Fine-tuned distribution of feather mites (Astigmata)  on the wing of birds: the case of blackcaps Sylvia atricapilla
Roger  Jovani and David  Serrano
The distribution of feather  mites (Astigmata)  along the wing of passerine birds could change dramatically within minutes because of the rapid movement of mites between feathers. However, no rigorous study has answered how fine-tuned is the pattern  of distribution of feather mites at a given time. Here we present a multiscale study of the distribution of feather  mites on the wing of non-moulting blackcaps  Sylvia atricapilla in  a  short  time  period  and  at  a  single  locality.  We  found  that   the  number   and distribution of mites differed  among  birds,  but  it was extremely similar  between the wings of each bird.  Moreover,  mites consistently  avoided  the first secondary  feather, despite  that  it is placed  at  the centre  of the feathers  most  used by them.  Thus,  our results suggest that feather mites do precise, feather-level decisions on where to live, contradicting the  current  view that  mites  perform  ‘‘mass’’,  or  ‘‘blind’’  movements across wing feathers.  Moreover,  our findings indicate that  ‘‘rare’’ distributions are not spurious  data  or sampling errors,  but  each distribution of mites on the wing of each bird is the outcome of the particular conditions operating on each ambient-bird-feather mite  system  at  a  given  time.  This  study  indicates  that  we  need  to  focus  on  the distribution of feather mites at the level of the individual bird and at the feather level to improve  our understanding of the spatial  ecology of mites on the wings of birds.
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Feather    mites   (Astigmata)   live  permanently  on   the surface  of the  flight feathers  of birds  (‘‘vane mites’’ in Dabert  and  Mironov  1999), constituting  the most common  kind  of  bird-mite  associations   (Proctor   and Owens  2000).  Birds  provide   feather   mites  with  the substrate  (feathers),  the food (oil and detritus,  Dubinin
1951, OConnor 1982), and the dispersal opportunities (when birds are in contact, Blanco et al. 1997, Jovani and Blanco 2000) between suitable habitat  islands (birds). Feather  mites also  receive the warm  temperature from the body of the bird, and also the external environment conditions  that  are modulated  by the behaviour  of the bird (Dowling et al. 2001). As ectotherms,  feather  mites are very sensitive to environmental conditions,  changing their distribution across the wing feathers of birds when environmental  conditions   became  unsuitable   (Dubinin

1951, Wiles et al. 2000). This is especially apparent in bird  species with  similar  feather  structure  among  pri- mary, secondary and tertial wing feathers, such as passerines,   because   individuals   of  the   same   feather mite species could potentially  inhabit  all feathers  of the wing (Dubinin  1951, Wiles et al. 2000). In such bird species, the distribution of feather  mites show dramatic changes between seasons, and even within minutes, concentrating on  different  parts  of the  wing (Dubinin
1951, Wiles et al. 2000). Moreover,  mites falling down together  with a moulted  feather will surely die (Dubinin
1951),  and   mites  act  accordingly   by  escaping   from feathers   that   are  about   to  be  moulted   (Jovani   and Serrano 2001), even distributing themselves on wing feathers not normally occupied during the non-moulting period (unpubl. data). Therefore, the distribution pattern
of feather mites on the wings of passerine birds is highly dynamic  and  seems  mainly  modulated   by  mite  beha- viour, rather  than by different reproduction and survival rates of mites on different feathers.
Our knowledge about  the distribution of feather mites on non-moulting birds has not advanced  much from the seminal monograph by Dubinin  in 1951. Nowadays, it is still thought  that the patterns  of distribution of feather mites are the result of ‘‘mass’’, or ‘‘blind’’ movements of mites across wing feathers due to abiotic factors such as temperature,  wind  turbulence   and  humidity   (Dubinin
1951, Choe  and  Kim  1989, McClure  1989, Wiles et al.
2000). This has caused current  research on feather mites distribution to be addressed  at the level of the group  of feathers  (i.e.  primaries,   secondaries  and  tertials),  and with rough scores of mite abundance on each feather, because only ‘‘wave’’ movements of mites are expected to occur   among   great   zones   of   the   wing.   Therefore, although  we are starting  to know some of the potential factors  that  could be shaping  feather  mite distribution, we neither  know  at  which  scale  feather  mites  decide where to live, nor how fine-tuned  is this behaviour.  The aim of this study  was to understand how fine-tuned  is the distribution pattern  of feather  mites, posing a novel theoretical   background  on  the  study  of  their  spatial ecology on  the  wing of  birds.  For  these  purposes,  we made a multiscale approach to study the patterns  of the distribution  of  feather   mites  on  the  wings  of  non- moulting birds, searching for consistent patterns in the distributions among birds and between the wings of each bird.

