
JOURNAL OF AVIAN BIOLOGY 28: 150-156. Copenhagen 1997 

Patterns in the distribution of avian lice (Phthiraptera: Amblycera, 
Ischnocera) 

Jozsef Rkkasi, Lajos Rozsa and Botond J. Kiss 

Rekasi, J., Rozsa, L. and Kiss, B. J. 1997. Patterns in the distribution of avian lice 
(Phthiraptera: Amblycera, Ischnocera). - J. Avian Biol. 28: 150-156. 

The frequency distributions of 15 species of avian lice among individuals within host 
populations are described and 12 previously described distributions are reviewed. All 
of these distributions were aggregated, but some of them do not conform to the 
negative binomial model (4 at P <0.05 out of the 25 examined). Distribution 
measures (prevalence, mean and variance of louse subpopulations. the exponent k of 
the negative binomial distribution. and the index of d~screpancy)01' lice of colonial 
birds are compared to those of territorial ones. Minimum ;ampie size requirement is 
calculated for each case study. Louse subpopulation size and variance do not 
correlate with host social system, however, residuals from the log mean-log variance 
regression do. Lice of territorial hosts tend to form more variable subpopulations 
than those predicted by the regression curve, while those of colonial birds tend to 
form less variable subpopulations. Prevalence and k are higher, while the index of 
discrepancy is lower, for the distributions of lice of colonial hosts, indicating less 
aggregated louse distributions compared to those of territorial host species. 
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An aggregated distribution is a general feature o f  the Unlike lice, these arthropods have free-ranging invasive 
occurrence o f  parasites within their host populations: forms capable o f  actively searching for new host indi- 
many hosts have few i f  any parasites, while a few have viduals. 
a lot o f  them. This phenomenon is also referred to as a In contrast, avian lice are contagious ectoparasites as 
contagious or clumped distribution. Its causes and con- their transmission is highly dependent on direct body- 
sequences have been studied extensively in many taxa to-body contacts among hosts. In a comparison be- 
o f  parasites. Following Crofton (1971) the negative tween lice o f  a territorial versus a colonial corvid 
binomial distribution is widely used as a mathematical species, louse subpopulations exhibited similar means, 
model to describe this pattern. Here we provide data on but tended to be more prevalent and less aggregated on 
15 new and 12 previously published case studies de- the colonial host, suggesting that colonial breeding may 
scribing the distribution patterns o f  avian lice (Phthi- facilitate horizontal transmission o f  avian lice (Rozsa et 
raptera: Amblycera, Ischnocera) within their host al. 1996). Feather mites, another group o f  contagious 
populations. ectoparasites, also exhibited a higher prevalence on 

Host sociality is known to affect host-parasite inter- colonial bird species than on territorial ones (Poulin 
actions. Case studies on avian ectoparasites, including 1991). 
nest-dwelling mites, ticks, bugs, fleas and flies, indicate To investigate whether the effect of  host social be- 
that an increased level o f  ectoparasitism may be a cost haviour can also be detected in the present data set we 
o f  social life (Brown and Brown 1986, Marller 1987, compare the distribution measures o f  the lice o f  colo- 
Shields and Crook 1987, Duffy 1991, Chapman and nial hosts (12 distributions) to those o f  territorial ones 
George 1991, Loye and Carroll 1991, Poiani 1992). ( 15 distributions). 
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Table 1. Observed distributions of 15 louse species collected from 5 host species. In each pair of rows the first one refers to the 
number of lice found on a bird (i.e. an infestation class) and the second row refers to the number of birds belonging to the class. 
Classes with no birds are not indicated. 

Anas platyrhynchos 
Anaticola crassicornis 

Anatoecus dentatus 

Anatoecus icterodes 

Trinoton querquedulae 

Trinoton luridum 

Scolopax rusticola 
Cummingsiella aurea 

Rhynonirmus heluolus 

Streptopelia decaocto 
Columbicola columbae bacillus 

Coloceras sofioricus 

Corvus corone cornix 
Philopterus ocellatus 

Myrsidea cornicis 

Corvus frugilegus 
Myrsidea isostoma 

Philopterus atratus 

Brueelia tasniamae 

Allocolpocephalum fregli 

Minimum sample size required to assess mean sub- 
population size has never been published for avian 
lice. This is surprising since louse distributions may 
be remarkably aggregated and this feature may have a 
dramatic effect on sample-size requirements. Therefore 
we also present estimates of minimum sample sizes 
required. 

