A numerical taxonomic study of the Mallophagan genera Cummingsiella
(=Quadraceps), Saemundssonia (Ischnocera: Philopteridae), and Austromenopon
(Ambiycera: Menoponidae) from alcids (Aves: Charadriiformes) of the northwest

Atlantic' with reference to host—parasite relationships

ELpox S, EVELEIGH anD HIROSHI AMANO
Depariment of Zootozy. University of Toronto. Toronio, Oni.. Canada M35 141
Received March 8. 1977

EVELEIGH. E. S. and H. AMa~No. 1977. A numerical taxonomic study of the Mallophagan genera
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‘Specxmens of Cummingsiella. Suemundssonia. and Austromenopon recovered from the alcids
of the nonhwes_t Atlantic were analvzed using the techniques of numerical taxonomv. Twentv;
one morphological characters common to both sexes plus four genital characters in the males
were measured and used in the analyses. Principal uxis factor analysist PAF Ay and fourclus(e:‘infb7
technigues were used to determine the phenetic relationships at various taxonomic levels. -

The r;sulh‘ supported the familial and generic ciassifications established bv convémional
tuxonomists. The diagnostic value of genital characters at generic and specif'ic levets were
c\nlu_aied,v The resuits from the anaivsis of each genus are presented and compared with ebxis[inz
ciassifications. With the exception of Austromenopon. the species groups formed within each
genus were very similar for both sexes. Host-parasite relationships based on parasite interrela-
tionships were investiguted. '
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Hodstuso, 19770 )

AUMETISI XOnom siady of the Madtophagan veners
wraceps ). Suemnassonia tischnocera: Philopteridae). and  duis-
eru: .\Iem')pomdusl from alcids ¢ Aves: Charadriiformes) of the north-
erence 1o host—parasite reiationships. Can. J. Zool. 55: 1788—1801.

‘On 2 utilisé les techniques de raxonomie numerique pour analvser des spécimens de Cun-
mmqm-l!u’. Suemundysonia et dustromenopon prélevés chez des alcidés de 1a région du no;'i-
ouest de ¢ Atlantique. On . mesuré et otilise dans Vanatyse 21 caracteres m«;rnnoi«vlvvall;\
SOmMUNs wux deuy sexes e qualre Caracleres gemiaus maies. L analvee fuctorieile ‘sr:.-_i\cx‘
noinau X :P.»\‘F.\) et quatre apalvses de groupements ont permis d établir des relutum;
pnenetiques a divers niveaux taxonomiques. ‘ )

Les résultats conﬁrmem les classifications familiale et générique établies par les methodes
taxonomiques c{a._smques, On a évalué la vaieur diagnostique des caracteres génitaux aux niveau;x
génerique et specifique. On compare les résultats de "analyse dans le cas de chaque eénre ave'c
ceux de§ classifications préatables. Les groupes spécifiques formés au sien de chaque genre. a
! exception &' Ausiromenopon. sont tres semblables chez les deux sexes. On examine les Iie'ns
hote-parasite en se basant sur les relations inter-parasites. ’
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Introduction limited discussion of these genera on European
alcids in a large study on the mallophagan
parasites of the order Charadriiformes and. to
date. this study contains the oniy work done on
the Saemundssonia species from these hosts.
Recently, the same author (Timmermann 1974)
examined the Cummingsiella populations or **

The alcids of North America are infested with
Mallophaga belonging to the genera Cunmming-
siella (= Quadraceps). Suemundssonia. and Aus-
tromenopon (Emerson 1972). While most papers
written on these ectoparasites have been taxo-

nomic fi.e. species descriptions). few attempts e
have been made o objectively siudy their 2IId species and erected 3 new species and

subspecies. However. no formal classification

the parasites was presented. Clay (1959) erecte.
a kev to the .{usiromenopon parasites of chura-
driiform birds but she did not attempt to study
those from alcids. Thus. no comprehensive

classification. Timmermann (1937) provided a

'The alcids of the northwest Atlantic include: Frarer-
cula arctica, Uria aalge, Uria lomvia, Plautus alle,
Cepphus gryiie, and Alca rorda.

e it

taxonomic study of the forms infesting the
alcids, particularly those from North America,
i:s been attempted.
During an ecological study of the ecto-
- .rasites on six alcid species from the northwest
Atantic, Eveleigh and Threlfall (1976) reported
12 species belonging to these genera. While most
parasites conformed to the data reported for
these species in the literature, in some cases the
host of a particular parasite differed and certain
parasites were recovered from hosts other than
those previously reported. Since most of the
aicids (five of six) bred in the same colony where
~Hysical contact between certain species is
sssible, this suggests that through time certain
allophaga species may have made successful
r.ost transfers, resulting in the formation of
previously unsuspected species complexes on
these birds. Having representatives of these
parasites from the same population provided us
with an excellent opportunity to examine (1) the
classification of the parasites and (2) host—
narasite relationships.
To mimmize the effect of
Wi 10 OBLN A mMOore cbiective ciassiicaton, the
chniques of numerical taxonomy were used.
2e purpose of the study was fourfold: first. to
samine the classification of the parasites at
wgher axonomic ley 1. to determine
e relalive waNonemic ceoof zennal
characters in the classit
1o reach & satisfactory cach
genus based on both maie and female speci-
mens: and fourth, to examine the relationship
between parasite and host classifications using
the groups formed within each parasite genus.