coefficient (r) estimates the fraction  of total  variance  of the  number   of  mites  attributable  to  bird  identity  or feather  position,  respectively. This coefficient was easily calculated as the division between the variance of the number of mites between both wings of the same bird, or between   pairs   of  symmetric   feathers,   and   the   total variance   of  the  number   of  mites  among   birds   and feathers  using the ‘‘variance components’’ tool  in SPSS
11.0. Significance of r coefficients was calculated with a one-way ANOVA (see Lessells and Boag 1987 for further details). Since the analyses of the consistency of the distribution of mites within birds could have been influenced by the absence of mites on the first primary of all studied birds (Fig. 2), we analysed our data  either considering,  or not considering  this feather.
Results
All the 49 blackcaps  inspected harboured feather  mites. Despite  of the fact that  there  was a high variability  in mite load (median (range) = 175 (8 — 566)), the number of mites was highly repeatable  between both  wings of each bird  (r = 0.95, F1,48 = 43.27, P B 0.0001, Fig. 1). In the same  way,  the  distribution of  feather  mites  along  the wing differed among birds (Fig. 2), but their distribution was very similar between the wings of each bird at the feather level, both when considering all feathers (median (range)  r = 0.63 (0.22 — 0.93), F1,18 = 4.44 (1.57 — 19.67), P = 0.001 ( B 0.001 — 0.1680)) and when disregarding  the first  primary  feather  (median  (range),  r = 0.61  (0.20 —
Methods
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We captured  49 blackcaps  Sylvia atricapilla  from 10 to
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18 hours  on 7 and 19 December 2001 by means of mist nets  placed  along  the  side  of  the  river  Corbones   (La Puebla  de Cazalla,  SW Spain,  37808?N,  05815?W),  in a
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low-mountain zone dominated  by patches  of cultivated
 
   fields  and  olive  forests.  After  capture,   we  kept  birds individually   in  cloth   bags,   and   then   banded   them, examined  them  for  feather  mites,  and  finally  released them. One of us counted,  one by one, all individuals  of Proctophyllodid feather  mites  (may  be more  than  one species) occurring  on the ventral  surface  of each flight feather  (i.e. primaries,  secondaries  and  tertials)  of both wings of each bird with the help of a 10 x lens, exposing
the wing to the ambient  light.
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We tested  whether  the  number  of feather  mites was more similar between both  wings of the same bird than among birds with the r intraclass correlation coefficient. The   same   approach  was   conducted    for   each   bird separately  to test the consistency  of the distribution of
feather  mites at the feather  level between the right  and the  left  wing  of  each  bird.  The  intraclass  correlation

Fig. 1.  Number of feather mites on the right vs. the left wing of blackcaps.
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Fig. 2.  Number  of feather mites on each feather of the right (continuous line) and left wing (discontinuous line) of each of the 49 blackcaps studied. The 19 feathers are ordered consecutively on the x-axis from the tip of the wing (outermost primaries) at the left, to the inner wing feathers (tertials) towards  the right. First  secondary  location  is indicated  with a vertical mark on the x-axis.
0.90),  F1,17 = 4.15  (1.50 — 18.34),  P = 0.002  ( B 0.001 —
0.200),  see Fig.  2). It  should  be  noted  that  these  are conservative   measurements   of  the  consistency  of  the distribution of mites, since slight differences of the total
 
   number  of  mites  between  wings  probably   reduced  the repeatability    estimates.   Moreover,    low   r-coefficients occurred  only on  those  birds  with  less than  200 mites (Fig.  3),  indicating  that  statistical,  but  not  biological reasons,  are behind low r-estimates  in some birds.
Although  birds showed different distribution patterns
of  feather  mites,  the  mites  tended  to  concentrate on central wing feathers (Fig. 2). However, feather mite distribution showed an apparent avoidance  of the most central  wing feather  (first secondary,  Fig.  2). We performed  Wilcoxon matched-pairs signed-rank  tests to compare the number of mites on each first secondary feather   with  the  neighbouring   feathers,   to  ascertain whether  this  pattern   was  consistent  among  birds.  As
expected, we found that the first secondary harboured consistently  less mites  than  the  two  adjacent  feathers (Table 1).

