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TAXONOMIC RELATIONSHIPS OF NEOHAEMATOPINUS
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(POLYPLACIDAE: ANOPLURA)*
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Abstract. Of the hnown species of Neohaematopanus 8. 1at. (sensu
Ferris 19519, the 3 genera Johnsonpthirus, Linognathoules and
Neohaematopreus s. st me recognized and redefined on the ba-
si> of nvmphs and adults, Jolnsonpthivus is a senior synomvm of
Alenapthivas. The adudts and 3 nvinphal instats of J. spinosissimaes
areredescnbed and illustrated, and the lectoty pe of f. helioscian
15 designated  [he inclusive species for cach genus are listed
with host and distiibution data.

While studying a long scries of Neohaematopinus
from African tree and bush squirrels (Funisciwrus
and Paraxerus), we discovered many specimens of
the 2nd and 3rd nymphal instars that were moling
1o the aduli stage. 1They were identical 1o the types
of Adlenapthirus spinosissimus Benoit (1969) collected
from Paraxerus boehmi (as Tamiscus vulcanorum).
Much earlier. we 1ecognized (hat the 1 pe speci-
mens ol A. spinosissimus described and figured were
not adulrs but rather the 3rd-instar nymphs in the
process of wolting, and that these specimens
showed nmymphal characters superimposed on adult
characters. ‘This observation was confirmed by ex-
amination ol the rvpe specimens, which are de-
posited in Tervuren. Belginm.

We further discovered that the nyvmphs of
another Neohuematopenus species {rom Fundscourus
and Paraxerus, which turned out 1o be Johnsonpthi-
rus chlorotalpae Benoit (1961), had numerous ven-
1ral wbercles on the head. aniennae and coxac,
mote resembling immatare Hoplopleura than o pi-
cal Neohaematopinus. This observation led us 10
recxamine the nymphs of all available Neohaema-
lopinus specics.

The genus Alenapthirus Benoit was [ivst estab-
lished on the basis ol A. spinosissimus by monotyps.
Adulrs of spinosissumus are very similar to, and ke
oul to. Neohaematopinus. However, the nvinphs do
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not resemble tvpical Neohaematopinus. The genus
Johnsonpthirus Benoit (1961) was established on the
basis of 3 (cmales. T male and 3 nymphs collected
from Chlorotalpa stublmanni (Chivsochloridae. In-
sectivora) in Kivu, Congo. with J. chlorotalpae as the
npe species. Phe adudrs of ehlorotalpae closely re-
semble Neokaematopinus, whereas the nymphs are
more like immarne Alenapthirus. Further exami-
nation showed that both adults and nymphs of
Johnsonpthirus are very similar 10 those of Alenap-
thirus and they are clearly congenerie. Accordingly.
the name Johnsonpthirus is a senior synonvin of
dlenapthirus.

Cummings (1914} recoguized Linognathoides for
L. citelli Cummings, which was later synonymized
with Nechaematopinus by Ferris (1923). 'The adulis
of citelli deviate considerably in morphology from
other Neohaematopinus adults, although they would
be diagnosed as Neohaematopinus sensu Ferris (1923,
1951). However, the nymphs do not resemble im-
mature Neohaematopinus. A stucy of the nymphs
revealed that citelli and its relaed speaes form a
distinet group whose adlults are super ficially simi-
lar to Neohaematopinus and Johnsonpthirus but whose
nymphs are clearly different. Accordingly, the
name Linognathoides is resurrected for this taxon.

In this paper, we (1) discuss taxonomic relation-
ships between Johnsonpthirus, Linognathoides. and
Neohaematopinus, (2) redescribe and illustrate the
adulrs and 3 nvmphal instars ot J. spinosissimus, (3)
designate a leciotepe for J. heliosciure (Gummings),
and (4) redefine the gencra Johnsonpthirus, Linog-
nathoides, and Neohaematopinus with known inclu-
sive species.

Materials for this study were made available by
Dr K. C. Lmaison, 560 Boulder Drive, Sanibel,
Florida 33957, and by the National Muscum ol
Natural History. Smithsonian Institution. ‘The clas-
sification and nomendlatare used for mammals {ol-
lows Simpson (1945) for the world, Meester & Set-
zer (1971) for African launa, and Corbet (1978)
for Palacarctic fauna. Morphological terms and
chaetotasy used in this paper we those ol Kim &
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Ludwig (1978). Mcasurements are given in wmilli-
metres, with means for the series [ollowed by the
range in parenthescs.

TAXONOMY AND HOSI ASSOCIATIONS OF
Neohacmalopinus $. 1A,

Species of Neohaematopinus s. lal. are primary
parasites of squirrels (Sciuridac) in the Ethiopian,
Holarcric and Otiental regions. Some epe("ies, in
more recent evolutionary times. invaded other hosts
beyond the Sciuridae, such as the North American
Neotoma (Cricetidac) and Afrvican golden moles,
Chrysochloris (Chrysochloridae. Inscctivora). Neo-
haematopinus as defined by Ferris (1923, 1951) is
heterogeneous group including a number of aber-
rant species. such as pectinifer (Neumann) and citelli
(Cummings) lor which Lulegus Fahrenholz and
Linognathoides Cummings were respectively recog-
nized.

