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Abstract: Harrison’s Rule (HR) postulates a positive allometry between host and parasite body
sizes. We tested HR for Syringophilid quill mites parasitizing birds. Using host body mass and
parasite body length as size indices, this pattern was absent in the Syringophilidae family and the
Syringophilinae subfamily as a whole. However, when considering the parasite genera as units of
study, as proposed originally by Harrison, we found that host body mass positively correlates with
both male and female parasite body length in seven genera (Aulobia, Aulonastus, Neoaulonastus, Picobia,
Neopicobia, Syringophilopsis, and Torotrogla). Most of these relationships were non-significant. On the
contrary, male and female Syringophiloidus mites exhibited negative relationships with host mass
(both non-significant). This apparent contradiction disappeared when we applied wing length as an
index of host body size. Since species of this genus are specific to the host flight feathers (secondaries
and also primaries), wing length is a more meaningful index of host body size than body mass.
Overall, most cases corresponded to the positive direction predicted by Harrison when examined on
the genus level. This finding also implies a surprising reliability of the genus concept, at least in this
group of ectoparasites.
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1. Introduction

Body size is a fundamental property of organisms that affects most aspects of their
metabolism, behavior, and ecological relationships. For example, body size is directly
related to fecundity. In comparisons across large phylogenetic distances, the fecundity of
larger-sized animal taxa tends to be lower [1,2]. On the contrary, in intraspecies compar-
isons, larger organisms usually give birth to more offspring [3,4]. In parasites, larger body
size associated with increased metabolism and higher fecundity can also cause the higher
virulence of infections [5].

More than a century ago, Launcelot Harrison published an article about the feather
lice of kiwis, with a voluminous explanation of his views about the coevolution of birds
and lice [6]. He mostly speculated about the phylogenetic relationship between rails
(Rallidae) and kiwis (Apterygidae), which he erroneously presumed due to the presence
of the Rallicola spp. lice they are both infested by. Hidden in this lengthy and somewhat
rambling text, he stated the following;:

“...in general, when a genus is well distributed over a considerable number of nearly
related hosts, the size of the parasite is roughly proportional to the size of the host. ..”

Briefly, he recognized a positive relationship between host and parasite body sizes
in comparisons across species, presumed that the hosts are “nearly related,” and that
the parasites are congeneric. Unfortunately, “near relatedness” is not well defined, and
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similarly, the genus concept is also an arbitrary taxonomic artifact rather than an objective
criterium. Later authors called this relationship “Harrison’s Rule” (HR), although this is
more a hypothesis than a rule. Several studies verified it for diverse parasite taxa [7-13].

Our present study aims to test HR using a taxon of a most severely space-limited
avian ectoparasites, the quill mites (Syringophilidae). They are prostigmatic mites (Acari:
Acariformes: Prostigmata) strictly associated with avian (Vertebrata: Aves) hosts. Their
ancestors presumably appeared on feathered dinosaurs in the Early Jurassic [14,15]. All
species live and reproduce inside the feather quills (calamus) [16]. Due to a basal diver-
gence at an early stage of their evolution, they are divided into two subfamilies, which
exhibit different anatomic site (or “niche”, in a certain sense) specificity on the host body
surface [17]. Species of the subfamily Syringophilinae mainly inhabit the quills of secon-
daries. There can be two deviations from this niche: relatively small-bodied species tend
to also infest the wing coverts, while large ones can be found in the primaries. (Some
small-bodied Syringophiline genera, such as Aulonastus, Neoaulonastus, and some others,
may infest wing coverts and also body feathers [18]). By contrast, representatives of the
subfamily Picobiinae always infest the quills of body feathers (except for Calamincola [19],
which is not included in the present study).

Quill mites live a peculiar way of life. A fertilized female (or rarely two of them) enters
a developing feather’s calamus through the superior umbilicus opening [20]. This opening
closes soon, and the female will produce a single (rarely more) male and several female
offspring in this enclosed capsule. Then, the brother(s) fertilizes the sisters, and the next
generation still lives enclosed in the same quill. After the grandchildren of the founding
mother also fertilized each other, and mites basically fill the whole cavity of the calamus,
fertilized females disperse to search for developing new feathers either on the same host or
on another individual [16,21].