Materials and Methods

faterials

Eleven of the 12 species beionging 10 the three genera
were available for study. Specimens of Saemundssoria
celidoxa from the same population were unavatable
Detaiis on the coiiection and examination of the hosts
are given oy Eveieigh and Threifail (19765 Additional
taxa from other charadriifornt birds were inciuded in the
analyses as a check on the ciusters formed by the various
numerical techniques and o evaiuate the deeree of
‘olilanity cetween he parasiwy row

on the species examined are given in Tabie 1.

For the purpose of clarity each major taxon will be
iscussed separately,

Genus Cummingsielia Ewing, {937

This genus was originallv considered to occur only on
nosts from the family Scolopacidae. those parasiiizing the
alcids belonging to the genus Quudraceps {Emerson
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1972). Timmermann (1972) considers these genera
synonymous and moved all of the forms on the alcids
into the genus Cummingsieila. We have foilowed this
move since a discussion of the relationships between these
two forms is beyond the scope of this paper.

Four species were reported from the six alcid species
by Eveleigh and Threlfall (1976). These included aetherea
klari, alcae, heigovauki, obliqua obliquu, and obliquu
aquilonis (see Table 1). Two hosts (Cepphus gryile and
Plautus alle) harboured populations of aetherea klarti.
This is in disagreement with Timmermana (1974), who
reported that Plaurus alle and Aethia pusilla {not con-
sidered in this study) were parasitized by this species
while Alca torda and Cepphus gryile weve both parasitized
by alcae. This discrepancy will be examined and dis-
cussed in the text.

With the exception of Timmermann’s (1974) study, no
detailed account of these parasites has been published.

Genus Saemundssonia Timmermann, 1935

This genus has been reported from a variety of hosts,
five species occurring on the alcids, viz. calva, celidoxa,
fratérculae, grvile, and merguli (Emerson 1972; Eveleigh
and Threlfall 1976) (see Table 1). Saemundssonia calva
had been previously reported from Urig aalge and L.
lomeia by Timmermann (1957) but its presence on U
lomvia in North America was only recently demonstrated
by Eveleigh and Threifall (1976). It remains to be seen
whether it is the same species on these hosts.

Timmermann 1937y examined the kncwn Ei
species irom alcids but 1o comprehiensive swdy of s
genus has been published as 10 the validity of the species
groups that he proposed.

ronean

Genus Austromenopon Bedford, 1939

Emerson (1972) iisted three species from the alcids in
North America (sigropieurum, wide. and  merguiis.
Eveieign and Threifail 11973 erected raippst from (.
somera and suggested that mergad aod nigropieurion were
synonyms. Another species. A. fratercuiae, was described
by Timmermann {1934} from Frasrercuia arctica but is
regarded by Clay (1959) as a straggler from another host
and not a species from the alcids. Eveleigh and Threifall
(1976) reported nigropieurum from this host and also from
two others (A. rorda and P. alle) (see Tabie 1).

It is generally agreed by taxonomists that all the species
are closely related and beiong to one species group, the
nigropleurum group. Austromenopon phippsi is regarded
by Eveleigh and Threifall 11974; 10 be closely related w0
A. uriae and hence part of this nigropiewrum group.

Of the three genera occurring on the aicids. this genus
is »v far the most troublesome and a complete revision is
certainty in order.

Methoas

The number of specimens of each taxon to be used
was armitrapiy decided hecause in many cases oniy 2
limed aumoer of gOod, UNdiOried spectiions was
available for study. If many specimens of certain taxa
existed then five or six of each sex were chosen for
examination. In a few cases only one sex of a taxon was
available. Only adult specimens were considered.

Twentv-one characters common 10 hoth s<exes -
selected with four zental characters added e es.

These were chosen 1or ease ang ~eteatamihins of =easure-
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TaBLE }. The species of Mallophaga examined in this study and their hosts
No. examined
Species name 3 s Host Host family Host locality
Cummingsiella
aetherea klarti 3 5 Plautus alle Alcidae Nfid.*
1 1 Cepphus grylle Alcidae Nfd.
alcae ] 4 3 Alca torda Alcidae Nfid.
helgocaukt ) 3 4 Fratercula arctica Alcidae Nfid.
obl{qua obllqua_ 5 3 Uria aalge Alcidae Nfid.
abhqua aquilonis 5 5 Uria lomvia Alcidae Nfld.
fqlcrge_rus 2 1 Totanus flavipes Scolopacidae Ont.t
nigrolimbatus — 1 Limnodromus griseus Scolopacidae Ont.
ravus ) — 1 Actitis macularia Scolopacidae Ont.
normifer normifer — 1 Stercorarius parasiticus Stercorariidae Ont.
Saemundssonia
calva 5 4 Uria lomvia Alcidae Nfid.
2 — Uria aalge Alcidae Nfid.
Jraterculae 5 6 Fratercula arctica Alcidae Nfid.
gryile ] — I Cepphus grylle Alcidae Nfid.
mefguh 3 3 Plautus alle Alcidae Nfid.
lart. 2(2)% 22 Larus argenratus Laridae Nfid.(Ont.)
/a(z gonzrharax 5 Larus marinus Laridae Ont.
tringae . ) — 2 Limnodromus griseus Scolopacidae Ont.
plarvgaster islandica ? 1 — Crocethia alba Scolopacidae Ont.
Austromenopon
nigropteurm 3 3 Frarercuia arctica Alcidae Nild.
— s Plautus alle Alcidae Nild.
o - 1 Alca rorda Alcidae Nfld.
Phippsi § 5 Uria lomvia Alcidae Nfid.
uriae 3 s Uria aalge Alcidae Nfid.
transversum ? — 1 Xema sabini Laridae Ont.