Materials and methods 

Data on the lice parasitising Mallard Anas  platyrhyn- 
chos, Woodcock Scolopax rusticola, Collared Dove 
Streptopelia decaocto, Rook Corous frugilegus and 
Hooded Crow Corvus corone cornix are presented in 
Table 1. These data were derived from a long-term 
faunistic survey carried out in Hungary and Romania. 
Most birds were shot, a few individuals of doves, rooks 
and crows were handled accidentally when recently hit 
by cars, poisoned, etc. Their plumage was visually 
searched for lice, with special attention to sites known 
to be preferred by lice. Lice seen were collected with 
forceps. Louse species with low prevalence (less than 
10% of host individuals parasitised) were excluded from 
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the present study. All lice were identified by the first 
author. Four of these distributions have already been 
published by us (Rozsa et al. 1996). Since these calcula- 
tions were based on adult lice only and thus results 
were not comparable to those of others, we now re-
describe the same distributions with the nymphs also 
included in the counts. 

Hereafter the term 'louse subpopulation' is used to 
mean all the conspecific, hatched (nymphs and adults) 
louse individuals living on the same host individual. 
The following measures are applied. Prevalence (Yu) is 
the proportion of hosts infested within the sample of 
hosts examined. The mean (x) of louse subpopulations 
is the average number of louse individuals per host 
individual including the zero values of louse-free hosts. 
The variance (s2) of louse subpopulations also includes 
the louse-free hosts. 

Hosts were pooled into 22 categories (0, 1, 2, . . . 20, 
and >20 lice per individual). Categories with no ob-
served bird (zero values, e.g. no Mallard was found to 
be infested by five individuals of Anaticola crassicornis) 
were also represented. The exponent k of the negative 
binomial distribution was estimated by the maximum 
likelihood method and the expected frequencies were 
calculated as described by Bliss and Fisher (1953) and 
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summarised by Krebs (1989). The expected frequency 
of the final category equalled 1 minus the sum of all the 
expected frequencies of previous categories. Pools with 
expected frequencies lower than 1 were lumped until the 
values equalled or exceeded 1. Expected frequencies of 
the negative binomial were not rounded to integers. 
The goodness of fit between the observed and expected 
frequencies was determined by x2 tests (one-way clas- 
sification, df = the number of categories - 3). 

Finally, the index of discrepancy (D) was calculated 
for our data set and also for those that could be 
reconstructed from the papers reviewed. Calculations 
were made by a simple program written in BASIC, 
following Poulin's (1993) definition. This index 
quantifies the disparity between observed and uniform 
distributions. Both k and D describe the degree of 
aggregation (k indices decrease, D indices increase with 
increasing levels of aggregation). 

An additional 12 statistical distributions of avian lice 
were obtained from Fowler and Miller (1984). Fowler 
and Williams (1985), Fowler and Price (1987), Fowler 
and Hodson (1988, 1991), Fowler and Shaw (1989), 
Clark at al. (1994), Lee and Clayton (1995) and Potti 
and Merino (1995). All of the distributions involved in 
the present paper include both the nymphal and the 
adult life stages of lice collected from fledged or adult 
birds. Louse egg data, lice of nestlings and distributions 
including more than one louse species were rejected. 
Unfortunately, the presentation of rough data is obvi- 
ously self-contradictory in some of these papers. We 
accepted Fig. 2 of Fowler and Miller (1984), Fig. 1A of 
Fowler and Hodson (1988), Fig. 2 of Fowler and 
Hodson (1991) and Table 2 of Clark et al. (1994) as 
authentic sources of rough data for the calculation of 
discrepancy indices. 

The estimation of the negative binomial exponent k 
and the x2 test of the goodness of fit between expected 
and observed frequencies is questionable in some of the 
studies reviewed. Authors prefer the simplest estimation 
of k (k =x2/(s2-X)), even though this estimation gives 
misleading results and its use is strongly contradicted in 
case of the highly aggregated distributions (Southwood 
1978, Krebs 1989) typical of most species of avian lice. 
Furthermore, categorisation is often unclear, infestation 
classes with zero observed frequencies (i.e. no birds 
observed) appear to be simply rejected in some cases. 
Classes with low expected frequencies (< 1) were not 
lumped in some studies, while too many classes were 
united in others (up to expected frequencies equalling 5, 
instead of 1, the value recommended for one-way clas- 
sification). Using the convenient x2 tests for two-way 
classification instead of one-way classification may be a 
further source of error. Test results may also be wrong 
because of miscalculation of the degrees of freedom. 
The degree of freedom must equal the number of 
frequency classes used minus three, since three statistics 
(N, t,k)  have been used to create a theoretical distribu- 

tion from the observed data. Unfortunately, most of 
the widespread statistics programmes offer no help for 
these calculations. Therefore, future authors are 
strongly encouraged to take special care to provide 
both the rough data and the methods of pooling and 
calculation in an exact form. 