Thus, these parasites live a strictly space-limited life. If they grow too large, they die
due to the lack of enough space in the enclosed capsule of the feather quill. Conversely,
if they are too small, they cannot pierce the quill wall with their mouthparts to obtain
nutrients from the surrounding tissues [18]. The presumed strict optimization of their body
size makes them an optimal choice to test HR.

Syringophilid mites have a haplodiploid sex determination system [22]. Several
species appear to lack male individuals, possibly parthenogenetic, or the rare males may
be unknown due to sampling bias. Consequently, they are highly inbred and, therefore,
almost totally free of sexual selection pressure, although male vs. female body sizes are
still affected by different selection pressures [23]. For this reason, below we analyze the
host—parasite body size allometry separately for male and female quill mites.

2. Materials and Methods

We used the total body length (um) measurements of male and female quill mites
gathered from the taxonomic literature. Data from the holotype specimens were used
whenever possible. Otherwise, we calculated the average of the extreme values of the
paratype series. Picobiine species may have two alternative female morphologies. Some
of the “normal” (non-physogastric) females may develop a physogastric morphology
characterized by a greatly enlarged abdomen, containing a few, but huge, eggs. We only
considered the “normal” (non-physogastric) female size and excluded data on the much less
frequent physogastric morphs. Note that the species descriptions are based on preparations
embedded in Canada balsam on microscopic slides. Therefore, they may not reflect the
true body length of living parasites, but rather the size of almost two-dimensional arbitrary
preparations. Thus, their apparent body length may partially depend on the pressure
exerted on the cover glasses when preparing the microscopic slides. From this point
of view, it is important to note that most of the species involved in the present study
were described by a relatively small group of authors who closely collaborate with each
other, which may make their preparation techniques more homogenous than in most
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other ectoparasite taxa where species are described by many different authors working
independently of each other. Data were obtained from species descriptions [24-94].

First, we intended to test HR at levels above the genus level, the Syringophilidae family,
and the Syringophilinae and Picobiinae subfamilies, and then to test it at the genus level.
Further, we tested male and female parasite body sizes separately. Therefore, we included
only those genera for which both male and female body length, and host body mass, were
known for an appropriate number of species (>5, an arbitrary limit). This criterion excludes
parthenogenetic species [22] or those whose males we do not know. Overall, we considered
eight genera and 110 species in the present study, which significantly overlap with those in
our recent study [19] on sexual size dimorphism, with new data from more recent species
descriptions added. We consider this set of species a random sample representing the
Syringophilidae family as a whole.

Host species were identified by the host designated as the type host in the taxonomic
literature. Their mean body size was quantified as the mean body mass (g) obtained from
the literature [95]. We also gathered data for wing length (the longest primary, in mm)
from [96] for the hosts of Syringophiline species but not for the Picobiines which infest
contour feathers. Body mass data were lacking for some, and wing length data were
lacking for several host species. All body length, body mass, and wing length data were
log-transformed. Then, we applied Type-1 linear regressions to test whether host body size
measures predict parasite body size.

3. Results

When including all species of the Syringophilidae family or narrowing it to the Sy-
ringophilinae subfamily, we obtained only non-significant negative trends for both the
female and male parasites. By contrast, the length of Picobiinae species is related positively
with host body mass, a significant relationship in males (Figure 1, Table 1).

