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Abstract

New Zealand has arelatively small tick fauna, with nine described and one undescribed species belonging to
the genera Ornithodoros, Amblyomma, Haemaphysalis and Ixodes. Although exotic hard ticks (Ixodidae) are
intercepted in New Zealand on aregular basis, the country haslargely remained free of these organisms and the
significant diseases that they can vector. However, professionals in the biosecurity, health and agricultural
industries in New Zealand have little access to user-friendly identification tools that would enable them to
accurately identify the ticks that are already established in the country or to allow recognition of newly arrived
exotics. The lack of access to these materials has the potential to lead to delays in the identification of exotic
tick species. Thisis of concern as 40-60% of exotic ticks submitted for identification by biosecurity staff in New
Zedland are intercepted post border. This article presents dichotomous and polytomous keysto the eight species
of hard tick that occur in New Zealand. These keys have been digitised using Luci d® and Phoenix® software
and are deployed at http://keys.Iucidcentral .org/keys/v3/hard_ticks/Ixodidae genera.html in aform that allows
use by non-experts. By enabling non-experts to carry out basic identifications, it is hoped that professionalsin
the health and agricultural industriesin New Zealand can play a greater rolein surveillance for exatic ticks.

Key words: Ixodidae, dichotomous, polytomous, Lucid®, Phoenix®, biosecurity, New Zealand

Introduction

The worldwide decline in taxonomic expertise (Godfray 2002, Walter & Winterton 2007, Wheeler
2004) is inhibiting prevention and management of biological invasions (Lodge et al. 2006).
Protocols for diagnosing pests and diseases underpin essentially all quarantine activities, and low-
quality, inaccessible or absent taxonomic keys are major impedimentsto effective border biosecurity
and pest management (IPPC 2006, Lodge et al. 2006). For a taxonomic specidlist, identifying a
specimen may only require abrief check of critical characters (Walter & Winterton 2007). However,
less specialised diagnosticians dealing with unfamiliar species in quarantine situations require
extremely well-designed taxonomic tools to obtain correct identifications. Therein lies the problem,
astraditional dichotomous keys are“ compiled by those who do not need them for those who cannot
use them” (Lobanov 2003), resulting in tools that can be inadequate for quarantine requirements
(Lodge et al. 2006, Walter & Winterton 2007).

One way to alleviate the shortage of taxonomic expertise is to capitalise on new, rapidly
evolving technologies, such as polytomous (matrix based) electronic interactive keys (Agnarsson &
Kuntner 2007, Chesmore 2002, Lodge et al. 2006, Norton 2002, 2005, Walter & Winterton 2007).
While paper-based dichotomous keys are simple, portable, and do not require associated
technologies such as software and computers to be used, they have particularly limited utility, both
when specimens are damaged and when diagnosticians have difficulty recognising particular
characters. Reaching aconclusion with adichotomous key depends on the user being able to progress
stepwise through coupl ets or less commonly a greater number, e.g. triplets, of questionsin amanner
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predetermined by the key’s author. However, damaged structures and incorrect interpretations of
characters can render couplets unanswerable. Polytomous keys allow users to bypass characters that
are unrecognisable, hidden, damaged or missing and choose those that are most easily observed or
recognised on the specimen. Although paper-based polytomous keys can be difficult to use (Walter
& Winterton 2007), this can be overcome by presenting them in electronic format using custom, e.g.
Walker et al. 2005, or commercial software such as Delta (Dallwitz 2007, 2009, http://delta-
intakey.com) and Lucid® (Norton 2002, 2005, http://Lucidcentral.com). Further advantages of
electronic keys over paper-based keys are that they can be easily corrected or updated and made
readily available via the World Wide Web, and that genetic data and media files can be easily
incorporated. Disadvantages associated with the use of electronic keys are their cost, reliance on the
user having access to a computer on which the appropriate software is loaded, and the ability to
utilise electronic resourcesin field situations. Whil st the ongoing and rapid devel opment of software
and handheld computing devicesislikely to overcome the aforementioned problems; it islikely that
there will be a need for both paper and electronic versions of keys for the foreseeable future.

Here, | describe the application of computer software to develop a key to hard tick species
(Acari: Ixodidae) that are significant to New Zealand quarantine activities. The advantages offered
by polytomous over dichotomous keys are particularly relevant to ticks because most specimens
submitted for identification are collected by nonspecialists and are often crushed, have missing
structures, or are contaminated with debris.

Ticks are blood-feeding external parasites of birds, mammals, reptiles and amphibians that can
act both asreservoirs and as vectorsfor arange of diseases caused by bacteria, viruses and rickettsiae
(Varma 1993). New Zealand’ s tick fauna consists of eight hard tick (Acari: Ixodidag) species, all of
which are formally described, and two soft tick (Acari: Argasidae) species, one of which is
undescribed (Dumbleton 1953, 1963, Heath 1977). The hard tick Haemaphysalis longicornis
Neumann is the only non-indigenous tick species in New Zealand and was likely introduced from
Japan via Australia (Hoogstraal, et al. 1968). It feeds on a range of mammalian and avian species
and is of economic importance, both in New Zealand (McKenna 1996) and el sewhere (Hoogstraal
et al. 1968). It is also the only tick that is commonly encountered by humans in New Zealand
(McKenna 1996). Four hard ticks (Ixodes auritulus Neumann, I. eudyptidis Maskell, I.
kerguelenensis André & Colas-Belcour, and |. uriae White), and one soft tick (Ornithodoros
capensis Neumann) are primarily parasites of seabirds (Dumbleton 1953, 1961, Raberts 1970).
Ixodes eudyptidisis limited to coastal regions of New Zealand and southern Australia (Heath 1977,
Raoberts 1970), while the others have widespread distributions in the Northern and Southern
Hemispheres (Amerson 1968, Arthur 1960a, Cooley & Kohls 1945, Dumbleton 1973, Heath 1977,
Hoogstraal 1985, Roberts 1970). Of the remaining four species, |. anatis Chilton, I. jacksoni
Hoogstraal and Amblyomma (formerly Aponomma) sphenodonti (Dumbleton) are endemic to New
Zedland and are associated with kiwi, Apteryx spp. (Struthioniformes: Apterygidae), cormorant,
Sictocarbo punctatus (Sparrman) (Pelecaniformes: Phalacrocoracidae) and tuatara, Sphenodon
punctatus Gray (Rhynchocephalia: Sphenodontidae), respectively (Heath 1977). The fourth is an
undescribed soft tick collected from the native bat Mystacina tuberculata Gray (Chiroptera
Mystacinidae) (Heath 1977).