Because Potti and Merino (1995) did not apply the 
negative binomial model, we estimated k from their 
data (k =x2/(s2- Z)) without testing the goodness of fit. 
Furthermore, we were unable to test the fit of the 
model in the case of one species in our data set 
(Tuinoton luridunz), because the low number of infesta- 
tion classes did not allow us to achieve a positive degree 
of freedom for the x2 test. 

Minimum sample sizes are estimated for negative 
binomial distribution models for each case study de- 
scribed and reviewed here. Calculations were made for 
f50'y0 and for i10% precision using simplified equa- 
tions (n z 16(1 'X + l ~ k )  and n 400(1/X + l 'k), respec- 
t~vely (Krebs 1989). 

Bird species were classified either as colonial or terri- 
torial with respect to their sociality during the breeding 
season. This classification was based on Cramp and 
Simmons (1983, 1984), Cramp (1985, 1988) and Cramp 
and Perrins (1993, 1994a, 1994b). Twelve louse species 
of colonial birds and 15 species of territorial birds were 
used in the data set. Birds with facultative colonial 
breeding were not represented. The prevalence, mean, 
variance, k and D values of lice of colonial host species 
were compared to those of non-colonial host species by 
means of Student t (parametric) and Mann-Whitney 
(nonparametric) tests. 

The relationship between log mean and log variance 
of louse subpopulations was analysed by means of linear 
regression. Means and variances were log transformed 
to express the assumption that different louse species 
are equally likely to make the same proportional 
change in these measures. Log variance was a linear 
function of log mean (linear regression, r = 0.8552, 
F = 68.069, d.f. = 26. P <0.0001). The linear regres- 
sion line Y = 1.81X +0.85 was used to calculate pre- 
dicted values of log variance. Predicted log variances 
were subtracted from the observed values to obtain 
log-residuals. 

All statistical tests are two-tailed. Computations were 
carried out by InStat 2.01. Host sample size - a factor 
known to influence some of these measures (Gregory 
and Woolhouse 1993, Poulin 1993, 1996) - did not 
differ between the two groups (Student's t =0.2450, 
d.f. = 25, P > 0.80). Similarly, host body size - which 
may also correlate with ectoparasite subpopulation size 
(Poiani 1995) did not differ significantly between the -

two groups (body size data obtained from Dunning 
1993; Mann-Whitney U-statistic = 69.0, N, = 12, N, = 

15, P > 0.32). From these points of view, the present 
comparisons between the distribution measures of lice 
of colonial versus territorial hosts are unbiased 
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Table 2. A summary of known distributions of avian lice. * - values calculated by us from data given separately for males and females, $ - colonial breeding, ? - no information, 
o !! - do not fit the negative binomial at P < 0.05, ! - do not fit the negative binomial at P < 0.10, $ - without testing the goodness of fit to the negative binomial. 
2 

Source 
,., 

Fowler and Miller 1984 
Fowler and Miller 1984 
Fowler and Williams 1995 
Fowler and Williams 1995 
Fowler and Price 1987 
Fowler and Hodson 1988 
Fowler and Show 1969 
Fowler and Show 1969 
Fowler and Hodson 1991 
Clark et al. 1994 
Lee and Clayton 1994 
Potti and Merino 1995* 
Present paper 
Present paper 
Present paper 
Present paper 
Present paper 
Present paper 
Present paper 
Present paper 
Present paper 
Present paper 
Present paper 
Present paper 
Present paper 
Present paper 
Present paper 