The genus Neohaematopinus was first recognized
by Mjoberg (1910) on the basis of Flaematopinus
seiuropteri Osborn. In the same paper he also 1ec-
oguized the genus deanthopinus for Acanthopinus
sciurinus (0. n. for Haematopinus aniennatus Os-
born). Later. Cummings (1914) erccied Linogna-
thoides for L. citelli Cummings, and Fahrenhols,
(1916) established Lutegus for Haemaltopinus pectin-
ifer Neumauu. Ferris (1923, 1 ) considered that
these taxa constitured a natural group and rejected
these generic names. However, the 2 additional
names were again proposed without satisfactory
Jjustification: Adhaematopinus Fuwing (1929) with N
inornatus Kellogg & Ferris as type, and Pelanris-
tophthirus Eichler (1919) with N, petaurisiae Ferris
as tvpe. Neohaemalopinus s. lar. is 1931) is dlil-
terent from other polyplacids by havieg (1) the
2nd tergal plate of the 2nd abdominal segment in
the male at least slightly modified. with its poste-
tior margin cmarginate and 2 groups of radially
arranged setae at cach end of the emargination @il
this tergite is 1educed, the row of setae is still mod-
ified), (2) the paatergites of the 2ud abdominal
segment entite and (3) paratergites on abdominal
segments 2-8.

In light of the rediscovery of Johnsonpthirus spi-
nosissimus. we have examined the nymphs of 27
species previously assigned 10 Neohaematopinus. Of
these, the nymphs of 5 species were definitely John-
sonpthirus, with mote than 20 venrral tubercles on
the head, 1 on the basal antennal segment, and
more than 3 microtubercles with a blunt posterion
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spur on cach coxa (Kig. 3, 4). 'The adulis of fohn-
sonpthirus also differ distincily from Neokaematopi-
nus by having 1 spiniform seta on the apical part
of the 3rd antennal segment in the male (Fig. 5)
and the thoracic sternal plate usually rruncate pos-
teriorly with posterolateral emm ginations (Fig. 26a,
b, ¢). The head sctac, particularly OSIHIS (outer
sutural head setae) and 31d DMHS (dorsal mar-
ginal head sctac). are long and thickened.

On the other hand, the males of Neohaematopinus
have 2 spines or spiniform setae on the 3rd anten-
nal segment (Fig. 8). and in both males and [emales
the posterior margin of the thoracic sternal plate
is strongly emu ginate with posterolateral angles
prolonged (Fig. 28a-h). Lhe nymphs of Neohae-
matopinus are completely devoid of ventral ruber-
cles on the head and coxae, although the basal an-
tennal segment occasionally bears a single blunt,
but often obscure. tuberele.

Of the 35 species examined, 9 previoush as-
signed 1o Neokaematopinus were recognized as
forming a distinct taxon referrable o Linogna-
thoides. "I'’he nvmphs of Linognathoides di from
Johmsonpthirus and Neohaematopinus by having 2-10
tubercles. often blunt, on the ventral side of the
head, 1 karge, blunt ventral tubercle on the basal
antennal segruent, and 1 large, blunt posterior spur
without microtubercles on cach coxal plate (Fig.
16—19). Lhe adults of Linognathoides are also sep-
arable from the allied groups by having the ab-
dominal e1gites and sternites as well as parater-
gites highly reduced and the thoracic sternal plate
posteriorly rounded or convex without postero-
lateral projections (Fig. 21, 22, 24, 25).

Lach of the 3 1axa. Johnsonpthirus, Linognathoides
and Neohaematopinus, is conlined o a diflerent host
group. fohnsonpthirus is parasitic on African ree
squirrels (Funambulini) restricted 1o the Fdhiopian
Region, whereas Linognathoides is on the ground
squirrels: Marnmotini (Northern ground squirrels)
of the Holarctic Region and Xerint (African ground
squirrels) ol the Fihiopian Region. Considering a
large collection of J. chlorolalpae from Paraxerus,
Funiserurus and Teliosciurus, the original collection
of J. chlorotalpae from Chrysochloris stublmanni Mat-
schic (as Chlorotalpa stuhlmanni) might have been a
contamination or straggler, and the tvpe host may
be an accidental host. Neohaematopinus s. str. is more
widely distributed and is paasitic on 4 major
groups ol squirrels of the Holaictic and Oriental
regions: Sciurini, “Tamiasciutini. Petauristing, and
Callosciurini.
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Genus Johnsonpthirus Benoit

Johusengthorus Benoit, 1961 Rev. Zool. Bov Afr, 63:
spedies: fornsonpthivis chiortalpae Benoiry,

Alenaptiarue Benon, 1969, Rev Zool, Bot. Afr. 80: 103 (1vpe-
speaies: Alenapthirus spenosicsimus Benoit), New synonymy.

Neohaematopns (partnmy Cuninungs, 1912, Bull. Entomol. Res,
3: 383 dimited 10 N heliovcaor Cammingsy -Fetns, 1915,
Proc Calil Acadl. Sci. A Ser. 6: 168 (hmited 1o N helioserun
Cammingsi: 1923, Stanford Univ. Publ, Univ. Ser. Biol Sci
2: 287 dimited 10 N, Ao Cammmings. N Aemiae Fert
N ahelicns); 1951, Mem, Pan Pae. Lniomol. Soc. 13 185
dimited 10 the species from Funambuline saundsy —Joho-
son, 1960, Ledv Bull TS Dep. Agiic, 1211: 43 [nor M,
pectinfer (Neunvann), N, faurer (Bedlordh].

288 type-

Pype-spedaies: Jokwsonpthirns chiorotalpar Benoit, by ongmal
designation.