Unlike many other countries, New Zealand is currently free of most ticks and tick-borne
diseases that impact animal production and human health (Heath 2002a, b). The sole exception is
Theileria orientalis, which is present in the North Island and is vectored by H. longicornis (Heath
2002b, James, et al. 1984). However, should additional tick species or tick-borne diseases become
established in New Zealand, this situation could change. Between 1955 and 2009, the total border
interceptions and post-border detections (hereafter referred to as “ quarantine detections”) of exotic
hard ticks made by New Zealand quarantine authorities was 122 (Heath 2001, pers. comm. 2009,
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Loth 2005), including 17 species from the genera Amblyomma, Bothriocroton, Dermacentor,
Haemaphysalis, Ixodes and Rhipicephalus (Heath 2001, 2009, L oth 2005). To date, there have been
no quarantine detections of exotic soft ticks in New Zealand (Heath 2001, pers. comm. 2009, Loth
2005). Approximately 40% of tick quarantine detections are from animals, typically dogs, imported
into New Zealand (Loth 2005). A similar proportion is from humans and their clothing, whilst the
remainder arrive in luggage, containers or via other routes not involving mammals (Loth 2005).
Quarantine detections from humans, luggage and other objects are of particular concern as these all
occur post-border and rely on the public bringing specimens to the attention of the appropriate
authorities (Heath pers. comm. 2009).

In New Zealand, quarantine authorities, health professionals, members of the agricultural
industries and ecologists currently have very limited tools for accurately identifying tick specimens
and may resort to the dubious assumption that any specimen they encounter is H. longicornis. This
situation has prompted the Ministry of Agriculture and Forestry Biosecurity New Zealand
(MAFBNZ) to call for better tick taxonomic tools (MAFBNZ pers. comm. 2008). Developing
electronic keys to ticks is also a top priority of the Quadrilateral Scientific Collaboration in Plant
Biosecurity (http://www.quadscoop.org/), involving quarantine agencies from Australia, Canada,
New Zealand, and the United States.

This contribution describes two keys that enable New Zealand quarantine authorities, health
professionals, members of the agricultural industries and ecologists to determine whether a tick
specimen submitted for identification is a species already established in New Zealand or a potential
exotic. | provide electronic and paper-based dichotomous and polytomous keys that enable non-
experts to identify: i) nymphs and adults of the three genera and eight species of Ixodidae present in
New Zealand, ii) adults of all 12 extant genera of Ixodidae in the world, and iii) nymphs of eight of
the 12 extant genera of Ixodidae in the world. Genera excluded from the nymphal key were those
containing species with very restricted geographical distributions and host ranges that are unlikely
to be encountered during New Zealand quarantine activities.

M ethods

The taxa included in my keys are listed in Table 1. Dichotomous (Table 2) and polytomous keys
(Tables3 & 4) to identify adults and nymphs of |xodidae to genuswere constructed while examining
specimens of Amblyomma, Amblyomma (formerly Aponomma), Rhipicephalus (formerly
Boophilus), Bothriocroton, Dermacentor, Ixodes, Hyalomma, and Rhipicephal us, and with reference
tothefollowing literature: Arthur 1960a, b, Arthur & Chaudhuri 1965, Barker & Murrell 2004, Beati
et al. 2008, Belozerov et al. 2001, Guglielmone et al. 2009, 2010, Hoogstraal et al. 1970, Horak et
al. 2002, Kaufman 1972, Keiranset al. 1994, Klompen et al. 2002, Matthysse & Colbo 1987, Nuttall
& Warburton 1911, 1915, Roberts 1970, Sonenshine 1991, Varma 1993, Volzit 2002, Volzit &
Keirans 2003, 2007, Walker et al. 2000 and Walker et al. 2003.

To develop the key to New Zeadland species, | referred to previously published keys and
taxonomic descriptions contained in Arthur (1963), Chilton (1904), Dumbleton (1943, 1953, 1958,
1961, 1963, 1973), Hoogstraal (1967), Hoogstraal et al. (1968), McKenna (1996) and Roberts
(1970), and | examined representative male, female and nymphal specimens of all speciesin New
Zealand except |. jacksoni. This allowed a range of discriminating features to be identified and
included. The keyswere digitised using Phoenix® and Lucid® software (http://Lucidcentral.com).

The polytomous key was constructed using LucidBuilder software. LucidBuilder enables the
user to develop adata matrix based on character states scored as being common, rare, uncertain (not
known), common and misinterpreted, rare and misinterpreted, not scoped or absent. Character states

2010 HARDWICK: KEYSTO THE GENERA AND SPECIES OF IXODIDAE IN NEW ZEALAND 165

Downloaded From: https://bioone.org/journals/Systematic-and-Applied-Acarology on 29 Jun 2024
Terms of Use: https://bioone.org/terms-of-use


http://www.quadscoop.org/
http://Lucidcentral.com

are scored by placing atick mark in the appropriate cell of the data matrix asillustrated in Table 5.
Itisalso possible for the software to assign more than one state to an entity. For example, males of
the genus Ixodes almost always have 7 plates on the ventral surface. However, males of I. jacksoni
are an exception to thisin that their ventral plates are obsolete (Hoogstraal et al. 1967). In this
situation the character state can be scored as both commonly having 7 ventral plates and rarely with
the ventral plates being obsolete (Table 5).

TABLE 1. Ligt of ixodid taxaincluded in the dichotomous and polytomous keysin Tables 2—4.

Genus Speciespresent in Lifestages
New Zealand included in keys
Amblyomma—with eyes N1 A2
Amblyomma-—without eyes® (former Aponomma) Am. (Ap.) sphenodonti N, A
Anomalohimalaya A
Bothriocroton® N, A
Cosmiomma A
Dermacentor N, A
Haemaphysalis H. longicornis N, A
Hyalomma N, A
Ixodes |. anatis N, A
I. auritulus N, A
I. eudyptidis N, A
. jacksoni N, A
|. kerguelenensis N, A
I. uriae N, A
Margaropus A
Nosomma A
Rhi pi centor A
Rhipicephalus N, A
Rhi picephal us (Boophilus) N, A

lNymph; 2Adult (maleand female); Sinthe nymphal key eyeless Amblyomma (former Aponomma) and Bothriocroton are not
distinguished from each other.