Host species N 
host 

Hydrohates pelagicus $ 
Fulmarus glacialis $ 
Emherizct schoeniclus 
Enlheriza schoeniclus 
Oceunites oceanicus $ 
Oceanodromu leucorhou 
Puffinus p. puffinus $ 
PujJnus p. pujfinus $ 
Cinclus cinclus 
Delichon urhicc~ $ 
Apus upus $ 
Ficedula hypoleucu 
Anus p1atyrhyncho.s 
Anus platyrhynchos 
Anus platyrhynchos 
Anus platyrhynchos 
Anus plutyrlzynchos 
Scolopax rusticola 
Scolopax rusticola 
Streptopelia decacoto 
Streptopelia decacoto 
Corvus frugilegus $ 
Coruus ,frugilegus $ 
Corvus Jrugi1egu.s $ 
Corvus frugilegus $ 
Corvus corone cortzix 
Corvus corone corni.~ 

Louse species Prev. x Var. (s2) k D of Min. Min. 
%I Poulin sample sample 

size size 
I O'Yo /o 50'% 

Halipeurus pelagicus 
Perineus nigrolimbatus 
Philopterus docophorulus 
Philopterus docophorulus 
Philoceanus robertsi 
Halipeurus pelagicus 
Traheculus auiator 
Halipeurus diuersus 
Philopterus cincli 
Brueliu grucilis 
Dennyus lzirundinis 
Docophorulus capillatus 
Anaticola cras.sicorni.s 
Anatoecus dentatus 
Anatoecus icterodes 
Trinoton querquedulae 
Trinoton luridum 
Cummin~siellu aureu 
R1lynonirrnu.s heluolus 
Columhicola columhae hat 
Colocerus sofioticus 
Myrsidea isostoma 
Philopterus atratus 
Brueelia tasniumae 
Allocolpocephalum jregili 
Myrsidea cornicis 
Philopterus ocellatus 



Table 3. x2 tests for the goodness of fit of the observed 
distributions to the expected frequencies of the negative bino- 
mial model. The distributions with low P-values do not fit the 
theoretical model. 

Species k X' d.f. P 

Anaticola crassicornis 0,31 21,698 13 >0,06 
Anatoecus dentatus 0.07 11.600 6 20.07 
Anatoecus icterodes 0.07 6.450 5 >0.26 
Trinoton querquedulae 
Cummingsiella aurea 
Rhynonirmus helcolus 

0.05 
0.14 
0.07 

0.225 
23.602 
9.384 

3 
12 
8 

>0.97 
<0.03 
>0.31 

Columbicola columbae 0.29 21.752 14 10.08 
bacillus 

Coloceras sofioticus 0.08 2.679 5 >0.74 
Myrsidea isostoma 0,51 12 >0,60 
Philopterus atratus 0.40 12.417 11 >0.33 
Brueelia tasniamae 0.23 13.961 9 
Allocolpocephalum fregili 
Myrsidea cornicis 
Philo~terus ocellatus 

0.1 3 0,14 

0.21 

1.06219,765 

28.520 

3 

13 

>0.78<0,05 
<0.01 

Results 
Data characterising the 27 known louse-bird distribu- 
tions are summarised in Table 2. The variance of louse 
subpopulation size exceeded the mean in all cases, 
indicating an aggregated distribution pattern. One dis- 
tribution out of 11 taken from the literature differed 
significantly (at P < 0.05) from the negative binomial 
model and the fit of one distribution was not tested 
Similarly, three out of 14 distributions in our own data 
set differed significantly from the negative binomial 
model (P < 0.05, see Table 3), while the fit of the 
distribution of Trinoton luridum was im~ossible to test 
because of the small number of categories. 

o colonial 
a territorial 

." ( -regression line 1 

Log mean 
Fig. 1. Log variance of louse subpopulation size is a linear 
function of log mean of subpopulation size. Lice of territorial 
hosts tend to form more variable, while those of colonial birds 
tend to form less variable subpopulations than those predicted 
by the regression line. 

The mean (Z) and variance (s2) of the louse subpopu- 
lations of colonial hosts did not differ significantly from 
those of territorial species (Student's t = 1.3360, d.f. = 

25, P > 0.19, Mann-Whitney U-statistic = 86.5, N,  = 12, 
N, = 15, P > 0.86 respectively). However, log-residuals 

were significantly lower for the distributions-of lice of 
colonial birds than those of territorial breeders (Mann- 
Whitney U-statistic = 6.0, N ,  = 12, N, = 15, P < 0.0001, 
Fig, 1). 