Deseriptun 1¥ig. 1-7, 200 d). Anophua without eves. ADUGL TS
(Fig. 1, 2). Head (Fig. 51 As long as wide or shghuly longer, with
postantennal angle convex; antemmace S-segmented. basal seg-
ment with or without posteroapical angle usaally bearmg a stout
seta, ¢ with Srd segment usually somenhat produced antero-
apically and bearing 1 snong spine or spinilorm seu; ¢ with
3rd segment not bearing a strong spine or seta; VIS present
and sometimes vers thin Fhorax, With sternal plate posienordy
nuncate with posterolateral emargmation (Fig, 20a-d) Legs.
Forelegs small ancl weak with acuminate daw, mid- and hind-
legs lnger and usually subequal o wuh hindlegs slighity laxrger
cach with a scong claw. bdomen. With paratcrgal plaies well
developed on 2id 10 Bith segnrent, plates 36 varving fron small
and tangular i some spedes o lirge and subquadi angulan
in others. cach bearing a dotsal and vemral paratergal scra.
plates 7-8 usualls cllipsoid with long slender setae. 1e1gites and
sternuees highly developed: dorsally and vennally well covered
with 1ows of setae usually arsing trom posterior margm of
platea, 2nd plate of 2nd 1e1gue wstially emanginate posterionhy
with a group of setae on cach Tueral knob. NYMPHS (Fig 3,
4). Head. With S-vegmented antennae, basal and 2ud segments
havng ventral wibercles and 1 dorsal spur; senweal side with
small. pointed tuberd sometimes as many as 20 o1 nore,
Thoraa. Wih sparse setae, but usually with DP IS disunet. Logs.,
As in adult except coxae with 3 or more small taberdes and 1
blunt posterolateral spui. dodomen. Surface usualh mmuteh
scalv, always with less setae than aduli: paratergites visible m
N2 and stongh dentiform with a 1ounded base

Dastribution and hosts. Funambulini; Alrica.

Inchuded species.

. chlorolalpar (Benoit). ex Chrysochloris stublmanni:
N and NFE Zaire. Uganda, Tanzania.

2. heliosciuri (Cummings). ex Paraxerus palliatus, P.
ochracews, P. cepapi; South Africa (Natal), SI
Mozambique, Zimbabwe, Malawi, anzania, b
Kenva and 8§ Somalia.

3. keniae (Ferris), ox Heliosciurus gumbianus, H. ru-
wenzorn, Paraxerus cepape. Kenva, Zahve, Mozam-
bique, ‘T anzania. Nantibia.

4. spuiosissemus (Benoit). ex Paraxerus boehmi;

Rwanda, Zaire.
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suahelicus (Ferris), ex Paraxerus ochraceus, P, pul-
liatws, P, cepapis Aica.

Lectotype designation for
Johnsoupthirus heliosdiuti (Crummings)
Neohaematopinus heliosciuri was desaribed by
Cummings (1912) trom 1 male and 3 females col-
lected 2 March 1912, ex Paraxerus (as Helioscivrus)
palliatus  (Peters) mn the Uchweni Forest, Ken-
va (British East Africa). However, Cummings failed
1o designate a type specimen for the name Neo-
hacmatopinus heliosciuri. "The tvpe (male) and para-
tvpe (Females) designations on the shides were af-
fixed ar a later date without formal designation.
The original series of N heliosciure is mounied
on 3 slides. the male and 1 female separately and
2 females together. All 3 slides are labelled Neo-
haemalopinus heliosciurus (sic). ere, in order 1o fis
the 11 pe, we designate the alorementioned male as
lectotype and the 3 females as paralectotypes. Type
spedimens are deposited in the British Muscum
(Natural History), London.

ohnsonpthirus spinosissimus (Benoit
P! P
Fic.. 1-7. 26a

Alondpthivus spinmisanaes Benoit, 1969, Rev. Zool, Bot. Afi. 80:
108-11. frg, 3-

Redeserspion. & (Iig. 2.5, 6) Towl bods length (v = 15) 1.16
1LO8 1.28) Head (Fig. 33 About as long as wide: postantennal
angles moderately developed. eacly with 1 DMES (dorsal mai-
gimal head setach, Sl DMHS large. spiniform, DPHS (dovsal
principal head seraylong with a strong D AcHS dorsal aceessory
head setad: DPoGHS tdotsal posterior cennnal head setn strong.
spimtorm, displaced laterad behind DACHS: 2 SHS (suiural
head seine) long: DAnCHS tdorsal anterior cennal head seta)
and suptaaniennal setae disunet, VPHS G enaal prmcipal head
seta) long, stong: anterior. apical and oral head setae disunet.
Anterma. 3-segmented; basal segment enlarged with posteroapi-
aal angle produced and beaning a stout spiniforin seta: seginent
3 dorsally with 1 shovi, vecanved spine at 1ts apes: seginem 4
constricied basally. Thorax. Broader than bead: prothoradc and
mesothoradc pleatal apophises slender: mesothoradic plearal
apophyses encompassing the mesothoracic spnacde and medi-
ally connected; DPS (dorsal prothotadic setae) and DMeS (dor-
sal mesothoracic setaey shong and DP TS (dosal prindipal tho-
racic setae) long, slenders thoraac sternal plate (Fig. 26a) with
rounded anterior magios sloping 10 sharp poswerolateral an-
gles and with posterior mangin vuncate. Legs. Forelegs small
with acuniinate caw : mid- and hindlegs <milar m size and shape,
both Tager than forelegs, cach with a swong daw. Abdomen.
Elliptical. targal. stereal. and paratergal plates well developed:
inct spitacles on each side: 2nd plate of 20d wergite
stiougly einarginate posterionly with 3160 4 setae on each knob;
succeeding tergal plates cach beming 1310 15 slender setae (9
on last 1ergal plaie): segmenis 210 7 cach with 2 sternal plates:
sternal plaes cach with 6 to 8 slender setae (1 on last eernal
plate): segments § 10 6 cach with ko ge paratergites subguadtan-
gular: cach paratergite with the posterion angles produced ino
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FiG. 3=7.  Johnsanpthirus spinovssiorus: 5.

a strong ooth and with a dotsal pa atergal seta and « shovier
ventral paratergal seta. parataigies of segment 7 and & oval
with a pan of extemely tong setac. Gemtalia (Fig. 6). With basal
apodeme slender and extending 10 muddle of 61h 1e1gite; par-
ameres sloping stongly from the base and forming a sharph
pointed lateral shoulder: outhne of the paameres formmg a
chiamond, skewed apically; ps(-u(lopcnis slender. Y-shaped. and
longer than paramere; dorsal endomere slender and L-shaped.