TABLE 2. Dichotomous key to the ixodid genera and species known to occur in New Zealand.

1 Scutum absent in al life stages; capitulum ventra, visible dorsally in larvae, but not in nymphs and
adults, prominent basis capituli absent (sexes differing on only the form of the genital orifice) ... ...
......................................................................... Argasidae
Scutum always present; capitulum anterior, visible dorsally and with a prominent basis capituli . . .. .
......................................................................... Ixodidae 2
2(1)  Scutum covers 1/3-1/2 of the body; genital aperture and porose areas presentorabsent ........... 3
Scutum covers whole body; genital aperture fully developed and porose areasabsent. . ............
................................................................... Male Ixodidae 34
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3(2) Poroseareasand genita apertureabsent . ......... . Nymph Ixodidae 4

Porose areas and genital aperturepresent. ... ... Female Ixodidae 16
Nymphs
4(3) Ana groovepassesaroundfront of anus . ........ .. Ixodes
(Six Ixodes speciespresentinNew Zealand) . .. ...t 5
Anal grooveis present or obsolete (difficult to see or absent), but always embracing the posterior of the
=011 10
5(4) All coxae unarmed (WithOUL SPUIS). . . . ..ottt e e e e e e e e e e e 6
At least SOME COXBE AIMEM. . . . . . oottt e et e e 7
6(5) Coxal contiguous (touches) with basis capituli (evenwhenengorged) .................... l. uriae
Coxal not contiguouswith basiscapituli. ......... ... .. i i 1. jacksoni
7(5)  First segment of palp with an internal forwardly directedspur .. ........... ... .. ... 8
Internal forwardly directed spur on first segment of palpabsent. .. ........ ... ... ... ..., 9

8(7) Papal segment 1 with both an internal forwardly directed spur and a distinct mesodorsal spur. . . . . ..
.................................................................... |. kerguelenensis

Palpa segment 1 with only an internal forwardly directedspur ............. I. auritulus zealandicus
9(7) Basiscapituli with auriculae ventrally (associated with seabirds) . .................... |. eudyptidis
Basis capituli without auriculae ventrally (associated with kiwi and waterfowl other than seabirds) . .

........................................................................... |. anatis

10(4) FeStOONS PrESENE . . . o et ittt e e et e et e e e e e e e e 11
Festoonsabsent ....... ..ot Rhi pi cephal us (Boophilus)
(Species from this subgenus not present in New Zealand)

11(10) EYES PrESENt .« v o vt ettt e e e e e 12
BYeS ANt . . . . 15

12(11) Palps short in appearance; basis capituli hexagonal . . ............ ... ... ......... Rhipicephalus
(Species from this genus not present in New Zealand)

Palpslong or short in appearance; basis capituli triangular, quadrangular or rectangular. . .. ...... 13

13(12) Palps long to elongated and constricted proximally; segment 2 of palps about three times longer than
SOOI 3 oottt Amblyomma
(Amblyomma with eyes: no Amblyomma with eyesin New Zealand)

Palps short or long to elongated but not constricted proximally . ........... ... ... ... .. .... 14

14(13) Eyesbulging; palpslong to elongate; segment 2 of pal ps approximately three times aslong as segment 3
......................................................................... Hyalomma

(Species from this genus not present in New Zealand)
Eyesflat; palps short and broad or long in appearance; article 2 of palps usually not approximately three
timesaslongasarticle3 ... ... Dermacentor
(Species from this genus not present in New Zealand)

15(11) Palps short and broad with palpa segment 2 often being extended laterally; basis capituli rectangular.
..................................................................... Haemaphysalis
(One speciesfrom thisgenus presentinNew Zealand) . ......................... H. longicornist

Palps elongate in appearance and about three or moretimeslonger thanbroad ...................
................................... Bothriocroton and former Aponomma (now Amblyomma)
(One species from the eyeless Amblyomma present in New Zealand) ... ... Am. (Ap.) sphenodonti L2

Females
16(3) Anal groove encirclesthe anus closely then passes back asasinglelong postanal groove that reachesthe
posterior margin (SCUtUM OFNALE) . . . .o oottt et e et e e it e e ieae e Cosmiomma
(The single species in this genus, C. hippopotamensis, not present in New Zealand)
ANal groove NOt 8SaAD0VE . . . . . ..ot 17
17(16) Anal groove present and extends around front of anus; festoons absent; eyes absent and scutum inornate
............................................................................ Ixodes
(Six Ixodes speciespresentinNew Zealand) . .. ... i 18
Ana groove distinct or indistinct (obsolete) and never extending around front of anus; festoons present
or absent; eyes present or absent; scutum ornate or inornate. . .. ......ooe it 23
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18(17) All coxae unarmed (WithOUL SPUIS). . . o oottt e et e ettt e e e 19

One or more of the coxae armed (Withspurs) .. ... e 20
19(18) Third palpal segment greatly swollen mesad at apex; porose areas large and oval in shape; anal grooves
ObVIOUS AN @8SY 10 S0, . . . oo ittt e I. uriae
Third palpal segment only moderately swollen at apex; porose areas large and sub-triangular in shape;
anal groovesobscureand difficulttosee. ... i 1. jacksoni
20(18) Scutum broader than long; coxa armature limited to a single external spur on coxa I; second palpal
segment approximately twice aslong as third; dentition of hypostome 2/2................. |. anatis
Scutum longer than broad; spurs present on all coxae; dentition of hypostome4/4 .. ............ 21
21(20) First segment of palp with an internal forwardly directed spur; basis capituli with cornua and retrograde
AN CUIaE; POrOSE ArEaS OVAl . . ..o ottt e ettt e e e e e e e 22

First palpal segment without anterior spur; basis capituli without cornua, auriculae with transverse
posterior margin; porose areas sub-triangular or pear shaped, widest internally (occasionally touching)

........................................................................ |. eudyptidis

22(21) Palpal article 1 with both an anterior spur and a distinct mesodorsal spur. .. ........ |. kerguelenensis
Palpa article 1 withonly ananterior spur ... .. I. auritulus zealandicus