*Nfid. = Newfoundland.
*Ont. = Ontario.

e .
$Number in parentheses indicates number examined from corresponding host Jocality in parentheses.

ment. and overall morphological representation. A list
of the characters used is given in Table 2 and illustrated
in Fig. 1.

All measurements were taken using a Reichert inter-
ference microscope and were recorded in microns (pm),

It should be noted that a few characters were invariant
in certain 1axa and were deleted from the analyses.
Details on this will be given in the text if and when
appropriate.

Since the characters were not all expressed in the same
units, each character was standardized according to the
method of Sokal and Sneath (1963).

The data for each specimen was processed on the
IBM 370-165 computer at the University of Toronto
Computer Center. Ordination of the data in reduced
dimensions was performed using principal axis factor
analysis IPAFA), a multivariate method developed and
descrived by Veldman (1967). The phenetic relationships
between the operational taxonomic units (OTUs), based
on correlation coefficients (r), were determined by using
four cluster techniques from the NT-SYS package
developed by Rohif, Kishpaugh, and Bartcher. These
included the unweighted pair-group method using arith-
metic averages (UPGMA), weighted pair-group method
using arithmetic averages (WPGMA), complete linkage.

and single linkage. Distortion of the original correlation
matrix by the ciustering procedures was estimated by
computing the cophenetic value between each pheno-
gram and the original correlation matrix. The clustering
method producing the least distortion is presented.

To aid in the interpretation and discussion of various
phenograms, a phenon line was chosen. These lines
purely group defining with no special taxonomic sign:si
cance attached 1o them.

Three-dimensional diagrams showing the positions of
the OTUs relative to the first three axes were obtained
from a perspective program developed by A. R. Gibson.
University of Toronto.

In most analyses the results from both the PAFA and
the clustering method are presented and discussed for the
following reasons: (1) the PAFA allows the relationshics
of the OTUs 10 be viewed in a three-dimensionai
with little loss of information and the characters
fluencing the separation of the OTUs along each axis
be determined from the factor scores; (2) the ciustenin
method  depicts the relationship of the taxa within
clusters with reasonable accuracy, but unlike PAFA, may
distort the relationships between clusters. Therefore. the
presentation of both techniques enables a fuller discus-
sion of the data.

o <
g""“
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TasLE 2. Characters used in the analyses. Last four
characters are for males only

(" -aracter
no. Description

Body length

Body width (taken at widest point)

Ratio of body length to body width

Head length

Head width (taken at widest point)

Ratio of head length to head width

Ratio of body length to head length

Prothorax length

Porthorax width

Ratio of prothorax width to prothorax length

Distance between head tip and mouthpart
bases

=R - X" IR - XV W S PP P

12 Distance between mouthpart bases

13 Length of femur of leg III

14 Length of tibia of leg IT

13 Degree of sclerotization (ratio of width of
nonsclerotized zone of fourth spiracle-
bearing segment (x) to total width of that
segment of abdomen () (x:3))

16 Presence or absence of maxillary paips

17 No. of segments in antenna

18 No. of setae on femur of jeg II (dorsal and
ventral)

19 No. of setae on ubia of leg [T (dorsai and
ventral)

20 No. of setae on second spiracle-bearing
abdominal segment (dorsal and ventral)

21 No. of setae on fifth spiracle-bearing ab-
dominal segment tdorsal and ventral)

22 Length of paramere

23 Width of paramere

24 Length of endcmere

25 Width of mesosomal structures

Results and Discussion

Analvses of Higher Taxonomic Structure
To examine the classification of the parasites
t higher taxonomic levels. the first analysis per-
rmed was on the mean data of males and
:males using 2| characters common 1o both
sexes {genitalia excluded). The results are shown
in Figs. 2 and 3.

The results from UPGMA (Fig. 2) show 2
clear distinction between the two recognized
families: Philopteridae (OTUs 1-33) represented
by the genera Cummingsicila 1OTUs 1-17) and

Saemundssonia (OTUs 15-33), and Wenopo-
nidae (OTUs 34-42) represented by the genus
lustromenopon.

The three-dimensional piot of PAFA (Fig. 3)
also shows a clear distinction between the two
families and the three genera. The continuous
but distinct clusters of Cummingsieila (OTUs
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1-17) and Saemundssonia (OTUs 18-33) along
factor II indicate that they are very similar and
probably belong to the same subfamily Cum-
mingsiellinae as suggested by Timmermann
(1972). In both figures Austromenopon (OTUs
34-42) forms a homogeneous cluster.

An examination of the factor scores from
PAFA revealed that the two clusters formed
along factor I have been influenced by charac-
ters 4, 5, 16, 17, 18, 20, and 21. The separation
of Cummingsiella and Saemundssonia along
factor II was due to variations in characters 1, 2,
4,5, and 19.

