for this reason the quantitative parasite
data given subsequently for blue and long-tailed tits, fan-tailed and garden
warblers, sand martins, stonechats and waxbills should be treated with a
degree of caution since in each case fewer than five individuals were
sampled.

Species of mites recovered

It was not possible to check the identity of each specimen but samples
from the host species showing most frequent infestations were examined
and the majority of feather mites collected from the primary wing feathers
were of the genus Proctophyllodes Robin 1868 (Table 2). Eggs,
protonymphs and tritonymphs were also found but the vast majority were
adults (deuteronymphs are absent in all feather mites). One species from
the genus Pteronyssoides Hull, 1931 was also identified: this was Preronys-
soides obscurus Berlese 1884 (Faccini and Atyeo, 1981) from the swallows
(a new host record).

Prevalence of infestation with wing primary feather mites

Of the total sample of 473 birds examined, 300 (63.4%) were infssted with
feather mites on wing primary feathers (Table 3). Only swallows, sand
martins and greenfinches showed 100% prevalence of wing feather mites.
A moderately high prevalence (> 50%) was also observed among gold-
finches, serins, Cetti’s warblers, blackcaps, blackbirds and house sparrows
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TABLE 1

Number of birds of each species examined (1990-1993) and infested with feather mites on primary

wing feathers

J. M. BEHNKE ET AL.

Family and species Common name Number Number
examined infested
Certhiidae
Certhia brachydactyla Short-toed
treecreeper 15 3
Estrildidae
Estrilda astrild Waxbill 4 0
Fringillidae
Carduelis carduelis Goldfinch 53 40
Carduelis chloris Greenfinch 21 21
Serinus serinus Serin 1 10
Hirundinidae
Hirundo rustica Swallow 5 S
Riparia riparia Sand martin 3 3
Silviidae
Cettia cetti Cetti’s warbler 10 7
Cisticola juncidis Fan-tailed
warbler 4 0
Phylloscopus collybita Chiffchaff 9 0
Sylvia atricapilla Blackcap 138 116
Syluvia borin Garden warbler 1 0
Sylvia
melanocephala Sardinian warbler 36 8
Turdidae
Luscinia megarhynchos Nightingale 5 2
Saxicola torquata Stonechat 1 0
Turdus merula Blackbird 21 18
Parida
Aegithalos
caudatus Long-tailed tit 2 1
Parus caeruleus Blue tit 2 1
Parus major Great tit 5 3
Passeridae
Passer domesticus House sparrow 95 59
Troglodytidae
T. troglodytes Wren 32 3

but in each species some birds were without detectable feather mites. The
three species of Paridae showed >50% prevalence but the numbers
sampled were very low. At the opposite extreme fan-tailed warblers,
chiffchaffs and waxbills, stonechats and garden warblers were not infested.
However, wrens, of which 32 were sampled, also ranked among the species
showing very low prevalence, with mites only being detected on three
birds.
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TABLE 2

The more common species of mites found on birds in the study

Host species Common name Mites

C. carduelis Goldfinch Proctophyllodes pinnatus (Nitzsch, 1818)

C. chloris Greenfinch Proctophyllodes pinnatus (Nitzsch, 1818)

S. serinus Serin Proctophyllodes serini Atyeo & Braasch, 1966

H. rustica Swallow Pteronyssoides obscurus Berlese 1884*

S. atricapilla Blackcap Proctophyllodes sylviae Gaud, 1957

S. melanocephala Sardinian warbler Proctophyllodes clavatus Fritsch, 1961*
Proctophyllodes sylviae Gaud, 1957

T. merula Blackbird ProBgiphyliodes sp®

P. major Great tit Proctophyllodes stylifer (Buchholz, 1869)

P. domesticus House sparrow Proctophyllodes troncatus Robin, 1877

T. troglodytes Wren Proctophyllodes stylifer (Buchholz, 1869)

*New host record.
®Not identified beyond genus, possibly new species.

Number of feathers with detectable mites

Table 3 shows the mean and the median number of primaries affected for
each species. The mean values closely reflected the prevalence rates.
Thus, swallows, sand martins and greenfinches had the highest mean
number of infested feathers. The species showing intermediate prevalence
rates (blackcaps, house sparrows, goldfinches, blackbirds, Cetti’s warblers,
great tits and serins) had mean values in the range 1-4.4. The relationship
between the prevalence and mean number of affected feathers across
species was highly significant (r, = 0.96, n = 22, p < 0.001).