23(17) BYOS PrESENt .« oo vttt et e e 24
By S ANt . . . 31

24(23) FESt00NS PrOSENE .« . o ot e et ettt et e e e 25
FEStOONS ANt . . . . .. 30

25(24) Palps much longer than the basis capituli, segment 2 obviously longer thanbroad .............. 26
Palps short in appearance (about aslong asbasiscapituli) ........... ... ... L. 28

26(25) Scutum with OrnameNntation .. .. ... ..ttt 27
Scutum without ornamentation. . . ...t Hyalomma
(Species from this genus not present in New Zealand)

27(26) Segment 3 of palpswith adorsal and ventral flange . ........... ... ... ... ... Nosomma
(The single speciesin this genus, N. monstrosum, not present in New Zealand)

Segment 3 of palpswithout adorsal and ventral flange. ........... ... .. ... ....... Amblyomma
(Amblyomma with eyes: No Amblyomma with eyesin New Zealand)

28(25) Scutum usually ornate and basis capituli rectangularinshape. .. .................... Dermacentor
(Species from this genus not present in New Zealand)

Scutum usually inornate and basis capituli hexagonal inshape. ... ........... ... ... ... ... 29

29(28) CoxalV withtwo short pointed SpUIS . .. . ..ot e e Rhipicentor
(Species from this genus not present in New Zealand)

CoxalV without two short pointed SpUrS. .. ... oo e i Rhipicephalus
(Species from this genus not present in New Zealand)

30(24) Palps extremely short and ridged laterally and dorsally. ................ Rhi pi cephal us (Boophilus)
(Species from this subgenus not present in New Zealand)

Palps short, but not extremely short, and not ridged laterally ordorsally .. ............ Margaropus
(Species from this genus not present in New Zealand)

31(23) Papsmuchlonger thanwide . ... e 32
Palps short and broad with a conical appearance, segment 2 extending lateraly ... ... Haemaphysalis

(One speciesfrom thisgenus presentinNew Zealand) . . ........................ H. longicornist

32(31) Palpslong and conical in appearance but not extending laterally; basis capituli being hexagonal in shape
................................................................... Anomalohimalaya
(Species from this genus not present in New Zealand)
Palps long and narrow in appearance; basis capituli often sub-rectangular or sub-triangular, but never
hexagonal iN ShaPe . . . ... 33
33(32) Dentition on hypostome 2/2 or if 3/3 theinternal file much smaller than the external; scutum inornate or
weakly ornate; hosts include varanid lizards, but also wombat (Vombatus and Lasiorhinus species), and
echidna (Tachyglossus acul eatus); distribution Australiaand New Guinea . .......... Bothriocroton
(Species from this genus not present in New Zealand)
Hypostomal dentition generally 3/3 or higher, internal row of teeth usually not smaller than external

rows; iridescent ornamentation often present on scutum; hosts exclusively reptiles. . ..............
......................................................... Aponomma (now Amblyomma)
(One species from the eyeless Amblyomma present in New Zealand) . . . . . .. Am. (Ap.) sphenodonti L2
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Males

34(2) Ana groove present and extends around front of anus; festoons absent; seven ventral plates normally
present and SCUUM ISINOMELE . . . . .. oot e e e e e e Ixodes
(Six Ixodes speciespresentinNew Zealand) . . ... ... 35
Ana groove distinct or indistinct (obsolete) and never extending around front of anus; festoons present
or absent; eyes present or absent; scutum ornate or inornate; ventral plates various but never seven in

MUY ettt 40

35(34) Ventral plates obsolete (indistinct) and tarsi with paired apicoventral projections. . . .. Ixodes jacksoni
Ventral plates easily seen and tarsi without paired apicoventral projections. ................... 36

36(35) Posterior margin of body with five brushes of setae (may appear as afringe of hairs); all coxae without
spurs and third segment of palp pointed andupturned. . ........... ... o i l. uriae
Posterior margin of body without brushes of setae; third segment of palp not pointed and upturned. 37

37(36) Pre-genital plate transverse, jugular platesabsent . ... i I. anatis
Pre-genital plate sub-pentagonal, jugular platespresent ............ i 38

38(37) Dentition of hypostome 2/2, toothed areashort . . ........ ...t |. eudyptidis
Dentition of hypostome greater than 2/2, toothed arealong ... ........... . ... o i, 39

39(38) Dentition of hypostome 4/4, toothed arealong; second palpal segment gradually narrowed basally; anal
groovesdightly diverging . .......... i I. auritulus zealandicus
Dentition of hypostome 4/4—6/6, toothed arealong; second palpal segment gradually narrowing basally;

lateral margin of anal grooves constricted medially........... ... ... .. ... . ..., |. kerguelenensis

40(34) Eyes present (may be difficult to see in some Boophilus, Amblyomma and Dermacentor (Anocentor)
=) 41

EYES ANt . . . 49

41(40) Spiracular plate partially ornamented and withirregularridges ..................... Cosmiomma
(The single species in this genus, C. hippopotamensis, not present in New Zealand)

Spiracular platenot @SabOVe . . . . ..o e 42

42(41) Paps much longer than basis capituli (palpal segment 2 much longer than broad). .. ............ 43
Palps about as long as basis capituli (palpal segment 2 isabout aslong aswide) . ............... 45

43(42) Paps broad, ornate and with adorsal flangeonsegment3 ............... ... .. ....... Nosomma
(The single speciesin this genus, N. monstrosum, not present in New Zealand)

PalpS NOt @S AD0VE. . . ..o 44

44(43) Scutum inornate; adanal and more often than not subanal plates present; festoonsirregular and partially
C0AlESCEA. . . ot Hyalomma

(Species from this genus not present in New Zealand)
Scutum usually ornate; male without adanal and subanal plates; festoons regular, not coalesced . . ...