Table 1. Linear regressions between host body mass and parasite body length measures at the family
and subfamily levels. * Indicates p < 0.05.

p (Deviation

Taxon, Sex N Slope Conf. Interval of Slope R? from Horizontal)
Syringophilidae females 110 —0.0405 —0.1033, 0.0223 0.0150 0.2031
Syringophilidae males 110 —0.0233 —0.0839, 0.0373 0.0054 0.4466
Syringophilinae females 88 —0.0300 —0.0994, 0.0394 0.0086 0.3915
Syringophilinae males 88 —0.0233 —0.0954, 0.0487 0.0048 0.5207
Picobiinae females 22 0.0764 —0.0267, 0.1794 0.1068 0.1377
Picobiinae males 22 0.0877 0.0268, 0.1486 0.3109 0.0070 *

When analyzing all the parasite genera separately, as advised originally by Harri-
son [6], we documented mostly positive relationships between host and parasite body sizes.
Eight quill mite genera were involved in the present study, one of which yielded an oppo-
site result; both male and female Syringophiloidus mites exhibited non-significant negative
relationships with host mass. The other seven genera showed positive host-parasite body
size allometries, as predicted by HR, both for males and females, even though most of these
relationships were statistically non-significant (Table 2). Considering only the directions of
these relationships, the probability that the relationships of at least seven out of eight genera
lead to the same direction is p = 0.0703 (like the probability of obtaining seven or eight
identical results after tossing a coin eight times, from the binomial distribution). When
considering the probability of obtaining at least seven-to—one in a predicted direction
(predicted by HR), this probability is halved (p = 0.03515).
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Figure 1. (a) The relationship between host and parasite body sizes in the Syringophilidae family;
(b) the relationship between host and parasite body sizes in the Picobiinae subfamily (a subset of
the species of (a)). Note that the trendlines signify statistically non-significant tendencies (except for
Picobiine males). (Light: females; dark: males).

Table 2. Linear regressions between host body size measures (body mass or wing length) and parasite
body length at the genus level. * Indicates p < 0.05.

p (Deviation

Log (Body Mass) N Slope Conf. Interval of Slope R? from Horizontal)
Aulobia spp. females 8 0.2234 —0.2456, 0.6925 0.1846 0.2880
Aulobia spp. males 8 0.5099 0.1318, 0.8880 0.6447 0.0164 *
Aulonastus spp. females 7 0.0346 —0.0213, 0.0904 0.3363 0.1723
Aulonastus spp. males 7 0.0209 —0.0550, 0.0968 0.0910 0.5108
Neoaulonastus spp. females 6 0.0237 —0.0700, 0.1174 0.1097 0.5213
Neoaulonastus spp. males 6 0.0316 —0.1561, 0.2192 0.0516 0.6650
Picobia spp. females 15 0.0619 —0.0822, 0.2060 0.0621 0.3704
Picobia spp. males 15 0.0918 —0.0042, 0.1879 0.2471 0.0594
Neopicobia spp. females 7 0.1003 —0.0616, 0.2623 0.3365 0.1722
Neopicobia spp. males 7 0.0819 0.0176, 0.1461 0.6817 0.0221 *
Syringophiloidus spp. females 26 —0.0190 —0.0627, 0.0246 0.0326 0.3772
Syringophiloidus spp. males 26 —0.0043 —0.0500, 0.0413 0.0016 0.8460
Syringophilopsis spp. females 31 0.0671 0.0119, 0.1223 0.1755 0.0190 *
Syringophilopsis spp. males 31 0.0607 0.0110, 0.1105 0.1769 0.0185*
Torotrogla spp. females 10 0.0248 —0.0809, 0.1305 0.0353 0.6033
Torotrogla spp. males 10 0.0632 —0.0108, 0.1372 0.3267 0.0843

log (wing length)

Syringophiloidus spp. females 17 0.0423 —0.1526, 0.2372 0.0141 0.6503
Syringophiloidus spp. males 17 0.1256 —0.0875, 0.3387 0.0952 0.2283
Syringophilopsis spp. females 17 0.0447 —0.1526, 0.2420 0.0153 0.6362
Syringophilopsis spp. males 17 0.1383 —0.0566, 0.3332 0.1323 0.1512
Torotrogla spp. females 7 0.0711 —0.3973, 0.5395 0.0296 0.7124
Torotrogla spp. males 7 0.1740 —0.0820, 0.4300 0.3791 0.1410