€ 1, 7). Total body length (2 = 15) 169 (151 1.83
head as m & but medial SHS sionger: thorax and legs as in
S. Amennae as m 3 but Siel seginent without & <pine and 4th
segnient less constricred busally. Abdomen asin 3 but segments
2 1o 7 cach usually with 3 wargites and sterites: each tergal
plate with 8 10 10 setae Gentala (F1g. 7). Gonopod VI ellip-
tical, with 3 distinet setae; gonopod IX with a thick. blunt seta
m addition to mumerous other setae.

Nyvmph (N} 1 (Fig. 3% Lotal body fengih (2 = 5% 0.53
(048 0 39) Head Shghtly wider tsan long with a clusier of
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3 head: 6, & genitalia: 7. 2 terminalia.

safl 1ubercles at the anterror margin and 7 additonal vennal
wbercles distiibuted as far as the posterior antennal marging 2
anall DMEIS: DPHS strong with a small DACHS: DPoCHS and
DARCHS present: 2 SHS distinet: Tsupraantennal seta present:
\PHS long and thing apical o1 oral setae present Antenna,
Sosegmented; basal segment with 8 w0 10 ventral tubercles, 2nd
segment with about 6 vential tubercles  Thorax Broader than
head, with | sirong DP 1S, a small DMsS; mesothoracie spitacle
distmet. Legs. Forelegs weak with acuminate claw: md- and
hindlegs lmge with strong dlaw; all coxae cach with 1010 15
ventral wbereles in addition 10 a disuna, blunt spin near the
conal base. Abdomen Obovate and minutely scaleds a group of
6 DCAS dorsal cental abeontinal setac), marginal abdommal
setae lTong and slenders no indication of wergites. stermites or
parater gites; abdominal spiracles indisunet.

N2 (Fig. 4. Total bods length vi = 6) 0 72 (0.69-0.76). kden-
tical to N1 except VPaHS present, cach coxa having 20 w0 60
venteal tberdes: a fes additional dorsal abdominal setae,
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paatergites represerted by 4 small, very stout teeth with
rounded bases: abedommal spiracles fairely apparent.

N3, Total body length N3 8 (v = 11101 N3 § (n — 2) 1.08
(0.96-1.20). Similar 10 N2 except aneerior margin of hiead with
more venual tuberdes (ca. 15 on each side). ancd abdomen with
a lew more dorsal setac.

Type data. Holotvpe @ and allotvpe & Srd-instar
nymphs. RWANDA: Uinka (Shangugu), 11.VI.
1962, A. EIbl, ex Tamiscus vulcanorum Thomas
|=Paraxerus boehmi (Rcichenow, 1886)] (. Elbl I
683). Deposited in the collection of the Musée Roy-
al de PAfrique Centrale, Tervuren, Belgium.

Specumens examined. ZATRE [all Tabeled “C ONGO” (—B(.Igmn
Congoyl, ex Funiserurus anenytinw: hangi, 3.1.1969, 4 & (#1710);
22. V111968, 1 & (#628): Jachere. 281111969, 2 & (#19206):
ex Funasciurus sp.: Irangi. 21.11L1969, 1 ¢ (#1923): 2.X11.1968,
1@ (#1466); 25 11 1969, | § (#1790); 2LIT1.1969, 1 ¢ (#1953)
Kararud, 8 X 1968, 1 2 (#1160); Miuu. 13.1X.1968, | ¢
(#1014); .X1L1968, 1 © (#1201): 15.1.1969. 1 ¢ (#1719): Macje
kangi, 27.111.1969. 1 2 (#2018); Kangi Kalolo, 214.111.1969. 1
& (F1990): ex Paraxerus (as Tamiseus) sp.: no location,
130X 1968, 1 & (#1097); 25.11.1969. 2 £ (#1793); 15.1X.1968,

12 (no #): Irangi, [3.0X.1968. 3 & (#1020); 19.V111.1968, 1
? (#916) T 1968, 1 2 (#915); 24.111. I()()‘) | ¢ (#1957);
4XIL1968. 1 & 1#14‘)/) F.VILI968, 2 ¢ (#3517
1611969, 1 ¢ (#1723); 7.X.1968, | § (#l]’l‘)) 25.11.1969, 1

2 (#1779); 24.11.1 2§ (#1777), 10NV 196 7 (#921
& Jachere, 28011969, 1 2. 1 N1 (#1929); 23.111.1968.
13,3 ¢, 1 N2(#1930): 23,111 1969, 2 & (#1925); 23.111
1 N1 (#1928); Miluri, TEIX. 1968, 1 € (#1081): 13.IX.1¢
S (#1016); 19V 1968.1 4, INZ (#948): 19V HI 1968,
TS NS 1OVIILI968, L &, 1 ¢ (#911); 13.1X.1968,
2 9 (FI013): Rangi, 19VIILI968. 1 5 (#919): Jachaiu,
16.X.1968, 2 ¢ (#1223): Kmauci. 11.1.1969,3 3. 1 2 (#1646):
Mashere, T2 VILIOE8, 1 6.2 9, 1 N2 (#1662); Kaloto.
24.111.1969.8 6. 1 2 (#1931): Karambi. 7.1.1969. 1 & (#1152):
13 IX.1968, 2 ¢ (#1009); near Take Kiva, 10.X1.1969, 2 2
(#LR2): 10.XI1.1969, 1§ (#IR4); ox P. boehna emini: 14.1X.1968.
13,42 (#1053); 14.IX. 1968, 1 & (#1038): Irangi, 3.X1.1968,
@, 1 NS & (#1278): MUX1968.1 9,2 N3 @ (#1048); THom-
bo, 24.X1.1966. 1 ¢, 1 2, I N1, L N2 (#9129); ex P. alexandri:
Karamby, 9.X.1968. 1 ¢ (#1168), 9.X.1968, 2 2 (#1170).