The difference in the level of clustering dis-
played by the ischnocerans (Cummingsiella and
Saemundssonia) and the amblyceran (Austro-
menopon) is interesting. It is generally believed
that members of the latter type are less closely
adapted to particular habitats on their hosts and
consequently display lesser divergence than the
ischnocerans which have become adapted to
particular habitats on their hosts (Rothschiid
and Clay 1961). This hypothesis is supported by
the analvses since the levels of clustering of the
taxa in the ischnocerans is guite fow in com-
parison with the amblyceran (Fig. 2). From a
taxonomic point of view, this suggests that
species differences in the ischnocerans are more
cleariy defined than in the amblycerans and that
the taxonomic structure within these two forms
is probably quite different. Evidence of this wiil
be seen 1n later analyses.

It is also interesting that sexual dimorphism,
which is clearly exhibited in individual taxa of
all three genera, is not reflected to the same
degree within each genus. In the ischnocerans
the males and females do not form distinct
clusters. whereas in the amblvceran the males
(OTUs 33, 37, and 29) and femaies {OTUs 34.
36, 3S. 40. and 41) from the alcids do form dis-
tinct clusters. This is probably because the maies
and females of the ischnocerans show a wider
divergence resulting in a "bridging over’ of the
variauon between the sexes when all the taxa are
compared. Converselv. in the amblyvceran. the
variazon between waxa v smail and the sexss

show ciear separation.

The Relative Taxonomic Importance of Genital
Characters on the Clussification of” Maies

As indicated by the preceding analvses. the

three genera could be separated without Jon-

sidering gemitai characters However, no artamng
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FI'G. 1. Schematic diagram of a Mallophaga showing characters used in the analysis. (A) Adult
specimen; (B) male genitalia. See Table 2 for character description.
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Fig. 2. _Clustering of males and females of the three genera using UPGMA based on 21 characters.
Cop‘heneuc correlation = 0.917. f = female; m = male; hosts are given in parentheses; host locations
are in square brackets.
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FACTOR NI

‘1G. 3. Three-dimensional plot of PAFA for the
m.ies and females of the three genera based on 21
characters. The percentages of variation accounted for on
factors I, II, and I are 41.13, 27.25, and 9.56%, respec-
tively. @ = Cummingsiella; O = Saemundssonia; @ =
Austromenogpon. See Fig. 2 for explanation of numbers.

was made at that time 1o examine the effects of
the addition of genitai characters on the phenetic
relationships between the males of these taxa.
S.nce conventional taxonomists heavily weight

ale genital characters in these genera. it is

ssirable to have some indication of their taxo-
. »mic importance in the classification of these
rarasites.

To achieve this aim. the data on the males of
Cummingsieila and Scemundssonia were selected
tor analysis. Austromenopon was not included
since it has already been established that this
genus has no close affinity to the other genera
based on nongenital characters and furthermore,
their genitalia bear no resemblance to those of
the other genera.

Three data sets were analyzed: the first, using

v genital characters with the data non-

.andardized: the second. using only nongenital

characters: and the third. using all characters
inciuding those from the genitalia. In the latter
two analvses the data were standardized. The
four ciuster anaivses were used with each speci-
men representing an OTU. The antennal and
maxillary palp characters were excluded in the
.auer anaiyses, being invariant in ooth taxa.

The results obtained when the genital charac-

-ars were heavily weighted were completely

-eaningiess, with little or no separation be-
vveen genera and all of the taxa being essentially
contained within one cluster. This indicates that.
in this type of analysis. the size of the genual
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structure has no particular taxonomic impor-
tance. However, we realize that if it was possible
to examine more characters and (or) describe
the shape of the genital structures, as is done in
conventional taxonomy, then more meaningful
results may have been obtained.

The resulis obtained from the analysis of the
nongenital characters and the complete data set
indicated that the addition of genital characters
did not affect the separation of Cummingsiella
and Saemundssonia. It is evident, therefore, that
genital characters are of no more taxonomic
importance than characters associated with
other body structures in separating taxa at
higher taxonomic levels.

A closer examination of the results revealed
that in both data sets six clusters have been
formed: two in Cummingsiella and four in
Saemundssonia. These clusters were formed at
the same phenon level in both analyses. indi-
cating that the inclusion of genital characters
had little effect on the formation of clusters
within genera. Ditferences did occur. however,
in the phenetic relationships between the clusters
and also in the composition of the taxa within
each cluster. Hence it appears that genital
characters do have some taxonomic value. if
combined with other characters. and for more
meaningful results they should be included in
classiiications at lower raxenomic levels.

In summary. we leei that from the point of
view of describing new forms and constructing
keys. genital characters are probably essential,
but for the purpose of recognizing species groups
and their interrelationships, it is necessary that
these characters be given equal weight with other
characters in an attempt to arrive at a more
meaningful and objective classification. More-
over. one cannot hope to objectively establish
the affinities between taxa if certain characters
are emphasized while others are considered 10
have little importance.

Analysis of the Genera Cummingsiefla. Saemunds-
sonia. and Austromenopon Based on Both
Sexes

The females in these genera appear to contain
few diagnostic characters and are often regarded
by conventional taxonomists as being indis-
tinguishable in closely related species. Therefore.
this sex has received little attenuon in species

descriptions and ‘n the construction of kevs [t
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FiG. 4. Clustering of Cummingsiella males using UPGMA based on 23 characters. Cophenetic

correlation = 0.868.

was hoped that through the use of numerical
taxonomic techniques this situation could be
improved and that 2 more natural ciassification
based on both sexes couid be obtained. Further-
more. the sexes warrant separate analyses since
sexual dimorphism is not consistent within each
genus (see Fig. 2).