....................................................................... Amblyomma
(Amblyomma with eyes: No Amblyomma with eyesin New Zealand)

A5(42) FEStO0NS PIrESENT . . . .. ottt et e e e e e e e e e e e e 46
FEStOONS @SNt . . . . .. 48

46(45) Basis capituli rectangular in shape; scutumusually ornate ... ............ ... ..., Dermacentor
(Species from this genus not present in New Zealand)

Basis capituli hexagonal; scutum usualy inornate. . ...t 47

47(46) Scutum usually inornate (4 ornate species); adanal and accessory plates present; coxa |V without two
ONG SPUIS . . e Rhipicephalus
(Species from this genus not present in New Zealand)

Scutum inornate; adanal and accessory plates absent; 2 long spurs present on coxalV . . . . Rhipicentor

(Species from this genus not present in New Zealand)

48(45) Palps extremely short and ridged dorsally and laterally; leg IV normal . . . . Rhipicephalus (Boophilus)

(Species from this subgenus not present in New Zealand)

Palps short (not extremely short), but not ridged dorsally or laterally; leg IV greatly enlarged and beady

IN@PDPEAMANCE . . o v ettt e e e e e e e Margaropus

(Species from this genus not present in New Zealand)

49(41) Papslonger than wide (elongatein aPPearanCe) . . ... v vttt it 50
Palps short and broad in appearance, segment 2 usually extending laterally (festoons present) . ... ...

..................................................................... Haemaphysalis
(One species from thisgenus presentinNew Zealand) . . ............... ... ..... H. Iongicornis1
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50(49) Palps elongate and sub-cylindrical in appearance (at least 3 times as long as wide), segment 2 of palps

being especially 10Ng . . . ..o 51
Palps elongate and conical in appearance (segment 2 at least twice as long as broad and not extended
laterally); basis capituli quadrangular . ............c.. i Anomalohimalaya

(Species from this genus not present in New Zealand)
51(50) Dentition on hypostome 2/2 or if 3/3 theinternal file much smaller than the external; scutum inornate or
weakly ornate; hosts include varanid lizards, but also wombat (Vombatus and Lasi or hinus species), and
echidna (Tachyglossus acul eatus); distribution Australiaand New Guinea . .......... Bothriocroton
(Species from this genus not present in New Zealand)
Hypostomal dentition generally 3/3 or higher, internal row of teeth usually not smaller than external

rows; iridescent ornamentation often present on scutum; hosts exclusively reptiles. . ..............
........................................................ Aponomma (now Amblyomma)
(One species from the eyeless Amblyomma present in New Zealand) . . .. ... Am. (Ap.) sphenodonti® 2

Embedded images and fact sheets contained within the electronic keys are designed to help the user progress through the
key and confirm whether the specimen being examined occurs in New Zeaand, e.g. if the specimen is identified as
belonging to genus Haemaphysalis the user can access a fact sheet that contains a detailed description and images of H.
longicornis.

Am. (Ap.) sphenodonti isinornate with hypostomal dentition of 3/3 distally and 2/2 proximally, the 2 outer files consisting
of stout denticles while those on the inner file are very fine.

Dependent and not scoped scoring isincluded in the data matrix to streamline or create afolding
key. When a character state that has been scored using a positive dependency is selected, further
questions are unfolded and presented to the user. In the polytomous key the following dependencies
are used: character states scutum (present) and capitulum visible dorsally (yes) unfolds the character
“number of legs’; character state number of legs (8) unfoldsthe character “ size of scutum”; character
state size of scutum (scutum covers the whole body) unfolds the eight characters (T-AA) associated
with determining which genus a male ixodid belongs to; character state size of scutum (scutum
covers 1/2-1/3 of body) unfolds the characters“ porose areas’ and “ genital aperture”; character states
porose areas (absent) and genital aperture (absent) unfold the five characters (G—K) associated with
determining which genus an ixodid nymph belongsto; and the character states porose areas (present)
and genital aperture (present) unfold the six characters (AL—AR) associated with determining which
genus an ixodid female belongs to (Table 3). Not scoped scores were also used in the construction
of the polytomous key. This type of scoring enables the coding of characters that are useful and
applicable only for a subset of the entitiesin the key. Entities contained in the subset are coded for
these characters in anormal fashion, but all the other entities are assigned the not scoped score for
these characters. The characters associated with a subset of entitieswill only be presented to the user
or unfolded when all other entities in the key have been eliminated. In the polytomous key outlined
in this contribution, not scoped scoring is used to unfold the key and present the user with characters
that discriminate between: the nymphs of the Ixodes species present in New Zealand (subset 1,
charactersL-S); the males of eyeless Amblyomma and Bothriocroton (subset 2, character AB); males
of the Ixodes species present in New Zealand (subset 3, characters AC-AK); the females of eyeless
Amblyomma and Bothriocroton (subset 4, character AR); the females of Rhipicentor and
Rhipicephalus (subset 5, character AS); and the females of the Ixodes species present in New
Zealand (subset 6, characters AT-BA) (Table 3).

| conducted initial testing of the keyson adult and nymphal specimens of Amblyomma (eyed and
eyeless), Bothriocroton, Dermacentor, Haemaphysalis, Hyalomma, Ixodes and Rhipicephalus using
a blind testing protocol. The keys were then reviewed by a tick taxonomist, a quarantine
diagnostician who had limited experience of tick taxonomy, and alaboratory technician who had no
previous experience at identifying ticks.
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TABLE 3. Characters and states used in the polytomous key to ixodid genera and species known to occur in
New Zealand.

Character Score  Statel

Hard tick (Ixodidae) or soft tick (Argasidae)

A Scutum absent
present®

no

yesh

B Capitulum visible dorsally

N N B

Ixodidae: life stage

C  Number of legs? 6
gB
D sizeof scutum® scutum covers whole body®©
scutum covers 1/3-1/2 of bodyP
E  Poroseareas absent®
present™
absent®

present”

F Genital apertured

N P N P N P DN P

Nymphs Ixodidae genera®
G Ana groove obsolete (absent)

embraces the posterior (rear) of the anus
embraces the anterior (front) of the anus
absent

present

absent

present and flat

H Festoons

| Eyes

present and bulging in appearance or orbited
dorsally, basis capituli hexagonal in shape
dorsally, basis capituli rectangular—sub
rectangular in shape
3 dorsally, basis capituli triangular—sub
triangular in shape
K Palps (length, shape and ornamentation) 1 very short and ridged dorsally and laterally

short and broad (but article 2 not laterally
extended)

3 short and broad with article 2 being extended
laterally giving the palps a conical shape
4 long and broad

5 elongate with article 2 being at least twice as
long as article 3 but not constricted proximally

6 elongate with article 2 being about three
times longer than article 3; palp constricted
proximally

J Basis capituli (dorsal shape)