Specimens of other Johnsonphthitns sph. examined.

J- dhlorotadpae: ZAIRL [all labeled “CONGO” (—Belgian Con-
go). ex Paraxerus sp.: Bitale Buloho 111967, 1 3.3 25 Fout,
SXILI968. 1 N8 &5 Irangi, VII-IX. XH.1968. T 1111969, 80
&, 121 2,2N2 ¢ u. 12.X.1968. 1 &, 8 ¢; Jachere, 1.
]Il VT 1969, ; Kalolo. 14. 24,111, l‘)( , 28 ¢, 13

; Kangy, l‘)\lll ")\II l‘JG 2 25 Kmambi, 7.1, 2.11.1969,
'l 1968. 20 ¢, 3092, 1N34. 1
8-9.X, 5 X1.1968. l.) 3.20 %,
5.2 25 Mashere, 12.V11.1968, 1-11.1969,
 Mifud, T9.VIL F20X, 13.X.1968. 15.1.

2, 1 N3 d: Nashere, 19.1, 22111969, 1
d.7 ¢,3N3 ¢ near ldke Kivu, 10.1X.1969, 2 €; no Jocation,
11=151X.1968.23.11.1969, 6 &. 13 Q1 ox P. alexandre: Kavambi,
9.X. 1968, 1 ¢, 8 ¢, 1 N3 3; Mifuu, 3.X1.1968, 2 &. ¢ 2N\3
S5 ex P bockmi emine v alexandre: Liangi. 6.3 1L 6 3,6
25 ox P boehmr emine: Hombo, 24.X1.1969. 3 3, 3 2. hangi.
H, TLIX 1968, 3-5.X1.1968, 20 3, 19 2.3 N3 3.2 \3 2.
Kabmba. 22.X1 1,29 Mifi, XL1968,2 8,4 ¢
no location. 14-15.IX.1968. 3 ¢. 10 7; ex Punscuaorus: lnm;,n,
V. VIL XL XTLIO68, 1-11.1969, 13 ¢.32 ¢, 1 N3 4; Jachere,

Mahe. 6
65.4 2. 2
25.111.196
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231113 IX.1969.3 3, | ©; Kangi, 24.111.1969, 2 ¢ Karambi,
7.X 1968, 14, 2+; Kararudd. 14.IX. 8.X, 7.X1.1968. 14, 1°:
Kashewe, 27111969, 1 §: Mifwi, 1.X1 1968, 23.11. 24.111.1969,
24,4 € Muhauala, T8.VL 1963, 1 21 Mukowa. 22111 1969, 1
2; no location, 14.IX. 1968, 11 9 ex £ anergtinus o1 pyrrhopus:
31.1.1969. 4 3, 4 % Fooanerythrus. Jachere, 3.XL1968, 1 €5
Irangi, [4.01X 1968, 2 Mifwi, 4.XL1968. 2 2; Ishibau,
20UV 1966, 1 ¢. 3 £; ox Hehoserurus rufobrackivm: Kahumi,
2701968, 1 5.

| helivscaurs. ex Paraxerus palliatus. K1NY.A: Gohwent Forest.
21912, 1 & lectotvpe, 3 2 paralectotypes: ex Paraxerus ce-
papi, SOU FHCAFRICA: Kruger, Natl, Pk, 7.X1 1933, (LSNMD.
2 4. 2 2 (KNP 128-130), MOZAMBIQUE: Moamba.
LLITL 1964, 1 8 (£950)

] kemae: ex Hilioseiurns ruwenzonn, LG ANDA: Mubukao Val.
Mr Runenzond (USNAMD, 1T 2 paratype (#172921): ex Paraxerus
sp.. ZALRLE: Mashere, 22101969, 2 &, 1 N3 & (#1749):
22111969, 1 ¢ (#1751); 12.VIL1968. | & (#1622); Karambi,
S L1969, [ & (H1627): ex Paraxerus boehmi emen, 7.AIRL: Ka-
limba, 22.XT 1966, 1 &. 1 ¢ (#9094); Tshibau. 3 &, 4 N3 3, |
“unisciurus sp.. LAIRE: Trangl, 10.V.1968, 1 &.1 ¢,
(#2120 1411969, 14, 12 (#1701); 24111969, 12
): 15.1X.1968.2 9 (#112(») 20.1.1963. 1 N3 ¢ (#16851);
”H L1969, 1 ¢ (#1711); 19'(), 1 4) {#l/‘)()) _ddlut,

13.0X.1969. 1 2 (#1012), 2
22101969, 1 ¢ (#1797): Mifuu, 241[1 I()()k) K 'J
251111969, 1 & (#1987 Fumusciurus anerythrus, ZAIRT.
angy, MIXU968, 16,1 9 (#1068); date unknown, | 2 (#1041
22.X1.1906. 4 ¢ (#90! karamnbi, W68, 1§ (#1307)%
Oroboro. 28.X1.1968. 2 ¢ #2221 X Hehosaurus gam-
brans, GGANDA: Brumba Toro, IX. 1916, 1 &, 3 ¢ (BMNII).

J. suahelicu x Paranerus ¢ papi. MOZ. \MBIQ‘L L Moamba,
LLITL1964. 4 4, 4 2 (#950% ex Paraxerus copap arucescens,
TANGANYIR. \ Atusbha, Temi Riv, S of I(n},(nu 915 .
3.0V ITL1956, (USNAM). Hoogstaal & Kohls, | ¢, 1 2.1 N1
(#1TUL11245); Arusha, Makumire Riv, 1250 m. 30.V11.1036,
(USNM), Hoogstiaal & hohls, 4 N1, 1 N2 (#1H1193); ex Para-
xerus palliates ornafus, SOUTI AFRICA: Ngova Hills, Nagal, |
3.2 2 parawvpes (#141472) (USNM).