In the anaivses which follow. an attempt will
be made to classify the species belonging 10 each
genus. Twenty-three characters were used for
the males and 19 for the females with each
specimen representing an OTU. The maxillary
palps and antennal characters were excluded,
being invariant in all taxa.

Genus Cummingsiella

Males

The results obtained from the analvses of
males are shown in Figs. 4 and 5. Using the
0.30 phenon line (Fig. 4), five groups are de-
fined. four of which comprise the alcid parasites
and the other consisting of specimens from a
host of the family Scolopacidae. An examina-
tion of these groups reveals that the first consists
primarily of obliqua vbliqua (OTUs 9-13) plus
two specimens of obligua aquilonis (OTUs 1-2),
and the second group, a mixture of obliqua
aquilonis (OTUs 3-3) and helgovauki (OTUs
6-8). The other groups are exclusive to alcae
(OTUs 18-21), aetherea kiarti (OTUs 14-17),
and falcigerus (OTUs 22-23) respectively.

FACTOR 1t

FiG. 5. Three-dimensional plot of PAFA for Cummine-
siefla males based on 23 characters. The percentages of
variation accounted for factors I, II, and III are 33.95.
16.61, and 12.43% respectively. See Fig. 4 for explanaticn
of numbers.

In the three-dimensional plot of PAFA (Fig.
5) four of the five groups indicated above can
be readily distinguished. One group appears to
form a continuous cluster along factor II and is
composed of specimens of obligua oblig:
(OTUs 9-13), obligua aquilonis (OTUs 1-3), anc
helgovauki (OTUs 6-8). While the results ind:-
cate that obliqgua obliqgua and helgorauki are
separate taxa, obliqua aquilonis shows an affinity
to both of these taxa. This prevents us from
determining the exact taxonomic placement of
obligua aquilonis at this time.
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F1G. 6. Clustering of Cummingsiella females using UPGMA based on 19 characters. Cophenetic

correlation = 0.855.

The alcae and aetherea klarri groups remain
s unact in both analvses. The aetherea kiarti
up is represented by specimens from two
ts. P. alle (OTUs 14-16) and C. gryile
C TU 17). It is quite clear that they are the same
arasite: the specimens from C. grvife being only
siightly different from those from P. alle. This
disagrees with the findings of Timmermann
(1974) who reported alcae from C. grylle. How-
ever, this discrepancy may be attributed to the
fact that different host populations were
sampled in these studies and it may be possible
for the same host to harbour different parasite
p-oulations in different geographical locations.

"he specimens of falcigerus (OTUs 22-23)

m a separate group in both analyses.

Based on the factor scores in PAFA. the
groups have been separated out on factor [ by
variations in characters 2. 4. 8, 11, 18. and 24.
Along factor I variations in characters 1}. 19.
20, 22, and 23 have been stressed. Factor III
emphasized characters 7. 8. 10. and 21.

In his taxonomic study of this genus. Tinmumer-
mann (1974) obviously considered obligua
azuilonis to be closely related to obliqua obliqua.

s mentioned above. our resuits indicate that it
:: intermediate between obliqua obliqua and
nelgovauki but we were unable to accurately
determine its closest relative. Timmermann. in
the same swudy. considered fhelgorauki 1o be

it 2R

closely reiated to ambesirix. 1 species found on
the rhinoceros auklet (Cerorhinca monocerata).
Since this study is confined to the northwest
Atlantic alcids, this host was not examined. but
in the context of this study it appears that
hefgorauki is simiiar to the obligua spp. and can
be placed with these parasites in a single group.
the “obiiqua group.”

Specimens of a/cae are somewhat intermediate
in their phenetic relationship with the ‘obliqua
group' and aetherea klatti. However, in both
analyses it shows greater affinity to the former
group and perhaps should be considered a part
of this group.

Cummiingsiella aetherca xlarti demonstrated
only a remote phenetic relationship to the other
alcid parasites and we do not hesitate to place it
in a separate group. Furthermore. since falcigerus
shows a closer affinity to aetherea klatri than to
the alcid parasites as a whole, this separation is
warranted. This probably supports Timmer-
mann’s (1974) decision to place Alarti as a sub-
species of aetfierea. A parasite found on the feast
auklet (Aethia pusiila).

Females

The results obtained from the analvses of
females are shown in Figs. 6 and 7. Using th
same phenon iine (0.30 :n Fig &y as in the maies.

Capemas
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formed within the alcid parasites, the other two
being composed of specimens from hosts of
the families Scolopacidae and Stercorariidae.
Within the first group are specimens of obliqua
aquilonis (OTUs 1-5) and helgovauki (OTUs
6-9). The second group is exclusive to alcae
(OTUs 20-21), and the third. although con-
sisting primarily of obligua obliqua (OTUs 10~
12), contains one alcae specimen (OTU 19). The
other three groups are composed of normifer
normifer (OTU 25), aetherea klarti (OTUs 13-
18), and specimens from the family Scolopa-
cidae (OTUs 22-24) respectively.

The results from the three-dimensional plot
of PAFA (Fig. 7) also demonstrate these groups
well. The factor scores revealed that the separa-
tion of the groups along factor I has been in-
fluenced by variations in characters 3, 4, 6, 7, 11,
and 21. Factor Il emphasized the variations in
characters 13, 14, 18, and 19. Along factor III
variations in characters 6. 10. 13. 15, and 19
have been stressed.