N P WONEFE NP WNPRE
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Character Score  statel

Key to nymphs of the Ixodes species present in New Zealand (S0t )*

L Segment 1 of the palps (number of spurs) 1 with no spurs
2 with only aninternal forwardly directed spur
3 with both an internal forwardly directed spur

and a mesodorsal spur
M Coxal not contiguous (touching) the basis capituli
contiguous (touching) the basis capituli
N Coxal spurs (1) No Spurs present on any coxae
Spurs present on one or more coxae

coxal with an external spur; coxaell1-V with
no spurs

RPN RN R

(0] Coxal spurs (2)

2 coxae |11 with both internal and external
spurs, coxa lV with external spur only (coxa
1V may have amild spur-like salience on
internal surface)

3 coxa | with an internal and external spur,
coxae |11l with an external spur only

absent

present

widest well before mid-length
widest about mid-length

hypostomal dentition mainly 2/2 (may have a
row of 3/3 apically)

P Cornua

Q Scutum

BN R NP

R Hypostomal dentition

2 hypostomal dentition mainly 3/3 then 2/2
(may have arow of 4/4 apically)

S Auriculae (presence, form) 1 absent
present and button, ridge or ledge shaped
present as retrograde spurs (horn-like)

Males | xodidae genera’®

T Ana groove (presence, form) obsolete (absent)

embraces the posterior (rear) of the anus
embraces the anterior (front) of the anus
absent

present

absent

festoons present and regular in appearance
festoons present but partially coalesced
absent

present

absent (small plagues may be present)
with adanal plates only

with adanal and accessory plates only

with adanal, sub-anal and accessory plates
present

U Eyes (presence)

\% Festoons (presence, form)

W Scutum (ornamentation)

X Ventra plates (presence, number)

A WO NPFEP NEFPF WOWDNEPEPDNP®WDNPR
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Character

Score  statel

Y

AA

AB

Palps (shape or form)

Basis capituli (dorsal shape)

Leg IV (form)

Eyeless Amblyomma or Bothriocroton:
hypostomal dentition; ornamentation of

scutum, hosts and origin (Subset 2)

5

P NP O WN PR

with 7 plates: pregenital, median, anal,
epimeral (2) and adanal (2) plates
extremely short, shorter than hypostome and
ridged dorsally and laterally

short and broad, as long as or longer than
hypostome, not conical in appearance

short and broad and ornamented; article 3 with
adorsal and ventra flange

short, about aslong as the hypostome, usually
about twice aslong as broad, clavatein
appearance; segment 1 being extended
ventrointernally

short with article 2 being at least as broad as
long and often extended laterally, general
appearanceis conical in shape

long to elongated in appearance (not conical
in appearance and article 3 without a dorsal
and ventral flange)

quadrangular

square or rectangular
triangular

hexagonal
sub-pentagonal

not massive and beady
massive and beady

Dentition 2/2 or if 3/3 the internal file much
smaller than the external; scutum inornate or
weakly ornate; hosts include varanid lizards,
wombat, and echidna; distribution Australia
and New Guinea

Dentition 3/3 or higher, interna row of teeth
usually not smaller than external rows;
iridescent ornamentation often present on
scutum; hosts exclusively reptiles

Key to males of the Ixodes species present in New Zealand(S0et 3)

AC Ventral plates (presence) 1 obsolete
2 present and easily seen
AD  Third segment of the palp (shape or form 1 pointed and upturned when viewed laterally
when viewed laterally) 2 not pointed and upturned when viewed
laterally
AE  Pregenita plate (presence, shape) 1 absent
2 present, transverse in shape
3 present, sub-pentagonal in shape
AF  Jugular plates (presence) 1 absent
2 present
AG Apicoventral surface of thetarsi (presence 1 absent
of paired projections) 2 present
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Character Score  statel
AH  Coxal spurs (presence) 1 No Spurs present on any coxae
2 Spurs present on one or more coxae
Al Rear margin of the body (presence of 1 absent
brushes or afringe of setae) 2 present
AJ  Hypostome dentition 1 2/2 or less
2 4/4
3 4/4-6/6 or 5/5-6/6
AK  Anal groove (shape of the lateral margins) 1 parallel
2 straight and converging slightly
3 straight and diverging dlightly
4 constricted laterally
5 curved and converging dlightly
Females Ixodidae genera”
AL  Anal groove (presence, form) 1 obsolete
2 embraces the posterior (rear) of the anus
3 embraces the anterior (front) of the anus
4 surrounds the anus closely then passes back as
asingle median groove
A Eyes (presence) 1 absent
M
2 present
AN  Festoons (presence) 1 absent
2 present
AO  Scutum (ornamentation) 1 absent
2 present
AP  Paps 1 extremely short, shorter than hypostome and

ridged dorsally and lateraly

2 short and broad, aslong as or longer than
hypostome; article 3 without a dorsal and
ventral flange

3 short and broad and ornamented; article 3with
adorsal and ventra flange
4 short with article 2 being at |least as broad as

long and often extended laterally; general
appearance is conical in shape

5 long and conical in appearance; segment 1
being extended ventrointernally

6 long and broad in appearance (not conical in
appearance)

7 long to elongated in appearance, but not

conical or broad in appearance

AQ Basiscapituli (dorsal shape) 1 square or rectangular
2 triangular
3 hexagonal
4 sub-pentagonal
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Character Score  statel

AR  Eyeless Amblyomma or Bothriocroton: 1 Dentition 2/2 or if 3/3 the internal file much
hypostomal dentition; ornamentation of smaller than the external; scutum inornate or
scutum, hosts and origin (Subset4) wesakly ornate; hosts include varanid lizards,

wombat, and echidna; distribution Australia
and New Guinea

2 Dentition generally 3/3 or higher, internal row
of teeth usually not smaller than external
rows; iridescent ornamentation often present
on scutum; hosts exclusively reptiles

AS  Rhipicentor or Rhipicephalus-coxalV 1 absent

(presence of two short spurs) (SUbset5) 2 present

Key to females of the Ixodes species present in New Zeal and(Subset 6)

AT  Third segment of the palps (form) 1 not swollen mesad at apex

2 dightly swollen mesad at apex (slight but
obvious bump)