Genus Linognathoides Cummings 1914

1 inognathodes Cimmings. 1914, Bull. Entomol Res. 51 159 (1 pe-
species: [inognathoudes citell Cummings as L. spermophit).

Lanognathodes (partim)- Kellogg & Fernrs, 19131 cland Stanford
Junior Guiv. Publ. Univ, Se1. 20: 23 [limited to L. montanus,
a ssnonvin of L laeviusculus (Grube)—Feiris. 1916, Proc.

Acad. Sci. 4th Ser. 6: 138 (except L. wornatus Kellogg

Lutegus I'.\hnnhnl/ 1916, Aach. Naturgesch Abt. A 81: 31
(1 pe-specics: Haematopuius pectinifer Neumann).

Neohaematopinus (parting): Ferris. 1923, Stanford Univ. Publ.
Univ. Ser Biol. Sci. 2: 237 (limited to the spedies of Linogna-
thoides); 1951, Mem. Pan Pac. Entomol. Soc. 1: 183 (litnted 10
the species from Marmoting and Xerini sciuids).—Johuson,
1960, Tech. Bull. LS. Dep. Agric. 1211: 43 (lmited o N\ pec-
fuafer Newmann, N, faurer Bedford).

Type-species: Linognathoudss catelh Cunrmings.

Deseription (Fig. 16 25. 27a—). Anopluia without cves,
ADULTS (Fig. 20-25). Bodv stout. Head. Slightly longer than
wide with postantennal angles variable: 5-segmented imtennac,
basat segment without posteroapical le and a stout seta, é
with ‘inl segment bearing 1 or no spiniform seta (Fig. 20. 23).
? with 3rd segment bearmg no spinitorm seta: 3 PHS distine.
Therax. With siernal plate posteriotly 1ounded or convex. s
posierolareral angles produced o1 1ounded o1 completely ab-
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Fie 810, \eoharmatopmus scnuspten: 8 ¢ antenna; 9.3

sent (Fi 24,95, 271, Legs. Forelegs sinall and weak with
acumumate ot bilid daw, mid- and hindlegs larger and usually
subequal. with stiong claws. dhdomen Tergites and stenmtes
bighly 1educed or completely Tacking: exeept genal plates,
paratergues reduced. often with anterior patt nembrimous:
cacht of segments 3=6 with 2-8 1ows of dor «al setae: € having
vestiges of 2nd 1erge with a taint indication of postetior i -
givation and a group of sctac. \Y MPIS Head. With S-seg-
mented antennac, without vental tuberdes, with 1 dorsal spur:
vental sule with 2=10 pointed o1 blunt small tberdes ‘Thorax
With sparse setae bt DPES distina Legs Ay in adult except
coxae with 1 blunt posterolateral spur but without ventral 1
berles, Abdmmen. With fewer setae than adult; paratergites vs-
ible in N2 and N3,

Distribution and hosts. Mar motini and Xerini; Hol-
arctic and Fihiopian regions.

Included species.

. citell Camniings. ox Spermophilopsis leptodactylus:
Russian "l utkestan.

9. faurer (Bedlord). ex Xerus wauris. X. priceps: An-
gola. Namibia. Botswana. Zimbabwe, South Af-
rica (Orange Free Siate).

8. laeciusculus (Grube). ex .S'/)m‘:m}/)lulu.& undulatus,
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gerutalin. 10, nymph 2

S. parry, S. pygmaeus. S. dauricus, S. columbianus,

8. variegatis: Holarclic Region.

 marmotae (Fervis). ex Manmola spp.. Cynomys lu-

dovicianus; North America.

5. palaearctus (Olsoutjev), ex Marmota caudata:
Russian Furkestan, Alghanistan. Kashmir.

6. pectinifer (Ncuman), ex Atlantoxerus gefubus; NW
Africa, Morocco, Algeria.

7. relictus (Dubinin). ex Spermophilus gracilis ([os-
sih: Palacarctic Regiou.

8. schizoductylus (Gerwell), ex Spermophilus suslicus:

S European Russia to SE. Poland. NT. Rumania.

paubr (Rubiny, ex Spermophilus adocetins: Mexico.

{

Specomens examied.

L. catelh: ox Spermuphilopses Ieptodacnlis. USSR Transhaspicn.,
111418, ] Wagner. 15 1 ¥
I Janree ex Xerus maurs. SOUTH AFRICA: Cape Prove Al
wal. 1 2 VL1968 1 ¢! 2N 5 N2, 2 N3 AVIWL 2005)
Grobbershoop, 7.3 L19( + Lramsvaal,
Blocimhoet 1 ombard Native Reserve, 6,11 1937, F Zumpt ¢#54,
SAIMR, | ¢ 1 2. 3NILI936. ¥ Zumpt. | & 1 N3s
b 23,2 3 N1 9 N2 1 NS (RDIT 67 Orange
Free Seate. Phulippolis, 27 1\ 1968, 1 3.1 2 2N1L22\2 5\3
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Fie. 11-13. Neohaematoprnus calloscinri, ox Calloscinr us erythraeus centralis, Puli, Nam, Tou Hsien. Formosa: 11,

nymph 12 12, nymph 2; 13, nvmph 3

(AVWL-1050); Sterkspruit, 23111968, 1§, 12 (I1WS$-6238);