As in the males. certain taxa exhibit wide
variation and fail o form a homogeneous
group. In both anaivses (Figs. 6 and 7). two of
the three aicae specimens cluster together but the
other specimen (OTU 19) falls in the obligua
obligua group. A detailed examination of this
specimen using the characters outlined by
Timmermann (1974) revealed that the specimen
is indeed alcae although in overali similarity it is
closer 1o obliqua obliqua.

The aetherea klami specimens cluster con-
sistently throughout the analyses. As in the males.
the specimens from P. alle (OTUs 13-17) and
C. gryile (OTU 18) are the same parasite as
reported by Eveleigh and Threlfall (1976). The
specimens from hosts of the families Scolo-
pacidae tOTUs 22-24) and Stercorariidae (OTU
23) form distinct groups in the analyses, these
occurring on the periphery in the three-dimen-
sional plot of PAFA.

The phenetic refationships of these groups are
somewhat different from those of the males. In
Figs. 6 and 7 obliqua aquilonis and helgovauki
are closely associated but separated from
obliqua obliqua by alcae. whereas in the males
obliqua aquilonis. obliqua obliqua. and helgo-
rauki were a single group with alcae inter-
mediate between this group and aetherea klatti.
The females of aetherea klatti are remote from
the other alcid parasites as in the males. Cum-
mingsiella normifer normifer (OTU 25) (host

CaN. J. ZOOL. VOL.

FACTOR I

F1G. 7. Three-dimensional plot of PAFA for Cummine-
siella females based on 19 characters. The percentages of
variation accounted for on factors I, II, and III ure
41.7, 16.24, and 12.839%, respectively. See Fig. 6 ior
explanation of numbers.

family Stercorariidae) shows an affinity to the
‘obliqua group’, while falcigerus (OTU 22), ravus
(OTU 23), and nigrolimbarus (OTU 24) (host
family Scolopacidae) cluster with aetherea
klarei. It would be expected that if the alcid
parasites were a homogeneous group then these
species should form a distinct cluster remote:~
related to the alcid parasites. Similar resu:s
were noted in the males.

Although it appears that the differences in the
species interrelationships in both sexes are not
sufficient to warrant separate discussions. it is
necessary to take these differences into account
in making a final decision on the classification
of this genus.

The close similarity of helgovauki and obliqua
aquilonis, especially in the females, suggests that
possibly the latter form should be more appro-
priately regarded as a subspecies of helgovaus!.
This close similarity was also suggested in the
males but the results were too inconclusive 0
allow a final decision at that time. Although
alcae behaves somewhat differently in both
sexes. its close affinity to helgovauki. obliqua
obliqgua. and obliqua aquilonis, especially in the
females, suggests that it be combined with these
parasites to form a single group. Cummingsieila
aethierea klatti ciusters consistentiy in both sexes
and its close association with the nonalcid
parasites warrants its placement in a separaic
group.

Genus Saemundssonia
Males
The results from the analyses are shown in Figs.
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FiG. 8. Clustering of Suemundssonia males using UPGMA based on 23

correlation = 0.938,

iad 9. Using the 0.20 phenon line in the
U *"GMA dendrogram (Fig. 8), three groups are
f. “med: two within the alcid parasites and the
oiner consisting of specimens from hosts of the
fumiiies Laridae and Scolopacidae. The first
group contains specimens of frarercuiae (OTUs
1-3) and merguii (OTUs 13-15), while the second
is exclusive to calrta (OTUs 6-12). The third
group is a congiomeration of lari (OTUs 16-17.
23-24), lari gonothorax (OTUs 18-22), and
platygaster islandica ? (OTU 25).

These groups are also very distinct in the
t ee-dimensional plot of PAFA (Fig. 9) and
* e been separated oui on factor 1 by varia-
t.ons in characters 3. 5, 6. 11, 15, 21, 22, and 23.
Factor I emphasized the variations in charac-
ters |5, 18. 20. 23. and 24. The characters
zmphasized on factor IIT are §. 4. 9. and 19.

In both anaiyses it is evident that while
frarerculae and merguli are very similar. they
nzvertheless form distinct clusiers. Although
specimens of celidoxa from A. rorda were un-
available for study, previous studies on this
7 rasite (Eveleigh and Threlfall 1976) indicate
t.at it is probably closely associated with the
raterculae-merguli group.” Males of gryile were
also unavailable but this parasite will be dis-
cussed in the analysis of femaies.

characters. Cophenetic

o

; o
o>

FACTOR it

FiG. 9. Three-dimensional plot of PAFA for Suemunds-
sonia males based on 23 characters. The percentages of
variation accounted for on factors I, II. and HI are
41.33, 26.50, and 11.077, respectively. See Fig. 8 for
expianation of numbers.

The calvra group is represented by specimens
from tao hosis, U Jonnic 1OTUs 6-10y and O
aaige (OTUs 11-12). The specimens from [
lomvia show a slight separation from those on
L. aalge. but this separation is insufficient to
justufy the erection of a new subspecies. Tim-
mermann (1937} also considersd these rarasit
to be idenucal on Eurcpean hosts.
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Laridae form a disunct ciuster 1 both analys
Although the purpose of this study is connned
to the alcid parasites. these specimens deserve
comment. Saemundssonia lari gonotiorax {OTUs
18-22) exhibits little variability and appears to
be stightly isolated from fari ¢OTUs 16. 7. 23,
and 24) and it is difficult to decide. at this time.
whether they are distinct taxa. It is hoped that
the females will provide additional information.
Emerson (1972) considered the subspecies in-
valid, stating that the species found on all gulls
is S. lari. It is also interesting io note that
platvgaster islandica ? from a host of the family
Scolopacidae shows a closer similarity to the
larid parasites than to the alcid forms. This
indicates that the alcid parasites are rather
homogeneous taxa.