3 greatly swollen mesad at apex (very obvious
bump)

absent
with only ainternal forwardly directed spur

3 with ainternal forwardly directed spur and a
mesodorsal spur

AV  Porose areas (form) 1 circular

AU  Segment 1 of the palps (presence and
number of spurs)

N =

oval with the longer axis being lateral

3 pear or sub-triangular shaped (widest
internally)

Cornua (presence) 1 absent

=>r

present

broader than long
longer than broad
mainly 2/2

mainly 4/4 (may reduceto 2/2 on the later 1/3
of the hypostome)

absent

present and button, ridge or ledge shaped
present as retrograde spurs (horn-like)

all coxae without spurs

armature limited to asingle external spur on
coxal

3 internal spur on coxal only, external spur on
al coxae

4 internal spur on coxae |11l (internal spur on
coxa lll may be reduced to a salience),
external spur on all coxae

AX  Scutum (form)

AY  Hypostome dentition

N P NP DN

AZ  Auriculae (presence, form)

BA  Coxal spurs (presence, form)

N P W NP

T In the polytomous Lucid key a state followed by an uppercase character controls the appearance (unfolding) of the
character marked by the corresponding lowercase character, e.g. the state scutum presentA controls the appearance of the
character number of legs®. notes continued next page
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Subsets (1-6) of questions are associated with ‘ not scoped scoring’, .g. in the Lucid key only the Ixodes nymphsare scored
using the characters and states contained in subset 1. All other entities are scored using the not scoped option in
LucidBuilder. This results in the questions in subset 1 unfolding and being presented to the user when the only entities
remaining in the key are Ixodes nymphs.

Results and Discussion

| rectified an error in an earlier key whereby the second dichotomous pairing of Dumbleton’s 1963
key incorrectly stated that female |. anatis has spurs on the first three coxae. In contrast, the
specimens of |. anatis that | examined were consistent with earlier descriptions of female I. anatis
because a single spur was present on the first coxa, while coxae I1-111 were without spurs (Chilton
1904, Dumbleton 1953).

Tables 2—4 present the dichotomous key (Table 2), and the features, states (Table 3) and data
matrix (Table 4) used in the polytomous key (Table 4) to theixodid taxalisted in Table 1. On paper,
the dichotomous key (Table 2) is easier to use than the polytomous key (Tables 3 and 4), but the
reverse is true when it is presented electronically. The electronic key to New Zealand Ixodidae is
available directly from the author on a compact disk or from http://keys.lucidcentral .org/keys/v3/
hard_ticks/Ixodidae genera.html. It contains the dichotomous and polytomous keys and has been
designed to enable a nonexpert to identify New Zealand Ixodidae. Upon starting, users select either
the dichotomous or the polytomouskey. If the dichotomous option is sel ected, then Phoenix software
(Norton 2003, CBIT) and the associated dichotomous key to New Zealand Ixodidae are initiated
(Table 2). If the polytomous key is selected, characters and their associated states (Table 3) are
presented to enable the specimen to be identified to family, life stage, genus and finally species.
Users are not required to follow any particular sequence of questions within families, life stages,
genera and species. In both the dichotomous and polytomous keys, all features referred to either in
couplet questionsor as character states areillustrated with line drawings, micrographs, or both. Once
identification has been reached, users can access embedded fact sheets that contain detailed
descriptions, images, or both for the male, femal e and nymph. Notes on the distribution and ecology
of each species, and how to distinguish it from similar species are also provided. This additional
information assists in confirming the identification.

During initia testing of both keys using species exotic to New Zealand, an experienced tick
taxonomist correctly identified all 15 adult and 10 nymphal specimens to genus level. When
presented with adults and nymphs of H. longicornis and four of the Ixodes species that are known to
occur in New Zealand, all specimens again were correctly identified. A quarantine diagnostician
correctly identified 10 adults and 10 nymphs to genus. An inexperienced technician was able to
identify 15 of the 10 adults and 10 nymphs to genus. Both the quarantine diagnostician and
inexperienced technician were able identify the nymphs and adults of H. longicornis. The latter
result isimportant as thisis the species that professionalsin the health and agricultural industriesin
New Zedand are most likely to encounter. All the testers and in particular the quarantine
diagnostician and inexperienced technician commented that the images and fact sheets contained
within the key helped them to confidently identify the specimen they were examining. The
inexperienced technician also commented that the key was interesting because until they were
exposed to it they had always assumed that New Zealand had only one species of tick. However, all
reviewers commented that they would like to see a glossary and front page included in the key.
These are currently being developed and will be added to later versions.
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TABLE 4A: Polytomous key to nymphs of all Ixodidae genera and to the Ixodidae species known to occur in

New Zealand.
Ixodidae Nymphs

oz x 5 5 @ o I I X X X %X X X %X 4 3
2 ¢ 8 32 g 2 2 2 8 5 2 8 83 8 8 8 8 3 3
s B g3 S £ 32398 ¢% 888 88 5 o

8 o S © o 3 S
8 & © 3 3 ¢ 8 % - 82 g 2 % 37 s 8 8
Q B 3 3 ¢ 2 2 3 2 3 g 2% g @ 3 B
g 2 8 = Z g 3 8 ¢ @O = <=
~ =~ 3 o= x = =5 08 q. o
E = G w9, & = = 9 LaleS
5 5 o N o 3 o2
2 2 8 2. 8
R K 3 N =
N [=3 c
o 8 o &
S %b =
A 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
B 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
c - - 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
D - - 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
E - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
F - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
G - - - 2 2 2 2 2 2 3 3 3 3 3 3 3 2 1
- - - 2 2 2 2 2 2 1 1 1 1 1 1 1 2 1
| - - - 23 1 1 2 1 23 1 1 1 1 1 1 1 2 2
J - - - 23 213 2/3 23 2 232 2 2 2 2 2 2 1 1
K - - - 6 6 6 2/5 3 5 4 4 4 4 4 4 4 2 1
L - - - - - - - - - 1 2 1 1 3 1 -
M - - - - - - - - - 1 1 1 1 1 2 - -
N - - - - - - - - - 2 2 2 1 2 1 - -
o - - - - - - - - - 1 2 3 - 2 - - -
P - - - - - - - - - 1 2 1 1 2 1 - -
Q - - - - - 1 2 1 1 1 1 - -
R - - - - - - - - - 1 2 2 1 2 1 - -
S - - - - - - - - - 1 3 2 1 2 1 - -

1 Species belonging to this genus not present in New Zealand

20ne species of eyeless Amblyomma present in New Zealand, Am. (Ap.) sphenodonti
30ne species of Haemaphysalis present in New Zealand, (H. longicornis)

4 Present in New Zealand

5 Members of this genus have previously been intercepted at New Zealand' s borders
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Ixodidae Males

TABLE 4B: Polytomous key to males of al Ixodidae genera and to the Ixodidae species known to

occur in New Zealand.