Primary feather total mite infestation score

The relationship between scores assigned to feathers and the actual
number of mites on feathers which were selected for detailed microscopi-
cal inspection is illustrated in Fig. 1. As expected there was a strong
positive relationship (r, = 0.785, n = 154, p < 0.0001).

The mean values for primary feather total mite infestation scores
(PTMIS) for each species are given in Table 3. It should be noted that
sample sizes were smaller than in the data presented earlier because
PTMIS were only collected in 1991-1993. It is evident from the data that
greenfinches carried the most intense mite infestations as reflected in a
mean PTMIS of 12.3 and a median score of 14.5. As in the earlier
analyses, swallows and sand martins had high PTMIS values (> 6). The
validity of using PTMIS was established by the highly significant positive
relationship across species between the mean PTMIS and the prevalence
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TABLE 3

Allocation of bird species to four categories according to prevalence and intensity of infestation

Species n Prevalence  Number of infested feathers® PTMIS®

Mean + SEM Median n Mean + SEM  Mediar

Group 1: high prevalence and intensity of infestation

C. chloris 21 100 6.7+0.5 8 14 123+ 1.7 14.5
R. riparia 3 100 47+12 4 3 77+18 7
H. rustica 5 100 64104 7 4 6.8+ 0.6 7
Group 2: moderate prevalence and intensity of infestation

S. serinus 11 90.9 28+06 2 9 33407 4
T. merula 21 85.7 44+07 5 18 58+12 5
S. atricapilla 138 84.1 34402 3 92 4.6+05 3
C. carduelis 53 755 25+03 2 40 3.0+£05 2
C. cetti 10 70.0 22+06 3 10 35+1.0 4
P. domesticus 95 62.1 32403 2 79 56+08 3
P. major 5 60.0 1.0+ 04 1 5 1.6+ 0.7 2
Group 3: low prevalence and intensity of infestation

S. melanocephala 36 222 07+02 0 25 13+05 0
L. megarhynchos 5 40 1.0+ 0.6 0 5 14110 0
C. brachydactyla 15 20 05+04 0 13 0.6+05 0
Group 4: negligible prevalence and intensity of infestation

T. troglodytes 32 9.4 02+0.1 0 26 03+0.2 0
P. collybita 9 0.0 0.0 0 5 0.0 0
C. juncidis 4 0.0 0.0 0 2 0.0 0
E. astrild 4 0.0 0.0 0 4 0.0 0

Species for which n <3 in 1990-1993 have been excluded from this table.
*Data based on 1990-1993.
bPrimary feathers total mite infestation score. Data based on 1991-1993.

of mites (r, = 0.955, n =22, p <0.001) and the mean number of feathers
with evident mites (r, = 0.986, n = 22, p < 0.001).

Frequency distribution of mites

Frequency distributions for the number of wing primaries with evident
mites and PTMIS for blackcaps, house sparrows, goldfinches and green-
finches are shown in Figs 2 and 3, respectively. Although the most heavily
infested birds were found among the house sparrows with two birds
carrying scores in excess of 20, the negatively skewed distribution of the
number of feathers with evident mites (g, = —0.71) and PTMIS (g, =
—0.398) among greenfinches is clearly evident.

Allocation of bird species to overall infestation categories
On the basis of all the observations made during this project we were able
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Fig. 1. Relationship between the subjective score (range 0-3) allocated to a feather and
the actual number of mites attached based on microscopical inspection (r,=0.785,
n =154, p <0.0001).

to allocate birds to four quite distinct categories as shown in Table 3.
There was little overlap in values between these groups.

DISCUSSION

The approach which was used to quantify wing feather mites, was based
on a novel procedure in which the method originally described by Mc-
Clure (1989) was adapted to enable quantification of feather mite infesta-
tions and their subsequent statistical analysis. It was developed because of
the difficulties involved in determining total mite infestations on live birds
without rendering harm to the birds themselves. All of the birds in our
study were ringed and released after our measurements had been taken
and the handling time was minimal. Many were subsequently recaptured
in the same year and in following years and none showed adverse effects
of handling.