Altogether the results indicate that frazer-
culae and merguli are verv similar and can be
regarded as belonging to a single group.
Saemundssonia calva exhibits a loose association
with this group and forms a separate entity.

Females

Figures 10 and 11 show the results from the
analyses of females. Using the same phenon line
(0.20 in Fig. 10) as in the males. four groups are
defined. As in the males. the alcid parasites
contain two groups. the other two being com-
posed of specimens from hosts of the families

19 characters. Cophenetic

"

FACTOR It

—- | HOLIVS

F16. 11. Three-dimensional plot of PAF A for Saesmur:ii-
sonia females based on 19 characters. The percentages of
variation accounted for on factors I, I, and LI are
39.85, 20.18, and 13.987; respectively. See Fig. 10 for
explanation of numbers.

Scolopacidae and Laridae. The first group con-
tains specimens of fraterculae (OTUs 1-6).
mereuli (OTUs 11-13). and calra (OTU 10).
Within the second group are specimens of caic
(OTUs 7-9) and grylle (OTU 14) with the third
group being exclusive to iringae ? (OTUs 24~
25). The last group contains specimens of /ur/
(OTUs 15. 16. 22. and 23) and lari gonothorax
(OTUs 17-21). These groups are also cleariy
depicted in the three-dimensional plot of PAFA
(Fig. 1h.

———

-
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An examination of the factor scores revealed
that the groups were separated out on factor [
= variations in characters 3, 5, 6, 8, 12, 13, 15,
2+ 1 18. Factor II emphasized the variations in
craracters 4, 7, 8, 11, 15, 18, and 19. The groups
were separated out on factor III by variations in
characters 1, 11, 20, and 21.

The analyses show that fraterculae and
mergudi form distinct clusters with one specimen
of calva being closely allied to these forms.
However, most specimens of calva form a dis-
tinct group that is segregated from the other two
parasites. This is particularly evident in the
P ~FA plot (Fig. 11) where all the calva speci-
r -ns, including OTU 10, are separated out on
fz:tors I and II1. The grylle specimen is distinct
in both analyses but has a close affinity with the
calvra group. The tringae ? specimens also
cluster consistently in the analyses and show
more affinity with the alcid parasites than to
those from the larids.

As in the males. /ari gonorhorax forms a rather
homogeneous cluster which is now clearly
~>~arated from lari. Two lari specimens (OTUs
> and 23) are from Larus argentatus in Ontario,
¢ nada while the other two specimens (OTUs

and 16) are from the same host in New-
fcundland, Canada. In both figures the former
iari specimens are distinctly separated from lari
gonothorax which were aiso coilected in On-
tario. while the latter fall in an intermediate
position between them. It appears that lari
gonothorax may be subspecifically distinct from
fari in the Ontario populations but a conclusive
decision cannot be made owing to the position
of the Newfoundland specimens. Whether
¢ >graphical variation can occur in a species
f m the same host in different localities has not
t.:n documented. but it may be a factor in-
fiuencing the results in this study and it couid
account for the large number of subspecies on
these hosts. This certainly warrants further
investigations.

As in the genus Cummingsiella, the differences
in the species associations in both sexes are not
suificient to warrant separate considerations. The
results in both sexes show that fraterculae and
merguli are very similar and can be considered
= belonging to one group. Based on the male
Gaia, the calva specimens from U. Jomvia and U.
aalge are identical. Saemundssonia grvile is
closely associated with calva and they are placed
together in a separate group.
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Timmermann (1957) erected a key to the
European species from the alcids and divided
the species into species groups. He considered
fraterculae and celidoxa to be closely related and
placed them in a single group; grylle and merguli
were considered as a related but separated group
and calva as constituting a third group. Despite
the fact that celidoxa was not studied, there is
little agreement between the two classifications.
This is not surprising since this study is based on
overall similarity using many characters while
Timmermann's study was based almost exclu-
sively on the male genital characters.

Genus Austromenopon

In the following analyses, 20 characters were
used in the males and 18 in the females. Because
the endomeres and mesosomal structures were
absent in the males and the degree of sclerotiza-
tion was invariant, these characters were ex-
cluded. Only the results from PAFA will be pre-
sented since the cluster analyses contained con-
siderable distortion.

Males

Figure 12 shows the results from the analysis
of males. Although none of the taxa form
homogeneous clusters, it appears that phippsi
(OTUs 1-35) and nigropleurum (OTUs 11-13) are
separated out on factors [ and [Il. Austro-
menopon uriae {OTUs 6-10) forms two widely
separated clusters, one being associated with
phippsi and the other with nigropleurum. Thus,
phippsi and nigropleurum are probably separate
taxa but the position of urige makes it impossible

FiG. 12. Three-dimensional plot of PAFA for Austro-
menopon males using 20 characters. The percentages oi
variation accounted

AR in

for on {factors 1. II. and III are
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to draw any definite conclusions about its status.
Eveleigh and Threlfall (1974) considered uriae
and phippsi 1o be related.