Rhipicephalus (Boophilus)®
Rhipicephalus®
Rhipicentor!

Nosomma’
Margaropus’

Ixodes uriae®

Ixodes kerguel enensis®*

Ixodes jacksoni®

Ixodes eudyptidis*

Ixodes auritul us zealandicus*
Ixodes anatis*

Ixodes*®
Hyalommal
Haemaphysalis>®
Dermacentor®
Cosmiomma’
Bothriocroton®®
Anomalohimalaya®
Amblyomma (without eyes)?

Amblyomma (with eyes)!

Larva
Ixodidae
Argasidae

Character

VOL. 15

1 1111111111111 111111
SYSTEMATIC & APPLIED ACAROLOGY

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
1111111111111 1111111
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 21 2 2 2 3 3 3 3 3 3 312 2 21
21 21 2 21211111112 2 2 2 2
2 2 2 2 2 2231 111111112 2 21
2 Y2122 21111111111 2 111
1111 2 1 1 451555 155 2 4 1 3 3
6 6 4 6 6 2 56 2 2 2 2 2 2 2 2 3 2 21
23231 5 3 2 2 2 2 2 2 2 2 2 2 4 2 4 4 4
1111111111111 112 1111

2
2
1
2
1
1

2
2

2 One species of eyeless Amblyomma present in New Zealand, Am. (Ap.) sphenodonti

3 One species of Haemaphysalis present in New Zealand, (H. longicornis)

4 Present in New Zealand
5 Members of this genus have previously been intercepted at New Zealand' s borders

1 Species belonging to this genus not present in New Zealand

AA
AB
AC
AD
AE
AF
AG
AH
Al
Al
AK
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Ixodidae Males

TABLE 4C: Polytomous key to females of all Ixodidae genera and to the Ixodidae species known to occur in

New Zealand.

Rhipicephalus (Boophilus)®
Rhipicephalus™®
Rhipicentor!

Nosommat
Margaropus®

Ixodes uriae?

Ixodes kerguelenensis®
Ixodes jacksoni*

Ixodes eudyptidis*

Ixodes auritulus zealandicus®
Ixodes anatis*

Ixodes*®
Hyalommat
Haemaphysalis®®
Dermacentor®
Cosmiomma’
Bothriocroton™®
Anomalohimalaya®
Amblyomma (without eyes)?

Amblyomma (with eyes)®

Larva
Ixodidae
Argasidae

Character

179

1 2 2 21
1 2 2 2 2 2
11 2 2 21
1 3 1 3 3 3

3
1

1
1
1
1
2
2
4

1
1 1
1 2

1

1

1

1
1
11
1 1223 3 2 2
1 2 2
1 3 2
2 4 3

2

1
1
1 12 1

1
1
1

1 1 2 2
2 2 2 2 2 2 2 2
1

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22
2 V2 1 12 2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22

7 7 5 7 7 2 4 7 6 6 6 6 6 6 6 2 3 2 21

2 2 2 2 4 2 2 2 3 3 3 3 3 3 3
V212 3 4 2

2
2
1
2
1

1
HARDWICK: KEYSTO THE GENERA AND SPECIES OF IXODIDAE IN NEW ZEALAND

2

20ne species of eyeless Amblyomma present in New Zealand, Am. (Ap.) sphenodonti
5Members of this genus have previously been intercepted at New Zealand' s borders

Sone species of Haemaphysalis present in New Zealand, (H. longicornis)

“4Present in New Zealand

1Specias belonging to this genus not present in New Zealand

AL
AM
AN
AO
AP
AQ
AR
AS
AT
AU
AV
AW
AX
AY
AZ
BA
2010
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\Rhipicephalus (Boophilus) > SO > > > > > * %

Rhipicephalus > > > SOS S S AN > * %
IRhipicentor > > > > > > > > * %
osomma > > > > > > S > * x
Margaropus A SN S S S N N o o%
Ixodes uriae SN > > > S S > * %
Ixodes kerguelenensis SO S > > > > > * %
\Ixodes jacksoni SO > > AN > AN AN P
\Ixodes eudyptidis SO S > > > > > * %
Ixodes auritulus zealandicus SO S > > > > > * x
Ixodes anatis SN > > > > > > * %
Ixodes SOS > > S > > AN AN P
\Hyalomma > > SN > S > > * %
\Haemaphysalis > > > > > > > > * %
\Dermacentor S S > SN N N S * %
Cosmiomma > > > > > > > > * o *
\Bothriocroton > S > S80S > SO > >
WUnomalohimalaya > > > > > S > > * %
Umblyomma (without eyes) > > > SN S > SN SN >
Umblyomma (with eyes) > > > SN > SN > >
‘E~NM—N~NM~N~Nm<rm~Nm<rw~o—Nm<rm~m~N
wn

Eyeless Amblyomma or Bothriocroton: hypostomal
dentition; ornamentation of scutum, hosts and origin

Ventral plates (presence and number)

TABLE 5. LucidBuilder data matrix for polytomous key to genera of male Ixodidae.
(v'= Common score, ¥ rare score, *=not scoped score and a blank cell indicates an absent score).

3
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QUADS (http://lwww.quadscoop.org/) has indicated that, for optima utility, electronic
identification tools need to be extended to cover more than one faunal region. | am currently
developing another electronic key that includes Austral asian |xodidae, 1xodidae that have previously
been intercepted at New Zeal and’ sborder, thoseixodid generathat contain asmall number of species
(eyeless Amblyomma (former Aponomma), Anomalohimalaya, Bothriocroton, Dermacentor,
Margaropus, Rhipicephalus (former Boophilus), and Rhipicentor), the monotypic genera
Cosmiomma and Nosomma, and the subgenera of Ixodes. In the future, there is scope to expand the
key to include all known ixodid taxa plus genetic data such as nucleotide sequences and high
resolution melt curves (Winder et al. in press).
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