Maboane, 18.XL1.1965. 1 &. | 2 (TNL-113):
BOTSWANA: Mabua Sefulis Ran. 11IT.1967, 1 N2. 2 N3 (I'NL-
2335); NAMIBIA: Shaanskolk. LV T1966. | ¢, 1 2.4 N2, 4 \3

esealus: ox Spermoplabus beecheri, CGATTFORNT A: Mon-
terey Co., Bell Ranch, 16.VILTY72. Yescort. 8 3.2 2,3 N1, 8
N2, 3 N3, Monteres Co., 13.V.1976 (USNM), 2 ¢, 2 2, 10 NI,
TEN2. 6 N3; ex Spermophitus beldings, CALIFORNIA: Bricdge-
VI 1950 (lov #90, R'T B-9950). |. Poll, 1 N2: ORF-
eno 13.VIILI934 (#17019), 1. H. Stage. 3 2.4 N%;
ex squinel. CALTFORNIA, San Diego. 1933-1934. P. H. Ro-
dent Smvey, 2 3. 2 N3 (#285); 1 NS & (#469); 2 ¢, I NI, |
N3 (#501).

L. marmotae: ox Canomys ludoncianus, N. DAKOTA: Billings
Co.. 7 VL1976 (I'140, R102), | &1 ex Marmota sp.. IDAHO:
Shoshone Falls, 20.VLI91L. Burroughs. 1 8: ex Marmota fla-
wuentrs, CALIFORNIA: Modoc Co.. 20.VL 1949 (P73027. R]S-
83835). Kitkwood. 1 N1, 6 N2, 4 N3; ex Marmota flavivenin
avara, IDAHO: St Marles, 9.%.1932 (#19040). 1. H. Stage, 8
¢.7 75 ex woodchuck, U'TALL: Logan, 20.V.1939 (#39-8277),
Knowhon & Nve. 18,1 2, I N2, t N3; ex Rock Ghuck, UTAH:
Logan Canyon, 6 VIL.1951 (#32-3676), G. F. Knowlon, 1 4,
19

PAKISTAN: Ha-
N3 (B67460).
gadit Pror

L. palacarctus: ex Marmota caudata, W
zara Dist.: Burawai. 1.I1X 1963, | N1, 4 N2

L. pectinifer: ex Atlantoxeras getuhus, NMOROCH
Aquinet Torkos, 6.X1.1969.7 3,6 2,3 N1,
Talraouie, 190111970, 2 3, 2 2, 1 N1. 5 N2 (MGH-1327);
Famii, I31V.1970, 3 N 1. 16 N2, 2 N3 (MGH-1391-92, 1394);
Yartina Provl: Tuisgui Remz, 12.X11.1969, 4 N1. 6 N2, | \3
(MGH-464).

L. traubi: ex Spermoplalus adocetus, MFXICO: Apatzingan. Mi-
choacan. 3.VIILIOT (USNM), Hoag & Wonder. 18,1 9.1
N2 (paraiypes) (#57681).

Genus Neohaematopinus Mjoberg

Neohaematopinus Mjdberg, 1910, Ark. Zool. 6: 160 (tvpe-spedies:
Haematopinus scwuropteri Osborn).

Neokaematopinus (pminn): Fenis, 1916, Proc. Calif. Acad. Sci
1th Se1. 6: 168 (not N, helioscren Cummings); 1923, Stanford
Univ. Publ. Univ. Ser. Biol Sci. 2: 237 (mot the species ol
Linognathordes and Ludegus): 1932, ihid 2: 283 (sinks Ahae-
matepinus Ewing); 1951, M Pan Pac. Entomol. Soc. 1: 185
(sinks Petaurastophtharies iler). —Johnson. 1960, Tech. Bull,
LS. Dep. Agic. 1211: 961, Misc. Publ. Entomol Soc.
Amn. 4: 77 (limited 10 the species of Neohaematopinas s. st.).
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Tro 1113, Neohaemalopinus peicunstac. €X Potarnte dlegans. Chiang Ma, Doi Pui. } halanet: 14, mmph 1z
£4 )

15, nvmph 2.

eanthopmus Mjoberg, 1910, Arh. Zool. 62 160 (13 pe-specices:
Acanthopmas scnrinus Mjpberg, n.n. for Hasmatupnnus anten-
natus Oshorn preoc.).

Ahaematopinus Ewing. 1920, Man bt Parasie:
species. Neohaematopmus wornatus Kellogg & Feirms).

Lnognathoides (pntim): Kellogg & Ferris. 1915, Leland Stanford
Junior Unie. Publ. Unis. Ser 20: 29 (limited 10 L. inernatus
Kellogg & Ferrish—Fenis. 1016, Proc. Calf Acad Sci. 4th
Ser. 6: 136 (hmuted (o L. nornatus Kellogg & Fernis)

Petanristophihir us Fichler, 1919, Boll. Soc. Entomol Ital. 79: 12
(1 pe-spedies: Neokaematepuuus pelaurnlac Ferris).

197 aype-

Lype-species: Haematopinus wiwropters Osborn. by onginal
designation.