From the factor scores these taxa have been
separated out on factor I owing to variations in
characters 13, 14, 19, 20, and 23. Factor II
emphasized the variations in characters 2. 4,6,
and 10 while characters I. 6. 9, and 11 were
stressed on factor 111,

Females

The resuits from the analysis of females ( Fig.
13) reveals a conglomerate of specimens in which
no definite clusters are discernible. Even the
specimen of transversum ? (OTU 22) from a host
of the family Laridae is not separated from the
alcid parasites.

The results from both sexes indicate that the
Austromenopon parasites from the alcids are
very homogeneous and that species complexes
do exist. Unlike in the other two genera dis-
cussed. the females could not be as clearly
separated as the males. This supports the con-
ventional taxonomists™ decision to rely on the
males for diagnostic characters. and especially
the genitalia. However. in this study we feef that
It is inappropriate to propose a classification
based solely upon the males. Moreover. since
the same characters were used in analysing each
genus it appears that the species concept is not
as clearly defined in this genus as in the other
IWo genera and a reanalysis is needed taking into
consideration more characters and their varia-
tion in the various taxa before a classification is
proposed.

In summary, the results indicate that while it
may not have been possible by conventional
taxonomy to classify females using a few specific
characters, by using numerical techniques we
were able to successfully classify both females
and males. The only exception is Austromenopon
where specimens were not conclusively de-
marcated in either sex and the taxa were poorly
defined.

Host—Farasite Relationships

Many mallophagan taxonomists have attempt-
ed 1o use host-parasite reiationships as a means
of determining the classification of hosts and as
an important clue to the identification of the

parasite. Ward (1957) reported that the classifi- =

cation of the Tinamiformes conformed almost
perfectly with the divisions shown by their
Mallophaga and concluded that “the Mallo-

CAN. 1. Z00L. VOL.
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FiG. 13. Three-dimensional plot of PAFA for Austro-
menopon females using 18 characters. The percentages of
variation accounted for on factors I, II, and III are
26.14, 20.22, and 12.41%] respectively. 1-5, phippsi; 6-10,
uriae; 11-21, nigropleurum; 22, transversum ?

phaga species groups define host genera and
provide exact data on their relationships.” Since
the specimens studied here include aimost all of
the species reported from alcids of the northwest
Adantic and the phenetic relationships berween
the parasite species have been established. it
should be possible to examine the affinities of
the hosts at lower taxonomic levels.

Examming each mallophagan genus separ-
ately, the groups in Cummingsiella suggest that
U. aalge. U. lomria. F. arctica. and A. rorda are
closely associated and separated from C. grylle
and P. alle. Those in Saemundssonia indicate
that U. aalge, U. lomria, and C. gryile are
associated with F. arctica and P. alle in a
separate group. The affinity of 4. rorda cannot
be established since specimens from this host
were unavailable. Although the resuits from
Austromenopon were inconclusive they suggest
even different affinities. Fratercula arctica. P.
alle, and A. rorda are probably closely allied and
distinct from U. aalge and U. lomria. Cep-
phus grylle would constitute a separate group
since It has no recorded Austromenopon para-

sites. It can be concluded, therefore, that with *

the exception of U. aalge and U. lomria para-
sitological evidence fails to demonstraie any
consistent host groups. Hence the use of para-
sitological evidence as a method of alleviating
the controversy surrounding the taxonomic re-
lationships of the Alcidae seems questionable.
The results do show, however, that species from
other host families could be separated from the
alcid parasites and research in this area may aid

in determining the taxonomic placement of the
family itself.

The ecology of the hosts may be the important ,
fzocor in explaining the disagreement between !
w -d’s findings and those reported in this study.
T:¢ alcids that we examined breed in large
coionies where opportunities for physical con-
tact between different bird species are possible.
This probably resulted in the establishment of a
parasite species on hosts which are not neces-
sarily related but possess similar feather struc-
tures. In this type of situation the taxonomist
cannot rely on the host for significant taxonomic
information on the parasite since they are not
exnibiting host specificity. Likewise, the re-
lz. onships between the hosts will not be re-
fi.cied in the parasite interrelationships. Un-
doubtedly, the hosts that Ward examined did not
demonstrate such an ecological arrangement and
his resuits portray an excellent example of
parasite phylogeny paralleling host phylogeny.
This is certainly not the case in the alcids since
all three parasite genera depicted different host
interrelationships and we do not know a priori
wnich of the genera. if any, actwaily evolved

- the hosts.

Xethley and Johnston (1975) discussed host—

casite  relationships in bird and mammal
e.toparasites. They concluded that successful
host transfers of ectoparasites are most likely to
occur between hosts that have similar topo-
graphical features and that the establishment of
noncongruent host-parasite relationships is
probably quite common. Our results support
their conclusions. Furthermore, Eveleigh and
Threlfall (1976) showed that the habits and
kabitat of the hosts influence their mallophagan

‘rden and it seems quite possible that these

;tors could also contribute to the non-

ngruent host-parasite relationships shown in
tnis study.

It is evident that careful attention must be

paid to the ecology of both the host and iis
parasites before attempts are made to use host-
parasite relationships as a means of making
taxonomic decisions about either the host or its
parasites. Moreover, it appears that hosi—
parasite relationships may also depend upon the
"ost’s geographical location as demonstrated
irlier in certain Cummingsiella species.
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