Fig. 3.  Relationship between the total  number  of feather  mites on each bird and  the intraclass  correlation coefficient r of the distribution of feather mites on both wings. Significant and non- significant r coefficients are denoted in black and white dots, respectively.
Table  1.  Wilcoxon  matched-pairs signed-rank  tests to  analyse the discontinuity  of the distribution of feather mites on the first secondary  of  the  49  blackcaps   studied.  S1 = first  secondary (outermost  secondary),   S2 = second   secondary,   P10 = tenth primary  (innermost  primary).
Wing
Right 
Left
P10 vs. S1   Z =— 5.230, P B 0.0001   Z =— 5.384, P B 0.0001

P10 > S1   37                                        41

P10 B S1   5                                          5

P10 = S1   7                                          3

S2 vs. S1     Z =— 4.146, P B 0.0001   Z =— 3.935, P B 0.0001

S2 > S1     32                                        33

S2 B S1     6                                          10

   S2 = S1     11                                         6
Discussion

The distribution of mites differed greatly among  black- caps,  even  with  some  birds  having  a  distribution  of feather mites completely opposite to others. This is especially interesting  because this study was done using non-moulting individuals  of the same bird  species, at a single location,  and  during  a short  study  period.  How- ever, the number  and  distribution of feather  mites were highly  consistent   between  both   wings  of  each  bird, showing for the first time that feather mites distribute themselves in the same way on both wings of a given bird at a given time. Therefore,  ‘‘rare’’ distributions in a given bird-feather  mite system are not  spurious  data  or sampling errors, but the precise outcome of particular conditions  operating  at a given time. Therefore, we claim that  the study of the distribution of feather  mites at the individual  bird  level will surely provide  new insights to the mites spatial ecology on the wing of birds, thus being a more promising approach than the study of average distributions of  mites  in  different  bird  populations or species.
Feather   mites  were  found  on  all  the  flight  feathers
except on the first primary, but the mites tended to concentrate on the central  wing feathers  of most of the studied  blackcaps.  Surprisingly,  mites  consistently avoided the first secondary,  which is placed in the centre of the most  occupied  feathers.  This suggests that  mites could avoid an adverse punctual  phenomenon acting on one feather,  irrespective of favourable  conditions  acting on contiguous  feathers. In the case of the first secondary, some of the possible explanations could be attributed to the aerodynamic  particularities of this feather, and the friction between the ventral surface (where the studied mites occurred) of the first secondary with the dorsal surface of the innermost  primary when the bird folds the wings.  Flight  feathers  of  passerine  birds  offer  feather mites   a   relatively   homogenous   habitat   in  terms   of structure   among  contiguous   feathers  (Dubinin   1951). Thus,  morphological differences between these feathers


seem not to be the reason  behind  the observed  pattern. For  whatever  reason,  this  discontinuity,  together  with the highly consistent distribution of mites within birds, indicates that feather mites have fine-tuned patterns of distribution on the wing of birds.
Overall, the conclusions of this study contrast with previous interpretations of how feather mites distribute themselves across the wing of birds. Feather  mite distribution has been traditionally thought  to be shaped by rough  environmental factors  (e.g. low temperatures and  high  humidity)  producing   ‘‘blind’’  movements  of mites across the wing (McClure 1989, Wiles et al. 2000). We have previously demonstrated that  feather  mites are able  to  differentiate   among   feathers   that   have  been moulted   recently,  feathers  about   to  be  moulted,   and non-moulted feathers  (Jovani  and  Serrano  2001), and here we have shown a highly repeatable  pattern  of distribution  of  feather   mites  within  birds,  even  with sharp  differences  between  contiguous   feathers.  There- fore,  a feather  level approach, together  with individual mite counts, has proven to be a fruitful way to unravel intriguing  patterns  in the  distribution of feather  mites that otherwise would have been unnoticed.  This impose a drastic methodological turn in the study of feather mites, advocating  for individual counts, and statistical analyses carried out at the feather level, because fine-tuned individual  decisions  and  not  ‘‘blind’’ movements  seem to be behind feather  mite distribution.
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