Louse prevalence (%) was significantly higher in colo- 
nial hosts than in territorial ones (Mann-Whitney U- 
statistic = 12.0, N ,  = 11, N2 = 15, P < 0.0001). Values 

of the negative binomial exponent k were significantly 
higher, while the index of discrepancy (D) was signifi- 
cantly lower in colonial hosts than in territorial ones 
(Mann-Whitney U-statistic = 19.0, N,  = 12, N, = 15, 
P < 0.0002; Mann-Whitney U-statistic = 10.5, N ,  = 9, 
N, = 13, P < 0.001, respectively for k and D) indicating 
less aggregated distributions in the former case. 

Discussion 

Aggregated distributions are familiar to all those study- 
ing parasite ecology. However, the finding that some 
distributions do not fit the negative binomial model is 
clearly unusual. In all cases, the variance exceeded the 
mean of the distribution, confirming the aggregated 
nature of distributions. Highly significant differences 
between the log-residuals of lice of colonial versus 
territorial birds indicate more variable size of louse 
subpopulations in territorial than colonial birds (Fig. 1). 

The significant difference between louse prevalences 
of colonial and territorial birds is somewhat surprising 
as this measure often appears to be an oversimplified 
and less informative one. It has to be noted, however, 
that all species with a prevalence less than 10% were 
excluded from the present data set, including several 
rare louse species of colonial hosts. 

The negative binomial exponent k exhibited values 
correlating with host social system. However, as some 
distributions did not conform to the negative binomial 
model, and the methods of calculating k are diverse and 
often impossible to reproduce, there is room for some 
scepticism when interpreting this pattern. 

The index of discrepancy (D) also correlates with 
host social system. Although the introduction of this 
index has provoked some debate (Ploeger 1994, 1996, 
Poulin 1995, 1996), we can recommend its use in future 
studies since it has the major advantages of being free 
from mathematical preconceptions and also of un-
defined steps of pooling. 

Minimum sample size requirements to assess the 
mean of louse subpopulations are surprisingly high, 
particularly in case of territorial host species. Sample 
size requirements for a *50% precision were met in 
only 14 out of the 27 cases and for a + 10% precision 
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in only three cases. Thus, the means and variances 
published by previous authors and in the present paper 
are mostly of an indicative nature, referring to actual 
samples, but not necessarily representing the popula- 
tions from which the samples were derived. Surpris- 
ingly, this may also be true for the values of the 
exponent k estimated by previous authors, since k was 
estimated by an equation that incorporated the mean. 

A further shortcoming of our data set is that it is not 
an unbiased sample of birds or lice in general. Thus 
passeriform species are under-represented (x2= 16.647, 
d.f. = 1, P <0.0001), while procellariid seabirds are 
over-represented ( x 2= 80.366, d.f. = 1, P <0.0001) in 
this sample relative to their proportion in the global 
avifauna (data obtained from Sibley and Monroe 1990). 
Comparative methods that control for phylogeny can- 
not be used in this case, since distribution measures are 
not species characters of either birds, or lice. These 
measures are characters of bird-louse interactions: spe- 
cies associations whose phylogeny is unknown. Fur-
thermore, since certain louse species are inherently rare 
(Rozsa 1993), and these species are excluded from 
population studies, a further bias may appear because 
of the lack of rare species. Thus the only claims we can 
make are that virtually all of those distributions have 
been reviewed here that conformed to our criteria, and 
that the number of appropriate distributions was in-
creased considerably by those published in the present 
paper. 

In spite of all these efforts, our sample of lice and 
birds is still not unbiased and minimum sample size 
requirements were not met in certain cases. The reason 
for this is the aggregated nature of louse distributions, 
particularly in case of lice harboured by territorial, 
solitary birds. This feature may make it technically 
impossible to achieve appropriate sample sizes in the 
field. In spite of all these problems, the available data 
do indicate that the distribution of lice is more aggre- 
gated, therefore the prevalence is lower and the vari- 
ance of louse subpopulation size (relative to mean) is 
higher, in territorial than in colonial birds. Louse sub- 
populations do not tend to be larger on colonial hosts 
than on territorial birds, presumably due to the similar- 
ity of antiparasite defence mechanisms in the two 
groups of birds. Thus, the size of louse populations 
parasitising colonial host populations do not exceed 
those on non-colonial host populations. In this particu- 
lar sense, colonial hosts do not pay a higher price for 
being social. 

This pattern is significant from an evolutionary point 
of view. The finding that avian lice are not more 
abundant, but more equally distributed among colonial 
hosts yields the prediction that selection pressure ex- 
erted by lice upon their host population should be 
lower in colonial birds, since the disadvantages of para- 
sitism are distributed more equally among the members 
of the population. 
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