We concentrated on the primary feathers because these can be easily
and conveniently examined during the brief period to which we were
restricted when handling birds. However, feather mites also live among
the secondary and tertiary wing feathers, covets and in other sites includ-
ing the tail and body plumage. Quantification of infestations among the
secondary and tail feathers is possible with the present system, but
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Fig. 2. Frequency distribution for the number of infected feathers in blackcaps (n = 138),
house sparrows (n = 95), goldfinches (n = 53) and greenfinches (n = 21).

requires extension of the bird handling time, but not among body plumage
and covets because these cannot be examined in situ. Whenever possible
we scrutinized feathers removed from these latter sites but, overall,
feather mites were rarely encountered in these alternative locations.
Therefore, although our data do not quantify total mite infestations, we
believe that they reflect and therefore are indicative of overall infestation
intensities with mites. Our technique was accurate and repeatable, sam-
pling feather mite populations in a semi-quantitative manner to provide
information on mite infestations in individual hosts and in species of birds.

We attempted to identify the representative specimens from each bird
species infested by mites. The majority of feather mites were of the genus
Proctophyllodes and belonged to the ‘pinnatus’ group (Atyeo and Braasch,
1966), characterized by a genital sheath supported by a heavily sclerotized
ring. Proctophyllodes pinnatus (Nitzsch, 1818) is found on a wide range of
avian hosts from Europe, Asia, North Africa and Central and North
America and our detection of this species on greenfinches is consistent



ECTOPARASITIC FEATHER MITES ON BIRDS FROM PORTUGAL 453

A . Sylvia atricapilia 33 p

« Passer domesticus

012345678 9I1t0111213141516171819 01234567 89I100112131415161718192021222324252627

37 ¢ 1 D, carduetis chtori
C. Carduelis carduelis - Carduelis chloris

No. of birds

3

01 2 3 4 5 6 7 8 9101112131415 16 0 1 23 45 6 7 8 9 0111213141516 17 181920

Primary feathers total mite infestation score (PTMIS)

Fig. 3. Frequency distribution for PTMIS in blackcaps (n = 92), house sparrows (n = 79),
goldfinches (n = 40) and greenfinches (n = 14).

with other reports (Atyeo and Braasch, 1966). Proctophyllodes troncatus
Robin 1877 is generally restricted to birds from the genus Passer and
hence our identification of this species on house sparrows is not unex-
pected. Proctophyllodes sylviae Gaud, 1957 is restricted to the two species
on which we found it, Sardinian warblers and blackcaps (Gaud, 1957).
Proctophyllodes clavatus Fritsch, 1961 is more wide ranging on European
birds and our discovery of this species on the Sardinian warbler consti-
tutes a new host record. Proctophyllodes stylifer (Buchholz, 1869) is gener-
ally restricted to birds from the family Paridae but slides in the Trouessart
collection indicate that the species was found on ‘Troglodytes europeaus’
(synonym of Troglodytes troglodytes) (Atyeo and Braasch, 1966) and our
data confirm that this species does indeed occur on wrens. Pteronyssoides
obscurus Berlese 1884 has been reported on various martins and African
swallows but never previously on the European swallow, although this is
not surprising in view of the migratory behaviour of European swallows
(Zumpt, 1961).