Redeseripton (Fig, 8=15, 28a=h). Anopluta withoul eves
ADUL 1S Fig. 8, 0. Head. As long as wide or slightly Tonger,
with postaniennal angles convex segmented antennae. basal
segment with o1 without posteroapical angle usually bearing a
stout seta, ¢ with $1d segment usually somewhat produced an-
teroapicalls and alwavs bearing 2 strong spines or spiniform
setae at apex: 2 with S1d sepment not beating & stiong spine
ot seta. Thorax Usually with sternal plate posteniorly emargim-
ate o1 umncate and having disiinet posterior angies produced
tlig. 28a-In. Legs. Foneleg small and weak with acummate daw.
inid- and hindlegs larger and nsualty subequal o1 with hndleg
slightly lmger. cach with a strong chaw Abdomen, With parater-
gal plates well developed on the 2nd to 3ih segraent. plates 3-6
ustrally subquadrangular or nangular, cach bearmg a dorsal
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nymph 3. 19, Luognathoides

2; 18,

ph 1 17, nyiph

16. nvu

e, 16=19 1618, L

s 3.

my

pectinfer: n



slender setae: tergites and sterites well developed: dorsally
andd venually covered with 1ows of setae, 2nd plate of the 2nd
tergie usually emarginate postenonly with a group of sctae on
cach lateral knob NYMPHS (g, 10-13). Head With 5-50g-
mented antennae, basal segment without senttal berdde and

I or 1o dorsal spur: no tubercles present on vennal swtace of land

head; | long. thick DPHS present. Thores. With 1 DPTS I
Forelegs small and weak with acuminate ¢law: nid- and hind-

legs lnge and generally subequal with a stiong claws coxae Lanka.

without vennal wberdes but oceasionally with 1 o1 no small [§
bluni posterolateral spur. Abdomen, Usu
tnatly scaly; pararergites present m N2 and N3 dorsunt and
venter with at least a few setae por segment with terounal setae
longesy; tergiies and siennites absemt

Distribution and hosts.

aur

regions.

Included species.

L. appressus Johnson. ex Tamiops rodolpher: Taos.
2. batuanae Ferris. ex Petaurista batuang: Batu Is. 10,
Malassia.

sciurini, Tamiascwrini, Pet-
tini. and Callosciurini; Holaretic and Oviental - 8. cognatus Johnson, ex Callosciurus jentincki, Dre-

ally. mmurely but dis-

. chinensss Blagoveshichensky. ex Diemomys o
genis ornatus: China and Vietan.
citellinus Verris. ex Ammospermophilus harrwsi,
Cynomys gunnisoni wuniensts. Spermophidus leucu-

1982 kim & Adler: Tavonowie relatonships among Anoplua 625
NN 25
F1e. 20=25.  Linognathoudes, 20-22, L. marmotae: 23-20, 1. pectmfer: 20, 23. 3 antennae, 21 24, £ thoracic
sternal plates: 22, 25, ¢ thotadic sternal plates.
and venual paratergal seta, plates 78 wonally elipsord with 3. calloscruri Johnson. ex Callosciurus finlaysoni, (.

caniceps, C. evythraews, C. nigrovittatus, C. notatus,
C. tenuis, C. prevosti, Ghphotes simus. Lariscus in-
signds; Malavsia and Thailand.
. capitaneus Johnson, ex Hylopetes phasrei: Thai-

ceylonicus Fervis. ox Funambulus palmarum; Sti

s, S, tereticaudus, S. varnegatus gramonnus; SW

US and Mexico.

momyy spp.. Menctes berdmorei, Nannosciurus

whiteheadi: North Borneo and Thailand.
. echinalus (Neumanm), ex Funambulus palmarum.

F. pennanti: India.

and Malaysia.

elbel Johnson, ex Dremomys rufigenis; Thailand
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Fic. 26-28.
helncin

b. Noscaurmus: ¢, N wnacus, d, N callosanr, e, \. neotomae: £. N sciurr; g. N atellmu o N

11. griseicolus Ferris, ex Sciurus griseus; Calilornia.

12. inornatus (Kellogg & Ferris), ex Neotoma cine-
rea; W North America.

13. hinabalensis Johnson, ex Hylopeles sagitia; Thai-
Tand.

14. neotomae Ferris. ex Dipodomys ordii, Neotoma al-
lend, Neotoma albiguta, N. fuscipes, N. lepida, N.
mexicana. N. micropus, N. streatori: W US.

15. pacificus Kellogg & Kerris, ex Eutamias quadri-

~-tllalu.s, Neotamias alpinus, N. hindsi, N. merri-

ami. N. speciosus, N. townsendii; W US.

pallidus Johuson, ex Petaurista pelaurista, P. lay-

tort; Malava and Thailand.

17. pansus Johnson. ex Pelaurilius hosei; Sabah.

18. petauristac ¥erris, ex Petaurista inornata, P. lay-

lori; Kashmir and hailand.

. pteromydis Blagoveshichensky. ex Pteromys wo-

lans; Russia.

robustus Johnson, ex Pelaurista elegans; Malaya.

16.

1

x
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Phoradic stermal plates. 26, fohnsonpthirus: a, J. spinosssimus; b, J. swahehicus: ¢. Sy kewae: 4, .
27, Linognathodes. a, L. wmarmotae: b, L. traube: ¢, L. laeirusculus. 28. Neoharmatopinus: a, N. scuroplere:

N sprlosomac.

21. sciuri Jancke, ex Callosciurus caniceps, C. finlay-
sond, S. polwopus, S. vulgaris; Furope. Malaya.
US. Mexico.

22. sciurinus (Mjoberg), ex Sciurus spp., Tamiasciu-
rus hudsonzcus; Germany, Malaya. Noith, Cen-
rral, and South America.

23. sciuropteri (Oshorn). ex Ewlamias amoenus, Glau-
comys sabrinus, G. volans: US.

24. semifasciatus Yertis, ex Tamiasciurus sp.; North
America.

25. spilosomae Stojanovich & Pratt, ex Spermophilus
spilosoma; SW US.

26. syriacus Ferris, ex Scuurus anomalus; Svria.

Sprecimens exanuned. Adults and nvmphs of the following species
were studlied. appressus, calloserur, caprtanens, atellinus, cognatus,
echinatus, elbelt, ornatus, kinabalenss, neotomae, puttidus, pansus,
petawristae, 1obustus, sctun, scuurinus, sauroptert, spilosomae, and
syrucus. Only adult specimens of 1he following were exantined:
batuanae, wslomans, chinenses, grisenolus, pactficns, plevorndis, and
semifestatus.
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