We do not know exactly the reason why Syringophiloidus exhibited a different (al-
though non-significant) relationship to host body mass. However, since this genus inhabits
the flight feathers (mostly secondaries, but sometimes also primaries) of host birds, we
tested whether the size of these feathers would be more suitable indices of host body
size. We found wing length (mm) data for an appropriate number of species (>6) in only
three Syringophiline genera: Syringophiloidus, Syringophilopsis, and Torotrogla. We found
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non-significant (Figure 2, Table 2).
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Figure 2. In the case of Syringophiloidus spp., host body mass (a) appears to be an inferior index of
host body size as compared to host wing length (b). This is plausible, considering that these mites
mostly inhabit the host flight feathers (secondaries and also primaries). Note that the trendlines
signify statistically non-significant tendencies. (Light: females; dark: males).

4. Discussion

Regarding the Syringophilid family as a whole, we see a negative relationship between
host weight (g) and mite body length, contrary to HR. However, any scientific hypothesis
can only be complete when its range of validity is determined. Harrison talked about com-
parisons across congeneric parasite species infecting similar hosts, even though subsequent
authors often tested HR on taxa above the generic level with various results [7,8,10-12].

At the genus level, all genera, both males and females, exhibited a positive relationship
between host mass and parasite length, except for the genus Syringophiloidus. In the case
of three of these genera, host body size was also quantified as wing length, and all of
them—including Syringophiloidus—obeyed HR. It is plausible to conclude that wing length
is a better index of host body size than body mass for mites which inhabit the quills of wing
flight feathers (mostly secondaries, but also primaries).

Generally speaking, the covariation of two animal traits should be analyzed by apply-
ing a phylogenetic control so as to separate phylogenetic artifacts (effects of conservative
traits shared through common ancestry) from coordinated changes in the two traits oc-
curring repeatedly in several independent cases along the phylogeny [97]. However, the
present study involves a host trait which evolved along the host phylogeny and a parasite
trait which evolved along the parasite phylogeny. Contrary to the classical hypotheses by
Fahrenholz [98], host and parasite phylogenies are rarely similar and almost never identi-
cal [99], as was also shown for Syringophilopsis quill mites and their hosts [100]. Though
it is theoretically possible to simultaneously control for the phylogenetic effects of both
phylogenies [101], we chose a much simpler approach because we had too little information
about the parasite phylogeny.

The method we used was to demonstrate that the relationship between the host and
parasite traits repeats itself over and over again within each parasite genera, independently
of each other. Thus, presuming that these genera are monophyletic taxa, our analysis corre-
sponds to the basic logic of a phylogenetically controlled comparative analysis projected
onto the parasite phylogeny.
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5. Conclusions

Species descriptions usually attract rather few readers and a few citations. Our study
above exemplifies an unusual utilization of such studies; we used species descriptions
as the source of primary information on the body sizes of species. This approach is
most appropriate for taxa where most species descriptions have been prepared by one
author, or at least a small group of collaborating authors, using a standard preparation and
measurement methodology, like in the case of quill mites.

Our results also indicate an unexpected reliability of the genus concept. Taxonomic
ranks above the species level do not exist in nature, nor do they have any general definition.
Despite that, Harrison declared that his observation was valid for genera but not necessarily
for hierarchical levels above that. Although the genera we analyzed above were non-
existent in Harrison’s age, his delineation of the range of validity is nicely supported by
our present results.

The adaptive mechanism yielding the host—parasite body size allometry has yet to
be fully understood. Host body size sets an upper limit on parasite body size, especially
when parasites occupy narrowly space-limited anatomical structures. On the other hand,
possible parasite body sizes also have a lower limit, which has rarely been considered [10].
Overall, it seems likely that host body size is typically constrained by environmental (like
climatic, etc.) effects and phylogenetic constraints. In contrast, parasite body size tends to
track that of the host within its own phylogenetic constraints [102].
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