The semi-quantitative methods enabled five related measures of infesta-
tion to be used in comparisons across species. All of these supported each
other in so far as birds which showed a high prevalence of infestation,
were also those which had the most infested feathers and which gave the
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highest PTMIS. The only exception to this generalization were the house
sparrows which had a prevalence of infestation of 62.1% and yet had the
fifth highest PTMIS in the study, with a mean value of 5.6. The explana-
tion for this is clearly apparent from Figs 2b and 3b which emphasize the
complex distribution of the PTMIS in house sparrows: there was a peak of
birds among the low-intensity infestation levels and then birds with a
range cf mite loads with some carrying the most intense infestations
detected in our study. This is an interesting finding in its own right, for
which we offer several possible explanations. Firstly it is conceivable that
despite our inability to distinguish more than one species affecting house
sparrows, there may have been several with one species showing a high-in-
tensity infestation in only a proportion of birds whilst the others presented
lower levels of infestation. Secondly it is possible that genetic differences
between individual house sparrows resulted in two infestation phenotypes,
one susceptible to mites and the other resistant. There is ample precedent
from studies of genetics of resistance to other parasites to make this
suggestion feasible (Wakelin and Blackwell, 1988), although we do not
know of any data suggesting that adaptive immunity can control wing
feather mites. It is equally likely that behavioural differences, which might
also be attributed to a heritable genetic component, led to the complex
distribution pattern. Impaired preening, arising through experimental
intervention affecting the bill (Booth et al. 1993), genetically determined
abnormalities or accidental damage (Clayton 1991a) may result in the
accumulation of high ectoparasitic burdens on birds. Finally, it could be
that the two groups represented different communities of house sparrows,
occupying different habitats (e.g. farm land versus urban environment)
which intermingled in our study sites. We cannot offer a definitive
explanation but it is hoped that future work will elucidate the explanation.

Finally, our conclusion that the birds which we sampled could be
grouped into four categories based on the intensity of mite infestations
also warrants some explanation. It is quite apparent from our data that
swallows, sand martins and greenfinches showed 100% prevalence. Poulin
(1991) reported that group-living species were more likely to show a high
prevalence of feather mites than solitary species but there was no statisti-
cal support for this conclusion from our study. Moreover, two of the birds
in the top category were insectivores (sand martins and swallows) and the
other a granivore, so the explanation for variable mite infestations cannot
reside solely in feeding strategies either. However, it is also quite apparent
that the birds carrying low-intensity infestations or not infested at all,
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were, with one exception, all insectivores. The only exception was the
waxbill, an introduced species in Portugal, the four specimens sampled in
this study having no detectable mite infestations. Other granivores such as
goldfinches, serins and house sparrows ranked in the intermediate group,
showing moderate levels of prevalence and intensity of infestation. If
there is an explanation to be found in the mode of feeding it might relate
to the bill shape in relation to insectivorous and granivorous feeding
strategies; insectivores may be more efficient at cleaning their feathers
from mite infestation. While swallows and sand martins are insectivores,
they are aerial plankton feeders with a very different bill morphology from
the other insectivores in this study; their wide gape and short bill length
could make preening difficult. However, Mgller (1991) found that swallows
were almost mite free except on the head where they cannot preen (86%
of mites were located on the head). This suggests that they remove mites
efficiently elsewhere on the body, but we cannot comment further on this
disparity between our observations and those of Mgller (1991) since our
inspection of swallows was confined to wing feathers. It may also be
pertinent that Clayton and Cotgreave (1994) concluded that no relation-
ship between bill morphology and ectoparasite burden existed in the case
of feather lice, birds compensating for inefficient bills by increased
grooming with their feet.

An additional /alternative explanation for the mite intensity groupings
may be that the population dynamics of mite species on specific hosts
differ with maximum infestations being achieved at other times of the
year, possibly in relation to climatic changes, the breeding or moulting
cycles, availability of food or even migration. Indeed data to support
season-dependent cycles in the prevalence of feather mites, movement on
birds from wings to body feathers in relation to humidity and even
circadian cycles with peak activity in the dark phase have been reported
previously (McClure, 1989). Our study was conducted for only a 2 week
period in each of four successive Aprils and it may be that some of the
bird species showing low infestation rates have more intense infestations
at other times of the year, although from April the climate in Portugal
becomes hotter and drier and on the basis of McClure’s (1989) data we
would expect wing feather mite loads to decline towards mid-summer.
This possibility will only be resolved when our study is extended to
continue throughout the year and data become available for complete
annual cycles of mites on each host species, a project which we intend to
initiate soon. Furthermore, since all the birds were ringed it will be
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possible to compare infestation levels on birds which are recaptured in
successive years and this will also aid in building a picture of the
population dynamics of these parasites.

Whatever the explanation for the groupings, the results reported in this
paper were derived from a novel approach to the study of bird wing
feather mites and have already revealed interesting comparisons between
species, which have not been reported previously. Our findings pose
several intriguing problems which will require further investigation and
analysis.
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